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Welcome message
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Dear Colleagues,

On behalf of our hosts and the Organizing Committee, it gives me great pleasure to welcome you all to 
the 25th International Conference on Statistical Physics of the International Union for Pure and Applied 
Physics (IUPAP) to be held at Seoul National University, Seoul, Korea, from July 21 to 26, 2013. 

First of all, I would like to thank our sponsors for their generous support of STATPHYS25. I would also like 
to convey my sincere gratitude to the International Advisory Committee, Steering Committee, and Topics 
Committee for their invaluable contributions and to the members of the STATPHYS25 Local Organizing 
Committee for their tremendous efforts to ensure the success of this conference. This conference would 
not have been possible without them all. 

We are excited to present STATPHYS25, the fruition of our labor during the last few years since Korea was 
designated as host. To honor this highly acclaimed conference and promote its excellence, we have strived 
to organize not only an academically productive meeting but one that engenders harmony and friendship 
among colleagues from diverse cultures.

For the 25th conference, we have planned a scientific program consisting of 10 plenary lectures along with 
approximately 46 invited talks, 194 contributed talks, and 349 poster presentations. Filled with brilliant 
talks on the latest issues and recent developments in the field, we anticipate an intellectually demanding 
and stimulating experience for all participants. Our only regret is that we could not accommodate all of 
the highly qualified abstracts due to the limitations of time and space.

As organizers of the conference, it is our hope that all participants thoroughly enjoy STATPHYS25: benefit 
from the rich scientific programs, strengthen your professional networks amongst the participants, 
and take wonderful memories back home. We also hope you take pleasure in the venue, Seoul National 
University, an academic institution at the forefront of Asia, as well as the dynamic atmosphere and beauty 
of Seoul.

With best wishes,

Doochul Kim
Chair of Organizing Committee
STATPHYS25
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The 2013 Boltzmann Medal has been awarded to:

Giovanni Jona-Lasinio and Harry L. Swinney

The Boltzmann Medal Ceremony will take place on the morning of Wednesday, July 24. On this occasion 
the two winners will also deliver presentations. 

The Boltzmann Award was instituted by the Commission on Statistical Physics (C3) of the IUPAP to honor 
outstanding achievements in Statistical Physics. It is presented by the Commission at the STATPHYS meeting. 
The award consists of a gilded  gold medal (the Boltzmann Medal) with an inscription of Ludwig Boltzmann.

Citations

Prof. G. Jona-Lasinio
For his seminal contributions to spontaneous symmetry 
breaking in particle physics and the theory of non-equilibrium fluctuations.

Prof. H. L. Swinney
For his ingenious and challenging experiments which
have had a large impact on many areas of statistical physics.

Previous winners of the Boltzmann Medal are:

1975   K.G. Wilson
1977   R. Kubo
1980   R.J. Baxter
1983   M.E. Fisher
1986   D. Ruelle and Y. Sinai
1989   L.P. Kadanoff
1992   J. Lebowitz and G. Parisi
1995   S.F. Edwards
1998   E. Lieb and B. Widom
2001   Berni J. Alder and Kyozi Kawasaki
2004   E. G. D. Cohen and H. E. Stanley
2007   Kurt Binder and Giovanni Gallavotti
2010   John Cardy and Bernard Derrida
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The 2013 Young Scientist Prize in Statistical Physics has been assigned to:

Takahiro Sagawa and Kazumasa Takeuchi

The Young Scientist Prize in Statistical Physics has recently been established by the C3 Commission on 
Statistical Physics of the IUPAP. The Prize is aimed at recognizing outstanding achievements of scientists 
at early stages of their career in the field of Statistical Physics.

Citations

T. Sagawa
For developing a comprehensive theoretical 
framework to characterize the thermodynamics 
of nonequilibrium systems with feedback control.

K. Takeuchi
For his outstanding experiments on fluctuation 
properties of growing interfaces in turbulent 
liquid crystals.

Previous awardees of the Young Scientist Prize are:
2007   Giulio Biroli and Tomohiro Sasamoto
2010   Davide Marenduzzo
2013   Takahiro Sagawa and Kazumasa Takeuchi
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satellIte meetINgs

before statPhYs25
Beijing Satellite Meeting on "Non-Equilibrium 
Phenomena, Spin Glasses, and Algorithms"
July 01-05, 2013
Institute of Theoretical Physics, Chinese Academy of 
Sciences, Beijing, China

StatPhysHK: Statistical Physics and Computational 
Neuroscience
July 17-19, 2013
Hong Kong University of Science and Technology and 
Hong Kong Baptist University, Hong Kong

Stochastic Transport and Reaction Processes in 
Condensed Media
July 07-12, 2013
Jeju Island, Korea

Financial Networks and Systemic Risk
July 17-19, 2013
Clock Tower Centennial Hall, Kyoto University, Kyoto, 
Japan

Summer School on Soft Material Interfaces
July 08-19, 2013
Changwon National University, Changwon, Korea

BioComplex-Taiwan 2013: 2013 Taiwan International 
Workshop on Biophysics and Complex Systems
July 17-20, 2013
National Taiwan University, Taipei, Taiwan

Frontier of Statistical Physics and Information 
Processing
- Perspectives from Nonequilibrium Behaviors - 
July 11-14, 2013
Kyoto, Japan

IEU Workshop on "Integrability & CFT"
July 18-20, 2013
Institute for the Early Universe, Ewha Womans University, 
Seoul, Korea

Perspectives in Nonlinear Dynamics 2013 
(PNLD 2013)
July, 15-18, 2013
Hyderabad, India

Computational Methods for Bio and Complex 
Systems
July 18-21, 2013
Seminar Room 1503, KIAS, Seoul, Korea

Bad Metal Mott Quantum Criticality
July 15-19, 2013
APCTP, Pohang, Korea

Patterns & waves in populations of cells and active 
particles
July 19-20, 2013
Hana Square, Korea University, Seoul, Korea

Physics of Glassy and Granular Materials
July 16-19, 2013
Yukawa Institute for Theoretical Physics, Kyoto  University, 
Kyoto, Japan

after statPhYs25
International Meeting on "Inference, Computation, 
and Spin Glasses" (ICSG2013)
July 28-30, 2013
 Hokkaido University, Sapporo, Japan

Econophysics Colloquium 2013 & 2013 Asia Pacific 
Econophysics Conference: APEC 2013
July 29-31, 2013
POSTECH (APCTP Headquarters), Pohang, Korea

The 7th Cross-Strait Conference on Statistical 
Physics, 2013 (CSCSP7)
July 28-31, 2013
Qufu Normal University, Shandong, China

Mathematical Statistical Physics
July 29-August 3, 2013
Yukawa Institute for Theoretical Physics (YITP), Kyoto, 
Japan

Statistical Physics of Quantum Matter
July 28-31, 2013
GIS NTU Convention Center, Taipei, Taiwan



The 25th IUPAP
International Conference on

Statistical Physics

scIeNtIfIc
Program

22 July (monday)

23 July (tuesday)

24 July (Wednesday)

25 July (thursday)

26 July (friday)
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scIeNtIfIc Program JUlY 22 (moNdaY)
14

opening 1f, grand conference hall, cc

08:30~09:00 opening

Plenary talk 1, 2 1f, grand conference hall, cc

09:00~10:40 Chair: Harry L. Swinney (Univ of Texas at Austin, USA)

09:00 statistical Properties of granular materials Near Jamming
Robert Behringer (Duke Univ, USA)

09:50 biological strategies of motility 
Massimo Vergassola (Inst Pasteur, France)

10:40-11:00 break 1f&2f, lobby, cc

Poster Presentation 1  2f, lobby, cc

11:00~12:30 topic: 2, 9

12:30-13:30 lunch

Parallel session 1

13:30~15:00 a1-topic3          305, mlb

 Chair: Shin-ichi Sasa (Kyoto Univ, Japan)

13:30 fluctuation theorem for Information exchanges
Takahiro Sagawa (Kyoto Univ, Japan)

14:00 full-counting statistics for molecular Junctions: fluctuation theorem and 
singularities
Amnon Aharony (Ben Gurion and Tel Aviv Univ, Israel)

14:15 anomalous entropy Production under Irreversible momentum-dependent 
force
Chulan Kwon (Myongji Univ, Korea)

14:30 Information, entropy, and the second law
Sebastian Deffner (Univ of Maryland, USA)

14:45 free energy measurements of ligands binding Nucleic acids Using fluctuation 
theorems
Joan Camunas-Soler (Univ de Barcelona, Spain)
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scIeNtIfIc Program JUlY 22 (moNdaY)
15

13:30~15:00 b1-topic6         404, mlb

 Chair: Thierry Dauxois (CNRS & ENS Lyon, France)

13:30 turbulence and dynamics in the lagrangian reference frame, Using smart 
Particles
Jean-François Pinton (CNRS & ENS de Lyon, France)

14:00 trails and Waves formed by Populations of biological cells
Kyoung Jin Lee (Korea Univ, Korea)

14:30 defect mediated dust acoustic Wave turbulence
Ya-Yi Tsai (Natl Cent Univ, Taiwan)

14:45 optimal synchronizability of bearings
Jose Andrade Jr. (Univ Fed do Ceara, Brazil)

13:30~15:00 c1-topic4         505, mlb

 Chair: Michael Schick (Univ of Washington, USA)

13:30 soft matter in construction
Emanuela Del Gado (ETH Zurich, Switzerland)

14:00 Phase transitions in driven granular systems under microgravity conditions
Eric Opsomer (GRASP Univ of Liege, Belgium)

14:15 Phase transitions and configurational reordering under topological 
constraints in liquid crystal shells
Jan Lagerwall (Seoul Natl Univ, Korea)

14:30 bonded boojum-colloids in Nematic liquid crystals
Margarida Telo da Gama (Univ de Lisboa, Portugal)

14:45 liquid crystal Phase of graphene oxide
Giusy Scalia (Seoul Natl Univ, Korea)

13:30~15:00 d1-topic2         506, mlb

 Chair: Deepak Dhar (TIFR, India)

13:30 melting transition of hard disks: New algorithms, New Insights
Werner Krauth (Ecole Normale Superieure, France)
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scIeNtIfIc Program JUlY 22 (moNdaY)
16

14:00 Predicting Phase behavior in multicomponent mixtures
William M. Jacobs (Univ of Cambridge, United Kingdom)

14:15 general approach for studying first-order Phase transitions
Carlos Eduardo Santos (Univ Fed do Parana, Brazil)

14:30 Non-equilbrium Phase transitions and equilibrium textures of charged chiral 
rods (fd-yiruses)
Kyongok Kang (Forschungszentrum Juelich, Germany)

14:45 swarming behavior of self-Propelled rods with Internal memory
Yutaka Sumino (Aichi Univ of Educ, Japan)

15:00-15:20 break lobby, mlb

Parallel session 2

15:20~16:50 a2-topic10         305, mlb

 Chair: Jose Andrade Jr. (Univ Fed do Ceara, Brazil)

15:20 dynamics of Influence Propagation and its role in consensus/Non-consensus
Sidney Redner (Boston Univ, USA)

15:50 Voter model, opinion diffusion and mobility Networks
Maxi San Miguel (IFISC (CSIC-UIB), Spain)

16:05 scaling laws for first Passage exponents
Eli Ben-Naim (Physical Review E, APS, USA)

16:20 scale-free enumeration of self-avoiding Walks on critical Percolation clusters
Niklas Fricke (Univ of Leipzig, Germany)

16:35 sum over Paths, Interference and superdiffusion in Quantum Walks
Marcos da Luz (Univ Fed do Parana, Brazil)

15:20~16:50 b2-topic7         404, mlb

 Chair: Lu Yu (Inst of Phys, Chinese Acad of Sci, China)

15:20 fluctuation theorem in a Quantum coherent conductor
Kensuke Kobayashi (Osaka Univ, Japan)
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scIeNtIfIc Program JUlY 22 (moNdaY)
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15:50 Work fluctuation theorem for a classical circuit coupled to a Quantum 
conductor
Yasuhiro Utsumi (Mie Univ, Japan)

16:05 carbon Nanoelectronics - the zero m resistivity and more
Yung Woo Park (Seoul Natl Univ, Korea)

16:20 a macroscopic Wave-Particle system in a harmonic Potential Well: a double 
Quantization
Matthieu Labousse (ESPCI ParisTech, France)

16:35 spin dynamics in two-dimensional fermi gases
Michael Köhl (Univ of Cambridge, United Kingdom)

15:20~16:50 c2-topic9         505, mlb

 Chair: Uwe Täuber (Virginia Tech, USA)

15:20 anticipating sudden transitions in biological Populations: cooperation, 
cheating, and collapse
Jeff Gore (MIT, USA)

15:50 how Predictable Is evolution?
Joachim Krug (Univ of Cologne, Germany)

16:05 diffusion of Public goods in bacterial colonies, and its Impact on cooperation
Thierry Mora (Ecole Normale Superieure, France)

16:20 a tale of two Phenotypes: cell fates of escherichia coli and their reversibility 
under high Pressure
Pradeep Kumar (Rockefeller Univ, USA)

16:35 the complexity, modularity and evolution of self-assembling structures in 
biology
Sebastian Ahnert (Univ of Cambridge, United Kingdom)

15:20~16:50 d2-topic2           506, mlb

 Chair: Robert Behringer (Duke Univ, USA)

15:20 Phase transitions in systems with Non-additive long-range Interactions
Takashi Mori (Univ of Tokyo, Japan)
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scIeNtIfIc Program JUlY 22 (moNdaY)
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15:50 second-order Phase transition in heisenberg model on triangular lattice with 
competing Interactions
Ryo Tamura (Natl Inst for Materials Sci, Japan)

16:05 Nonequilibrium first-order Phase transitions in the kuramoto model in 
Presence of Inertia and Noise
Shamik Gupta (Univ Paris-Sud, France)

16:20 dynamic finite-size scaling and Universality Issues in synchronization
Meesoon Ha (Chosun Univ, Korea)

16:35 connectivity-disorder effect on collective synchronization
Jaegon Um (Korea Inst Adv Study, Korea)

16:50-17:10 break lobby, mlb

Parallel session 3

17:10~18:40 a3-topic10         305, mlb

 Chair: Eli Ben-Naim (Physical Review E, APS , USA)

17:10 Packing of Wires in cavities and growing surfaces
Hans Herrmann (ETH Zurich, Switzerland)

17:25 continuous and discontinuous transitions in explosive Percolation models
Byungnam Kahng (Seoul Natl Univ, Korea)

17:40 Nature of discontinuous transitions in ordinary Percolation on hyperbolic 
lattices
Stefan Boettcher (Emory Univ, USA)

17:55 bursty human dynamics: circadian Pattern, task execution, and context
Hang-Hyun Jo (Aalto Univ, Finland)

18:10 mathematical model of hit Phenomena as a theory for stochastic Processes of 
collective human evidents in the society
Akira Ishii (Tottori Univ, Japan)

18:25 dynamics and statistical mechanics Investigation for human behaviors
Bing-Hong Wang (Univ of Sci and Technology of China, China)

17:10~18:40 b3-topic8         404, mlb

 Chair: Hidetoshi Nishimori (Tokyo Inst of Tech, Japan)
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scIeNtIfIc Program JUlY 22 (moNdaY)

17:10 four decades of frustration: advances, algorithms and applications in spin-
glass Physics
Helmut G.  Katzgraber (Texas A&M Univ, USA)

17:40 the spin glass Phase and its mean field Picture: rigorous results and 
Perspectives
Pierluigi Contucci (Univ of Bologna, Italy)

17:55 the spin-glass transition In a field: results from Janus in d = 4, with a 
glimpse at d =3
David Yllanes (Univ Roma La Sapienza, Italy)

18:10 renormalization group study of the growing length scale in p-spin glass 
models
Joonhyun Yeo (Konkuk Univ, Korea)

18:25 Quasi-equilibrium construction for long time glassy dynamics
Pierfrancesco Urbani (Sapienza and Paris-Sud Universities, Italy)

17:10~18:40 c3-topic9         505, mlb

 Chair: Massimo Vergassola (Inst Pasteur, France)

17:10 Information Processing in genetic regulatory Networks
Ofer Biham (Hebrew Univ, Israel)

17:40 Noise Propagation in biochemical Networks: beyond the master equation
Lei-Han Tang (Hong Kong Baptist Univ, Hong Kong)

17:55 superfluid transport of Information in turning flocks of starlings
Asja Jelic (ISC-CNR, Univ Roma La Sapienza, Italy)

18:10 the role of Projection in the control of bird flocks
Daniel Pearce (Univ of Warwick, United Kingdom)

18:25 statistical Physics of Viral capsid assembly
David Reguera (Univ de Barcelona, Spain)

17:10~18:40 d3-topic1         506, mlb

 Chair: Tomohiro Sasamoto (Chiba Univ/TU Muenchen, Japan)

17:10 rigorous results for Integrable lattice models Using discrete Parafermions
Jan de Gier (Univ of Melbourne, Australia)
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scIeNtIfIc Program JUlY 22 (moNdaY)

17:40 superintegrable chiral Potts model: Parafermionic generalization of Ising model
Jacques Perk (Oklahoma State Univ, USA)

17:55 Quantum Inverse scattering approach to the totally asymmetric simple 
exclusion Process
Kohei Motegi (Okayama Inst for Quantum Phys, Japan)

18:10 a three-dimensional Integrable lattice model with Positive boltzmann Weights
Vladimir Mangazeev (The Australian Natl Univ, Australia)

18:25 Nonlocal exclusion Process on a ring and conformal Invariance
Francisco Alcaraz (Univ de Sao Paulo, Brazil)
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scIeNtIfIc Program JUlY 23 (tUesdaY)

Plenary talk 3, 4  1f, grand conference hall, cc

09:00~10:40 Chair: David Mukamel (The Weizmann Inst of Sci, Israel)

09:00 top eigenvalue of a random matrix: a tale of tails
Satya Majumdar (CNRS, LPTMS, Univ Paris-Sud, France)

09:50 Percolation approaches to resistance switching Phenomena and related 
Nonvolatile memories
Tae Won Noh (Seoul Natl Univ, Korea)

10:40-11:00 break  lobby, cc

Poster Presentation 2 2f, lobby, cc

11:00~12:30 topic: 3, 8

12:30-13:30 lunch

Parallel session 4

13:30~15:00 a4-topic9         305, mlb

 Chair: Lei-Han Tang (Hong Kong Baptist Univ, Hong Kong)

13:30 acceleration of epidemic outbreaks by long-range dispersal
Oskar Hallatschek (UC Berkeley, USA)

14:00 motility-Induced Phase separation in active matter
Julien Tailleur (CNRS - Univ Paris Diderot, France)

14:15 Interplay between hard core repulsion and self Propulsion in active matter
Olivier Dauchot (CNRS - ESPCI ParisTech, France)

14:30 a raft for both leaves of the Plasma membrane
Michael Schick (Univ of Washington, USA)

14:45 statistical Physics of lipid rafts
Friederike Schmid (Johannes Gutenberg-Univ Mainz, Germany)

13:30~15:00 b4-topic5         404, mlb

 Chair: Jay Fineberg (Hebrew Univ, Israel)

13:30 stirring by microswimmers
Julia Yeomans (Univ of Oxford, United Kingdom)
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scIeNtIfIc Program JUlY 23 (tUesdaY)

14:00 electrical Power generation by mechanically modulating electrical double layers
Hyuk Kyu Pak (Pusan Natl Univ, Korea)
  

14:15 dynamics of a drop trapped inside a horizontal circular hydraulic Jump
Luc Lebon (CNRS / Univ Paris 7, France)
  

14:30 renormalization group study of thermal fluctuation effects on Infinite-order 
Wetting Phase transitions
Joseph Indekeu (KU Leuven, Belgium)
  

14:45 transient shear banding of time dependent fluids
Antti Puisto (Aalto Univ, Finland)
  

13:30~15:00 c4-topic3 505, mlb

 Chair: Maxi San Miguel (IFISC (CSIC-UIB), Spain)
  

13:30 steady state thermodynamics
Shin-ichi Sasa (Kyoto Univ, Japan)
  

14:00 structure factors of fPU chains and Nonlinear fluctuating hydrodynamics
Herbert Spohn (Technical Univ Munich, Germany)
  

14:15 fluctuations and large deviations in some Nonequilibrium systems
Sanjib Sabhapandit (Raman Res Inst, Bangalore, India)
  

14:30 exact matrix Product solution for the boundary-driven lindblad XXz-chain
Gunter Schuetz (Forschungszentrum Juelich, Germany)
  

14:45 commuting Phase flows in the tropical Periodic toda lattice
Taichiro Takagi (Natl Defense Acad, Japan)
  

13:30~15:00 d4-topic7 506, mlb

 Chair: Tae Won Noh (Seoul Natl Univ, Korea)
  

13:30 many-body localization and dynamical Quantum Phase transitions in random 
systems
Ehud Altman (Weizmann Inst of Sci, Israel)
  

14:00 entanglement spectra of two-dimensional Quantum systems
Shu Tanaka (Univ of Tokyo, Japan)
  

14:15 Universal corrections to the entanglement entropy from gapped spin chains: a 
Numerical study
Olalla Castro Alvaredo (City Univ London, United Kingdom)
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scIeNtIfIc Program JUlY 23 (tUesdaY)

14:30 a New Version of the second law of Information thermodynamics Using 
entanglement measure
Hiroyasu Tajima (Univ of Tokyo, Japan)

14:45 measurement-based Quantum computation Protected by symmetry breaking 
states
Masayuki Ohzeki (Kyoto Univ, Japan)

15:00-15:20 break lobby, mlb

Parallel session 5

15:20~16:50 a5-topic10 305, mlb

 Chair: Hans Herrmann (Computational Phys, ETH Zurich, Switzerland)

15:20 New metrics for the economic complexity of countries and Products
Andrea Gabrielli (ISC-CNR, Rome, Italy)

15:50 a New metrics for country fitness and Product complexity: measuring the 
growth Potential and technological development of countries
Matthieu Cristelli (ISC-CNR, Inst for Complex Systems, Italy)

16:05 dynamics of trust in Networks and systemic risk
Joao da Gama Batista (Ecole Centrale Paris, France)

16:20 distress Propagation in coupled foreign exchange and stock market Networks
Irena Vodenska (Boston Univ, USA)

16:35 statistical Physics of Piecewise deterministic Processes: theory and 
application to the resilience of semi-arid ecosystems
Tobias Galla (Univ of Manchester, United Kingdom)

15:20~16:50 b5-topic4 404, mlb

 Chair: Margarida Telo da Gamma (Univ of Lisbon, Portugal)

15:20 Instability of Polyion suspensions
Philip Pincus (UCSB, USA)

15:50 Nonequilibrium Physics in biochemical Networks: the energy cost of 
adaptation
Yuhai Tu (IBM T. J. Watson Res Ctr, USA)

16:20 colloidal osmotic bulk modulus of a Polymer-crowded colloidal suspension
H. Daniel Ou-Yang (Lehigh Univ, USA)
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scIeNtIfIc Program JUlY 23 (tUesdaY)

16:35 a local View on sheared granular matter
Jean-Francois Metayer (OIST, Japan)
  

15:20~16:50 c5-topic3          505, mlb

 Chair: Satya Majumdar (CNRS, LPTMS, Univ Paris-Sud, France)
  

15:20 kibble-zurek mechanism and Universality of Quantum and classical dynamics 
near continuous Phasetransitions
Anatoli Polkovnikov (Boston Univ, USA)
  

15:50 drive Induced Interface Phase transition
David Mukamel (The Weizmann Inst of Sci, Israel)
  

16:05 Nonequilibrium Phase transitions and Nonequilibrium critical Point from ads/
cft correspondence
Shin Nakamura (Nagoya Univ, Japan)
  

16:20 spontaneous symmetry breaking at the fluctuating level in classical and 
Quantum systems
Pablo Hurtado (Univ of Granada, Spain)
  

16:35 revisiting the flocking transition Using active spins
Alexandre Solon (MSC. Lab, Univ Paris Diderot, France)
  

15:20~16:50 d5-topic8           506, mlb

 Chair: Joonhyun Yeo (Konkuk Univ, Korea)
  

15:20 freezing Phenomena and extremes in disordered multifractals: 
from1/f Noises to riemann zeta-function and decaying burgers turbulence
Yan Fyodorov (Queen Mary, London, United Kingdom)
  

15:50 rheology of granular flow via mode-coupling theory
Koshiro Suzuki (Canon Inc., Japan)
  

16:05 transport Properties of Vortices in the two-dimensional gauge glass
Liang Luo (Beijing Computational Sci Res Ctr, China)
  

16:20 spin fractionalization on a Pyrochlore lattice 
Peter Holdsworth (Ecole Normale Superieure de Lyon, France)
  

16:35 fracturing ranked surfaces
Nuno Araujo (ETH Zurich, Switzerland)
  

16:50-17:10 break lobby, mlb
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scIeNtIfIc Program JUlY 23 (tUesdaY)

Parallel session 6

17:10~18:40 a6-topic10          305, mlb

 Chair: Sidney Redner (Boston Univ, USA)
  

17:10 Viral Influence spreading in social Networks
Hernan Makse (CUNY, USA)
  

17:40 multiplex Networks: structure and dynamics
Kwang-Il Goh (Korea Univ, Korea)
  

17:55 core-Periphery structure in Networks
Mason Porter (Univ of Oxford, United Kingdom)
  

18:10 a stochastic model of local Information diffusion on an online social Network
Tatsuro Kawamoto (Univ of Tokyo, Japan)
  

18:25 forecasting large earthquakes Using small-Quake correlations
Braden Brinkman (Univ of Illinois at Urbana-Champaign, USA)
  

17:10~18:40 b6-topic6         404, mlb

 Chair: Hiroaki Daido (Osaka Prefecture Univ, Japan)
  

17:10 dissipative localized states with shield-like Phase structure
Marcel Clerc (Univ de Chile, Chile)
  

17:40 symmetry-breaking hopf bifurcations to 1-, 2-, and 3-tori in small-aspect-
ratio counter- rotating taylor-couette flow
Sebastian Altmeyer (Max-Planck-Inst for Dynamics and Self-Organization, Germany)
  

17:55 Parametric subharmonic Instability for Internal Waves
Thierry Dauxois (CNRS & ENS Lyon, France)
  

18:10 two coupled brownian motors subjected to chaotic Noise
Lock Chew (Nanyang Technological Univ, Singapore)
  

18:25 Noise-Induced Phase transitions and critical fluctuations in collective 
dynamics of Neuronal Networks
Kyoung Eun Lee (Aveiro Univ, Portugal)
  

17:10~18:40 c6-topic2         505, mlb

 Chair: Jae Dong Noh (Univ of Seoul, Korea)
  

17:10 modelling Proportionate growth
Deepak Dhar (TIFR, India)
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scIeNtIfIc Program JUlY 23 (tUesdaY)

17:40 scaling behavior of euler Products and random matrix theory
Taro Kimura (RIKEN, Japan)

17:55 fluctuations in fracture: scaling and Predictability
Juha Koivisto (Aalto Univ, Finland)

18:10 challenges to the Predictive Power of the Ubiquitous Weibull distribution in 
fracture statistics
Zsolt Bertalan (ISI Foundation, Italy)

18:25 the average avalanche shape: Universality beyond mean field
Lasse Laurson (Aalto Univ, Finland)

17:10~18:40 d6-topic8          506, mlb

 Chair: Helmut G. Katzgraber (Texas A&M, USA)

17:10 taming large fluctuations in disordered systems
Victor Martin-Mayor (Univ Complutense de Madrid, Spain)

17:40 the cardy-Jacobsen conjecture Is Valid in three dimensions
Antonio Gordillo-Guerrero (Univ of Extremadura, Spain)

17:55 Nematic and stripe glass Phases in two dimensional systems with competing 
Interactions
Daniel Stariolo (Univ Fed do Rio Grande do Sul, Brazil)

18:10 dynamic Phase transition in a kinetically constrained model for traffic
Daniel Miedema (Univ of Amsterdam, Netherlands)

18:25 single Polymer gating of channels under a solvent gradient
Debaprasad Giri (Indian Inst of Technology (BHU), India)

19:00~20:00 Publisher's session                                                                                                   404, mlb
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scIeNtIfIc Program JUlY 24 (WedNesdaY)

Young scientist Prize & boltzmann medal ceremony                      1f, grand conference hall, cc

 09:00~09:50 Chair: Stefano Ruffo (Università di Firenze, Italy)

Young scientist Prize
Takahiro Sagawa (Univ of Tokyo, Japan)
Kazumasa Takeuchi (Univ of Tokyo, Japan)

boltzmann medal ceremony
Giovanni Jona-Lasinio (Sapienza – Univ di Roma, Italy)
Harry L. Swinney (Univ of Texas at Austin, USA)

boltzmann Presentation 1 1f, grand conference hall, cc

09:50~10:40 Chair: Itamar Procaccia (Università di Firenze, Italy)      

09:50 Instabilities and chaos in Nonequilibrium systems: Interaction of experiment 
and theory
Harry L. Swinney (Univ of Texas at Austin, USA)

boltzmann Presentation 2 1f, grand conference hall, cc

10:40~11:30 Chair: Marc Mezard (Univ Paris Sud - CNRS, France)

10:40 to What extent Is It Possible to extend thermodynamics to Nonequilibrium?
Giovanni Jona-Lasinio (Sapienza – Univ di Roma, Italy)

ken Wilson memorial 1f, grand conference hall, cc

11:30~12:00 Chair:  Doochul Kim (Korea Inst Adv Study, Korea)

11:30 memorial talks
Leo P Kadanoff (Univ of Chicago, USA)
John Cardy (Univ of Oxford, United Kingdom)
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scIeNtIfIc Program JUlY 25 (thUrsdaY)

Plenary talk 5, 6 1f, grand conference hall, cc

09:00~10:40 Chair: John Cardy (Univ of Oxford, United Kingdom)
   

09:00 cft and sle and 2d statistical Physics 
Stanislav Smirnov (Univ Geneve, Switzerland)
   

09:50 topological order and long-range entanglement: New states of Quantum matter
Xiao-Gang Wen (PITP/MIT, Canada)
   

10:40-11:00 break lobby, cc

Poster Presentation 3  2f, lobby, cc

11:00~12:30 topic: 1, 4, 5, 7
   

12:30-13:30 lunch

Parallel session 7

13:30~15:00 a7-topic10         305, mlb

 Chair: Lucilla de Arcangelis (Second Univ of Naples, Italy)
   

13:30 the Nature of temporal fluctuations in musical rhythms
Theo Geisel (Göttingen, Germany)
   

13:45 bayesian approach to discrete tomography
Marc Mezard (Univ Paris Sud - CNRS, France)
   

14:00 from temporal to static Networks, and back
Petter Holme (Sungkyunkwan Univ, Korea)
   

14:15 crossover in the fluctuation scaling of evolving regulatory Networks
Deok-Sun Lee (Inha Univ, Korea)
   

14:30 bursts of Vertex activation and epidemics in evolving Networks
Luis Rocha (Catholic Univ of Louvain, Belgium)
   

14:45 large deviations and optimization of cascade Processes on graphs
Fabrizio Altarelli (Politecnico di Torino and Collegio Carlo Alberto, Italy)
   

13:30~15:00 b7-topic5         404, mlb

 Chair: Henk van Beijeren (Utrecht Univ, Netherlands)
   

13:30 dynamics of colloidal gels and glasses Under gravitational stress
Luca Cipelletti (Univ Montpellier 2, France)
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scIeNtIfIc Program JUlY 25 (thUrsdaY)

14:00 hydrodynamic Instability and turbulence in Quantum fluids
Makoto Tsubota (Osaka City Univ, Japan)

14:30 development of electronically coarse-grained model for the Next generation of 
materials simulation
Vlad Sokhan (Natl Phys Lab, United Kingdom)

14:45 stability and bifurcations in films of binary mixtures with diffuse Interfaces
Santiago Madruga (Polythecnic Univ of Madrid, Spain)

13:30~15:00 c7-topic8         505, mlb

 Chair: Haijun Zhou (Inst of Theoretical Phys of Chinese Acad of Sci, China)

13:30 from crystal Nucleation to fast data acquisition
Lenka Zdeborova (CEA Saclay, France)

14:00 the globally Integrative rich club of the c. elegans Neuronal connectome
Emma Towlson (Univ of Cambridge, United Kingdom)

14:15 global Interaction Network of human gut microbiota
Jaeyun Sung (APAC Ctr Theo Phys, Korea)

14:30 crystallization close to the glass transition: dynamic heterogeneities do Not 
Precede crystallization
Sven Dorosz (Univ of Luxembourg, Luxembourg)

14:45 from statistical Physics ... to matrix decomposition: Phase diagrams, optimal 
bounds and efficient algorithms
Florent Krzakala (ESPCI, France)

13:30~15:00 d7-topic1         506, mlb

 Chair: Jan de Gier (Univ of Melbourne, Australia)

13:30 Universal statistics for directed Polymers and the kardar Parisi zhang 
equation: New tools from Integrable systems and replica
Pierre Le Doussal (LPTENS École Normale Supérieure Paris , France)

14:00 exact stationary two-Point function for the 1d kPz equation
Tomohiro Sasamoto (Chiba Univ/TU Muenchen, Japan)

14:15 exact off-critical solution of generalized 2-d models of Polymers and Percolation
Paul Pearce (Univ of Melbourne, Australia)
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14:30 Intermittent search in spatially Inhomogeneous environments
Heiko Rieger (Saarland Univ, Germany)

14:45 effects of confinement on statistics of encounter times in lattices and its 
Implications for the kinetics of reversible reactions
Ziya Kalay (Kyoto Univ, Japan)

15:00-15:20 break lobby, mlb

Parallel session 8

15:20~16:50 a8-topic9         305, mlb

 Chair: Thomas Ihle (North Dakota State Univ, USA)

15:20 environmental vs. demographic Variability in stochastic lattice Predator-Prey 
models
Uwe Täuber (Virginia Tech, USA)

15:50 long-range fluctuation correlation in collective motion
Hepeng Zhang (Shanghai Jiao Tong Univ, China)

16:05 Vortex lattice formation of self-Propelled Particles
Ken Nagai (Univ of Tokyo, Japan)

16:20 condensation and Intermittency in an open-boundary aggregation-
fragmentation model
Mustansir Barma (Tata Inst of Fundamental Res, India)

16:35 Impacts of compatibility to the organization of mutualistic Networks
Seong Eun Maeng (Inha Univ, Korea)

15:20~16:50 b8-topic5         404, mlb

 Chair: Julia Yeomans (Univ of Oxford, United Kingdom)

15:20 how things slide: rapid dynamics at the onset of friction
Jay Fineberg (Hebrew Univ, Israel)

15:50 Phase transition of a meniscus in a capillary under the Influence of gravity
Carlos Rascon (Univ Carlos III de Madrid, Spain)

16:05 magnetocapillary self-assembled systems : from clusters to swimmers
Nicolas Vandewalle (Univ of Liege, Belgium)
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16:20 self-assembled chain-like Water structures in Nanoscopic Water menisci 
observed by cantilever-based optical Interfacial force microscopy
Byung Il Kim (Boise State Univ, USA)
   

16:35 X-ray Imaging of Wetting ridge on a soft solid
Su Ji Park (Pohang Univ of Sci and Tech, Korea)
   

15:20~16:50 c8-topic7         505, mlb

 Chair:  Joel Moore (UC Berkeley/LBNL, USA)
   

15:20 supersolidity and Plasticity of solid helium at low temperatures
Eunseong Kim (Korea Adv Inst of Sci and Tech, Korea)
   

15:50 emergence of complex dynamics in Quantum many-body open systems
Dario Poletti (Singapore Univ of Technology and Design, Singapore)
   

16:05 lattice kinetic models for Quantum systems
Miller Mendoza Jimenez (ETH Zuerich, Switzerland)
   

16:20 spin liquids in 2d and 3d Pyrochlores
Ludovic Jaubert (OIST, Japan)
   

16:35 thermal Pure Quantum formulation of statistical mechanics
Sugiura Sho (Univ of Tokyo, Japan)
   

15:20~16:50 d8-topic1         506, mlb

 Chair: Hans Werner Diehl (Univ Duisburg-Essen, Germany)
   

15:20 random loops and conformal field theory
Benjamin Doyon (King’s Coll, London, United Kingdom)
   

15:50 superconformal field theory and supersymmetric sine-gordon model with 
dirichlet boundary conditions
Chihiro Matsui (Univ of Tokyo, JST-FIRST, Japan)
   

16:05 Quantum Inverse Scattering and the Exact n=∞ Solution of the Three-
dimensional o(n)ø4 model on a strip With free boundary conditions
Sergei Rutkevich (Univ Duisburg-Essen, Germany)
   

16:20 heat conduction Induced by Non-gaussian athermal fluctuations
Kiyoshi Kanazawa (Kyoto Univ, Japan)
   

16:35 Improved Variational methods by self-consistency with linear response
Jack Raymond (University of Rome, La Sapienza, Italy)
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16:50-17:10 break lobby, mlb

Parallel session 9

17:10~18:40 a9-topic3         305, mlb

 Chair: Herbert Spohn (Technical Univ Munich, Germany)

17:10 Unconventional dynamics of Ultracold bosons in optical lattices
Corinna Kollath (Univ of Geneva, Switzerland)

17:40 symmetry-Protected topological Phases of alkaline-earth Ultra-cold 
fermionic atoms in one dimension
Keisuke Totsuka (Kyoto Univ, Japan)

17:55 large spin Ultracold atomic fermions in one dimension
Xiwen Guan (Wuhan Inst of Phys and Math, Chinese Acad of Sci, China)

18:10 Validity of Jarzynski equality for the rapidly expanding Quantum Piston
Haitao Quan (Peking Univ, China)

18:25 thermodynamics and Point-to-set correlations in a supercooled liquid
Jacob Stevenson (Univ of Cambridge, United Kingdom)

17:10~18:40 b9-topic4         404, mlb

 Chair: Hartmut Löwen (Univ of Düsseldorf, Germany)

17:10 constrained Polymer statistics Inside a spherical cavity
Wolfhard Janke (Leipzig Univ, Germany)

17:25 fragmentation of model flocks
Nicholas Ouellette (Yale Univ, USA)

17:40 Nonequilibrium growth of functionalized colloids on substrates
Cristovao Sousa Dias (Univ de Lisboa, Portugal)

17:55 Polymer-mediated entropic forces in confined spaces
Yacov Kantor (Tel Aviv Univ, Israel)

18:10 self Propelled motion of a fluid droplet under chemical reaction
Shunsuke Yabunaka (Kyoto Univ, Japan)

18:25 bundling in brushes of directed and semiflexible Polymers
Panayotis Benetatos (Kyungpook Natl Univ, Korea)
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17:10~18:40 c9-topic7        505, mlb

 Chair: Pasquale Calabrese (Univ of Pisa, Italy)

17:10 dynamical theory of superfluidity in one dimension 
Masaki Oshikawa (Univ of Tokyo, Japan)

17:40 recurrence time of a localized many-body state dynamics in the 1d bose gas
Eriko Kaminishi (Univ of Tokyo, Japan)

17:55 density of states of Quantum many-body systems
Alan Edelman (Massachusetts Inst of Technology, USA)

18:10 accurate simulation of long-time dynamics for Quantum spin chains at Infinite 
temperature
Yu-Kun Huang (Nan Jeon Inst of Technology, Taiwan)

18:25 Quantum Phase transitions: a Novel Perspective from fidelity in the context of 
tensor Networks
Huan-Qiang Zhou (Chongqing Univ, China)

17:10~18:40 d9-topic2        506, mlb

 Chair: Werner Krauth (Ecole Normale Superieure, France)

17:10 coarse graining tensor renormalization by the higher-order singular Value 
decomposition
Tao Xiang (CAS, China)

17:40 large-n approach to thermodynamic casimir effects in slabs with free surfaces
Felix Schmidt (Univ Duisburg-Essen, Germany)

17:55 Novel Phase transitions in XY antiferromagnets on Plane triangulations
Timothy Garoni (Monash Univ, Australia)

18:10 finite size effects in a mean-field kinetically constrained model: dynamical 
glassiness and Quantum criticality
Takahiro Nemoto (Kyoto Univ, Japan)

18:25 Ising-like transitions in the o(n) loop model on the square lattice 
Wenan Guo (Beijing Normal Univ, China)

19:00~20:20 Women in Physics: developing Professional career                                     404, mlb
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Plenary talk 7, 8 1f, grand conference hall, cc

09:00~10:40 Chair: Amnon Aharony (Ben Gurion and Tel Aviv Univ, Israel)

09:00 statistical Physics of colloids: from Passive to active Particles 
Hartmut Löwen (Univ of Düsseldorf, Germany)

09:50 criticality in the brain 
Lucilla de Arcangelis (Second Univ of Naples, Italy)

10:40-11:00 break lobby, cc

Poster Presentation 4 2f, lobby, cc

11:00~12:30 topic: 6, 10

12:30-13:30 lunch

Parallel session 10

13:30~15:00 a10-topic10        305, mlb

 Chair: Petter Holme (Sungkyunkwan Univ, Korea)

13:30 Unraveling daily human mobility motifs
Marta González (MIT, USA)

14:00 limited Urban growth: the historical trajectory of london's street Networks
A. Paolo Masucci (Univ Coll of London, United Kingdom)

14:15 geographical Network model for the Urban scaling
Kousuke Yakubo (Hokkaido Univ, Japan)

14:30 the hidden structure in Urban economic diversity
Hyejin Youn (Santa Fe Inst, USA)

14:45 epidemic spreading on multi-relation Networks
Rui-Qi Li (Beijing Normal Univ & Univ of Electronic Sci and Technology of China, China)

13:30~15:00 b10-topic6         404, mlb

 Chair: Hyungtae Kook (Gachon Univ, Korea)

13:30 the onset of turbulence
Björn Hof (IST Austria, Germany)
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14:00 covariant lyapunov Vectors for smooth and rough hard disk fluids
Harald Posch (Univ of Vienna, Austria)

14:15 multi-level dynamical systems: connecting the ruelle response theory and 
the mori-zwanzig approach
Valerio Lucarini (Univ of Hamburg, Germany)

14:30 a gravity Wave bifurcation in a taylor-couette system with free surface
Julian Martinez Mercado (FCFM, Univ de Chile, Chile)

14:45 aging transition in a Population of excitable and oscillatory Units
Hiroaki Daido (Osaka Prefecture Univ, Japan)

13:30~15:00 c10-topic1         505, mlb

 Chair: Benjamin Doyon (King’s Coll, London, United Kingdom)

13:30 Physical mathematics of bethe ansatz
Atsuo Kuniba (Univ of Tokyo, Japan)

14:00 critical manifolds, graph Polynomials, and exact solvability
Jesper Jacobsen (Ecole Normale Superieure, France)

14:15 local deformed semicircle law for Wigner matrices with random Potential
Ji Oon Lee (Korea Adv Inst of Sci and Tech, Korea)

14:30 hamilton-Jacobi analysis of molecular distribution function in a chemical 
oscillator
Hiizu Nakanishi (Kyushu Univ, Japan)

14:45 markov chain monte carlo sampling with Irreversible kernel
Synge Todo (Univ of Tokyo, Japan)

13:30~15:00 d10-topic8          506, mlb

 Chair: Lenka Zdeborova (CEA Saclay, France)

13:30 memory and organization in materials far from equilibrium
Sidney Nagel (Univ of Chicago, USA)

14:00 Jamming of finite-Width tunnels in the kob-andersen kinetically-constrained 
model 
Eial Teomy (Tel Aviv Univ, Israel)
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14:15 devising a statistical ensemble approach to Jammed Packings generated by 
successive taps
Fabien Paillusson (Univ of Cambridge, United Kingdom)
   

14:30 Jamming Percolation in an Unoriented kinetically constrained model
Hiroki Ohta (LPTMS, France)
   

14:45 direct computation of the Packing entropy of granular materials
Daniel Asenjo-Andrews (Univ of Cambridge, United Kingdom)
   

15:00-15:20 break lobby, mlb

Parallel session 11

15:20~16:50 a11-topic10         305, mlb

 Chair: Deok-Sun Lee (Inha Univ, Korea)
   

15:20 geographic Information and Physics of society
Beom Jun Kim (Sungkyunkwan Univ, Korea)
   

15:50 community structure and spreading of social contagions
Yong-Yeol Ahn (Indiana Univ, USA)
   

16:05 defining cities through Percolation and density cutoffs
Elsa Arcaute (Univ Coll London, United Kingdom)
   

16:20 Network distance: a concept helping Identifying communities in Phylogenetic 
analysis
Roberto Andrade (Univ Fed da Bahia, Brazil)
   

16:35 how to share Underground reservoirs
Ken Schrenk (ETH Zurich, Switzerland)

15:20~16:50 b11-topic4         404, mlb

 Chair: Nam-kyung Lee (Sejong Univ, Korea)

15:20 attractive Interaction tuning in bio-colloidal membranes
Mathieu Nespoulous (ENS Lyon, France)

15:35 Ions at Interfaces
Yan Levin (UFRGS, Brazil)

15:50 centrosomes are autocatalytic droplets of Pericentriolar material organized by 
centrioles
David Zwicker (Max Planck Inst for the Phys of Complex Systems, Germany)
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16:05 torsion and curvature of ftsz filaments
Pablo Gonzalez de Prado Salas (Univ Autonoma de Madrid, Spain)

16:20 anomalous lateral diffusion in a Viscous membrane surrounded by Viscoelastic 
media
Shigeyuki Komura (Tokyo Metropolitan Univ, Japan)

16:35 freezing of Vesicles and stressed bilayers   
Antti Lamberg (Kyoto Univ, Japan)

15:20~16:50 c11-topic2         505, mlb

 Chair: Su-Chan Park (The Catholic Univ, Korea)

15:20 the 3d Ising model and the conformal bootstrap
Slava Rychkov (CERN, France)

15:50 multiple schramm-loewner evolutions for conformal field theories with lie 
algebra symmetries
Kazumitsu Sakai (Univ of Tokyo, Japan)

16:05 fractal geometry and stochastic loewner evolution in disordered systems  
Martin Weigel (Coventry Univ, United Kingdom)

16:20 discrete holomorphicity in Integrable lattice models
Imam Alam (Australian Natl Univ, Australia)

16:35 Proximity effects in layered Ising models
Helen Au-Yang (Oklahoma State Univ, USA)

15:20~16:50 d11-topic3         506, mlb

 Chair: Meesoon Ha (Chosun Univ, Korea)

15:20 exploring Universal out-of-equilibrium scaling laws with turbulent liquid 
crystal
Kazumasa Takeuchi (Univ of Tokyo, Japan)

15:50 exact results for transport Properties of one-dimensional hamiltonian 
systems
Henk van Beijeren (Utrecht Univ, Netherlands)

16:05 entropy Production in transport Phenomena: Variational Principles and Path-
integral Quantization of Irreversible dynamics
Masuo Suzuki (RIKEN, Japan)
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16:20 towards a dynamical Picture of local equilibrium
Bernhard Altaner (Max Planck Inst for Dynamics and Self-Organization, Germany)
   

16:35 asymmetric Inter-Particle Interactions can break the long time Power-law 
decay of current correlation functions in low dimensional lattices
Hong Zhao (Xiamen Univ, China)
   

16:50-17:10 break lobby, mlb

Parallel session 12

17:10~18:40 a12-topic9         305, mlb

 Chair: Jooyoung Lee (Korea Inst Adv Study, Korea)
     

17:10 Quantifying Immune receptor diversity
Aleksandra Walczak (ENS Paris, France)
   

17:40 double, double, ... bubble*: the Physics of dNa melting
Michel Peyrard (Ecole Normale Superieure de Lyon, France)
   

17:55 statistical Physics of driven dNa: scaling and Phase diagram
Sanjay Kumar (Banaras Hindu Univ, India)
   

18:10 rupturing of hoogsteen base Pairs in triplex dNa
Seok-Cheol Hong (Korea Univ, Korea)
   

18:25 hidden complexity in the Isomerization dynamics of holliday Junctions
Changbong Hyeon (Korea Inst Adv Study, Korea)
  

17:10~18:40 b12-topic5         404, mlb

 Chair: Hyuk Kyu Pak (Pusan Natl Univ, Korea)
  

17:10 a fluid dynamics Wave-Particle duality: how Quantum-like Properties emerge 
from Path memory
Yves Couder (Univ Paris Diderot, France)
  

17:40 simple Views on the dynamics of fluids in confined space
Ko Okumura (Ochanomizu Univ, Japan)
  

17:55 Power law behavior in Quantum crystallization of 4he in aerogel
Ryuji Nomura (Tokyo Inst of Technology, Japan) 

18:10 re-entrant Wetting of Network fluids
Nelson Bernardino (Univ of Lisbon, Portugal) 
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18:25 Ultrafast X-ray Imaging of bubble entrapment during drop Impact
Ji San Lee (Pohang Univ of Sci and Tech, Korea)
  

17:10~18:40 c12-topic3         505, mlb

 Chair: Takahiro Sagawa (Kyoto Univ, Japan)
  

17:10 correlation between thermodynamic Quantities in Nonequilibrium systems
Jae Dong Noh (Univ of Seoul, Korea)

17:40 exact distributions of the number of distinct and common sites visited by N 
independent random walkers
Anupam Kundu (Univ Paris-Sud, Orsay, France)

17:55 density large deviations of driven systems with slow Nonconserving dynamics
Or Cohen (Weizmann Inst of Sci, Israel)

18:10 Information thermodynamics on causal Networks
Sosuke Ito (Univ of Tokyo, Japan)

18:25 Is the Junction occupancy meaningful in aseP on the bethe lattice?
Yongjoo Baek (Korea Adv Inst of Sci and Tech, Korea)

17:10~18:40 d12-topic7        506, mlb

 Chair: Huan-Qiang Zhou (Chongqing Univ, China)

17:10 Quantum transport in one dimension: from Integrability to many-body localization
Joel Moore (UC Berkeley/LBNL, USA)

17:40 scale-dependent competing Interactions: sign reversal of the average 
Persistent current in Nanoscale superconducting rings
Ora Entin-Wohlman (Ben Gurion and Tel Aviv Univ, Israel)

17:55 bound state Influence on long-time Non-exponential decay in open Quantum 
systems
Savannah Garmon (Univ of Tokyo, Japan)

18:10 sheared Ising models in two and three dimensions
AlFred Hucht (Univ of Duisburg-Essen, Germany)

18:25 scaling functions and amplitude ratios for the higher-dimensional kardar-
Parisi-zhang equation: a Nonperturbative renormalization group approach
Thomas Kloss (Goethe Univ Frankfurt/Main, Germany)
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Poster session 1 (cultural center, lobby 2f, 11:00~12:30) 

topic 2: Phase transitions and critical Phenomena

PP1-2-1 Phase diagram of the lennard-Jones system
Yuta Asano (Ehime Univ, Japan)

PP1-2-2 Parallel-tempering cluster algorithm
Elmar Bittner (Univ Heidelberg, Germany)

PP1-2-4 Quantum anisotropic spin-1 heisenberg ferromagnetic model in a crystal field: a 
Variational approach
Diego Carvalho (UFMG, Brazil)

PP1-2-5 temporal behaviors of order Parameter in kuramoto model on Networks
Chulho Choi (Seoul Natl Univ, Korea)

PP1-2-6 Phase transition observed in sIr model with social reinforcement
Kihong Chung (Korea Adv Inst of Sci and Tech, Korea)

PP1-2-7 free energy of triangular domains at criticality
Zehui Deng (Bejing Normal Univ, China)

PP1-2-8 Percolation Phase transition in random clique Networks
Yimin Ding (Hubei Univ, China)

PP1-2-9 anisotropic correlation lengths in two-dimensional Ising models
Masafumi Fujimoto (Nara Medical Univ, Japan)

PP1-2-10 the s = 1 bilinear biquadratic spin model on the square lattice: a series expansion 
study
Christopher Hamer (Univ of New South Wales, Australia)

PP1-2-11 finite-size scaling of heterogeneity In 2d Ising model
Woo Seong Jo (Sungkyunkwan Univ, Korea)

PP1-2-12 Investigation of high Pressure structural Phase transition in tlX (X = N, P, as) 
compounds
Netram Kaurav (Govt. Holkar Sci College, India)

PP1-2-13 Numerical confirmation of New Universality class of Nonequilibrium chiral Ising 
models for coarsening dynamics
Mina Kim (Univ of Seoul, Korea)

PP1-2-14 response to a twist in systems with zp symmetry
Yuta Kumano (Univ of Tokyo, Japan)
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PP1-2-15 effective simulation method for determination of critical line of the blume-capel 
model
Wooseop Kwak (Chosun Univ, Korea)

PP1-2-16 Phase transition in the bornholdt model
Peter Lajko (Kuwait Univ, Kuwait)

PP1-2-17 ferrimagnetic slater Insulator Phase of the sn/ge(111) surface
Jun-Ho Lee (Hanyang Univ, Korea)

PP1-2-18 dynamic criticality in the kuramoto model in the Presence of Quenched and 
thermal disorder
Mi Jin Lee (Sungkyunkwan Univ, Korea)

PP1-2-19 thermodynamic casimir forces Induced by corner and edge effects
Zhi Li (Beijing Normal Univ, China)

PP1-2-20 devil’s staircases, crackling Noise and Phase transitions in Percolation
Jan Nagler (Max Planck Inst. f. Dynamics and Self-organization, Germany)

PP1-2-21 a monte carlo study of defect-mediated topological Phase transition (kthNY) and 
ordering - disordering state of colloidal Particles on 2d Periodic substrates
Amin Najafi (Islamic Azad Univ, (Hamedan Branch), Iran)

PP1-2-22 Improved kt scaling for Nonequilibrium relaxation analysis by the Use of bayesian 
Inference and kernel method
Yukiyasu Ozeki (The Univ of Electro-Communications, Japan)

PP1-2-23 critical casimir forces in the Presence of random local adsorption Preference
Francesco Parisen Toldin (Univ of Wuerzburg, Germany)

PP1-2-24 stochastic resonance in two-dimensional q-state clock model
Hye Jin Park (Sungkyunkwan Univ, Korea)

PP1-2-25 Using simple average of spin distributions to Predict Phase transitions in an anti-
ferromagnetic Potts model
Shafiqur M. Rahman (Allegheny College, USA)

PP1-2-26 Non-equilibrium stochastic long-range systems: kinetic theory and bistability
Stefano Ruffo (Universita di Firenze, Italy)

PP1-2-27 static Properties of a synchronized state via the first order Phase transition
Woo-Sik Son (Natl Inst for Math Sci, Korea)

PP1-2-28 random Ising model on the hexagonal lattice: analytic results
Sei Suzuki (Aoyama-Gakuin Univ, Japan)
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PP1-2-29 renormalization group approach to spinless two-band fermion model
Jozef Sznajd (Polish Acad of Scis, Poland)

PP1-2-30 exactness of the mean-field theory for the random-field Ising model with long-
range Interactions
Junichi Tsuda (Tokyo Inst of Tech, Japan)

PP1-2-31 guiding Principle of tensor renormalization group with tensor decomposition 
method
Hiroshi Ueda (RIKEN, Japan)

PP1-2-32 gauge theory of glass transition: description of liquid-glass transition as a 
critical Phenomenon
Mikhail Vasin (Ural Branch of Russian Acad, Russia)

PP1-2-33 cavity-based robustness analysis of Intra- and Inter-correlated Networks
Shunsuke Watanabe (Tokyo Inst of Tech, Japan)

PP1-2-34 the block model for griffiths Phase
Xintian Wu (Beijing Normal Univ, China)

PP1-2-35 Nature of Percolation transition in a growing Network with an achlioptas Process
Su Do Yi (Sungkyunkwan Univ, Korea)

PP1-2-36 bond and site Percolation in three dimensions
Zongzheng Zhou (Monash Univ, Australia)

PP1-2-37 a monte carlo study of three-color ashkin-teller model
Qiong Zhu (Zhejiang Univ, China)

topic 9: bioPhys and biologically motivated Problems

PP1-9-1 spin coherent state Path Integral approach to a model of escape from adaptive 
conflict
Mark Ancliff (The Catholic Univ of Korea, Korea)

PP1-9-2 cooperation of molecular motors in the Intracellular cargo transport
Minjung Ann (Ewha Womans Univ, Korea)

PP1-9-3 large deviation Properties of Population averages: an Indicator of gene expression 
dynamics in a single cell
Bhaswati Bhattacharyya (iCeMS, Kyoto Univ, Japan)

PP1-9-4 bacterial motion near the slipping boundary
Wen-Yang Chang (Natl Central Univ, Taiwan)
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PP1-9-5 statistical mechanics of Protein docking designability
Jeong-Mo Choi (Harvard Univ, USA)

PP1-9-6 transport of an active brownian Particle with asymmetric conversion rate under 
external fields
Saerom Choi (Ewha Womans Univ, Korea)

PP1-9-7 Inferring Intermittency in single- and two-Individual movement in response to 
chemical exposure
Tae-Soo Chon (Pusan Natl Univ, Korea)

PP1-9-8 exclusion Processes: short range correlations Induced by adhesion and contact 
Interactions
Christophe Deroulers (Univ Paris Diderot-Paris 7, France)

PP1-9-9 robustness against extinction by stochastic sex determination in small 
Populations
Eduardo do Carmo (UNILA - Federal Univ for Latin_American Integration, Brazil)

PP1-9-10 mathematical modelling of circadian clock in arabidopsis thaliana Using system 
Identification techniques
Mathias Foo (APAC Ctr Theo Phys, Malaysia)

PP1-9-11 random distribution assumption for anti-freeze Proteins
Hendrik Hansen-Goos (German Aerospace Center (DLR), Germany)

PP1-9-12 entropic effects of solvent on big sphere dynamics into a cylindical Vessel
Ryohei Hara (Kyushu Univ, Japan)

PP1-9-13 Interaction between looped-star Polymers
Dieter Heermann (Univ of Heidelberg, Germany)

PP1-9-14 self-organization of Pancreatic Islets
Danh-Tai Hoang (APAC Ctr Theo Phys, Korea)

PP1-9-15 synchronization effect in time Periodic Immunotherapy for a tumor-Immune 
Interaction model
Takehiko Horita (Osaka Prefecture Univ, Japan)

PP1-9-16 Phase transitions and solitons in self-Propelled Particles: mean-field kinetic 
theory and diagrammatic approach
Thomas Ihle (North Dakota State Univ, USA)

PP1-9-17 multifractality and heteroscedastic dynamics in music
Heather Jennings (Univ Federal de Rio Grande do Norte, Brazil)
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PP1-9-18 the coexistence of 'heterogeneity' and 'coherence' in the Phase distribution of 
clock cell Populations in scN
Byeongha Jeong (Korea Univ, Korea)

PP1-9-19 reaction rate of synaptotagmin anchored synapse Vesicle membrane fusion
Seong-Min Jeong (APAC Ctr Theo Phys/Pohang Univ of Sci and Tech, Korea)

PP1-9-20 In-Phase and out-of-Phase synchronization in the cells of Pancreatic Islets
Junghyo Jo (APAC Ctr Theo Phys, Korea)

PP1-9-21 Necessary and sufficient conditions for Noise-Inducd oscillations in biochemical 
reaction Networks
Jaewook Joo (Univ of Tennessee, USA)

PP1-9-22 free expansion of a compressed self-avoiding chain in a cylindrical Pore
Youngkyun Jung (Korea Inst of Sci and Tech Information, Korea)

PP1-9-23 dynamics of microbial communities on Patchy rough surfaces - hydration and 
diffusion mediated self-organized consortia
Minsu Kim (ETH Zurich Inst of Terrestrial Ecosystems, Switzerland)

PP1-9-24 transitions among multiple burst-oscillators in cultured Neural Networks
June Hoan Kim (Korea Univ, Korea)

PP1-9-25 conformational Phase transitions and selective gating functions of Nuclear Pore 
complexes
Seongjin Kim (Korea Adv Inst of Sci and Tech, Korea)

PP1-9-26 compaction of a flexible Polymer by depletion forces in a confined space
Juin Kim (Korea Adv Inst of Sci and Tech, Korea)
  

PP1-9-27 effect of clustering on spiking Variability in Inhomogeneous Network
Junhyeok Kim (Pohang Univ of Sci and Tech, Korea)
  

PP1-9-28 multiplicative model of children's growth and its statistical Properties
Hiroto Kuninaka (Mie Univ, Japan)
  

PP1-9-29 trail Networks formedby Populations of Immune cells
Tae Goo Kwon (Korea Univ, Korea)
  

PP1-9-30 dNa-Protamine bundles formation
Yves Lansac (Universite Francois Rabelais, Tours, France)

PP1-9-31 optimal community structure reveals maximum Information of Networks: a 
showcase for Protein function annotation
Jooyoung Lee (Korea Inst Adv Study, Korea)
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PP1-9-32 the evolution of synaptic Weight distribution of a model Neuronal Network subject 
to a “∆t Stimulation”
Ho Jun Lee (Korea Univ, Korea)

PP1-9-33 limiting-law excess sum rule for Polyelectrolytes
Yongjin Lee (Pohang Univ of Sci and Tech, APAC Ctr Theo Phys, Korea)

PP1-9-34 dynamics of the spontaneous brain activities with Noise-Induced Population model
Dongmyeong Lee (Pohang Univ of Sci and Tech, Korea)

PP1-9-35 elastic Properties of Partly denatured dNa
Anmin Son (Sejong Univ, Korea)

PP1-9-36 sparsely synchronized brain rhythm in a small-World Neural Network
Woochang Lim (Daegu Natl Univ of Education, Korea)

PP1-9-37 anisotropic diffusion of Passive Particles in bacterial flow
Wei-Hsuan Lin (Natl Central Univ, Taiwan)

PP1-9-38 random forest-based Protein model Quality assessment (rfmQa) Using Its 
structural features and Potential energy terms
Balachandran Manavalan (Korea Inst Adv Study, Korea)

PP1-9-39 optimal search in an Interacting Population. the case of the mongolian gazelle.
Ricardo Martinez-garcia (CSIC-UIB, Spain)

PP1-9-40 on the existence of accessible Paths in Various models of fitness landscapes
Anders Martinsson (Chalmers Univ of Tech & Univ of Gothenburg, Sweden)

PP1-9-41 efficient energy transformation Inside a cell from the Point of View of statistical 
Physics
Aleksei Melkikh (Ural Federal Univ, Russia)

PP1-9-42 1-d diffusion of a 100 nm diameter au Particle along the thermally fluctuating 
dNa
Yoshihiro Murayama (Tokyo Univ of Agriculture and Tech, Japan)

PP1-9-43 on the amplitude spectra of fitness landscapes
Johannes Neidhart (Univ zu Koln, Germany)

PP1-9-44 gating functions of Nuclear Pore complexes by biphasic Nature of Nucleoporins
Sung-Sik Oh (Korea Adv Inst of Sci and Tech, Korea)

PP1-9-45 effects of sugars on the thermal stability of a Protein
Hiraku Oshima (Kyoto Univ, Japan)
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PP1-9-46 a two-fold advantage of sex
Su-Chan Park (The Catholic Univ of Korea, Korea)

PP1-9-47 architectural scaling for online Information Processing
Marissa Pastor (APAC Ctr Theo Phys, Korea)

PP1-9-48 how Protrusion/retraction switch controls cell shape and motion
Franck Raynaud (EPFL, Switzerland)

PP1-9-49 dynamical effects of the transcriptional apparatus formation in eukaryotic gene 
expression
Ashwin S. Selvarajan (Nagoya Univ, Japan)

PP1-9-50 lattice Polymers as models for the folding of biopolymers
Raoul Schram (Instituut-Lorentz, Netherlands)

PP1-9-51 Population balancing with switching
Juyong Song (APAC Ctr Theo Phys, Korea)

PP1-9-52 Noise-Induced resonances in stretched biopolymers
Wokyung Sung (Pohang Univ of Sci and Tech, Korea)

PP1-9-53 molecular affinity and binding with Ising Variables
Fabrice Thalmann (Institut Charles Sadron, CNRS and Univ of Strasbourg, France)

PP1-9-54 energy dissipation in adaptive molecular circuits
Shouwen Wang (Tsinghua Univ, China)

PP1-9-55 Intrinsic behavior determines responses to stimuli in Neural fields: delay 
compensation
K. Y. Michael Wong (HKUST, Hong Kong)

PP1-9-56 Waves of ratcheting cancer cells in Proliferating tumor layer
Taeseok Yang (Korea Univ, Korea)

PP1-9-57 structural stability of Proteins in aqueous and Nonpolar environments
Satoshi Yasuda (Kyoto Univ, Japan)

PP1-9-58 stretching instability of an intrinsically curved semiflexible biopolymer
Zicong Zhou (Tamkang Univ, Taiwan)
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Poster session 2 (cultural center, lobby 2f, 11:00~12:30) 

topic 3: Nonequilibrium Processes

PP2-3-1 freezing Properties of radial dunkl Processes
Sergio Andraus Robayo (The Univ of Tokyo, Japan)
  

PP2-3-2 Nonequilibrium steady state of the kinetic glauber Ising model under a Periodically 
time-Varying magnetic field
Seung Ki Baek (Korea Inst Adv Study, Korea)
  

PP2-3-3 modeling random Walk with memory
Jeehye Choi (Korea Univ, Korea)
  

PP2-3-4 Vortex-Induced hall effect in chiral p-Wave superconductors near kosterlitz-
thouless transition without magnetic field
Chun Kit Chung (The Univ of Tokyo, Japan)
  

PP2-3-5 the dynamics of the one-dimensional delta-Interacting bose gas in an Infinite 
square Well
Sumita Datta (Indian Association for the Cultivation of Sci, India)
  

PP2-3-6 statistical mechanics of the coagulation-diffusion Process with a stochastic 
resetting
Xavier Durang (Korea Inst Adv Study, Korea)
  

PP2-3-7 spin-lattice relaxation within a dimerized Ising chain Undergoing spin-Peierls 
transition in a magnetic field
Riza Erdem (Akdeniz Univ, Turkey)
  

PP2-3-8 lifetime of Quasistationary states in the hamiltonian mean field model
Wahb Ettoumi (Laboratoire de Physique des Plasmas CNRS (UMR7648), France)
  

PP2-3-9 an exact solution of the liouville-Von Neumann equation for Weakly-coupled one-
dimensional Quantum lorentz gas and Non-equilibrium transport Process in 
Non-hydrodynamic situation
Kazunari Hashimoto (Osaka Prefecture Univ, Japan)
  

PP2-3-10 microscopic derivation of empirical friction law
Takahiro Hatano (The Univ of Tokyo, Japan)
  

PP2-3-11 Quantum thermal conduction through Nano-Junctions: a self-consistent Phonon 
approach
Dahai He (Xiamen Univ, China)
  

PP2-3-12 transport Properties for electrolytes using the msa with a Yukawa closure
Jose Herrera-pacheco (Benemerita Universidad Autonoma de Puebla, Mexico)
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PP2-3-13 exact height distribution for the stationary one-dimensional kardar-Parisi-zhang 
equation
Takashi Imamura (Univ of Tokyo, Japan)

PP2-3-14 the studying of optical Properties of random media based on rhodamine 6g with 
zno and tio2 Nanoparticles doped in Pmma
Fariba Japelaghi Paridari (Alzahra Univ of Tehran, Iran)

PP2-3-15 a microstate as an ensemble: how thermodynamic Quantities behave between 
microstates
Jinwoo Lee (Kwangwoon Univ, Korea)

PP2-3-16 Quantum hydrodynamic modes with hofstadter's butterfly-like fractal spectrum 
of the liouville-von Neumann operator for molecular chains
Kazuki Kanki (Osaka Prefecture Univ, Japan)

PP2-3-17 conformal martingale representations of log-gases
Makoto Katori (Chuo Univ, Japan)

PP2-3-18 random deposition with relaxation model on UV flower Networks
Sang-Woo Kim (Soongsil Univ, Korea)

PP2-3-20 Initial-state dependence of critical behavior for absorbing Phase transitions in 
discrete conserved manna model
Sang Bub Lee (Kyungpook Natl Univ, Korea)

PP2-3-21 experimental study of fluctuation theorem using a colloidal Particle under optical 
trap with the strength changing with time
Dong Yun Lee (Pusan Natl Univ, Korea)

PP2-3-22 fluctuation relations and Information thermodynamics: towards applications in 
Interacting Particle systems
Michael Maitland (Univ of Warwick, United Kingdom)

PP2-3-23 cooperative sequential adsorption and evaporation models on a bethe lattice: 
analytical results and applications
Irina Mazilu (Washington and Lee Univ, USA)

PP2-3-24 time-asymmetric Process in central force scatterings
Ramis Movassagh (Northeastern Univ, USA)

PP2-3-25 consistency of stochastic thermodynamics in the different scales of description
Yohei Nakayama (Univ of Tokyo, Japan)
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PP2-3-26 crossover of the roughness exponent for Interface growth dynamics in elastic 
long-range Interaction systems
Masamichi Nishino (Natl Inst for Math Sci, Japan)

PP2-3-27 Wien effect in simple strong electrolytes of hard sphere Ions
Young-Gie Ohr (Paichai Univ, Korea)

PP2-3-28 elastic-turbulence-Induced melting of a Nonequilibrium Vortex crystal in a fluid 
film with Polymers
Rahul Pandit (Indian Inst of Sci, India)

PP2-3-29 short-time response function of the modular dilute sherrington-kirkpatrick spin 
glass model
Jeong-Man Park (The Catholic Univ of Korea, Korea)

PP2-3-30 turbulence in Non-Integer dimensions by fractal fourier decimation
Samriddhi Ray (Tata Inst of Fundamental Research (TIFR), India)

PP2-3-31 fractional hydrodynamic fluctuations in the light scattered by a Viscoelastic 
suspension
Rosalio Rodriguez (Instituto de Fisica, Universidad Nacional Autonoma de Mexico, Mexico)

PP2-3-32 thermal rectification and Negative differential thermal resistance in one-
dimensional mass-grades lattices
Mauricio Romero (Instituto Politecnico Nacional Mexico, Mexico)

PP2-3-33 diffusion and mobility in a Narrow tube
Soghra Safaverdi (KU Leuven, Belgium)

PP2-3-34 configurational Probability for two-Phase steady-state flow in Porous media 
using Irreversible thermodynamics
Isha Savani (Norwegian Univ of Sci and Tech, Norway)

PP2-3-35 Partial condensation and Power law in aggregation and Weighted chipping 
Processes
Makoto Sekiyama (Yokohama City Univ, Japan)

PP2-3-36 anomalous system size dependence of large deviation functions for local 
empirical measure
Naoto Shiraishi (The Univ of Tokyo, Japan)

PP2-3-37 the house-keeping entropy Production is hidden in the limit of long time scale
Jang-il Sohn (Korea Univ, Korea)

PP2-3-38 simulation of Vehicular traffic flow at Intersection with traffic lights
Belbasi Somayyeh (Zanjan Univ, Iran)
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PP2-3-39 Variational Principle in statistical Physics
Yuki Sughiyama (FIRST, Aihara Innovative Mathematical Modelling Project, JST, Japan)
   

PP2-3-40 a Universality class Involving both exponent and coefficient during the 
Nonequilibrium evolution of a system with long-range Interactions
Saikishan Suryanarayanan (Jawaharlal Nehru Centre for Advanced Scientific Research 
(JNCASR), India)
  

PP2-3-41 tachyon condensation due to domain-Wall annihilation in bose-einstein 
condensates
Hiromitsu Takeuchi (Osaka City Univ, Japan)
 

PP2-3-42 Work staistics and fluctuation theorem for Quantum systems in microcanonical 
Initial states
Peter Talkner (Univ Augsburg, Germany)
  

PP2-3-43 thermodynamic stability and kinetic aspects of ch4 - co2 hydrate exchange
Magnus Waage (Norwegian Univ of Sci and Tech, Norway)
  

PP2-3-44 transport Properties of diatomic chains of hard-Point Particles
Jiao Wang (Xiamen Univ, China)
 

PP2-3-45 optimal mixing for cooperative Public goods game on scale-free Network
Hyunmo Yang (Ulsan Natl Institue of Sci and Tech, Korea)
  

PP2-3-46 atomic density function modeling of Pattern formation
Helena Zapolsky (GPM, UMR 6634, Univ of Rouen, France)
 

PP2-3-47 breakdown of effective Phonon theory in one-dimensional chains with 
asymmetric Interactions
Yong Zhang (Xiamen Univ, China)
 

PP2-3-48 transport coe cients for suspensions of spherical particles
Karol Makuch (Univ of Warsaw, Poland)
 

topic 8: disordered and glassy systems

PP2-8-1 the correspondence between long-range and short-range spin glasses
Raquel Alvarez Banos (Univ of Zaragoza - BIFI Inst, Spain)
 

PP2-8-2 Phase diagram of 3-dimensional heisenberg spin glasses with random anisotropy 
through massive gPU simulations
Marco Baity-jesi (Universidad Complutense de Madrid, Spain)
 

PP2-8-3 Work fluctuations in disordered media: a continuous-time random Walk approach
Andrea Cairoli (Queen Mary Univ of London, United Kingdom)
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PP2-8-4 Non-affine deformations in a sheared crystal and a hidden elastic critical Point
Tamoghna Das (Okinawa Inst of Sci and Tech, Japan)

PP2-8-5 competition between glass and gel, a continuous-time random Walk description
Vanessa de Souza (Univ of Granada, Spain)

PP2-8-6 monte carlo and langevin dynamics simulations for the steady-state and 
relaxation Properties of magnetic flux lines in type-II superconductors
Ulrich Dobramysl (Virginia Tech, USA)

PP2-8-7 order formation in glass-like systems with many-body Interactions
Yoichiro Hashizume (Tokyo Univ of Sci, Japan)

PP2-8-8 component decoupling and glass-forming ability of multicomponent metallic 
supercooled liquids
Jeongmin Kim (Sogang Univ & Research Inst for Basic Sci, Korea)

PP2-8-9 acoustic Properties of Polymeric materials studied by high-Pressure brillouin 
light scattering
Jae-Hyeon Ko (Hallym Univ, Korea)

PP2-8-10 frustration in the Vicinity of the transition Point of spin glasses
Ryoji Miyazaki (Tokyo Inst of Tech, Japan)

PP2-8-11 the disordered bose-hubbard model and Percolating sf clusters
Astrid Niederle (Univerity of Saarland, Germany)

PP2-8-12 monte carlo simulations of the three-dimensional XY spin glass focusing on 
chiral and spin order
Tomoyuki Obuchi (Osaka Univ, Ecole Normale Superieure, Japan)

PP2-8-13 free energy Plefka chain-expansion for finite-dimensional Ising model
Shaomeng Qin (Inst of Theoretical Phys, Chinese Acad of Scis, China)

PP2-8-14 critical exponents of the random field hierarchical model
Jacopo Rocchi (La Sapienza Univ, Italy)

PP2-8-16 direct Numerical detection of ergodicity breaking in a lattice glass model
Munetaka Sasaki (Tohoku Univ, Japan)

PP2-8-17 temperature chaos in 3d Ising spin glasses is driven by rare events
Beatriz Seoane (La Sapienza Universita di Roma, Italy)
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PP2-8-18 relaxation Phenomena in supercooled liquid and glassy enantiomer (+)-Ibuprofen 
studied by Photon correlation and dielectric spectroscopies
Dong-Myeong Shin (Pusan Natl Univ, Korea)

PP2-8-19 Predictability of avalanche type structural rearrangement in dusty Plasma 
liquids
Yen Su (Natl Central Univ, Taiwan)

PP2-8-20 a relation between replica symmetry and a Performance of approximation 
algorithms in minimum Vertex cover Problems on random Uniform hypergraphs
Satoshi Takabe (The Univ of Tokyo, Japan)

PP2-8-21 high-Velocity granular friction near the Jamming Point
Yuka Takehara (Ochanomizu Univ, Japan)

PP2-8-22 Partition function expansion on region graphs
Chuang Wang (Inst of Theoretical Phys, Chinese Acad of Scis, China)

PP2-8-23 solution space coupling in the random k-satisfiability Problem
Ying Zeng (Inst of Theoretical Phys, Chinese Acad of Scis, China)

PP2-8-24 Inducing effect on the Percolation transition in complex Networks and lattices
Jin-hua Zhao (Inst of Theoretical Phys, Chinese Acad of Scis, China)
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Poster session 3 (cultural center, lobby 2f, 11:00~12:30) 

topic 1: general and mathematical aspects of statistical Phys

PP3-1-1 Weak ergodicity breaking in random Walk driven by stored energy
Takuma Akimoto (Keio Univ, Japan)

PP3-1-2 Nested sampling for bulk matter
Robert Baldock (Univ of Cambridge, United Kingdom)

PP3-1-3 a complete theory for the magnetism of an Ideal gas of electrons
Shyamal Biswas (IIT-Kanpur, India)

PP3-1-4 brownian motion on Non-euclidean geometries
Pavel Castro-Villarreal (Universidad Autonoma de Chiapas, Mexico)

PP3-1-5 zeros of the Potts model Partition function on the sierpinski gasket
Shu-chiuan Chang (Natl Cheng Kung Univ, Taiwan)

PP3-1-6 classification of transport backbone of complex Networks
Woosik Choi (Kyung Hee Univ, Korea)

PP3-1-7 temporal characteristics of steady-state brownian diffusion and levy flights in 
Potential Wells
Alexander Dubkov (Lobachevsky State Univ, Russia)

PP3-1-8 similarity solutions of fokker-Planck equations with time-dependent coefficients 
and fixed/moving boundaries
Choon-lin Ho (Tamkang Univ, Taiwan)

PP3-1-9 conditional statistical Properties of the complex systems having long-range 
Interactions
Zhifu Huang (Huaqiao Univ, China)

PP3-1-10 Increase and decrease of entropy Production after reducing Variables
Kyogo Kawaguchi (The Univ of Tokyo, Japan)

PP3-1-11 multiscale ensemble clustering for finding modules in complex Networks
Tae-wook Ko (Natl Inst for Math Sci, Korea)

PP3-1-12 fluctuation theorems and entropy Production with odd-Parity Variables
Hyun Keun Lee (Korea Inst Adv Study, Korea)
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PP3-1-13 exact time evolution of a classical spin in a longitudinal field for the system of a 
classical spin Plus harmonic oscillator bath
Suhk Kun Oh (Chungbuk Natl Univ, Korea)

PP3-1-14 the Joint Probability density functions for Work and heat in a two dimensional 
linear diffusion system
Jong-Min Park (Univ of Seoul, Korea)

PP3-1-15 markov chain monte carlo method with skew detailed balance condition
Yuji Sakai (The Univ of Tokyo, Japan)

PP3-1-16 heat capacities and transport Properties of aqueous Nonpolar solute mixtures
Ihor Shvab (Swinburne Univ of Tech, Australia)

PP3-1-17 exact solutions of the boltzmann-enskog kinetic equation for elastic and Inelastic 
hard spheres
Anton Trushechkin (Steklov Mathematical Inst, Russian Acad of Scis, Russia)

PP3-1-18 localization-delocalization transition of euclidean random matrices: mobility 
edge of Instantaneous Normal modes
Ten-Ming Wu (Natl Chiao-Tung Univ, Taiwan)

PP3-1-19 determinant representations of correlation functions for the XXz gaudin model 
with Non-diagonal boundary terms
Wen-li Yang (Northwest Univ, China)

topic 4: soft matter

PP3-4-2 Interfacial motion in flexo- and order-electric switching between Nematic filled 
states
Matthew Blow (Univ of Lisbon, Portugal)

PP3-4-3 structural characteristics of onion-like multi-layered Polymersome formed by 
amphiphilic comb-like graft copolymers
Hung-Yu Chang (Natl Taiwan Univ, Taiwan)

PP3-4-4 donuts and twist: cholesteric liquid crystals confined in toroidal droplets
Ana Fialho (Center for Theoretical and Computational Phys, Portugal)

PP3-4-5 molecular dynamics simulation of micelle formation and micellar shape change 
in amphiphilic solution
Susumu Fujiwara (Kyoto Inst of Tech, Japan)

PP3-4-6 a simple elastic model for Wrinkle formation
Yu-Chigh Hsu (Chinese Culture Univ, Taiwan)
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PP3-4-7 Promoting the alignment of carbon Nanotubes by Using lyotropic liquid crystals 
at Very low surfactant concentration
Jo Hyeran (Seoul Natl Univ, Korea)

PP3-4-8 self-organization of discotic liquid crystal into molecular Wires
Ji Hyun Park (Seoul Natl Univ, Korea)

PP3-4-9 cluster Impact and shock Wave Propagation in freely evolving granular gas
Masaharu Isobe (Nagoya Inst of Tech, Japan)

PP3-4-10 mean field theory for linear and ring Polymers
Jaeup Kim (UNIST, Korea)

PP3-4-11 multiscale modeling of Polymeric systems in solution: from Quantum chemistry to 
Integral equation theory of molecular liquids and to dissipative Particle dynamics
Oleksandr Kobryn (Natl Inst for NanoTech, Canada)

PP3-4-12 a thermokinetic approach to radiative transfer at the Nanoscale
Luciano Lapas (Federal Univ for Latin-American Integration, Brazil)

PP3-4-13 Physical Properties and fusion behaviors of small Polymersomes formed by rod-
coil diblock copolymers
Yunglung Lin (Natl Taiwan Univ, Taiwan)

PP3-4-14 micro-avalanches of granular Particles inside rotating drums: a Numerical and 
experimental study
Hans-Georg Matuttis (The Univ of Electro-Communications, Japan)

PP3-4-15 formation of granular heaps in fluids
Shi Han Ng (The Univ of Electro-Communications, Japan)

PP3-4-16 Wriggling motions of chains formed by self-Propelled Particles
Daiki Nishiguchi (the Univ of Tokyo, Japan)

PP3-4-17 optical Properties and ordering Phenomena of cholesteric liquid crystal droplets 
and shells
JungHyun Noh (Seoul Natl Univ, Korea)

PP3-4-18 multiparticle collision dynamics simulation of Polyelectrolyte electrophoresis
Pyeong Jun Park (Korea Natl Univ of Transportation, Korea)

PP3-4-19 separation of chiral objects in flow
Sunghan Ro (Korea Adv Inst of Sci and Tech, Korea)
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PP3-4-20 statistics and geometrical Picture of ring Polymer melts
Takahiro Sakaue (Kyushu Univ, Japan)

PP3-4-21 Is It Possible to construct a consistent fundamental-measure free energy for 
hard-sphere mixtures beyond scaled-Particle theory?
Andres Santos (Univ of Extremadura, Spain)

PP3-4-22 field-Induced Nematic cloud on the colloidal Particles
Takayuki Uchida (Kyoto Univ, Japan)

topic 5: fluids and Interfacial Phenomena

PP3-5-1 calculation of slip length in Nanofluidics using theory of reaction rates and 
modification to bi-Viscosity model
Jeetu Babu (Natl Inst of Tech Calicut, India)

PP3-5-2 Wetting behavior of a drop sitting on a crevice
Cheng-chung Chang (Natl Taiwan Univ, Taiwan)

PP3-5-3 observation of the brownian dynamics from molecular dynamics simulations: the 
generalized langevin equation approach
Bongsik Choi (Korea Adv Inst of Sci and Tech, Korea)

PP3-5-4 the Isotropic-to-Nematic Phase transition in hard helices: onsager theory and 
monte carlo simulations
Achille Giacometti (Universita' Ca' Foscari Venezia, Italy)

PP3-5-5 optimal coefficients of Noisy burgers equation modeled on the kuramoto-
sivashinsky equation
Hideshi Ishida (Osaka Univ, Japan)

PP3-5-6 microscopic origin of drag force in brownian motion
Changho Kim (Brown Univ, USA)

PP3-5-7 multiblock copolymer adsorption on hydrophobic surfaces: a monte carlo 
simulation study
Max Kolb (Ecole Normale Superieure de Lyon, France)

PP3-5-8 evaporation stains: suppressing coffee-ring effect by contact angle hysteresis
Yueh-Feng Li (Natl Central Univ, Taiwan)

PP3-5-9 Is the buoyancy of an object floating in a liquid equals to Its Weight?
Lin Liancheng (Huaqiao Univ China, China)
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PP3-5-10 equilibrium Phase diagram of drops at the bottom of a fiber standing on 
superhydrophobic surfaces
Yu-en Liang (Natl Taiwan Univ, Taiwan)

PP3-5-11 orientationally constrained Janus model fluids
Miguel Angel Maestre (Univ of Extremadura, Spain)

PP3-5-12 erosion by a foam of the Inner oily-film in a Pipe
Abraham Medina (Instituto Politecnico Nacional, Mexico)

PP3-5-13 electrical Power generation by Using Water droplets
Jong Kyun Moon (Pusan Natl Univ, Korea)

PP3-5-14 Phase transitions in ensemble of droplets on soluble Nuclei
Alexander Shchekin (St Petersburg State Univ, Russia)

PP3-5-15 random aggregation models and simulations for coffee fractals on milk
Toshiya Takami (Kyushu Univ, Japan)

PP3-5-16 the effect of Viscous Normal stress on Weakly Nonlinear analysis of Interface 
growth
Hisasi Tani (Tokyo Univ of Sci, Japan)

PP3-5-17 Imbibition of micro-Patterned surfaces
Marie Tani (Graduate school of Ochanomizu Univ, Japan)

PP3-5-18 coalescence of Viscous drops in Quasi two-dimensional space
Maria Yokota (Ochanomizu Univ, Japan)

topic 7: Quantum systems

PP3-7-1 Quantum field theories with finite green's functions
Kevin Cahill (Univ of New Mexico, USA)

PP3-7-2 bkt-to-bec crossover of the superfluid in a trapped 2d bose gas
Jae-yoon Choi (Seoul Natl Univ, Korea)

PP3-7-3 Investigation of two-dimensional lattice thermal transport in graphene Using 
Phonon scattering mechanism
Kamal Choudhary (Shri Vaishnav Inst of Tech and Sci, India)

PP3-7-4 Quantum annealing in the P-spin ferromagnet in random fields
Takayuki Ichikawa (Tokyo Inst of Tech, Japan)
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PP3-7-5 Instability of countersuperflow in two-component bose-einstein condensates
Shungo Ishino (Osaka City Univ, Japan)

PP3-7-6 spin dynamics of room-temperature multiferroic bifeo3
Jaehong Jeong (Seoul Natl Univ, Korea)

PP3-7-7 relaxation timescales and decay of correlations in long-range Quantum Ising 
models
Michael Kastner (Natl Inst for Theoretical Phys, South Africa)

PP3-7-8 effects of orbital anisotropy on the Phase transitions in the two-orbital hubbard
Aaram Kim (Seoul Natl Univ, Korea)

PP3-7-9 exotic Paired states of Ultracold fermi gases in 1d-3d dimensional crossover
Dong-Hee Kim (Gwangju Inst of Sci and Tech, Korea)

PP3-7-10 Instability for an Ideal bose gas in a box
Sang-Woo Kim (Osaka Univ, Japan)

PP3-7-11 stability analysis of two-dimensional bose-einstein condensates in the Presence 
of a gaussian Potential
Masaya Kunimi (Univ of Tokyo, Japan)

PP3-7-12 complementary Inequality between the energy gap and fluctuation
Tomotaka Kuwahara (Tokyo Univ, Japan)

PP3-7-13 4he adsorption on α-graphyne
Yongkyung Kwon (Konkuk Univ, Korea)

PP3-7-14 Interplay of the spin-orbit Interaction and the sublattice Potential in the kane-
mele-hubbard model
Hyeong Jun Lee (Seoul Natl Univ, Korea)

PP3-7-15 chiral anomaly and strength of the electron-electron Interaction in graphene
Meir Lewkowicz (Ariel Univ of Samaria, Israel)

PP3-7-16 a New classification scheme of superconducting Phases by renormalization-
group exponents
Hsiu-Hau Lin (Natl Tsing Hua Univ, Taiwan)

PP3-7-17 entanglement spectrum of fractional Quantum hall droplets
Min Lu (Zhejiang Univ, China)
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PP3-7-18 transition between localized and extended states in the hierarchical anderson 
model
Fernando Metz (Univ of Rome 'La Sapienza', Italy)

PP3-7-19 ground-state energies of spinless free fermions and hard-core bosons
Wenxing Nie (Univ of Tokyo, Japan)

PP3-7-20 many-body resonances in double Quantum-dot systems
Akinori Nishino (Kanagawa Univ, Japan)

PP3-7-21 magnon damping and decay observed in hexagonal multiferroic lumno3

Joosung Oh (Seoul Natl Univ, Korea)

PP3-7-22 Negative sign Problem of the bilinear-biquadratic spin chai
Kouichi Okunishi (Niigata Univ, Japan)

PP3-7-23 helium buckyballs on the h2-Preplated c20 surface
Sungjin Park (Konkuk Univ, Korea)

PP3-7-24 spin correlations and magnetic susceptibilities of lightly doped antiferromagnets
Iveta Pimentel (Univ of Lisbon, Portugal)

PP3-7-25 exotic Quantum critical Phenomena of the kagome-lattice antiferromagnet
Toru Sakai (JAEA, Japan)

PP3-7-26 z2 berry Phase as a local dimer order Parameter of graphene flakes
Daichi Seki (Univ of Tsukuba, Japan)

PP3-7-27 Quantum annealing with antiferromagnetic fluctuations for the hopfield model
Yuya Seki (Tokyo Inst of Tech, Japan)

PP3-7-28 Non-equilibrium Phase transitions Induced by Interactions between Photon and 
material in a cavity system
Tatsuhiko Shirai (The Univ of Tokyo, Japan)

PP3-7-29 metastability and relaxation in Quantum and mesoscopic systems
Bernardo Spagnolo (Univ of Palermo, Italy)

PP3-7-30 three-body losses of repulsively Interacting three-component fermions in 
optical lattices
Seiichiro Suga (Univ of Hyogo, Japan)

PP3-7-31 classification of dirac electron systems Under double-Periodic and Quasiperiodic 
Potentials
Masayuki Tashima (Univ of Tokyo, Japan)
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PP3-7-32 Quantum heat engines with Prior Information
George Thomas (Indian Inst of Sci Education and Research Mohali, India)

PP3-7-33 adverse effects on the accuracy for 'sampling with sign' in the hubbard system
Xiaoxing Wang (Schlumberger K. K., Japan)

PP3-7-34 suppression and enhancement of Instability of an Unstable Particle by a time-
Periodic external field
Nobuhisa Yamada (Osaka Prefecture Univ, Japan)

PP3-7-35 finite-size dependence of the energy gap in Quantum first-order transitions
Yuuki Yamanaka (tokyo Inst of Tech, Japan)

PP3-7-36 dynamical control in a Quasi-Periodically modulated optical lattice
Cem Yuce (Anadolu Univ, Turkey)
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Poster session 4 (cultural center, lobby 2f, 11:00~12:30) 

topic 6: Nonlinear dynamics

PP4-6-2 Pattern formation on Networks with reactions: a continuous time random Walk 
approach
Isaac Donnelly (Univ of New South Wales, Australia)

PP4-6-3 dynamical scaling law of fragment distribution in drying crack Pattern
Shin-ichi Ito (Osaka Univ, Japan)

PP4-6-4 domain growth in a ferromagnetic bose-einstein condensate
Kazue Kudo (Ochanomizu Univ, Japan)
  

PP4-6-5 spatial Patterns in multicomponent reaction-diffusion systems in Present of 
Noise: mean field approximation and fokker-Planck equation for Unstable mode 
amplitudes
Svetlana Kurushina (Samara State Aerospace Univ, Russia)

PP4-6-6 three body Problem and chaos
Ho Joong Lee (Hong Ik Univ, Korea)
  

PP4-6-7 Intersections of moving fractal sets
Indrek Mandre (Tallinn Univ of Tech, Estonia)
  

PP4-6-8 lyapunov exponent analysis on the onset of the strong generalized-
synchronization
Katsuya Ouchi (Kobe Design Univ, Japan)
  

PP4-6-9 transition between fractal and cell Patterns derived from Vertical convection
Michiko Shimokawa (Fukuoka Inst of Tech, Japan)
  

PP4-6-10 chaos in a spatially-homogeneous and anisotropic Universe in einstein's equation
Yuya Takeuchi (Osaka Prefecture Univ, Japan)
  

topic 10 : Interdisciplinary topics in statistical Phys

PP4-10-1 Non-linearity and renormalization in Non-Parametric bayesian statistical 
Inference
Toshiaki Aida (Okayama Univ, Japan)
  

PP4-10-2 finite-time thermodynamics and bayesian learning
Carlo Albert (Swiss Aquatic Research Center, Switzerland)
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PP4-10-3 analysis of computing grid Infrastructures from a complex Networks Perspective
Antonio Astillero (Universidad de Extremadura, Spain)

PP4-10-4 analyses of dynamical Phase transitions in Neural Networks
Woon Hak Baek (Pukyong Natl Univ, Korea)

PP4-10-5 Urn models and Product dynamics in International trade
Matthieu Barbier (Inha Univ, Korea)

PP4-10-6 Investigation of ayahuasca effects on the brain by Using complex Networks 
analysis
Aline Barbosa (UFRN- Univ Federal do Rio Grande do Norte, Brazil)

PP4-10-7 size effects in depinning models for Plastic Yield
Zoe Budrikis (ISI Foundation, Italy)

PP4-10-8 Phase transisions and scaling relations in Paradigm models
Huiseung Chae (Kyung Hee Univ, Korea)

PP4-10-9 adaptive rock-Paper-scissors model on co-evolving Networks
Chi Wun Choi (The Chinese Univ of Hong Kong, Hong Kong)

PP4-10-10 application of Pedestrian dynamics: relieving the congestion of a t-Intersection in 
campus
Chung-I Chou (Chinese Culture Univ, Taiwan)

PP4-10-11 the long-tail behaviors of cosmetics Price distributions in taiwan and Japan: a 
agent-based model approach
Ying-Shan Chou (Natl Dong-Hwa Univ, Taiwan)

PP4-10-12 critical behaviour of the XY-rotors model on Networks
Sarah De Nigris (Centre de Physique Theorique, France)

PP4-10-13 a decimation Procedure for model selection in the Ising Inverse Problem
Aurelien Decelle (Universita di Roma - La Sapienza, Italy)

PP4-10-14 fragmentation transition in multilayer Networks
Marina Diakonova (IFISC, Spain)

PP4-10-15 google matrix analysis of Wikipedia articles and Physical reviews citation 
Networks
Young-Ho Eom (IRSAMC, Universite de Toulouse, France)

PP4-10-16 Network Network effects and cascades in a global ccP clearing Network
Xiaobing Feng (Shanghai Univ, China)
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PP4-10-17 criticality, scaling and renormalization in Intra-Urban Passenger flow
Segun Goh (Seoul Natl Univ, Korea)

PP4-10-18 big changes of the Network Properties in stock markets around global financial 
crisise
Gyeong-Gyun Ha (Inha Univ, Korea)

PP4-10-19 dynamic burstiness of Word-occurrence and Network modularity in textbooks
Seung Kee Han (Chungbuk Natl Univ, Korea)

PP4-10-20 a function-based reconsideration of stochastic optimization methods
Manabu Hasegawa (Univ of Tsukuba, Japan)

PP4-10-21 assessing symmetry and efficiency in markets by length trend analysis
Alejandro Raul Hernandez Montoya (Univ of Veracruz, Mexico)

PP4-10-22 adaptive thouless-anderson-Palmer approach to Inverse Ising Problems with 
Quenched random fields
Haiping Huang (Tokyo Inst of Tech, Japan)

PP4-10-23 congestion emerged as decision-making Processes
Ding-wei Huang (Chung Yuan Christian Univ, Taiwan)

PP4-10-24 extended last-Passage algorithms for the charge density on a conducting surface 
with a charge
Chi-Ok Hwang (Gwangju Inst of Sci and Tech, Korea)

PP4-10-25 dynamical Variation characteristics of the Particulate matter and Its climate 
Influencing factors Using the detrended cross-correlation analysis
Deok Du Kang (Pukyong Natl Univ, Korea)

PP4-10-26 analyses for the Prediction of future Prices in the structure of group correlations
Kyungsik Kim (Pukyong Natl Univ, Korea)

PP4-10-27 coevolution and correlated multiplexity in multiplex Networks
Jung Yeol Kim (Korea Univ, Korea)

PP4-10-28 Network of strategies in Iterated Prisoner’s dilemma game with a limited memory
Young Jin Kim (Hanyang Univ, Korea)

PP4-10-29 Quantitative analysis of the annals of the Joseon dynasty
Daniel Kim (Korea Adv Inst of Sci and Tech, Korea)

PP4-10-30 Ionic self-assembly of thin films: analytical and experimental results
Vincent Kim (Washington and Lee Univ, USA)
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PP4-10-31 fragmented sleep-Wake cycle in Intensive-care-Unit Patients
Jong Won Kim (The Univ of Sydney, Australia)
 

PP4-10-32 large-scale analysis of human diet in the Nutritional basis
Seunghyeon Kim (APAC Ctr Theo Phys, Korea)
 

PP4-10-33 Network analysis of rem-Nrem transition in sleep disorders
Minkyung Kim (Pohang Univ of Sci and Tech, Korea)
 

PP4-10-34 metallic ferromagnetism by finite block spins
Je Huan Koo (Kwangwoon Univ, Korea)
 

PP4-10-35 self-attracting Walks on complex Networks
Jaegu Kyoung (Inha Univ, Korea)
 

PP4-10-36 correlated multiplexity of multiplex Networks
Kyu-Min Lee (Korea Univ, Korea)
 

PP4-10-37 matchmaker, matchmaker, make me a match: migration of Population via 
marriages in the Past
Sang Hoon Lee (Univ of Oxford, United Kingdom)
 

PP4-10-38 roles of giant cluster in knowledge diffusion and recombination
Jeho Lee (Seoul Natl Univ, Korea)
 

PP4-10-39 solving the accuracy-diversity dilemma of recommender systems via Weighted 
heat conduction on bipartite Networks
Xiaolong Ren (Alibaba Business College, Hangzhou Normal Univ, China)
 

PP4-10-40 calculating colouring entropy of random triangular lattices
Hui Ma (Beijing Computational Sci Research Center, China)
 

PP4-10-41 statistical mechanics of reputation systems in autonomous Networks
Antonio Andre Manoel (Inst of Phys, Univ of Sao Paulo, Brazil)
 

PP4-10-42 estimation of time delays in Non-stationary systems
Elliot Martin (Univ of Calgary, Canada)
 

PP4-10-43 absence of epidemic outbreaks with heavy-tailed contact dynamics
Byungjoon Min (Korea Univ, Korea)
 

PP4-10-44 Percolation on scale-free Networks by overload failures
Shogo Mizutaka (Hokkaido Univ, Japan)
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PP4-10-45 on measuring fractality of Weighted Networks
Joon-Young Moon (Univ of Michigan, USA)
 

PP4-10-46 baysian collective opinion formation under confirmation bias
Ryosuke Nishi (Natl Inst of Informatics, Japan)
 

PP4-10-47 Portfolio selection Using complex Network
Gabjin Oh (Chosun Univ, Korea)
 

PP4-10-48 the mechanism behind Power-law distribution of housing Prices
Takaaki Ohnishi (The Canon Inst for Global Studies, Japan)
 

PP4-10-49 bayesian Inference of Natural rankings in Incomplete competition Networks
Juyong Park (Korea Adv Inst of Sci and Tech, Korea)
 

PP4-10-50 heat engine driven by Purely Quantum Information
Jungjun Park (Natl Univ of Singapore, Singapore)
 

PP4-10-51 Promoting the Personalized recommendation via a scaling-based algorithm
Tian Qiu (School of Information Engineering, Nanchang Hangkong Univ, China)
 

PP4-10-52 centrality and Percolation in International trade Network
Suting Ren (Beijing Normal Univ, China)
 

PP4-10-54 statistical mechanics of Phase Unwrapping
Yohei Saika (Gunma Natl College of Tech, Japan)
 

PP4-10-55 statistical mechanical analysis of bayesian optimal dictionary learning
Ayaka Sakata (Tokyo Inst of Tech, Japan)
 

PP4-10-56 characteristics of topological Properties in Japanese seismic Networks
Seong Kyu Seo (Pukyong Natl Univ, Korea)
 

PP4-10-57 market crowd trading conditioning, agreement Price, and Volume Implications
Leilei Shi (Univ of Sci and Tech of China, China)
 

PP4-10-58 degree-order Percolation transition on scale-free Networks
Pyoung-Seop Shim (Univ of Seoul, Korea)
 

PP4-10-59 complementarity between bus and subway transportation Networks in korean 
metro cities
Jeongkyu Shin (Pohang Univ of Sci and Tech, Korea)
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PP4-10-60 Information-theoretic measures of aesthetic complexity in mondrian and Pollock’s 
Paintings
In Seob Shin (Chungbuk Natl Univ, Korea)

PP4-10-61 external Information effects in opinion dynamics
Alina Sirbu (ISI Foundation, Turin, Italy)

PP4-10-62 memory effect in Popularity of Youtube Videos
Hyungjoon Soh (Korea Adv Inst of Sci and Tech, Korea)

PP4-10-63 exploring the solution space of community detection methods
Yunkyu Sohn (Korea Adv Inst of Sci and Tech, Korea)

PP4-10-64 a bilingualism model in a Population with a single zealot
Seung-Woo Son (Hanyang Univ, Korea)

PP4-10-65 random Walks and effective spectral dimension in heterogeneous Networks
Sungmin Hwang (Seoul Natl Univ, Korea)

PP4-10-66 how the Product Network Ignites development
Andrea Tacchella (La Sapienza Univ of Rome - ISC CNR Rome, Italy)

PP4-10-67 how synthetic microswimmers move, turn, flip, and spread
Daisuke Takagi (Univ of Hawaii at Manoa, USA)

PP4-10-68 m-σ relation In self-gravitating system
Tohru Tashiro (Ochanomizu Univ, Japan)

PP4-10-69 cdma multiuser modulation and demodulation robust to the correlation between 
data
Hideyuki Uchida (Okayama Univ, Japan)

PP4-10-70 correspondence between Phase oscillator Network and classical XY model
Tatsuya Uezu (Nara Women's Univ, Japan)

PP4-10-71 asymmetric transportation Induced by thermal Noise at the Nanoscale
Rongzheng Wan (Shanghai Inst of Applied Phys, CAS, China)

PP4-10-72 the effectiveness of the community-level Intervention in limiting the spatial 
transmission of Influenza Pandemics
Lin Wang (Fudan Univ, China)

PP4-10-73 the connections between scaling behaviors of street Networks and Urban 
characteristics In taiwan
Po Ching Wang (Chinese Culture Univ, Taiwan)
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PP4-10-74 burgers-like equation for diffusing chiral matrices
Piotr Warchoł (Jagiellonian Univ, Poland)

PP4-10-75 self-organized criticality of catalytic reactions in Inhomogeneous Networks
Akitomo Watanabe (Hokkaido Univ, Japan)

PP4-10-76 damped oscillations in the ratios of stock market Indices
Ming-Chya Wu (Natl Central Univ, Taiwan)

PP4-10-77 analysis of friendship Network in a large-scale social Network
Hongwei Xu (The Chinese Univ of Hong Kong, Hong Kong)

PP4-10-78 statistical mechanics approach to 1-bit compressed sensing
Yingying Xu (Tokyo Inst of Tech, Japan)

PP4-10-79 Network dynamics in financial market
Il Gu Yi (Sungkyunkwan Univ, Korea)

PP4-10-80 role of experts in the emergence of New concepts
Jinhyuk Yun (Korea Adv Inst of Sci and Tech, Korea)

PP4-10-81 Noise Induced enhancement of Network reciprocity in social dilemmas
Gui-Qing Zhang (Nanjing Forestry Univ, China)

PP4-10-82 bootstrap Percolation on bipartite Networks
Peng Zhang (Beijing Univ of Posts and Telecommunications, China)

PP4-10-83 allometric growth of complex Networks
Jiang Zhang (Beijing Normal Univ, China)

PP4-10-84 Witness of Unsatisfiability for the random 3-sat Problem: mean-field analysis 
and heuristic algorithms
Haijun Zhou (Inst of Theoretical Phys of Chinese Acad of Scis, China)

PP4-10-85 Universality and scaling law in a distance-dependent correlated Percolation 
model
Chen-ping Zhu (Nanjing Univ of Aeronautics and Astronautics, China)



memo



The 25th IUPAP
International Conference on

Statistical Physics

AbstrActs
contributed tAlks

22 July (Monday)

23 July (tuesday)

24 July (Wednesday)

25 July (thursday)

26 July (Friday)



STATPHYS25 JULY 21-26, 201372

AbstrActs boltzMAnn

 
Instabilities and chaos in nonequilibrium systems: interaction of experiment and 
theory 
 
Harry L. Swinney 
 
University of Texas, Austin, Texas, USA 
 
Several classic studies have led to the current understanding of instabilities in systems driven away from 
thermodynamic equilibrium. G.I. Taylor’s laboratory discovery in 1923 of the formation of a periodic array 
of vortices in a fluid contained between independently rotating cylinders led him to analyze the stability of 
the uniform state solution of the Navier-Stokes equations. He obtained the first prediction of fluid 
instability onset that agreed with experiment. In 1952, Alan Turing predicted that a uniform reaction-
diffusion system could bifurcate to an ordered spatial pattern. This led, four decades later, to laboratory 
observations of Turing patterns in many systems. Theoretical studies of anomalous diffusion, where <x2> 
varies in time as t^ with  different from unity, motivated laboratory studies that revealed such behavior.  
Since the 1960s a combination of theory, computation, and experiment has led to a growing understanding 
of deterministic nonperiodic behavior (chaos). This talk will present examples of laboratory observations of 
nonequilibrium phenomena not predicted by theory, as well as predictions of theory and models that have 
been confirmed by experiments. The close interaction of theory, modeling, and experiment continues to 
contribute to the development of an understanding of systems far from equilibrium, despite the lack of a 
general theory. 
 

BP1
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To what extent is it possible to extend thermodynamics to nonequilibrium? 
 
Giovanni Jona-Lasinio 
 

University of Rome 'La Sapienza' and INFN, Rome, Italy 
 
Stationary states are the obvious generalization of equilibrium states and it is reasonable to ask 
whether it is possible to define analogs of equilibrium thermodynamic potentials. Progress in 
this direction has been achieved in recent years by studying macroscopic fluctuations in 
dissipative diffusive systems. It has been shown for example that a quantity which generalizes 
naturally to stationary nonequilibrium states is the so called availability or maximal work 
obtainable in a transformation. This quantity is identified with the large deviation functional of 
the stationary ensemble through an analysis of the work exchanged by a system with the 
environment. It turns out that it is necessary to perform a renormalization due to the fact that 
keeping a system out of equilibrium indefinitely, requires the dissipation of an infinite amount 
of energy. The renormalized work satisfies a Clausius inequality from which it follows that 
quasistatic transformations are optimal also in nonequilibrium. 
 
 
 

BP2
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PT1

Statistical Properties of Granular Materials near Jamming

Bob Behringer

Duke University, Durham, NC, USA

This talk will consider the near-jamming behavior of granular systems consisting of frictional 
particles. Such systems have associated force and contact networks that play an important role in their 
stability and dynamics. Forces in granular materials are carried preferentially on networks, known as 
force chains, which emerge when a system is subject to protocols that lead to jammed states, i.e. a 
mechanically stable states that resist small applied forces. There are also other important networks; 
the fabric is the network of contacts without regard to the strength of a force at the contact. We have 
recently shown that there exists a range of packing fractions for which it is possible to start from zero 
stress, and by applying shear strain, traverse a regime of fragile highly anisotropic states, ultimately
arriving at a jammed state. The emergence of these states can be thought of as an order-disorder 
transition which is characterized by the stress and contact anisotropy.  The largest density for which
shear jamming occurs is comparable to the isotropic jamming density of frictionless particles, and the 
lowest density for which this occurs is comparable to the random loose packing density.  This talk 
will describe the emergence of shear jammed states, their statistical and dynamical properties, and the 
role that system properties such as friction play in the shear jamming process.
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Biological Strategies of Motility 
 
Massimo Vergassola 
 
Inst Pasteur, France 
 
Insects signaling to potential mates by pheromones and olfactory robots (sniffers) 
searching for chemical leaks raise similar challenging issues. Molecules emitted by a 
source are mixed in the turbulent environment, which breaks up regions of high 
concentration into random and disconnected patches. Searchers detect them 
intermittently as patches sweep by on the wind. The statistics of detections is quantified 
by experiments and statistical physics methods for the transport of Lagrangian particles 
in turbulent flow. The upshot is that turbulent transport renders the climbing of 
concentration gradients ineffective for locating the source: a strategy of movement 
based on sparse and sporadic cues must be devised.  I shall show that locally maximizing 
the expected rate of information gain (quantified via Shannon entropy) encodes an 
effective exploitation/exploration balance, locates the source rapidly and reliably and 
yields trajectories similar to those of insects. Applications to sniffers as well as 
consequences and ongoing work for the neurobiology of insect olfactory searches will 
follow. I shall conclude with additional examples of exploitation/exploration balances in 
biological systems. 

PT2



STATPHYS25 JULY 21-26, 201376

Top Eigenvalue of a Random Matrix: A tale of tails

Satya N. Majumdar

Laboratoire de Physique Théorique et Modèles Statistiques, CNRS, Université Paris-Sud 11, Orsay
F-91405, France

The statistical properties of the largest eigenvalue of a random matrix are of interest in diverse
fields such as in the stability of large ecosystems, in disordered systems, in statistical data analysis
and even in string theory. In this talk I’ll discuss some recent developments in the theory of ex-
tremely rare fluctuations (large deviations) of the largest eigenvalue using a Coulomb gas method.
Such rare fluctuations have also been measured in recent experiments in coupled laser systems. I’ll
also discuss recent applications of this Coulomb gas method in three different problems: entangle-
ment in a bipartite system, conductance fluctuation through a mesoscopic cavity and the vicious
random walkers problem.

AbstrActs plenAry tAlk
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Percolation Approaches to Resistance Switching Phenomena and Related 
Nonvolatile Memories 
 
Tae Won Noh 1 
 

1. Center for Functional Interfaces of Correlated Electron Systems, Institute for Basic Science 
(CFI-CES, IBS), Department of Physics and Astronomy, Seoul National University, Seoul 151-
747, Korea 
 

Unipolar resistance switching (URS) phenomena refer to reversible resistance 
changes between two metastable resistance states driven by the same polarity of 
external voltage [1]. Since the early 1960s, URS phenomena have been observed in 
numerous material systems, including oxides, sulfides, semiconductors, and organics. 
Recently, there has been a flurry of investigations into URS phenomena due to their 
inherent scientific interest and potentials for nonvolatile memory applications.  

In this talk, I will review the research activities of URS, and I will present a new 
kind of percolation model, called the random circuit breaker (RCB) network model [2, 
3]. This model is material independent and can be used to make some predictions on 
URS in quantitative level. This model can describe the formation of conducting 
channels due to the dielectric breakdown process and rupturing of the channels due to 
Joule heating. I will show that collective behavior of conducting channels plays an 
important role in most aspects of unipolar RS, including voltage-/current-driven RS, the 
wide distribution of set and reset voltages, and large 1/f noise. More importantly, we 
experimentally observed power law behaviors in numerous physical properties and 
explain them in terms of a scaling theory based on our percolation model [4, 5]. This 
approach, based on statistical physics concept, will form a fundamental basis for 
understanding URS and provide a useful engineering tool for applications. 

 
 
[1] R. Waser and M. Aono, Nature Mater. 6, 833 (2007). 
[2] S. C. Chae and T. W. Noh et al., Adv. Mater. 20, 1154 (2008). 
[3] S. H. Chang and T. W. Noh et al., Phys. Rev. Lett. 102, 026801 (2009). 
[4] J. S. Lee and T. W. Noh et al., Phys. Rev. Lett. 105, 205701 (2010). 
[5] S. B. Lee and T. W. Noh et al., Appl. Phys. Lett. 98, 033502 (2011). 
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CFT and SLE and 2D statistical physics

Stanislav Smirnov 1,2

1. University of Geneva, Geneva, Switzerland
2. St.Petersburg State University, St.Petersburg, Russia

We will give an expository talk comparing two approaches to 2D lattice models of critical 
phenomena.

Developed over two decades ago, Conformal Field Theory led to spectacular predictions for 
2D lattice models: e.g., critical percolation cluster a.s. has dimension 91/48 or the number of 
self-avoiding length N walks on the hexagonal lattice is ≈(√2+√2)N N11/32. While the algebraic 
framework of CFT is rather solid, rigorous arguments relating it to lattice models were lacking.

More recently, a geometric approach involving random SLE curves was proposed by Oded
Schramm, and developed by him, Greg Lawler, Wendelin Werner, Steffen Rohde and others. 
Not only this approach is completely rigorous, it also constructs new objects of physical interest
and gives results inaccessible by CFT means.

AbstrActs plenAry tAlk
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Topological order and long-range entanglement: new states of quantum matter

Xiao-Gang Wen

1. Perimeter Institute for Theoretical Physics, Waterloo, Ontario, N2L 2Y5 Canada
2. Department of Physics, Massachusetts Institute of Technology, Cambridge, Massachusetts
02139, USA

In primary school, we were told that there are four states of matter: solid, liquid, gas, and
plasma. In college, we learned that there are much more than four states of matter. For example,
there are ferromagnetic states as revealed by the phenomenon of magnetization and superfluid
states as defined by the phenomenon of zero-viscosity. The various phases in our colorful world are
so rich that it is amazing that they can be understood systematically by the symmetry breaking
theory of Landau. In this talk, we will review the progress in last 20 – 30 years, during which we
discovered that there are even more interesting phases that are beyond Landau symmetry breaking
theory. We discuss new “topological” phenomena, such as topological degeneracy, that reveal the
existence of those new phases – topologically ordered phases. Just like zero-viscosity defines the
superfluid order, the new “topological” phenomena define the topological order at macroscopic
level. More recently, we found that, at the microscopical level, topological order is due to long-
range quantum entanglements, just like fermion superfluid is due to fermion-pair condensation.
Long-range quantum entanglements lead to many amazing emergent phenomena, such as fractional
quantum numbers, fractional/non-Abelian statistics, and perfect conducting boundary channels.
Long-range quantum entanglements can even provide a unified origin of light and electrons (or
more generally, gauge interactions and Fermi statistics): light waves (gauge fields) are fluctuations
of long-range entanglements, and electrons (fermions) are defects of long-range entanglements.
Long-range quantum entanglements represent a new chapter and a future direction of condensed
matter physics, or even physics in general.

[1] Xiao-Gang Wen, (2013) arXiv:1210.1281
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Statistical physics of colloids: from passive to active particles

Hartmut Löwen, A. Kaiser, A. Menzel, R. Wittkowski, B. ten Hagen, J. Bialke, T. Speck

Affiliation: Department of Physics, Heinrich-Heine-Universitat Dusseldorf, Dusseldorf, Germany

While the collective behaviour of passive colloidal particles is by now well-studied, we are just at the 
beginning to understand many-body properties of self-propelled "active" particles.
Bacteria show interesting swarming and this can be mimicked by artificial colloidal microswimmers.
The talk provides an introduction into the physics of active particles and will then address a number of 
phenomena in active matter ranging from the most disordered state of matter (turbulence) to the
most ordered state of matter (crystal). In detail, we explore the dynamics of strongly interacting active 
colloidal particles by computer simulations, theory and experiment.
In the two-dimensional bulk, anomalous turbulence emerges [1] in agreement with recent 
experimental data on bacterial motion [2].
A wedge-like confinement is shown to be a very efficient trap for active particles [3]. The statistics of
Brownian chiral circle swimmers is discussed [4]
Finally we study phase separation and the freezing transition for very dense self-propelled particles 
and find significant differences to equilibrium freezing [5]. Simulation data are compared to a recent
field-theoretical approaches of freezing based on the phase-field-crystal model
which is extended towards active systems [6].

[1] H. H. Wensink, H. Lowen,
J. Phys.: Condensed Matter 24, 460130 (2012).

[2] H. H. Wensink, J. Dunkel, S. Heidenreich,
K. Drescher, R. E. Goldstein, H. Lowen, J. M. Yeomans,
PNAS 109, 14308 (2012).

[3] A. Kaiser, H. H. Wensink, H. Lowen,
Physical Review Letters 108, 268307 (2012).

[4] F. Kummel, B. ten Hagen, R. Wittkowski, I. Buttinoni, G. Volpe, H. 
Lowen, C. Bechinger, Circular motion of asymmetric self-propelling 
particles,
http://arxiv.org/abs/1302.5787

[5] J. Bialke, T. Speck, H. Lowen,
Physical Review Letters 108, 168301 (2012).

[6] A. M. Menzel, H. Lowen,
Physical Review Letters 110, 055702 (2013).
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Criticality in the brain 

Lucilla de Arcangelis 

Department of Industrial and Information Engineering, Second University of Naples, Italy 

Neuronal systems are a striking example of complex system: Neurobiology has reached a good 
comprehension of the bio-molecular mechanisms acting at the level of a single neuron, however 
many emergent properties of the brain, involving about one hundred billion neurons, still remain 
unexplained.  
Recent experimental results have evidenced that neuronal systems in vitro and in vivo exhibit a 
novel form of spontaneous activity, neuronal avalanches. These are bursts of firing neurons 
without a characteristic scale, whose distributions follow a robust scaling behavior. These 
observations have stimulated a number of theoretical studies questioning if and to what extent 
the brain can be considered a system acting near a critical point. We review results obtained by a 
novel modeling approach  inspired in statistical mechanics and taking into account the main 
physiological features of neurons, which confirms that the system exhibits self-organized 
critical behavior, in agreement with experimental observations on spontaneous activity and 
power spectrum of EEG. Moreover, this approach provides interesting insights in the complex 
temporal organization of neuronal response. In particular, correlations play a crucial role in the 
system’s activity, which self-regulates, oscillating between phases of high and low activity, in 
order to realize a balance between excitation and inhibition.  
This novel modeling approach not only reproduces spontaneous activity but also “evoked 
behavior”, i.e., the network is able to learn very complex rules, which usually require special 
adaptations in traditional models. The learning dynamics exhibits universal scaling and  
indicates that systems with slower synaptic adaptations give better performances, as observed in 
fMRI measurements on human brains. Finally, neurobiological measurements indicate that 
about 30% of synapses in mammalian brains are inhibitory, even if no reason for this particular 
value is known. We evidence that about this percentage of inhibitory synapses is able to provide 
the best performance of the network in multi-task learning, since it is able to organize the most 
efficient synaptic paths for information transmission. 
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Fluctuation Theorem for Information Exchanges

Takahiro Sagawa 1

1. Department of Basic Science, The University of Tokyo, Komaba 3-8-1, Meguro-ku, Tokyo 
153-8902, Japan

Ever since the proposal of the paradox of “Maxwell's demon” in the 19th century, the
relationship between thermodynamics and information has attracted numerous attentions 
concerning the foundation of the second law of thermodynamics [1]. From the modern point 
of view, the demon is regarded as an information processing device that performs a 
measurement and feedback control at the level of thermal fluctuations.

Recently, we have generalized the second law of thermodynamics and the fluctuation 
theorem (FT) to information processing processes such as measurement and feedback control
[2-7]. Our result constitutes the theory of “information thermodynamics,” in which 
information contents and thermodynamic variables are treated on an equal footing.  Our 
theoretical result has experimentally been verified in a small nonequilibrium system [8].

In this talk, I’d like to present our recent result [7] on a generalized FT in the presence of 
information exchange between a nonequilibrium system and other degrees of freedom such as a 
feedback controller, where the amount of information exchange is added to the conventional 
entropy production. From the generalized FT, we obtain a generalized second law that sets the 
fundamental limit of energy dissipation and energy cost during the information exchange. Our 
results apply not only to feedback-controlled processes but also to a much broader class of 
information exchanges, and provide a unified framework of nonequilibrium thermodynamics of 
measurement and feedback control.

[1] “Maxwell's demon 2: Entropy, Classical and Quantum Information, Computing”, H. S. Leff 
and A. F. Rex (eds.), (Princeton University Press, New Jersey, 2003).
[2] T. Sagawa and M. Ueda, Phys. Rev. Lett. 100, 080403 (2008).
[3] T. Sagawa and M. Ueda, Phys. Rev. Lett. 102, 250602 (2009); 106, 189901(E) (2011).
[4] T. Sagawa and M. Ueda, Phys. Rev. Lett. 104, 198904 (2010).
[5] S. W. Kim, T. Sagawa, S. De Liberato, and M. Ueda, Phys. Rev. Lett. 106, 070401
(2011).

[6] T. Sagawa and M. Ueda, Phys. Rev. E 85, 021104 (2012).
[7] T. Sagawa and M. Ueda, Phys. Rev. Lett. 109, 180602 (2012).
[8] S. Toyabe, T. Sagawa, M. Ueda, E. Muneyuki, and M. Sano, Nature Physics 6, 988
-992 (2010).
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Full-counting statistics for molecular junctions: Fluctuation theorem and 
singularities 

 
Amnon Aharony 

Ben Gurion and Tel Aviv Universities, Israel 

 
We study the full-counting statistics of charges transmitted through a single-level quantum 
dot, weakly coupled to a local Einstein phonon which causes fluctuations in the dot energy. 
An analytic expression for the cumulant generating function, accurate up to second order in 
the electron-phonon coupling, and valid for finite voltages and temperatures, is obtained in 
the extended wide-band limit. The result accounts for nonequilibrium phonon distributions 
induced by the source-drain bias voltage, and concomitantly satisfies the fluctuation theorem. 
Extending the counting field to the complex plane, we investigate the locations of possible 
singularities of the cumulant generating function, and exploit them to identify regimes in 
which the electron transfer is affected differently by the coupling to the phonons. Within a 
large-deviation analysis, we find a kink in the probability distribution, analogous to a first-
order phase transition in thermodynamics, which would be a unique hallmark of the electron-
phonon correlations. This kink reflects the fact that although inelastic scattering by the 
phonons can scatter electrons opposite to the bias when the voltage exceeds their frequency, 
this will never generate a current flowing against the bias at zero temperature, in accordance 
with the fluctuation theorem. 

 

Y. Utsumi, O. Entin-Wohlman, A. Ueda, and A. Aharony , Full-counting statistics for 
molecular junctions, the fluctuation theorem and singularities , Phys. Rev. B 87, 115407 
(2013). 
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Anomalous Entropy Production under Irreversible Momentum-Dependent Force

Chulan Kwon 1, Hyunggyu Park 2, Joonhyun Yeo 3, and Hyun Keun Lee 2

1. Department of Physics, Myongji University, Yongin, Gyeonggi-Do 449-728,
2. School of Physics, Korea Institute for Advanced Study, Seoul 130-722, Korea
3. Division of Quantum Phases and Devices, School of Physics, Konkuk University, Seoul 143-701,
Korea

We investigate an anomalous nature of the entropy production (EP) in nonequilibrium systems
with odd-parity variables that change their signs under time reversal. We consider the Brownian
motion of a particle in a heat reservoir where the momentum is an odd-parity variable. In the pres-
ence of an external momentum-dependent force g, in addition to an internal one by the reservoir,
that transforms as the momentum under time reversal, microscopic or deterministic dynamics
becomes irreversible without thermal contact with heat reservoir. Unlike usual microscopically
reversible case only with position-dependent force, the EP transferred from the system to the en-
vironment is found to be not equal to the heat transfer Q divided by the temperature T of the
reservoir, which apparently contradicts the conventional thermodynamic principle. There appears
an anomalous contribution ∆San besides Q/T to the environmental EP. This quantity is crucial
for the positivity of the (average) total EP, which generalizes the thermodynamic second law. For
a dissipative g that is linear in momentum, we show that the average heat production rate in the
steady state is negative so as to manifest the necessity of ∆San that compensates the shortage
in the total positive EP. In another example for g, the Lorentz force in a uniform magnetic field
is considered. This force does not work and there is no heat dissipation in steady state. In fact
the steady state has the Boltzmann distribution and seemingly stays in equilibrium. However, the
total EP is found to be nonvanishing and positive, for which ∆San is needed. The corresponding
irreversibility is explained as a nonzero net force that remains through random stochastic average,
which is analogous to a nonzero steady state current for the case of nonconservative force de-
pending only on position. Simulation study confirms our theoretical finding of ∆San. We suggest
experiments to elucidate the novel nature of anomalous EP.
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Information, entropy, and the second law

Sebastian Deffner 1 and Christopher Jarzynski 1

1. Department of Chemistry and Biochemistry and Institute for Physical Science and Technology,
University of Maryland, College Park, Maryland 20742, USA

For equilibrium states, the Shannon entropy, H = −tr{ρ ln ρ}, coincides with the thermo-
dynamic Clausius entropy. In the present work we derive generalizations of the Kelvin-Planck,
Clausius, and Carnot statements of the second law for nonequilibrium processes in presence of
an information source, as for instance a memory register. We derive inequalities expressing these
statements from the autonomous, Hamiltonian dynamics of a self-contained universe. Our results
account for both the change of thermodynamic entropy of the system of interest and the thermal
reservoirs and the change of information content ∆H in the memory. Special emphasis is put on a
thorough analysis of the limits and assumptions under which cyclic motion of a device of interest
emerges from the interactions with work, heat, and information reservoirs.
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Free energy measurements of ligands binding nucleic acids using fluctuation theorems

J. Camunas-Soler1,2,A. Alemany1,2, I. Tinoco Jr.3, F. Ritort1,2

1. Small Biosystems Lab, Departament de F́ısica Fonamental, Facultat de F́ısica, Universitat de
Barcelona, Barcelona, Spain
2. CIBER de Bioingenieŕıa, Biomateriales y Nanomedicina, Instituto de Salud Carlos III, Madrid,
Spain
3. Department of Chemistry, University of California, Berkeley, CA 94720, USA.

Fluctuation theorems allow to relate the work performed along non-equilibrium processes to
thermodynamic free-energy differences. In the past years, fluctuation theorems have been used to
obtain the free-energy of formation of DNA and RNA structures from force-spectroscopy measure-
ments [1]. More recently, an extended version of the Crooks fluctuation relation has been used to
recover free-energies of intermediate and misfolded structures [2, 3]. However, so far this method
has only been applied to unimolecular reactions. In this work, we have developed a novel methodol-
ogy based on fluctuation relations to determine the free energy of binding of peptides and proteins
to nucleic acids, so essential in many regulatory processes and drug targeting. We have measured
the affinity of binding of single DNA intercalators, DNA restriction enzymes, and an RNA binding
protein, finding a new method to extract chemical potentials. Using fluctuation relations we have
also measured the binding energy of low solubility compounds difficult to characterize with bulk
techniques. Finally, this methodology should also be useful to determine the binding affinities of
protein-protein interactions, essential in multiprotein assembly.

[1] F. Ritort, Nonequilibrium fluctuations in small systems: from physics to biology, Advances in
Chemical Physics, 137, 31-123 (2008). Ed. Stuart. A. Rice, Wiley publications
[2] I. Junier, A. Mossa, M. Manosas and F. Ritort, Recovery of free energy branches in single
molecule experiments, Physical Review Letters, 102 (2009) 070602
[3] A. Alemany, A. Mossa, I. Junier and F. Ritort, Experimental free energy measurements of
kinetic molecular states using fluctuation theorems, Nature Physics, 8, 688-694 (2012)
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Lagrangian turbulence and dynamics : the case of large particles

Mickael Bourgoin2, Lionel Fiabane1, Yoann Gasteuil3, Nathanael Machicoane1, Jean-François
Pinton1, Alain Pumir1, Romain Volk1, Robert Zimmermann1

1. Laboratoire de Physique, CNRS UMR5672, Ecole normale supṕrieure de Lyon, F-69364 Lyon,
France
2. Laboratoire des Écoulements Géeophysiques et Industriels, CNRS/UJF/G-INP UMR5519,
BP53, F-38041 Grenoble, France
3. smartINST S.A.S, 46 allé d’Italie, F-69007 Lyon, France

We will review essential features of turbulence dynamics as sampled by Lagrangian particles,
i.e. particles that are freely advected by the flow.
Lagrangian tracers follow fluid particles path. They are sublimated to forces which give them ac-
celeration with highly non Gaussian statistics; they also follow very particular paths. Turbulence
intermittency comes from the time correlation of the forces along these path, and these character-
istics are felt for statistics of all orders [1]. For instance pair dispersion is dominated by waiting
time, phases during which separation is stalled [2].
Inertial particles are defined as particles with a finite size (i.e. bigger than tracers) and also a
density which does not necessarily matches that of the fluid. It has been found recently that while
small particles heavier or lighter than the fluid tend to cluster in specific (and different) regions of
the fluid, neutrally buoyant particles, even of a significant size), do not [3].
Large particles are such that their diameter reaches a fraction of the integral length of the turbu-
lent motion. The description of their motion has to include the rotational degrees of freedom, also
causing a lift force [4]. Recent development in embedded electronics has also allowed one to take
measurements along the path they follow, using smartParticles R©: motion characteristics in fully
developed turbulence [5] and temptation fluctuations in Rayleigh-Benard [6] convection have been
investigated in this way.

[1] For a recent review, see B.L. Sawford and J.-F. Pinton, in Ten chapters in turbulence, Cambridge
U. Press (20013)
[2] M.P. Rast and J.-F. Pinton, Phys. Rev. Lett, 107(21), 214501 (2011)
[3] L. Fiabane, R. Zimmermann, R. Volk, J.-F. Pinton and M. Bourgoin, Phys. Rev. E 86, 035301,
(2012)
[4] R. Zimmermann, Y. Gasteuil, M. Bourgoin, R. Volk, A. Pumir, J.-F. Pinton, Phys Rev. Lett.
106, 154501 (2011)
[5] Y. Gasteuil, W. L. Shew, M. Gibert, F. Chillá, B. Castaing, J.-F. Pinton, Phys. Rev. Lett. 99,
234302 (2007)
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Trails and Waves Formed by Populations of Biological Cells

Kyoung Lee

Center for Cell Dynamics and Deartment of Physics, Korea University, Seoul 151-747, Korea

Living creatures are composed of interacting cells that are inherently nonlinear. And, their
interactions often lead to synchronized oscillations and fascinating macroscopic patterns, which
have a significant biological role. This lecture will review some of the latest experimental findings
made with two different populations of cells, microglia and tumor cells. Microglia, which are the
immune cells of the brain, form complex networks of trails as they crawl around. On the other
hand, proliferating pharynx tumor tissues generate macroscopic density waves as they expand in
space. The former example seems to be a consequence either of ATP-mediated chemotaxis or
(and) haptotaxis, while the later example is believed to be a result of a nonlinear mechanical
interaction among neighboring cells. I will discuss two top-down simple mathematical models that
capture some of the essential features of the observed patterns. These two examples illustrate how
biological cells can employ a clever regenerative signaling mechanism for an efficient population
motility strategy.
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Defect Mediated Dust Acoustic Wave Turbulence 
 
Ya-Yi Tsai, Mei-Chu Chang, and Lin I 
 

Department of Physics and Center for Complex Systems, National Central University, Jhongli, 
Taiwan 32001, Republic of China 
 
Defect mediated turbulence (DMT) is a spatiotemporal chaotic state with amplitude and phase 
modulation, where the dynamics is dominated by the fluctuating defects, occurring in weakly 
driven, dissipative, pattern-forming systems. Whether DMT can be excited from the 3D plane 
traveling wave, especially the acoustic type longitudinal wave is still an open fundamental issue. 
In this work, we report the first experimental observation of the defect mediated dust acoustic 
wave turbulence excited from the 3D plane dust acoustic wave in the dusty plasma system, 
composed of negatively charged dust particles suspended in the low pressure gaseous 
discharges, through optical tracking dust density fluctuations. The onset of the waveform 
undulation is found to be the origin for the slow amplitude and phase modulation of the local 
dust density, the formation of fluctuating defects, and the chaotic low amplitude hole filaments 
in the xyt space, where the xy plane is the plane transverse to wave propagation. The non-
Gaussian dynamics of hole filaments are also presented and discussed. 
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Optimal Synchronizability of Bearings

J. S. Andrade Jr. 1,2, N. A. M. Araújo 2, H. Seybold 3, R. M. Baram 4, and H. J. Herrmann 2,1

1. Departamento de F́ısica, Universidade Federal do Ceará, 60451-970 Fortaleza, Ceará, Brazil.
2. Computational Physics for Engineering Materials, IfB, ETH Zurich, Wolfgang-Pauli-Strasse 27,
CH-8093 Zurich, Switzerland.
3. Department of Earth, Atmospheric, and Planetary Sciences, MIT, Cambridge, MA 02139, USA.
4. Center for Theoretical and Computational Physics, University of Lisbon, 1649-003 Lisboa, Por-
tugal.

A coherent synchronized motion can naturally emerge in a network of oscillators when the
coupling intensity exceeds the synchronization threshold. Bearings are mechanical dissipative
systems that, when perturbed, relax toward a synchronized (bearing) state. We show that bearings
can be perceived as physical realizations of complex networks of oscillators with asymmetrically
weighted couplings. Accordingly, these networks can exhibit optimal synchronization properties
through fine tuning of the local interaction strength as a function of node degree [1]. In analogy, the
synchronizability of bearings can be maximized by counterbalancing the number of contacts and
the inertia of their rotor disks through the mass-radius relation, m ∼ r

α, with an optimal exponent
α = α× which converges to unity for a large number of rotors. Under this condition, and regardless
of the presence of a long-tailed distribution of disk radii composing the mechanical system, the
average participation per disk is maximized and the energy dissipation rate is homogeneously
distributed among elementary rotors [2].

[1] A. E. Motter, C. Zhou, and J. Kurths, Phys. Rev. E 71, 016116 (2005).
[2] N. A. M. Araújo, H. Seybold, R. M. Baram, H. J. Herrmann, and J. S. Andrade, Phys. Rev.

Lett. 110, 064106 (2013).
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Soft Matter in Construction

Emanuela Del Gado

Department of Civil, Environmental and Geomatic Engineering
ETH Zurich, Switzerland

Sustainability and durability of engineering materials (from green cement to novel functional-
ized coatings) pose outstanding scientific challenges, in terms of designing novel more sustainable
compounds; controlling aging processes at the nano-scale level; and developing new concepts for
smart mechanical performances. There is a fundamental contribution that soft condensed matter
physics can now give to these questions, and understanding the mesoscale physics emerging in
amorphous materials in the critical range of length-scales from nanometers to microns is crucial. I
will show how statistical physics approaches combined with particle based nano-scale models and
numerical simulations can help us to gain significant insight into structure formation, cooperative
processes, and mechanics, for soft glassy materials and complex interfaces [1-3]. Starting from this,
I will discuss new approaches for investigating cement hydration and setting [4-6].

[1] J. Colombo, A. Widmer-Cooper and E. Del Gado, Microscopic picture of cooperative processes
in restructuring gel networks, Phys. Rev. Lett. 110, (2013).
[2] T. Gibaud, A. Zaccone, E. Del Gado, V. Trappe and P. Schurtenberger, Unexpected decoupling
between the bending and the stretching modes of arrested spinodal decomposition, Phys. Rev. Lett.
110, 058303 (2013).
[3] L. Isa et al., Adsorption of Core-Shell Nanoparticles at Liquid-Liquid Interfaces, Soft Matter 7,
7663 (2011).
[4] E. Masoero, E. Del Gado, R.J Pellenq, S. Yip and F.-J. Ulm, Nanomechanics of cement setting:
Influence of polydispersity on strength, Phys. Rev. Lett. 109, 155503 (2012).
[5] E. Masoero, E. Del Gado, R.J Pellenq, S. Yip and F.-J. Ulm, Nano-scale mechanics of colloidal
C–S–H gels, preprint (2013).
[6] K. Ioannidou and E. Del Gado, Interplay of physics and chemistry in C–S–H gels, preprint
(2013).



STATPHYS25 JULY 21-26, 2013

AbstrActs contributed tAlks
92

Phase Transitions in Driven Granular Systems under Microgravity Conditions

E. Opsomer, F. Ludewig, and N. Vandewalle
GRASP, Physics Department B5a, University of Liège, B-4000-Liège, Belgium.

(Dated: February 27, 2013)

Driven granular gases present rich dynamical behaviors. Due to inelastic collisions, particles may form dense and
slow regions. These clusters emerge naturally during cooling phenomena but another dynamical clustering is observed
when the system is continuously excited. We propose a numerical model, based on molecular dynamics, which is
able to reproduce the behavior of a vibrated granular gas in microgravity [1]. Experimental results of earlier Mini-
Texus experiments [2] are reproduced efficiently and by using a Kolmogorov-Smirnov tests, four dynamical regimes
are distinguished. Moreover, data corresponding to several grain sizes and filling fractions allows us to establish
a complete phase diagram. The physical processes that trigger the observed transitions from a granular gas to a
dynamical cluster is evidenced through further numerical simulations based on ESA’s SpaceGrains device [3]. At a
microscopic scale, the transition is linked to caging effects. At a macroscopic scale, the transition is emphasized by
density fluctuations. Physical arguments, based on relaxation times, provide an analytical prediction for the edge
between dynamical regimes.

[1] E. Opsomer, F. Ludewig and N. Vandewalle, Phys. Rev. E. 84, 051306 (2011)
[2] E. Falcon, R. Wunenburger, P. Evesque, S. Fauve, C. Chabot, Y. Garrabos and D. Beysens, Phys. Rev. Lett. 83, 440 (1999)
[3] E. Opsomer, F. Ludewig and N. Vandewalle, EPL 99, 40001 (2012)
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Phase Transitions and Configurational Reordering under Topological Constraints in
Liquid Crystal Shells

Hsin-Ling Liang 1, JungHyun Noh 2 and Jan Lagerwall 2

1. Institute of Organic Chemistry, Johannes Gutenberg-Universität Mainz, 55099 Mainz, Germany.
2. Graduate School of Convergence Science & Technology, Program for Nano Science & Technol-
ogy, Seoul National University, Suwon 443-270, Korea

By confining liquid crystals in a thin shell between an inner droplet of immiscible isotropic
liquid and a continuous outer phase of the same or different immiscible liquid, highly interesting
situations can be realized, in which specific topological and geometrical constraints on the liquid
crystal lead to peculiar director configurations [1-5]. By choosing the composition of the inner and
outer phases we can tune the alignment of the director at each interface [4]. In case the director
acquires a tangential component, in the shell plane, then the spherical topology by necessity leads
to the formation of disclinations, with a total topological charge of 2 over the full spherical surface.
In contrast, for the case of radial alignment the interface must not contain any net defect charge.
We study nematic, smectic-A [2,4-5] and smectic-C [5] phases in such a shell configuration, varying
the alignment agents at each interface in order to tune the director configuration, achieving uniform
as well as hybrid configurations. Depending on shell size and boundary conditions, a number of
interesting structural rearrangements can take place as the liquid crystal goes through a phase
transition. For instance, as smectic-A order appears this can give a defect-free shell in case of
radial alignment, a shell with spherical lunes in case of uniform planar alignment [2], and one with
a regular patterning of toric focal conics in case of hybrid alignment [4]. We will present our most
recent results from our investigations of these fascinating phenomena.

Figure 1: Examples of liquid crystal shells under varying alignment and in different phases.

[1] A. Fernandez-Nieves et al., Phys. Rev. Lett., 99, 157801 (2007).
[2] H.-L. Liang et al., Phys. Rev. Lett., 106, 247801 (2011).
[3] T. Lopez-Leon et al., Nat. Phys., 7, pp. 391-394 (2011).
[4] H.-L. Liang et al., Soft Matter, 8, pp. 5443-5450 (2012)
[5] H.L. Liang et al. Philos. Transact. A, 371, 20120258 (2013)
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Bonded boojum-colloids in nematic liquid crystals

N.M. Silvestre 1, Z. Eskandari 1, M. Tasinkevych 2 and M. M. Telo da Gama 1

1. Centro de F́ısica Teórica e Computacional and Faculdade de Ciências da Universidade de Lis-
boa, Av. Prof. Gama Pinto 2, 1649-003 Lisboa, Portugal
2. Max-Planck-Institut für Intelligente Systeme, Heisenbergstr. 3, 70569 Stuttgart, Germany

Topological defects play a key role in the effective interactions of colloidal particles in liquid
crystals. For sufficiently large particles and/or strong surface anchoring defects are nucleated as
a result of frustrated orientational order at the colloidal surfaces. The topological charge and
distribution of the defects determine the strength and symmetry of the long-range interactions of
the particles. When the nematic alignment is parallel to the surface of the (spherical) colloids, two
surface topological defects, known as boojums, are nucleated. We have shown that these defects
exhibit a complex core structure that depends on the strength of the surface potential, the size of
the colloidal particle, the temperature, and the liquid crystal elastic anisotropy. Moreover, we have
found that core structural transitions also occur in interacting boojum-colloids at short distances
[1]. As a result, boojum-colloids might be assembled into linear chains bonded by pairs of defect
lines (double bonds), similar to what was observed in cholesterics [2].

[1] M. Tasinkevych, N. M. Silvestre and M. M. Telo da Gama, New Journal of Physics, 14, 073030
(2012).
[2] Z. Eskandari, N. M. Silvestre and M. M. Telo da Gama, to be published.
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Liquid crystal phase of graphene oxide 
 
HyeRan Jo 1, Kieup Lee 1, Ji Hun Park1, Arianna Filoramo 2, Vincent Derycke 2, Stephane Campidelli 2  and 
Giusy Scalia 1 
 

1. School of Convergence Science and Technology, Seoul National University, Suwon, 443-270, 
Korea 
2. Molecular Electronics Laboratory, Condensed Matter Physics Department,  
IRAMIS Institute, CEA Saclay, FRANCE 
 

Anisotropic objects in fluids can form orientationally ordered systems, nematic liquid crystal 
phases, above a certain concentration as predicted by Onsager’s theory [1]. Graphene flakes, 
having lateral extension in the micron range but atomic thickness, possess very large anisotropy 
and therefore are expected to form ordered phase. Interestingly, liquid crystal phases are mainly 
observed with graphene oxide [2]. In the present work we will discuss this issue, on the greater 
likelihood of finding ordered phases with graphene oxide rather than with reduced graphene. 
We will also report our observation of liquid crystal phases with our graphene oxide, exhibiting 
a nematic phase at a relatively low concentration, below 0.25 wt % as detected by polarizing 
optical microscopy. A low threshold is possible because of the very large size of flakes 
produced with our process since the threshold depends on the aspect ratio of the building blocks. 
However, our samples show dispersity in size with also much smaller flakes present besides the 
ultra-large ones. Size dispersity is expected to increase the threshold as well affecting the phase 
diagram [3]. We will discuss our experimentally observed behaviour correlating it to Onsager’s 
model pointing out the deviations of real systems from theoretical assumptions.   

 
 
 
 
 
[1] L. Onsager, Ann. N. Y. Acad. Sci., 51, 4, pp. 627-659 (1949). 
[2] J.E. Kim, T.H. Han, S.H. Lee, J.Y. Kim, C.W. Ahn, J.M. Yun, and S.O. Kim, Angew. Chem. 
Int. Ed., 50, 3043 (2011). 
[3] F.M. van der Kooij, K. Kassapidou, and H.N.W. Lekkerkerker, Nature, 406, 6798, pp. 868-
871 (2000) 
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Melting transition of hard disks: New algorithms, new insights

Werner Krauth
Laboratoire de Physique Statistique
Ecole normale supérieure
24 rue Lhomond, F-75231 Paris Cedex 05
France

The hard-disk model has exerted outstanding influence on computational physics and statistical
mechanics. Decades ago, hard disks were the first system to be studied by Markov-chain Monte
Carlo methods and by molecular dynamics. It was in hard disks, through numerical simulations,
that a two-dimensional melting transition was first seen to occur even though such systems cannot
develop long-range crystalline order. Analysis of the system was made difficult by the absence of
appropriate simulation methods.

In recent years, we have developed a number of powerful Monte Carlo algorithms for hard
disks and related systems. I will in particular show how the event-chain Monte Carlo algorithm[1]
has allowed us to show that hard disks melt with a first-order transition from the liquid to the
hexatic and a continuous transition from the hexatic to the solid[2]. This finding has now been
confirmed with molecular dynamics and massively parallel Monte Carlo simulations[3]. I will finish
with discussions on the general theory of two-dimensional melting and on the generalizations of
the event-chain algorithm.

[1] E. P. Bernard, W. Krauth, D. B. Wilson Event-chain algorithms for hard-sphere systems Phys-
ical Review E 80 056704 (2009)
[2] E. P. Bernard, W. Krauth First-order liquid-hexatic transition in hard disks Physical Review
Letters 107, 155704 (2011)
[3] M. Engel, J. A. Anderson, S. C. Glotzer, M. Isobe, E. P. Bernard, W. Krauth Hard-disk equa-
tion of state: First-order liquid-hexatic transition in two dimensions with three simulation methods
arXiv:1211.1645
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Predicting phase behavior in

multicomponent mixtures

William M. Jacobs and Daan Frenkel

Mixtures with a large number of components can undergo phase transitions of a

hybrid character, with both condensation and demixing contributions. We use

a robust Monte Carlo simulation method to study the phase behavior of lattice

models of multicomponent mixtures with strongly varying pair interactions. We

show that mapping a multicomponent mixture onto an approximately equivalent

one-component system yields a lower bound on the maximum solute volume

fraction of a stable, homogeneous phase. By following the minimum excess-

free-energy path for nucleating a condensed phase, we predict the difference in

composition between the condensed and dilute phases at the boundary of the

homogeneous phase. We find that this ‘direction’ of phase separation rarely

aligns with the dominant direction of density fluctuations in the dilute phase.

By considering statistical ensembles of mixtures with random interactions, we

show that the demixing contribution is self-averaging and dependent only on

the mean and variance of the distribution of interactions.
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General approach for studying first-order phase transitions

Carlos E. Fiore 1 and M. G. E. da Luz 1

1. Department of Physics, Federal University of Paraná, Curitiba, Brazil

First-order phase transitions are ubiquitous in nature, associated to a countless number of

processes. Despite the large occurrence, they commonly face procedural difficulties due to the

existence of large entropic barriers separating coexisting phases. Consequently, the achievement

of precise results for the sough thermodynamical quantities and location of coexistence lines are

very difficult tasks. Here we present a general and efficient semi-analytic approach to deal with

discontinuous phase transitions. It describes arbitrary thermodynamic quantities (e.g. order pa-

rameters, entropy, energy and others) through a generic analytical expression. Such formula W

depends on few coefficients, which can be calculated by simulating relatively small systems and

thus a low computational cost procedure. The method also locates the coexistence lines precisely

and describes arbitrary response functions (from proper derivatives of W ). Important mathemat-

ical features of the method are illustrated by means of an analytically solvable problem. Finally,

we discuss different representative models (including athermal systems) illustrating the procedure

broad applicability.

[1] C. E. Fiore and M. G. E. da Luz, Phys. Rev. Lett 107, 230601 (2011).

[2] C. E. Fiore and M. G. E. da Luz, J. Chem. Phys 138, 014105 (2013).

D1-3



STATPHYS25 JULY 21-26, 2013

AbstrActs contributed tAlks
99

Non-equilibrium Phase Transitions and Equilibrium Textures of Charged Chiral Rods
(fd-viruses)

Kyongok Kang 1

1. Forschungszentrum Juelich, ICS-3 (Soft Condensed Matter), 52425, Juelich, Germany

Both non-equilibrium phase transitions and equilibrium textures of interacting charged chiral
rods are explored, where thick electric double layers are present in the suspensions of chiral ds-
DNA strands, fibrous (fd) viruses at a low ionic strength. We first present the electric pahse/state
diagrams, illustrating dynamic frequency responses at the concentration of isotropic-nematic (I-N)
coexistence, which leads to various field-induced phases/ states [1]. At a low frequency response,
two sharp transitions of chiral-nematic phases and dynamical states are induced, as compared to
one transition of homeotropic phases that is stabilized at a high-frequency. The characterizations of
field-induced phases/ states, and critical slowing down behaviors in the non-equilibrium criticality
are discussed, by means of image-time correlation and dynamic light scattering correlation func-
tions [2-5]. For the equilibrium phase behaviors, depolarized optical morphology are studied with
their texture dynamics, as an increase of rod concentration for a long equilibration time (80-100
hours). Structure arrest has been observed by dynamic light scattering, above a glass transition
concentration. Below the glass transition concentration, chiral-nematic textures are equilibrated
at low, but above the I-N coexistence concentration. At higher, near to the glass transition con-
centration, another type of the equilibrium is reached as ”domain” textures that may related to
the ”frustrated” ordering of a chirality [6]. Whether there will be any thermodynamic access of
the density and orientational domains in these equilibrated textures would be an interesting issue
to explore the interaction of charged chiral rods.

[1] K. Kang and J.K.G. Dhont, Soft Matter, 6, 273 (2010).
[2] K. Kang and J.K.G. Dhont, Eur. Phys. J. E. 30, 333 (2009).
[3] K. Kang, N. J. Phys. 12, 063017 (2010).
[4] K. Kang, Eur. Phys. Lett. 92, 18002 (2010).
[5] K. Kang, Rev. Sci. Instrum, 82, 053903 (2011).
[6] K. Kang and J.K.G. Dhont, Submitted (2012).
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Swarming behavior of self-propelled rods with internal memory

Yutaka Sumino1 , Ken H. Nagai2 and Hugues Chaté3

1. Department of Education, Aichi University of Education, Kariya 472-0035, Japan
2. Department of Physics, Graduate School of Science, The University of Tokyo, Tokyo 113-0033,
Japan
3. Service de Physique de l’Etat Condensé, CEA-Saclay, 91191 Gif-sur-Yvette, France.

Many systems show fascinating collective motion behavior, see for instance fish schools and
bird flocks. A mathematical model of self-propelled particle proposed by Vicsek et al. [1] has at-
tracted considerable interest for its simplicity: point-wise particles moving at constant speed with
fluctuations in the direction of motion align locally in a ’ferromagnetic’ manner. The simplicity of
the model permits (i) numerical calculations with a large number of particles [2] and (ii) to derive
a hydrodynamic description [3]. As an extension, a “self-propelled rods” model [4,5] that includes
nematic alignment instead of the polar ferromagnetic interaction has been also studied. Its con-
tinuous hydrodynamic description has been demonstrated recently to reproduce most phenomena
observed in the particle based model [6].

Despite the above successes of Vicsek-style models, there are several important developments
that can be introduced with simple modifications of these dynamical rules. For example, in Vicsek-
style models, the trajectory of a particle is not differentiable as the white noise directly acts on
the direction of motion. This non-differentiability is unrealistic in some situations such as the
continuous swimming of some fish. In order to ensure smooth trajectories, we have introduced the
following model based on the “self-propelled rods” model:

dxi

dt
= (ex cos θi + ey sin θi) ,

dθi
dt

= ωi +
α

ni

∑
j∼i

sin(2(θj − θi)),
dωi

dt
= −1

τ
ωi + ξ(t)

Originally, this mathematical model was built to account for large-scale vortex formation of mi-
crotubules displaced in two dimensions by a carpet of molecular motors [7]. In this presentation,
we discuss the phase diagram of this model and stress the remarkable features not observed in the
simpler Vicsek-like version.

[1] T. Vicsek, et al., Phys. Rev. Lett. 75, 1226-1229 (1995).
[2] G. Grégoire and H. Chaté, Phys. Rev. Lett. 92, 025702 (2004).
[3] E. Bertin, M. Droz and G. Grégoire, J. Phys. A: Math. Theor. 42 445001(2009).
[4] T. B. Liverpool and M. C. Marchetti, Phys. Rev. Lett. 90, 138102 (2003).
[5] F. Ginelli, F. Peruani, M. Bär, and H. Chaté, Phys. Rev. Lett. 104 184502 (2010).
[6] A. Peshkov, I. S. Aranson, E. Bertin, H. Chaté and F. Ginelli, arXiv:1207.5751.
[7] Y. Sumino, K. H. Nagai,Y. Shitaka, D. Tanaka, K. Yoshiakwa, H. Chaté, and K. Oiwa, Nature
483, 448-452 (2012).
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 Dynamics of Influence Propagation and its Role in Consensus/Non-Consensus

Sidney Redner 1

1. Center for Polymer Studies, Dept. of Physics, Boston University, Boston, MA 02215, USA

If opinions spread by interactions between individuals who are generally reasonable, why is it 
essentially impossible for a large population to reach consensus? I present simple models to 
help understand this phenomenon. First, I consider a population of leftists, centrists, and 
rightists~[1]. In an interaction between agents, a centrist and an extremist (left or right) can both 
become centrists or extremists with equal rates, but extremists do not interact.  In the mean-
field limit, we determine the probability that the system ultimate either reaches consensus 
(extremist or centrist) or a frozen mixture of extremists only as a function of the initial state. I
also present the bounded confidence model and discuss how a the population becomes
increasingly fragmented as the initial opinion range increases~[2]. This behavior appears to 
qualitatively account for political fragmentation that has been observed in various parliamentary 
democracies.

[1] F. Vazquez and S. Redner, J. Phys.\ A {\bf 37}, 8479 (2004).
[2] E. Ben-Naim, P. L. Krapivsky, and S. Redner, Physica D {\bf 183}, 190 (2003).
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Voter model, Opinion Diffusion and Mobility Networks

Juan Fernández-Gracia1, Krzysztof Suchecki1,2, José J. Ramasco1,
Maxi San Miguel1 and Vı́ctor M. Egúıluz1

1. Instituto de F́ısica Interdisciplinar y Sistemas Complejos IFISC (CSIC-UIB),
Campus UIB, 07122 Palma de Mallorca, Spain
2. Faculty of Physics and Center of Excellence for Complex Systems Research,
Warsaw University of Technology, Koszykowa 75, 00-662 Warsaw, Poland

Election data provide a framework for contrasting opinion models, a task that has remained
elusive. We identify three tasks: determining generic features of election data that should be
described by a basic opinion model, identify an appropiate interaction mechanism and a plausible
interaction network. We analyze election data of US presidential elections from year 1980 to 2012
and find that the vote-share distribution follows approximately a Gaussian distribution with a
constant standard deviation from election to election, although the average value changes. Another
feature is the logarithmic decay in vote-share spatial correlations. We develop a social influence
opinion model based on random imperfect imitation, i.e., a voter model like interaction with the
addition of random noise described by a master equation at a metapopulation level with transition
rates including an external noise term. As a proxy for the interaction network we use census
data on commuting that counts how many individuals live in one county and work in another
one. This gives input data fixing the value of the parameters of the model. The agents interact a
proportion α of their times at their home location with other agents they can meet and otherwise
they interact at their working location. The model accounts for the two generic features of election
data mentioned above and furthermore it can reproduce also the shape and dispersion of vote share
distributions when aggregated at bigger geographycal areas. This shows that the model captures
the basic multiscale features of the background electoral dynamics.
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Scaling Laws for First Passage Exponents

Eli Ben-Naim

I will discuss first-passage properties of multiple random walks. This problem is analyzed by
mapping the random walks onto a single random walk in a high spatial dimension. In general,
there is a family of survival probabilities that describe the order of the random walks, and a family
of exponents the govern the asymptotic power-law decay. Remarkably, the scaling exponents obey
scaling relations when the number of random walks is large. The exact scaling function is deduced
from kinetics of first-passage in high-dimensional cones, and confirmed by numerical simulations.

A2-3



STATPHYS25 JULY 21-26, 2013

AbstrActs contributed tAlks
104

Scale-free enumeration of self-avoiding walks on critical percolation clusters

Niklas Fricke and Wolfhard Janke

Institute for Theoretical Physics, University of Leipzig, Postfach 100 920, 04009 Leipzig, Germany

Self-avoiding walks (SAWs) on critical percolation clusters are a basic model for polymers in
crowded disordered media. The fractal nature of the clusters gives rise to interesting scaling be-
havior of the SAWs, which is still poorly understood despite considerable efforts in the past. While
the analytical results are controversial, those obtained by standard numerical methods are rather
imprecise due to very restricted system sizes. We developed an exact enumeration technique [1],
which exploits the fractal structure of the critical cluster. The method can handle walks of several
thousand steps, amounting to over 101000 conformations. This enabled us to determine the SAW
scaling exponents on critical percolation clusters and their backbones with unprecedented accuracy.
Varying the lattice dimension to the upper critical limit (D = 6) allows to check the predictions
from field theory and to investigate the influence of the various fractal dimensions of the critical
cluster.

[1] N. Fricke and W. Janke, Europhys. Lett. 99, 56005 (2012).
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Sum over paths, interference and superdiffusion in quantum walks

Marcos G. E. da Luz

Departamento de F́ısica, Universidade Federal do Paraná, 81531-980, Curitiba-PR, Brazil

Quantum walks (QWs), a quantum version of classical random walks (CRWs), is a relatively
simple class of systems, yet containing almost all the essential aspects of quantum mechanics.
Originally emerged [1] from the fundamental interest in constructing and understanding quantum
versions of CRWs, soon they have found many important applications on their own (for an overview
see, e.g., Refs. [2,3]). Generally speaking, QWs represent unitary evolutions taking place in discrete
spaces – graphs – for which typical basis states are localized. Nevertheless, due to unique features,
transport in QWs can display great diversity of properties, in particular superdiffusion. Such
natural faster spreading compared to more common CRWs analogues are frequently credited in
the literature to intrinsic quantum interference, but usually not fully characterized. Here we use a
Green function approach [4] to describe the general dynamics of QWs in terms of a true Feynman
sum-over-paths history [5]. This allows one to concretely identify interference effects, and hence
to determine the superdiffusivity explicit mechanism. The approach is able to explain this type
of behavior for the two major discrete time formulations for QWs: coined and scattering. The
present analysis has the potential to help in designing QWs with distinct transport characteristics.

[1] Y. Aharonov, L. Davidovich, and N. Zagury, Phys. Rev. A 48, 1687 (1993); D. A. Meyer, J.
Stat. Phys. 85, 551 (1996); S. Watrous, J. Comput. Sys. Sci. 62, 376 (2001).
[2] J. Kempe, Contemp. Phys. 44, 307 (2003).
[3] S. E. Venegas-Andraca, Quantum Information Processing 11, 1015 (2012).
[4] F. M. Andrade and M. G. E. da Luz, Phys. Rev. A 84, 042343 (2011).
[5] F. M. Andrade and M. G. E. da Luz, Phys. Rev. A 86, 042309 (2012).
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Fluctuation Theorem in a Quantum Coherent Conductor 
 
Kensuke Kobayashi 1  
 

1. Department of Physics, Graduate School of Science, Osaka University, 1-1 Machikaneyama, 
Toyonaka, Osaka 560-0043, Japan 
 

Since 1980s mesoscopic conductors have been serving as an ideal test stage to investigate the 
quantum scattering problem, as electron transport through a single quantum site can be precisely 
probed in electric measurements. The Landauer-Büttiker formalism embodies this advantage of 
mesoscopic physics, and it has been successfully applied to many mesoscopic conductors such 
as electron interferometer (Aharonov-Bohm ring), quantum point contact, and quantum dot 
(artificial atom), through which the mesoscopic physics has been established. 

Not only the current, but also the current noise (fluctuation) has been an important topic in 
this field [1]. Particularly these days, the current noise is invoking more interest: As the electron 
transport can be viewed as the electron exchange process between the reservoirs via the 
conductor, it serves as a well-defined test stage for nonequilibrium quantum statistical physics. 
In this talk, I will discuss the experimental test of the "Fluctuation Theorem" by using an 
electron interferometer [2]. 
 
[1] Ya. M. Blanter and M. Büttiker, Phys. Rep. 336, 1 (2000). 
[2] S. Nakamura, Y. Yamauchi, M. Hashisaka, K. Chida, K. Kobayashi, T. Ono, R. Leturcq, K. 
Ensslin, K. Saito, Y. Utsumi, and A. C. Gossard, Phys. Rev. Lett. 104, 080602 (2010); Phys. Rev.
 B 83, 155431(2011) [Editors’ suggestion]. 
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Carbon nanoelectronics – The zero M resistivity and more  

Yung Woo Park 

Department of Physics and Astronomy, Seoul National University, Seoul 151-747, Korea 

Carbon nanoelectronics are future electronics complementary to the present silicon 
technology. It opens new paradigm of science and technology. Carbon is a lighter element than 
Si or Ge. Diamond, graphite and graphene, C60 fullerene, carbon nanotubes are the proto types 
of carbon. The conducting polymers, organic single crystals, single molecules and bio-
molecules can be regarded as extended carbon based materials with hydrogens, nitrogens and 
another elements attached to the carbon backbone. Fundamental properties and applicability of 
the carbon based materials and their composites are investigated. In particular the vanishing 
magneto resistance (VMR) observed in polyacetylene nanofibers[1-4] is a seminal discovery 
which shows the zero magneto resistance in high electric field. It is named as “zero M 
resistivity” in analogy to the zero resistance of superconductivity. An electric field modulated 
high magnetic field switching device can be developed with the polyacetylene nanofibers as a 
potential application for more stable high speed magnetic levitation trains. Recent works on the 
CNT based nonvolatile electromechanical memory[5], Aharonov-Bohm effect in graphene 
nanoring[6], N-type graphene induced by dissociative H2 adsorption at room temperature are 
envisaged[7].  

[1] A. Choi, et.al., Synthetic Metals, 160, 1349 (2010),  
[2] Y. W. Park, Chemical Society Reviews, 39, 2428 (2010) 
[3] N. Kirova, et.al., Physica B 407, 1939 (2012) 
[4] A. Choi, et.al., Phys. Rev. B 86, 155423 (2012) 
[5] S. W. Lee, S. J. Park, E. E. B. Campbell and Y. W. Park, Nature Commun. 2:220 (2011)  
[6] Y. W. Nam, et.al., Carbon 50, 5562 (2012) 
[7] B. H. Kim, et.al., Scientific Report 2, 690 (2012) 
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A macroscopic wave-particle system in a harmonic potential well: a double quantiza-
tion

M. Labousse1, S. Perrard2, Y. Couder2, E. Fort1

1. Institut Langevin, ESPCI ParisTech, Paris, France, UE
2. Laboratoire Matière et Systèmes Complexes, Université Paris Diderot, Paris, France, UE

A millimetric droplet may bounce indefinitely on a vertically vibrating fluid bath; moreover,
above a critical vibrational acceleration, the bouncing state is destabilized and gives way to a walk-
ing state in which the drop is propelled forward by its own guiding wave field. [1]. This macroscopic
wave-particle association exhibits fascinating quantum-like behaviours that are strongly experimen-
tally supported, e.g. diffraction, double slits [2], Landau levels [3], tunnel effect, Zeeman splitting,
cavities ... A new step has been taken in the understanding of this system by applying a harmonic
potential to a ferrofluidic drop. Depending of the interaction with its past field, a transition from
classical to quantized behaviours is observed and is provided by a strongly non-linear dynamics.
We here report the experimental and simulation results of this dual system . A double quantization
of energy and angular momentum is observed, with selection rules surprisingly similar to the 2D
quantum harmonic potential. Finally, a brief overview of the theoretical approach will be presented
to simply rationalize these statistical attractors.

[1] Y. Couder, S. Protière, E. Fort and A. Boudaoud. Walking and orbiting droplets. Nature, 437,
2005.
[2] Y. Couder and E. Fort. Single-particle diffraction and interference at a macroscopic scale. Phys.
Rev. Lett., 97, 2006.
[3] E. Fort, A. Eddi, A. Boudaoud, J. Moukhtar and Y. Couder. Path-memory induced quantization
of classical orbits. PNAS 107(41), 2010.
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Spin dynamics in two-dimensional Fermi gases 
 
Marco Koschorreck1, Daniel Pertot1, Enrico Vogt1, Michael Köhl1,2 
 

1. University of Cambridge, Cavendish Laboratory, Cambridge CB30HE, United Kingdom 
2. Physikalisches Institut, University of Bonn, Wegelerstrasse 8, 53115 Bonn, Germany 
 
 
Harnessing spins as carriers for information has emerged as an elegant extension to the transport 
of electrical charges. The coherence of such spin transport in spintronic circuits is determined 
by the lifetime of spin excitations and by spin diffusion. Fermionic quantum gases are a unique 
system to study the fundamentals of spin transport from first principles since interactions can be 
precisely tailored and the dynamics is on time scales which are directly observable. In particular 
at unitarity, spin transport is dictated by diffusion and is expected to reach a universal, quantum-
limited diffusivity on the order of ħ/m. Here, we study the non-equilibrium dynamics of a two-
dimensional Fermi gas following a quench into a metastable, transversely polarized spin state. 
Using the spin-echo technique, we measure the yet lowest (in any system) transverse spin 
diffusion constant of 0.25(3) ħ/m. For weak interactions, we observe a coherent collective 
transverse spin-wave mode that exhibits mode softening when approaching the strongly 
interacting regime. 
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Anticipating sudden transitions in biological populations: Cooperation, cheating, 
and collapse  
 
Jeff Gore 
 

Department of Physics, Massachusetts Institute of Technology, Cambridge, MA 02139 
 

Natural populations can suffer catastrophic collapse in response to small changes in 
environmental conditions, and recovery after such a collapse can be exceedingly difficult. We 
have used laboratory microbial ecosystems to study early warning signals of impending 
population collapse. Yeast cooperatively breakdown the sugar sucrose, meaning that below a 
critical size the population cannot sustain itself. We have demonstrated experimentally that 
changes in the fluctuations of the population size can serve as an early warning signal that the 
population is close to collapse [1,2]. The cooperative nature of yeast growth on sucrose suggests 
that the population may be susceptible to cheater cells, which do not contribute to the public 
good and instead merely take advantage of the cooperative cells. We confirm this possibility 
experimentally and explore how such social parasitism can lead to population extinction [3,4]. 
 
[1] Dai et al, Science (2012). 
[2] Dai et al, Nature (2013). 
[3] Gore et al, Nature (2009). 
[4] Sanchez et al, PLOS Biology (2013). 
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How predictable is evolution?

Joachim Krug1, Jasper Franke1, Ivan G. Szendro1 and J. Arjan G.M. de Visser2

1. Institute for Theoretical Physics, University of Cologne, Köln, Germany
2. Laboratory of Genetics, Wageningen University, Wageningen, Netherlands

Evolutionary adaptations arise from an intricate interplay of deterministic selective forces and
random reproductive or mutational events, and the relative roles of these two types of influences is
the subject of a long-standing controversy. In general, the predictability of adaptive trajectories is
governed by the genetic constraints imposed by the structure of the underlying fitness landscape
as well as by the supply rate of beneficial mutations, the latter being determined primarily by the
population size. Here recent results pertaining to two aspects of the problem will be reported.
First, we address the statistics of fitness-monotonic (“selectively accessible”) mutational pathways
in random models of fitness landscapes and point out the analogy to a percolation problem [1,2].
Second, we use large-scale simulations on an empirically determined fitness landscape to show that,
contrary to common wisdom, the predictability of adaptive trajectories varies non-monotonically
with population size.

[1] J. Franke, A. Klözer, J.A.G.M. de Visser and J. Krug, PLoS Comp. Biol. 7, e1002134 (2011).
[2] J. Franke and J. Krug, J. Stat. Phys. 148, 705 (2012).
[3] I.G. Szendro, J. Franke, J.A.G.M. de Visser and J. Krug, PNAS 110, 571 (2013).
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Diffusion of public goods in bacterial colonies, and its impact on cooperation 
 
Thierry Mora1, Thomas Julou1, Isabelle J. Schalk2, David Bensimon1, Nicolas Desprat1 
 
1Laboratoire de Physique Statistique (UMR8550), Ecole Normale Superieure, Paris, France 
2Biotechnologie et Signalisation Cellulaire (UMR 7242), Universite de Strasbourg-CNRS, 
ESBS, France 

 
The maintenance of cooperation in populations where public goods are equally accessible to 

all, but inflict a fitness cost on its sole producers, is a long-standing puzzle of evolutionary 
biology. An example of such a scenario is the secretion of siderophores by bacteria into their 
environment in order to fetch soluble iron. In a well-mixed culture, these molecules diffuse 
rapidly, such that all bacteria experience the same concentration, giving an advantage to 
potential cheaters—bacteria that do not produce the public good but benefit from it. However, 
on solid substrates, bacteria form dense and packed colonies, which may alter the diffusion 
dynamics through cell-cell contact interactions. Based on fluorescence microscopy data tracking 
the concentration of pyoverdine in P. aeruginosa microcolonies, we propose a model of local 
exchange of the public good between neighboring cells. The model is equivalent to a model of 
diffusion on the network of adjacent cells. The model quantitatively explains the formation of a 
concentration gradient, and reproduces the observed variability of concentration in the 
population, as well as its spatial and temporal correlation functions, with only two parameters. 
In addition, we show that this local trafficking modulates the growth rate of individual cells. 
Using computer simulations of population dynamics, we show that this modulation suffices to 
maintain cooperation against the invasion of cheaters. Our results give a physical basis that 
explains the stability of public goods production in packed colonies. 
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A tale of two phenotypes: Cell fates of Escherichia coli and their reversibility 
under high pressure

Pradeep Kumar and Albert Libchaber

Center for Studies in Physics and Biology, Rockefeller University, New York, USA 

Extremophiles--organisms growing in harsh conditions, such as extremes of pressure and 
temperature, constitute a large diversity of bacterial population on earth. Extremophiles have 
evolved to adapt to their growing habitat and pose challenging questions as to their adaptive 
mechanisms. To understand the adaptation of extremophiles, it is important to understand how a 
mesophilic bacterium responds to those conditions. In this talk, we will present experimental 
results that Escherichia coli exhibits pressure induced changes in cell phenotypes characterized 
by their morphology. Furthermore, we show that the elongated cells at high pressure reversibly 
grow back to normal cells upon depressurization. The kinetics of relaxation of elongated cells to 
normal cells suggest that the kinetics resembles barrier crossing process, where the microstates 
describing the elongated cells relax back to that pertaining to normal morphology with a time
scale larger than the doubling time. We propose a two state model describing the growth and 
relaxation kinetics of elongated cells upon depressurization and find that the model fit well the 
experiments. We further study the effect of pressure on the spatial localization of a crucial 
cytoskeletal protein MreB and find that MreB delocalizes at high pressure leading to polar 
localization, which slowly recovers back upon depressurization.

[1] Pradeep Kumar, Albert Libchaber, ``Pressure and temperature dependence of growth and 
morphology of Escherichia coli: Experiments and Stochastic Model'', 
http://arxiv.org/abs/1209.4132.

[2] Pradeep Kumar, Albert Libchaber, ``Cell fates of Escherichia coli and their reversibility 
under high pressure'' (preprint).

[3] Jack Merrin, Pradeep Kumar, Albert Libchaber, ``Effects of pressure and temperature on 
the binding of RecA protein to single-stranded DNA'', Proc. Nat. Acad. Sci. USA, 
doi:10.1073/pnas.1112646108 (2011).
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The complexity, modularity and evolution of self-assembling structures in biology

Sebastian E. Ahnert 1

1. Theory of Condensed Matter, Cavendish Laboratory, University of Cambridge, JJ Thomson
Avenue, Cambridge CB3 0HE, United Kingdom

One of the most rigorous quantitative definitions of complexity is the notion of algorithmic
complexity, discovered independently by Kolmogorov and Chaitin. It is based on the idea that the
length of the shortest algorithmic description of a set of data can tell us about the complexity of the
data. Here we will employ this principle to measure the physical complexity of a structure, with a
particular focus on self-assembling biological structures [1]. Self-assembly is a widespread process in
biology, and is essential in the formation of structures such as DNA, protein complexes, and viruses.
By minimising the information required to specify the building blocks and interactions that give
rise to a structure, we obtain a quantitative measure of the structure’s complexity. Using a genetic
algorithm with the building blocks as a genotype and the assembled structure as a phenotype we
can investigate a number of questions, including how modularity and symmetry arise in biological
evolution [2]. We then apply this approach to study the evolution, assembly and classification of
protein complexes and discover new fundamental organising principles, which result in a periodic
table of protein quaternary structures.

[1] S. E. Ahnert, I. G. Johnston, T. M. A. Fink, J. P. K. Doye, A. A. Louis, Self-assembly,
modularity and physical complexity, Physical Review E 82, 026117 (2010)
[2] I. G. Johnston, S. E. Ahnert, J. P. K. Doye, and A. A. Louis, Evolutionary dynamics in a simple
model of self-assembly, Physical Review E 83, 066105 (2011)
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Phase transitions in systems with non-additive long-range interactions

Takashi Mori

Department of Physics, Graduate School of Science, The University of Tokyo, Tokyo 113-0033,
Japan

Additivity is a fundamental concept of thermodynamics and statistical mechanics. It imposes
strong restriction on macroscopic properties of the system: convexity or concavity of a thermody-
namic function, positivity of specific heats, continuity of an intensive variable at a first order phase
transition, and so on.

Long-range interacting systems are representative of non-additive systems, and hence much
attention has been paid to their statistical mechanical properties [1,2]. It has been recognized
that a long-range interacting system does not necessarily possess above mentioned macroscopic
properties. In statistical mechanics, equivalence of statistical ensembles may be violated.

Previous works have mainly focused on mean-field models (infinite-range models). Mean-field
models are easy to handle and have succeeded to explain some general properties of non-additive
systems, but they are special in the sense that there is no geometrical effect; All the equilibrium
states are homogeneous. It is expected that geometrical effect due to a slowly decaying long-range
interaction gives rich phenomena not observed either in an additive system or in a mean-field
model.

In my talk, I will provide a general introduction to non-additive systems and then introduce
my recent rigorous results on large-scale inhomogeneities observed in a spin system with a slowly
decaying long-range interaction [3-6].

[1] T. Dauxois, S. Ruffo, and L. Cugliandolo, in Les Houches Summer School (2008).
[2] A. Campa, T. Dauxois, and S. Ruffo, Physics Reports 480, 57 (2009).
[3] T. Mori, Phys. Rev. E 82, 060103 (2010).
[4] T. Mori, Phys. Rev. E 84, 031128 (2011).
[5] T. Mori, J. Stat. Phys. 147, 1020 (2012).
[6] T. Mori, Phys. Rev. E 86, 021132 (2012).
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Second-Order Phase Transition in Heisenberg Model on Triangular Lattice with Com-
peting Interactions

Ryo Tamura, 1 Shu Tanaka, 2 and Naoki Kawashima 3

1. International Center for Young Scientists, National Institute for Materials Science, 1-2-1, Sen-
gen, Tsukuba-shi, Ibaraki, 305-0047, Japan
2. Department of Chemistry, University of Tokyo, 7-3-1, Hongo, Bunkyo-ku, Tokyo, 113-0033,
Japan
3. Institute for Solid State Physics, University of Tokyo, 5-1-5, Kashiwanoha, Kashiwa-shi, Chiba,
277-8581, Japan

Geometrically frustrated magnets are a treasure trove of interesting physical properties. Espe-
cially, it is a significant issue to explore relation between nature of phase transition and underlying
symmetry. The antiferromagnetic Heisenberg model on triangular lattice is the fundamental ge-
ometrically frustrated magnet. In the model, since a phase transition associated with long-range
order of spin is prohibited by the Mermin-Wagner theorem, topological defect plays an important
role. If only nearest-neighbor interactions exist, by dissociating Z2 vortices which comes from
the order parameter space SO(3), a topological phase transition occurs [1]. Furthermore, if fur-
ther competing interactions exist, the order parameter space is often direct product between spin
symmetry and lattice rotation symmetry. For instance, by adding third nearest-neighbor interac-
tions, the order parameter space becomes SO(3)×C3, and the first-order phase transition with C3

symmetry breaking and the Z2 vortex dissociation simultaneously occur [2,3]. However, a second-
order phase transition has never been discovered in longstanding studies on Heisenberg models on
triangular lattice. We study finite-temperature properties of the Heisenberg model on distorted
triangular lattice with nearest-neighbor and third nearest-neighbor interactions where the order
parameter space is SO(3)×Z2 by Monte Carlo simulations. We find a second-order phase transition
with Z2 symmetry breaking which belongs to the universality class of two-dimensional Ising model
[4]. Moreover, we confirm that Z2 vortices dissociate at the second-order phase transition point.
To our knowledge, our study is the first example that shows a Z2 vortex dissociation at the critical
point.

[1] H. Kawamura and S. Miyashita, J. Phys. Soc. Jpn. 53, 4138 (1984).
[2] R. Tamura and N. Kawashima, J. Phys. Soc. Jpn. 77, 103002 (2008).
[3] R. Tamura and N. Kawashima, J. Phys. Soc. Jpn. 80, 074008 (2011).
[4] R. Tamura, S. Tanaka, and N. Kawashima, arXiv: 1209.2520.
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Nonequilibrium first-order phase transitions in the Kuramoto model in presence of

inertia and noise

Shamik Gupta 1, Alessandro Campa 2, and Stefano Ruffo 3

1. Univ. Paris-Sud, CNRS, LPTMS, UMR8626, Orsay F-01405, France

2. Complex Systems and Theoretical Physics Unit, Health and Technology Department, Istituto

Superiore di Sanità, and INFN Roma1, Gruppo Collegato Sanità, Viale Regina Elena 299, 00161

Roma, Italy

3. Dipartimento di Fisica e Astronomia and CSDC, Università di Firenze, INFN and CNISM, via

G. Sansone, 1 50019 Sesto Fiorentino, Italy

The Kuramoto model of coupled nonlinear oscillators serves as a prototype to study spon-

taneous collective synchronization among constituents occurring in many biological and physical

systems, e.g., yeast cell suspensions, cardiac pacemaker cell network, flashing fireflies, supercon-

ducting Josephson junction arrays, etc. The original model involves overdamped motion of globally

coupled oscillators of distributed natural frequencies, while we study the model by including inertial

terms and thermal noise in the dynamics. Inertial terms, for example, account for electrical capac-

itance of Josephson junction arrays, while thermal noise models the inevitable interaction with the

environment. For unimodal frequency distributions, we study the dynamics in a reduced parame-

ter space involving dimensionless mass, temperature, and width of the frequency distribution. We

show that the dynamics exhibits a nonequilibrium first-order transition from a synchronized phase

at low parameter values to an unsynchronized phase at high values. In proper limits, we recover

the known continuous phase transitions in the Kuramoto model and in its noisy extension, and an

equilibrium continuous transition in a related model of long-range interactions. Although effects

of noise and inertia on the Kuramoto dynamics have been explored in the past, the complete phase

diagram is being reported here for the first time. By interpreting the model as a system of particles

interacting through long-range potential and driven out of equilibrium by quenched external forces,

we suggest how one may adopt a statistical physics perspective to study the dynamics, different

from the existing dynamical systems perspective. Our theoretical predictions are compared with

numerical simulations [1].

[1] Shamik Gupta, Alessandro Campa, and Stefano Ruffo (in preparation).
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Dynamic Finite-Size Scaling and Universality Issues in Synchronization

Meesoon Ha 1, Chulho Choi 2, and Byungnam Kahng 2

1. Department of Physics Education, Chosun University, Gwangju 501-759, Korea
2. Department of Physics and Astronomy, Seoul National University, Seoul 151-747, Korea

The finite-size scaling (FSS) theory in synchronization suggested in [1] is extended to dynamic
critical phenomena, which contain a cross-over effect with respect to the system size and the time-
region. In general, such a effect is very useful in analyzing numerical simulations and real data.
Performing a systematic analysis of time evolution of coupled oscillators in the Kuramoto model,
we understand how the natural frequency distribution of oscillators and thermal noise affect the
scaling property of phase synchronization transition. Particularly, it turns out dynamic scaling can
clearly resolve the universality issues in the context of the dynamic exponent, which is the inverse
of the FSS exponent of the correlation volume: �̄ = 5/2 (5/4) [2] for randomly (regularly) assigned
natural frequencies without thermal noise (different from the conventional mean-field result, �̄ = 2
with thermal noise [3]).

[1] H. Hong, H. Chaté, H. Park, L.-H. Tang, Phys. Rev. Lett. 99, 184101 (2007); H. Hong, H.
Park, and L.-H. Tang, Phys. Rev. E 76, 066104 (2007).
[2] L.-H. Tang, J. Stat. Mech., P01034 (2011).
[3] H. Daido, Prog. Theor. Phys. 75, 1460 (1986); 77, 622 (1987); J. Phys. A: Math. Gen. 20,
L629 (1987); S.-W. Son and H. Hong, Phys. Rev. E. 81, 061125 (2010).
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Connectivity-disorder effect on collective synchronization

Jaegon Um,1 Hyunsuk Hong,2 and Hyunggyu Park 1

1. School of Physics, Korea Institute for Advanced Study, Seoul 130-722, Korea
2. Department of Physics, Chonbuk National University, Jeonju 561-756, Korea

We investigate a system of random frequency oscillators coupled through sparse random net-
works and explore connectivity-disorder effects on collective synchronization. In particular, we pay
attention to how the random quenched disorder in connectivity affects the nature of synchroniza-
tion transitions. The oscillator frequencies are assigned independently from an unimodal, bimodal,
or uniform distribution. Extensive numerical simulations as well as the mean-field analysis have
been performed on Erdös-Rényi random networks. We find that the quenched connectivity disor-
der invalidates the mean-field prediction of distinctive transition natures depending on frequency
distributions in random networks. In fact, the same continuous synchronization transition is found
for all types of frequency distributions. The physical origin of this unexpected result is discussed.
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Packing of wires in cavities and growing surfaces

Hans Herrmann 1, Norbert Stoop 1, Roman Vetter 1, and Falk Wittel 1

1. Computational Physics for Engineering Materials, IfB, ETH Zurich, Wolfgang-Pauli-Strasse 27,
CH-8093 Zurich, Switzerland

We investigate the morphologies and maximum packing density of thin wires packed into spher-
ical cavities. Using simulations and experiments with nylon lines, we find that ordered as well as
disordered structures emerge, depending on the amount of internal torsion. We find that the
highest packing densities are achieved in a low torsion packing for large systems, but in a high
torsion packing for small systems. An analysis of both situations is given in terms of energetics and
comparison is made to analytical models of DNA packing in viral capsids. In two dimensions we
also find different morphologies and present the associated morphological phase diagram based on
experiments with metallic wires and confirmed by numerical simulations using discrete elements.
During crumpling, the number of loops increases according to a power-law with different exponents
in each morphology. Furthermore, we observe a power-law divergence of the structures bulk. We
also investigate the morphology of thin discs and rings growing in circumferential direction. Recent
analytical results suggest that this growth produces symmetric excess cones (e-cones). We study
the stability of such solutions considering self-contact and bending stress. Contrary to what was
assumed in previous analytical solutions, beyond a critical growth factor, no symmetric e-cone so-
lution is energetically minimal any more. Instead, we obtain skewed e-cone solutions having lower
energy, characterized by a skewness angle and repetitive spiral winding with increasing growth.
These results are generalized to discs with varying thickness and rings with holes of different radii.
Experiments with cardboard confirm the simulations.
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Continuous and discontinuous transitions in explosive percolation models  

Y.S. Cho1, S. Hwang1, H.J. Herrmann2, and B. Kahng1

1. Department of Physics and Astronomy, Seoul National University, Seoul 151-747, Korea
2. Computational Physics for Engineering Materials, ETH Zürich, Switzerland

Percolation, a simple model for metal-insulator transition in disordered systems, is the 

formation of a spanning cluster connecting between two opposite ends in a system. In the mean-

field limit, the case beyond the upper critical dimensions, the notion of percolation is 

transformed into the formation of a giant cluster in non-equilibrium dynamic systems, in which 

edges are added between unconnected two nodes randomly selected. This dynamic process is 

called the Erdős and Rényi (ER) model. Recently, this ER model is modified by imposing 

suppressive external bias. At each time step, m candidate pairs of unconnected nodes are 

randomly selected, among which one of them is actually connected that yields the least growth 

rate of clusters in the system. This additional rule suppresses the growth of large clusters, but a

giant cluster is eventually formed in a sudden manner at a delayed time. The issue whether such 

an explosive percolation transition is indeed discontinuous or continuous has been controversial. 

Here, using analytic method, we clarify the order of the explosive percolation transition in a 

unified framework covering low-dimensional systems and the mean-field limit.

[1] Y. S. Cho, S. Hwang, H. J. Herrmann, and B. Kahng, Science 339, 1185 (2013).
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Nature of Discontinuous Transitions in Ordinary Percolation on Hyperbolic Lattices

Stefan Boettcher1, Trent Brunson1, Vijay Singh1, and Robert M. Ziff2

1Department of Physics, Emory University, Atlanta, Georgia 30322, USA
2Center for the Study of Complex Systems and Department of Chemical Engineering, University

of Michigan, Ann Arbor, Michigan 48109, USA

We discuss the onset of critical behavior in cases of a discontinuous phase transition found

in ordinary, uncorrelated percolation processes on a number of hyperbolic lattices [1]. In those

cases, many clusters of divergent but non-extensive size can be found well below the discontinuity,

already spanning the lattice with finite probability. Their merger at the discontinuity appears to

provide an alternative scenario to that of an explosive transition. We provide several examples

of this transition and show how it is related to the generic picture of critical phenomena in such

hyperbolic lattices [2].

[1] ”Ordinary Percolation with Discontinuous Transitions,” S. Boettcher, V. Singh, and R. M.

Ziff, Nature Communications 3, 787 (2012).

[2] ”Renormalization Group for Critical Phenomena in Hierarchical Small-World Networks,” S.

Boettcher and T. Brunson, arXiv:1209.3447
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Bursty human dynamics: circadian pattern, task execution, and context

Hang-Hyun Jo1, Raj Kumar Pan1, Márton Karsai2,1, Eunyoung Moon3, Juan I. Perotti1, János
Kertész1,4, and Kimmo Kaski1

1. Department of Biomedical Engineering and Computational Science, Aalto University, Finland
2. Laboratory for the Modeling of Biological and Socio-technical Systems, Northeastern University,
USA
3. Management School, University of Liverpool, UK
4. Center for Network Science, Central European University, Hungary

Inhomogeneous temporal patterns of humans have been described by bursts that are rapidly
occurring events in short periods alternating with long periods of low activity, and characterized by
heavy-tailed inter-event time or waiting time distributions. These bursts might be the consequence
of circadian and weekly patterns of humans. However, we found that the heavy tails in inter-event
time distributions remain robust with respect to de-seasoning of such cyclic patterns from the time
series of mobile phone communication events [1]. This result requires the detailed understanding of
the role of human factors. Thus, we studied two task execution models with “the highest priority
first” protocol: one for agents embedded in an evolving network with communities [2] and one
for an agent executing tasks with time-varying priority [3]. Here the priority has been randomly
chosen, by which other human factors, like cost and benefit of communication, cannot be properly
considered. We devised a risk-averse agent model, where an agent in an uncertain situation tries to
reduce the uncertainty by communicating with information providers while having to wait time for
responses. Then the optimal waiting time distribution shows a heavy tail [4]. Finally, we note that
bursts are associated to the context, i.e. the circumstance in which the events occur. Accordingly,
a temporal process in real time-frame can be decomposed into sub-processes of different contexts.
Then bursts for each sub-process are related to bursts for the original process by considering the
orders of events of different contexts in terms of ordinal time-frame. We analyzed a simple model
to obtain the criterion for relevance of context and time-frame [5]. These results help to understand
the bursty human dynamics in more detail.

[1] H.-H. Jo, M. Karsai, J. Kertész, and K. Kaski, Circadian pattern and burstiness in mobile
phone communication, New Journal of Physics 14, 013055 (2012)
[2] H.-H. Jo, R.K. Pan, and K. Kaski, Emergence of Bursts and Communities in Evolving Weighted
Networks, PLoS ONE 6, e22687 (2011)
[3] H.-H. Jo, R.K. Pan, and K. Kaski, Time-varying priority queuing models for human dynamics,
Physical Review E 85, 066101 (2012)
[4] H.-H. Jo, E. Moon, and K. Kaski, Optimized reduction of uncertainty in bursty human dynam-
ics, Physical Review E 85, 016102 (2012)
[5] H.-H. Jo, R.K. Pan, J.I. Perotti, and K. Kaski, Relevance of context and time-frame in bursty
dynamics, arXiv:1303.4882 (2013)
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Mathematical Model of Hit Phenomena as a theory for stochastic processes of 
collective human evidents in the society 
 
Akira Ishii1, Hidehiko Koguchi2,3, and Koki Uchiyama4 
 

1 Department of Applied Mathematics and PhysicsTottori University, Koyama, Tottori 680-
8554, Japan 
2 Perspective Media, 3-6-9 Kakinokizaka, Meguro-ku, Tokyo 152-0022 Japan 
3 M Data Co.Ltd., Toranomon, Minato-ku, Tokyo 105-0001 Japan 
4 Hottolink, Kanda-nishikicho, Chiyoda-ku, Tokyo 101-0054, Japan 
 
 A mathematical model for the hit phenomenon in entertainment within a society is presented 
as a stochastic process of interactions of human dynamics in the sense of many-body theory in 
physics. In the model we use only the time distribution of advertisement budget as an input, and 
word-of-mouth (WOM) represented by posts on social network systems is used as observed data 
to compare with the calculated results. The unit of time is a day. The calculations for the 
Japanese motion picture market based on to the mathematical model agree very well with the 
actual residue distribution in time.[1].  
 We write down the equation of purchase intention at the individual level Ii(t) as 
dIi t( )
dt

= −aIi t( )+ dijI j t( )
j
∑ + hijkd jk I j t( ) Ik t( )

k
∑

j
∑ + fi t( )

         
where dij, hijk, and fi(t) are the coefficient of the direct communication, the coefficient of the 
indirect communication, and the random effect for person i, respectively. We consider the above 
equation for every consumer. Taking the effect of direct communication, indirect 
communication, and the decline of audience into account, we obtain the above equation for the 
mathematical model for the hit phenomenon. The advertisement and publicity effect for each 
person can be described as the random effect fi(t). We obtain the equation for the ensemble-
averaged purchase intention. Using this equation, our calculations for the Japanese motion 
picture market[1,2] and for Japanese online music store[3] agree very well with the actual 
residue distribution in time. The model can be also applied to local events in Japan[4]. 
 In this paper, we apply the model also for a weekly drama on TV as shown in fig.1 where the  
calculation for the 4th to the last terms are prediction. The advertisement and publicity effects 
are obtained from the dataset of M Data and the WOM represented by posts on social network 
systems are observed using the system of Hottolink.  Since the model is based on the stochastic 
preocess, it will be possible to extend the model to many other social phenomena in the real 
society. 
 
Figure 1 
The calculation for weekly drama on TV. 
The histogram corresponds to the exposure 
time of the drama on TV.  
 
[1] A.Ishii N.Arakaki, N.Matsuda, 
S.Umemura, T.Urushidani, N.Yamagata and 
N.Yoshida, New J. Phys. 14 (2012) 063018 
[2] A Ishii, H Koguchi, and Koki Uchiyama, 
to the conference proceedings of KES IDT 
2013 in the Frontiers of Artificial Intelligence 
and Applications (FAIA) series (IOS press) in 
press 
[3] A. Ishii, H.Fujimoto, W.Fukumoto, H Koguchi and K Uchiyama, to be published 
[4] A.Ishii, T.Matsumoto and S.Miki, Progress of Theoretical Physics Suppliment No.194 
(2012) 64-72 
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Dynamics and Statistical Mechanics Investigation for Human Behaviors 
 
Bing-Hong Wang1, 2, 3 

1, Department of Modern Physics and Nonlinear Science Center, University of Science and Technology of 
China, Hefei, 230026, China 
2, College of Physics and Electronic Information Engineering, Wenzhou University, Wenzhou 325035, China 
3, Research Center for Complexity Science, University of Shanghai for Science and Technology, Shanghai, 
200093 China 
Email address : bhwang@ustc.edu.cn 
 

A large number of complex systems, directly or indirectly, relate to human. All the economic and 
financial systems, and social systems, they are driven in fact by the will and behaviors of the human. Today's 
large-scale technological network such as Internet, WWW, Internet of things and all kinds of communication 
networks, they are built by mankind. The nervous system regarded as the most complex system by many 
scholars, is a part of the human body. From the human's social attribute, we investigate the complexity of the 
social economic systems emerged by human interactions such as bussine’s game and competitive strategy. 
From the human’s biological properties, we research the nervous system, metabolism, gene regulation, etc., in 
the human body. [1,2]  Although the investigation in this area has been fruitful, we still found from the 
current research situation that the former looks the human as too little, however the latter put the person too 
big. For the overall comprehension of the complex systems related to human, there is still a lack of deep 
understanding of the temporal and spatial complexity manifested in the human self activity, especially in the 
individual behaviors. 
 By proposing a love offair model from a new point of view, we try to answer the love relation question: 
under what conditions, a male and a female will fall in love? All man and woman can be divided by n kinds of 
attribute. Assume that each man/woman only belongs to one kind among n kinds of attribute and only likes the 
one with the opposite sex and with other one kind among n kinds of attribute. Using this selection model in 
double directions, we can predict exactly how many pairs of sweethearts will be generated in a blind date 
meeting. The analytical results can be derived for this love offair model and the real data of blind date 
meetings shows highly precise coincidence between theory and experiments. 
 Human mobility patterns deeply affect the dynamics of many social systems. We analyze the real-world 
human movements based on the data set of GPS records, and have observed rich scaling properties in the 
temporal-spatial patterns and the abnormal transition in speed-displacement patterns. More interestingly, we 
noticed that the displacements in group level show clear positive autocorrelations, indicating a cascading-like 
nature in human movements. Furthermore, our analysis in individual level shows that the displacement 
distributions of the users who have stronger autocorrelations on displacements are more close to the power 
law form, implying the positive autocorrelations of the series of displacements comes from the form of 
individual’s displacement distribution. The emergence of the scaling properties in human mobility is revealed 
by the empirical analysis.  
 How to promote the innovative activities is no doubt meaningful for the development of modern society. 
Combining with the evolutionary games and information spreading research, we propose a lattice model to 
investigate dynamics of human innovative behaviors based on benefit-driven assumption. Simulations show 
several properties in agreement with peoples’ daily cognition on innovative behaviors. Our model provides a 
basic framework to study temporal evolution of human innovative behaviors by introducing a promotion 
measurement for innovative activities.  
 
[1] T. Zhou, H.-A. T. Kiet, B. J. Kim, B.-H. Wang, P. Holme, Role of Activity in Human Dynamics, 
Europhys. Lett. 82 (2008) 28002.  
[2] X.-P. Han, T. Zhou, B.-H. Wang，Modeling human dynamics with adaptive interest，New Journal of 
Physics 10 (2008) 073010 
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Four decades of frustration: Advances, algorithms and applications in spin-glass
physics

Helmut G. Katzgraber

Department of Physics and Astronomy, Texas A&M University, USA

Spin glasses are archetypal model systems used to investigate the effects of frustration and disorder.
Concepts from the study of glasses, such as ergodicity breaking, aging and ultrametricity have been
applied to fields as diverse as structural biology, geology, computer science and financial analysis.
Thus, understanding these systems on a fundamental level is of paramount importance. Despite
ongoing research spanning several decades, there remain many fundamental open questions, such
as the existence of a spin-glass state in a field or the low-temperature structure of phase space
for short-range systems. Novel applications across disciplines, as well as progress in algorithms
and the advent of fast and cost-effective computers, have recently revived interest in the field.
In this talk, I will illustrate why–thanks to modern computers and algorithms–these frustrated
systems are not so frustrating after all. First, an overview of spin glasses will be given, followed
by recent developments on the low-temperature behavior of spin glasses, as well as their behavior
in an applied field. Furthermore, selected novel applications ranging from self-organized criticality
to quantum computing are presented.

Work done in collaboration with B. Ahrens, J. C. Andresen, R. S. Andrist, H. Bombin, V. Do-
brosavljevic, A. K. Hartmann, K. Janzen, D. Larson, J. Machta, M. A. Martin-Delgado, M. A. Moore,
M. Ohzeki, C. K. Thomas, A. P. Young, B. Yucesoy, Z. Zhu, and G. T. Zimanyi.
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The spin glass phase and its mean field picture: rigorous results and perspectives.

Pierluigi Contucci

Department of Mathematics, University of Bologna, Italy

The talk will review the rigorous results obtained in the study of the spin glass phase from the
mean field to the short-range finite-dimensional case. The property of stochastic stability will be
illustrated from the physical origins to the mathematical consequences for the equilibrium state.
The open problems will be outlined and some conjectures presented based on numerical simulations.

Some references:

P.Contucci, E.Mingione, S.Starr Factorization properties in d-dimensional spin glasses. Rigorous
results and some perspectives. Journal of Statistical Physics, March (2013), DOI: 10.1007/s10955-
013-0730-z
P.Contucci, C.Giardina, C.Giberti Stability of the Spin Glass Phase under Perturbations. Euro-
physics Letters, Vol. 96, N. 1, 17003-17006, (2011)
P.Contucci, C.Giardina, C.Giberti, G. Parisi, C. Vernia Ultrametricity in the Edwards-Anderson
Model. Physical Review Letters, Vol. 99, 057206, (2007)
P.Contucci, J.Lebowitz Correlation Inequalities for Spin Glasses. Annales Henri Poincare, Vol. 8,
N.8, 1461-1467, (2007)
P.Contucci, C.Giardina, C.Giberti, C. Vernia Overlap Equivalence in the Edwards-Anderson Model.
Physical Review Letters, Vol 96, 217204 (2006)
P.Contucci, C.Giardina Spin-Glass Stochastic Stability: a Rigorous Proof. Annales Henri Poincare,
Vol. 6, N. 5, 915-923, (2005)
M.Aizenman, P.Contucci On the Stability of the Quenched state in Mean Field Spin Glass Models.
Journal of Statistical Physics, Vol. 92, N. 5/6, 765-783, (1998).
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The spin-glass transition in a field: results from Janus in D = 4, with a glimpse at
D = 3

D. Yllanes1 for the Janus Collaboration
1. Dipartimento di Fisica, La Sapienza Università di Roma, 00185 Roma, Italy

Spin glasses are a longstanding model for the sluggish dynamics that appears at the glass tran-
sition. However, in order for spin glasses to be a faithful model for general glassy physics, we need
to introduce an external magnetic field to eliminate their time-reversal symmetry. Unfortunately,
little is known about the critical behaviour of a spin glass in a field in the experimentally relevant
regime, that is, below the upper critical dimension D = 6.

We present the results of a large-scale numerical simulation [1] of the four-dimensional Edwards-
Anderson model in an external field. Using the Janus computer, we simulate lattices of size up
to L = 16 at several values of the external field. We also introduce a new and powerful finite-size
scaling method, based on the study of the spin-glass propagator at small but non-vanishing wave
vector. We obtain clear evidence for the presence of a phase transition and compute its critical
exponents. The shape of the resulting de Almeida-Thouless line follows the Fisher-Sompolinski
scaling. Discrepancies with previous work are explained in terms of very strong scaling corrections.
A far-reaching consequence is that the universality class for the phase transition in structural glasses
may actually exist, at least in D = 4.

We will also discuss our ongoing work in D = 3.

[1] R. A. Baños et al. (Janus Collaboration) Proc. Natl. Acad. Sci. USA (2012) 109, 6452
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Renormalization Group Study of the Growing Length Scale in p-spin Glass Models

Joonhyun Yeo 1 and M. A. Moore 2

1. Division of Quantum Phases and Devices, School of Physics, Konkuk University, Seoul 143-701,
Korea
2. School of Physics and Astronomy, University of Manchester, Manchester M13 9PL, UK

Two versions of the M -p-spin glass model have been studied with the Migdal-Kadanoff renor-
malization group approximation. In this version of the p-spin model, there are M Ising spins on
each site. The model with p = 3 and M = 3 has at mean-field level the ideal glass transition at the
Kauzmann temperature and at lower temperatures still the Gardner transition to a state like that
of an Ising spin glass in a field. The model with p = 3 and M = 2 has only the Gardner transition.
In the dimensions studied, d = 2, 3 and 4, both models behave almost identically, indicating that
the growing correlation length as the temperature is reduced in these models – the analogue of
the point-to-set length scale – is not due to the mechanism postulated in the random first order
transition theory of glasses, but is more like that expected on the analogy of glasses to the Ising
spin glass in a field.
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Quasi-equilibrium construction for long time glassy dynamics

Silvio Franz2, Giorgio Parisi2,3, Pierfrancesco Urbani1,2

1. Laboratoire de Physique Théorique et Modèles Statistiques, CNRS et Université Paris-Sud 11,
UMR8626, Bât. 100, 91405 Orsay Cedex, France
2. Dipartimento di Fisica, Sapienza Universitá di Roma, P.le A. Moro 2, I-00185 Roma, Italy
3. INFN, Sezione di Roma I, IPFC – CNR, P.le A. Moro 2, I-00185 Roma, Italy

We present a quasi-equilibrium construction for long time glassy dynamics. This new method
firstly clarifies how the dynamics explores the phase space when the dynamical glass transition is
approached and secondly it gives a practical way to study the long time regime using equilibrium
techniques. Starting from [1], we will first review the quasi-equilibrium construction for a given
class of mean field spin glass models that undergo a dynamical glass transition. For these systems
the Langevin dynamics can be solved exactly and we can compare it with the dynamical equations
obtained with the quasi-equilibrium construction . Because short time dynamics is coarse grained,
equilibrium techniques and approximations can be used. We can apply this method to the theory
of liquids and we will show how we can derive a set of new dynamical equations [2]. In this
framework we can use a standard approximation scheme, the Hypernetted Chain approximation
(HNC), that has been racently employed to study the dynamical fluctuations in the β regime [3-
4]. We will derive the dynamical HNC equations from which we can compute both the exponent
parameter that characterize glassy relaxation and the FDT-ratio in the aging regime. Our results
can be generalized to any equilibrium closure scheme. The general picture is that long time Mode-
Coupling dynamics can be interpreted as a quasi equilibrium exploration of phase space.

[1] S. Franz, G. Parisi, Quasi-equilibrium in glassy dynamics: an algebraic view, J. Stat. Mech.
(2013) P02003
[2] S. Franz, G. Parisi, P. Urbani Quasi-equilibrium in glassy dynamics: a liquid theory approach.
arXiv:1212.4291
[3] S. Franz, H. Jacquin, G. Parisi, P. Urbani, F. Zamponi, Quantitative field theory of the glass
transition, PNAS 109, 18725 (2012)
[4] S. Franz, H. Jacquin, G. Parisi, P. Urbani, F. Zamponi, Static replica approach to critical
correlations in glassy systems, J. Chem. Phys. 138, 12A540 (2013)
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Information processing in genetic regulatory networks

Ofer Biham

Racah Institute of Physics, The Hebrew University, Jerusalem 91904, Israel

The processing of information in genetic networks involves transcriptional regulation of gene ex-
pression as well as post-transcriptional regulation by small non-coding RNA’s and post-translational
regulation by protein-protein interactions. The interplay between these different levels of regula-
tion will be discussed, using dynamical modeling and simulations of several functional network
modules. It will be shown that the combination of different regulation mechanisms enables fast, ef-
ficient and reliable processing of information. The effects of competition, feedback and fluctuations
will be considered using deterministic and stochastic methods.
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Noise propagation in biochemical networks: beyond the master equation

Li-Ping Xiong 1,2 and Lei-Han Tang ∗,1,3

1. Department of Physics and Institute of Computational and Theoretical Studies, Hong Kong
Baptist University, Kowloon Tong, Hong Kong
2. Department of Physics, George Washington University, Washington DC, 20052, USA
3. Beijing Computational Science Research Center, Beijing, China

The intrinsic stochasticity in biochemical reactions is known to generate molecular copy number
fluctuations and phenotypic variations in isogenic cells. Traditionally, such processes are studied
with the chemical master equation under the Markovian assumption. This formulation is inad-
equate when the underlying process involves one or more intermediate steps, as often the case
in real-world examples. Furthermore, non-Markovian effects need to be considered upon further
coarse-graining in dealing with noise propagation in large biochemical networks. We report here an
analytical framework that focuses on the fate of individual molecules[1]. Our primary quantity of
interest is the autocorrelation function of reaction time series which captures temporal clustering
of reaction events. For non-interacting molecules traversing through a biochemical network, exact
relations are derived for the autocorrelation functions at consecutive reaction nodes, from which
the Fano factors of molecular numbers are obtained. Non-independent situation can be considered
under a linear approximation. Non-Markovian effects in terms of arbitrary lifetime distribution
of molecules can be conveniently treated. These iterative relations facilitate system level study of
noise propagation in large biochemical networks.

∗ Work supported in part by the Research Grants Council of the HKSAR under grant N-HKBU
213/10.
[1] L.-P. Xiong, Y. Ma and L.-H. Tang, to appear.
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Superfluid transport of information in turning flocks of starlings

Asja Jelić 1,2, Andrea Cavagna 1,2, Irene Giardina 1,2 and Tomas S. Grigera 3

1. Istituto Sistemi Complessi, Consiglio Nazionale delle Ricerche, 00185 Rome, Italy
2. Dipartimento di Fisica, Università Sapienza, 00185 Rome, Italy
3. INIFTA and Dept. de F́ısica, Univ. Nacional de La Plata, and CONICET La Plata, Argentina

Turning flocks of starlings are a paradigm for a synchronized, rapid change of direction in
moving animal groups. The efficiency of the information transport during such a collective change
of state is the key factor to prevent cohesion loss and preserve robustness. However, the precise
mechanism by which natural groups achieve such efficiency is currently not fully understood. I
will present an experimental and theoretical study of starlings flocks undergoing collective turns
in which we analyze how the turning decision spreads across the flock [1]. We find sound-like
propagation with no damping of information. This is in contrast with standard theories of collective
animal behavior based on alignment, which predict a much slower, diffusive spread of information.
We propose a novel theory for propagation of orientation in flocks whose key ingredient is the
existence of a conserved spin current generated by the gauge symmetry of the system. The theory
falls in the same dynamical universality class of superfluid transport in liquid helium, naturally
explaining the dissipationless propagating mode observed in turning flocks. Superfluidity also
provides a quantitative prediction for the speed of propagation of the information, according to
which transport must be swifter the stronger the group’s orientational order. This is confirmed by
the experimental data. The link between strong order and efficient decision-making required by
superfluidity may be the adaptive drive for the high degree of behavioral polarization observed in
many living groups.

[1] arXiv:1303.7097.
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The role of projection in the control of flocks

D. J. G. Pearce 1,2, G. Rowlands 1 and M. S. Turner 1,3

1. Department of Physics, University of Warwick, Coventry, CV4 7AL, United Kingdom
2. Department of Chemistry, University of Warwick, Coventry, CV4 7AL, United Kingdom
3. Centre for Complexity Science, University of Warwick, Coventry, CV4 7AL, United Kingdom

Animals show an impressive variety of organised group behaviour, including shoals of fish,
flocks of birds and herds of mammals. These large groups provide many advantages over solitary
behaviour, such as protection from predators, increased awareness and group decision making [1,2].
The underlying “rules” which give rise to this effect have proven hard to identify. We propose a
model in which a flock organises its density in order to optimise the visual information available
to an individual, subject to the flock remaining fairly compact. This results in a marginally
opaque flock, which is at the maximum density that still allows most visual information to pass
uninterrupted across the length of the flock. This has the advantage of allowing long-ranged,
instantaneous information transfer over the extent of a flock while remaining consistent with the
cognitive abilities of the animals. It also constrains the density. We show evidence for marginal
opacity within real starling flocks, and propose the Hybrid Projection Model ; a Self-Propelled
Particle (SPP) model to study this. This model is shown to recreate many features observed
within real animal swarms.

[1] Conradt, L. When it pays to share decisions, Nature, 471, (2011).
[2] Couzin, I.D. Collective Minds, Nature, 445, (2007).
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Statistical Physics of Viral Capsid Assembly 
 
María Aznar and David Reguera 
 

Departament de Física Fonamental, Facultat de Física, Universitat de Barcelona, Martí i 
Franquès 1, 08028 Barcelona, Spain 
 

Viruses are astounding biological organisms, constituted essentially by a protein shell named 
“capsid” that wraps up and protects the genetic material (DNA or RNA) inside. The self-
assembly of the capsid is one of the most important steps in the replication cycle of a virus. 
Remarkably, the coat proteins of many viruses have the striking capability of self-assemble in 
vitro even in the absence of genetic material, forming empty capsids with a well-defined size 
and structure, that can be used for biomedical or nanotechnological applications. However, the 
mechanisms that determine the successful formation and the selection of a particular structure of 
a viral shell are still not well known. 

 
We have investigated the thermodynamics and kinetics of assembly of empty capsids using 

statistical mechanics and computer simulations of simplified coarse-grained models  [1–6]. In 
particular, we have characterized the kinetics of assembly, the phase diagram, and the stability 
of different structures using Monte Carlo simulations. In addition, we have studied the tolerance 
of the different shells to changes in physical parameters related to ambient conditions.  The 
results of these studies provide new insights into the microscopic mechanisms of the assembly 
process and the physical ingredients controlling the selection of a particular structure. We will 
discuss these results as well as possible routes to interfere and control the assembly process with 
potential implications for the development of novel wide-spectrum strategies to fight viral 
infections. 

 
 

[1] M. Aznar and D. Reguera, in preparation. 
[2] A. Luque, D. Reguera, A. Morozov, J. Rudnick, and R. Bruinsma, J Chem Phys 136, 184507 
(2012). 
[3] A. Luque, R. Zandi, and D. Reguera, Proc. Natl. Acad. Sci. U.S.A. 107, 5323 (2010). 
[4] R. Zandi, P. van der Schoot, D. Reguera, W. Kegel, and H. Reiss, Biophys. J. 90, 1939 
(2006). 
[5] R. Zandi, D. Reguera, R. F. Bruinsma, W. M. Gelbart, and J. Rudnick, Proc. Natl. Acad. Sci. 
USA 101, 15556 (2004). 
[6] R. F. Bruinsma, W. M. Gelbart, D. Reguera, J. Rudnick, and R. Zandi, Phys. Rev. Lett. 90, 
248101 (2003).  

 
 
 
 

C3-5



STATPHYS25 JULY 21-26, 2013

AbstrActs contributed tAlks
137

Rigorous results for integrable lattice models using discrete parafermions

Jan De Gier

Department of Mathematics and Statistics, The University of Melbourne, VIC 3010, Aus-

tralia

In 2010 Smirnov and Duminil-Copin proved mathematically rigorous that the growth

constant of self-avoiding walks on the honeycomb lattice is
√
2 +

√
2, a longstanding con-

jecture made by Nienhuis in 1982. One of the main tools in the proof is a parafermionic
lattice observable which is a discrete closed 1-form, i.e. its discrete closed contour inte-
gral is identically zero. I will discuss an extension of this method to prove the value of
the critical boundary fugactiy corresponding to the adsorption transition [1]. Analogous
to the work of Cardy and Ikhlef, who showed that the existence of closed parafermionic
observables in two-dimensional loop lattice models is related to Yang-Baxter integrability,
I will also discuss a connection to boundary integrability via solutions to the reflection
equation [2].

[1] N.R. Beaton, M. Bousquet-Mélou, J. de Gier, H. Duminil-Copin and A.J. Guttmann,
The critical fugacity for surface adsorption of SAW on the honeycomb lattice is 1 +

√
2;

arXiv:1109.0358.
[2] J. de Gier, Alexander Lee and Jorgen Rasmussen, Discrete holomorphicity and integra-
bility in loop models with open boundaries, J. Stat. Mech. (2013), P02029; arXiv:1210.5036.
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Superintegrable chiral Potts model: Parafermionic generalization of Ising model

Helen Au-Yang 1 and Jacques H.H. Perk 1

1. Department of Physics, Oklahoma State University, Stillwater OK 74078-3072, USA

The superintegrable chiral Potts chain is a parafermionic generalization of the spin-1
2 Ising

chain in transverse field resulting from a search for solutions of the star-triangle (Yang–Baxter)
equations for spin models. It has phase transitions from ordered and disordered states into an
incommensurate state. Much progress has been made recently, explicitly constructing several
of its eigenvectors, using underlying quantum loop algebra structure. This has led to an explicit
derivation of the spontaneous magnetization based on two conjectures that have since been proved.
Also a few results for correlation functions have been found. We shall present some review and
discuss the current status of the research.

[1] H. Au-Yang and J.H.H. Perk, J. Phys. A: Math. Theor. 44, 445005 (2011).
[2] H. Au-Yang and J.H.H. Perk, arXiv:1108.4713; arXiv:1210.5803.
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Quantum inverse scattering approach
to the totally asymmetric simple exclusion process

Kohei Motegi1, Kazumitsu Sakai2 and Jun Sato3

1. Okayama Institute for Quantum Physics, Kyoyama 1-9-1, Okayama 700-0015, Japan
2. Institute of physics, University of Tokyo, Komaba 3-8-1, Meguro-ku, Tokyo 153-8902, Japan
3. Department of Physics, Graduate School of Humanities and Sciences, Ochanomizu University
2-1-1 Ohtsuka, Bunkyo-ku, Tokyo 112-8610, Japan

We study the exact relaxation dynamics [1,2] and algebraic structures [3] of the totally asym-
metric simple exclusion process by the quantum inverse scattering method. We formulate the exact
relaxation dynamics starting from arbitrary initial condition by evaluating the form factors, norms
and overlaps in determinant forms. This formulation especially allows us to study the long time
asymptotics of the relaxation dynamics, and we find that the relaxation times starting from the
step and alternating initial conditions are governed by different eigenvalues of the Markov matrix.
We also find the scaling exponents of the asymptotic amplitudes of the local densities and cur-
rents by making finite size scaling analysis. By examining the algebraic structures, we show the
Bethe ansatz wavefunction belongs to a one-parameter family of the deformed Schur functions.
Evaluating the scalar products in two ways, we obtain a generalization of the Cauchy identity.

[1]K. Motegi, K. Sakai and J. Sato Phys. Rev. E 85 (2012) 042105
[2]K. Motegi, K. Sakai and J. Sato, J. Phys. A 45 (2012) 465004
[3]K. Motegi and K. Sakai, in preparation.
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A three-dimensional integrable lattice model with positive Boltzmann weights

Vladimir Mangazeev1, Vladimir Bazhanov1 and Sergey Sergeev2

1. Department of Theoretical Physics, Research School of Physics and Engineering,
The Australian National University, Canberra, ACT 0200, Australia

2. Faculty of Information Sciences and Engineering, University of Canberra,
Bruce ACT 2601, Australia

We construct a three-dimensional integrable system with positive Boltzmann weights. Spin
variables are assigned to the edges of a simple cubic lattice and can take arbitrary positive integer
values. The Botlzmann weights satisfy the tetrahedron equation – the three-dimensional analog of
the Yang-Baxter equation.

As an application we consider a two-layer case of this model with periodic boundary conditions.
A corresponding projection of the three-dimensional R-matrices splits into the direct sum of the
R-matrices for the affine algebra ̂Uq(sl(2)) evaluated in the tensor product of two highest weight
representations with spins l1 and l2. As a result we derive new explicit formulas for the XXZ-type
R-matrix and the Baxter’s Q-operator acting in representations of arbitrary (half-)integer spins.
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Nonlocal exclusion process on a ring and conformal invariance

Francisco C. Alcaraz1 and Vladimir Rittenberg2

1. Instituto de F́ısica de São Carlos, Universidade de São Paulo, Caixa Postal 369, 13560-590, São
Carlos, SP, Brazil
2.Physikalisches Institut, Universität Bonn, Nussallee 12, 53115 Bonn, Germany

We present a one-dimensional nonlocal hopping model with exclusion on a ring. The model is
related to the raise and peel growth model. A parameter u controls the ratios of the backwards
and forwards hopping rates. In the case of the ring geometry, the phase diagram and consequently
the values of the current, depend crucially on the density of particles. For the special case of half-
filling and u = 1 the system is conformal invariant and an exact value of the current for any size
L of the system ls conjectured and checked for large size lattices in Monte Carlo simulations. It is
equal to 3L/4 in the thermodynamical limit. This expression should be universal. For other values
of u, a novel phase transition is observed when the density of particles approaches its half-filling
value. The stationary density-density and current-current correlations are evaluated in the distinct
regions of the model’s phase diagram.
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Acceleration of epidemic outbreaks by long-range dispersal

Oskar Hallatschek
Department of Physics, University of California, Berkeley, CA 94720, USA

The spreading of evolutionary novelties across populations is the central element of adaptation.
Unless population are well-mixed (like bacteria in a shaken test tube), the spreading dynamics not
only depends on fitness differences but also on the dispersal behavior of the species. Spreading at a
constant speed is generally predicted when dispersal is sufficiently short-ranged. However, the case
of long-range dispersal is unresolved: While it is clear that even rare long-range jumps can lead
to a drastic speedup, it has been difficult to quantify the ensuing stochastic growth process. Yet,
such knowledge is indispensible to reveal general laws for the spread of modern human epidemics,
which is greatly accelerated by the human aviation. We present a simple self-consistent argument
supported by simulations that accurately predicts evolutionary spread for broad distributions of
long distance dispersal. In contrast to the exponential laws predicted by deterministic ’mean-
field’ models, we show that growth is either according to a power-law or a stretched exponential,
depending on the tails of the dispersal kernel. We also find that the actual fitness advantage of
the mutants has a surprisingly small impact on the spreading dynamics. This conflicts with the
paradigm that the rapidity of a selective sweep is a good measure for the selective advantage of
the spreading variant. Due to the simplicity of our model, which lacks any complex interactions
between individuals, we expect our results to be applicable to a wide range of spreading processes.

Based on joint work with Daniel S. Fisher, Stanford.
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Motility-induced phase separation in Active Matter

Julien Tailleur1, Mike E. Cates2, D. Marenduzzo2, I. Pagonabarraga3

1. Univ Paris Diderot, Sorbonne Paris Cité, MSC, UMR 7057 CNRS, F75205 Paris, France
2. SUPA, School of Physics, University of Edinburgh, JCMB Kings Buildings, Edinburgh EH9
3JZ, United Kingdom
3. Departament de F́ısica Fonamental, Universitat de Barcelona - Carrer Mart́ı Franqués 1, 08028-
Barcelona, Spain

Over the past few years, there has been a growing interest among physicists for ‘active systems’,
in which energy is taken from the environment to produce self-propulsion at the single particle
level. Active particles, such as bacteria or actin filaments in motility assays, are thus strongly
out-of-equilibrium and exhibit much richer behaviors than their passive counterparts.

In this talk I will show that such active particles can undergo a motility-induced phase-
separation: when interactions between particles generate a decrease of motility at high density
(for instance because of steric repulsion), phase separation can take place, leading to the coexis-
tence of dilute and dense phases.

This mechanism, by which purely repulsive interactions can lead to phase separation, has no
counterpart for equilibrium colloidal systems. I will show that it is generic in active matter systems
and has interesting consequences for pattern formation in bacterial colonies.

[1] J. Tailleur, M.E. Cates, ” Statistical Mechanics of Interacting Run-and-Tumble Bacteria”,
Physical Review Letter 100, 218103 (2008)
[2] M. E. Cates, D. Marenduzzo, I. Pagonabarraga, J. Tailleur, ”Arrested phase separation in
reproducing bacteria: a generic route to pattern formation?”, PNAS 107, 11715-11720 (2010)
[3] M. E. Cates, J. Tailleur, ”When are active Brownian particles and run-and-tumble particles
equivalent? Consequences for motility-induced phase separation”, EPL 101 (2013) 20010
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Interplay between hard core repulsion and self propulsion in active matter

Olivier Dauchot 1 and Silke Henkes 2

1. UMR Gulliver, CNRS and ESPCI-ParisTech, 10 rue Vauquelin, 75005 Paris, France

Collective motion in driven or self-propelled particle systems is a topic of recent interdisciplinary
interest. Within physics, following the works of Vicsek et al. and Toner and Tu, most progress was
achieved by studying microscopic point-like particles models and their continuous descriptions. For
the simplest situation in which the surrounding fluid can be neglected (dry flocking) and the sole
interaction is some local effective alignment, a picture of basic universality classes has emerged.

When dealing with real systems, hard core repulsion comes into play. In a recent experiment of
vibrated polar disks, i.e. millimeter-size objects with a built-in oriented axis, we have shown that
hard core repulsion and self-propulsion produce some effective alignment leading at large scale to
collective streams and anomalous, giant number fluctuations [1,2]. More recently, it was shown
that a slowing down of the self propulsion velocity with the local density could lead to a sharp
clustering transition. Hard core repulsive systems will a priori experience such an effect because
of self-trapping, glassy like phenomenology. As a result hard core repulsion and self propulsion
build up both effective alignment and effective slowing down. Each of these effect produce very
different transitions. In the present talk I will the interplay between these two transitions in the
light of both experimental and numerical results for self propelled hard discs as cell as of numerical
simulations of a point-like particles model encompassing both effects.

[1] J Deseigne, O Dauchot, H Chaté Phys. Rev. Lett. 105 (9), 098001, 2010
[2] J Deseigne, S Léonard, O Dauchot, H Chaté - Soft Matter 8 (20), 5629, 2012
[3] C. A. Weber, T. Hanke, J. Deseigne, S. Léonard, O. Dauchot, E. Frey, and H. Chaté, to appear
in Phys. Rev. Lett.
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A raft for both leaves of the plasma membrane

Michael Schick1 and Roie Shlomovitz 1

1. Department of Physics, University of Washington, Seattle WA 98195 USA

We present a theory of rafts in the plasma membrane which produces a raft in both of its leaves.
The two leaves differ greatly in composition. The outer leaf consists mainly of sphingomyelin
(SM) and phosphatidylcholine (PC) which have similar spontaneous curvatures, while the inner
leaf consists predominantly of phosphatidylethanolamine (PE) and phosphatidylserine (PS) which
have very different curvatures. We assume that the difference in the compositions of PE and
PS couples to the height fluctuations of the bilayer. This produces a microemulsion in the inner
leaf with a characteristic length of about 100 nm. Coupling between the leaves then conveys the
microemulsion to the outer leaf. The result is a raft of SM and cholesterol in the outer leaf and PS
and cholesterol in the inner leaf which floats in a sea of PC and PE in both leaves. In contrast to
previous theories based on phase separation of SM and PC in the outer leaf, our theory produces a
raft in both leaves in the plasma membrane, one that can function to transmit information across
it.
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Statistical physics of lipid rafts 

Friederike Schmid1

1. Institute of Physics, Johannes Gutenberg-Universität Mainz, D55099 Mainz 

According to the lipid raft hypothesis, biological lipid membranes are laterally heterogeneous 
and filled with nanoscale ordered "raft" domains, which are believed to play an important role 
for the organization of proteins in membranes. However,the mechanisms stabilizing such small 
rafts are not clear, and even their existence is sometimes questioned. Here we report the 
observation of raft-like structures in a coarse-grained molecular model for multicomponent lipid 
bilayers. Furthermore, we discuss a mechanism that generates rafts of finite size by a coupling 
between monolayer curvature and local composition. The raft formation is driven by a mismatch 
of spontaneous curvatures in different lipid phases. Such a mismatch reduces the effective line 
tension and can stabilize raft domains with a characteristic size of the order of a few nanometers. 
Our findings suggest that rafts might be a generic phenomenon in multicomponent bilayers, and 
that they are closely related to the modulated ripple states in one-component bilayers.  

[1] Sebastian Meinhardt, Richard L.C. Vink, Friederike Schmid, PNAS, at press (2013) 
doi:10.1073/pnas.1221075110
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Stirring by Microswimmers

Julia M Yeomans

The Rudolf Peierls Centre for Theoretical Physics, University of Oxford,
1 Keble Road, Oxford OX1 3NP, United Kingdom

Because of their size bacteria and fabricated micro-swimmers swim at low Reynolds number,
a regime where the effect of hydrodynamics can be counterintuitive. Moreover micro-swimmers
provide experimentally accessible examples of active systems that create their own energy and
operate out of thermodynamic equilibrium.

The mechanisms by which bacteria interact with particles in their environment are relevant to
their feeding strategies and may contribute to oceanic mixing. We discuss how tracer particles are
advected by swimmers, and use our results to link the swimming strokes of the bacteria to their
effectiveness as stirrers.
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Electrical power generation by mechanically modulating electrical double layers 
 
Hyuk Kyu Pak1, Jong Kyun Moon and Dongyun Lee 1 
 

1. Department of Physics, Pusan National University, Busan 609-735, Korea 
 
Since Michael Faraday and Joseph Henry made their great discovery of electromagnetic 
induction, there have been continuous developments in electrical power generation. Most people 
today get electricity from thermal, hydroelectric, or nuclear power generation systems, which 
use this electromagnetic induction phenomenon. Here we propose a new method for electrical 
power generation, without using electromagnetic induction, by mechanically modulating the 
electrical double layers at the interfacial areas of a water bridge between two conducting plates. 
We find that when the height of the water bridge is mechanically modulated, the electrical 
double layer capacitors formed on the two interfacial areas are continuously charged and 
discharged at different phases from each other, thus generating an AC electric current across the 
plates. We use a resistor-capacitor circuit model to explain the results of this experiment. This 
observation could be useful for constructing a micro-fluidic power generation system in the near 
future [1]. 
 
[1] Moon, J.K. et al. Nat. Commun. 4:1487 (2013). 
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Dynamics of a drop trapped inside a horizontal circular hydraulic jump

Luc Lebon, Alexis Duschesne, Christophe Pirat1 and Laurent Limat

Laboratoire Matière et Systèmes Complexes (MSC), UMR 7057 CNRS and Université Paris Diderot,
Paris, France
1. Institut Lumière Matière, UMR 5306 CNRS and Université Lyon 1, Villeurbanne, France

We explore the complex dynamics of a non-coalescing drop of moderate size inside a circular
hydraulic jump of the same liquid formed on a horizontal disk. The drop deposited in the jump
does not coalesce and remains trapped at its periphery, because of the air entrainment linked to
the high drop rotation speed, as it was shown in a previous work [1]. In this situation the drop
is moving along the jump and one observes two different motions : a periodic one (it orbitates
at constant speed) and an irregular one involving reversals of the orbital motion. Modeling the
drop as a rigid sphere exchanging friction with liquid across a thin film of air, we recover the
orbital motion and the internal rotation of the drop. This internal rotation is evidenced by tracer
visualization and presents an unexpected dependence upon drop size.

[1] C. Pirat, L. Lebon, A. Fruleux, J.-S. Roche, and L. Limat, Phys. Rev. Lett. 105, 084503 (2010)
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Renormalization group study of thermal fluctuation effects on infinite-order wetting
phase transitions.

J.O. Indekeu1, K. Koga2, H. Hooyberghs1 and A.O. Parry3

1. Institute for Theoretical Physics, KU Leuven, BE-3001 Leuven, Belgium
2. Department of Chemistry, Faculty of Science, Okayama University, Okayama 700-8530, Japan
3. Department of Mathematics, Imperial College London, London SW7 2BZ, UK

We study the effect of thermal fluctuations on the wetting phase transitions of infinite order
and of continuously varying order, recently discovered within a mean-field density-functional model
for three-phase equilibria in systems with short-range forces and a two-component order param-
eter [1]. Using linear functional renormalization group (RG) calculations within a local interface
Hamiltonian approach, we show that the infinite-order transitions are robust. The exponential
singularity (implying 2−αs = ∞) of the surface free energy excess at infinite-order wetting as well
as the precise algebraic divergence (with βs = −1) of the wetting layer thickness are not modified
as long as ω < 2, with ω the dimensionless wetting parameter that measures the strength of ther-
mal fluctuations. The interface width diverges algebraically and universally (with ν⊥ = 1/2). In
contrast, the non-universal critical wetting transitions of finite but continuously varying order are
modified when thermal fluctuations are taken into account, in line with predictions from earlier
calculations on similar models displaying weak, intermediate and strong fluctuation regimes.

[1] K. Koga, J.O. Indekeu and B. Widom, Phys. Rev. Lett. 104, 036101 (2010); ibid., Mol. Phys.
109, 1297 (2011).
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Transient shear banding of time dependent fluids

Antti Puisto1, Xavier Illa2, Arttu Lehtinen1, Mikael Mohtaschemi1, and Mikko J. Alava1

1. Aalto University, School of Science, Department of Applied Physics FI-00076 AALTO, Finland
2. Departament dEstructura i Constituents de la Matèria. Facultat de F́ısica. Universitat de
Barcelona. Diagonal, 647, E-08028 Barcelona, Spain

Until recently, shear banding has been considered to be related to the non-monotonic behavior of
the materials intrinsic flow curve. However, recent advances in the experimental equipment allowing
spatial and temporal resolution have revealed shear banding during start-up flows in soft glassy
materials defined as simple yield stress fluids having monotonous flow curves [1,2]. Furthermore,
these start-up, or fluidization, processes have been demonstrated to display properties familiar to
critical phenomena. For instance, the fluidization times scale as power-laws with respect to the
applied shear rate and stress, and under imposed stress, signs of Andrade creep, typical for yielding
transitions, are observed. The important unresolved questions relate to the origins, and as such,
to the universality of these scalings: Is the dynamics of the fluidization related to the experimental
setting, or is it due to the rheological response of the sample, or possibly a superposition of them
both?

Using simple rheological model coupled with the appropriate Navier-Stokes equation for rota-
tional Couette geometry, allowing for direct comparison with the experiments, we find a simple
explanation for these observations [3]. Based on the simulations, the heterogeneous yielding is
due to the non-homogeneous shear distribution of the device, which is amplified due to a positive
feedback between the flow field and the viscosity response of the shear thinning fluid. Further-
more, applying a more complicated Maxwell viscoelastic constitutive law for this scenario, certain
detailed aspects of the experimental observations related to sample elasticity, are explained.

[1] A. Fall, J. Paredes, D. Bonn, Phys. Rev. Lett. 105, 225502 (2010).
[2] T. Divoux, D. Tamarii, C. Barentin, and S. Manneville, Phys. Rev. Lett. 104, 208301 (2010).
[3] X. Illa, A. Puisto, A. Lehtinen, M. Mohtaschemi, and M. J. Alava, Phys. Rev. E 87, 022307
(2013).
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Steady State Thermodynamics

Shin-ichi Sasa

Department of Physics, Kyoto University, Kyoto 606-8502, Japan

Entropy is defined for equilibrium states of any material. In terms of the entropy as a function
of extensive variables, thermodynamic properties are described in a unified manner and simul-
taneously a fundamental limitation of operations to systems is formulated. Here, it is naturally
asked whether the thermodynamic framework can be extended to non-equilibrium steady states.
We call such a framework “steady state thermodynamics” (SST). Among several studies seeking
for SST, Landauer, Oono-Paniconi, and Ruelle independently considered the extension of entropy
by introducing excess heat or excess entropy production in the linear response regime. Stimu-
lated by the Oono-Paniconi paper, we formalized the concept of excess heat for stochastic systems,
where the key idea is the decomposition associated with the duality of Markov processes [1]. After
that, several extensions and different proposals have been made. In my talk, I review the current
understanding of SST including recent results. I also address open questions in SST.

[1] T. Hatano and S. Sasa, Phys. Rev. Lett. 86, 3463 (2001).
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Structure Factors of FPU Chains and Nonlinear Fluctuating Hydrodynamics

Christian Mendl and Herbert Spohn

Department of Physics and Mathematics, Technical University Munich, 85747 Garching, Germany

We investigate the dynamic structure factor of classical anharmonic chains with a translation
invariant interaction potential. It is argued that the structure factor can be predicted on the basis
of nonlinear fluctuating hydrodynamics. In fact our scheme is more general. It would cover also
other one-dimensional Hamiltonian systems, for example classical and quantum 1D fluids, with
the proviso that we deal with a few locally conserved fields. Required as input parameters are the
average equilibrium currents and the susceptibilities of the conserved fields. Nonlinear fluctuating
hydrodynamics is a system of conservation laws with noise. For a single mode it is equivalent to
the noisy Burgers equation, for which there is an explicit solution. Our focus is the case of several
modes, for which no exact solution is available, and we rely on a one-loop approximation. The
resulting mode-coupling equation is cubic with memory and describes the time evolving correlator
matrix of all locally conserved fields. Large time asymptotics can be obtained analytically. Finite
time properties are studied through numerical simulations of the mode-coupling equations. Our
numerical findings serve as a guideline to molecular dynamics simulations.
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Fluctuations and large deviations in some nonequilibrium systems

Sanjib Sabhapandit

Raman Research Institute, Bangalore 560080, INDIA

There has been a lot of excitement surrounding the so-called fluctuation theorem, which aims at
making a general statement about the fluctuations of entropy production during a nonequilibrium
process. I will start with the fluctuation theorem and its connection to the large deviations for
nonequilibrium systems. I will then show how the large deviation function can be evaluated for
the heat flow across a harmonic chain [1] and work done on Brownian particles by external random
forces [2–4]. Finally, application of the results to recent experiments will be discussed.

References:

[1] Large deviations of heat flow in harmonic chains,
Anupam Kundu, Sanjib Sabhapandit, and Abhishek Dhar, J. Stat. Mech. (2011) P03007.

[2] Work fluctuations for a harmonic oscillator driven by an external random force,
Sanjib Sabhapandit, EPL 96, 20005 (2011).

[3] Heat and work fluctuations for a harmonic oscillator,
Sanjib Sabhapandit, Phys. Rev. E 85, 021108 (2012).

[4] Work fluctuations for a Brownian particle in a harmonic trap with fluctuating locations,
Arnab Pal and Sanjib Sabhapandit, Phys. Rev. E 87, 022138 (2013).
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Exact matrix product solution for the boundary-driven Lindblad XXZ-chain

D. Karevsk i1, V. Popkov 2, and G.M. Schütz 3

1. Institut Jean Lamour, dpt. P2M, Groupe de Physique Statistique, Université de Lorraine,
CNRS, B.P. 70239, F-54506 Vandoeuvre les Nancy Cedex, France
2. Dipartimento di Fisica, Università di Firenze, via Sansone 1, 50019 Sesto Fiorentino (FI), Italy
3. Institute of Complex Systems II, Forschungszentrum Jülich, 52428 Jülich, Germany

We demonstrate that the exact non-equilibrium steady state of the one-dimensional Heisenberg
XXZ spin chain driven by boundary Lindblad operators can be constructed explicitly with a
matrix product ansatz for the non-equilibrium density matrix where the matrices satisfy a quadratic

algebra. This algebra turns out to be related to the quantum algebra Uq[SU(2)]. Coherent state
techniques are introduced for the exact solution of the isotropic Heisenberg chain with and without
quantum boundary fields and Lindblad terms that correspond to two different completely polarized
boundary states. We show that this boundary twist leads to non-vanishing stationary currents of
all spin components. Our results suggest that the matrix product ansatz can be extended to more
general quantum systems kept far from equilibrium by Lindblad boundary terms [1].

[1] Phys. Rev. Lett. 110, 047201 (2013).
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Commuting phase flows in the tropical periodic Toda lattice

Taichiro Takagi

Departament of Applied Physics, National Defense Academy, Kanagawa 239-8686, Japan

The Toda lattice is one of the most important examples of classical integrable systems that
appears in many topics in modern mathematics and physics. Among the growing interest in
tropical mathematics which combines piecewise linear geometry and min-plus algebra, a tropical
counterpart of periodic Toda lattice is attracting attentions [1]. It is a dynamical system derived
from a time-discretized version of the Toda lattice with a periodic boundary condition through
a limiting procedure called tropicalization. Its time evolution is described by a piecewise linear
equation known as the ultradiscrete periodic Toda equation. The initial value problem of this
equation was solved in terms of tropical Riemann theta functions, but no phase flows of the system
was known except that for the original time evolution.

In this work we present a new combinatorial description of this dynamical system with a repre-
sentation by two-colored strips which enables us to construct a family of commuting phase flows.
The commutativity is based on Yang-Baxter relations satisfied by the tropicalization of a birational
intertwining map [2]. The construction of such flows will be significant for the future studies of var-
ious tropical/ultradiscrete dynamical systems, because they can determine the global structure of
their iso-level sets as in the case of Liouville-Arnold’s theorem for integrable Hamiltonian systems.

[1] R. Inoue, A. Kuniba and T. Takagi, J. Phys. A 45, (2012) 073001.
[2] T. Takagi, J. Phys. Soc. Jpn., 81,(2012) 104005.
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Many-body localization and dynamical quantum phase transitions in random systems

Ehud Altman

Department of Condensed Matter Physics, Weizmann Institute of Science, Rehovot 76100, Israel

An isolated quantum many-body system subject to strong disorder can fail to transport energy
and thermalize through the phenomena of many-body localization . We formulate a dynamical real
space renormalization group framework to compute the time evolution of random quantum systems
in the many-body localized state. Using this approach we describe dynamical phase transitions
between a simple localized state and a glass like state showing long range temporal order. We
explain the striking universal features and ultra-slow (logarithmic) growth of the entanglement
entropy following a quench, as seen in recent numerical simulations. Thermalization is prevented
even at long times due to emergence of an infinite number of conserved.

We also show, using a specific model, how many-body localization can preserve topologically
protected edge states at arbitrarily high energy density. We demonstrate numerically that the
edge states can be addressed and manipulated as coherent ”q-bits”, with decoherence time growing
exponentially with system size, even when the bulk is effectively at infinite temperature. This is
an example of a symmetry and localization protected topological state of quantum dynamics.
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Entanglement Spectra of Two-dimensional Quantum Systems

Shu Tanaka 1

1. Department of Chemistry, University of Tokyo, 7-3-1, Hongo, Bunkyo-ku, Tokyo, 113-0033,
Japan

Study on entanglement has been agressively done in a wide area of science including quantum
statistical physics. The relation between existence of gap and entanglement in one-dimensional
quantum systems has been established. However, universal properties of entanglement in two-
dimensional quantum systems are not very known. We study entanglement properties of two-
dimensional valence-bond-solid (VBS) state [1,2] and ground state of quantum hard-square model [3].
We divide the whole system into two symmetric subsystems and analyze the reduced density ma-
trix (RDM). Especially, we focus on entanglement spectrum (ES) which is the “energy dispersion”
of entanglement Hamiltonian derived by RDM. We find that the ES of VBS state on square lat-
tice is similar with the energy dispersion of antiferromagnetic Heisenberg chain. To obtain the
central charge of entanglement Hamiltonian, we introduce a new quantity “nested entanglement
entropy” [2]. The central charge of entanglement Hamiltonian is c = 1 which is the central charge
of antiferromagnetic Heisenberg chain. This is called “VBS/CFT correspondence”. As with VBS
state, we study entanglement properties of quantum hard-square model where the ground state
can be described by projected entangled pair state (PEPS). We concentrate on the case where the
fugacity is critical value of the corresponding classical system. In this case, the ES is similar with
the energy dispersion of corresponding classical system. We also find that the central charge of the
entanglement Hamiltonian is the same as that of the corresponding classical system. The obtained
results display a beautiful relation between entanglement and two-dimensional quantum systems.

[1] Hosho Katsura, Naoki Kawashima, Anatol N. Kirillov, Vladimir E. Korepin, and Shu Tanaka,
J. Phys. A 43, 255303 (2010).
[2] Jie Lou, Shu Tanaka, Hosho Katsura, and Naoki Kawashima, Phys. Rev. B 84, 245128 (2011).
[3] Shu Tanaka, Ryo Tamura, and Hosho Katsura, Phys. Rev. A 86, 032326 (2012).
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Universal Corrections to the Entanglement Entropy in Gapped Quantum Spin 
Chains: a Numerical Study 
 
Olalla A. Castro-Alvaredo 
 
Department of Mathematics, City University London, Northampton Square, EC1V 0HB 
 
      In this poster I will mainly present the results of recent work in collaboration with E. Levi 
and B. Doyon [1].  In [1] we have carried out a numerical study of the bi-partite entanglement 
entropy in the gapped regime of two paradigmatic quantum spin chain models: the Ising chain 
in an external magnetic field and the anti-ferromagnetic XXZ model. The universal scaling limit 
of these models is described by the massive Ising field theory and the SU(2)-Thirring (sine-
Gordon) model, respectively. This has allowed us to exploit quantum field theoretical results to 
predict the behaviour of the entropy in the gapped chains mentioned above. One of our main 
results is the numerical confirmation (in the scaling limit) of the presence of corrections to the 
saturation of the entropy at large region size which are exactly proportional to the Bessel 
function Ko(2mr) where m is a mass scale (the inverse correlation length) and r the length of the 
region under consideration. The proportionality constant is simply related to the number of 
particle types in the universal spectrum of the quantum field theory. This was originally 
predicted in [2,3] for two-dimensional quantum field theories. Away from the universal region 
our numerics suggest an entropic behaviour following quite closely the quantum field theory 
prediction, except for extra dependencies on the correlation length. 
 

[1] E. Levi, O.A. Castro-Alvaredo and B. Doyon, arXiv:1304.6874. 
[2] J.L. Cardy, O.A. Castro-Alvaredo and B. Doyon, J. Stats. Phys. 130 (2008) 129-168. 
[3] B. Doyon, Phys. Rev. Lett. 102 (2009) 031602. 
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A New Version of the Second Law of Information Thermodynamics Using Entangle-
ment Measure

Hiroyasu Tajima 1

1. Department of Physics, The University of Tokyo, Komaba, Meguro, Tokyo 153-8505, Japan

We present a new version of the second law of information thermodynamics using an entan-
glement measure as the information content. In the new version Wext ≤ −∆F + kBTIE[1], the
new information IE is the amount of the entanglement taken from the system through a unitary
interaction between the system and the probe. The upper bound of the new second law is always
achievable when we use an infinite heat bath. We also prove for a two level system that when we
perform only thermodynamic operations such that the equality of Wext ≤ −∆F is achieved, we can
always achieve the new upper bound with a finite heat bath, whereas under the same assumption
as above there exists a measurement for which the upper bound of Wext ≤ −∆F + kBTIQC [2]
cannot be achieved irrespective of the feedback.

[1] H. Tajima, arXiv:1212.0407
[2] T. Sagawa and M. Ueda, Phys. Rev. Lett, 100 080403 (2008).
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Measurement-Based Quantum Computation Protected by Symmetry Breaking States

Masayuki Ohzeki1, Keisuke Fujii 2, Yoshifumi Nakata 3, and Mio Murao3,4

1. Department of Systems Science, Graduate School of Informatics, Kyoto University, Yoshida-
Honmachi, Sakyo-ku, Kyoto 606-8501, Japan
2. Graduate School of Engineering Science, Osaka University, Toyonaka, Osaka 560-8531, Japan
3. Department of Physics, Graduate School of Science, University of Tokyo, Tokyo 113-0033,
Japan
4. Institute for Nano Quantum Information Electronics, University of Tokyo, Tokyo 153-8505,
Japan

Measurement-based quantum computation (MBQC) is a paradigm for quantum computation.
We can perform various types of quantum computation following adaptive single-qubit measure-
ments on the prepared entangled-state. Thermal excitations in finite temperature yields errors
during quantum computation. We need a quantum error correction to protect the entangled state
to execute the desirable computation. However a transition in computational capability of MBQC
can arise by varying temperature although the prepared system, where we perform the quantum
computation. In the previous studies, MBQC is performed in the system with the free-Hamiltonian
without any interactions, which is weak against thermal excitations. In order to enhance the com-
putational capability of MBQC, we propose a novel technique of MBQC protected by thermal
states by use of interacting cluster Hamiltonian [2]. We show that its long-range order of the sym-
metry breaking states below a critical temperature shows drastic improvement of the robustness of
MBQC against thermal excitations. This property enables us to perform MBQC even at a temper-
ature an order of magnitude higher than that without any interactions, which are used in previous
techniques. We provide various information on the property of the interacting Hamiltonian related
to the proposed MBQC in the present study.

[1] R. Raussendorf and H. J. Briegel, Phys. Rev. Lett. 86, 5188 (2001).
[2] K. Fujii, Y. Nakata, M. Ohzeki and M. Murao, Phys. Rev. Lett. 110, 120502 (2013).
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New metrics for the economic complexity of countries and products

Andrea Gabrielli, Guido Caldarelli, Matthieu Cristelli, Andrea Tacchella, Luciano Pietronero

ISC-CNR, Rome, Italy

We investigate a novel methodology to extract valuable information on the competitiveness of 
countries and complexity of products from trade data [1,2].Standard economic theories 
predict a high level of specialization of countries in specific industrial sectors. However, a 
direct analysis of the official databases of exported products by all countries shows that the 
actual situation is very different. Countries commonly considered as developed ones are 
extremely diversified, exporting a large variety of products from very simple to very complex. 
At the same time countries generally considered as less developed export only the products 
also exported by the majority of countries. This situation calls for the introduction of a new 
non-monetary measure for countries economy which uncovers the hidden potential for 
development and growth. The new statistical approach we present here consists in coupled 
non-linear maps relating the competitiveness/fitness of countries to the quality/complexity of 
their products. The fixed point of this transformation defines new metrics for the fitness of
countries and complexity of products. We argue that the key point to properly extract the 
economic information is the non-linearity of the map which is necessary to bound the 
complexity of products by the fitness of the less competitive countries exporting them. We 
present a detailed comparison of the results of this new approach directly with those of the 
Method of Reflections by Hidalgo and Hausmann, showing the better performance of our 
method and a more solid economic and scientific foundation. 

References:
[1] A. Tacchella, M. Cristelli, G. Caldarelli, A. Gabrielli, L. Pietronero
``A New Metrics for Countries' Fitness and Products' Complexity"
Scientific Reports - Nature, 2, 723 (2012)

[2] G. Caldarelli, M. Cristelli, A. Gabrielli, L. Pietronero, A. Scala, A. Tacchella
``A network analysis of countries' export flows: firm grounds for the building blocks of the 
economy"
Plos One, 7, e47278 (2012).
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A New Metrics for Country Fitness and Product Complexity: Measuring the Growth

Potential and Technological Development of Countries

Matthieu Cristelli 1,2, Andrea Tacchella 2,1 and Luciano Pietronero 1,2

1. ISC-CNR, Institute for Complex Systems, Rome, Italy
2. Sapienza, University of Rome, Italy

A series of recent works [1,2] has shown that the competitiveness of national productive systems
and the complexity of products can be measured starting from the export flows collected by UN.
The idea underlying such an approach is that the intangible features determining the competitive-
ness of a country can be quantified by properly measuring what a country exports. In practice we
develop a novel statistical approach based on coupled non-linear maps, whose fixed point defines
a new metrics for the country Fitness and product Complexity.

The two metrics allow to define a new kind of fundamental analysis of the hidden growth
potential of countries.

First, it is possible to compare non-monetary factors of fitness and complexity with measures
of economic intensity such as the countries GDP per capita. We argue that this comparison is
informative on the growth potential of countries. As an example, countries that show both a high
fitness and a high complexity, but a low GDP per capita, are very likely to strongly boost their
income in the next decades. When retrofitting this model with growth data from 1995 to 2010, it
is possible to see that results well reflect what occurred in the real world over that period.

Secondly, combining information about the complexity of products with the explicit normalized
volumes of export of each single country, it is possible to realize a spectroscopy of each produc-
tive system, and using information about the dynamics of such spectra infer about their future
structure.

[1] Tacchella A, Cristelli M, Caldarelli G, Gabrielli A, Pietronero L (2012) A new metrics for

countries fitness and products complexity. Scientific Reports 2: 723
[2] Cristelli M, Tacchella A, Caldarelli G, Gabrielli A, Pietronero L (2013) submitted to PLoSONE
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Dynamics of Trust in Networks and Systemic Risk

João da Gama Batista 1, Jean-Philippe Bouchaud 2 and Damien Challet 1

1. Laboratoire de Mathématiques Appliquées aux Systèmes, École Centrale Paris
2. Capital Fund Management, Paris and École Polytechnique, Palaiseau

The feeling of confidence or trust is widely considered a crucial ”macro” variable to describe
the dynamics of the financial markets. It is driven both by objective information (e.g.: the state of
the economy) and interaction between the agents. Moreover, it is highly sensitive to expectations
about what other people expect, which is one of the fundamental feedback loops for self-fulfilling
prophecies. Sudden evaporation of trust tends to reinforce financial crises, for instance by causing
liquidity breakdowns. In contrast to more static approaches, we model both the creation and
destruction of the network over time, with a mutual feedback between one’s links to one’s trust-
worthiness. The dynamics of this model are such that losing trust is a faster phenomena than
gaining trust, triggering panic avalanches which cause sudden disintegrations of the network for
specific parameter values.

This research project is part of the pan-European initiative CRISIS [1] and will hopefully be
integrated in Agent Based Models of real economies in the future. Besides, the authors are working
with Cars Hommes [2] on the possibility of using human laboratory experiments to calibrate the
aforementioned model.

[1] Complexity Research Initiative for Systemic Instabilities: http://www.crisis-economics.eu
[2] Chair of the Department of Quantitative Economics, University of Amsterdam
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Distress Propagation in coupled foreign exchange and stock market networks 

Irena Vodenska 1, 2, 3, Di Zhou1, Dror Y. Kenett1, H. Eugene Stanley1, and Shlomo Havlin4

1. Center for Polymer Studies and Department of Physics, Boston University, Boston, MA 
2. Administrative Sciences Department, Metropolitan College, Boston University, Boston, MA 
3. Center for finance, law and policy, Boston University, Boston, MA 
4. Department of Physics, Bar-Ilan University, Ramat-Gan 52900, Israel 

Coupled networks have gained increased research attention lately. In a system of 
interdependent networks the dynamics of one network depends on another. Here, we study the 
dependencies of a stock market index network on one hand and foreign exchange rate network 
on the other. We examine daily returns of stock market indices and foreign exchange rates 
between 1999 and 2012 for sixty countries, and create two networks where nodes are countries 
and connectivity links are defined as probabilities of contagion derived from correlations 
between the nodes. Using two correlation computational approaches, partial correlation and 
Pearson correlation, we show that during financial crisis periods, the correlations within the 
stock and currency markets as well as the correlations between these two markets are higher 
compared to non-crisis periods. We introduce a shock into the system either damaging a stock 
market index node or a foreign exchange rate node to model risk propagation through the 
interdependent network system and find that certain countries are more efficient in spreading 
financial crisis across both network layers compared to others. While the Pearson correlation 
identifies the UK and the US as countries with largest influence, partial correlation shows 
weaker influence of the US in spreading the crisis when initially a stock market node is shocked. 
This may be due to the emergence of negative partial correlation between the US and other 
countries within the stock market index network, indicating that correlations in this network 
may be dominated by the global stock market trend.    
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Statistical physics of piecewise deterministic processes: theory and application to the
resilience of semi-arid ecosystems

Tobias Galla1, John Realpe-Gomez1,2, Mara Baudena3,4, Alan J. McKane1 and Max Rietkerk3

1. Theoretical Physics, School of Physics and Astronomy, The University of Manchester, Manch-
ester M13 9PL, United Kingdom
2. Grupo de Ciencia Transdisciplinar, Información, y Complejidad, Instituto de Matemáticas Apli-
cadas, Universidad de Cartagena, Boĺıvar, Colombia
3. Department of Environmental Sciences, Copernicus Institute, Utrecht University, P.O. Box
80155 TC Utrecht, The Netherlands
4. Grupo Interdisciplinar de Sistemas Complejos (GISC), Departamento de Matemáticas, Univer-
sidad Carlos III de Madrid, Avenida de la Universidad 30, 28911 Leganés, Madrid, Spain

We will discuss the effects of intrinsic noise on hybrid piecewise deterministic systems of inter-
acting individuals. Such systems are characterized by a large number of individuals inhabiting an
environment whose state is described by a set of continuous variables. The individuals may for
example be plants or animals, the continuous degrees of freedom describe quantities such as water
or nutrients. The dynamics is stochastic due to birth-death events of individuals, these happen at
discrete moments in time. The stochasticity in this dynamics is referred to as ‘demographic noise’.
Between the discrete birth-death events the dynamics is smooth and governed by deterministic
differential equations for the continuous variables.

We use analytical techniques from statistical physics, in particular the celebrated system-size
expansion due to van Kampen, and numerical methods to study the influence intrinsic noise has
on the behavior of such systems [1]. Effects of demographic stochasticity in spatial systems in-
clude noise-induced patterns and oscillations, not captured by deterministic approaches based on
reaction-diffusion equations.

We discuss the application of these concepts to models of semiarid ecosystems, characterised by
feedback mechanisms between water and vegetation. This can lead to spatial self-organisation of
vegetation, similar to those seen in real-world ecosystems. By means of numerical simulations we
show that demographic noise can have important effects on the extinction and recovery dynamics of
such model systems [2]. We find that stochastic models can escape extinction under a wide range
of conditions for which the corresponding deterministic approximation predicts absorption into
desert states. We will discuss the consequences for the modelling of resilient semi-arid ecosystems.

[1] J. Realpe-Gomez, T. Galla and A. J. McKane, Demographic noise and piecewise deterministic
Markov processes, Phys. Rev. E 86, 011137 (2012).
[2] J. Realpe-Gomez, M. Baudena, T. Galla, A. J. McKane, M. Rietkerk, Demographic noise
and resilience in a semi-arid ecosystem model, preprint arXiv:1209.2588, submitted to Ecological
Complexity.
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Instability of Polyion Suspensions

Anthony Karmis1, Philip Pincus1,2

1. Department of Physics, University of California, Santa Barbara, CA, 93106 USA
2. Department of Materials, University of California, Santa Barbara, CA, 93106 USA

At low ionic strengths, suspensions of highly charged moieties, e.g. polyelectrolytes, charged 
colloids, exhibit evidence for attractive interactions.  A possible theoretical model to explain 
these observations has been put forth by Patrick Warren [1] which is fundamentally an 
extension of the traditional “salting out” of simple electrolytes to the case of highly asymmetric 
electrolytes. Warren’s model has been criticized because of some internal inconsistencies.
We shall review this situation and report some new simulations and scaling results which lend 
some support to the Warren picture.

[1] P. B. Warren, The Journal of Chemical Physics 112, 4683 (2000).
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 Nonequilibrium Physics in Biochemical Networks: the Energy Cost of Adaptation 
 
Yuhai Tu1  
 

1. IBM T. J. Watson Research Center, Yorktown Heights, NY 10598, USA 
 
Adaptation is one of the most important phenomena in living systems. By studying simple 
biochemical networks underlying most biological sensory adaptation systems, we find that 
adaptation processes are necessarily dissipative and continuous energy consumption is required 
to maintain the adapted steady state [1]. Our study reveals a universal relation among energy 
dissipation rate, adaptation speed, and the maximum adaptation accuracy. This energy-speed-
accuracy (ESA) relation is verified in the Escherichia coli chemosensory system by direct 
measurements and detailed modeling. Our work provides a possible general principle governing 
cost-performance tradeoffs for regulatory functions and information processes in living cells.  
 
[1] “The energy-speed-accuracy trade-off in sensory adaptation”, G. Lan, P. Sartori, S. 
Neumann, V. Sourjik, Yuhai Tu, Nature Physics, March 2012. 
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Colloidal Osmotic Bulk Modulus of a Polymer-Crowded Colloidal Suspension  
 
Jinxin Fu, Vural Kara, and H. Daniel Ou-Yang 
 
Department of Physics, Lehigh University, Bethlehem, PA 18015, USA 
  

Colloidal suspensions with added non-adsorbing polymer can phase separate into polymer-
rich and colloid-rich phases due to polymer-induced attraction between the particles. While it is 
easy to understand the phenomenon conceptually, an accurate prediction for the phase diagrams 
of the colloid-polymer mixture requires a precisely known interaction between the particles. 
Using optical trapping and quantifying the force balance between the optical pressure and 
colloidal osmotic pressure, we have developed a new method to investigate the nanoparticles 
interactions by means of osmotic bulk modulus of a colloidal suspension [1,2]. This paper 
reports the use of the new approach to determine the thermodynamic state function, the colloidal 
osmotic pressure P, as a function of colloidal particle number density N, and the use of the P-N 
curve to determine the colloidal osmotic bulk modulus of polystyrene nanoparticles in high salt 
solutions of polyethylene glycol as a function of PEG molecular weight. 
 
1. J. Junio, S. Park, M.W. Kim and H. Daniel Ou-Yang “The Optical Bottle: A quantitative 

analysis of optically confined nanoparticle ensembles in suspension”, Special Issue: 
Nanoscale Interfacial Phenomena in Complex Fluids, Solid State Communications, 150, 
1003, 2010 

2. J. Junio, J. Ng, J. Cohen, Z. Lin, H.D. Ou-Yang, “Ensemble method to measure the 
potential energy of nanoparticles in an optical trap”, Optics Letters, 36, 8, 2011 

 
 

B5-3



STATPHYS25 JULY 21-26, 2013

AbstrActs contributed tAlks
170

A local view on sheared granular matter

Jean-François Métayer 1,2, Annika Döring 2, Song-Chuan Zhao 2, Mario Scheel 3 and Matthias
Schröter 2

1. Okinawa Institute for Science and Technology, Okinawa, Japan
2. Max Planck Institute for Dynamics and Self-Organization, Göttingen, Germany
3. ESRF, Grenoble, France

Whenever granular material flows along a stationary boundary, it is sheared. Examples reach
from downhill avalanches to industrial hopper flows. Inside the shear flow, the volume fraction will
change depending on the initial density; loose packings will compact when sheared, dense samples
will expand. The transition between these two responses is called dilatancy onset. At present our
understanding of it is still mostly phenomenological, e.g. there is no theory predicting the volume
fraction of dilatancy onset as a function of friction, shape, or pressure.

This talk will present a local view of sheared sphere packings using fast X-ray tomography at
the European Synchrotron Radiation Facility ESRF in Grenoble. While we find no scaling of the
volume response with the contact number, as stipulated by the Jamming paradigm, we do see a
dependence on the local volume fraction and the local strain rate.
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Kibble-Zurek mechanism and universality of quantum and classical dynamics near 
continuous phase transitions 
 
Anatoli Polkovnikov 
 

Department of Physics, Boston University, 590 Commonwealth Ave., Boston MA 02215, USA 
 
In this talk I will first briefly overview the original ideas behind the Kibble-Zurek mechanism of 
topological defect formation for systems driven through continuum phase transitions. Then I 
will explain how these ideas can be used to extend the scaling theory of continuum phase 
transitions (both quantum and classical) to the non-equilibrium domain. I will show how one 
can formally understand the scaling theory using non-adiabatic response extending the Kubo 
formalism to slowly driven systems. Using this response theory I will show how one can 
generalize quantum and classical Hall effect to the generic parameter space.  
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Drive Induced Interface Phase Transition

David Mukamel

Department of Physics of Complex Systems, The Weizmann Institute of Science, Rehovot 76100,
Israel

The effect of a localizing potential on the equilibrium steady state of a fluctuating interface is
well understood. Here, the effect of a localized drive on the (nonequilibrium) steady state of an
interface separating two phases in coexistence is analyzed [1]. This is done using a spin conserving
kinetic Ising model on a two dimensional lattice with cylindrical boundary conditions, where a drive
is applied along a single ring on which the interface separating the two phases is centered. Unlike
the equilibrium case of a localizing potential, the drive is found to induce an interface spontaneous
symmetry breaking whereby the magnetization of the driven ring becomes non-zero. The width of
the interface becomes finite and its fluctuations around the driven ring are non-symmetric. The
dynamical origin of these properties is analyzed in an adiabatic limit which allows the evaluation
of the large deviation function of the driven-ring magnetization.

[1] Tridib Sadhu, Zvi Shapira and David Mukamel, Phys. Rev. Lett.109, 130601 (2012)
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Nonequilibrium Phase Transitions and Nonequilibrium Critical Point from 
AdS/CFT Correspondence

Shin Nakamura 1

1. Department of Physics, Graduate School of Science, Nagoya University, Nagoya 464-8602,
Japan

The AdS/CFT correspondence [1] is a map between a quantum gauge theory and a classical 
gravity theory. I will overview the basics of this correspondence showing that the cumulant 
generating function of nonequilibrium systems can be obtained by using simple computations in 
the corresponding gravity theory. Then I will report my recent work [2] on a discovery of a 
novel nonequilibrium phase transition and nonequilibrium critical point that appear only in the 
nonlinear region of a current-driven nonequilibrium steady state. We consider a non-ballistic 
charge transport in a strongly-correlated system of infinite 3-dimensional volume, and
reproduce negative differential conductivity coming from the dynamical ionization of the 
system. We find that a phase transition where the conductivity and/or the differential 
conductivity jumps occurs in some parameter region. At the point of second-order phase 
transition, we also find critical phenomena. The gravity picture also suggests that the presence 
of the notion of the effective temperature of the current-driven nonequilibrium steady state. All
these results are obtained by employing the AdS/CFT correspondence.

[1] J. M. Maldacena, Adv. Theor. Math. Phys. 2 (1998) 231; Int. J. Theor. Phys. 38 (1999) 1113.
[2] S. Nakamura, Phys. Rev. Lett. 109 (2012) 120602.
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Spontaneous Symmetry Breaking at the Fluctuating Level in Classical and Quantum
Systems

Pablo I. Hurtado

Institute Carlos I for Theoretical and Computational Physics, and Departamento de Electromag-
netismo y F́ısica de la Materia, Universidad de Granada, 18071 Granada, Spain

Phase transitions not anticipated from the static behavior of many-body systems may happen
however at their dynamic fluctuating level. We observe for the first time this striking and general
phenomenon measuring current fluctuations in different stochastic transport models in one and two
dimensions [1-3]. While small fluctuations result from the sum of weakly correlated local events, for
currents beyond a critical threshold the system of interest self-organizes into a coherent traveling
wave which facilitates the current deviation by gathering energy or particles in a localized packet,
thus breaking translation invariance. This results in Gaussian statistics for small fluctuations but
non-Gaussian tails beyond the critical current. In two dimensions, we show that the traveling
wave profile remains invariant under rotations of the current vector and/or external field, and this
allows us to extend the Isometric Fluctuation Relation [4] to dynamical fluctuating phases. Our
observations, which agree with predictions derived from macroscopic fluctuation theory, strongly
suggest that rare events are generically associated with coherent, self-organized patterns which
enhance their probability.

A different kind of symmetry-breaking scenario in fluctuations may happen in open nonequilib-
rium quantum systems [5]. Within the general framework of the Lindblad master equation, it can
be shown that strong symmetries of the Liouvillian (i.e. commuting operators) imply the existence
of multiple nonequilibrium steady states (NESSs) [6], each with different transport properties,
which can be classified according to the symmetry eigenvalues. This opens up the possibility of
controlling exciton transport in open quantum systems using the symmetries of the initial state.
Furthermore, the degeneracy of the NESS is broken at the fluctuating level, giving rise to sev-
eral dynamic phase transitions separating fluctuating phases with well-defined, different symmetry
eigenvalues. We illustrate these ideas studying exciton transport in a nonequilibrium quantum
network.

[1] P.I. Hurtado and P.L. Garrido, Phys. Rev. Lett. 107, 180601 (2011)
[2] C.P. Espigares, P.L. Garrido and P.I. Hurtado, Phys. Rev. E 87, 032115 (2013)
[3] C.P. Espigares, P.L. Garrido and P.I. Hurtado, submitted to Phys. Rev. Lett. (2013)
[4] P.I. Hurtado, C.P. Espigares, J.J. del Pozo, and P.L. Garrido, Proc. Natl. Acad. Sci. USA
108, 7704 (2011)
[5] D. Manzano and P.I. Hurtado, Phys. Rev. Lett. (in press, 2013)
[6] B. Buca and T. Prosen, New Journal of Physics 14, 073007 (2012)
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Revisiting the flocking transition using active spins [1]

Alexandre Solon and Julien Tailleur

Univ Paris Diderot, Sorbonne Paris Cite, MSC, UMR 7057 CNRS, F75205 Paris, France

Active matter systems are driven out-of-equilibrium by the injection of energy at the single
particle level. This microscopic breakdown of detailed-balance is responsible for a wide range of
phenomena. Among them, the flocking behavior is particularly interesting for physicists since it
can be captured by very simple models of aligning self-propelled particles that exhibit genuinely
non-equilibrium phase transitions.

Even though these models have been studied extensively in the last decades, the precise nature
of the flocking transition and the underlying mechanisms remain elusive. Part of the difficulty
comes from the fact that they are very hard to coarse-grain, being defined off-lattice and in discrete
time.

We introduce a new flocking model, defined on lattice, that turns out to be simpler both to
simulate and study analytically. We consider an active Ising model, in which spins both diffuse
and align. The diffusion is biased so that plus or minus spins hop preferably to the left or to
the right, which generates a flocking transition at low temperature/high density. We construct a
coarse-grained description of the model that predicts this transition to be a first-order liquid-gas
transition in the temperature-density ensemble, with a critical density sent to infinity. In this
first-order phase transition, the magnetization is proportional to the liquid fraction and thus varies
continuously. Using microscopic simulations, we show that this theoretical prediction holds in
2d whereas the fluctuations alter the transition in 1d, preventing for instance any spontaneous
symmetry breaking.

[1] A.Solon, J.Tailleur, ArXiv e-prints 1303.4427, 2013
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Freezing phenomena and extremes in disordered multifractals: from 1/f noises to Rie-
mann zeta-function and decaying Burgers turbulence

Yan V Fyodorov

Queen Mary University of London, School of Mathematical Sciences, London E1 4NS, UK

The goal is to understand sample-to-sample fluctuations in disorder-generated multifractal in-
tensity patterns. Arguably the simplest model of that sort is the exponential of an ideal periodic 1/f
Gaussian noise. It most naturally emerges in the random matrix theory context, but attracted also
an independent interest in statistical mechanics of disordered systems. I will discuss the threshold
of extreme values of 1/f noise and provide a rather compelling explanation for the mechanism
behind its universality. Revealed mechanisms are conjectured to retain their qualitative validity
for a broad class of disorder-generated multifractal fields [1], and have implications for the value
distribution of the maximum of the modulus of the characteristic polynomials of large random
matrices and of the Riemann zeta-function along the critical line [2]. Similar mechanisms lead to
a phase transition with decreasing viscosity in one-dimensional decaying Burgers turbulence with
a power-lawcorrelated random profile of initial velocities [3]

[1] Y. V Fyodorov, P. Le Doussal, A. Rosso J. Stat. Phys. 149 (2012), 898-920
[2] Y. V Fyodorov, G. A. Hiary, J P. Keating Phys. Rev. Lett. 108 (2012) , 170601 & arXiv:1211.6063
[3] Y. V. Fyodorov, P. Le Doussal, A. Rosso EPL 90 (2010) 60004
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Rheology of granular flow via mode-coupling theory

Koshiro Suzuki 1 and Hisao Hayakawa 2

1. Canon Inc., 30-2 Shimomaruko 3-chome, Ohta-ku, Tokyo 146-8501, Japan
2. Yukawa Institute for Theoretical Physics, Kyoto University, Kitashirakawa Oiwake-cho, Kyoto
606-8502, Japan

It is well established that the kinetic theory is valid for granular flows of finite density [1], up
to volume fraction about 0.5. However, no convincing theory for dense granular flows with volume
fraction above 0.5 is yet known, although studies with numerical simulation have been reported
[2]. In particular, the relation between the jamming transition of athermal granular systems and
the glass transition of thermal glassy systems has been studied, and it has been concluded that
they are distinct [3].

The aim of our study is to theoretically derive the constitutive relation of the shear stress
and the shear rate of granular flows, which is reported in Ref.[2], and to uniformly explain the two
distinct transitions mentioned above [3]. For this purpose, we attempt to extend the mode-coupling
theory (MCT) [4] for underdamped sheared thermal systems [5, 6] to sheared granular systems
[7], which is consistent with the kinetic theory in the low-density limit. We couple the MCT with
the average granular temperature, which is governed by the energy equation. This coupling is
crucial for the rheology of granular systems, since, in contrast to thermal systems, the granular
temperature is a dynamical variable whose steady-state value is determined by the balance of the
shear rate and the dissipation rate. However, there is a problem that we have not yet succeeded in
numerically solving the coupled equations, at least until now. We are now trying to the stabilize
the calculation, and to confirm the existence of the non-glassy contribution of the shear stress,
which is a genuine feature of granular materials.

[1] N. V. Brilliantov and T. Pöschel, Kinetic theory of Granular Gases, Oxford, 2010.
[2] T. Hatano, M. Otsuki, and S. Sasa, J. Phys. Soc. Jpn. 76, 023001 (2007).
[3] A. Ikeda, L. Berthier, and P. Sollich, Phys. Rev. Lett. 109, 018301 (2012).
[4] W. Götze, Complex Dynamics of Glass-Forming Liquids. A Mode Coupling Theory, Oxford,
2009.
[5] K. Suzuki and H. Hayakawa, Phys. Rev. E 87, 012304 (2013).
[6] K. Suzuki and H. Hayakawa, AIP Conf. Proc. 1518, 750 (2013).
[7] K. Suzuki and H. Hayakawa, to be published in AIP Conf. Proc. (2013).
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Transport properties of vortices in the two-dimensional gauge glass

Liang Luo1 and Lei-Han Tang 1,2

1. Beijing Computational Science Research Center, 100084 Beijing, China
2. Department of Physics, Hong Kong Baptist University, Kowloon Tong, Hong Kong

The two-dimensional gauge glass model has been proposed to study transport properties of
granular superconducting films and disordered Josephson-junction arrays in a magnetic field. De-
tailed analytical and numerical studies have shown that the low temperature equilibrium behavior
of the system is controlled by a T=0 critical point with a finite density of states for gapless vortex
excitations. However, due to the random potential created by the disorder and the ground state
vortex configuration, vortex transport under a weak external current I is expected to be complex
and has not been analyzed in detail. In fact, previous numerical work suggested a change of be-
havior from Ohmic to power-law I-V at around T/J � 0.22, where J is the Josephson coupling
constant between neighboring superconducting grains. We report here more extensive simulations
of the gauge glass model under the resistively-shunted-junction (RSJ) dynamics at weak applied
currents and lower temperatures. Ohmic behavior is observed down to T=0.1 for arrays of size up
to 512x128. Simulations also indicate that the vortex configuration is insensitive to the tempera-
ture and a weak external current, suggesting that most of the dissipation is due to isolated vortices
that traverse in a random potential. Following this picture, we constructed a single vortex model
which quantitatively reproduces the RSJ simulation results. A key finding in our single-vortex
simulations is that a finite lifetime should be assigned to the vortex, corresponding to a relaxation
distance of about 7 lattice sites.
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Spin fractionalization on a Pyrochlore Lattice

Peter C. W. Holdsworth 1

1. Laboratoire de Physique, École Normale Supérieure de Lyon, Université de Lyon, CNRS, 46
Allée d’Italie, 69364 Lyon Cedex 07, France.

The decomposition of the magnetic moments in spin ice into freely moving magnetic monopoles
has added a new dimension to the concept of fractionalization, showing that geometrical frustration,
even in the absence of quantum fluctuations, can lead to the apparent reduction of fundamental
objects into quasi particles of reduced dimension [1]. The resulting quasi-particles map onto a
Coulomb gas in the grand canonical ensemble [2]. By varying the chemical potential one can drive
the ground state from a vacuum to a monopole crystal with the Zinc blend structure [3]. The
condensation of monopoles into the crystallized state leads to a new level of fractionalization: the
magnetic moments appear to collectively break into two distinct parts; the crystal of magnetic
charge and a magnetic fluid showing correlations characteristic of an emergent Coulomb phase [4].
The ordered magnetic charge is synonymous with magnetic order, while the Coulomb phase space
is equivalent to that of hard core dimers close packed onto a diamond lattice [5]. This separation
and cohabitation thus leads to a phase with antiferromagnetic order in a decoupled background of
collective paramagnetic fluctuations. The Coulomb phase remains remarkably ergodic despite the
monopole localization, providing a classical mechanism for background spin dynamics frequently
observed in frustrated magnets [6]. Finally we note that the spin liquid material Tb2Ti207 un-
dergoes a partial ordering transition under pressure whose characteristics are reminiscent of the
monopole crystallization in our model system [7].

[1] C. Castelnovo, R. Moessner, and S. L. Sondhi, Nature 451, 42 (2008).
[2] L. D. C. Jaubert and P. C. W. Holdsworth, Nature Physics 5, 258 (2009).
[3] M. Brooks-Bartlett, A. Harman-Clarke, S. Banks, L. D. C. Jaubert and P. C. W. Holdsworth,
In Preparation, (2013).
[4] C. L. Henley, Annual Review of Condensed Matter Physics 1, 179 (2010).
[5] D. A. Huse, W. Krauth, R. Moessner, and S. L. Sondhi, Phys. Rev. Lett. 91, 167004 (2003)
[6] C. Lacroix, P. Mendels, and F. Mila, Introduction to Frustrated Magnetism (Springer, 2011).
[7] I. Mirebeau, I. N. Goncharenko, P. Cadavez-Peres, S. T. Bramwell, M. J. P. Gingras, and J. S.
Gardner, Nature 420, 54 (2002).
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Fracturing ranked surfaces

Nuno A. M. Araujo1, Ken J. Schrenk1, Nicolas Pose1, J. S. Andrade Jr.2, and H. J. Herrmann1

1. Computational Physics for Engineering Materials, IfB, ETH Zurich, Wolfgang-Pauli-Strasse 27,
CH-8093 Zurich, Switzerland
2. Departamento de Fisica, Universidade Federal do Ceara, 60451-970 Fortaleza, Ceara, Brazil

Discretized landscapes can be mapped onto ranked surfaces, where every element (site or bond)
has a unique rank associated with its corresponding relative height [1]. When the landscape is
flooded according to this rank and global connectivity is suppressed, a fractal line emerges, which
is the watershed of the original landscape. This line hides a new tricritical point at a critical
fraction of flooded elements and, in the continuum limit, it is a Schramm-Loewner evolution (SLE)
curve [2]. A general description in the context of ranked surfaces allows unveiling how several
seemingly unrelated physical models tumble into the same universality class [1,3].

[1] K. J. Schrenk, N. A. M. Araujo, J. S. Andrade Jr., and H. J. Herrmann. Fracturing ranked
surfaces. Sci. Rep. 2, 348 (2012).
[2] E. Daryaei, N. A. M. Araujo, K. J. Schrenk, S. Rouhani, and H. J. Herrmann. Watersheds are
Schramm-Loewner evolution curves. Phys. Rev. Lett. 109, 218701 (2012).
[3] A. A. Moreira, C. L. N. Oliveira, A. Hansen, N. A. M. Araujo, H. J. Herrmann, and J. S.
Andrade Jr. Fracturing highly disordered materials. Phys. Rev. Lett. 109, 255701 (2012).
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Viral influence spreading in social networks

Hernán A. Makse

Levich Institute and Physics Department, City College of New York, New York, NY 10031, USA

Predicting the efficacy with which a message propagates through the structure of a social net-

work is a fundamental question in network science. We previously found that in online social

networks the most efficient spreaders of information are not necessarily highly connected individ-

uals, as often assumed, but rather, the location of the individual in the network determines the

spreading. Our analysis can identify effective spreaders that contribute to “viral” propagation

through the entire social structure. Furthermore, we show that a condition for sustaining a viral

process is the existence of a multilevel correlated graph with hidden “influence links”. Analytical

solutions predict phase transitions, either abrupt or continuous, where viral cascades occur as in

empirical data. Ultimately, our model predicts the conditions for viral cascading in a class of

multilevel correlated networks ranging from social to financial systems and markets.

A6-1



STATPHYS25 JULY 21-26, 2013

AbstrActs contributed tAlks
182

Multiplex Networks: Structure and Dynamics 
 
Kwang-Il Goh  
 
Department of Physics, Korea University, Seoul 136-713, Korea 
 

Most complex network studies thus far have been focused on single-layer framework. It 
becomes increasingly clear, however, that many real-world complex systems are multiplex---
nodes interact with multiple types of interactions (network layers) which co-exist, co-evolve, 
and co-operate. The interplay of such multiplex interactions may confer nontrivial consequences 
on network structure and dynamics. Here we present some recent progress towards 
understanding the effect of network multiplexity. From structural point, we introduce the 
concept of correlated multiplexity [1], formulate a generalized formalism for percolation in 
correlated multiplex networks [2], and present results for its topological robustness and 
biconnectivity properties. Further, we introduce a network evolution model based on the 
coevolution of network layers [3]. For network dynamics, we present results on threshold 
cascade process [4], together with some unpublished results on models of epidemic spreading 
and opinion dynamics, on multiplex networks. This presentation is based on the works done in 
collaboration with K.-M. Lee, J. Y. Kim, S. Lee, B. Min, J. Choi, I.-M. Kim (Korea University), 
S. Yi (SKKU), and C. D. Brummitt (UC Davis). 

 
 
[1] K.-M. Lee, et al., New J. Phys. 14, 033027 (2012). 
[2] K.-M. Lee, J. Y. Kim, S. Lee, and K.-I. Goh, in Network of Networks (eds.) G. D’Agustino 
and A. Scala (Springer, Berlin, forthcoming). 
[3] J. Y. Kim and K.-I. Goh, arXiv:1303.1369. 
[4] C. D. Brummitt, K.-M. Lee, and K.-I. Goh, Phys. Rev. E 85, 045102(R) (2012). 
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Core-Periphery Structure in Networks

Mason A. Porter1

1. Oxford Centre for Industrial and Applied Mathematics, Mathematical Institute and CABDyN
Complexity Centre, University of Oxford, UK

Numerous types of meso-scale structures can occur in networks, but investigations of such
features have focused predominantly on the identification and study of community structure. In
this talk, I discuss a new method to investigate core-periphery structure, which consists of a densely
connected core and a sparsely connected periphery. In contrast to traditional network communities,
the nodes in a core are also reasonably well-connected to those in the periphery. This new method
of computing core-periphery structure can identify multiple cores in a network and takes different
possible cores into account. I illustrate the differences between this method and existing methods
for identifying which nodes belong to a core, and we use it to classify the most important nodes
using examples of friendship, collaboration, transportation, and voting networks. I also discuss
an application to functional brain networks, in which analysis of core-periphery structure provides
a new approach for understanding how functional modules are connected. This, in turn, enables
the prediction of fundamental human capacities, such as the production of complex goal-directed
behavior.

This is joint work with Puck Rombach, Dani Bassett, Peter Mucha, James Fowler, Nick Wymbs,
and Scott Grafton.

[1] M. P. Rombach, M. A. Porter, J. H. Fowler, and P. J. Mucha [2012]. Core-Periphery Structure
in Networks, arXiv:1202.2684.
[2] D. S. Bassett, N. F. Wymbs, M. P. Rombach, M. A. Porter, P. J. Mucha, and S. T. Grafton
[2012]. Core-Periphery Organization of Human Brain Dynamics, arXiv:1210.3555.
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A stochastic model of local information diffusion on an online social network

Tatsuro Kawamoto1 and Naomichi Hatano2

1. Department of Physics, University of Tokyo, 4-6-1 Komaba, Meguro, Tokyo, Japan
2. Institute of Industrial Science, University of Tokyo, 4-6-1 Komaba, Meguro, Tokyo, Japan

In the case of online social networks, it is common that users spread the information of others
via functions of the web services such as Retweet on Twitter and Share on Facebook, and hence we
expect that the behavior of the information diffusion on an online network would be qualitatively
different from other networks. However, there are many external sources which affect the dynamics
of the information diffusion, thus its modeling can be microscopically very complex.

Unlike the modeling to treat arbitrary diffusion on the network [1-3], we focus on the daily
diffusion around a hub (a node with a high degree) since it would be less affected by external
sources and statistically tractable. We collected data from Twitter and found that the daily tweet
diffusion can be modeled as a random multiplicative process with respect to the distance from the
seed hub [4]. We further discuss the range of the diffusion and the situation where the information
reaches to the nodes extraordinary far from the seed node [5]. If the underlying network has a
loop-less homogeneous structure with infinite path length, there exists a transition point where
the diffusion never stops; we found that the transition point can be significantly lowered by the
correlation between the stochastic variables.

[1] W. Galuba, K. Aberer, D. Chakraborty, Z. Despotovic, and W. Kellerer, WOSN’10 (2010).
[2] E. Bakshy, J. M. Hofman, W. A. Mason, and D. J. Watts, 65-74, WSDM’11, (2011).
[3] S. Wu, J. M. Hofman, W. A. Mason, and D. J. Watts, 705-714, WWW’11, (2011).
[4] T. Kawamoto, arXiv:1209.5599 (2012). (to be published)
[5] T. Kawamoto and N. Hatano, arXiv:1211.2555 (2012).
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Forecasting large earthquakes using small-quake correlations 
Braden A. W. Brinkman1, Michael LeBlanc1, Yehuda Ben-Zion2, J. T. Uhl and Karin A. Dahmen1 
 

1. Department of Physics, University of Illinois at Urbana-Champaign, Illinois,  
2. Southern California Earthquake Center, California, USA 
 
It has long been speculated that periodic stress variations, such as the tides, may trigger 
earthquakes, and hence tide-earthquake correlations could be used as signals for predicting large 
earthquakes prior to failure. We developed a simple probabilistic model of earthquake triggering 
which we used to simulate series of earthquake events in a fault subjected to external periodic 
stresses of amplitudes and frequencies representative of tidal or seasonal stress variations. By 
analyzing correlations between small events and periodic stress cycles, we compute the 
probability that a large event will occur. Our results also apply to many other sheared frictional 
stick-slip systems which display small slips, such as rock interfaces or granular matter. 
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Dissipative Localized States with Shieldlike Phase Structure

Marcel G. Clerc

1. Departamento de F́ısica, Facultad de Ciencias F́ısicas y Matemáticas, Universidad de Chile,
Casilla 487-3, Santiago Chile

Parametrically driven extended systems exhibit dissipative localized states. Analytical solutions
of these states are characterized by a uniform phase and a bell-shaped modulus. Recently, a
type of dissipative localized states with a non-uniform phase structure has been reported [1-2],
the phase shielding solitons. Using the parametrically-driven and damped nonlinear Schrödinger
equation, we investigate the main properties of this kind of solutions in one and two dimensions
and develop an analytical description for their structure and dynamics. Numerical simulations are
consistent with our analytical results, showing good agreement. A numerical exploration conducted
in an anisotropic ferromagnetic system in one and two dimensions indicates the presence of phase
shielding solitons. The structure of these dissipative solitons is well described also by our analytical
results. The presence of corrective higher order terms is relevant in the description of the observed
phase dynamical behavior.

[1] M.G. Clerc, S. Coulibaly, M.A. Garcia-Nustes, and Y. Zarate, Phys. Rev. Lett. 107, 254102
(2011).
[2] M.G. Clerc, M.A. Garcia-Nustes, Y. Zarate, and S. Coulibaly, Phys. Rev. E. 87, 052915 (2013).
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Symmetry-breaking Hopf bifurcations to 1-, 2-, and 3-tori in small-aspect-ratio counter-
rotating Taylor-Couette flow

S. Altmeyer 1,2, J. M. Lopez 3, F. Marques 4 and Y. Do 2

1. Max-Planck-Institute for Dynamics and Self-Organization, 37073 Göttingen, Germany
2. Department of Mathematics, Kyungpook National University, Deagu, 702-701, Korea
3. School of Math. and Stat. Sciences, Arizona State University, Tempe, Arizona 85287, USA
4. Department of F́ısca Aplicada, Universitat Politècnica de Catalanya, Girona s/n, Mòdul B4
Campus Nord, 08034 Barcelona, Spain

The nonlinear dynamics of Taylor-Couette flow in a small aspect-ratio wide-gap annulus in
the counter-rotating regime is investigated by solving the full three-dimensional Navier-Stokes
equations [1]. The system is invariant under arbitrary rotations about the axis, reflection about
the annulus mid-plane, and time translations. A systematic investigation is presented, both in
terms of the flow physics elucidated from the numerical simulations as well as from a dynamical
systems perspective provided by equivariant normal form theory. The dynamics are primarily
associated with the behavior of the jet of angular momentum that emerges from the inner cylinder
boundary layer at about the mid-plane. The sequence of bifurcations as the differential rotation
is increased consists of an axisymmetric Hopf bifurcation breaking the reflection symmetry of the
basic state leading to an axisymmetric limit cycle associated to an invariant one-torus manifold
with a half-period-flip spatio-temporal symmetry. This undergoes a Hopf bifurcation breaking
axisymmetry, leading to quasi-periodic solutions evolving on a 2-torus that is only setwise half-
period-flip symmetric due to precession. These undergo a further Hopf bifurcation introducing a
third incommensurate frequency leading to a 3-torus that is also setwise half-period-flip symmetric
and the solution maintains its quasi-periodicity. On the 3-torus, as the differential rotation is
further increased, a saddle-node-on-an-invariant-circle (SNIC) bifurcation takes, destroying the
3-torus and leaving a pair of symmetrically-related 2-tori states on which all symmetries of the
system have been broken.

[1] S. Altmeyer, Y. Do, F. Marques, and J. M. Lopez. Symmetry-breaking Hopf bifurcations to 1-,
2-, and 3-tori in small-aspect-ratio counter-rotating Taylor-Couette flow. Phys. Rev. E. 86:046316
(2012).
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Parametric subharmonic instability for internal waves.

Thierry Dauxois

Laboratoire de Physique, École Normale Supérieure de Lyon, Université de Lyon, CNRS, 46 Allée
d’Italie, 69364 Lyon Cedex 07, France.

Internal waves are believed to be of primary importance as they affect ocean mixing and energy
transport. Several processes can lead to the breaking of internal waves and they usually involve
non linear interactions between waves. In this work, we study experimentally the parametric
subharmonic instability (PSI), which provides an efficient mechanism to transfer energy from large
to smaller scales. It corresponds to the destabilization of a primary plane wave and the spontaneous
emission of two secondary waves, of lower frequencies and different wave vectors. Using a time-
frequency analysis, we observe the time evolution of the secondary waves, thus measuring the
growth rate of the instability. In addition, a Hilbert transform method allows the measurement
of the different wave vectors. We compare these measurements with theoretical predictions, and
study the dependence of the instability with primary wave frequency and amplitude. Experiments
with vertical modes [1], plane waves [2] and inertial waves [3] will be presented.

A related laboratory study on the instability of internal wave attractors (limit cycles for these
waves) in a trapezoidal fluid domain will be also discussed. Above a threshold of the injected
energy, attractors are found to be destroyed by PSI via a triadic resonance which is shown to
provide a very efficient energy pathway from long to short length scales. This study provides an
explanation why attractors may be difficult or impossible to observe in natural systems subject to
large amplitude forcing.

[1] S. Joubaud, J. Munroe, P. Odier, T. Dauxois, Physics of Fluids 24, 041703 (2012).
[3] B. Bourget, T. Dauxois, S. Joubaud, P. Odier, Journal of Fluid Mechanics, in press (2013).
[2] G. Bordes, F. Moisy, T. Dauxois, P-P. Cortet, Physics of Fluids 24, 014105 (2012).
[4] H. Scolan, E. Ermanuyk, T. Dauxois, Physical Review Letters, submitted (2013).
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Two Coupled Brownian Motors subjected to Chaotic Noise

Lock Yue Chew

Division of Physics and Applied Physics, School of Physical and Mathematical Sciences, Nanyang
Technological University, Singapore 637371, Singapore

Recently, there is great interest in the application of the paradigm of Brownian ratchet to
construct nanoscale machines and devices [1,2]. Brownain ratchet is a novel concept in statistical
physics that arises from the principles of nonequilibrium thermodynamics [3]. It has not only served
to engineer useful nanodevices, it has also played an important role in the biophysical modeling
of protein transport and catalytic reactions [4]. In this talk, I will present my investigation into
the effects of coupling on a class of deterministic Brownian ratchets subjected to chaotic noise [5].
I will show the influence of statistical asymmetry in the noise on directed transport. By consid-
ering different configurations of the two-coupled ratchet systems: constant flashing, dichotomous
flashing, state-dependent, as well as different schemes of coupling between the particles, I shall elu-
cidate into the mechanisms of the coupled systems that are effective in enhancing or inhibiting the
directed current. The results here are envisaged to guide the design of efficient Brownian rectifiers
and sorters in the micro and nano domain for the purpose of sorting and segregation.

[1] A. Gomez-Marin and J. M. Sancho, Europhys. Lett. 86, 40002 (2009).
[2] B. Q. Ai, Y. F. He, and W. R. Zhong, Phys. Rev. E 83, 051106 (2011).
[3] P. Reimann, Phys. Rep. 361, 57 (2002).
[4] F. Jülicher, A. Ajdari, and J. Prost, Rev. Mod. Phys. 69, 1269 (1997).
[5] L. Y. Chew, Phys. Rev. E 85, 016212 (2012)
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Noise-induced phase transitions and critical fluctuations in collective dynamics of neu-
ronal networks

KyoungEun Lee, Alexander V. Goltsev, Marinho. A. Lopes, and José. F. F. Mendes

Department of Physics & I3N, University of Aveiro, 3810-193 Aveiro, Portugal

In the brain, interactions among neurons lead to diverse collective phenomena such as phase
transitions, self-organization, and brain rhythms. At the present time, understanding of mecha-
nisms of the collective phenomena remains elusive. In the present work, we propose an exactly
solvable cortical model of neuronal networks with stochastic excitatory and inhibitory neurons
stimulated by shot noise (a flow of random spikes bombarding neurons). We show that shot noise
stimulates non-equilibrium phase transitions in the collective dynamics of neuronal networks. We
reveal the nature of the transitions, the order parameters, the critical exponents, and their pre-
cursors in neuronal activity. If inhibitory neurons response faster than excitatory neurons, then
the system undergoes a first-order phase transition from low to high neuronal activity. Avalanches
and bursts of neuronal activity precede the transition. If inhibitory neurons response slower than
excitatory neurons, then the network undergoes a continuous non-equilibrium phase transition into
the state with sustained network oscillations. Saddle-node and supercritical Hopf bifurcations are
the mechanisms of emergence of the oscillations. We found precursors of the transitions in burst
activity and the power spectral density of activity fluctuations. We show that neuronal networks
stimulated by shot noise are excitable systems having collective dynamics similar to the Morris-
Lecar model of a biological neuron stimulated by an applied current. Based on the concept of
universality, we believe that the critical phenomena found in the cortical model also occur in real
neuronal networks.
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Modelling Proportionate growth

Deepak Dhar

Department of Theoretical Physics, Tata Institute of Fundamental Research, Mumbai 400005, India

It is fascinating to see baby animals grow into adults. Understanding the development of

different organs from a single egg cell has been the central problem in developmental biology for

over a hundred years. However, there is a considerably simpler problem of understanding how

a small baby animal grows to a much larger size, with different parts of the body growing at

approximately same rate. This is called proportionate growth.

In our recent work on patterns produced by growing sandpiles, this feature comes out quite

naturally from local rules, without fine tuning any parameter. The patterns produced are composed

of large distinguishable structures with sharp boundaries, and show proportionate growth. I will

describe how the exact characterization of the patterns is obtained in some illustrative cases.
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Scaling behavior of Euler products and random matrix theory

Taro Kimura,1 Shin-ya Koyama,2 and Nobushige Kurokawa3

1. Mathematical Physics Laboratory, RIKEN Nishina Center, Saitama 351-0198, Japan
2. Department of Biomedical Engineering, Toyo University, Saitama 350-8585, Japan
3. Department of Mathematics, Tokyo Institute of Technology, Tokyo 152-8551, Japan

The analogy between eigenvalues of a certain random matrix and the non-trivial zeros of Rie-
mann ζ-function has provided the study of Riemann Hypothesis (RH) with a great insight for
long years. In particular, it has been recently shown that a characteristic polynomial plays an
important role in considering moments of ζ-function on the critical line Re(s) = 1/2 [1,2]. This
suggests that it is meaningful to consider not only the non-trivial zeros, but the whole functions. In
this presentation we will introduce a finite version of Riemann ζ-function and Dirichlet L-function
from the viewpoint of the Euler product representation. We show a scaling behavior of such finite
analogs of ζ- and L-functions, and point out a similarity of the non-trivial zero to the critical
point in some 2nd order phase transitions. It is compared with the eigenvalue density function in
random matrix theory. We also commnet on convergency of the Euler product with emphasis on
its relation to the generalized conjecture, which is called Deep Riemann Hypothesis (DRH). This
work is based on [3] in part.

[1] J. P. Keating and N. C. Snaith, Comm. Math. Phys. 214 (2000) 57–89.
[2] E. Brézin and S. Hikami, Comm. Math. Phys. 214 (2000) 111–135.
[3] T. Kimura, S. Koyama, and N. Kurokawa, arXiv:1210.1216 [math.NT].
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Fluctuations in fracture: scaling and predictability

Juha Koivisto, Lasse Laurson, Markus Ovaska and Mikko Alava

COMP Centre of Excellence, Department of Applied Physics, Aalto University, Finland

We have studied fracture experimentally, with the eventual goal of predicting the lifetimes of
samples in an as early stage as possible. Paper samples are creep-tested under constant load in a
general tensile testing machine capable of external feedback. During an experiment the sample is
observed with a digital camera. This allows to obtain the localization of damage via a non-contact
measurement.

The standard strain behavior in creep experiment has three distinguishable features: At the
beginning there is an Andrade regime with power law dependence in strain rate, ε̇ ∼ t−2/3. In
addition, we measure local strain rate fluctuations ∆̇ε ∼ t−1/2 [1]. The distribution of strains
p(ε, t) has a scaling relation

f(ε/〈ε〉) = 〈ε〉p(ε, t).

The above results indicate that primary creep derives from an absorbing state phase transition
with the strain rate as an order parameter. Later in a typical experiment, one finds secondary
creep, with a logarithmic strain behavior until tertiary creep, where the strain rate accelerates
leading to final failure.

The transition from effective strain-hardening (primary and secondary creep) to strain-softening
is related to a Monkman-Grant type relation between the sample lifetime, tc, and time of minimum
strain rate, tm = Atc, where A = 0.83 in our case [2]. This can be reproduced with a visco-elastic
fiber bundle model, which first exhibits strain-hardening and then strain localization. The model
indicates that A is related to the sample geometry, which rules the transition from hardening to
softening.

The lifetime of the sample is correlated with primary creep strain extending the inherent pre-
dictability indicated by the Monkman-Grant law. This indicates that each particular experiment
is determined by the initial state of the sample, and the subsequent dynamics.

[1] J.Rosti, J.Koivisto, L.Laurson, and M.Alava, Fluctuations and scaling in creep deformation,
Physical Review Letters 105 (2010) 100601.
[2] A.Miksic, J.Koivisto, and M.Alava, Statistical properties of low cycle fatigue in paper, Journal
of Statistical Mechanics: Theory and Experiment (2011) 05002.
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Challenges to the predictive power of the ubiquitous Weibull distribution in fracture
statistics

Zsolt Bertalan 1 and Stefano Zapperi 1,2

1. ISI Foundation, Torino 10126, Italy
2. CNR IENI, Milano 20125, Italy

The Weibull distribution is commonly used in engineering to evaluate the failure probability of
materials and structures. Its derivation relies on the weakest link paradigm which ignores elastic
interactions. Using numerical simulations, we show in two distinct scenarios how disorder as well
as cracks and their interactions can be game changers in fracture statistics. Our results challenge
the conventional predictions of classical Weibull statistics.
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The Average Avalanche Shape: Universality Beyond Mean Field

Lasse Laurson1, Xavier Illa2, Stéphane Santucci3, Ken Tore Tallakstad4, Knut Jørgen Måløy4, and

Mikko J. Alava1

1. COMP Centre of Excellence, Aalto University, Department of Applied Physics, PO Box 14100,

00076 Aalto, Espoo, Finland

2. Departament Estructura i Constituents de la Materia, Facultat de F́ısica, Universitat de

Barcelona, Mart́ı i Franquès, 1, 08028 Barcelona, Catalonia, Spain

3. Laboratoire de physique, CNRS UMR 5672, Ecole Normale Supérieure de Lyon, 46 Allée d’Italie,

69364 Lyon Cedex 07, France

4. Department of Physics, University of Oslo, PB 1048 Blindern, NO-0316 Oslo, Norway

A number of different systems ranging from the Barkhausen effect in ferromagnetic materials

to plastic deformation, structural transitions and fracture of solids, and to earthquakes respond to

slow external driving by exhibiting intermittent, scale-free avalanche dynamics or crackling noise.

In most cases such avalanches are power-law distributed in size, and have a typical average shape:

these are the two most important signatures of avalanching systems. The avalanche shape scaling

function has recently been studied in the mean field limit [1,2]. Here we extend such studies and

show how the average avalanche shape evolves with the universality class of the avalanche dynamics,

by employing a combination of scaling theory, extensive numerical simulations of a class of interface

depinning models, and data from crack propagation experiments. The average temporal shape of

the avalanches is found to follow a simple scaling form parameterized by two numbers, the scaling

exponent relating the average avalanche size to its duration, and a parameter characterizing the

temporal asymmetry of the avalanches. The latter reflects a broken time-reversal symmetry in

the avalanche dynamics, emerging from the local nature of the interaction kernel mediating the

avalanche dynamics.

[1] S. Papanikolaou et al., Nature Phys. 7, 316-320 (2011).

[2] S. Zapperi, C. Castellano, F. Colaiori, and G. Durin, Nature Phys. 1, 46-49 (2005).
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Taming large fluctuations in disordered systems

Vı́ctor Mart́ın-Mayor 1

1. Departmento de Fisica Teorica I, Universidad Complutense de Madrid, Madrid 28040, Spain

A defining feature of glassiness is the exceedingly slow dynamics that forces working in non-
equilibrium conditions. Then, what is the relevance (if any) of equilibrium statistical mechanics?
It turns out that a time-length dictionary matches non-equilibrium behavior on infinite samples
(at finite times) to equilibrium properties of systems of finite-size [1].

We are thus led to study the free-energy landscape of finite systems. Technically, we do it
through a free-energy profile (also known as Helmholtz free-energy, or large-deviation functional)
that describes the landscape topography as a function of one or more order parameters.

The umbrella-sampling computation of free-energy profiles is customary in Chemical Physics.
However, umbrella sampling becomes exceedingly cumbersome when several order parameters are
needed. On the other hand, almost by definition, complex landscapes cannot be mapped with
a single order parameter. A recent refinement, tethered Monte Carlo, handles easily free-energy
profiles depending on several parameters [2]. The major problem is, then, a wise selection of order
parameters.

The consideration of free-energy profiles makes it feasible to average over disorder at the same
value of the order parameters (rather than same temperature, magnetic field, etc.). In this way,
huge statistical fluctuations are tamed, and a clearer picture of the overall behavior is obtained.

The approach that we advocate here has recently produced significant progress in several,
seemingly unrelated problems: temperature chaos in spin-glasses [3], crystallization in colloidal
systems [4], the verification of the Cardy-Jacobsen conjecture in three dimensions [5], or the critical
behavior of Random-Field-Ising-model like systems [6].

[1] Janus collaboration: R. Alvarez Banos et al., Phys. Rev. Lett. 105, 177202 (2010).

[2] V. Martin-Mayor, Phys. Rev. Lett. 98, 137207 (2007); L.A. Fernandez, V. Martin-Mayor, D.
Yllanes, Nucl. Phys.B 807, 424 (2009); Erratum-ibid. B 818, 212 (2009); V. Martin-Mayor, B.
Seoane, D. Yllanes, J. Stat. Phys. 144, 554 (2011).

[3] L. A. Fernandez, V. Martin-Mayor, G. Parisi and B. Seoane, submitted (2013).

[4] L. A. Fernandez, V. Martin-Mayor, B. Seoane and P. Verrocchio, Phys. Rev. Lett. 108, 165701
(2012).

[5] L.A. Fernandez, A. Gordillo-Guerrero, V. Martin-Mayor and J.J. Ruiz-Lorenzo, Phys. Rev. B
86, 184428 (2012).

[6] L. A. Fernandez, V. Martin-Mayor and D. Yllanes, Phys. Rev. B 84, 100408(R) (2011).
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The Cardy-Jacobsen conjecture is valid in three dimensions

L.A. Fernandez1,2 A. Gordillo-Guerrero2,3, V. Martin-Mayor1,2, J.J. Ruiz-Lorenzo2,4

1. Departamento de F́ısica Teórica I, Universidad Complutense, 28040 Madrid, Spain
2. Instituto de Biocomputación y F́ısica de Sistemas Complejos (BIFI), 50009 Zaragoza, Spain
3. Departamento de Ingenieŕıa Eléctrica, Electrónica y Automática, Universidad de Extremadura,
10071 Caceres, Spain
4. Departamento de F́ısica, Universidad de Extremadura, 06071 Badajoz, Spain

What happens upon disordering systems that (in the ideal pure limit) undergo a first-order
phase transition? This is rather common in condensed matter physics (i.e., in colossal magnetor-
resistence oxides).

A beautiful conjecture by Cardy and Jacobsen [1] provides an answer. Even if chemical disorder
couples to the energy, the answer lies on the Random-Field Ising model (RFIM), where the disorder
couples to the order parameter. As the disorder increases, the transition weakens and becomes
second-order at a tricritical point. The conjecture predicts that the scaling at this point can be
deduced from the RFIM.

Checking the conjecture in 3D has been notoriously difficult. Showing merely that the first-
order part of the critical line survive to some ammount of impurities in 3D required special tech-
niques [2,3]. Furthermore, estimations of the critical exponents in the RFIM are scattered in a
wide range. We now know that the difficulties arise from large corrections-to-scaling [4]. A rather
accurate computation was obtained recently [5], allowing a direct verification of the conjecture.

We report a numerical study of the site-diluted Potts model in 3D with Q=4 and 8 states [6].
As expected, the site-dilution softens the transition and a tricritical point appears. We employ the
microcanonical methods of [2,3] to average the entropy over the disorder samples, thus avoiding the
canonical-ensemble’s huge statistical fluctuation. After proper consideration of scaling corrections,
we conclude that the Cardy-Jacobsen conjecture is verified to a high numerical accuracy. Our
large-scale simulations were performed in Ibercivis, a citizen distributed supercomputer [6].

[1] J. Cardy and J. L. Jacobsen, Phys. Rev. Lett. 79, 4063 (1997); J. L. Jacobsen and J. Cardy,
Nucl. Phys. B 515, 701 (1998); J. Cardy, at STATPHYS20 conference, North-Holland (1999),
arXiv:9806355
[2] V. Martin-Mayor, Phys. Rev. Lett. 98, 137207 (2007).
[3] L. A. Fernandez, A. Gordillo-Guerrero, V. Martin-Mayor, and J. J. Ruiz-Lorenzo, Phys. Rev.
Lett. 100, 057201 (2008).
[4] N. Fytas and V. Martin-Mayor, submitted (2013).
[5] L. A. Fernandez, V. Martin-Mayor, and D. Yllanes, Phys. Rev. B, 84 100408(R) (2011).
[6] L. A. Fernandez, A. Gordillo-Guerrero, V. Martin-Mayor, and J. J. Ruiz-Lorenzo, Physical Rev.
B 86, 184428 (2012).
[7] More information in http://www.ibercivis.net.
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Nematic and Stripe glass phases in two dimensional systems with competing interac-

tions

Daniel A Stariolo 1 and Daniel G Barci 2

1. Department of Physics, Universidade Federal do Rio Grande do Sul, 91501-970 Porto Alegre,

Brazil

2. Department of Theoretical Physics, Universidade do Estado do Rio de Janeiro, 20550-013 Rio

de Janeiro, Brazil

Stripe phases are found in many different systems, from magnetic thin films to high Tc super-

conductors and block copolymers. The phase diagrams of these systems are very rich, showing

many different kinds of positional and orientational order, often similar to liquid crystal phases.

We study stripe forming systems with nearly isotropic competing interactions at different scales

in two spatial dimensions. We show that symmetry arguments lead naturally to the existence of

nematic phases associated with orientational order of interfaces between stripes but absence of po-

sitional long range order [1]. At low temperatures a stripe phase with orientational and positional

order may exist, depending on the effective range of the relevant interactions [2]. The equilibrium

phase diagrams are obtained and experimental evidence of the different phases in ultrathin ferro-

magnetic films with perpendicular anisotropy is shown. A key characteristic of this kind of systems

is frustration. We also show that this class of two dimensional models may undergo an ergodicity

breaking transition, leading to a glassy phase with persistent time dependent correlations. Our

results may be relevant to understand the low temperature physics of several mangetic, electronic

and soft condensed matter systems.

[1] D. G. Barci and D. A. Stariolo, Phys. Rev. Lett. 98, 200604 (2007).

[2] D. G. Barci and D. A. Stariolo, Phys. Rev. B 84, 094439 (2011).
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Dynamic Phase Transition in a Kinetically Constrained Model for Traffic 
D.M. Miedema, A.S. De Wijn, B. Nienhuis, P. Schall 
 

Institue of Physics, University of Amsterdam, Amsterdam, The Netherlands. 
 

Dynamic arrest is a general phenomenon across a wide range of dynamic systems 

including glasses, traffic flow, and dynamics in cells, but the universality of dynamic 

arrest phenomena remains unclear. We connect the emergence of traffic jams in 

traffic flow to the dynamic slow down in glasses.  A correspondence is established 

by identifying a simple traffic model as a kinetically constrained model. In kinetically 

constrained models, the formation of glass becomes a (singular) phase transition in 

the zero temperature limit. Similarly, using the Nagel-Schreckenberg model to 

simulate traffic flow, we show that the emergence of jammed traffic acquires the 

signature of a sharp transition in the deterministic limit, corresponding to 

overcautious driving. We identify a true dynamical critical point marking the onset 

of coexistence between free flowing and jammed traffic, and demonstrate its 

analogy to the kinetically constrained glass models.  
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Single polymer gating of channels under a solvent gradient

Debaprasad Giri

Department of Applied Physics, IIT (BHU), Varanasi 221 005, India

Using the lattice model of polymers, we study here the effect of a gradient of solvent quality
on the coil-globule transition for a polymer in a narrow pore. A simple self-attracting self-avoiding
walk model of a polymer in solution shows that the variation in the interaction strength across the
pore leads the system to go from one regime (good solvent) to the other (poor solvent) across the
channel. This may be thought analogous to thermophoresis, where the polymer goes from the hot
region to the cold region under the temperature gradient. The short polymer case is studied using
the exact enumeration method, whilst the long polymer case uses the transfer matrices method.
The distribution of the monomer density across the layer suggests that a gate-like effect can be
created, with potential applications as a sensor.

[1] S. Nath, D. P. Foster, D. Giri and S. Kumar (Submitted to EPL, 2013).
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- The Nature of Temporal Fluctuations in Musical Rhythms 

 
T. Geisel* 
 

Max Planck Institute for Dynamics and Self-Organization  
& Faculty of Physics, University of Göttingen 
& Bernstein Center for Computational Neuroscience Göttingen  
 

The human brain has an amazing accuracy in creating and perceiving time intervals. 
Musicians do not play rhythms entirely accurately in time, however. Slight deviations from an 
ideal beat pattern are a fundamental characteristic of music played by humans. Professional 
audio editing software therefore offers a so-called ’humanizing’ feature, a technique that allows 
adding random temporal fluctuations to a given audio sequence to give it a more human feel. 
The nature of these fluctuations in human musical performances had not been previously 
investigated, however.  

 
We have examined the characteristics of deviations from the exact beats for various 

combinations of hand, feet, and vocal performances. In all cases, the interbeat intervals 
exhibited long-range correlations across tens of seconds to minutes that are described 
mathematically by inverse power-laws and are characterizing the persistence of rhythmic 
memory. We have developed a patented technique that can make computer generated music 
sound more human. In musical perception listeners showed a high preference for music with 
long-range correlated temporal fluctuations over uncorrelated humanized music. 

 
Various audio demonstrations will highlight the general role of long range correlations in 

music and for its perception by the information processing in our brains. 
 
*work in collaboration with H. Hennig and R. Fleischmann 
  
 
 
 
 
 
 

A7-1



STATPHYS25 JULY 21-26, 2013

AbstrActs contributed tAlks
202

Bayesian approach to discrete tomography

E. Gouillart1, F. Krzakala2, M. Mézard3 and L. Zdeborová4

1Surface du Verre et Interfaces, UMR 125 CNRS/Saint-Gobain, 93303 Aubervilliers, France
2 CNRS and ESPCI ParisTech, 10 rue Vauquelin, UMR 7083 Gulliver, Paris 75005, France
3 Ecole normale supérieure, 45 rue d’Ulm, 75005 Paris, and LPTMS, Univ. Paris-Sud/CNRS, Bât.
100, 91405 Orsay, France
4 Institut de Physique Théorique, IPhT, CEA Saclay, and URA 2306, CNRS, 91191 Gif-sur-Yvette,
France

We consider the classical problem of reconstructing a two-dimensional discrete image from a set
of tomographic measurements corresponding to the Radon projection. Assuming that the image
has a structure where neighbouring pixels have a larger probability to take the same value, we
follow a Bayesian approach and introduce a fast message-passing reconstruction algorithm based
on belief propagation. This message passing method involves the (fast) solution of one-dimensional
Ising models along tomographic measurement lines, in a background random field created by
neighbouring pixels. On binary synthetic images, this algorithm compares favorably to more usual
convex optimization approach, both in terms of recovery bounds for noise-free projections, and in
terms of reconstruction quality when Gaussian noise is present [1].

[1] E. Gouillart et al., Inverse Problems 29 (2013) 035003
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From temporal to static networks, and back 
 
Petter Holme1 
 

1. Department of Energy Science, Sungkyunkwan University, Suwon 449-746, Korea 
 

The network structure of human contact patterns helps much in modeling the dynamics of 
infectious diseases. The field of network epidemiology, focusing on this aspect, has developed 
many tools and given us many insights the last decade. However, it rests on the assumption that 
contacts happen with time-independent probabilities over a static network. Real contacts, on the 
other hand, change on many time scales—as relationships form and disband; as people come in 
and out of range for contagion. To make the best out of network epidemiology, we would 
therefore need to construct static networks that encode as relevant temporal information as 
possible. We will present conceptually simple such representations. Among those, we find [1] 
that one method—exponential-threshold networks—consistently outperform others. In these, 
every contact contributes with a weight that decreases exponentially with time from the 
beginning of the epidemics. A pair with a weight higher than a threshold is then considered an 
edge. The more common time-slice representation also performs relatively well. Networks of 
accumulated contacts or concurrent relationships frequently perform much poorer than the 
exponential-threshold and time-slice representations. We also address a reversed question. 
Given a static network of accumulated contacts of a contact sequence. If we restrict ourselves to 
simple methods, then how can we assign times of contacts to best match disease spreading in 
the original data? Our preliminary results suggest the limited lifetimes of the edges (i.e. that 
links do become inactive) is an important factor. 
 
[1] P Holme. e-print arXiv:1302.0692. 
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Crossover in the fluctuation scaling of evolving regulatory networks

Deok-Sun Lee1

1. Department of Natural Medical Sciences and Department of Physics, Inha University, Incheon
402-751, Korea

From the noise in gene expression through phenotypic switching to population diversity, fluctu-
ations are prevalent on various scales in living organisms[1,2]. Understanding the origin and nature
of those biological fluctuations can thus help uncover the design and working principles of the living
systems that are subject to environmental selection and thereby evolve over generations. While
the snapshots of fluctuations on short time scales have been examined, the long-term evolutionary
nature of biological fluctuation is little understood. Here we introduce a simple but generic model
of the evolution of the gene transcriptional regulatory networks [3,4] and show that the scaling of
the dynamical fluctuation displays a crossover behavior with the scaling exponent increasing from
1/2 to 1 during evolution [5]. We present a theoretical framework to see how the stochasticity
of internal dynamics combines with the evolutionarily driven structural fluctuation in the whole
dynamics, and show that the observed crossover behavior originates in the variation of the patterns
of structural fluctuation during evolution. These results suggest that the dynamical fluctuations
in biological systems are reflecting the degree of evolution. Our study can help understand the
combinatorial impacts of multiple dynamical components, internal or external, in a wide range of
complex systems.

[1] M. B. Elowitz, A. J. Levine, E. D. Siggia, and P. S. Swain, Science 297, 1183 (2002).
[2] S.E. Maeng, J.W. Lee, and D.-S. Lee, Phys. Rev. Lett. 108, 108701 (2012).
[3] D.-S. Lee and H. Rieger, J. Theor. Biol. 248, 618 (2007).
[4] D.-S. Lee and H. Rieger, J. Phys. A 41, 415001 (2008).
[5] D.-S. Lee, submitted (2013).
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Bursts of Vertex Activation and Epidemics in Evolving Networks 
 
Luis E C Rocha and Vincent D Blondel 
 

Department of Mathematical Engineering, Catholic University of Louvain, Louvain-la-Neuve, 
B1348, Belgium 
 
The dynamic nature of human contact patterns creates diverse temporal structures. In particular, 
it has been shown that contact patterns follow heterogeneous inter-event time intervals, meaning 
that periods of high activity are followed by long periods of inactivity. Previous research using 
empirical networks suggest that these heterogeneities may either speedup or slowdown the 
spread of simulated infections depending on the system. To investigate these temporal 
constrains from a theoretical perspective, we propose a stochastic model to generate temporal 
networks where vertices make instantaneous contacts following heterogeneous inter-event 
intervals and may be replaced (turnover) [1]. We study how these properties affect the 
prevalence of an infection and estimate R0, the average number of secondary infections of an 
infectious individual in a completely susceptible population, by modeling simulated infections 
(SI – susceptible/infected – and SIR – susceptible/infected/recovered) co-evolving with the 
network structure. We find that the epidemics develop faster in the earlier stages followed by a 
slowdown in the asymptotic limit in the case of SI and heterogeneous patterns. For increasing 
vertex turnover rates, heterogeneous patterns generally cause higher prevalence in comparison 
to homogeneous scenarios with the same average inter-event interval. In the case of SIR model, 
heterogeneous contact patterns cause earlier and larger epidemics in comparison to 
homogeneous scenarios for a vast range of parameter values, while for moderate duration of 
infection, smaller epidemics may happen. We also find that R0 is typically higher for 
heterogeneous patterns, except for sufficiently large infection duration and transmission 
probability. 
 
[1] LEC Rocha and V Blondel. Bursts of Vertex Activation and Epidemics in Evolving 
Networks. Accepted in PLoS Computational Biology 2013. 
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Large deviations and optimization of cascade processes on graphs

Fabrizio Altarelli1,2

1. Department of Applied Science and Technology, Politecnico di Torino, Italy
2. Collegio Carlo Alberto, Moncalieri, Italy

Simple models of irreversible dynamical processes such as Bootstrap Percolation have been suc-
cessfully applied to describe cascade processes in a large variety of different contexts. However,
the problem of analyzing non-typical trajectories, which can be crucial for the understanding of
the out-of-equilibrium phenomena, is still considered to be intractable in most cases. Here we
introduce an efficient method to find and analyze optimized trajectories of cascade processes. We
show that for a wide class of dynamical rules, this problem can be solved efficiently on large scale
systems.

[1] F. Altarelli, A. Braunstein, L. Dall’Asta and R. Zecchina, submitted to PRE
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Dynamics of colloidal gels and glasses under gravitational stress 
 
Luca Cipelletti1 
 

1. L2C UMR 5221 Université Montpellier 2 et CNRS, Montpellier, France 
 

We use novel space and time resolved light scattering methods to investigate the dynamics of 
colloidal suspensions under gravitational stress.  

In the first part of my talk, I'll discuss the behavior of colloidal gels, where the volume 
fraction is moderate (phi~0.05-0.2) and attractive interactions are induced via the depletion 
mechanism. I'll show that a single parameter, the time dependent compressive strain rate, rules 
both the macroscopic settling of the gel and its microscopic dynamics [1]. Additionally, gels 
prepared at various volume fractions and interaction strength exhibit a universal beahvior in that 
their asymptotic concentration profile can be scaled onto a master curve [2]. 

In the second part of my talk, I'll discuss nearly neutrally buoyant suspensions of colloidal 
spheres, to which small amounts of fast-settling probe spheres are added. The focus will be on 
the volume fraction dependence of the suspension viscosity and its relationship with the 
structural relaxation time. 

 
[1] G. Brambilla, S. Buzzaccaro, R. Piazza, L. Berthier, L. Cipelletti, Highly nonlinear 

dynamics in a slowly sedimenting colloidal gel, Phys. Rev. Lett. 106, 118302 (2011) 
[2] S. Buzzaccaro, E. Secchi, G. Brambilla, R. Piazza and L. Cipelletti, Equilibrium 

concentration profiles and sedimentation kinetics of colloidal gels under gravitational stress, J. 
Phys.: Condens. Matter 24 284103 (2012) 
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Hydrodynamic Instability and Turbulence in Quantum Fluids

Makoto Tsubota

Department of Physics, Osaka City University, Osaka 558-8585, Japan

We discuss recent important topics on hydrodynamic instability and turbulence in quantum fluids
[1, 2]. Quantum turbulence was discovered in superfluid 4He in the 1950s. Quantum turbulence is
comprised of quantized vortices that are definite topological defects arising from the order param-
eter appearing in Bose-Einstein condensation. Quantum hydrodynamics and turbulence are still
studied actively in superfluid 4He and 3He, but the realization of atomic Bose-Einstein condensa-
tion in 1995 has proposed another important stage for this issue. A general introduction to this
issue and a brief review of the basic concepts are followed by some recent important developments.
In the latter half of my talk, I will discuss spin turbulence in spinor Bose-Einstein condnesates
focussing on some analogy with spin glass state [3].

[1] Progress of Low Temperature Physics Vol.16, eds. W. P. Halperin and M. Tsubota (Elsevier,
2009).
[2] M. Tsubota, M. Kobayashi and H. Takeuchi, Phys. Rep.522, 191 (2013).
[3] K. Fujimoto, M. Tsubota. Phys. Rev. A85, 033642 (2012); Phys. Rev. A85, 053641 (2012).
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NPL Management Ltd - Commercial 

Development of electronically coarse-grained model for the next generation of 
materials simulation 
V. P. Sokhan1, F. Cipcigan2, A. Jones2, J. Crain1,2, and G. J. Martyna3

1National Physical Laboratory, Hampton Road, Teddington, Middlesex TW11 0LW, UK 
2School of Physics and Astronomy, The University of Edinburgh, Edinburgh EH9 3JZ, UK 
3IBM T. J. Watson Research Center, Yorktown Heights, New York 10598, USA 

Atomistic computer simulation critically underpins materials design and allows structure-
property relations to be established at the nanoscale. The accuracy of its predictions is 
constantly improving and the scope is expanding due to advances in algorithms and processor 
power. On the other hand, technological advances demand qualitatively new models, flexible 
and adaptable to complex problems that include complex geometries, interfaces, and/or require
extreme conditions. 

I will present a powerful novel framework [1], in which the valence electrons of a molecule 
are replaced by a single quantum Drude oscillator that reproduces the electronic molecular 
responses to all orders of polarisation and dispersion terms, thus obviating the necessity of 
empirical van der Waals forces. Using this approach, we built a water model from molecular 
monomer and dimer properties and show that this framework is sufficient for a realistic liquid to 
emerge naturally with transferability to non-ambient states and inhomogeneous systems [2]. The 
model can be further exploited to build a next generation non-reactive force field for materials 
simulation. 

[1] A. P. Jones, J. Crain, V. P. Sokhan, T. W. Whitfield, and G. J. Martyna. Quantum Drude 
oscillator model of atoms and molecules: Many-body polarization and dispersion 
interactions for atomistic simulation. Phys. Rev. B 87, 144103 (2013).

[2] A. P. Jones, F. Cipcigan, V. P. Sokhan, J. Crain, and G. J. Martyna. Electronically coarse-
grained model for water. Phys. Rev. Lett. (2013, submitted). 
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Stability and bifurcations in films of binary mixtures with diffuse interfaces

Santiago Madruga 1, Fathi Bribesh 2 and Uwe Thiele 3

1. School of Aeronautical and Space Engineering, Polytechnic University of Madrid, Plaza Carde-
nal Cisneros 3, Madrid, Spain
2. Department of Mathematics, Zawia University, Zawia, Libya
3. Department of Mathematical Sciences, Loughborough University, Loughborough, UK

The dynamics of binary mixtures such as polymer blends is described by the model-H, a phe-
nomenological mean field model which couples momentum transport (Navier-Stokes) and diffusion
of the components (Cahn-Hilliard) [1]. We extend this model to films of mixtures with free evolving
surfaces to be able to study the combined effect of phase separation within the blend and struc-
turing of the surface of the film [2]. We find the vertically stratified solutions in extended films
of polymer blends with and without energetic bias at the free surface and study their stability,
showing that convective transport leads to new mechanisms of instability [3].

In addition, we study the non-linear solutions of steady films with arbitrary surface deflections
in confined geometries, by minimizing the underlying free energy functional at given composition
and volume constraints using a variational approach based on the Cahn-Hilliard equation. The
problem is solved numerically using the finite element method.

We show complicated states involving lateral structuring, strong deflections of the free surface,
oblique diffuse interfaces, checkerboard modes, or droplets of one component above the other one.
Results are presented in the form of bifurcation diagrams that give the free energy, and the L2-
norms of surface deflection and the concentration field, as functions of lateral domain size and
mean composition [4]. We discuss the effect of off-critical compositions, since a balanced overall
composition is not frequent in experiments. Furthermore we distinguish the role of energetic bias
at the free surface.

[1] D. M. Anderson, G. B. McFadden, and A. A. Wheeler. Ann. Rev. Fluid Mech., 30:139165,
1998.
[2] U. Thiele, S. Madruga, and L. Frastia. Phys. Fluids, 19:122106(123), 2007.
[3] S. Madruga and U. Thiele. Phys. Fluids, 21:062104(118), 2009.
[4] F. Bribesh, S. Madruga and U. Thiele. Eur. Phys. J. S.T., 219:3-12, 2013.
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From crystal nucleation to fast data acquisition

Florent Krzakala 1, Marc Mézard 2,3, Francois Sausset 2, Yifan Sun1,4 Lenka Zdeborová 5,

1. CNRS and ESPCI ParisTech, 10 rue Vauquelin, UMR 7083 Gulliver, Paris 75005, France.
2. Univ. Paris-Sud & CNRS, LPTMS, UMR8626, Bât. 100, 91405 Orsay, France.
3. Ecole normale supérieure, 45 rue d’Ulm, 75005 Paris, France
4. LMIB and School of Mathematics and Systems Science, Beihang University, 100191 Beijing,
China.
5. Institut de Physique Théorique, IPhT, CEA Saclay, and URA 2306, CNRS, 91191 Gif-sur-
Yvette, France.

Compressed sensing is a concept triggering a major evolution in signal acquisition in many
domains. It consists in measuring a sparse signal with a small number of linear projections and later
using computational power for its exact reconstruction. The aim is to reduce the measurement time
as much as possible. Using techniques and insights from statistical physics of disordered systems
we designed a new procedure which is able to reconstruct exactly the signal with a number of
measurements that approaches the information theoretical limit [2,3]. In particular, reconstruction
of the signal in compressed sensing can be formulated as a computation of local magnetizations
in a fully connected spin glass with continuous spins. Analyzing the corresponding phase diagram
we found that the best reconstruction algorithms are trapped in a metastable state, whereas the
solution corresponds to a crystal-like state. Inducing the nucleation of the crystal by a particular
design of the measurements the system manages to escape this metastability and reach the desired
crystal-state. Our results opened way to a number of new applications that will also be mentioned
in the talk.

[1] Donoho, D. L. (2006). Compressed sensing. Information Theory, IEEE Transactions on, 52(4),
1289-1306.
[2] Krzakala, F., Mézard, M., Sausset, F., Sun, Y. F., and Zdeborová, L. (2012). Statistical-physics-
based reconstruction in compressed sensing. Physical Review X, 2(2), 021005.
[3] Krzakala, F., Mézard, M., Sausset, F., Sun, Y., and Zdeborová, L. (2012). Probabilistic recon-
struction in compressed sensing: algorithms, phase diagrams, and threshold achieving matrices.
Journal of Statistical Mechanics: Theory and Experiment, 2012(08), P08009.
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THE GLOBALLY INTEGRATIVE RICH CLUB OF THE C. ELEGANS 
NEURONAL CONNECTOME 
 
Emma K. Towlson1, Petra E. Vértes2, Sebastian E. Ahnert1 and Edward T. Bullmore2,3,4 

 
1. Theory of Condensed Matter Group, Department of Physics, University of 
Cambridge, UK 
2. Behavioural & Clinical Neuroscience Institute, Department of Psychiatry, 
University of Cambridge, UK 
3. Cambridgeshire & Peterborough NHS Foundation Trust, Cambridge, UK 
4. GlaxoSmithKline, Addenbrooke's Hospital, Cambridge, UK 
 
Increasingly brain networks are analysed topologically as complex systems, yielding exciting insights 
into their organization, but the nematode worm, C. elegans, remains the only nervous system that has 
been mapped quite completely and exactly at a cellular level. Here we use graph theory to investigate 
this connectome, anatomically defined as 2,287 synaptic connections between 279 neurons. 
 
We identify a rich club [1] comprising almost exclusively the interneuronal components of the 
locomotor circuit, interconnected with high efficiency and high wiring cost. We show that this 
organization conforms to the same trade-off between adaptive value and physical cost as the rich club 
of human brain anatomical networks.  
 
The way the rich club is embedded within the network provides evidence that its constituent neurons 
may not only play important roles in coordinated movement, but also in facilitating the exchange of 
information across the nervous system. The rich club neurons are connector hubs, with high 
betweenness centrality, and disproportionately many inter-modular connections. On identifying the 
shortest topological paths (motifs) between pairs of peripheral neurons, the most frequently found 
motifs traverse the rich club. The functional importance of this integrative capacity is highlighted by 
the fact that the organism does not visibly move until all the rich club neurons have been born. 
 
[1] The rich club of the C. elegans neuronal connectome, Towlson et al, Journal of Neuroscience, 2013 
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Global Interaction Network of Human Gut Microbiota 
 
Jaeyun Sung1 and Pan-Jun Kim1,2 
1. Asia Pacific Center for Theoretical Physics, Pohang, Gyeongbuk, Republic of Korea, 
2. Department of Physics, POSTECH, Pohang, Gyeongbuk, Republic of Korea, 
 
Despite recent advances in knowledge of the microbial diversity inside the human gut, 
the global interaction dynamics between the myriad species and its influence on host 
health and disease remains poorly understood.  To better understand this relationship 
through systems approaches, we constructed a global interaction network of microbial 
species from publicly available microbiome samples of the human gut.  First, we 
defined an interaction as a link between two microbes (or between a microbe and host) 
displaying common uptake and secretion of chemical compounds.  This led to the 
development of three types of networks in our study: 1) Microbe-Compound Network: a 
bipartite network that connects the two sets of microbes and compounds; 2) Microbe-
Microbe Network: a graph that connects interacting species; and 3) Patient-Patient 
Network: a graph that links individual patients whose microbiome samples share 
properties of the previous two networks.  Statistical analysis of these network structures 
from samples across different phenotypes revealed novel insight into the relationship 
between microbial species and functional diversity and host health, including robust 
network clusters that can serve as diagnostic molecular signatures. 
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Crystallization Close to the Glass Transition: Dynamic heterogeneities do not precede

crystallization

Sven Dorosz and Tanja Schilling

Theory of Soft Condensed Matter, Université du Luxembourg, L-1511 Luxembourg, Luxembourg

We address the question whether a crystallization event can be predicted based on observations

of the mobility distribution in a supersaturated melt. We have carried out computer simulations

of overcompressed suspensions of hard monodisperse ellipsoids and observed their crystallization

dynamics. The system was compressed very rapidly in order to reach the regime of slow, glass-like

dynamics. We nd that, although particle dynamics become sub-diffusive and the intermediate

scattering function clearly develops a shoulder, crystallization proceeds via the usual scenario: nu-

cleation and growth for small supersaturations, spinodal decomposition for large supersaturations.

In particular, we compared the mobility of the particles in those regions where crystallization set

in with the mobility in the rest of the system. We did not nd any signature in the dynamics

that pointed towards the imminent crystallization event. Dynamic heterogeneity did not precede

crystallization. arXiv:1302.1118
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From Statistical Physics . . . to Matrix Decomposition:
Phase Diagrams, Optimal Bounds and efficient Algorithms

Florent Krzakala 1, Marc Mézard 2 and Lenka Zdeborová 3

1 CNRS and ESPCI ParisTech, 10 rue Vauquelin, UMR 7083 Gulliver, Paris 75005, France.
2 Ecole Normale Supérieure, 45 rue d’Ulm, Parism France
3 Institut de Physique Théorique, IPhT, CEA Saclay, and URA 2306, CNRS, 91191 Gif-sur-Yvette,
France.

The task of decomposing a matrix Y as a matrix product Y = AB is a well known problem in
linear algebra, that serves as the basis of many applications. Though seemingly simple, the task can
however become an overwhelmingly hard problem when Y is not entirely known or when a peculiar
structure is imposed on the matrices A and B (such as sparsity, of probabilistic requirements). This
generalization of matrix decomposition has become a fundamental problem in applied mathematics
that has many ground breaking applications in physics ranging from quantum state tomography (ie.
the task of measuring a low rank density matrix in quantum mechanical experiment) to calibration
of optical imagers in signal processing (dictionary learning) and data analysis (matrix completion).
Unfortunately the theoretical limits of when such matrix decompositions is possible and tractable
are still very poorly understood, while the algorithms to perform them are still limited.

Statistical physics, in general, and spin glass theory in particular, can be a great asset in
such situations. I will show how the combined use of the replica and the cavity method —from
mean-field spin glass theory— with the implementation of linear constraints [1,2] allows indeed
to achieve these goals and provides tools and methods for analyzing such problems in term of
phase transition, while providing new theoretical insights, benchmarks, as well and efficient and
promising algorithms. Applications of these ideas will also be discussed.

[1] Phase Diagram and Approximate Message Passing for Blind Calibration and Dictionary Learn-
ing, F. Krzakala, M. Mezard and L. Zdeborová, arXiv:1301.5898.
[2] Statistical physics-based reconstruction in compressed sensing F. Krzakala, M. Mzard, F. Saus-
set, Y.F. Sun, Lenka Zdeborová, Phys. Rev. X 2, 021005 (2012)
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Universal statistics for directed polymers and the Kardar Parisi Zhang equation: 
new tools from integrable systems and replica 
  
Pierre Le doussal 
 

LPTENS École Normale Supérieure Paris, France 
 
We briefly review recent progresses in the Kardar Parisi Zhang (KPZ) growth equation in 
d=1+1 and the new understanding of its very broad universality class, which encompasses 
models from physics and mathematics and shows a remarkable connection to random matrix 
theory (RMT). Using the mapping to directed polymers in a random potential we recall its 
connection to the 1D attractive Bose gas. From a combination of Bethe Ansatz and replica 
methods we sketch how the explicit summation over eigenstates can be performed, leading to 
the exact distribution of the KPZ height field with various initial conditions, and exhibiting its 
convergence at large time to the Tracy Widom distributions of largest eigenvalues of RMT 
(droplet, flat and half-space initial conditions leading to GUE, GOE and GSE ensembles 
respectively). Experimental evidence, as well as applications to 2D localized fermions are 
discussed. 
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Exact stationary two-point function for the 1D KPZ equation

Takashi Imamura 1 and Tomohiro Sasamoto 2,3

1. Research Center for Advanced Science and Technology , The University of Tokyo, 4-6-1 Komaba,
Meguro, Tokyo, 153-8904, Japan
2. Department of mathematics and informatics, Chiba University, 1-33 Yayoi-cho, Inage, Chiba
263-8522, Japan
3 Zentrum Mathematik, Technische Universität München, Boltzmannstrae 3, 85748 Garching bei
München, Germany.

The Kardar-Parisi-Zhang (KPZ) equation, which was introduced in 1986 to describe surface
growth phenomena, has been recognized as one of the standard models in non-equilibrium sta-
tistical mechanics and has been studied extensively by various methods such as the dynamical
renormalization group, mode-coupling etc.

In the last few years, some exact solutions have been obtained for its one-dimensional version
and its intricate properties have been clarified. In this presentation, we will explain the exact
solution for the stationary two-point correlation function, which is one of the most important
quantities in statistical mechanics[1,2]. Our solution is based on the replica approach to the KPZ
equation, which has turned out to be quite useful for various generalizations. We also explain some
subtleties in the replica computations and how one could overcome the difficulties in the discrete
models[3]. Connections to disordered systems and integrable systems will also be discussed.

[1] T. Imamura and T. Sasamoto, Phys. Rev. Lett. 108: 190603, 2012.
[2] T. Imamura and T. Sasamoto, J. Stat. Phys. 150: 908, 2013.
[3] A. Borodin, I. Corwin and T. Sasamoto, arXiv:1207.5035.
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Exact Off-Critical Solution of Generalized 2-d Models of Polymers and Percolation

Paul A. Pearce 1

1. Department of Mathematics and Statistics, University of Melbourne, Parkville, Victoria 3010,
Australia

The Yang-Baxter integrable Forrester-Baxter Restricted Solid-On-Solid lattice models on the

square lattice, with crossing parameter λ = (m′
−m)π
m′

, are considered in the logarithmic limit

m, m′
→ ∞, m/m′

→ p/p′ where p, p′ are coprime and the limit is taken through coprime values
of m, m′. Applying Corner Transfer Matrices, we argue that taking first the thermodynamic limit
and, second, the logarithmic limit yields generalized off-critical models of polymers (p, p′) = (1, 2)
and percolation (p, p′) = (2, 3) corresponding to the integrable thermal ϕ1,3 perturbation. The
logarithmic limit of certain Generalized Order Parameters (GOPs) are obtained [1] with critical

exponents βr,s = (2 − α)∆p,p
′

r,s
where 2 − α = p

′

2(p′
−p) and ∆p,p

′

r,s
= (rp

′
−sp)2−(p′

−p)2

4pp′
. This yields

all conformal dimensions ∆p,p
′

r,s
< (p′

−p)(9p−p
′)

4pp′
, r, s = 1, 2, . . . in the infinitely extended Kac tables.

As befits a non-unitary theory, some GOPs diverge at criticality.

[1] Paul A. Pearce and Katherine A. Seaton, Off-critical logarithmic minimal models, J. Stat. Mech.
(2012) P09014, 21pp.
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Intermittent search in spatially inhomogeneous environments

Heiko Rieger and Karsten Schwarz

Department of Physics, Saarland University, 66123 Saarbrücken, Germany

During intermittent motion a searcher, for instance a foraging animal or an intracellular trans-
port vesicle, alternates between phases of slow motion allowing detection and fast motion without
detection. A standard model of this intermittent search process involves particles (searchers) that
alternate randomly between diffusive (slow) and ballistic (fast) motion. Here we consider the case
of inhomogeneous environments described by spatially varying rates ρΩ(r) for transitions from
diffusion to ballistic movement in a randomly chosen space direction Ω and fixed velocity. A
paradigmatic example is the intracellular transport of cargo (proteins or vesicles), which can per-
form molecular motor assisted ballistic motion along filaments of the cytoskeleton: the filament
density and with it the probability ρΩ(r) for cargo to attach to a filament in direction Ω is in gen-
eral anisotropic (i.e. varies with Ω) and spatially inhomogeneous (i.e. varies with r). In foraging
such an anisotropic and spatially inhomogeneous transition rate means that the searcher has space
dependent preferences for the direction of ballistic motion. Two questions arise: 1) Given specific
transition rates ρΩ(r), how does the probability density of searchers evolve in time, what is the
first passage time distribution to find an immobile or mobile target, etc.? 2) Together with the
average duration of ballistic motion, the transition rates ρΩ(r) represent a search strategy that can
be adapted to a spatially inhomogeneous target distribution. Given the latter, what is the optimal
search strategy defined in terms of a specific spatially anisotropic and inhomogeneous transition
rates ρΩ(r)? With the help of a dedicated first passage time kinetic Monte Carlo algorithm, which
is able to handle spatially inhomogeneous transition rates between diffusive and ballistic motion,
we study these two questions in different setups and discuss applications to intra-cellular transport
and general search problems.
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Effects of confinement on statistics of encounter times in lattices and its 
implications for the kinetics of reversible reactions 
 
Ziya Kalay 1 
 

1. Institute for Integrated Cell-Material Sciences (WPI-iCeMS), Kyoto University, Kyoto 606-
8501, Japan 
 

Motivated by the question of how molecular confinement affects kinetics of reactions in a 
complex medium such as a biological cell, we study the effects of temporarily and permanently 
confining domains on the statistics of first-passage times in finite lattices in one and two 
dimensions. We present exact results for the mean and variance of the first-passage time 
between arbitrary sites in the following: (1) a finite one-dimensional lattice partitioned into 
temporarily confining domains and (2) a finite two-dimensional lattice with reflecting 
boundaries for a single random walker and an immobile target [1]. In the one-dimensional case, 
we also present the full first-passage time distribution via numerical inversion of Laplace 
transforms. For temporarily confining domains in one dimension, we find that the mean first 
return time to a fixed target does not depend on the characteristic escape time from a domain (or 
the strength of confinement). We discuss the implications of this on the kinetics of reversible 
dimerization reactions between diffusing molecules in a partitioned surface and show that it is 
necessary to observe the fluctuations in the reaction rate, and not just its average value, to gain 
information about how the structure of a medium would affect reaction kinetics [2]. 
 
[1] Z. Kalay, J. Phys. A: Math. Theor. 45:215001, 2012. 
[2] Z. Kalay, T.K. Fujiwara, A. Kusumi, PLoS ONE, 7(3):e32948, 2012. 
 

D7-5



STATPHYS25 JULY 21-26, 2013

AbstrActs contributed tAlks
221

Environmental vs. demographic variability in stochastic lattice predator-prey models

Ulrich Dobramysl and Uwe C. Täuber

Department of Physics, Virginia Tech, Blacksburg, VA 24061-0435, USA

In contrast to the neutral population cycles of the deterministic mean-field Lotka–Volterra rate
equations, including spatial structure and stochastic noise in models for predator-prey interactions
yields complex spatio-temporal structures associated with long-lived erratic population oscillations.
Environmental variability in the form of quenched spatial randomness in the predation rates results
in more localized activity patches. Population fluctuations in rare favorable regions in turn cause
a remarkable increase in the asymptotic densities of both predators and prey [1]. Very intriguing
features are found when variable interaction rates are affixed to individual particles rather than
lattice sites. Stochastic dynamics with demographic variability in conjunction with inheritable
predation efficiencies generate non-trivial time evolution for the predation rate distributions, yet
with overall essentially neutral optimization [2].

[1] Phys. Rev. Lett. 101, 258102 (2008) [arXiv: 0804.4127]
[2] Phys. Rev. Lett. (in print, 2013) [arXiv:1206.0973]

A8-1



STATPHYS25 JULY 21-26, 2013

AbstrActs contributed tAlks
222

Long-range Fluctuation Correlation in Collective Motion 
 
Xiang Yang, Xiao Chen, Cheng Tai, David Cai, and Hepeng Zhang 1  

 

1. Department of Physics and Institute of Natural Sciences, Shanghai Jiao Tong University, 
Shanghai, 200240 
 

Experimental measurements in collectively moving systems, such as bird flocks and 
bacteria dynamic clusters, revealed that fluctuations of individual velocity and speed exhibit 
extended spatial coherence with correlation lengths about 30-40% of the system spatial size. 
These measurements strongly suggest that long-range fluctuation correlation may be a general 
feature of collectively moving systems. Through Viscek-type numerical models for collective 
motion, we show that long-range fluctuation correlation emerges robustly in ordered states 
irrespective of the interaction parameters and system dimensions. The ratio of correlation 
length to system size is approximately 35% in two-dimensional systems and 40% in 
three-dimensional systems. In ordered states with sufficiently strong noises, the correlation 
functions collapse onto a master curve after rescaling the separation with correlation length.  
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Vortex lattice formation of self-propelled particles

Ken H. Nagai 1 and Igor S. Aranson 2

1. Department of Physics, Graduate School of Science, the University of Tokyo, 7-3-1 Hongo,
Bunkyo-ku, Tokyo, Japan, 113-0033
2. Materials Science Division, Argonne National Laboratory, 9700 South Cass Avenue, Argonne,
Illinois 60439, USA

Certain kinds of birds or fish show swarming behaviors [1] and collective migration of epithelial
cells during wound healing has been reported [2]. Since there are expected to be universal aspects,
such collective behaviors are extensively studied using simple mathematical models similar to the
Ising model for phase transition between equilibrium states [3]. As one of swarming phenomena
observed using such mathematical models, we reported the formation of the vortex lattice of
microtubules driven by dyneins fixed on a glass plate [4]. Using the multi-agent model based on
Vicsek model in ref. [3], the vortex lattice formation was reproduced and it was found that the
long correlation time related to the motion of a microtubule is one of the important factors for the
vortex lattice formation.

To clarify the mechanism of the formation of the vortex lattice, we made the continuum descrip-
tion of the multi-agent model used in ref. [4]. We evaluated the effective potential of two particles
and found that there are a short-range attraction and a long-range repulsion. Using the evaluated
interaction, the continuum description, which forms a hexagonal lattice with the large density of
the particles, was obtained. We confirmed that the obtained continuum description corresponds
to the original multi-agent model and concluded that the effective interaction of the particles is
the key factor for the formation of the vortex lattice.

[1] T. Vicsek and A. Zafeiris, Phys. Rep., 517, 71-140 (2012).
[2] M. Poujade, et al., Proc. Nat. Acad. Sci. U. S. A., 104, 15988-93 (2007).
[3] T. Vicsek, et al., Phys. Rev. Lett., 75, 1226-1229 (1995).
[4] Y. Sumino, et al., Nature, 483, 448-452 (2012).

A8-3



STATPHYS25 JULY 21-26, 2013

AbstrActs contributed tAlks
224

Condensation and Intermittency in an Open-Boundary Aggregation-Fragmentation
Model

Himani Sachdeva1, Mustansir Barma1 and Madan Rao2

1. Tata Institute of Fundamental Research, Homi Bhabha Road, Mumbai, India
2. Raman Research Institute, C.V. Raman Avenue, Bangalore, India

We study real space condensation in aggregation-fragmentation models in which the total mass
is not conserved, but can fluctuate due to the exit of clusters of all sizes, as happens in a number
of physical systems. We study a 1D model with diffusion, aggregation and chipping of single units
in the bulk, along with influx and outflux of masses at the boundaries [1]. With increasing influx,
the system undergoes a transition to a condensate phase, in which the condensate shows giant
number fluctuations. These give rise to novel signatures: the steady state distribution P (M) of
the total mass has a dominant non-Gaussian tail ∼ exp(−M/M0) where M0 scales with system
size L, implying that fluctuations are of the same order as the mean mass. Interestingly, the time
series M(t) departs strongly from self-similarity and shows quantitative features of intermittency:
the flatness κ(t) = 〈[M(t) − M(0)]4〉/〈[M(t) − M(0)]2〉2 is a scaling function of τ = t/L2 and
diverges as τ → 0. These features are established analytically in the limit of zero chipping and by
numerical simulations for non-zero chipping. The phase transition also occurs when the movement
of stacks is biased. In this case, P (M) has a Gaussian form, even in the condensate phase, when
stacks of mass of order

√
L are formed. Their exit, however, leads to temporal intermittency, with

the flatness κ(t) now being a scaling function of τ = t/
√
L, and diverging as τ → 0.

[1] H.Sachdeva, M.Barma, M.Rao, Phys. Rev. Lett. (2013); to be published.
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Impacts of compatibility to the organization of mutualistic networks 
 
Seong Eun Maeng 1, Jae Woo Lee1, and Deok-Sun Lee 1,2. 
 

1. Department of Physics , Inha University, Incheon 402-751, Korea 
2. Department of Natural Medical Sciences, Inha University, Incheon 402-751, Korea 
 
From the cellular components in a biological cell to human beings in a society, the constituents 
of complex systems interact in multiple ways such as activation, inhibition, cooperation, or 
competition. The formation of such distinct relationships in a system may interfere with one 
another and thus the organization of one type of interaction can be better understood with the 
knowledge of another. Referring to the plant-pollinator mutualistic networks [1], here we 
investigate the structural features of a bipartite network [2], in which the mutualistic 
relationship between two different types of nodes is established under the influence of the 
compatibility among the nodes of the same type. Interestingly, we find that the degree 
distributions obtained for extremely broad compatibility distributions are similar to those for a 
constant compatibility, both of which deviate from those for the Gaussian compatibility 
distributions [3]. We present analytic arguments to understand this finding. Also the expected 
topological similarity between two nodes is illustrated with regard to their compatibility. Our 
findings are discussed in connection with the multiplexity of complex systems. 
 
[1] M. Pascual and J. Dunne, Ecological Networks: Linking Structure to Dynamics in Food 
Webs (Oxford Univ. Press, 2005). 
[2] S. E. Maeng, J. W. Lee, and D.-S. Lee, Phys. Rev. Lett. 108, 108701 (2012).  
[3] S. E. Maeng, J. W. Lee, and D.-S. Lee, submitted (2013).   
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How Things Slide: Rapid Dynamics at the Onset of Friction 
 
Jay Fineberg 
The Racah Institute of Physics, The Hebrew University of Jerusalem, 
Givat Ram, Jerusalem Israel 
 
The dynamics of how two rough frictional interfaces detach is a fundamental question in fields 
ranging from material science to geophysics. On the one hand, the onset of frictional motion is 
thought to be characterized by the static friction coefficient that couples two materials. For 
hundreds of years, this has been considered to be a material constant. On the other hand, the 
same processes that give rise to the onset of frictional motion also cause earthquakes, when 
tectonic plates locked together by friction start to slip. We describe new experiments that 
examine how rapid crack-like processes that fracture a frictional interface cause the onset of 
macroscopic motion that we know as frictional sliding. Results of this study are surprising. We 
both demonstrate that a number of different types of earthquakes exist and that the “static 
friction coefficient” is not a material constant at all, but is intimately related to the details of 
how forces are applied to a system. 
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Phase Transition of a Meniscus in a Capillary under the Influence of Gravity

C. Rascón 1, A.O. Parry2, E.A.G. Jamie3, D.G.A.L. Aarts3

1. GISC, Departamento de Matemáticas. Universidad Carlos III de Madrid, Spain
2. Department of Mathematics, Imperial College London, United Kingdom
3. Department of Physical Chemistry, Oxford University, United Kingdom

Phase transitions of inhomogeneous fluids such as wetting and capillary-condensation that oc-
cur when a fluid is confined near a substrate or in parallel-plate geometries have received enormous
attention over the last few decades. In most theoretical studies of these transitions, the influence
of a gravitational field is either considered secondary or, more often, completely neglected. How-
ever, it is clear that gravity plays a central role in many practical situations and, in combination
with confinement, induces further interfacial behaviour. Consider, for example, a large volume of
a non-volatile liquid in a cylindrical pore which is capped at its bottom. What happens to the
liquid when the capillary is slowly turned to the horizontal? Common experience tells us that,
if the capillary is wide enough, the liquid will spill from the open end (as water drains from a
tipped glass) but, if it is sufficiently narrow, the liquid will remain in the capillary (as in a drinking
straw). It is somewhat surprising to find that this rather basic aspect of capillarity has not been
investigated in depth. Here, we present theoretical and experimental results illustrating different
aspects of this phenomena, including a number of phase diagrams. An unexpected connection of
this phenomenon with the theory of wetting is also highlighted.

[1] A.O. Parry, C. Rascón, E.A.G. Jamie, D.G.A.L. Aarts, Phys. Rev. Lett. 108, 246101 (2012)
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Magnetocapillary self-assembled systems : from clusters to swimmers

N.Vandewalle, G.Lumay, F.Weyer, M.Hubert
GRASP, Physics Department B5a, University of Liege, B-4000-Liege, Belgium.

When magnetic particles are suspended at air-water interfaces in the presence of a vertical
magnetic field, dipole-dipole repulsion competes with capillary attraction such that 2d structures
are self-assembling. We emphasize the complex arrangements of such floating bodies. For exam-
ple, large clusters show five-fold symmetry. The equilibrium distance between particles exhibits
hysteresis when the applied magnetic field is modified [1]. Irreversible processes are evidenced.
We propose a DLVO-like potential, i.e. an interaction potential with a primary and a secondary
minimum, capturing the main physical features of the magneto-capillary interaction. By adding a
horizontal and oscillating magnetic field, periodic deformations of the assembly are induced. We
show herein that pulsating particle arrangements start to swim at low Reynolds number [2]. We
identify the physical mechanisms and geometrical ingredients behind this cooperative locomotion.
These physical mechanisms can be exploited to much smaller scales, offering the possibility to
create artificial and versatile microscopic swimmers.

[1] N.Vandewalle, L.Clermont, D.Terwagne, S.Dorbolo, E.Mersch, G.Lumay, Phys. Rev. E 85,
041402 (2012)
[2] G.Lumay, N.Obara, F.Weyer, N.Vandewalle, Soft Matter 9, 2420 (2013)
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Self-assembled Chain-like Water Structures in Nanoscopic Water Menisci 
Observed by Cantilever-based Optical Interfacial Force Microscopy 
 
Byung Il Kim, Ryan Boehm, Jeremy Bonander, and Jared Rasmussen 
 

Department of Physics, Boise State University, Boise Idaho 83725, U.S.A. 
 
 

The apprehension of water’s structure in local and confined spaces is extremely important for 
understanding the interfacial phenomena of water at nanometer scales. These phenomena 
include the assembly and function of biomolecules, wetting and interfacial interactions, 
corrosion processes, condensation and crystallization of water vapor on surfaces, and 
amorphous solid water in an interstellar medium. However, very little is known about the 
structure of confined water and its formation mechanism at the nanometer scale. Here, we report 
self-assembled chain-like water structures in a nanoscopic water meniscus confined between 
two oxidized silicon surfaces in an ambient environment using newly developed cantilever-
based optical interfacial force microscopy (COIFM) [1,2]. Sawtooth-like oscillatory forces were 
observed by COIFM when the two surfaces approached each other in the ambient environment 
[3]. The humidity-dependent oscillatory amplitude and periodicity were 3-12 nN and 3-4 water 
diameters, respectively [3]. Half of each period was matched with a random walk model called 
freely jointed chain model, possibly suggesting that the confined water behaved like a bundle of 
water chains. The other half is described as a transition from longer chains to shorter chains 
through a water-bridged chain structure with the perioidicity of 3-4 molecules. Our chain-like 
structure model explains many mysterious properties of confined water at the nanometer scale 
(e.g. slow evaporation rates, positive Kelvin radii, and  long water nucleation timescale, etc ), 
thus dramatically improving the understanding of a variety of water systems in nature. 

 
[1] J. R. Bonander and B. I. Kim, Appl. Phys. Lett. 92, 103124 (2008) 
[2] B. I. Kim, J. R. Bonander, and J. A. Rasmussen, Rev. Sci. Instrum. 82, 053711 (2011).  
[3] B. I. Kim, J.A. Rasmussen, and E. J. Kim, Appl. Phys. Lett. 99, 201902 (2011). 
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X-ray Imaging of Wetting Ridge on a Soft Solid 
 
Su Ji Park, 1 Byung Mook Weon, 2,* Ji San Lee,1 Jun Ho Lee 1, Jinkyung Kim 1, Jung Ho Je, 1,† Robert W. 
Style,3 Guy K. German,4 and Eric R. Dufresne4 

 
1. X-ray Imaging Center, Department of Materials Science and Engineering, Pohang University 
of Science and Technology, San 31, Hyoja-dong, Pohang 790-784, Korea. 
2. School of Advanced Materials Science and Engineering, Sungkyunkwan University, Suwon 
440-746, Korea. 
3. Department of Geology & Geophysics, Yale University, New Haven, CT 06520, USA. 
4. Department of Mechanical Engineering and Material Science, Yale University, New Haven, 
CT 06520, USA. 
 

Wetting on a soft solid usually shows a microscopic deformation at the three-phase contact 
line, generating a ‘wetting ridge’ by a local force balance. The formation mechanism of wetting 
ridge that is one of the critical issues in static or dynamic wetting on soft solids [1–5] is still 
largely unexplored. Here, we present a direct visualization of a wetting ridge using high-
resolution x-ray microscopy for the first time. We reveal that a true cusp angle exists regardless 
of solid elasticity or ridge growth dynamics. We suggest that the robust shape of the cusp would 
be simply determined by the Neumann’s law among a liquid surface tension and two solid 
surface stresses at solid–liquid and solid–vapor interfaces. Direct observation by x-ray imaging 
would be very helpful in further study of wetting behaviors on soft solids. 
 
[1] A. Carre, J.-C. Gastel, M. E. R. Shanahan, Nature 379, 432 (1996) 
[2] R. Pericet-Camara, G. K. Auernhammer, K. Koynov, S. Lorenzoni, R. Raiteri, E. 
Bonaccurso, Soft Matter 5, 3529 (2009). 
[3] E. R, Jerison, Y. Xu, L. A. Wilen, E. R. Dufresne, Phys. Rev. Lett. 106, 186103 (2011). 
[4] A. Marchand, S. Das, J. H. Snoeijer, and B. Andreotti, Phys. Rev. Lett. 109, 236101 (2012). 
[5] R. W. Style, Y. Che, J. S. Wettlaufer, L. Wilen, and E. R. Dufresne, Phys. Rev. Lett. 110, 
066103 (2013). 
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Supersolidity and plasticity of solid helium at low temperatures 
 

Jaeho Shina, Seong Janga, Jaewon Choia, Keiya Shirahamab, and Eunseong Kima 
 

a Department of Physics, KAIST, Daejeon 305-701, Republic of Korea 
b Department of Physics, Keio University, Yokohama 223-8522, Japan 

 
 

eunseong@kaist.edu 
 

Supersolidity, the appearance of viscousless flow in solids, was first indicated in 4He 
torsional oscillator (TO) experiments [1]. Despite many efforts to uncover the 
mechanism of supersolidity since the first observation of non-classical rotational 
inertia (NCRI), the microscopic origin and physical interpretation of the observed 
phenomena has been under considerable debate. Recently, the TO response was 
considerably suppressed when the effect of shear modulus on TO was removed, 
suggesting alternative non-superfluid explanations responsible for the TO response 
[2]. On the other hand, quantum statistics dependence of the TO response [3], heat 
capacity signatures [4], and rotation effects on the TO response [5] are conflicting 
with non-supersolid explanations. In this talk, I will present simultaneous 
measurement of the TO response and shear modulus to understand the fundamental 
connection between two phenomena.  

 

[1] E. Kim and M. H. W. Chan, Nature 427, 225 (2004) 

[2] D. Y. Kim and M. H. W. Chan, Phys. Rev. Lett. (2012) 

[3] J. T. West et. al, Nat. Phys. 5, 598 (2009) 

[4] X. Lin, A. C. Clark, and M. H. W. Chan, Nature, 449, 1025 (2007) 

[5] H. Choi et. al, Science 330, 1512 (2010).  
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Emergence of complex dynamics in quantum many-body open systems

Dario Poletti 1, J.-S. Bernier 2, P. Barmettler 3, A. Georges 4,5,6, C. Kollath 3

Engineering Product Development Pillar, Singapore University of Technology and Design, 138682

Singapore 1

Department of Physics and Astronomy, University of British Columbia, Vancouver V6T 1Z1,

Canada 2

Département de Physique Thèorique, Université de Genève, CH-1211 Genève, Switzerland 3

Collège de France, 75005 Paris, France 4

Centre de Physique Théorique, Ecole Polytechnique, CNRS, 91128 Palaiseau Cedex, France 5

DPMC-MaNEP, Université de Genève, CH-1211 Genève, Switzerland 6

Quantum many-body open systems are an extremely rich resource for the emergence of inter-

esting correlations and complex dynamics. For example, in recent years it has been shown how a

dissipative environment can be used to drive the system to have long range coherence, or protect

qubits in quantum memories. We show that, by studying the time evolution of relevant observ-

ables, dissipation can allow to probe the structure of the energy levels of a system. In particular, a

system of strongly interacting ultracold bosons in an optical lattice under the effect of local noise

or of spontaneous emissions will be studied. It will be shown that the interplay between the heat-

ing process and the Hamiltonian evolution (both the kinetic and the interaction components) will

result, because of the structure of the energy levels of the system, in a complex dynamical behavior

of observables such as quantum fluctuations and coherence. In particular it will be shown, both

analytically and numerically, the emergence of an anomalous diffusive evolution at short times and

a glass-like dynamics at long times.

[1] D. Poletti, J.-S. Bernier, A. Georges and C. Kollath, Phys. Rev. Lett. 109, 045302 (2012)

[2] D. Poletti, J.-S. Bernier, A. Georges and C. Kollath, arxiv:1212.4254 (2012)

[3] D. Poletti, P. Barmettler, A. Georges and C. Kollath, arxiv:1212.4637 (2012)
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Lattice Kinetic Models for Quantum Systems

M. Mendoza 1, H. J. Herrmann 1, and S. Succi2

1. ETH Zürich, Computational Physics for Engineering Materials, Institute for Building Materials,
Schafmattstrasse 6, HIF, CH-8093 Zürich (Switzerland)
2. Istituto per le Applicazioni del Calcolo C.N.R., Via dei Taurini, 19 00185, Rome (Italy),
and Freiburg Institute for Advanced Studies, Albertstrasse, 19, D-79104, Freiburg, (Germany)

In general, lattice kinetic theory presents several advantages over hydrodynamics models. While
the former lies in the phase space of the fluid particles and is represented by a linear first order
differential equation (Boltzmann equation), the latter one is governed by non-linear second order
equations. As a consequence, the numerical implementation of the kinetic models results, in many
cases, easier and less computational expensive, and becomes very attractive for studying many
problems in top leading-edge applications, e.g. turbulence and electronic transport in graphene [1,
2], and relativistic shock-waves in quark-gluon plasmas [3, 4]. Since lattice kinetic models have also
been successful in other fields apart from hydrodynamics (it was shown that in electrodynamics
applications it can be one order of magnitude faster than typical finite difference approaches to
achieve the same accuracy [4]), we propose here a new model based on kinetic theory capable
to perform ab initio molecular dynamics calculations in a very efficient and accurate way, in the
framework of the density functional theory. The model is able to reproduce successfully many
atomic and molecular configurations. On the other hand, in order to solve quantum transport in
semiconductors, we also develop a new lattice Wigner model, which solve the Wigner equation for
quantum systems in arbitrary potentials in the same spirit than the lattice Boltzmann method
does it for classical transport, and therefore carrying all the numerical advantages.

[1] M. Mendoza et al., Phys. Rev. Lett. 106, 156601 (2011).
[2] M. Mendoza et al, Sci. Rep. 3, 1052 (2013).
[3] M. Mendoza et. al., Phys. Rev. D 87, 065027 (2013).
[4] M. Mendoza et al., Phys. Rev. Lett. 105, 014502 (2010).
[5] M. Mendoza and J. D. Muñoz, Phys. Rev. E 82, 056708 (2010).
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Spin Liquids in 2D and 3D pyrochlores

Ludovic D.C. Jaubert 1

1. OIST, Theory of Quantum Matter, Onna-son, Okinawa 904-0495, Japan

Frustrated magnets have proven to be a very fertile testing ground for exotic phenomena be-
yond the standard Ginzburg Landau picture of Condensed Matter, with applications ranging from
quantum computing or magneto-electric coupling in multiferroics, to low energy realisations of
a“universe in a bottle”. In this context, the search for spin liquid materials where topological
phases and gauge field structures can emerge, has become a key stage on which to work.

In this talk, we will concentrate on the statistical properties of the so-called Coulomb phase,
both in 2 and 3 dimensions. It is a classical spin liquid where the interplay between strong
correlations and magnetic fluctuations gives rise to extended 1D degrees of freedom, making contact
with Stochastic-Loewner Evolution (SLE) processes, percolation and polymer physics [1]. We
shall explain how this phase is destroyed by topological defects or magnetic monopoles [2,3], or
by external perturbations via Higgs transitions [4,5]. Finally, we shall put these theories in the
context of experimental realisations in Rare-Earth pyrochlores [6,7].

[1] Jaubert, Haque, Moessner, Phys. Rev. Lett. (2011)
[2] Jaubert, Harris, Fennel, Melko, Bramwell & Holdsworth, Phys. Rev. X (2013)
[3] Castelnovo, Moessner & Sondhi, Nature (2008)
[4] Jaubert, Chalker, Holdsworth & Moessner, Phys. Rev. Lett. (2010)
[5] Powell, Phys. Rev. B (2011)
[6] Yan, Jaubert, Benton & Shannon (in preparation)
[7] Savary & Balents, Phys. Rev. Lett (2012)
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Thermal Pure Quantum Formulation of Statistical Mechanics

Sho Sugiura and Akira Shimizu

Department of Basic Science, University of Tokyo, 3-8-1 Komaba, Meguro, Tokyo 153-8902, 
Japan

An equilibrium state can be represented by a pure quantum state, which we call a thermal 
pure quantum (TPQ) state [1,2]. We establish a new formulation of statistical mechanics which 
is based on TPQ states. Only a single realization of the TPQ state gives equilibrium values of all 
quantities of statistical mechanical interest, including mechanical variables (such as energy and 
magnetization) and genuine thermodynamic variables (such as temperature and entropy). Higher 
order correlations and dynamical correlations can also be obrtained from a single realization of 
TPQ state. We also show that the TPQ states have exponentially large quantum entanglement, 
unlike equilibrium density operators in the ensemble formulation. Corresponding to various 
ensembles in the ensemble formulation, we construct various TPQ states corresponding to 
different ensembles. All the TPQ states give identical thermodynamic results, and they are 
transformed to each other by simple analytic transformations. The TPQ formulation has great 
advantages in practical applications. To demonstrate this fact, we have computed the heat 
capacity, free energy and the entropy of a frustrated two-dimensional quantum spin system over 
a wide temperature range.

[1] S. Sugiura and A. Shimizu, Phys. Rev. Lett. 108, 240401 (2012). 
[2] S. Sugiura and A. Shimizu, arXiv:1302.3138
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Random Loops and Conformal Field Theory

Benjamin Doyon

Department of Mathematics, King’s College London, Strand, London WC2R 2LS, United 
Kingdom

   Conformal field theory (CFT) has been extremely successful at describing two-dimensional 
critical statistical systems, providing many universal exponents and universal ratios. However, 
CFT puts emphasis on local observables, and on algebraic structures. In a deeper understanding 
of criticality, emergent  behaviors, not necessarily local, play a fundamental role - one expects 
that the full universal theory is a theory for such emergent randomness, from which standard 
CFT follows by taking certain local limits. A quite recent mathematical construction, conformal 
loop ensembles (CLE), provides a measure-theoretic framework for non-intersecting random 
loops on Riemann surfaces with properties of conformal invariance. It is a good candidate for 
emergent  random objects: it is expected to describe the continuum limit  of cluster boundaries 
(this continuum limit  exist  at  criticality) in many paradigmatic models. Relating CLE to CFT is 
an important problem, with a potential for deep insight into criticality and beyond. I will 
overview my work on relating the two approaches. It  is based on constructing local CFT  fields 
associated to the conformal symmetry, in the context of CLE, or more precisely in the context of 
``conformal restriction systems,'' of which CLE is expected to provide an example. These CFT 
fields contain the stress-energy tensor, and give rise to the Virasoro vertex operator algebra, the 
most basic algebraic structure in CFT. I will give an introduction to scaling limits, CFT  and 
CLE, then explain my results and provide ideas for some of the proofs. I will conclude with 
some pathways opened by these new concepts.
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Superconformal field theory and supersymmteric sine-Gordon model with Dirichlet
boundary conditions

Chihiro Matsui

JST-FIRST, The University of Tokyo, 4-6-1, Komaba, Meguro, Tokyo, 153-8505, Japan

The supersymmetric sine-Gordon model is known as a perturbation from the N = 1 c = 3/2
superconformal field theory. The connection between these two theories has been studied by taking
the ultraviolet limit of the supersymmetric sine-Gordon model.

The N = 1 superconformal field theory is the theory of a free Majorana fermion and a free
boson, whose Hilbert space therefore consists of a tensor product of the fermionic part and the
bosonic part. There exist three independent sectors in the fermionic part, each of which is obtained
as a descendant of three different primary fields characterized by different conformal weights h = 0,
1
2 , and

1
16 . The sectors of h = 0 and h = 1

2 can be combined into one superconformal sector named
the Neveu-Schwarz sector. The h = 1

16 sector is called the Ramond sector.

The supersymmetric sine-Gordon model is also obtained from a scaling limit of the spin-1 XXZ
model with alternating inhomogeneity. Although it has been pointed out that only the h = 0
Neveu-Schwarz sector of the supersymmetric sine-Gordon model can be realized from the spin
chain under the periodic boundary condition, we found that imposing the Dirichlet boundary
conditions on both ends and computing the conformal dimension through the ultraviolet limit let
us obtain the other sectors with the proper choice of boundary parameters.

In the context of the corresponding spin chain, the phase transition between the Neveu-Schwarz
sector and the Ramond sector is obtained in a plot of magnetic fields with respect to a boundary
parameter as the separation into two sectors with different periodicity.
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Quantum inverse scattering and the exact n = ∞ solution of the three-dimensional
O(n)ϕ4 model on a strip with free boundary conditions.

Sergei B. Rutkevich1 and Hans Werner Diehl1

1Fakultät für Physik, Universität Duisburg-Essen, D-47058 Duisburg, Germany

The exact solution of the d-dimensional n-component ϕ4 on a strip of width L subject to free
boundary conditions involves a self-consistent potential V (z) which depends on the coordinate z
across the strip. While numerical solutions for V (z) and the scaling functions of the Casimir force
and residual free energy have been accurately determined by numerical means for d = 3 for all
temperatures and finite L [1], analytical results for V (z) and the implied critical behavior have so
far been restricted to the case of semi-infinite systems (L = ∞) at the bulk critical temperature Tc

[2]. It is shown that valuable exact analytical information about various properties of V (z) and the
scaling functions can be obtained by applying quantum inverse scattering methods to the L = ∞
case. The potential involves surface singularities of the form V (z) = c−2/z

2+c−1τ/z+O(1), where
τ = (T/Tc−1) is the temperature variable. To account for them, known inverse scattering methods
can be appropriately generalized. The exact scattering data—i.e. the Jost function—associated
with V (z, τ, L = ∞) are determined for all temperatures τ ⪋ 0 in the scaling regime. From these
data the potential can in principle be recovered. As a first application, we use them to gain exact
analytical results for the asymptotic behaviors of various finite-L quantities such as that of the
lowest eigenvalue E1L

2 for Lτ → −∞.

[1] H. W. Diehl, D. Grüneberg, M. Hasenbusch, A. Hucht, S. B. Rutkevich, and F. M. Schmidt:
EPL 100 10004 (2012), and to be published.
[2] A. J. Bray and M. A. Moore: J. Phys. A 10, 1927 (1977).
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Heat conduction induced by non-Gaussian athermal fluctuations

Kiyoshi Kanazawa 1, Takahiro Sagawa 2, and Hisao Hayakawa 1

1. Yukawa Institute for Theoretical Physics, Kyoto University, Kyoto 605-8502, Japan
2. Department of Basic Science, The University of Tokyo, Tokyo 153-8902, Japan

Recent experimental developments in single-molecule manipulation have enabled us to investi-
gate the detailed thermodynamic properties of small systems such as colloidal and biological sys-
tems [1]. If the environments of the systems are in thermal equilibrium, stochastic thermodynamics
with Gaussian noises has shown to be very powerful to investigate universal relations in nonequi-
librium statistical mechanics of small systems. On the other hand, the effects of non-Gaussian
noises from athermal environments have been reported in electrical circuits [2] and biomolecular
systems [3]. The conventional approaches in stochastic thermodynamics are not applicable to such
systems, because the environments are not in thermal equilibrium. Then, how should the funda-
mental thermodynamic relations, such as the Fourier law and the heat fluctuation theorem, be
modified with non-Gaussian noises?

In this presentation, we answer this question with a stochastic model of heat conduction induced
by non-Gaussian noises from athermal environments on the basis of stochastic energetics [4-6]. We
consider a non-Gaussian model of Brownian motor and derive generalizations of the Fourier law
and the heat fluctuation theorem. Moreover, we investigate the validity of the zeroth law of
thermodynamics for athermal systems, and find that the zeroth law is not universally valid but
depends on the details of a contact device between two systems. We numerically verify our results,
which demonstrate that the direction of the average heat current depends on the characteristics
of the heat conductor, and that the properties of the heat fluctuation significantly deviates from
those of the conventional fluctuation theorem.

[1] C. Bustamante, J. Liphardt, and F. Ritort, Phys. Today 58, No. 7, 43 (2005).
[2] Y. M. Blanter, M. Bu, D. P. Theh, and U. D. Gene, Phys. Rep. 336, 1 (2000).
[3] E. Ben-Isaac et al., Phys. Rev. Lett. 106, 238103 (2011).
[4] K. Sekimoto, J. Phys. Soc. Jpn. 66, 1234 (1997).
[5] K. Kanazawa, T. Sagawa, and H. Hayakawa, Phys. Rev. Lett. 108, 210601 (2012).
[6] K. Kanazawa, T. Sagawa, and H. Hayakawa, arXiv:1209.2222.
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Improved variational methods by self-consistency with linear response

Jack Raymond and Federico Ricci-Tersenghi

Department of Physics, University of Rome, La Sapienza, Italy

By studying linear response (LR) of variational free energies one obtains in an efficient way
information on the structure of complex models. In a recent series of papers the authors have
shown a method to introduce information from LR in order to improve the estimates of the free
energy within a given framework such as Mean Field, Bethe or Kikuchi approximations. The basic
idea is to shift the point of evaluation of the free energy from the point of maximum entropy, to
a point where the model marginals (magnetizations Mi, pair connected correlations Cij , etc.) are
consistent with their LR estimates (the Hessian, and other derivatives).

Amending the standard variational free energies with LR constraints it can be shown that
in the direct problem of estimating marginals we can improve significantly over the standard
implementations [1,2]. In the inverse problem of estimating parameters (e.g. couplings Jij and
fields Hi) from data the improvements are even more impressive [1].

Introduction of these LR constraints offers a variational route to the reproduction of some
significant results relating parameters and marginals. Examples include the adaptive TAP method
of Opper and Winther

Mi = tanh


Hi +

∑
j

JijMj − λiiMi


 , (1)

[(
dM

dH

)
−1

]

ii

=
1

1 − M2

i

− λii , (2)

the Sessak-Monasson equations for inference of couplings from statistics

[C−1]
ij

= −Jij +
∑
σi,σj

σiσj

4
log

(
1 +

Cijσiσj

(1 − Miσi)(1 + Mjσj)

)
−

Cij

(1 − M2

i
)(1 + M2

j
) − C2

ij

. (3)

and the Montanari-Rizzo equations for correcting belief propagation messages with correlation
information. By considering hierarchies of approximations, such as the Cluster Variational Method,
more powerful generalizations are immediately apparent.

[1] Raymond, J. and Ricci-Tersenghi, F., A mean field method with correlations determined by

linear response, arXiv:1211.6400, (2012)
[2] Raymond, J. and Ricci-Tersenghi, F., Correcting beliefs in the mean-field and Bethe approxi-

mations using linear response, IEEE ICC’13 - Workshop on Networking across disciplines (NET-
STAT), Budapest (2013)
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Unconventional dynamics of ultracold bosons in optical lattices

C. Kollath1

1. University of Bonn, HISKP, Nussallee 14-16, 53121 Bonn, Germany

Atomic gases cooled to Nanokelvin temperatures are a new exciting tool to study a broad range 
of quantum phenomena. In particular, an outstanding degree of control over the fundamental 
parameters, such as interaction strength, spin composition, or dimensionality has been achieved. 
This has facilitated access to strongly correlated quantum many body physics in exceptionally 
clean samples. For example, artificial periodic structures for the atomic gas can be created using 
laser light to mimic condensed matter systems.  Further, the outstanding tunability of cold 
gases allows to rapidly change the system parameters or to induce a coupling to an environment 
and to observe the subsequent quantum evolution. This ability poses new challenges for the 
understanding of quantum dynamics in correlated many-body systems. I will report on recent 
progress on investigating bosonic gases in optical lattices coupled to dissipative light fields 
described by Markovian Master equations. In particular, we point out different dynamical 
regimes: The first one is an algebraic decay of correlations which is followed by a stretched 
exponential decay. We analyze the origin of this unconventional dynamics. The algebraic 
behavior is related to the continuum spectrum of the bosonic gas and we develop a classical 
diffusion equation description for the dynamics. In contrast, the stretched exponential dynamics 
can be traced back to the existence of rare states with increasingly long time scales.
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Symmetry-protected topological phases of alkaline-earth ultra-cold fermionic atoms
in one dimension

K. Totsuka1, H. Nonne2, M. Moliner3, S. Capponi4 and P. Lecheminant3

1. Yukawa Institute for Theoretical Physics, Kyoto University, Kitashirakawa Oiwake-Cho, Kyoto
606-8502, Japan
2. Department of Physics, Technion, Haifa 32000, Israel,
3. Laboratoire de Physique Théorique et Modélisation, CNRS UMR 8089, Université de Cergy-
Pontoise, Site de Saint-Martin
4. Laboratoire de Physique Théorique, CNRS UMR 5152, Université Paul Sabatier, F-31062
Toulouse, France.

Recent success in loading ultra-cold alkaline-earth fermionic atoms (e.g., 87Sr, 171Yb and 173Yb)
in optical lattices [1,2] has opened a new arena for the SU(N) (N = 2I+1 with I being the nuclear
spin) magnetism. The remarkable point is that the quenching of the electron angular momentum
realizes SU(N) symmetry without any fine tuning of the parameters [3]. On top of this, there are
two low-lying atomic states (the ground state 1S0 and the metastable excited state 3P0) and this
necessitates to consider the two-band model. In this talk, we discuss the phase diagram of the
half-filled two-band SU(N)-symmetric Hubbard model in one dimension:

HG =− t
∑
i

∑
m=g,e

N∑
α=1

(
c†mα, icmα, i+1 + h.c.

)
− µG

∑
i

ni

+
∑
i

∑
m=g,e

UG

2
nm, i(nm, i − 1) + VG

∑
i

ng, ine, i + V e-g
ex

∑
i,αβ

c†gα, ic
†
eβ, icgβ, iceα, i,

(1)

where m = g and m = e respectively denote the ground and the metastable excited states of each
atom, and c†mα,i creates the fermion with the nuclear spin Iz = −I +α− 1 and orbital m at site i.

By using various methods (weak-coupling bosonization, density-matrix renormalization group,
etc.), we found that the global topology of the phase diagram strongly depends on the parity
of N (or, the value of nuclear spin I). For the simplest case N = 2, we found four Mott-like
phases as well as three density-wave-like phases [4]. For N = 3, on the other hand, the Mott-
like phases are replaced by gapless phases. For generic N = (even), we conclude that there is a
Mott-like featureless insulating phase, which may be viewed as a new kind of symmetry-protected
topological phase, as well as the ‘orbital’ Haldane phase found already in the N = 2 case. This is
in a stark contrast to the single-band case [6] where fully gapped phases always break translation
symmetry for all commensurate fillings. Then, we discuss the properties of this new topological
phase in detail paying particular attention to the emergent edge states, entanglement spectrum
and the non-local string correlation [7].

[1] B. J. DeSalvo et al., Phys.Rev.Lett. 105, 030402 (2010);
S. Taie et al., Phys.Rev.Lett. 105, 190401 (2010).

[2] S. Taie et al., Nat. Phys. 8, 825 (2012).
[3] A. V. Gorshkov et al., Nat. Phys. 6, 289 (2010).
[4] H. Nonne, E. Boulat, S. Capponi and P. Lecheminant, Phys.Rev.B 82, 155134 (2010).
[5] H. Nonne, M Moliner, S. Capponi, P. Lecheminant and K. Totsuka, arXiv 1210.2072.
[5] E. Szirmai, Ö. Legaza and J. Sólyom, Phys.Rev.B 77, 045106 (2008).
[5] H. Nonne, M Moliner, S. Capponi, P. Lecheminant and K. Totsuka, in preparation.
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Large spin ultracold atomic fermions in one dimension

Xiwen Guan 1,2

1. State Key Laboratory of Magnetic Resonance and Atomic and Molecular Physics, Wuhan In-
stitute of Physics and Mathematics, Chinese Academy of Sciences, Wuhan 430071, China
2. Department of Theoretical Physics, Research School of Physics and Engineering, Australian
National University, Canberra ACT 0200, Australia

It is shown that one-dimensional large spin atomic fermions exhibit rich pairing structures
and collective phenomena in low-energy physics [1]. In this talk we discuss universal many-body
phenomena in large spin ultracold atomic fermions from the perspective of Bethe ansatz solvable
models. In particular, we discuss the novel features of the Fulde-Ferrel-Larkin-Ovchinnikov-like
pairing states and quantum critical phenomena in the spin-3/2 fermions with SU(4), SO(5) and
SO(4) mathematical symmetries [2]. This included discussion of the exotic many-body physics of
Luttinger liquids, scaling functions and universal Wilson ratio with respect to the spin symmetry,
external field and dynamic interaction. We also discuss possible experimental realisations of such
1D quantum atomic gases of this kind.

[1] X.-W. Guan , M. T. Batchelor, C. Lee, Fermi gases in one dimension: From Bethe Ansatz to
experiments, arXiv:1301.6446, submitted to Rev. Mod. Phys.
[2] Y. Jiang, X.-W. Guan, J. Cao, and H. Lin, Pairs in integrable SO(4) spin-3/2 one dimensional
atomic gases, in preparation.

A9-3



STATPHYS25 JULY 21-26, 2013

AbstrActs contributed tAlks
244

Validity of Jarzynski equality for the rapidly expanding quantum piston 

Haitao Quan 12 and Christopher Jarzynski 2

1. School of Physics, Peking University, Beijing 100871, China 
2. Department of Chemistry and Institute for Physical Science and Technology, University of 
Maryland, College Park, MD 20770, USA 

We study the validity of quantum Jarzynski equality in the context of the rapidly expanding 
one-dimensional quantum piston. Utilizing exact solutions of the time-dependent Schrodinger 
equation, we find that the evolution of the wave function can be decomposed into static and 
dynamic components, which have simple semiclassical interpretations in terms of particle-
piston collisions. We show that nonequilibrium work relations remain valid at any finite piston 
speed, provided both components are included, and we study explicitly the work distribution for 
this model system [1-2]. 

[1] H. T. Quan and C. Jarzynski, Phys. Rev. E 85, 031102 (2012) 
[2] http://physics.aps.org/synopsis-for/10.1103/PhysRevE.85.031102. 
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Thermodynamics and point-to-set correlations in a supercooled liquid

Jacob D. Stevenson,1 Peter G. Wolynes,2 and David J. Wales1

1. Department of Chemistry, Cambridge University, Cambrridge, CB2 1EW, UK
2. Department of Chemistry and Physics and Center for Theoretical Biological Physics, Rice Uni-
versity, Houston, TX 77005, USA

We present a computer study on the thermodynamics of a supercooled liquid confined to a
spherical cavity by pinning the particles outside this cavity. This method allows us to explore
point-to-set correlations and length scales in the glassy liquid. We find that for small cavities
and low temperatures the mobile particles are effectively frozen by the pinned particles. However,
upon raising the temperature, the system undergoes a ”melting” transition where the particles lose
memory of their initial positions. This ”melting” transition is sharper, and takes place at lower
temperatures for larger cavities. We discuss these results in the context of the random first order
transition theory, and the existence of a thermodynamic length scale in this glassy system.

A9-5



STATPHYS25 JULY 21-26, 2013

AbstrActs contributed tAlks
246

Constrained Polymer Statistics Inside a Spherical Cavity

Wolfhard Janke 1 and Handan Arkın 2

1. Institut für Theoretische Physik, Universität Leipzig, Postfach 100 920, 04009 Leipzig, Ger-
many
2. Department of Physics Engineering, Faculty of Engineering, Ankara University, Tandogan,
06100 Ankara, Turkey

We analyze the statistical properties of a single polymer chain inside a spherical cavity with an
attractive surface mimicking a cellular environment. Our model is composed of a coarse-grained
bead-stick polymer with 12 − 6 Lennard-Jones monomer-monomer interactions and an additional
attractive sphere potential which follows by integrating the interactions of the monomers with
the (inner) surface of a sphere. By means of extensive multicanonical Monte Carlo computer
simulations it is shown that the system exhibits a rich phase diagram in the adsorption strength-
temperature (ǫ− T ) plane, ranging from highly ordered, compact to extended, random coil struc-
tures and from desorbed to partially or even completely adsorbed conformations. These findings
are identified with different energetic and structural observables including invariant universal shape
parameters such as the asphericity that characterizes the average conformation of the polymer [1].
The resulting phase diagram in the ǫ− T plane is compared with that for a polymer adsorbing to
a plane, attractive substrate obtained previously by Möddel, Bachmann, and one of the authors.
Finally, also scaling properties depending on the interplay of the flexibility of the polymer and the
radius of the confining spherical cavity [2] are briefly discussed.

[1] H. Arkın and W. Janke, Phys. Rev. E 85 (2012) 051802; J. Phys. Chem. B 116 (2012) 10379,
J. Chem. Phys. 138 (2013) 054904.
[2] M. Marenz, J. Zierenberg, H. Arkın, and W. Janke, Condens. Matter Phys. 15 (2012) 43008.
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Fragmentation of model flocks

Nicholas T. Ouellette 1 and Pearson W. Miller 2

1. Department of Mechanical Engineering and Materials Science, Yale University, New Haven,
Connecticut 06520, USA
2. Department of Physics, Yale University, New Haven, Connecticut 06520, USA

The collective behavior of interacting active particles has generated considerable interest in
recent years. Many models for such behavior have been proposed, ranging from simple systems
of discrete particles with ad hoc interaction rules to continuum models with assumed interaction
potentials to complex, bio-inspired models of collective animal motion. We consider such a system
as a model of an active material, and computationally study its failure modes. We find, surprisingly,
that even though a model flock displays macroscopic cohesion, its fragmentation behavior is far
more similar to a brittle solid than a liquid. Upon impact with an impermeable wall, the flocks
shatter into discrete clusters with a power-law mass distribution. We discuss our results in the
context of solids, liquids, and granular materials.
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Nonequilibrium growth of functionalized colloids on substrates

C. S. Dias 1, N. A. M. Araújo 2, and M. M. Telo da Gama 1

1. Departamento de F́ısica and Centro de F́ısica Teórica e Computacional, Universidade de Lisboa,
Lisboa, Portugal
2. Computational Physics for Engineering Materials, IfB, ETH Zurich, Zurich, Switzerland

Patchy colloids are ideal building blocks to control spontaneous self-organization. Here we
investigate numerically the irreversible adhesion of different types of patchy-colloids, namely, three-
and two-patch colloids and Lisbon colloids, near attractive substrates, and analyze the fractal
network of connected particles that is formed [1].

The network density profile exhibits three distinct regimes with different structures: surface
layer, liquid film, and interfacial region. We characterize in detail the scaling properties for the
three-patch colloids case.

An optimal fraction of two-patch colloids is found, on a mixture of three- and two-patch colloids,
where the total density of the film is maximized, in contrast to a monotonic decrease in equilibrium.

In nonequilibrium conditions, Lisbon colloids structural properties change both at the surface
layer and the liquid film. Near the surface, the densities of the first layers can be controlled
through the distribution of patches and their interaction. We propose a growth mode diagram and
characterize the liquid film density as a function of the Lisbon colloids parameters.

[1] C. S. Dias et al., Phys. Rev. E 87, 032308 (2013)

B9-3



STATPHYS25 JULY 21-26, 2013

AbstrActs contributed tAlks
249

Polymer-mediated entropic forces in confined spaces

Yacov Kantor,1 Mehran Kardar,2 Roy Bubis,1 Mohammad F. Maghrebi,2 and Yosi Hammer1

1. School of Physics and Astronomy, Tel Aviv University, Tel Aviv 69978, Israel
2. Department of Physics, Massachusetts Institute of Technology, Cambridge, Mass. 02139, USA

The number of configurations of a polymer is reduced in the presence of an obstacle, and the
resulting loss of entropy produces repulsive forces. In single molecule manipulation experiments
deformations smaller than the polymer size R0 and the corresponding forces can be measured.
In these situations the shape of probes to which the molecule is attached influences the force-
displacement relations. The elastic response of a polymer attached to the rounded tip of a probe
with radius of curvature R, differs qualitatively for large and small values of the ratio s = R0/R.
The scaled compliance (inverse force constant) S/R2

0, is anisotropic and quite large in the direction
parallel to the surface when s ∼ 1 [1]. When a polymer attached to a sharp (scale-free) tip
approaches a plate, then for separation h ≪ R0 the polymer-mediated force between them is given
by F = AkBT/h. The amplitude A is universal and can be related to exponents governing the
anomalous scaling of polymer correlations in the presence of obstacles [2]. Pressure distribution
near sharp tips resembles the behavior of an electric field near conductor.

[1] R. Bubis, Y. Kantor and M. Kardar, Europhys. Lett. 88, 48001 (2009).
[2] M. F. Maghrebi, Y. Kantor and M. Kardar, Europhys. Lett. 96, 66002 (2011) and Phys. Rev.
E 86, 061801 (2012).
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Self propelled motion of a fluid droplet under chemical reaction

Shunsuke Yabunaka1, Takao Ohta1, and Natsuhiko Yoshinaga2

1. Department of Physics , Kyoto University, Kyoto 606-8052, Japan
2. WPI-AIMR, Tohoku University, Sendai, 980-8577, Japan

We study self-propelled dynamics of a droplet due to a Marangoni effect and chemical reactions
in a binary fluid with a dilute third component of chemical product which affects the interfacial
energy of a droplet. The equation for the migration velocity of the center of mass of a droplet is
derived in the limit of an infinitesimally thin interface. We found that there is a bifurcation from
a motionless state to a propagating state of droplet by changing the strength of the Marangoni ef-
fect[1]. We also discuss the qualitative mechanism of self-propulsion and the effect of the convective
term in the Stokes equation.

[1] S. Yabunaka, T. Ohta, and N. Yoshinaga,“ Self-propelled motion of a fluid droplet under
chemical reaction”, J. Chem. Phys. 136, 074904 (2012).
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Bundling in brushes of directed and semiflexible polymers

Panayotis Benetatos1, Eugene Terentjev2, and Annette Zippelius3,4

1. Department of Physics, Kyungpook National University, Daegu 702-701, Korea
2. Cavendish Laboratory, University of Cambridge, Cambridge CB3 0HE, United Kingdom
3. Institute for Theoretical Physics, Georg-August-Universität Göttingen, 37077 Göttingen, Ger-
many
4. Max Planck Institute for Dynamics & Self-Organization, 37073 Göttingen, Germany

We explore the effect of an attractive interaction between parallel-aligned polymers which are
perpendicularly grafted on a substrate. Such an attraction could, e.g., be due to reversible cross-
links. The alignment of the polymers could be due to an externally induced tension which gives
rise to a tilt modulus or due to a large bending stiffness. For the sake of simplicity, first we assume
that the brush consists of (flexible) directed polymers randomly grafted on a planar surface. Their
preferred direction is perpendicular to the surface. We use a field-theoretic analytical approach and
treat the randomness of the grafting points as quenched disorder. In the absence of any attractive
interaction, and after averaging over the disorder of grafting positions, the polymer array is in-
plane translationally symmetric. We show that an attractive interaction can cause an instability
to a phase with modulated areal density, which has broken in-plane translational symmetry at a
certain wavelength. The cause of this instability is the interplay of attraction which induces in-
plane collapse of the directed polymers and the permanent grafting which resists it. We also show
that this behavior is robust and persists, if instead of directed polymers we consider perpendicularly
grafted weakly bending semiflexible polymers with persistence length greater than their contour
length.
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Dynamical theory of superfluidity in one dimension

Masaki Oshikawa
Institute for Solid State Physics, University of Tokyo, Kashiwa 277-8581, Japan

Superfluid density is often related to helicity modulus, which is a static response of the free
energy to phase twist. In one dimension, the helicity modulus generally vanishes at finite tempera-
ture, in the thermodynamic limit. Recently, however, experimental observation of superfluidity in
liquid 4He confined in one-dimensional nanopore is reported [1]. This urges us to us to reconsider
the concept of superfluidity.

I will briefly review the background, and then discuss our recent theory of superfluidity in
one dimension [2]. According to our theory, the observed superfluidity in one dimension is essen-
tially a dynamical phenomenon, related to the anomalously slow thermalization in one dimension.
The effect of the dynamical suppression of quantum phase slips as a function of frequency and
temperature is calculated in terms of the momentum response function. Our result agrees quali-
tatively with the experimental results on liquid 4He in one-dimensional nanopore. Moreover, the
theory predicts a power-law dependence of the “onset temperature” of the superfluidity on the
measurement frequency.

References

[1] J. Taniguchi, Y. Aoki, and M. Suzuki, Phys. Rev. B 82, 104509 (2010).
[2] T. Eggel, M. A. Cazalilla, and M. Oshikawa, Phys. Rev. Lett. 107, 275302 (2011).

C9-1



STATPHYS25 JULY 21-26, 2013

AbstrActs contributed tAlks
253

Recurrence time of a localized many-body state dynamics in the 1D Bose gas  
 
Eriko Kaminishi 1,2, Jun Sato 1 and Tetsuo Deguchi 1 
 

1. Department of Physics, Ochanomizu University, Tokyo 112-8610, Japan 
2. Department of Physics, University of Tokyo, Tokyo, 113-0033, Japan 
 

The quantum dynamics of interacting particles has recently attracted much interest associated 
with the question of “equilibration” and “thermalization” of isolated systems. In Ref. [1] the 
exact relaxation dynamics of a localized many-body state in the 1D Bose gas has been shown 
explicitly through the Bethe-ansatz method. Here, the localized many-body state gives a 
localized density profile which is the same with that of a dark soliton in the Gross-Pitaevskii 
equation. In our study, we calculate the dynamics of a quantum soliton exactly and observe the 
localized state collapsing into a flat profile in equilibrium for a large number of particles. 
Furthermore, we show a recurrence phenomenon for a small number of particles. In this 
presentation, we show that the recurrence time of the quantum integrable model is proportional 
to the square of the number of particles N in free-bosonic and free-fermionic regimes with small 
number of particles such as N =30 or 150. Furthermore, we prove analytically that the 
recurrence time is derived from the greatest common divisor of the energy spectra for hole 
excitation states in free-bosonic and free-fermionic regimes. We also numerically show the 
variable behavior of the time evolution of the fidelity when particles are interacting with finite 
value of coupling constant c which is not very small or very large. 

 
 
[1] J. Sato, R. Kanamoto, E. Kaminishi, and T. Deguchi, “Exact Relaxation Dynamics of a 
Localized Many-Body State in the 1D Bose Gas”, Phys. Rev. Lett. 108, 1140401 (2012)  
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Density of States of Quantum Many-Body Systems

Ramis Movassagh 1 and Alan Edelman 2

1. Department of Mathematics, Northeastern University, Boston, MA, USA
2. Department of Mathematics, Massachusetts Institute of Technology, Cambridge, MA, USA

The eigenvalue distribution of Quantum many-body Systems (QMBS) have been elusive for
two reasons: 1. Standard numerical diagonalization is intractable, for even a moderate number of
particles, because of exponential growth. 2. The terms that represent the interactions are generally
non-commuting.

The method of Isotropic Entanglement (IE), inspired by Free Probability Theory and Random
Matrix Theory predicts the eigenvalue distribution of quantum many-body systems with generic
interactions. At the heart is a Slider, which interpolates between two extrema by matching fourth
moments. The first extreme treats the non-commuting terms classically and the second treats them
isotropically. Isotropic means that the eigenvectors are in generic positions. We prove Matching
Three Moments and Slider Theorems and further prove that the interpolation is universal, i.e.,
independent of the choice of local terms. Our examples show that IE provides an accurate picture
well beyond what one expects from the first four moments alone.

The term entanglement here is meant to be suggestive. We think of the eigenvectors of the
two commuting subsets as becoming hopelessly mixed together in nontrivial ways, i.e., entangled,
when we consider the eigenvectors of the sum. The term isotropic suggests the uniform measure
on the eigenvectors enabling the utilization of free probability theory.

[1] R. Movassagh, A. Edelman, ”Density of States of Quantum Spin Systems from Isotropic En-
tanglement”, Phys. Rev. Lett. 107, 097205 (2011)
[2] R. Movassagh, A. Edelman, ”Isotropic Entanglement”, arXiv:1012.5039 [quant-ph]
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Accurate simulation of long-time dynamics for quantum spin chains at infinite tem-

perature

Yu-Kun Huang
Graduate school of Engineering Science and Technology,
Nan Jeon Institute of Technology, Tainan 73746, Taiwan

By using the transfer-matrix renormalization group (TMRG), we propose a solution to the
fundamental problem in investigating the time evolution of one-dimensional quantum systems:
the linear growth of entanglement entropy with time. We analyze and obtain a picture showing
the layer-structured entanglement of the dominant eigenstates for the involved quantum transfer
matrix which provides a deeper insight into the previous folding algorithm [Phys. Rev. Lett. 102,
240603 (2009)]. We apply our TMRG scheme to the calculation of spin autocorrelation for XXZ
chains at infinite temperature and show that, in contrast to the exponential growth of required
number of states kept by conventional TMRG-related methods, our method uses only polynomial
number of reduced states when a desired precision is given.

[1] M. C. Bañuls, M. B. Hastings, F. Verstraete, and J. I. Cirac, Phys. Rev. Lett. 102, 240603
(2009).
[2] Y.-K. Huang, Phys. Rev. E 83, 036702 (2011); Journal of Statistical Mechanics: Theory and
Experiment 2011, P07003 (2011).
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Quantum Phase Transitions: A Novel Perspective from Fidelity in the Context of
Tensor Networks

Huan-Qiang Zhou
Centre for Modern Physics, Chongqing University, Chongqing 400044, The People’s Republic of
China

Recently, it has been argued that the ground-state fidelity per lattice site is fundamental in the
sense that it may be used to characterize QPTs, regardless of what type of internal order is present
in quantum many-body states. As such, an intriguing connection between fidelity and QPTs in
particular and between quantum information science and condensed matter physics in general is
established.

Given that the ground-state fidelity per site allows to determine the zero temperature phase
diagram of a quantum many-body system without prior knowledge of order parameters, it becomes
necessary to develop an efficient means to compute it. This is achieved by exploiting a tensor
network (TN) to represent a wave function. The powerfulness of the TN algorithms enables us to
envisage that the fidelity per site approach to QPTs, as developed in [1, 2], will become a preferred
strategy to scan a quantum many-body system for possible phases and phase transitions.

Our scheme consists of three steps [3]: first, map out the ground-state phase diagram by
computing the ground-state fidelity per lattice site; second, derive local order parameters (if any)
from the reduced density matrices for a representative ground-state wave function in a given phase;
third, characterize any phase without any long range order. This has been successfully tested for
a variety of quantum lattice many-body systems, including one-dimensional spin chains [4], spin
ladder and tube systems [5], and two-dimensional spin [6] and electronic [7] systems.

[1] H.-Q. Zhou and J.P. Barjaktarevič, J. Phys. A: Math. Theor. 41 412001 (2008); H.-Q. Zhou,
J.-H. Zhao, and B. Li, J. Phys. A: Math. Theor. 41 492002 (2008); H.-Q. Zhou, arXiv:0704.2945.
[2] H.-Q. Zhou, R. Orús, and G. Vidal, Phys. Rev. Lett. 100, 080602 (2008).
[3] H.-Q. Zhou, arXiv:0803.0585.
[4] J-H Zhao, H-L Wang, Bo Li, and H-Q Zhou, Phys. Rev. E 82, 061127 (2009) H.-L. Wang,
J.-H. Zhao, B. Li, and H.-Q. Zhou, J. Stat. Mech. : Theory Exp. L10001 (2011); H-L Wang, Y-W
Dai, B-Q Hu, and H-Q Zhou, Phys. Lett. A 375, 4045 (2011); H-L Wang, A-M Chen, Bo Li, and
H-Q Zhou, J. Phys. A: Math. Theor. 45, 015306 (2012).
[5] S.-H. Li, Q.-Q. Shi, Y.-H. Su, J.-H. Liu, Y.-W. Dai, and H.-Q. Zhou, Phys. Rev. B 86, 064401
(2012); J.-H. Liu, Q.-Q. Shi, H.-L. Wang, J. Links, and H.-Q. Zhou, Phys. Rev. E 86, 020102(R)
(2012).
[6] J.-H. Zhao and H.-Q. Zhou, Phys. Rev. B. 80, 014403 (2008); B. Li, S.-H. Li, and H.-Q. Zhou,
Phys. Rev. E, 79, 060101R (2009).
[7] Q.-Q. Shi, S.-H. Li, J.-H. Zhao, and H.-Q. Zhou, arXiv:0907.5520v1 [cond-mat.str-el] (2009).
t-J S.-H. Li, Q.-Q. Shi, and H.-Q. Zhou, arXiv:1001.3343v1 [cond- mat.supr-con] (2010).
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Coarse graining tensor renormalization by the higher-order singular value 
decomposition 
 
Tao Xiang 
 
Institute of Physics, Chinese Academy of Sciences 
 
In this talk, I will give an introduction to a coarse graining tensor renormalization group method 
based on the higher order singular value decomposition. This is an accurate renormalization 
group for evaluating thermodynamic quantities of statistical models in three dimensions. It can 
be also applied to evaluate thermodynamic properties of two-dimensional quantum lattice 
models in finite temperatures. As the application of tensor renormalization group, I will discuss 
an entropy driven phase transition in a partial ordered (or symmetry breaking) system. 
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Large-n approach to thermodynamic Casimir effects in slabs with free surfaces

F. M. Schmidt1, H. W. Diehl1, D. Grüneberg1, M. Hasenbusch2, A. Hucht1, and S. B. Rutkevich1

1. Fakultät für Physik, Universität Duisburg-Essen, D-47058 Duisburg, Germany

2. Institut für Physik, Humboldt-Universität zu Berlin, Newtonstr. 15, D-12489 Berlin, Germany

The classical n-vector φ4 model withO(n) symmetrical HamiltonianH is considered in a slab ge-

ometry bounded by a pair of parallel free surface planes at separation L. Standard quadratic bound-

ary terms implying Robin boundary conditions are included in H. The temperature-dependent

scaling functions of the residual free energy and the thermodynamic Casimir force are computed in

the large-n limit for all temperatures T . Their n = ∞ limits can be expressed exactly in terms of

the eigensystem of a self-consistent one-dimensional Schrödinger equation. This equation is solved

numerically for two distinct discretized versions of the model: in the first (“model A”), only the

coordinate z across the slab is discretized; in the second (“model B”), a simple cubic lattice with

periodic boundary conditions along the lateral directions is used. Anomalous corrections to scaling

∝ L
−1 lnL are shown to occur in addition to conventional ones ∝ L

−1. They can be considerably

decreased by taking the limit g → ∞ of the φ
4 interaction constant g and absorbed in an effective

thickness Leff = L + δL to an extent that depends on the model. Excellent data collapses and

consistent high-precision results are obtained. The approach to the Goldstone values of the scaling

functions involves logarithmic anomalies. The scaling functions exhibit all qualitative features seen

in experiments on the thinning of wetting layers of 4He, including a pronounced minimum below

the bulk critical temperature.

[1] H. W. Diehl et al., EPL 100, 10004 (2012)

[2] to be published
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Novel Phase Transitions in XY Antiferromagnets on Plane Triangulations

Jian-Ping Lv 1, Timothy M. Garoni 2 and Youjin Deng 3

1. Department of Physics, China University of Mining and Technology, Xuzhou 221116, China

2. School of Mathematical Sciences, Monash University, Clayton, Victoria 3800, Australia

3. Hefei National Laboratory for Physical Sciences at Microscale and Department of Modern

Physics, University of Science and Technology of China, Hefei, Anhui 230026, China

Using Monte Carlo simulations and finite-size scaling, we investigate the XY antiferromagnet

on the triangular, Union Jack, and bisected-hexagonal lattices. As is well known, on the trian-

gular lattice, two transitions occur: a chiral transition of Ising type at temperature Tc; and a

magnetic transition of Kosterlitz-Thouless type at temperature Tm. On the triangular lattice, it

is well-established that Tm < Tc, so that as the temperature decreases the system first develops

chiral order, and then quasi-long-range magnetic order on its sublattices. On the Union Jack and

bisected-hexagonal lattices, by contrast, we find that as T decreases the magnetizations on some

of the sublattices become quasi-long-range ordered at a temperature Tm > Tc, before chiral order

develops.

More surprisingly, on the Union Jack lattice, the magnetization on the degree-4 sublattice

remains disordered until Tc, and then undergoes an Ising transition to a quasi-long-range ordered

phase, rather than a Kosterlitz-Thouless transition as would be expected for a two-dimensional XY

model. Such novel Ising transitions leading to quasi-long range order, rather than genuine long-

range order, have recently been observed in generalized XY models whose Hamiltonians contain

nematic-like interactions. However, our study [1] presents the first evidence that such transitions

can in fact arise in the standard XY antiferromagnet.

[1] J.-P. Lv, T. M. Garoni and Y. Deng, Phys. Rev. B 87, 024108 (2013).
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Finite size effects in a mean-field kinetically constrained model: dynamical glassiness
and quantum criticality

Takahiro Nemoto1, Vivien Lecomte2, and Frédéric van Wijland3

1Division of Physics and Astronomy, Graduate School of Science, Kyoto University, Kitashirakawa-
Oiwakecho, Sakyo-ku, Kyoto 606-8502, Japan.
2Laboratoire de Probabilités et Modèles Aléatoires, UMR 7599 CNRS/P7, Université Paris Diderot,
5 rue Thomas Mann, 75205 Paris cedex 13, France.
3Laboratoire Matière et Systèmes Complexes, UMR 7057 CNRS/P7, Université Paris Diderot, 5
rue Thomas Mann, 75205 Paris cedex 13, France.

The dynamics of Kinetically constrained models (KCMs) are known to share some of the
features of more realistic glassy systems. It was recently found that such models displayed a
dynamical first-order transition, taking place in the space of time realizations rather than in the
conventional configuration space [1]. The first-order critical point is reached in the thermodynamic
limit, namely as both time and the number of degrees of freedom are infinite. Here, we ask how,
at infinite times but in finite size, the dynamical first-order transition compares with ordinary
equilibrium (liquid-gas like) phase transitions. We focus on finite size effects in one particular
KCM, the mean-field Fredrickson-Andersen model. Our findings are as follows:
(i) The rounding-off of the transition in finite size can be determined and it is fully analogous to
that occurring in standard equilibrium first order transitions. We determine the scaling of the
order parameter with the system size as the control parameter is varied around its (infinite size)
critical value.
(ii) Using the phenomenological picture of phase coexistence, we approximate the equilibrium
distribution function of the order parameter at the critical point as the sum of two distribution
functions that correspond to inactive and active phases, respectively. By combining this approxi-
mation with a variational principle [3], we obtain an analytical expression of the scaling properties
that agree with the results obtained numerically.
(iii) By appropriately symmetrizing the evolution operator of the dynamics, one can exploit a
mapping of this dynamical phase transition onto a first-order quantum phase transition, where
the dynamical free energy corresponds to the lowest energy eigenvalue of the quantum system.
We calculate the energy gap between the lowest energy and the second lowest energy by using a
method simimar to that of [4]. We find that this gap is equal to that obtained in (ii).
(iv) Conversely, we illustrate how the numerical methods of large deviations in classical systems
can be used to get across first-order quantum critical points, where quantum annealing fails.

[1] J. P. Garrahan, R. L. Jack, V. Lecomte, E. Pitard, K. van Duijvendijk and F. van Wijland,
Phys. Rev. Lett. 98 195702 (2007).
[2] C. Borgs and R. Kotecký, J. Stat. Phys. 61 79 (1990).
[3] T. Nemoto and S.-I. Sasa, Phys. Rev. E 84, 061113 (2011).
[4] V. Bapst and G. Semerjian, J. Stat. Mech. (2012) P06007.
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Ising-like transitions in the O(n) loop model on the square lattice

Wenan Guo1, Zhe Fu1, and Henk W.J. Blöte2

1. Physics Department, Beijing Normal University, China
2. Leiden University, The Netherlands

Using a transfer-matrix analysis of the square O(n) loop model on the square lattice, we explore
the phase diagram in the (x, n) plane, where x is the weight of a lattice edge covered by a loop.
For n ≫ 2 we find Ising-like phase transitions associated with the onset of a checkerboard-like
ordering of the elementary loops. This line of phase transitions continues into the range n < 2,
but with exponents that depend not only on n, but also on the set of allowed vertices. Depending
on the choice of this set, the n > 2 transition may continue into the dense phase of the n ≤ 2 loop
model, or continue as a line of n ≤ 2 O(n) multicritical points.
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Unraveling daily human mobility motifs 
 
Marta González 
 

MIT, USA 
 

Time scales differentiate human mobility. While the mechanism for longtime scales has been 
studied, the underlying mechanism on the daily scale is still unrevealed. Here, we uncover the 
mechanism responsible for the daily mobility patterns by analyzing the temporal and spatial 
trajectories of thousands of persons as individual networks. Using the concept of motifs from 
network theory, we find only 17 unique networks are present in daily mobility and they follow 
simple rules. These networks, called here motifs, are sufficient to capture up to 90 per cent of 
the population in surveys and mobile phone datasets for different countries. Each individual 
exhibits a characteristic motif, which seems to be stable over several months. Consequently, an 
analytically tractable framework for Markov chains can reproduce daily human mobility by 
modeling periods of high-frequency trips followed by periods of lower activity as the key 
ingredient. 
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Limited Urban Growth: The Historical Trajectory of London's Street Networks

A.Paolo Masucci 1, Kiril Stanilov1,2 and Michael Batty1

1. Centre for Advanced Spatial Analysis, University College of London, W1T 4TJ, London,
UK
2. Martin Centre, University of Cambridge, CB2 1PX, Cambridge, UK

We investigate the growth dynamics of the London metropolitan area based on the evolution of 
its street network. This research involves a unique dataset, consisting of the planar graph 
representation of nine time slices of the metropolis spanning 224 years, from 1786 to 2010. 
Within this frame, we are able to closely track and analyse the urban growth dynamics and the 
evolution of the spatial and topological planar network distributions. We show that the city 
emerges as a sharp transition of the underlying street network. This observation allows us to 
address the concept of the metropolitan area in physical terms, in that the urban evolution 
reveals observable transitions in the distribution of relevant geometrical properties. Given that 
the city has a hard boundary based on its longstanding green belt, we show that the street 
network dynamics can be described as a fractal space filling phenomena up to a capacitated
limit, whence its growth can be predicted with an unprecedented level of accuracy. This 
observation allows the analytical calculation of key topological properties of the planar graph, 
such as the topological growth of the network and its average connectivity. In particular, we 
show analytically how the city moves from a more loop-like structure, typical of planned cities, 
to a more tree-like structure, typical of self-organizing cities. These observations also suggest a
violation of the Gibrat’s law, which is shown empirically and analytically.
[1] A.P. Masucci, K. Stanilov, M. Batty, Simple laws of urban growth, submitted, 
arXiv:1206.5298 (2012).

A10-2



STATPHYS25 JULY 21-26, 2013

AbstrActs contributed tAlks
264

A10-3



STATPHYS25 JULY 21-26, 2013

AbstrActs contributed tAlks
265

The Hidden Structure in Urban Economic Diversity

H. Youn1, L. M. A. Bettencourt1, J. Lobo2, D. Strumsky3, H. Samaniego4 and G. B. West1

1. Santa Fe Institute, 1399 Hyde Park Road, Santa Fe, NM USA
2. School of Sustainability, Arizona State University, Tempe, AZ USA
3. Geography and Earth Sciences, University of North Carolina at Charlotte, Charlotte NC USA
4. Facultad de Ciencias Forestales and Recursos Naturales, Universidad Austral de Chile, Valdivia,
Chile

Cities are now home to a majority of the worlds population, and play a major role in many of
the most pressing challenges facing humanity such as climate change, sustainability, and economic
recovery (1). Thus, understanding urban dynamics is crucial for effective economic, social, and
environmental policy-making. Recent availability of large, consistent datasets enables us to study
the structure and dynamics of cities in a more quantitative, mathematical way (2,3). Here we
focus on two salient characteristics of urban areas associated with innovation and wealth creation
– population size and economic diversity (4). By analysing the distributions of establishments (work
places), the fundamental units of economic analysis, we show that the diversity of metropolitan
areas in the United States manifests a remarkable universal structure. This suggests that cities
are indeed self-similar not only in terms of their aggregated quantities (such as GDP, patents,
crime) (3) but also in their internal abundance structure, implying a generic mechanism for urban
economic development at work. We generalized Yule-Simon model the economic diversification
diminishes its marginals once the core economy establishes to explain the empirical distribution
(5). Multi-dimensional allometric scaling reveals the hidden order in this developmental process.
We believe our integrated analysis sheds light on the general development process of urban economy
in association with the systematic economic merits of agglomeration and the division of labor.

[1] UN-HABITAT (United Nations Human Settlements Program), State of the worlds cities 2010/2011.
[2] M. Batty, Science 319, 769-771 (2008)
[3] L. M. A. Bettencourt, G. B. West, Nature 467, 912913 (2010).
[4] J. V. Henderson, Am Econ Rev 64, 640 (1974).
[5] H. A. Simon, Biometrika 42, 425 (1955).
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Epidemic Spreading on Multi-relation Networks

Rui-Qi Li 1,2 and Ming Tang 2,3 and Pak-Ming Hui 3 and Wen-Xu Wang 1 and Zeng-Ru Di 1

1. School of Complex System Science, Beijing Normal University, Beijing 100875, China
2. Web Science Center, University of Electronic Science and Technology of China, Chengdu 611731,
China
3. Department of Physics, The Chinese University of Hong Kong, Shatin, Hong Kong, China

Networks with links representing different relationships have attracted great attention in recent
years [1-5]. Previous works are mostly focused on the analysis of network topology and evolution,
multi-relation pattern mining [6-8], detection of overlapping communities [9], and cascading fail-
ure [10,11]. However, epidemic spreading on multi-relation networks remains a largely unexplored
area. Since there exists some interactions among different relations [12] and the contacting pat-
terns between different relations is different [13-15], which will influence the epidemic dynamics,
so the epidemic dynamics upon multi-relation networks ought to be very interesting. We propose
a binary-relation network model, representing working and friendship relationships, or other spe-
cific relations, to reveal the impact of multiple relationships on the epidemic spreading. A link
representing a closer relationship carries a higher weight [16,17]. For reactive infection process in a
multi-relation network, the threshold of outbreak is lower, making the epidemic harder to control.
Comparing results in networks with different structural heterogeneity such as the Watts-Strogatz,
Erdös-Rényi and Barabási-Albert networks, the WS network is affected most significantly. Inter-
estingly, the relative changes in the thresholds on the three networks are found to be independent
of the structure. For contact infection process, an increase in the weight of the closer relationship
can raise the outbreak threshold significantly and decrease the prevalence. As the fraction of closer
relationship varies, an optimal fraction corresponding to a maximum outbreak threshold and mini-
mum prevalence emerges. With an increase in the weight of the closer relationship, the proportion
of links corresponding to the optimal value decreases. Most interestingly, the optimal proportions
of closer-relation links on the three networks are almost the same, and thus are independent of
the network topology. This study not only contributes to the better understanding of epidemic
spreading dynamics, but also provides a new perspective for research on multi-relation networks.

[1] Anderson R M, May R M 1992 Infectious Disease of Humans (Oxford University Press)
[2] Dailey D J, Gani J 2001 Epidemic Modeling: An Introduction (Cambridge University Press)
[3] Pastor-Satorras R, Vespignani A 2001 Phys. Rev. Lett. 86 3200
[4] Pastor-Satorras R, Vespignani A 2001 Phys. Rev. E 63 066117
[5] Hufnagel L, Brockmann D, Geisel T 2004 Proc. Natl. Acad. Aci. 101 15124
[6] Cai D, Shao Z, et al 2005 PKDD Porto, Portugal Oct 3-7, 2005 p446
[7] Stroele V,et al 2009 ICCSEV, Canada Aug 29-31, 2009 p711
[8] Cai D, Shao Z, He X F, Yan X F, Han J W 2005 LinkKDD Chicago, USA Aug 21, 2005 p58
[9] Palla G, Derenyi I, Farkas I, Vicsek T 2005 Nature 435 814-818
[10] Parshani R, Buldyrev S V, Havlin S 2011 Proc. Natl. Acad. Aci. 108 3
[11] Albert R, Jeong H, Barabási A-L 2000 Nature 406 378-382
[12] Szell M, Lambiotte R, Thurner S 2010 Proc. Natl. Acad. Aci. 107 31
[13] Purcell D W, Parsons J T, Halkitis P N, Mizuno Y, Woods W J 2001 J. Subst Abuse 13 185
[14] Wolitski R J, Fenton K A 2011 AIDS Behav 15 9(Suppl. 1)
[15] Liu J P, Microbiol J 2006 Iummunol. Infect. 39 (1) 4
[16] Onnela J P,et al 2007 Proc. Natl. Acad. Aci. 104 18
[17] Wuchty S, Uzzi B 2011 PLoS ONE 6 11
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The Onset of Turbulence 

Björn Hof1,2

1. Institute of Science and Technology Austria, 3400 Klosterneuburg, Austria  
2. Max Planck Institute for Dynamics and Self Organisation, 37073 Göttingen, Germany 

How turbulence arises in simple shear flows has been an open question for over a century. In 
pipe and channel flows turbulence is commonly observed even though the laminar flow is 
linearly stable. Despite numerous experimental and theoretical studies it has not been possible 
to determine a well defined critical point nor to clarify the nature of the transition. I here show 
for the examples of pipe and Couette flow that the onset of sustained turbulence is a 
nonequilibrium phase transition. The critical point is determined by resolving the extremely 
long time scales of the underlying growth and decay processes. Furthermore close to criticality 
the spatio temporally intermittent flow patterns become scale invariant. Finally estimates of the 
critical exponents are provided and connections to other nonequilibrium systems such as 
directed percolation are discussed. 
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Covariant Lyapunov vectors for smooth and rough hard disk fluids

Hadrien Bosetti and Harald A Posch
Faculty of Physics, University of Vienna, Boltzmanngasse 5
Vienna, 1090, Austria

The Oseledec splitting of the tangent space into covariant subspaces for a hyperbolic dynam-
ical system is numerically accessible by computing the full set of covariant Lyapunov vectors. In
this paper, the covariant Lyapunov vectors, the orthogonal Gram-Schmidt vectors, and the cor-
responding local (time-dependent) Lyapunov exponents, are analyzed for planar systems of rough
hard disks (RHD). These results are compared to respective results for a smooth-hard-disk system
(SHD). We find that the rotation of the disks deeply affects the Oseledec splitting and the struc-
ture of the tangent space. For both the smooth and rough hard disks, the stable, unstable and
central manifolds are transverse to each other, although the minimal angle between the unstable
and stable manifolds of the RHD typically is very small.
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Multi-level Dynamical Systems: Connecting the Ruelle Response Theory and the 
Mori-Zwanzig Approach 

Valerio Lucarini1,2 and Jeroen Wouters1
 

 

1. Klimacampus, Institute of Meteorology, University of Hamburg, Grindelberg 5, 20144 
Hamburg, Germany 
2. Department of Mathematics and Statistics, University of Reading, Whiteknights Campus, 
RG6 6AX Reading, UK 
 
We consider the problem of deriving approximate autonomous dynamics for a number of 
variables of a dynamical system, which are weakly coupled to the remaining variables. We first 
propose a systematic way to construct a surrogate dynamics, such that the expectation value of 
any observable agrees, up to second order in the coupling strength, to its expectation evaluated 
on the full dynamics. By direct calculation, we find that, at first order, the coupling can be 
surrogated by adding a deterministic perturbation to the autonomous dynamics of the system of 
interest. At second order, there are two separate and very different contributions. One is a term 
taking into account the second order contributions of the fluctuations in the coupling, which can 
be parametrized as a stochastic forcing with given spectral properties. The other one is a 
memory term, coupling the system of interest to its previous history, through the correlations of 
the second system. If these correlations are known, this effect can be implemented as a 
perturbation with memory on the single system. In order to treat this case, we present an 
extension to Ruelle's response theory able to deal with integral operators. Furthermore, we show 
that such surrogate dynamics agrees up to second order to an expansion of the Mori-Zwanzig 
projected dynamics. This implies that the parametrizations of unresolved processes suited for 
prediction and for the representation of long term statistical properties are closely related, if one 
takes into account, in addition to the widely adopted stochastic forcing, the often neglected 
memory effects. We emphasize that our results do not rely on assuming a time scale separation, 
and, if such a separation exist, can be used equally well to study the statistics of the slow as well 
as that of the fast variables. Our findings have relevance for the construction of parametrizations 
of unresolved processes in many non-equilibrium systems, and most notably in geophysical 
fluid dynamics [1,2]. 
 
[1] J. Wouters and V. Lucarini, Disentangling multi-level systems: averaging, correlations and 
memory, J. Stat. Mech. P03003 doi:10.1088/1742-5468/2012/03/P03003 (2012) 
[2] J. Wouters and V. Lucarini, Multi-level Dynamical Systems: Connecting the Ruelle 
Response Theory and the Mori-Zwanzig Approach, J. Stat. Phys., doi: 10.1007/s10955-013-
0726-8 (2013) 
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A gravity wave bifurcation in a Taylor-Couette system with free surface

Julián Mart́ınez Mercado, Cristóbal Arratia Mart́ınez, and Nicolás Mujica Fernández

Departmento de F́ısica, FCFM, Universidad de Chile, Santiago, Chile

In this work, we study the occurrence of a gravity-wave instability in a turbulent Taylor-Couette
system with a free surface. In such configuration the system can bifurcate from an axisymmetric
turbulent base state to a m = 1 gravity wave state. We use the Froude number Fr = (aω)2/gh to
characterize the bifurcation, where a is the radius of the inner cylinder, ω its angular velocity , g
the gravity acceleration and h the height of the free surface.

We show that the observed instability is subcritical, presenting a bi-stable region and hysteresis.
The measured bifurcation curve can be fitted with the deterministic amplitude equation ∂tu =
εu + νu2 − γu3, being u the wave’s amplitude, although differences are observed due to noise
induced by turbulence. The growing rate of the wave’s amplitude σ varies linearly with Fr − Frc.
Moreover, the probability distribution of the wave’s amplitude can be expressed as a functional of
the form ln c0 − c1u

2 + c2u
3 − c3u

4, resulting from the use of a Fokker-Planck equation to obtain
the probability distribution for this type of bifurcation.

For different heights of the free surface, the characteristics of the bifurcation change. With a
small height, the bi-stable region is broader but with a lesser discontinuity than for a large height.
The noise at this height affects more the evolution of the bifurcation. To characterize the noise,
the pressure fluctuations are measured and their distributions obtained for the different heights of
the free surface.
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Aging Transition in a Population of Excitable and Oscillatory Units

Hiroaki Daido, Akira Kasama, and Kazuho Nishio

Department of Mathematical Sciences, Osaka Prefecture University, Sakai 599-8531, Japan

Large populations of coupled oscillators appear in diverse areas of science and technology.
Recent studies have revealed many of their dynamic activities such as macroscopic synchronization.
However, it still remains to be fully elucidated how robust such dynamic activities are against the
deterioration of elements such that active oscillators turn inactive. Our earlier work was devoted
to this problem for the case of oscillators below and beyond a Hopf bifurcation, leading to the
discovery of what we call an aging transition, which is a transition between the static and the
dynamic regime taking place when the ratio of inactive elements exceeds a critical value[1] (see
also references in [2]). Here, we are concerned with the case of a saddle-node bifurcation. All
elements are set to be identical except their parameter values, which are assumed to be uniformly
distributed in a range. Following [3], we use their mean and the coupling strength as the control
parameters. The behavior of order parameters as well as phase diagrams will be presented and
analyzed for some different populations.

[1] H. Daido, and K. Nakanishi, Phys. Rev. Lett. 93, 104101 (2004).
[2] H. Daido, AIP Conf. Proc. 1468, pp. 127-136 (2012).
[3] H. Daido, Phys. Rev. E 84, 016215 (2011).
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Physical mathematics of Bethe ansatz

Atsuo Kuniba

Institute of Physics, Graduate School of Arts and Sciences, University of Tokyo, Tokyo 153-8902,
Japan

I present a brief overview of the mathematical outgrowths of Bethe’s consideration on the
completeness problem in his solution of the Heisenberg chain in 1931. It is a history of the
interplay among Fermionic character formula of affine Lie algebras, Baxter’s corner transfer matrix
method, emergence of the fundamental difference equations coined as T-systems and Y-systems
from analytic and thermodynamic Bethe ansätze, proof of their periodicity and dilogarithm identity
in conformal field theories by means of cluster algebras and so forth.

[1] G. Hatayama, A. Kuniba, M. Okado, T. Takagi and Y. Yamada: Remarks on fermionic formula,
in Recent Developments in Quantum Affine Algebras and Related Topics, ed. by N. Jing and K.C.
Misra, Contemporary Mathematics 248 (AMS 1999) 243-291.
[2] G. Hatayama, A. Kuniba, M. Okado, T. Takagi and Z. Tsuboi: Paths, Crystals and Fermionic
Formulae, Prog. in Math. Phys. 23 MathPhys Odyssey 2001, Integrable Models and Beyond, M.
Kashiwara and T. Miwa eds. Birkhäuser (2002) p205–p272.
[3] A. Kuniba, T. Nakanishi and J. Suzuki, T-systems and Y-systems in integrable systems, J.
Phys. A: Math. Theor. 44 (2011) 103001, 146 pages.
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Critical manifolds, graph polynomials, and exact solvability

Jesper Lykke Jacobsen1 and Christian R. Scullard2

1. LPTENS, École Normale Supérieure, 24 rue Lhomond, 75231 Paris, France
2. Lawrence Livermore National Laboratory, Livermore CA 94550, USA

The first parameter to be fixed when studying a phase transition is the critical temperature.
Somewhat surprisingly, this parameter is only known analytically for the simplest two-dimensional
models (Ising model), or for more complicated models (Potts and O(n) vector models) on the
simplest possible lattices. The known critical temperatures are invariably given by simple algebraic
curves. Some of these results have very recently been proved mathematically by the technique of
discrete holomorphicity.

For Potts and (bond or site) percolation models on any desired two-dimensional lattice we
define a graph polynomial whose roots turn out to give very accurate approximations to the
critical temperatures, or even yield the exact result in the exactly solvable cases. This polynomial
depends on a basis (unit cell) and its embedding into the infinite lattice. As the size of the basis
is increased the approximation becomes increasingly accurate.

This, on the one hand, gives strong evidence that the critical temperature for the lattices with
no known analytical solution may not be algebraic numbers, and that conformal invariance will
not have any counterpart in finite size (discrete holomorphicity). On the other hand, the method
determines the critical temperature to unprecedented accuracy, typically 12-13 significant digits
for bond percolation thresholds pc. For instance we find pc = 0.524 404 999 134(2) on the kagome
lattice, and pc = 0.740 420 798 847 4(7) on the (3, 122) lattice. The graph polynomial also provides
a means of tracing high-precision phase diagrams for the Potts model on all Archimedean lattices.
In the antiferromagnetic regime we find an intricate mixture of universal and lattice-dependent
features.

[1] J.L. Jacobsen and C.R. Scullard, J. Phys. A: Math. Theor. 45, 494003 (2012).
[2] J.L. Jacobsen and C.R. Scullard, J. Phys. A: Math. Theor. 46, 075001 (2013).
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Local deformed semicircle law for Wigner matrices with random potential

Ji Oon Lee 1 and Kevin Schnelli 2

1. Department of Mathematical Sciences, Korea Advanced Institute of Science and Technology,
Daejeon 305-701, Korea
2. Department of Mathematics, Harvard University, Cambridge, MA 02138, USA

We consider random matrices of the form H = W + λV , where W is a Wigner matrix and
V a random diagonal matrix. We assume subexponential decay for the matrix entries of W and
we choose λ ∼ 1 so that the eigenvalues of W and λV are of the same order in the bulk of the
spectrum. In this talk, we discuss the local deformed semicircle law for H [1], which is an analogous
result to the local semicircle law for Wigner matrices. We also obtain complete delocalization of
eigenvectors and other results about the positions of eigenvalues.

[1] Lee, J. O., Schnelli, K.: Local Deformed Semicircle Law and Complete Delocalization for Wigner
Matrices with Random Potential, arXiv:1302.4532 (2013).
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Hamilton-Jacobi analysis of molecular distribution function in a chemical oscillator

Hiizu Nakanishi,1 Jun’ichi Wakou,2 and Takahiro Sakaue1

1. Department of Physics, Kyushu University 33, Fukuoka 812-8581, Japan
2. Miyakonojo National College of Technology, Miyakonojo-shi, Miyazaki 885-8567, Japan

Chemical reactions are molecular processes and subject to the molecular fluctuations. Such
fluctuations are negligible in macroscopic systems and the rate equation description is precise.
However, as the number of molecules involved decreases, the fluctuations beome visible and the
system behavior may be quite different from the one expected from the rate equation especially in
non-equilibrium systems that show chemical oscillation, bifurcation, bistability, etc.

The molecular fluctuations in chemical reaction have been studied by the chemical master equa-
tion for the distribution function of molecular numbers of each chemical species. For homogeneous
systems, the transition probabilities may be assumed to be a function of molecular concentrations
with a coefficient proportional to the system size Ω. In this case, the chemical master equation
can be put in the form of the Fokker-Planck equation, where the molecular fluctuations are rep-
resented by the diffusion term of the order of 1/Ω. Using the analogy between the Fokker-Planck
equation and the Schrödinger equation, the Hamilton-Jacobi formalism can be employed to obtain
the distribution function.

In this work, we develope the formalism to calculate the time development of the distribution
functions in the case of chemical oscillation and transient behavior in general situations. In the
case of steady oscillation, the phase diffusion takes place and eventually the distribution function
shows stationary distribution around the periodic orbit. We obtain compact expressions for the
distribution function and develope a method to evaluate the formula numerically. Some of our
expressions are shown to be equivalent with the ones previously obtained.
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Markov Chain Monte Carlo Sampling with Irreversible Kernel

Synge Todo 1 and Hidemaro Suwa 2

1. Institute for Solid State Physics, University of Tokyo, 7-1-26-R501 Port Island South, Kobe
650-0047, Japan
2. Department of Physics, Boston University, 590 Commonwealth Avenue, Boston, Massachusetts
02215, USA

The Markov chain Monte Carlo (MCMC) method is a versatile tool in statistical physics to
evaluate multi-dimensional integrals numerically. For the method to work effectively, we must
consider the following key issues: the choice of ensemble, the selection of candidate states, and the
optimization of transition kernel. For the construction of transition kernel, the Metropolis-Hastings
algorithm or the Gibbs sampler has been used widely in practical simulations. Since the invention
by Metropolis and his coworkers in 1953, the MCMC method has evolved within the paradigm
of the detailed balance, namely reversibility. The detailed balance is, however, not a necessary
condition. Instead of solving usual algebraic equations of the detailed balance, we rewrite the
conditions as a geometric allocation problem. As a result, it becomes always possible to find not
only a reversible solution but also an irreversible kernel with minimized rejection rate. The absence
of the detailed balance also introduces a net stochastic flow in a configuration space. We observed
that the distribution convergence and the sampling efficiency are significantly improved in the
Potts model, the bivariate Gaussian model, and so on. This approach using the irreversible kernel
can be applied to any MCMC sampling and it is expected to improve the efficiency in general.

[1] H. Suwa and S. Todo, Phys. Rev. Lett. 105, 120603 (2010)
[2] H. Suwa and S. Todo, in Monte Carlo Methods and Applications (De Gruyter, Berlin, 2012).
[3] H. Suwa and S. Todo, preprint (arXiv:1207.0258).
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Memory and Organization in Materials Far from Equilibrium
Sidney Nagel

Department of Physics and the James Franck and Enrico Fermi Institutes; the University of 
Chicago; Chicago, IL 60637 USA

Out-of-equilibrium disordered systems may preserve a memory of external driving that can 
be read out at a later time.  I will present one form of memory that does this in a remarkable 
fashion [1]. The system remembers multiple values from a series of training inputs yet forgets 
nearly all of them at long times despite a continual repetition of the inputs.  However, if noise 
is added to the system, all the memories can be preserved indefinitely.  This provides a 
concrete example of “plasticity” in memory formation.  Despite these surprising features, the 
cause of this memory formation is easily understood and appears to be generic..

[1] “Generic transient memory formation in disordered systems with noise,” N. C. Keim and S. R. Nagel 
Phys. Rev. Lett. 107, 010603 (2011).
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Jamming of Finite-Width Tunnels in the Kob-Andersen Kinetically-Constrained Model

Eial Teomy and Yair Shokef

School of Mechanical Engineering, Tel Aviv University, Tel Aviv 69978, Israel

In colloidal and granular systems, energy and temperature do not play a major role. The
dynamics of such systems are dominated by the geometrical packing fraction of their constituents
and may be described by various kinetically-constrained models [1]. We focus on the Kob-Andersen
model [2], which is defined as a lattice gas with only on-site exclusion, for which particles can move
to neighboring sites only if they have less than a certain number of occupied neighbors. Most
previous research considered infinite systems, while actual experimental systems are finite. We
consider semi-infinite two- and three-dimensional systems, which are infinite in one direction, but
finite in the other direction(s) [3].

By increasing the density of particles in the system, it becomes jammed, i.e. almost all the
particles can never move according to the kinetic constraints. It has been proven [4] that a system
which is infinite in all directions, gets jammed only at a density of 1, when all lattice sites are
occupied by particles. We find, analytically and numerically, that finite-width systems become
jammed at some finite, width-dependent density which nears 1 as the width of the tunnel is
increased.

[1] F. Ritort and P. Sollich, Advances in Physics, 52, 219 (2003)
[2] W. Kob, and H.C. Andersen, Phys. Rev. E, 48, 4364 (1993)
[3] E. Teomy and Y. Shokef, Phys. Rev. E, 86, 051133 (2012)
[4] J. Balogh, B. Bollobas, H. Duminil-Copin, and R. Morris, Trans. Amer. Math. Soc., 364 (5),
2667 (2012)
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Devising a statistical ensemble approach to jammed packings generated by successive
taps

Fabien Paillusson and Daan Frenkel

Department of Chemistry, University of Cambridge, Lensfield Road, CB2 1EW, Cambridge (UK)

Akin to what is observed in equilibrium thermodynamics, granular systems display statistical
properties because of the huge number of particles they involve. In the case of jammed packings, it
is thought that some of their statistical properties can be described reliably within an ”equilibrium”
statistical mechanics framework devised by Edwards’ in the late 80s [1]. Focusing on simulations of
vibrated granular systems, we firstly look at an ensemble of them and probe the evolution of their
statistics with time. This allows us to question a particular formulation of the ergodicity property
of the system that we shall then test for our system. Finally, the compatibility with Edwards’
framework will be discussed [2].

[1] S. Edwards and R. Oakeshott, Physica A. 157A, p-1080 (1989)
[2] F. Paillusson and D. Frenkel, Phys.Rev.Lett. 109, p-208001 (2012)
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Jamming percolation in an unoriented kinetically constrained model

Hiroki Ohta 1 and Shin-ichi Sasa 2

1. Laboratoire de Physique Théorique et Modèls Statistiques, Université Paris-Sud and CNRS,
Orsay 91405, France
2. Department of Physics, Kyoto University, Kyoto 606-8502, Japan

Kinetically constrained models have been studied with a motivation of understanding glassy
slow dynamics including jamming phenomena in granular materials as well. So far, it has been
known that a few kinetically constrained models in finite dimensions, where the constraints are “ori-
ented”, show discontinuous percolations sharing partly with the common natures of jamming tran-
sitions [1,2]. However, the relation between those percolations and jamming phenomena are still
unclear because those percolations might be specific to microscopic rules. In order to understand
the generality of such discontinuous percolations, it could be helpful to find a finite-dimensional
kinetically constrained model showing a discontinuous percolation where the constraints are “un-
oriented”.

In this presentation, we show an unoriented kinetically constrained model on the square lattice,
which shows a discontinuous percolation similar to those percolations in the oriented models. Con-
cretely, a nontrivial upper bound of the percolation point can be exactly derived in this unoriented
model. Finally, we discuss the universality class of this discontinuous percolation by using the
numerical simulations [3].

[1] C. Toninelli, G. Biroli and D. S. Fisher, Phys. Rev. Lett., 96 (2006) 035702.
[2] M. Jeng M. and J. M. Schwarz, Phys. Rev. E, 64 (2010) 011134.
[3] H. Ohta and S. Sasa, arXiv:1112.0971.
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Direct computation of the packing entropy of granular materials

Daniel Asenjo 1, Alberto Sicilia 2, Fabien Paillusson 1 and Daan Frenkel 1

1. Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge, CB2 1WE,
UK.
2. Departamento de Qúımica F́ısica I, Facultad de Ciencias Qúımicas, Universidad Complutense
de Madrid, 28040 Madrid, Spain.

We calculate the configurational entropy of randomly packed particles using Monte Carlo ex-
ploration of the potential energy landscape via the techniques described and tested in [1]. By
measuring volumes of basins of attraction of potential energy minima corresponding to jammed
systems of frictionless particles interacting via repulsive, finite range potentials we can estimate
the total number of states. It is important to stress that it would be impossible to count them all
via direct enumeration for systems larger than N ∼ 10 as the number of states scales exponentially
with system size. The importance of the minimisation algorithm is discussed. We find that certain
minimisation techniques are not always capable of correctly defining basins of attraction of minima,
specially at the basin boundaries [2]. We are able to go well beyond the system sizes tested in [1]
to extend the claim on the extensivity of the configurational entropy at random close packing.

[1] N. Xu, D. Frenkel and A. J. Liu, Phys. Rev. Lett. 106, 245502 (2011).
[2] D. Asenjo, J. Stevenson, D. J. Wales and D. Frenkel, submitted to J. Phys. Chem. B.
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Geographic information and physics of society

Beom Jun Kim

BK21 Physics Research Division and Department of Physics, Sungkyunkwan University, Suwon

440-746, Korea

Variety of different social phenomena are inevitably influenced by geography. We examine how

different types of facilities are spatially distributed for given population distribution, and show

public and private facilities have different exponent α in D ∼ ρ
α with D and ρ being facility and

population densities, respectively. We also investigate voting behaviors in elections to find that it

is geographically constrained even in this era of virtual world of social networks.
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Community structure and spreading of social contagions

Lilian Weng1 and Filippo Menczer1 and Yong-Yeol Ahn1

1. Department of Computer Science and Informatics, Indiana University, Bloomington, IN 47408,
United States

Spreading processes on networks has been one of the most fundamental topics in network sci-
ence. Information spreading in social networks has often been described by epidemic spreading
models but recent studies demonstrated that some contagions exhibit a fundamentally different pat-
tern, where multiple exposure significantly enhances the transmission probability of the contagion.
In addition the crucial roles of homophily in information spreading has been also demonstrated.
Both the reinforcement effect and homophily suggest the importance of community structure—
highly clustered subgraphs—in networks. Here we investigate the relationship between network
communities and spreading of hashtags in Twitter networks, and demonstrate that there indeed
exists strong concentration of hashtags in a few communities. We further use this observation to
construct a predictive model of meme virality.
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Defining cities through percolation and density cutoffs

Elsa Arcaute1, Erez Hatna2,1, Jiaqiu Wang1, Paolo Masucci1, Peter Ferguson1 and Michael Batty1

1. Centre for Advanced Spatial Analysis, University College London, UK
2. Center for Advanced Modeling, The Johns Hopkins University, USA

City boundaries play a crucial role in the measurement of urban observables, specially if these
are the outcome of non-linear effects [1]. Nevertheless, determining where a city starts or ends
is a point of great debate, and delimiting a city remains an open problem. In this paper we
apply percolation theory to the road network in Britain following the ideas in [2], and show how
cities emerge as modules in the brain through the different distance thresholds. This is a different
methodology to the well-developed application of percolation theory to model the growth of cities
[3]. Using cluster size as the main indicator for a second order phase transition, we also define cities
through population and road intersection densities, extending the results for the US. The former
methodology was derived initially for Britain in [1], while the latter follows a similar derivation
for natural cities given in [4]. We compare these results with morphological descriptions of cities
given in terms of the built areas in satellite images.

[1] Elsa Arcaute, Erez Hatna, Peter Ferguson, Hyejin Youn, Anders Johansson, and Michael Batty,
City boundaries and the universality of scaling laws, arXiv:1301.1674 (2013).
[2] Lazaros K. Gallos, Hernán A. Makse, and Mariano Sigman, A small world of weak ties provides
optimal global integration of self-similar modules in functional brain networks, Proc Natl Acad Sci
USA 109, 8:2825-2830 (2012)
[3] Hernán A. Makse, José S. Andrade, Jr., Michael Batty, Shlomo Havlin, and H. Eugene Stanley,
Modeling urban growth patterns with correlated percolation, Phys. Rev. E 58, 6 (1998)
[4] Bin Jiang and Tao Jia, Zipf’s Law for All the Natural Cities in the United States: A Geospatial
Perspective, arXiv:1006.0814 (2010).
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Network distance: a concept helping identifying communities in phylogenetic 
analysis 
 
Roberto F S Andrade 
 
Instituto de Física – Universidade Federal da Bahia – 40210-340 – Salvador – Brazil  
 
Complex weighted networks have been applied to uncover organizing principles of complex 
biological, technological, and social systems. Several networks based on biological data have 
been investigated, among which the transcriptional networks, those based on metabolic activity, 
and/or protein interaction. Here we consider the evolutionary relationship between proteins 
throughout phylogeny, employing the complex network approach to perform a comparative 
study of the enzymes with the same function in different organisms. In such case, the similarity 
index of protein sequences is used for network construction. Next, we use of the concept of 
network distance [1] to identify the best values of the similarity score where network are likely 
to display well separated modules, an ideal condition to proceed with the phylogenetic analysis 
[2]. At such values, validated computational routines to identify communities are used. Results 
are reported from studies based on the chitin metabolic pathway and on three enzymes that 
compose the ATP-synthase. The distinct networks modules have been identified to main 
bacterial phyla, and even some bacterial classes.  

[1] R.F.S. Andrade, J.G.V. Miranda, S.T.R. Pinho, T.P. Lobão. Phys. Lett. A. 372, 5265 (2008). 

[2] R.F.S. Andrade et al. PLOS Computational Biology, 7, e1001131 (2011). 
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How to share underground reservoirs

K.J. Schrenk 1, N.A.M. Araújo 1, and H.J. Herrmann 1,2

1. Computational Physics for Engineering Materials, IfB, ETH Zurich, Wolfgang-Pauli-Strasse 27,
CH-8093 Zurich, Switzerland
2. Departamento de F́ısica, Universidade Federal do Ceará, Campus do Pici, 60451-970 Fortaleza,
Ceará, Brazil

Many resources, such as oil, gas, or water, are extracted from porous soils and their exploration
is often shared among different companies or nations. We show that the effective shares can be
obtained by invading the porous medium simultaneously with various fluids [1]. Partitioning a
volume in two parts requires one division surface while the simultaneous boundary between three
parts consists of lines. Using Monte Carlo simulation, we identify and characterize these lines,
showing that they form a fractal set consisting of a single thread spanning the medium and a
surrounding cloud of loops. While the spanning thread has fractal dimension 1.55± 0.03, the set
of all lines has dimension 1.69± 0.02. The size distribution of the loops follows a power law and
the evolution of the set of lines exhibits a crossover with a negative dimension at criticality. Due to
its special geometry, the stacked triangular lattice turns out to be a natural choice to simulate the
sharing of reservoirs [2]. Conceptually, our model is also related to fracturing of ranked surfaces
[3].

[1] K.J. Schrenk, N.A.M. Araújo, and H.J. Herrmann, Scientific Reports 2, 751 (2012).
[2] K.J. Schrenk, N.A.M. Araújo, and H.J. Herrmann, arXiv:1302.0484.
[3] K.J. Schrenk, N.A.M. Araújo, J.S. Andrade Jr., and H.J. Herrmann, Scientific Reports 2, 348
(2012).
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Attractive Interaction Tuning in Bio-Colloidal Membranes

Mathieu Nespoulous and Thomas Gibaud

Ecole Normale Superieure de Lyon, Laboratoire de Physique, UMR 5672 of the CNRS, 46 Allee
d’Italie, 69364 Lyon, France

Repulsive rods are known to form a wide variety of liquid crystal phases. Enabling attractive
interactions between rods broadens the phase diagram and leads in particular to the formation of
a new phase: colloidal membranes [1]. Such attractive interaction between the colloidal particles
is mediated by non-abosrbing polymers via the depletion mechanism.
The range of this attraction can be tuned by changing the size of the depletant polymer. I
will show that one can observe a transiton from fluid-like to hexagonal membranes using large
or small polymers. The strenght of the attractive interaction may be tuned as well by varying
the concentration of the polymers. To demonstrate this, I will first present particle tracking
expermiments that show the evolution of the viruses diffusion inside a fluid-like membrane when
changing the osmotic pressure of the sample. The same tuning of attraction strenght is then studied
performing micro-rheology using micron sized beads tracked on the surface of the membranes.
Finaly I will discuss the implications of these experiments on our understanding of the fluid-like
to crystal membrane transition.

[1] Entropy Driven Self-Assembly of Non-Amphiphilic Colloidal Membranes. E. Barry and Z.
Dogic. PNAS 107, 1034810353 (2010)
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Ions at Interfaces

Yan Levin, Alexandre P. dos Santos, and Alexandre Diehl

Instituto de F́ısica, Universidade Federal do Rio Grande do Sul
Caixa Postal 15051, CEP 91501-970, Porto Alegre, RS, Brazil

Availability of highly reactive halogen ions at the surface of aerosols has tremendous implica-
tions for the atmospheric chemistry. Yet neither simulations, experiments, nor existing theories
are able to provide a fully consistent description of the electrolyte-air interface. In this talk a
new theory will be presented which allows us to explicitly calculate the ionic density profiles, the
surface tension, and the electrostatic potential difference across the solution-air interface [1,2].
The theory takes into account both ionic hydration and polarizability [3]. The theoretical pre-
dictions are compared to experiments and are found to be in excellent agreement. Finally, the
implications of the present theory for stability of lyotropic colloidal suspensions will be considered
[4,5], shedding new light on one of the oldest puzzles of physical chemistry — the Hofmeister effect.

[1] Y. Levin, A.P. dos Santos, and A. Diehl, Phys. Rev. Lett. 103, 257802 (2009).
[2] A. P. dos Santos, A. Diehl, and Y. Levin, Langmuir 26, 10778 (2010).
[3] Y. Levin, Phys. Rev. Lett. 102, 147803 (2009).
[4] A. P. dos Santos and Y. Levin, Phys. Rev. Lett. 106, 167801 (2011).
[5] A. Bakhshandeh, A. P. dos Santos, and Y. Levin, Phys. Rev. Lett. 107, 107801 (2011).
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Centrosomes are autocatalytic droplets of pericentriolar material organized by 
centrioles 
 
David Zwicker1, Markus Decker2, Steffen Jaensch2, Anthony A. Hyman2, and Frank Jülicher1 
 

1. Max Planck Institute for the Physics of Complex Systems, 01187 Dresden, Germany 
2. Max Planck Institute of Cell Biology and Genetics, 01307 Dresden, Germany 
 
Phase separation has recently emerged as an important concept to understand the spatial organi-
zation of the cytoplasm. For example, it has been shown that germ granules are liquid-like drop-
lets, which allows them to distinctly separate from the cytosol [1]. Here, we suggest that centro-
somes can also be considered as liquid-like objects in the cell. We study their assembly kinetics 
using a combination of theory and quantitative experiments. In our model, centrosome material 
occurs in two conformations, a soluble form in the cytoplasm and a form that tends to undergo 
phase separation from the cytoplasm. Chemical reactions controlling the transitions between 
these forms account for the temporal evolution observed in experiments. Interestingly, the de-
stabilizing effect of surface tension can be counteracted by an enzymatic activity of the centri-
oles, which are present at the core of all centrosomes. This non-equilibrium feature also allows 
for multiple stable structures, a situation which is unstable in equilibrium phase separation. 

Our theory explains the growth dynamics of centrosomes for all cell sizes down to the eight-cell 
stage of the C. elegans embryo, and it also accounts for data acquired in experiments with aber-
rant numbers of centrosomes and altered cell volumes. Furthermore, the model can describe un-
equal centrosome sizes observed in cells with disturbed centrioles. Our example can thus estab-
lish a general picture of the organization of membrane-less organelles. 

[1] Brangwynne et al. Science (2009) vol. 324 pp. 1729-1732 
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Torsion and Curvature of FtsZ Filaments 
 
González de Prado Salas Pablo and Tarazona Pedro1 
 

1. Universidad Autónoma de Madrid, Spain 
 

The bacterial protein FtsZ plays a crucial role in cell division [1]. Biomimetic experiments 
have shown that the protein monomers form long and flexible filaments [2], however, their 
dynamics and force generation mechanisms still remain unclear. The use of simplified models in 
which the interaction parameters between monomers may be tuned to reproduce the structures 
observed experimentally has proved to be a very fruitful approach [3]. Recent experimental 
progress suggests that the torsion of the filaments and their anchoring to the bilayer membrane 
may be very relevant to understanding the global behaviour of these systems [4]. 

 
We present Monte Carlo simulations for a simple lattice model that includes these two 

aspects, which were missing in previous models. The spontaneous torsion and curvature of the 
free filament compete with the preferred monomer orientation on the substrate and produce a 
complex phase diagram which can be experimentally tuned through the design of protein 
mutants with a specific anchoring to a bilayer membrane. 

 
 From the perspective of statistical physics, these systems provide a very interesting model of 

living-polymers, with a soft hierarchical organization from monomers to filaments, bundles, and 
percolating structures of bundles. The exploration of our model over the space of interaction 
parameters suggests that the interaction among FtsZ proteins has been biologically selected to 
be in the polymorphic region of the phase diagram, so that it may be induced to assemble 
structures under the effects of weak biochemical signals. 
 
[1] L. Romberg and P.A. Levin, Annu. Rev. Microbiol. 57, 157 (2003); E. Callaway, Nature, 
451}, 124 (2008). 
[2] H.P. Erickson, PNAS 106, 9238 (2009); J. Mingorrance, et al. Trends. Microbiol. 18, 248 
(2010) 
[3] A. Dajkovic, et al. Current Biology 18, 235 (2008);  G. Lan, et al. PNAS 106}, 121 (2009); 
B. Gosh and A. Sain, PRL, 110, 178101 (2008); A. Paez, et al., Soft Matter 5, 2625 (2009). 
[4] I. Hoerger et al., Biophysical Journal (submitted, 2013) 
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Anomalous lateral diffusion in a viscous membrane surrounded by viscoelastic media

Shigeyuki Komura1, Kazuhiko Seki2, and Sanoop Ramachandran3

1. Department of Chemistry, Graduate School of Science and Engineering, Tokyo Metropolitan
University, Tokyo 192-0397, Japan
2. National Institute of Advanced Industrial Science and Technology (AIST), Ibaraki 305-8565,
Japan
3. Physique des Polymères, Université Libre de Bruxelles, Campus Plaine, CP 223, B-1050 Brussels,
Belgium

Biomembranes are thin two-dimensional fluids which separate inner and outer environments of
organelles in cells. We discuss the dynamics and responses of membranes when their surrounding
solvent is viscoelastic rather than purely viscous [1]. This is a common situation in all eukaryotic
cells whose cytoplasm is a soup of proteins and organelles, including a thick sub-membrane layer of
actin-meshwork forming a part of the cell cytoskeleton. We first obtain the generalized frequency-
dependent mobility tensor and focus on the case when the solvent is sandwiched by hard walls [2].
Due to the viscoelasticity of the solvent, the mean square displacement of a disk embedded in the
membrane exhibits an anomalous diffusion. An useful relation which connects the mean square
displacement and the solvent modulus is provided. We also calculate the cross-correlation of the
particle displacements which can be applied for two-particle tracking experiments.

[1] S. Komura, S. Ramachandran, and K. Seki, EPL 97, 68007 (2012).
[2] S. Komura, S. Ramachandran, and K. Seki, Materials 5, 1923 (2012).
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Freezing of Vesicles and Stressed Bilayers

Antti Lamberg and Takashi Taniguchi

Department of Chemical Engineering, Kyoto University, Kyoto 615–8510, Japan

We show using a minimalistic theoretical framework that anomalous freezing of lipid bilayers,
or phase separation decoupling of the leaflets of small vesicles, is caused by a nonuniform stress
profile due to an uneven distribution of lipids. We further predict a previously unseen dependence
of surface tension on temperature and confirm this using coarse grained molecular dynamics sim-
ulations. Applying this framework to vesicles, it is theoretically demonstrated that small vesicles
do not freeze unless they leak water through the bilayer.

The minimalistic framework employed in the present work is that of two independent 2D
Ising–Doniach layers. The two lipid states, the gel (frozen) and the fluid (molten), have different
preferential areas and there is a Hookean elastic energy penalty should the total area differ from
the total preferential area of the lipids. The two layers are coupled together by requiring that
they have the same total area. It is demonstrated that when the amounts of lipids are different
on the layers, asymmetric tension naturally arises and drives the freezing process to proceed in a
step-wise, decoupled, manner, which has immediate implications for biological membranes.
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The 3D Ising Model and the Conformal Bootstrap

Slava Rychkov 1,2,3

1 CERN, Theory Division, Geneva, Switzerland
2 Laboratoire de Physique Théorique de l’École normale supérieure, Paris, France
3 Faculté de Physique, Université Pierre et Marie Curie, Paris, France

I will report recent progress in using Conformal Symmetry to solve the 3D Ising Model at criti-
cality [1]. I will explain how one can extract the operator dimensions of this theory (in particular the
critical exponents η, ν, ω) imposing the constraints of crossing symmetry and reflection-positivity
on the four point of the spin field. When comparison is possible, this technique gives results is
agreement with the RG methods (e.g. the ε-expansion) and the Monte-Carlo simulations, but is
more precise. Also the coefficients of the operator algebra can be determined. This approach holds
great promise to bring our knowledge of 3D critical behavior to the same level as the one achieved
in 2D using Conformal Field Theory.

[1] S. El-Showk, M. F. Paulos, D. Poland, S. Rychkov, D. Simmons-Duffin, and A. Vichi, “Solving
the 3D Ising Model with the Conformal Bootstrap,” Phys.Rev. D86 (2012) 025022, arXiv:1203.6064
[hep-th].
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Multiple Schramm-Loewner evolutions for conformal field theories with Lie algebra
symmetries

Kazumitsu Sakai
Institute of Physics, University of Tokyo, Komaba 3-8-1, Meguro-ku, Tokyo 153-8902, Japan

Geometric properties of critical phenomena are characterized by random fractals such as con-
formal invariant fluctuations of local order parameters. For instance, the spin cluster boundaries of
the 2D Ising model at criticality form a typical fractal curves with fractal dimension 11/8. These
geometric aspects of the critical phenomena have been extensively studied from various different
points of view, especially in 2D where the conformal invariance imposes strong constraints on the
structure of critical phenomena. Among them, the Schramm-Loewner evolutions (SLEs), which
directly and rigorously describe geometric aspects of 2D critical phenomena through simple 1D
Brownian motions, have brought a renewed interest in the theory of critical phenomena.

In this presentation, we provide a multiple version of SLE to describe the scaling limit of multiple
interfaces in critical lattice models possessing Lie algebra symmetries [1]. The critical behavior
of the models are described by Wess-Zumino-Witten (WZW) models. Introducing a multiple
Brownian motion on a Lie group as well as that on the real line, we formulate the multiple SLE
with the additional Lie algebra symmetry. As a typical application, we also exactly evaluate the
crossing probabilities (i.e. the probability πv(r) of the event that “spin” clusters cross from the
top to bottom of the rectangle with aspect ratio r). These are the first exact results of the crossing
probabilities in the models whose critical phenomena characterized by the WZW models.

[1] Nucl. Phys. B 867 (2013) 429-447.
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Fractal geometry and Stochastic Loewner Evolution in disordered systems

Martin Weigel1, Hamid Khoshbakht1 and Jacob D. Stevenson2

1. Applied Mathematics Research Centre, Coventry University, Priory Street, Coventry CV1 5FB,
United Kingdom
2. University Chemical Laboratories, University of Cambridge, Lensfield Road, Cambridge, United
Kingdom

The description of fractal geometry in critical systems has seen a major leap forward with the
advent of the concept of stochastic Loewner evolution (SLE), that provides a unified description
of domain boundaries of many lattice spin systems in two dimensions. While such interfaces in a
number of pure systems, including various phase boundaries in Potts models, are well-known to
be described by SLEκ, recently a number of numerical studies have found interfaces in disordered
systems to be also (partially) consistent with SLE (see, e.g., Ref. [1]).

Here, we study domain walls in random-field Ising models and the Ising spin glass. Using
exact ground-state calculations on systems of up to around 109 spins, we examine domain walls in
these systems and compare with predictions from SLE. For the random-field model, we find strong
evidence for conformal invariance and compliance with the domain-Markov property, implying
compatibility with Schramm-Loewner evolution with parameter κ = 6 [2,3]. For the spin-glass,
new algorithms allow us to determine the spin-stiffness exponent and fractal dimension of domain
walls with unprecedented accuracy [4]. We uncover a strong dependence of SLE properties for the
Gaussian and bimodal models on the specific choice of boundary conditions in these systems.

[1] M. Weigel and W. Janke, Phys. Lett. B 639, 373 (2006).
[2] J. D. Stevenson and M. Weigel, Comput. Phys. Commun. 182, 1879 (2011).
[3] J. D. Stevenson and M. Weigel, Europhys. Lett. 95, 40001 (2011).
[4] H. Khoshbakht, M. Weigel and J. D. Stevenson, in preparation.
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Discrete holomorphicity in integrable lattice models

Imam Tashdid-ul Alam 1

1. Department of Theoretical Physics, Research School of Physics & Engineering, Australian Na-
tional University, Canberra, Australia

In recent years several discretely holomorphic observables have been identified in different lattice
models. Curiously, the holomorphicity property only holds on the critical integrable manifold. We
consider a number of models defined on graphs that admit rhombic embeddings on the complex
plane. By a simple geometric argument [1], we show that Yang-Baxter integrability follows from
the discrete holomorphicity condition of the relevant observables where the rhombus angles play the
role of the spectral parameters. For models possessing Kramers-Wannier duality, self-duality can
also be shown from the property. The Z-invariance of the models manifest itself in the independence
of the values of the observable on the boundary from the tiling of the interior by rhombi.

[1] I T Alam and M T Batchelor (2012) J. Phys. A: Math. Theor. 45 494014
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Proximity E↵ects in Layered Ising Models

Helen Au-Yang 1 and Michael E. Fisher 2

1. Department of Physics, Oklahoma State University, Stillwater, OK 74078-3072, USA
2. Institute for Physical Science and Technology, University of Maryland, College Park, MD 20742-
8510

The specific heats of alternating layered planar Ising models with strips of width m1 lattice
spacing and “strong” couplings J1 sandwiched by strips of width m2 and “weak” coupling J2 have
been studied to investigate the e↵ects of connectivity and proximity. We find that the enhancement
in the specific heat of the strong layers due to the collective e↵ects reflect the observations of
Gasparini and coworkers in experiments on superfluid helium. In addition, we demonstrate that
finite-size scaling holds in the di↵erent temperature regions after suitable rescaling and appropriate
subtractions.

[1] J.K. Perron, M.O. Kimball, K.P. Mooney, and F.M. Gasparini, Nature Physics 6, 409–502
(2010).
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Exploring universal out-of-equilibrium scaling laws with turbulent liquid crystal

Kazumasa A. Takeuchi 1

1. Department of Physics, The University of Tokyo, Tokyo 113-0033, Japan

Recent theoretical progress has revealed a variety of universal scaling laws describing various
scale-invariant phenomena out of equilibrium, but even the most basic and important of these
developments had largely remained without complete experimental verification [1,2]. Here, I show
that chaotic convection of electrically driven nematic liquid crystal is an ideal system to overcome
past difficulties, which allows thorough experimental tests of theoretical predictions and beyond.

First we study the route to turbulence in the electroconvection, focusing in particular on the
transition between two regimes of spatiotemporal chaos, called the dynamic scattering modes
(DSM) 1 and 2. This transition is characterized by spatiotemporal intermittency, where DSM2
patches randomly migrate, coalesce, and sometimes disappear. Measuring both static and dynamic
critical behavior, we identify the directed percolation universality class [3], which is theoretically
known as the most fundamental class for absorbing-state phase transitions [1].

We then study the DSM2 regime under higher applied voltage, where DSM2 domains grow with
fluctuating interfaces. Measuring how the interfaces roughen in course of time, we find evidence for
the scaling laws of the Kardar-Parisi-Zhang class [4], the prototypical class for stochastic growing
interfaces [2]. Remarkably, fluctuations in the interface positions are found to exhibit the largest-
eigenvalue distribution of Gaussian random matrices [4], indicating universality of recent rigorous
results for solvable models [5]. The distribution is classified into a few universality subclasses
according to the global shape of the interface, or to the initial condition. I also discuss some open
problems raised by the experiment [4] on this universality beyond the scaling exponents.

[1] H. Hinrichsen, Adv. Phys. 49, 815-958 (2000).
[2] A.-L. Barabási and H. E. Stanley, Fractal Concepts in Surface Growth, Cambridge Univ. Press
(Cambridge, 1995).
[3] K. A. Takeuchi et al., Phys. Rev. Lett. 99, 234503 (2007); Phys. Rev. E 80, 051116 (2009).
[4] K. A. Takeuchi and M. Sano, Phys. Rev. Lett. 104, 230601 (2010); K. A. Takeuchi et al., Sci.
Rep. 1, 34 (2011); K. A. Takeuchi and M. Sano, J. Stat. Phys. 147, 853-890 (2012).
[5] For reviews, see, T. Kriecherbauer and J. Krug, J. Phys. A 43, 403001 (2010); T. Sasamoto and
H. Spohn, J. Stat. Mech. (2010), P11013; I. Corwin, Random Matrices: Theory and Applications
1, 1130001 (2012).
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Exact results for transport properties of one-dimensional
hamiltonian systems

Henk van Beijeren
Institute for Theoretical Physics, Utrecht University

The dynamics of generic one-dimensional hamiltonian systems with translation invari-
ant short-ranged interaction potentials are shown to be in the Kardar-Parisi-Zhang
universality class. Scaling functions obtained by Prähofer and Spohn by solving the
polynuclear growth model[1] can be used to obtain exact expressions for the long time
behavior of the Green-Kubo integrands for heat diffusion and sound attenuation, as
well as for system size dependent coefficients of heat conduction and sound damping.
The Green-Kubo integrands decay with time as t−2/3 (for heat cnduction) or t−3/5

(for sound attenuation); the sound mode damping constant diverges with system size
as L1/2 and the heat conduction coefficient as L1/3. The coefficients can be obtained
exactly from the Prähofer-Spohn scaling functions combined with mode-coupling am-
plitudes as obtained by Ernst, Hauge and Van Leeuwen [2]. Due to the presence of
three conserved densities (mass, momentum and energy), giving rise to three hydro-
dynamic modes with different propagation velocities (+ or −c0, the adiabatic sound
velocity for the sound modes and zero for the heat mode), there are important and still
superdiffusive corrections to the asymptotic long time respectively large size behaviors.
By using mode coupling techniques one can estimate these corrections as well.

Previous results by Delfini et al. [3] provide a correct one-loop mode coupling approx-
imation to these exact results for weakly anharmonic chains. However, these results
require corrections as soon as cp/cv deviates appreciably from unity.

Exceptions to these results occur in case some of the mode coupling amplitudes are
vanishing. The condition for this is

(
∂c0n
∂n

)
s
= 0. This is satisfied for a number of

exactly solvable models such as harmonic chains, but it may also happen in special
points, lines etc. in the phase diagrams of not exactly solvable models.

[1] ]M. Prähofer and H. Spohn, Exact scaling functions for one-dimensional stationary
KPZ growth, J. Stat. Phys. 115 (2004) 255.
[2] M. H. Ernst, E. H. Hauge and J. M. J. van Leeuwen, Asymptotic time behavior of
correlation functions. II. Kinetic and potential terms, J. Stat. Phys. 15 (1976) 7
[3] L. Delfini, S. Lepri, R. Livi and A. Politi, Self-consistent mode-coupling approach to
one-dimensional heat transport, Phys. Rev. E73 (2006) 060201;
L. Delfini, S. Lepri, R. Livi and A. Politi, Anomalous kinetics and transport from 1D
self-consistent mode-coupling theory, J. Stat. Mech. (2007) P02007

1
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Entropy Production in Transport Phenomena: Variational Principles and Path-integral
Quantization of Irreversible Dynamics

Masuo Suzuki

Computational Astrophysics Laboratory, RIKEN, 2-1 Hirosawa, Wako, Saitama, 351-0198, Japan

New variational principles of transport phenomena will be presented with an emphasis to non-
linear responses by introducing “integrated” entropy production. This scheme can be extended to
the construction of the variational theory of dissipative dynamics. This yields the path-integral
quantization of such dissipative systems. Several applications of these new theories will be given
in electric conductions, thermal diffusion, particle diffusion and magnetic relaxation.

[1] M. Suzuki, Irreversibility and entropy production in transport phenomena I, Physica A 390
(2011) 1904.
[2] M. Suzuki, Irreversibility and entropy production in transport phenomena II – Statistical-
mechanical theory on steady states including thermal disturbance and energy supply, Physica A
391 (2012) 1074.
[3] M. Suzuki, Irreversibility and entropy production in transport phenomena III – Principle of
Minimum Integrated Entropy Production including Nonlinear Responses, A 392 (2013) 314.
[4] M.Suzuki, Irreversibility and entropy production in transport phenomena IV – Symmetry, inte-
grated intermediate processes and separated variational principles for multi-currents, submitted to
Physica A.
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Towards a Dynamical Picture of Local Equilibrium

Bernhard Altaner and Jürgen Vollmer

Max-Planck-Institut für Dynamik und Selbstorganisation (MPIDS), 37077 Göttingen, Germany
Fakultät für Physik, Universität Göttingen, 37077 Göttingen, Germany

Local equilibrium (LE) constitutes one of the central assumptions for many aspects of nonequi-
librium statistical mechanics. It relies on a time-scale separation between themicroscopic dynamics
on phase space and the stochastic dynamics on the space of mesoscopic observables. The latter
induce a partition of phase space. LE assumes that for all practical purposes it is enough to con-
sider constrained equilibrium distributions on the elements of the partition. However, the details
of the relaxation towards these distributions are usually not made explicit. Instead, one simply
assumes Markovian statistics on the mesoscopic scale.

Dynamically, mesoscopic trajectories, i.e. stochastic time-series, reflect the motion of a single
deterministic trajectory through the elements of this partition. Recently, stochastic thermody-
namics (ST) has provided a consistent thermodynamic identification of entropy-like quantities
for these trajectories. Remarkably, the unifying perspective on fluctuation relations provided by
ST is independent of the microscopic context or the specific form of the constrained equilibrium
distributions.

Here, we present a connection between ST and the evolution of the phase-space densities in
thermodynamic contexts [2]. We introduce network multibaker maps as reversible, chaotic models
in order to emulate arbitrary discrete stochastic processes [3]. Within this model, we give a
consistent information-theoretical interpretation of ST’s trajectory functionals. Motivated by these
results, we discuss both a top-down and a bottom-up perspective on LE.

[1] U. Seifert, Rep. Prog. Phys. 75, 126001 (2012).
[2] D.J. Evans and D.J. Searles, Adv. Phys. 51, 1529 (2002).
[3] B. Altaner and J. Vollmer, arXiv:1212.4728 (2012).
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Asymmetric inter-particle interactions can break the long time power-law decay of 
current correlation functions in low dimensional lattices

Hong Zhao

Department of Physics, Xiamen University, Xiamen 361005, Fujian, China

Since the seminal work by Alder and Wainwright in 1970, it has been well known and 
established that, generally, the current-current correlation functions in momentum conserving 
systems decay in power law [1-3], which results in that transport behaviors in low- dimensional 
systems are anomalous. However, our recent studies [4-5] suggest that in low dimensional 
lattices of asymmetric inter-particle interactions, in general the current-current correlations
decay much faster: in some cases even exponential decay is evidenced. It suggests that transport 
behaviors are normal in such systems. As in real materials the inter-particle interactions are 
asymmetric, our findings imply that the power-law decay may not be the normal behavior of 
low-dimensional lattices. The underlying mechanism of the faster decaying behavior is explored,
based on which we argued that existing theories may be applicable for liquid systems as well as 
the lattices with symmetric inter-particle interactions, but are inapplicable for lattice systems 
with asymmetric interactions. The relax behavior of hydrodynamic modes is also discussed.
[1] H. van Beijeren, Phys. Rev. Lett. 108, 180601 (2012).
[2] A. Dhar, Adv. Phys. 57 457(2008)
[3] L. Delfini, S. Lepri, R. Livi, and A. Politi, Phys. Rev. E 73,060201 (2006).
[4] Y. Zhong, Y. Zhang, J. Wang, and H. Zhao, Phys. Rev. E 85, 060102 (R) (2012).
[5] S. Chen, Y. Zhang, J. Wang, and H. Zhao, arXiv:1204.5933.
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Quantifying immune receptor diversity

Aleksandra M. Walczak

1. CNRS and Laboratoire de Physique Théorique de l’École Normale Supérieure, Paris, France

Recognition of pathogens relies on the diversity of immune receptor proteins. Recent experi-
ments that sequence the entire immune cell repertoires provide a new opportunity for quantitative
insight into naturally occurring diversity and how it is generated. The generation process is imple-
mented via a series of stochastic molecular events involving gene choices and random nucleotide
insertions between, and deletions from, genes. I will describe how we can attempt to quantify
the diversity of the receptors formed in this process and point to the origins of diversity in these
sequences.
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Double, Double, ... Bubble�: the Physics of DNA Melting.

Michel Peyrard 1 and Nikos Theodorakopoulos 2

1. Laboratoire de Physique, Ecole Normale Supérieure de Lyon, France
2. Theoretical and Physical Chemistry Institute, National Hellenic Research Foundation, Athens,
Greece

The famous picture of the double helix of DNA is merely a static view. The lifetime of a base
pair, i.e. the time during which it stays closed, is only of the order of a few milliseconds. At high
temperature some parts of the double helix open locally and form the so–called “denaturation
bubbles”, which play a role in biological function.

These bubbles are precursors of the thermal denaturation of DNA, a phase transition in one
dimension, which has been the subject of many theoretical studies. What can we say experimentally
about it? To validate the theories one must go beyond the analysis of the fraction of open base
pairs versus temperature and examine spatial correlations.

We have combined different approaches to study the spatial structure of DNA fluctuations:
neutron scattering and the analysis of magnetic birefringence data. This contribution will present
the experimental measurements and discuss their analysis in the context of current mesoscopic
modeling.

[�] Physical Review Letters Synopsis
(http://physics.aps.org/synopsis-for/10.1103/PhysRevLett.108.078104)
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Statistical Physics of Driven DNA: Scaling and Phase Diagram

Sanjay Kumar

Department of Physics, Banaras Hindu University, Varanasi 221 005, India

The separation of a double stranded DNA to two single stranded DNA below its melting point
is a prerequisite for processes like transcription and replication. To execute such processes, various
proteins work far away from equilibrium in a staggered way. In this talk, we shall discuss some
aspects of unzipping of DNA under a drive in non-equilibrium conditions. We propose the dynamic
transition, where without changing the physiological condition, it is possible to bring DNA from the
zipped/unzipped state to a new dynamic (hysteretic) state by varying the frequency of the applied
force. Our studies revealed that the area of the hysteresis loop grows with the same exponents as
of the spin systems. We shall propose a steady state phase diagram of driven DNA, which along
with scaling exponents are amenable to verification in force spectroscopic experiments.

[1] Statistical Mechanics of DNA unzipping under periodic force: Scaling behavior of hysteresis
loop, S. Kumar and G. Mishra, Preprint (2013).
[2] Dynamical phase transition of a periodically driven DNA, G. Mishra, P. Sadhukhan, S. M.
Bhattacharjee and S. Kumar, Phys. Rev. E 87, 022718 (2012).
[3] Scaling of hysteresis loop of interacting polymers under a periodic force, R. K. Mishra, G.
Mishra, D. Giri, and S. Kumar, J. Chem. Phys. (2013).
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Rupturing of Hoogsteen base pairs in triplex DNA 

Il Buem Lee and Seok-Cheol Hong 

Department of Physics, Korea University, Seoul, Korea 

Watson and Crick found that DNA exists as a double helix of two strands and the two strands 
are connected by “Watson-Crick” base pairs (A-T and G-C). Ten years later, Karst Hoogsteen 
reported a new binding mode between analogues of A and T, which is now known as 
"Hoogsteen base pairing". The geometries of Hoogsteen and Watson-Crick base pairing are 
markedly different. Soon it was known that Hoogsteen base pairing plays important roles in 
forming non-conventional nucleic acid structures such as hairpin motifs of tRNA, triplex DNA, 
and quadruplex DNA to name a few. Despite intensive chemical and biochemical studies on the 
Hoogsteen pairing, physical properties of the pairing remain largely unknown. Thus, using 
triplex DNA as a model system, we investigated the mechanical and dynamical behaviors of the 
Hoogsteen pairing. More specifically, force-induced rupturing of Hoogsteen pairs has not been 
reported. In order to monitor the nano-scale conformational transition upon unzipping of 
Hoogsteen pairs in the presence of tension, we utilized the hybrid technique of single-molecule 
FRET and magnetic tweezers. We found that a few picoNewton’s tension was sufficient to 
rupture Hoogsteen pairs in triplex DNA at pH = 6.5 and observed frequent inter-conversions 
between zipped and unzipped states implying a small energy barrier between them under given 
conditions.
Our biophysical results shed new light on the nature of the Hoogsteen base pairing and underpin 
relevant biological phenomena from more quantitative viewpoints. 
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Hidden Complexity in the Isomerization Dynamics of Holliday Junctions

Changbong Hyeon

Korea Institute for Advanced Study, Seoul 130-722, Korea

Although molecule-to-molecule variation in the dynamics of enzymes and ribozymes under fold-
ing conditions has recently been identified in single molecule experiments, systematic quantification
and the structural origin of the observed complex behavior remain elusive. Even for a relatively
simple case of isomerization dynamics in Holliday Junctions (HJs) molecular heterogeneities per-
sist over a long observation time (Tobs ≈ 40 sec), implying ergodicity breaking and partitioning
of conformational space into a folding network of kinetically disconnected clusters. While isomer-
ization dynamics in each cluster occurs rapidly as if the associated conformational space is fully
sampled, distinct patterns of time series belonging to different clusters do not interconvert on Tobs.
Theory suggests that persistent heterogeneity of HJ dynamics is a consequence of internal mul-
tiloops with varying sizes and flexibilities frozen by Mg2+ ions. An annealing experiment using
Mg2+-pulse lends support to this idea by explicitly showing that interconversions can be driven
among trajectories with different patterns [1].

[1] Nature Chem. (2012) 4: 907-914
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A fluid dynamics wave-particle duality: how quantum like properties emerge from 
path memory

Yves Couder and Emmanuel Fort 2

1 MSC, Université Paris Diderot, 10 rue Alice Domon et Léonie Duquet, 75205 Paris Cedex 13, 
France 
2. Institut Langevin, ESPCI and Université Paris Diderot, 75231 Paris Cedex 05, France 

How can a single structure have simultaneously the properties of a localized particle and those 
of a wave? We were driven into revisiting this central question in physics by a fluid dynamics 
experiment. 

On the surface of a vertically vibrated liquid, a droplet can be kept bouncing for an indefinite 
time. Close to the Faraday instability threshold the bouncing excites waves and the droplet 
becomes self-propelled by its interaction with these waves. We thus obtain a structure, called a 
"walker", in which the drop generates the wave and the wave drives the drop's motion. Various 
experiments show that, surprisingly, these objects exhibit some quantum-like behaviours: a form 
of uncertainty [1] and a form of quantization [2] are observed.

 These properties are related to the complex structure of the guiding wave field. We show [3] 
that it results from the superposition of waves emitted in the past that are sustained for some time. 
For this reason its interference structure contains both a memory of the drop recent trajectory as 
well as information on the medium boundaries. This particular form of non-locality is responsible 
for the observed quantum-like behaviors.

[1] Y. Couder & E. Fort, Phys. Rev. Lett. 97, 154101,1-4, (2006) 
[2] E. Fort, A. Eddi, A. Boudaoud, J. Moukhtar, and Y. Couder, PNAS 107, 17515-17520, (2010).
[3] A. Eddi, E. Sultan, J. Moukhtar, E. Fort, M. Rossi, and Y. Couder, J. Fluid Mech., 674, 433- 
464, (2011)
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Simple views on the dynamics of fluids in confined space

Ko Okumura

Department of Physics, Ochanomizu University, Tokyo 112-8610, Japan

Recently, we have found a number of simple scaling laws for wetting, by performing 
experiments and developing theory at the same time [1-5]. These scaling laws have been 
established by the agreement between the theory and the experiments through “data collapse.”
Even though the raw experimental data for various experimental conditions do not seem to 
demonstrate any coherent features, once we know the correct theory and we rescale the axes 
according to the theory we can check the agreement by the collapse of the seemingly incoherent 
data onto a single master curve. A key factor for finding such simplicity is to confine fluids into 
confined space by using Hele-Shaw cells or micro-patterns. By tuning the confining parameters, 
we sometimes succeed in extracting scaling regimes. We will discuss some of such examples on 
the dynamics of drops and bubbles in the cells and of imbibition onto patterned surfaces. If the 
time allows, we will touch on our works on the toughness of biomaterials. [6, 8]  
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[1] Noriko OBARA and Ko OKUMURA, Imbibition of a textured surface decorated by short 
pillars with rounded edges, Phys. Rev. E Rapid Commun., 86, 020601(2012).
[2] Ayako ERI and Ko OKUMURA, Viscous drag friction acting on a fluid drop confined in 
between two plates, Soft Matter, 7, 5648 (2011); highlighted as hot article (May 25, 2011) and 
made access-free by the publisher.
[3] Maria YOKOTA and Ko OKUMURA, Dimensional crossover in the coalescence dynamics 
of viscous drops confined in between two plates, Proc. Nat. Acad. Sci. (USA), 108 (2011) 
6395–6398; featured in In this issue (This week in PNAS), PNAS,  108 (2011) 6337.
[4] Yuka TAKEHARA, Sachika FUJIMOTO and Ko OKUMURA, High velocity drag friction 
in dense granular media, EPL (Europhys. Lett.), 92, 44003 (2010).
[5] Ayako ERI and Ko OKUMURA, Bursting of a thin film in a confined geometry: Rimless 
and constant-velocity dewetting, Phys. Rev. E Rapid Communication, 82, 030601 (2010).
[6] Yuko AOYANAGI and Ko OKUMURA, A simple model for the mechanics of spider webs, 
Phys. Rev. Lett. 104, 038102 (2010); featured in, Philip Ball, Web designers, Nature Materials 9, 
190 (2010). 
[8] Ko Okumura and Pierre-Gilles de Gennes, Why is nacre strong? : Elastic theory and fracture 
mechanics for biocomposites with stratified structures, Eur. Phys. J. E 4 (2001) 121-127.
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Power Law Behavior in Quantum Crystallization of 4He in Aerogel 

R. Nomura, H. Matsuda, A. Ochi, R. Isozaki, and Y. Okuda

Department of Physics, Tokyo Institute of Technology, 2-12-1 Ookayama, Meguro-ku, Tokyo 
152-8551, Japan 

We studied crystallization of superfluid 4He in silica-aerogels to see the effect of disorder on 
dynamics of the first order phase transition at very low temperatures. In the low temperature 
limit, thermal fluctuation ceases and novel quantum phenomena are expected to emerge in the 
dynamics of the quantum matter. The way of the crystallization of 4He in aerogels showed a 
dynamical transition due to the competition between thermal fluctuation and disorder: crystals 
grew via creep at high temperatures and via avalanche at low temperatures [1]. In the avalanche 
region, the crystallization rate was temperature independent indicating that crystallization was 
the result of the macroscopic quantum tunneling through the disorder. Macroscopic quantum 
tunneling was also confirmed by the nucleation probability measurement as a function of the 
overpressure. Avalanche size distribution was measured in the quantum growth regime and the 
number of smaller avalanches was larger. The size distribution followed a power law in a length 
scale smaller than a large-scale cutoff size and thus the crystallization in the quantum regime 
showed the self-organized criticality [2]. While the exponent of the power law was nearly 
temperature independent, the cutoff decreased with warming toward the transition temperature. 
Recently, it was observed that a superfluid pocket was formed completely surrounded by 
crystals in an aerogel and, surprisingly, it crystallized by cooling. This finding would raise a 
question about the mass transfer which was possibly related to the supersolidity of 4He in 
aerogel.

[1] R. Nomura et al., Phys. Rev. Lett. 101, 175703 (2008). 
[2] R. Nomura et al., J. Phys. Soc. Jpn. 80, 123601 (2011). 
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Re-entrant wetting of network fluids

N. R. Bernardino 1,2 and M. M. Telo da Gama 1,2

1. Centro de F́ısica Teórica e Computacional, Avenida Professor Gama Pinto 2, P-1649-003 Lisboa,
Portugal
2. Departamento de F́ısica, Faculdade de Ciências da Universidade de Lisboa, P-1749-016 Lisboa,
Portugal

We use a simple mesoscopic Landau-Safran theory of network fluids [1] to show that a re-
entrant phase diagram, in the “empty liquid” regime, leads to non-monotonous surface tension
and re-entrant wetting, as previously reported for binary mixtures. One of the wetting transitions
is of the usual kind, but the low temperature transition may allow the display of the full range of
fluctuation regimes predicted by renormalization group theory [2].

[1] T. Tlusty and S. A. Safran, Science 290, 1328 (2000).
[2] N. R. Bernardino and M. M. Telo da Gama, Phys. Rev. Lett. 109, 116103 (2012).
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Ultrafast X-ray Imaging of Bubble Entrapment During Drop Impact 
 
Ji San Lee 1, Byung Mook Weon 2, Su Ji Park 1, Ji Won Jung 1, Ji Tae Kim 1, Jaeyeon Pyo 1, Jung Ho Je 1, 
and Kamel Fezzaa 3 
 

1. X-ray Imaging Center, Department of Materials Science and Engineering, Pohang University 
of Science and Technology, Pohang, 790-784, Korea 
2. School of Advanced Materials Science and Engineering, Sungkyunkwan University, Suwon, 
440-746, Korea. 
3. X-ray Science Division, Advanced Photon Source, Argonne National Laboratory, 9700 South 
Cass Avenue, Argonne, Illinois 60439, USA 
 

When a liquid drop impacts a smooth substrate, a thin film of air can be entrapped between the 
drop and the substrate, finally evolving into a spherical bubble [1,2]. This phenomenon occurs 
robustly on both the solid and liquid surfaces and plays an important role in various natural 
phenomena and industrial applications [3,4]. In this study, we investigated the evolution of air 
during drop impact using ultrafast X-ray phase-contrast imaging. We find that the evolution of 
air exhibits very complex and different behaviors depending on the fluid properties. First, the 
retraction dynamics of the air film crosses from a capillary-inertial regime to a capillary-viscous 
regime with the increase in Ohnesorge number (Oh) of the air film. Second, the generation of a 
daughter droplet, which can occur inside the bubble, results from the convergence of the 
capillary waves that are generated during the retraction. The critical Oh above which the 
generation of the daughter droplet is suppressed by viscous damping on the capillary waves is 
measured as Oh* ~ 0.03. Finally, we find detachment of the bubble for solid surface, induced by 
the wetting of the daughter droplet, or breakup of the bubble for liquid surface, driven by the 
inertia of the retraction of the air film. We demonstrate a phase diagram for the bubble breakup 
in terms of Oh and Weber number (We). 
 
[1] S.T. Thoroddsen, T.G. Etoh, K. Takehara, N. Ootsuka, and Y. Hutsuki, J. Fluid Mech. 545, 
203 (2005). 
[2] J.S. Lee, Byung Mook Weon, Jung Ho Je, and Kamel Fezzaa, Phys. Rev. Lett. 109, 204501 
(2012). 
[3] D.B. van Dam and C. Le Clerc, Phys. Fluids 16, 3403 (2004). 
[4] K.G. Winkels, I.R. Peters, F. Evangelista, M. Riepen, A. Daerr, L. Limat, and J.H. Snoeijer, 
Eur. Phys. J. Special Topics 192, 195 (2011). 
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Correlation between thermodynamic quantities in nonequilibrium systems

Jae Dong Noh1,2

1. Department of Physics, University of Seoul, Seoul 130-743, Republic of Korea

2. Korea Institute for Advanced Study, Seoul 130-722, Republic of Korea

A nonequilibrium system may exchange the energy with an environment. When a work W is

done on a system, a part of it is dissipated into an environment in the form of a heat Q and the rest

leads to the change ∆E in the internal energy of a system. The work and the heat look similar.

However, there is a fundamental difference between them in that the work satisfies the fluctuation

theorems while the heat does not [1]. We find that the difference is brought by correlations between

the thermodynamics quantities along nonequilibrium processes. In this talk, we present a general

theory for the modified fluctuation relation for the heat and the mutual correlations between the

work, heat, and the energy change. We also demonstrate the theory with solvable model systems.

[1] J. D. Noh and J.-M. Park, Phys. Rev. Lett. 108, (2012).
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Exact distributions of the number of distinct and common sites visited by N indepen-
dent random walkers.

Anupam Kundu1, Satya N. Majumdar1 and Grégory Schehr1

1. Laboratoire de Physique Théorique et Modèles Statistiques (UMR 8626 du CNRS), Université
Paris-Sud, Bât. 100, 91405 Orsay Cedex, France

We study the number of distinct sites SN (t) and common sites WN (t) visited by N independent
one dimensional random walkers, all starting at the origin, after t time steps. We show that these
two random variables can be mapped onto extreme value quantities associated to N independent
random walkers. Using this mapping, we compute exactly their probability distributions P d

N (S, t)
and P d

N (W, t) for any value of N in the limit of large time t, where the random walkers can
be described by Brownian motions. In the large N limit one finds that SN/

√
t ∝ 2

√
logN +

s̃/(2
√
logN) and WN/

√
t ∝ w̃/N where s̃ and w̃ are random variables whose probability density

functions (pdfs) are computed exactly and are found to be non trivial. We verify our results
through direct numerical simulations.
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Density large deviations of driven systems with slow nonconserving dynamics

Or Cohen

Department of Physics of Complex Systems, Weizmann Institute, Rehovot 7600, Israel

We discuss the effect of particle-nonconserving processes on the steady state of driven diffusive
systems. We show that in the limit of slow nonconserving dynamics, the large deviation function
of the overall particle density can be computed based on the steady-state properties of the con-
serving system. In this limit, one can define a nonequilibrium chemical potential which unlike the
equilibrium case, is dynamics dependent. This approach is demonstrated on the ABC model which
is a driven model exhibiting phase separation in one dimension. The approach allows one to use
the steady-state profile of the model, derived in [1], to identify its first order transition line via
Maxwell’s construction, similarly to what is done in equilibrium [2].

[1] O. Cohen and D. Mukamel, J. Phys. A 44, 415004 (2011)
[2] O. Cohen and D. Mukamel, Phys. Rev. Lett. 108, 060602 (2012)
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Information Thermodynamics on Causal Networks

Sosuke Ito 1 and Takahiro Sagawa 2

1. Department of Physics, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033,Japan
2. Department of Basic Science, The University of Tokyo, 3-8-1 Komaba, Meguro-ku, Tokyo, 153-
8902, Japan

Nonequlibrium relations for small thermodynamic systems such as molecular motors has been
intensively investigated in the last two decades. The second law of thermodynamics ⟨σ⟩ ≥ 0 can
be derived from the Jarzynski equality

⟨exp[−σ]⟩ = 1, (1)

where σ is the stochastic entropy production and ⟨· · ·⟩ describes the ensemble average.
On the other hand, in the presence of feedback control by Maxwell demon, the second law

seems to be violated, i.e., ⟨σ⟩ can be negative. For such cases, we have a generalized second law
⟨σ⟩ ≥ ⟨∆I⟩ and a generalized Jarzynski equality

⟨exp[−σ +∆I]⟩ = 1, (2)

where ⟨∆I⟩ is mutual information that is exchanged between the system and the controller [1,2].
Although the relations are applicable to nonequilibrium dynamics with a single information ex-
change, the general theory has been elusive for more complex cases, in which multiple systems
exchange information many times [3-5].

Here, we study a system that is involved in a complex information flow induced by multiple
other system. Characterizing the interaction of multiple systems by a Bayesian network (e.g., Fig.
1), we obtain a new generalization of the Jarzynski equality

⟨exp[−σ +Θ]⟩ = 1, (3)

which leads to a new generalized second law ⟨σ⟩ ≥ ⟨Θ⟩. Here, ⟨Θ⟩ is a quantity that consists of
the transfer entropy [6] and the exchanged mutual information . For special cases, Eq. (3) reduces
to Eqs. (1) and (2) where the dynamics are characterized by Figs. 2 and 3, respectively.

Figure 1: A example of a
Bayesian network.

Figure 2: A Bayesian network of
a Markov process.

Figure 3: A Bayesian network
with a feedback controller de-
scribed by y1.

[1] T. Sagawa and M. Ueda, Phys. Rev. Lett. 104, 090602 (2010).
[2] T. Sagawa and M. Ueda, Phys. Rev. Lett. 109, 180602 (2012).
[3] J. M. Horowitz and S. Vaikuntanathan, Phys. Rev. E. 82, 061120, (2010).
[4] Y. Fujitani and H. Suzuki, J. Phys. Soc. Jpn. 79, 104003 (2010).
[5] T. Sagawa and M. Ueda, Phys. Rev. E. 85, 021104 (2012).
[6] T. Schreiber, Phys. Rev. Lett. 85, 461 (2000).
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Is the junction occupancy meaningful in ASEP on the Bethe lattice?

Yongjoo Baek 1, Meesoon Ha 2, and Hawoong Jeong 3,4

1. Department of Physics, Korea Advanced Institute of Science and Technology, Daejeon 305-701,
Korea
2. Department of Physics Education, Chosun University, Gwangju 501-759, Korea
3. Department of Physics and Institute for the BioCentury, Korea Advanced Institute of Science
and Technology, Daejeon 305-701, Korea
4. APCTP, Pohang, Gyeongbuk 790-784, Korea

We revisit the asymmetric simple exclusion process (ASEP) on the Bethe lattice, which was
originally formulated as a simple example of transport on networks [1]. The issue at stake is how
exactly it is possible to describe the current-density relationship in the Bethe lattice using the
knowledge of the one-dimensional ASEP. It was suggested that the current on each link could be
well-described by letting the occupancies of the junctions give the entry and exit rates. But our
numerical observations at various system sizes imply that the asymptotic current-density relation-
ship deviates from the prediction of this simple picture unless the coordination number is high. In
order to clarify the origin of such deviations, we numerically investigate the dynamic properties of
junctions in the steady state. Using the results, we also discuss how the simple picture based on
junction occupancies can be improved.

[1] I. Neri, N. Kern, and A. Parmeggiani, Phys. Rev. Lett. 107, 068702 (2011).
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Quantum transport in one dimension: from integrability to many-body localization 
 
Joel Moore  
 

UC Berkeley and LBNL 
 

Recent advances in analytical theory and numerical methods enable some long-standing 
questions about transport in one dimension to be answered; these questions are closely related to 
transport experiments in quasi-1D compounds.  The spinless fermion chain with nearest-
neighbor interactions at half-filling, or equivalently the XXZ model in zero magnetic field, is an 
example of an integrable system in which no conventional conserved quantity forces 
dissipationless transport (Drude weight); we show that there is nevertheless a Drude weight and 
that at some points its contribution is from a new type of conserved quantity recently 
constructed by Prosen.  Adding an integrability-breaking perturbation leads to a scaling theory 
of conductivity at low temperature.  Adding disorder, we study the question of how Anderson 
localization is modified by interactions when the system remains fully quantum coherent 
("many-body localization").  We find that even weak interactions are a singular perturbation on 
some quantities: entanglement grows slowly but without limit, suggesting that dynamics in the 
possible many-body localized phase are glass-like. 
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Scale-dependent competing interactions: sign reversal of the average persistent 
current in nanoscale superconducting rings 
  
Ora Entin-Wohlman 

Ben Gurion University and Tel Aviv University, Israel 
  
The renormalization group deals with the way various coupling constants change as a 
function of the relevant scale for the given problem, from its "bare" value to its "physical" 
value, which is used for calculating the relevant physics. In the theory of superconductivity 
one has two competing interactions: the repulsive Coulomb interaction, starting on the large, 
microscopic energy scale–typically the Fermi energy/bandwidth EF, and the attractive 
phonon-induced interaction, operative only below the much smaller Debye energy ωD.  Here 
we suggest a way to address experimentally the scale- dependence of the renormalized 
interactions by monitoring the magnetic response of a nanoscale ring, which is 
superconducting in the bulk. The diamagnetic response of the large superconductor may 
become paramagnetic when the finite-size-determined Thouless energy is larger than or on 
the order of the Debye energy. 
 
[1]  H. Bary-Soroker, O. Entin-Wohlman, Y. Imry, and A. Aharony, Scale-dependent 
competing interactions: sign reversal of the average persistent current, Phys. Rev. Lett. 110, 
056801 (2013).  
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Bound state influence on long-time non-exponential decay in open quantum systems

Savannah Garmon

Institute of Industrial Science, University of Tokyo, Komaba 4-6-1, Meguro, Tokyo 153-8505, Japan

It is well-known that the survival probability for a prepared initial quantum state yields non-
exponential decay on long time scales associated with continuum threshold effects. Here we study
the case in which a bound state of the full Hamiltonian in a one-dimensional open quantum system
approaches the energy continuum as the system parameters are varied. We find that at least two
regions exist yielding different power law decay behaviors; we term these the long-time near zone
and the long-time far zone. In the near zone the survival probability falls off according to a t−1

power law, while in the far zone it falls off as t−3. The timescale TQ separating these two regions
is inversely related to the gap between the bound state energy and the continuum threshold, hence
when the bound state is absorbed into the continuum for special parameter values, this time scale
diverges and the survival probability follows the amplified t−1 power law even on asymptotic scales.

[1] S. Garmon, T. Petrosky, L. Simine, and D. Segal, Fortschr. Phys. 61, 261 (2013).
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Sheared Ising models in two and three dimensions

Alfred Hucht and Sebastian Angst

Faculty of Physics, University of Duisburg-Essen, 47048 Duisburg, Germany

Magnetic friction is present in magnetic systems which are moved in close proximity. In this
context, Kadau et al. [1] proposed a simple model for magnetic friction mediated solely by spin
degrees of freedom. In this model an Ising spin system is moved over a second spin system along
a boundary, with constant velocity v. This permanent perturbation drives the system to a steady
state far from equilibrium, leading to a permanent energy flow from the boundary to the heat
bath. The model exhibits a nonequilibrium phase transition, which has been investigated in several
different geometries by means of analytical treatment as well as Monte Carlo simulations [2]. The
critical temperatures Tc of the considered models depend on the velocity v and has been calculated
exactly for various geometries in the limit v → ∞. In this limit the class of models show mean-
field-like critical behavior.

Similar behavior is found in systems sheared with a constant shear rate v. The nonequilibrium
phase transition in these sheared Ising models is investigated in different geometries. We demon-
strate that in the high shear limit these systems undergo a strongly anisotropic phase transition at
exactly known critical temperatures Tc. Using dimensional analysis, we determine the anisotropy
exponent θ as well as the correlation length exponents ν‖ and ν⊥. These results are verified by
simulations, though considerable corrections to scaling are found [3].

[1] D. Kadau, A. Hucht, and D. E. Wolf, Phys. Rev. Lett. 101, 137205 (2008).
[2] A. Hucht, Phys. Rev. E 80, 061138 (2009).
[3] A. Hucht and S. Angst, EPL 100, 20003 (2012).
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Scaling functions and amplitude ratios for the higher-dimensional Kardar-Parisi-Zhang
equation: a nonperturbative renormalization group approach

Thomas Kloss,1 Léonie Canet,2 Bertrand Delamotte, 3 and Nicolás Wschebor 3,4

1. Institut für Theoretische Physik, Goethe Universität Frankfurt, 60438 Frankfurt, Germany
2. LPMMC, CNRS UMR 5493, Université Joseph Fourier, 38042 Grenoble, France
3. LPTMC, CNRS UMR 7600, Université Pierre et Marie Curie, 75252 Paris, France
4. Instituto de F́ısica, Faculdad de Ingenieŕıa, Universidad de la República, 11000 Montevideo,
Uruguay

The Kardar-Parisi-Zhang (KPZ) equation is a nonlinear Langevin-type equation to mimic the
dynamics of growing interfaces. From its first derivation, the KPZ equation is nowadays recognized
to describe a wide class of nonequilibrium and disordered systems and has thus emerged as one
of the fundamental theoretical models to study nonequilibrium phase transitions and scaling phe-
nomena. We will report on the investigation of the strong-coupling regime of the stationary KPZ
equation using the nonperturbative renormalization group (NPRG). Within this flow-equation ap-
proach, universal scaling arises naturally without further assumptions in arbitrary dimension. We
compute correlation and response functions, extract the related scaling functions, and calculate
universal amplitude ratios, which are, to the best of our knowledge, the first results of this kind
for the higher dimensional KPZ equation. We show, that the scaling functions compare very ac-
curately to the exact scaling function in one dimension and that critical exponents are in good
agreement with simulation results in d = 2 and d = 3.

[1] M. Kardar, G. Parisi, and Y.-C. Zhang, Phys. Rev. Lett. 56, 889 (1986).
[2] L. Canet, H. Chaté, B. Delamotte, and N. Wschebor, Phys. Rev. Lett. 104, 150601 (2010).
[3] L. Canet, H. Chaté , B. Delamotte, and N. Wschebor, Phys. Rev. E 84, 061128 (2011); 86,
019904(E) (2012).
[4] T. Kloss, L. Canet, and N. Wschebor, Phys. Rev. E 86, 051124 (2012).
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Phase diagram of the Lennard-Jones system 
 
Yuta Asano and Kazuhiro Fuchizaki 
 

Department of Physics, Ehime University, Matsuyama 790-0826, Japan 
 

The Lennrad-Jones (LJ) potential was devised in the first place to capture the interaction of 
inert gas molecules, and has been used as a standard potential function in a wide range of 
phenomena in condensed matter physics. The nature of the LJ system is well understood 
nowadays by extensive researches utilizing computer simulations. In most of all these 
simulations, however, the potential tail was truncated beyond a certain distance. The cutoff 
procedure is known to affect the thermodynamic property of the system. A different 
macroscopic system thus follows from a different manner of truncation employed. [1-3]  

In this study, we try to unveil the “true” thermodynamic aspect that comes out from the 
original LJ potential without invoking any truncation procedures of the potential tail. The total 
potential energy of the LJ system is given by 
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where   and   denote the energy and length parameters, respectively, and lr


 the origin of 
lth image cell whereas ir

  is the position of ith particle in the original computational cell. The 
convergence of the lattice sums appearing in above equation is quite slow. 
This slow convergence can be circumvented by applying the generalized Ewald method [4] to 
the lattice sums; the sums are then rewritten into series damped exponentially in real and 
reciprocal spaces. 

To begin with, the solid—liquid phase boundary for the system consisting of 256 particles 
was determined using the thermodynamic integration. [5] The equilibrium melting point was 
obtained from a crossing point of the free energies. For example, the melting point under the 
pressure, 30.1  p , was found to be B744.0 k , (kB: Boltzmann’s constant) which is 
definitely lower than B795.0 k reported in [2] for the same system size. The latter was 
obtained through a tail truncation at 5.2 . According to [2], the melting point does not vary 
monotonically with the truncation size; it is difficult to infer the true melting point from the 
calculations that employ the tail truncation. The present work is worth appreciating in this 
context. 
 
 
[1] A. Ahmed and R. J. Sadus, J. Chem. Phys. 133, 124515 (2010). 
[2] E. A. Mastny and J. J. de Pablo, J. Chem. Phys. 127, 104504 (2007). 
[3] S. Toxvaerd and J. C. Dyre, J. Chem. Phys. 134, 081102 (2011). 
[4] K. Fuchizaki, J. Phys. Soc. Jpn. 63, 4051 (1993). 
[5] J. Q. Broughton and G. H. Gilmer, J. Chem. Phys. 79, 5095 (1983). 
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Parallel-tempering cluster algorithm

Elmar Bittner 1 and Wolfhard Janke 2

1. Institut für Theoretische Physik – Universität Heidelberg, Philosophenweg 16, D-69120 Heidel-

berg, Germany

2. Institut für Theoretische Physik and Centre for Theoretical Sciences (NTZ) – Universität

Leipzig, Postfach 100 920, D-04009 Leipzig, Germany

Using our new flexible and powerful method for systematic investigations of second-order phase

transitions, introduced in Phys. Rev. E 84 (2011) 036701, we revisit the two-dimensional 3- and

4-state Potts model and the three-dimensional XY model. The combination of the replica-exchange

algorithm with cluster updates and an adaptive routine to find the temperature range of interest

around the critical point, proved to be very efficient, robust and easy to use.
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Quantum Anisotropic Spin-1 Heisenberg Ferromagnetic Model in a Crystal Field: A
Variational Approach

Diego da Cunha Carvalho 1 João Antônio Plascak 2 and Luizdarcy de Matos Castro 3

1,2. Departamento de F́ısica, Instituto de Ciências Exatas, Universidade Federal de Minas Gerais,
Belo Horizonte, MG, Brazil
3. Departamento de Ciências Exatas, Universidade Estadual do Sudoeste da Bahia, Vitória da
Conquista, BA, Brazil

The variational approach based on Bogoliubov inequality for the free energy is used to study
the quantum anisotropic spin-1 Heisenberg ferromagnetic model in a crystal field. We follow the
pair approximation where two-spin fluctuations are taken into account. The anisotropy in the
exchange interactions comes from the parameter η, in such a way that when η = 1 we have the
isotropic case and when η = 0 we have the classical Blume-Capel model. It is this parameter η that
also introduces quantum fluctuations in the classical Blume-Capel model and it is interesting to
analyse its quantum influence on the thermodynamic properties of the model. The magnetization
and the phase diagram have been obtained as a function of the parameters of the Hamiltonian.
Some limiting cases, such as isotropic Heisenberg and Ising models, in two and three dimensions,
as well as models with spin-1/2, are analyzed and good results are obtained when compared with
previous approaches from other analytical approximations as well as Monte Carlo simulations. As
an example, for the spin-1/2 Heisenberg model in two-dimensions one gets the exact zero critical
temperature. For the present case, in addition to second- and first-order transition lines, whe
obtain a new variety of tricritical and bicritical points, as well as critical end points. The richness
of the phase diagram is different from what is observed from the usual mean field approximation.
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Temporal Behaviors of Order Parameter in Kuramoto Model on Networks

Chulho Choi 1 and Meesoon Ha 2 and Byungnam Kahng 1

1. Department of Physics and Astronomy, Seoul National University, Seoul 151-747, Korea
2. Department of Physics Education, Chosun University, Gwangju 501-759, Korea

Recently we found that dynamic scaling relation exists in the original Kuramoto model(all-to-all
coupling) at critical coupling strength. In this poster presentation, we report that the dynamic scal-
ing can also be applied to n dimensional square lattices or complex networks such as scale-free and
Erdős-Rényi networks. Dynamic scaling method is useful to find thermal dynamic exponents(β, ν̄)
without order parameter values in the steady states. It means that larger system sizes which are
essential to minimize the finite size effects can be simulated under the same computational cost.
Moreover, we observe temporal behaviors of order parameter for various cases of synchronization
including a case exhibiting synchronization transition of the first order type.
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Phase Transition Observed in SIR Model with Social Reinforcement

Kihong Chung1, Yongjoo Baek1, Daniel Kim1, Meesoon Ha2 and Hawoong Jeong3,4

1. Department of Physics, Korea Advanced Institute of Science and Technology, Daejeon 305-701,
Korea
2. Department of Physics Education, Chosun University, Gwangju 501-759, Korea
3. Department of Physics and Institute for the BioCentury, Korea Advanced Institute of Science
and Technology, Daejeon 305-701, Korea
4. APCTP, Pohang, Gyeongbuk 790-784, Korea

In human societies, social reinforcement plays an important role in the spreading of behavior.
As a model of social reinforcement, we present a variant of susceptible-infected-recovery (SIR)
model, in which the secondary contact between S and I results in different spreading probability
from that of the first. We numerically study the model on various networks including scale-free
networks and modular networks, and find that sufficiently large social reinforcement results in
discontinuous transition, whereas mild social reinforcement exhibits continuous transition. Using
bimodality coefficient to distinguish between different transition types, we also clarify when the
change of transition type occurs.
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Free energy of triangular domains at criticality

Zehui Deng 1 and Wean Guo 1

1. Physics Department, Beijing Normal University, Beijing 100875, China

In a finite two-dimension system ,the free energy may generally be written in the form Ftot =
f0A + f1E + F , where A is the area of the domain,E the edge length, f0 the free energy per
unit area, and f1 the free energy per unit edge length. In general situation,the term F is a
geometry-independent. However, at criticality ,it includes a term logarithmic in the size,due to the
corners,which have been shown by Cardy and Peschel[1]. In addition,there is a term F0 depending
on the aspect ratio,which we determine by integrating the stress tenor〈T 〉 over the triangule. This
term have been calculated over the rectangular domains by Kleban and Vassileva[2]. Our purpose
is calculating this term over the triangular domains by using the same method as theirs’.

[1] J. L. Cardy, I.Peschel, Nucl.Phys.B 300,[FS22](1988),377.
[2] P. Kleban, I. Vassileva, Math. Gen. 24 (1991) 3407.
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Percolation Phase Transition in Random Clique Networks  
 
Yimin Ding 1 ,2, Jingfang1 , Xiaoteng Li1, and Xiaosong Chen1* 
 

1. State Key Laboratory of Theoretical Physics, Institute of Theoretical Physics, Chinese 
Academy of Sciences, P.O. Box 2735, Beijing 100190, China,  
2. Faculty of Physics and Electronics, Hubei University, Wuhan 43006, China 
 

The structural and statistical properties of complex networks have been studied intensively 
over the past decade[1]. Recently many real-world networks have a well defined community 
structure [2,3]. Clauset et al.[4] suggested that hierarchy is a central organizing principle of 
complex networks. In order to describe the community structure of complex networks, the 
notion of random k-clique graphs is introduced, where k is the size of the complete subgraphs. 
In the random k-clique graph G=GN,k,p, we start from N isolated nodes, then connect every k of 
nodes forming a complete subgraph of k-clique with probability p. For small connection 
probabilities the k-cliques are isolated, but as p, and with it the number of edges, two k-cliques 
can attach at a common node, forming a clique adjacency. This model becomes the Erdös-Rényi 
(ER) network at k=2, and shows community structure at k>2. Base on the study of percolation in 
the complex networks[5-7],we present a study on the percolation phase transition in the random 
clique network. The numerical investigation shows that the percolation critical probability pc(N) 
is difference from ER network at k>2, and is determined by the size k. Using the finite-size 
scaling analysis[8,9], we find that the largest gap has a power law relation with N, and the 
exponent is not correlated with the size k. Further more, we demonstrate that the phase 
transitions of the random clique network are continuous and the universality class of the critical 
phenomena in this model is not related the clique size k. 
 
 
[1] S.Boccaletti,V.Latora,Y.Moreno,M.Clavez,D.-U.Hwang, Complex networks: Structure and 
dynamics, Phys. Rep. 424, 175 (2006). 
[2] G.Palla,I.Derenyi,I.Farkas, and T.Vicsek, Uncovering the overlapping community structu-
re of complex networks in nature and society, Nature 435, 814 (2005) . 
[3] I. Derényi, G. Palla and T. Vicsek, Clique percolation in random networks，Phys.Rev.Lett.
94, 160202 (2005). 
[4] Clauset A, Moore C, Newman M. E. J. Hierarchical structure and the prediction of missing  
links in networks, Nature 453, 98 (2008). 
[5] D. Achlioptas, R. M. D’Souza, and J. Spencer, Explosive percolation in random net-
works, Science 323, 1453 (2009). 
[6] N. A. M. Aráujo and H. J. Herrmann, Explosive percolation via control of the larg-
est cluster, Phys. Rev. Lett. 105, 035701 (2010). 
[7] O. Riordan and L.Warnke, Explosive percolation is continuous, Science 333, 322 (20
11). 
[8]  M. X. Liu, J. F. Fan, L. S. Li, and X. S. Chen, Continuous percolation phase tran-
sitions of two-dimensional lattice networks under a generalized Achlioptas process, Eur. 
Phys. J. B 85, 132 (2012). 
[9] Jingfang Fan, Maoxin Liu, Liangsheng Li and Xiaosong Chen,Continuous percolation
phase transitions of random networks under a generalized Achlioptas process, Phys. Rev.
E, 85, 061110 (2012). 
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Anisotropic Correlation Lengths in Two-Dimensional Ising Models

Masafumi Fujimoto 1 and Hiromi Otsuka 2

1. Department of Physics, Nara Medical University, Kashihara, Nara 634-8521, Japan
2. Department of Physics, Tokyo Metropolitan University, Hachioji, Tokyo 192-0397, Japan

We consider Ising models on square and triangular lattices. In zero field, using a method which
introduces the shift operator into the usual transfer matrix argument [1], we exactly calculate the
anisotropic correlation lengths (ACLs) [2]. For each system it is shown that (i) correlation functions
are expressed in terms of differential forms on a Riemann surface of genus 1. Choosing a suitable
parametrization, we find that (ii) point group symmetry of the system essentially determines the
differential forms and the ACL. We also find a one-to-one correspondence between point group
symmetries and Galois coverings of Riemann surfaces [3]. Monte Carlo methods are used to show
that the properties (i-ii) are still possessed in finite field. A renormalization group approach in [4]
is reexamined from the point of view of algebraic geometry.

[1] R. J. Baxter, Exactly Solved Models in Statistical Mechanics (Academic Press).
[2] M. Fujimoto, Physica A233 (1996) 485-502.
[3] M. Namba, Branched Coverings and Algebraic Functions (Longman).
[4] H. J. Hilhorst, M. Schick, and J. M. J. van Leeuwen, Phys. Rev. Lett. 40 (1978) 1605-1608;
Phys. Rev. B19 (1979) 2749-2763.
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The S = 1 Bilinear Biquadratic Spin Model on the Square Lattice: A Series 
Expansion Study 
 
J. Oitmaa and C.J. Hamer 2 
 

School of Physics, University of New South Wales, Sydney NSW 2052, Australia  
 
We use extensive series expansions at T = 0 to investigate the phase diagram of a spin-1 
Hamiltonian on the square lattice. The model includes bilinear and biquadratic interactions (the 
'J-K' model) and has been studied recently using a variety of other methods. We find a clear 
indication of the three-sublattice order conjectured recently by Toth et al. We also find some 
indicationxs of a canted phase intermediate between the Néel phase and the 3-sublattice 
antiferromagnetic phase. Finally, we compute the energy and order parameter in the quadrupolar 
phases. 
 
[1] H. H. Chen and P. M. Levy, Phys. Rev. B7, 4267 (1973) 
[2] N. Papanicolaou, Nucl. Phys. 303, 367 (1988) 
[3] K. Harada and N. Kawashima, J. Phys. Soc. Japan 70, 13 (2001) 
[4] K. Harada and N. Kawashima, Phys. Rev.  B65, 052403 (2002) 
[5] T. A. Toth, A. M. Lauchli, F. Mila and K. Penc, Phys. Rev. B85, 
 140403 (R) (2012) 
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Finite-size scaling of heterogeneity in 2D Ising model.

Woo Seong Jo1, Su Do Yi1, Seung Ki Baek2 and Beom Jun Kim1

1. BK21 Physics Research Division and Department of Physics, Sungkyunkwan University, Suwon
440-746, Korea
2. School of Physics, Korea Institute for Advanced Study, Seoul 130-722, Korea

The cluster heterogeneity, defined as the number of distinct cluster sizes, was suggested as an
indicator of the phase transition in the percolation model [1]. It was found that the conventional
finite-size scaling (FSS) form using the correlation-length exponent ν does not describe the scaling
of the cluster heterogeneity in the percolation model and that the other exponent ν

H
should be

used instead [2]. We apply the FSS form for cluster heterogeneity in the Ising model. Since
there are two types of clusters, (+) and (−) spin clusters, we calculate the heterogeneity of each
type (H+ and H−, respectively), and carry out FSS near critical temperature. We find that total
heterogeneity (H ≡ H+ + H−) scales with the exponent ν

H
, as expected from the percolation

model.

[1] H. K. Lee, B. J. Kim, and H. Park, Phys. Rev. E 84, 020101(R) (2011).
[2] J. D. Noh, H. K. Lee, and H. Park, Phys. Rev. E 84, 010101(R) (2011).
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Investigation of high pressure structural phase transition in TlX (X = N, P, As) 
compounds 
 
N. Kaurav1,* and K. K. Choudhary2 
 

1. Department of Physics, Govt. Holkar Science College, A-B Road, Indore 452001, India  
2. Department of Physics, Shri Vaishnav Institute of Technology and Science, Baroli, Sanwer 
Road, Indore -453331, India 
*Corresponding Author, Email: netramkaurav@yahoo.co.uk 
 

Recently, it has been suggested that optoelectronic devices based on Tl-V have advantages 
over II-VI semiconductor devices for interesting applications in optical communication systems 
such as laser diodes, detectors in the near-infrared wavelength region. The complexity of these 
exotic new materials poses a challenge to the physicist to investigate the fundamental properties 
of these compounds: lattice constants, bulk moduli, and structural stability. In the present study, 
an effective interionic interaction potential (EIOP) is developed to investigate the pressure 
induced phase transitions from ZnS-type (B3) to NaCl-type (B1) in TlX [X = N, P, and As] 
compounds. The long range Coulomb, van der Waals (vdW) interaction and the short-range 
repulsive interaction upto second-neighbor ions within the Hafemeister and Flygare approach 
with modified ionic charge are properly incorporated in the EIOP. The vdW coefficients are 
computed following the Slater-Kirkwood variational method, as both the ions are polarizable. 
The estimated value of the phase transition pressure (Pt) and the magnitude of the discontinuity 
in volume at the transition pressure are consistent as compared to the reported data. The vast 
volume discontinuity in pressure volume phase diagram identifies the structural phase transition 
from B3 to B1 structure. 
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Numerical Confirmation of New Universality Class of Nonequilibrium Chiral Ising
Models for Coarsening Dynamics

Mina Kim 1, Su-Chan Park 2 and Jae Dong Noh 1,3

1. Department of Physics, University of Seoul, Seoul 130-743, Korea
2. Department of Physics, The Catholic University of Korea, Bucheon 420-743, Korea
3. School of Physics, Korea Institute for Advanced Study, Seoul 130-722, Korea

We study the nonequilibrium coarsening dynamics of a one-dimensional Ising spin system {σi}
with chirality. Each particle i is endowed with a binary variables σi = ±1. At each time step,
a neighboring pair of opposite spins +−(−+)(called a kink) is randomly selected, and its state
is updated to ++ or −− with the probability v(v̄) or −+(+−) with the probability u(ū). In
particular, we consider the chiral case with ū = v̄ = 0. The previous study has shown numerically
that the scaling exponents vary continuously with the model parameter u = 1−v[1]. We investigate
the critical coarsening dynamics in the block renormalization scheme first proposed by Basu and
Hinrichsen[2]. A spin configuration is coarse-grained iteratively by introducing blocks of size b
and relative ratios of block patterns are measured in the infinite t limit. The ratios are belived to
depend the scaling exponents. We find that the ratios vary continuously with the parameter u. It
provides a strong evidence for the continuously varying critical exponents.

[1] Coarsening dynamics of nonequilibrium chiral Ising models, Mina Kim, Su-Chan Park, and Jae
Dong Noh, PRE, 87, 012129 (2013)
[2] Identifying universality classes of absorbing phase transitions by block renormalization, Urna
Basu and Haye Hinrichsen, J. Stat. Mech., P11023 (2011)



STATPHYS25 JULY 21-26, 2013336

PP1-2-14

AbstrActs Poster PresentAtions

Response to a twist in systems with Zp symmetry

Yuta Kumano 1, Koji Hukushima 2, Yusuke Tomita 3 and Masaki Oshikawa 1

1. Institute for Solid State Physics, University of Tokyo, Kashiwa 277-8581, Japan
2. Department of Basic Science, University of Tokyo, Tokyo 153-8902, Japan
3. College of Engineering, Shibaura Institute of Technology, Saitama 337-8570, Japan

We study response to a twist in the two-dimensional p-state clock model, which has the discrete
Zp symmetry. The response is measured in terms of helicity modulus, which is usually defined with
respect to an infinitesimal twist. However, we demonstrate that such a definition is inappropriate
for the clock model. The helicity modulus must be defined with respect to a finite, quantized
twist which matches the discrete Zp symmetry of the model. Recent numerical results [1,2], which
casted doubt on the standard picture that two Berezinskii-Kosterlitz-Thouless transitions occur
for p > 4 [3], are rather a consequence of use of the inappropriate quantity. Numerical calculation
of the appropriately defined helicity modulus indeed supports the standard picture [4].

[1] C. M. Lapilli, P. Pfeifer, and C. Wexler, Phys. Rev. Lett. 96, 140603 (2006).
[2] S. K. Baek and P. Minnhagen, Phys. Rev. E 82, 031102 (2010).
[3] J. V. Jose, L. P. Kadanoff, S. Kirkpatrick and D. R. Nelson, Phys. Rev. B 16, 1217 (1977).
[4] Y. Kumano, K. Hukushima, Y. Tomita, and M. Oshikawa, arXiv:1301.6166.
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Effective Simulation Method for Determination of Critical Line 
of the Blume-Capel Model

Wooseop Kwak

Department of physics, Chosun University, Gwangju 501-759, Korea

We develop a physical quantity by using the derivative of the free energy of the 
spin-1 Blume-Capel (BC) model with respect to the crystal field. We perform 
simulations of the BC model using the Wang-Landau sampling method and 
measure the critical line of the BC model. We find that this new quantity works 
well for the BC model and improve the simulation speed.

Figure. Phase Diagram of Spin-1 BC Model on square lattice 
with linear dimension 8.
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Phase transition in the Bornholdt model 
 
Peter Lajko and Mohammad A. Abdullah 
 

Department of Physics, Kuwait University, Safat 13060 P.O. Box 5969 
 

An intriguing version of the Ising model, a dynamical financial market model, the Bornholdt 
model was invented in order to simulate the expectation bubbles and market crashes in a 
simplified spin system [1] by introducing conflicting local and global interaction among the 
spins representing the market players. The persistence and intermittence was investigated very 
recently in a modified random version of this model [2]. In this work we present a systematic 
description on the phase transition as a function of temperature identified in the 1d and 2d 
modified models. Combined static and dynamic phase transitions appear in this system. In the 
2d model, the static, para-ferromagnetic phase transition is similar to the phase transition in the 
original Ising model and at the very same critical temperature a dynamic phase transition takes 
place for which an order parameter was suggested and calculated. In the ferromagnetic phase 
the fluctuations are negligible, while in the paramagnetic phase fluctuations increase sharply 
and tremendously. The persistence shows distinct behavior below and above the phase transition 
point. Only the dynamical phase transition is present in the 1d model. Critical behavior of the 
magnetization and the order parameter of the dynamic phase transition were determined by 
performing Monte Carlo simulations.  
  

 
 

 
[1] S. Bornholdt, Int. J. Mod. Phys. C 13, 645 (2002) 
[2] S. Jain, T. Yamano, Int. J. Mod. Phys. C 19, 161 (2008)  
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Ferrimagnetic Slater Insulator Phase of the Sn/Ge(111) Surface

Jun-Ho Lee, Hyun-Jung Kim, and Jun-Hyung Cho

Department of Physics, Hanyang University,

17 Haengdang-Dong, Seongdong-Ku, Seoul 133-791, Korea

(Dated: June 20, 2013)

Abstract

We have performed the semilocal and hybrid density-functional theory (DFT) studies of the Sn/Ge(111)

surface to identify the observed insulating
√

3×
√

3 phase below ∼30 K. Contrasting with the semilocal

DFT calculation predicting a metallic 3×3 ground state, the hybrid DFT calculation including van der

Waals interactions shows that the insulating ferrimagnetic structure with
√

3×
√

3 structural symmetry is

energetically favored over the metallic 3×3 structure. It is revealed that the correction of self-interaction

error with a hybrid exchange-correlation functional gives rise to a band-gap opening induced by a ferrimag-

netic order. The results manifest that the observed insulating phase is attributed to the Slater mechanism

via itinerant magnetic order rather than the previously proposed Mott-Hubbard mechanism via electron

correlations.

PACS numbers: 71.30.+h, 73.20.At, 75.50.Gg
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Dynamic criticality in the Kuramoto model in the presence of quenched and thermal
disorder

Mi Jin Lee 1, Su Do Yi 1, and Beom Jun Kim 1
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440-746, Korea

We study dynamic scaling of the globally-coupled Kuramoto model. It has been well known that
the Kuramoto model with quenched and the model with thermal disorder give different correlation
exponents ν̄ = 5/2 [1] and ν̄ = 2 [2], respectively. To get the critical exponents by the standard
finite-size scaling, it should be guaranteed that the system reaches the steady state. There have
been several studies which found the critical exponents by finite-size scaling with time variable, so
called finite-size dynamical scaling approach(FSDSA), on XY [3] and Ising model [4]. In FSDSA,
we use the so-called short-time relaxation method in which how the system approaches the steady
state is investigated. Dynamic finite-size scaling form is used with two scaling variables and static
and dynamic critical exponents are successfully measured.

[1] H. Hong, H. Park, and M. Y. Choi, Phys. Rev. E 72, 036217 (2005).
[2] S. -W. Son and H. Hong, Phys. Rev. E 81, 061125 (2010).
[3] B. J. Kim, L. M. Jensen, and P. Minnhagen, Physica B 284, 413 (2000).
[4] M. S. Soares, J. K. L. da Silva, and F. C. Sa Barreto, Phys. Rev. B 55, 1021 (1997).
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Thermodynamic Casimir forces induced by corner and edge effects

Zhi Li, Xintian Wu, and Wenan Guo

Department of Physics, Beijing Normal University, Beijing 100875, China

We study the thermodynamic Casmir forces on the rectangle Ising model with free boundary

conditions. Compared to theoretical results, our numerical results reveal that the scaling functions

of free boundaries are the functions of the aspect ratio ρ with forms distinct from periodic bound-

aries, which means the effect of edge and corner effect has to be taken into consideration. The

theoretical explanation is provided.
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Devils Staircases, Crackling Noise and Phase Transitions in Percolation

Jan Nagler

Max Planck Institute for Dynamics and Self-Organization, Göttingen, Germany

We identify and study certain phenomena in percolation that can subvert predictability and
controllability in networked systems [1]. We establish devils staircase phase transitions [2], non-self-
averaging, and inifinite-system power-law fluctuations in percolation. We provide exact conditions
for percolation that exhibits multiple discontinuous jumps in the order parameter where the posi-
tion and magnitude of the jumps are randomly distributed - characteristic of crackling noise [3].
The framework can be linked to magnetic effects and fragmentation processes.

[1] J. Nagler, A. Levina, M. Timme, Impact of Single Links in Competitive Percolation,
Nature Physics 7, 265 (2011).
[2] J. Nagler, T. Tiessen, H. W. Gutch, Continuous Percolation with Discontinuities,
Phys. Rev. X 2, 031009 (2012).
[3] M. Schröder, S. H. E. Rahbari, J. Nagler, Crackling Noise in Fractional Percolation,
Nature Communications., under review (2013).
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A Monte Carlo Study of Defect-Mediated Topological Phase Transition (KTHNY) 
and Ordering - Disordering State of Colloidal Particles on 2D Periodic Substrates  
 
 
Amin Najafi 1  
 

Department of Physics, Islamic Azad University, (Hamedan Branch),Hamedan,734,Iran 
 
 We show using Monte Carlo simulations that a rich variety of novel colloidal particle ordering 
states and studying phase behavior of them are realized on square two dimensional periodic 
substrates interacting via a long range Yukawa or screened Coulomb potential on any specific 
and fixed substrate where the number of colloids per substrate minima is one[1,2,3]. The study 
of ordering and disordering of colloidal particle position and behavior of low temperature two 
stage phase transition phenomena of them highly resembles and present that of a KT-like 
( KTHNY) defect-mediated topological phase transitions[4,5,6,7]. The results of the variation of 
the heat capacity and the energy of colloids in low temperature is also confirming this 
transition.Relatively well compared is done between various substrate strength of colloids 
energy configuration at low temperatures phase. Study of the variation of the energy per particle 
and order parameter in the specified temperature points according to the number of particles’ 
moving are also investigated as well. With survey of the statistical quantities of configuration of 
colloids, we easily see that colloidal particle system actually constitute a canonical ensemble 
with distribution Gaussian.  
 
 
[1] C. Reichhardt and C.J. Olson, Phys. Rev. Lett. 88,248301 (2002). 
[2] C. Reichhardt and C.J. Olson Reichhardt, Europhys. Lett. 68, 303 (2004). 
[3] A. Libál,1,2 C. Reichhardt,1 and C. J. Olson Reichhardt1, Phys. Rev . E 75, 011403 (2007). 
[4] Kosterlitz J. M., Thouless D. J., J. Phys. C, 5, L124 (1972). 
[5] Kosterlitz J. M., Thouless D. J., J. Phys. C, 6, 1181 (1973). 
[6] Nelson D. R., Halperin B. I., Phys. Rev. B, 19, 2457 (1979).  
[7] Young A. P., Phys.Rev. B, 19, 1855 (1979). 
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Improved KT scaling for nonequilibrium relaxation analysis by the use of Bayesian

inference and kernel method

Yukiyasu Ozeki and Yuki Echinaka

Department of Engineering Science, Graduate Schools of Informatics and Engineering , The Uni-
versity of Electro-Communications, Tokyo 182-8585, Japan

Dynamical scaling analysis in the nonequilibrium relaxation (NER) method [1] for the Kosterlitz-
Thouless (KT) transition is improved by the use of the Bayesian inference and the kernel method.
We apply the method proposed for second order transition cases [2] to KT ones, in which the NER
analysis is efficient due to the finite-time scaling, m(t, T ) = τ−λΨ(t/τ), where m(t, T ) is a relax-
ation of magnetization from the all aligned state. τ(T ) is the relaxation time, which is expected
to diverge as τ(T ) ∼ exp(c/

√
T − TKT) in T > TKT . To estimate TKT, one may calculate m(t, T )

for several values of T , and fit the data to the above formula.
In the new method, one can fit data on a scaling function without using any parametric model

function. The result does not depend on the way of scaling, and is much reliable and reproducible.
One can use relaxation data on larger lattices much close to TKT, where the crossover from critical
relaxation to exponential one is difficult to observe in a machine time. Such data shows as if a single
power-law, which is difficult to be used in the old method. In our method, the scaling function
is obtained as the resulting kernel function. One can compare the KT transition with the second
order one by changing the divergence rule of τ(T ) due to the transition type, and estimating the
residual of data from this function respectively, which has been a subject of some controversial.

[1] Y. Ozeki and N. Ito, J. Phys. A: Math. Theor. 40 R149 (2007).
[2] K. Harada, Phys. Rev. E 84 056704 (2011).
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Critical Casimir forces in the presence of random local adsorption preference

Francesco Parisen Toldin1

1. Institut für Theoretische Physik und Astrophysik, Universität Würzburg, Am Hubland, D-97074
Würzburg, Germany

Recent experiments have measured the critical Casimir force by monitoring individual colloidal
particles immersed into a binary liquid mixture, close to its continuous demixing phase transition,
and exposed to a substrate. These experiments have proved to be very versatile in realizing the
critical Casimir force in the presence of non-homogeneous surfaces, such as chemically patterned
substrates [1], as well as substrates with a gradient of the adsorption preference [2]. Motivated by
these experiments, we study the critical Casimir force for a film geometry in the Ising universality
class. We employ a homogeneous adsorption preference on one of the confining surfaces, while the
local adsorption preference of the opposing surface is described by a quenched random variable,
which depends on a parameter p (p = 0, 1 correspond to homogeneous adsorption preference). By
means of Monte Carlo simulations of an improved Hamiltonian and finite-size scaling analysis, we
determine the critical Casimir force and the associated universal scaling function. We show that,
by tuning the disorder parameter p, the system exhibits a crossover between an attractive and
a repulsive force. Moreover, disorder allows to effectively realize Dirichlet boundary conditions,
which are generically not experimentally accessible in fluids [3].

[1] F. Soyka, O. Zvyagolskaya, C. Hertlein, L. Helden, and C. Bechinger, Phys. Rev. Lett. 101,
208301 (2008).
[2] U Nellen, L. Helden, C. Bechinger, EPL 88, 26001 (2009).
[3] F. Parisen Toldin, in preparation.
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Stochastic resonance in two-dimensional q-state clock model

Hye Jin Park 1, Seung Ki Baek 2, and Beom Jun Kim 1

1. BK21 Physics Research Division and Department of Physics, Sungkyunkwan University, Suwon

440-746, Korea

2. School of Physics, Korea Institute for Advanced Study, Seoul 130-722, Korea

We numerically study the stochastic resonance behaviors in two-dimensional q-state clock model

for 2 ≤ q ≤ 7. Although there are two resonance peaks for q < 5, we find more than two peaks

for q ≥ 5 under an oscillating magnetic field in one direction. In contrast, when a rotating field is

applied, only two resonance peaks are found regardless of the value of q. We analyze the difference

of resonance behaviors for two different ways of driving in terms of the free energy landscape of

the magnetization.
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Using simple average of spin distributions to predict phase transitions in an anti-

ferromagnetic Potts model 
 
Shafiqur M. Rahman 

1 
and Samuel Knarr 

1, 2
 

 

1. Department of Physics , Allegheny College, Meadville, PA 16335, USA 

2. Department of Physics and Astronomy, Universtiy of Rochester, Rochester, NY 14620,  

  USA (current address) 

 

Utilizing distribution of generalized spin states, we were able, in an earlier paper [1], to 

successfully resolve the almost one decade-long controversy regarding additional phase 

transitions in the three-state anti-ferromagnetic Potts model on a simple cubic lattice. Though 

this approach can be a useful tool in analyzing such systems, its use has been essentially 

absent in current publications. In this presentation, we describe details of the approach, and 

show how the simple average of the spin states on sublattices can be used to predict phase 

transitions for a cubic antiferromagnetic Potts model without having to define an order 

parameter such as magnetization. We use this approach to investigate possible phase 

transitions in four-, five- and six-state cases of the same system. Sublattice spin distributions 

were obtained from Monte-Carlo simulation utilizing the Swendsen-Wang cluster-flip 

algorithm. Analysis of the spin distributions show that for the four-state case, the results agree 

with accepted values of phase transitions to a high degree of accuracy, including the transition 

at the intermediate temperature (Tc =0.67). The five-state case shows no phase transitions at 

finite temperatures, and the six-state case is disordered at all temperatures. 

 

[1]  Intermediate-temperature ordering in a three-state Antiferromagnetic Potts Model,  S. 

Rahman, E. Rush and R. Swendsen, Phys.Rev. B58, 9125 (1998). 

 

 

 

 

 

 

 

 

 



STATPHYS25 JULY 21-26, 2013

AbstrActs Poster PresentAtions
348

PP1-2-26
Non-equilibrium stochastic long-range systems: kinetic theory and bistability

Cesare Nardini1, Shamik Gupta2, Stefano Ruffo1,3, Thierry Dauxois1 and Freddy Bouchet1

1. Ecole Normale Supérieure de Lyon and CNRS, Lyon, France
2. Université Paris-Sud 11 and CNRS, Orsay, France
3. Università di Firenze, CNISM and INFN, Firenze, Italy

Long-range interacting systems include plasma, gravitational systems, two-dimensional and geo-
physical fluid models. We consider long-range interacting systems perturbed by external stochastic
forces. Unlike the case of short-range systems, where stochastic forces usually act locally on each
particle, here we consider perturbations by external stochastic fields. These systems reach sta-
tionary states where the external forces balance the dissipation on average. These states do not
respect detailed balance and support non-vanishing fluxes of conserved quantities. Classical tools
of kinetic theory can be extended to describe their evolution [1,2]. Comparisons with numerical
simulations in a case of a particularly simple system, show an excellent agreement between the
theory and simulations. Results on non-equilibrium phase transitions and bistable behavior nu-
merically observed in these systems [2] are also discussed as well as applications of our work to
two-dimensional and geophysical turbulence models.

[1] C. Nardini, S. Gupta, S. Ruffo, T. Dauxois, and F. Bouchet, JSTAT, L01002, 2012.
[2] C. Nardini, S. Gupta, S. Ruffo, T. Dauxois, and F. Bouchet, JSTAT, P12010, 2012.
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Static properties of a synchronized state via the first order phase transition

Woo-Sik Son 1 and Dong-Uk Hwang 1

1. National Institute for Mathematical Sciences, Daejeon 305-811, Republic of Korea

We study the explosive synchronization transition which has recently attracted much attention.
We observe that a synchronized state via the explosive synchronization transition, i.e., the first
order phase transition shows static properties related with the global order parameter. However,
a smooth, second order phase transition from an unsynchronized state makes a fluctuating global
order parameter. By analytical and numerical methods, we investigate those static properties of
the explosive synchronization transition.
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Random Ising Model on the Hexagonal Lattice: Analytic Results

Sei Suzuki

Department of Physics and Mathematics, Aoyama Gakuin University, Sagamihara 252-5258, Japan

Two dimensional Ising models are the most important models in the study of the statistical
physics. We focus on Ising models with randomness. Random Ising models in two dimension
cannot be solved in general even on the square lattice. However, when the randomness is present
only in one direction, one can obtain the critical temperature as well as the critical property exactly.
We extend earlier studies on such a square-lattice model to the model on the hexagonal lattice, for
which no exact result has been known so far. We report some analytic and exact results on this
model.

We assume the following configuration of the system. We consider the brick lattice equivalent to
the hexagonal lattice. The coupling constants J on the vertical bonds are fixed at Jv. The coupling
constants on the horizontal bonds are the same on the same row but different from those on the
different row. They are randomly chosen from (J1, J2) with probability (p, 1− p) respectively. All
coupling constants are assumed ferromagnetic. For this system, we expressed the free energy in
terms of a random product of 3×3 matrices for the low temperature phase and of 2×2 matrices for
the high temperature phase, using the transfer matrix and the Fourier transformation. The critical
temperature is determined by equating the Lyapunov exponents of these random matrix products.
Remarkably, there is an analytic expression for our Lyapunov exponents. We then obtained an
exact closed equation to yield the critical temperature.
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Renormalization group approach to spinless two-band fermion model

Józef Sznajd

Institute for Low Teperature and Structure Research, Polish Academy of Sciences, Wroclaw, Poland

The linear perturbation renormalization group is used to study spinless two-band fermion
chains with a weak interchain hopping at half-filling. The model consists of two species of spinless
fermions, localized f and extended p and takes into account: the kinetic energy of fermions p, the
on-site Coulomb repulsion V between p and f fermions, chemical potentials µp and µf adjusted

in such a way that the average of the site occupation < nf
i > + < np

i >= 1, and p − f mixing
(hybridization) th. First, the effective intrachain nearest neighbour interaction of the p fermions is
constructed. The on-site p− f Coulomb repulsion V creates the effective nearest neighbour p− p
interaction U . The temperature dependence of this effective interaction is found for several values
of the hybridization. For th = 0 the effective interaction U is repulsive over the whole temperature
range while for arbitrarily small but finite th, at some temperature T0, U changes sign and becomes
attractive. For th > tch the effective interaction U is attractive in the whole temperature range.
The temperature dependences of the specific heat, the average site occupation number np

i and the
nearest-neghbour corelation function < np

in
p
i+1 > are studied for 1D system with µf > µp. With

decreasing temperature two processes are observed: local ordering and transfer of fermions from f
state to p band. For small hybridization the local ordering process dominates. In this region the
specific heat curve exhibits two maxima except for a broad one at high temperature. For higher
th the transfer of the fermions is faster and the maxima desappear.

The weak interchain hopping is considered and the metal-insulator phase transition temperature
as a function of the interchain hopping parameter and hybridazation is discussed.
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Exactness of the mean-field theory for the random-field Ising model with long-range
interactions

Junichi Tsuda and Hidetoshi Nishimori

Department of Physics, Tokyo Institute of Technology, Tokyo, Japan

We study the Ising model with long-range interactions and show the exactness of the mean-
field theory under certain mild conditions. This is a generalization of the result of Mori [1] for
the non-random and spin-glass cases. To treat random fields, we evoke the self-averaging property
of a function of random fields, which is our new contribution to the framework established in [1].
The result is that the mean-field theory gives the exact expression of the canonical free energy for
systems with power-decaying interactions if the power is smaller than the spatial dimension as long
as the order of phase transition is second. This is a highly non-trivial result because each site is
given a very different environment by site-dependent random fields whereas the mean-field theory
highlights the averages of physical quantities over many sites.

[1] T. Mori,“Instability of the mean-field states and generalization of phase separation in long range
interacting systems”, Phys. Rev. E 84, 031128 (2011)
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Guiding Principle of Tensor Renormalization Group with Tensor Decomposition Method

Hiroshi Ueda1, Kouichi Okunishi2, and Tomotoshi Nishino3

1. Condensed Matter Theory Laboratory, RIKEN, Wako, Saitama 351-0198, Japan
2. Department of Physics, Niigata University, Niigata 950-2181, Japan
3. Department of Physics, Graduate School of Science, Kobe University, Kobe 657-8501, Japan

We investigate a guiding principle of a tensor renormalization group with a tensor decomposi-
tion method named HOTRG [1] for two-dimensional (2D) symmetric vertex models on the square
lattice. The HOTRG uses the higher order singular value decomposition, which is a low-rank
approximation method for tensors [2], for making block spin transformation matrices. In a fixed
point of the coarse graining, the transformation matrices are given so as to optimally approxi-
mate an eigenvector corresponding to the eigenvalue of largest magnitude for a transfer matrix
of the double system length under the periodic boundary condition. The entanglement spectrum
appearing in the HOTRG for 2D systems on the square lattice, where the system is not critical,
has a doubling spectrum structure of its corner transfer matrix. We show these results in the 2D
classical Ising model on the square lattice. Also we show that the finite-D scaling with the HOTRG
in the 2D classical Ising model is consistent with the finite-χ scaling with matrix product states in
one-dimensional quantum Ising model at critical points [3], where D and χ are cut off dimensions
for coarse graining processes in each method.

[1] Z. Y. Xie, J. Chen, M. P. Qin, J. W. Zhu, L. P. Yang, and T. Xiang, Phys. Rev. B 86, 045139
(2012).
[2] T. Kolda and B. Bader, SIAM Review 51, 455 (2009).
[3] L. Tagliacozzo, T. R. de Oliveira, S. Iblisdir, and J. I. Latorre, Phys. Rev. B 78, 024410 (2008).
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Gauge Theory of Glass Transition: description of liquid–glass transition as a critical
phenomenon

Mikhail Vasin

Physical-Technical Institute of the Ural Branch of the Russian Academy of Sciences, 132 Kirov
Str., Izhevsk 426000, Russia

The Gauge Theory of Glass Transition (GTGT) was recently developed [1-2]. The old idea of
the gauge field description of glass transition underlies in this theory [3-5]. In GTGT is assumed
that there are two key conditions for the implementation of glass transition. First of all, we
believe, that the glass transition has common nature with the second order phase transition, which
is spontaneous breaking continuous symmetry and starting an ordering process in the system
structure. On the other hand, in contrast to the phase transition this ordering process stops
because of frustration, which arises in this process. The presence of frustration is the second key
condition for glass transition. The frustration gives rise to production of vortexes (disclinations in
undercooled liquids [6, 7]) in the structure, which prevents the growth of the ordered regions. The
nonequilibrium dynamics of the slowing vortex system, which takes into account the interaction
of these vortexes with order parameter fluctuations, can be described in terms of the gauge field
theory. This allows to get the theory analogous to the dynamical theory of phase transition [1-
2], and gives the self-consistent description of glass transition, describing broad spectrum of its
properties.

This work was supported in part by the Russian Foundation for Basic Research (Grant Nos.
13-02-00579, 13-02-91177, and 12-03-00757) and the Russian Academy of Sciences (Program Nos.
12-P-3-1013 and 12-P-2-1044).

[1] M.G.Vasin, J. Stat.Mech., 2011, P05009 (2011).
[2] M.G.Vasin, Theoretical and Mathematical Physics, 174(3), 406-420 (2013).
[3] E. I. Dzyaloshinskii and G.E.Volovik, J. Physique 39, 693–700 (1978).
[4] J. A.Hertz, Phys. Rev. B 18, 4875–4885 (1978).
[5] N.Rivier, Revista Brasileira de Flsica, 15 (4), 311–378 (1985).
[6] N.Rivier, D.M.Duffy, J. Physique 43, 293–306 (1982).
[7] R.Nelson, Phys. Rev. B 28, 5515–5535 (1983).
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Cavity-based robustness analysis of intra- and inter-correlated networks 
 
Shunsuke Watanabe 1 and Yoshiyuki Kabashima 1 
 

1. Department of Computational Intelligence and Systems Science, Tokyo Institute of Technology, 
Yokohama 2268502, Japan 
 
 We study the percolation phenomena of two mutually coupled (interdependent) correlated 
networks [1] analytically and experimentally. In particular, we focus on the influences of degree 
correlations inside and between the networks against target site attack. For assessing the 
robustness analytically, we apply the cavity method [2,3] to evaluate the size of the giant 
component (the largest subset of connected components). Our results indicate that the 
robustness of the interdependent networks depend on both the intra- and inter network 
correlations in a nontrivial way, which is excellently consistent with results of numerical 
experiments. 
 
[1] S. V. Buldyrev, R. Parshani, G. Paul, H. E. Stanley and S. Havlin, Nature 464, pp. 1025—
1028 (2010) 
[2] Y. Shiraki and Y. Kabashima, Phys. Rev. E 82, 036101 (10 pages) (2010) 
[3] M. Mezard and A. Montanari, Information, Physics, and Computation, Oxford Univ. Press 
(2009) 
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 The block model for the Griffiths phase

Xintian Wu

Department of Physics, Beijing Normal University, Beijing, China

The griffiths phase was observed experimentally in phase transition in various disordered 
sysytems.  Co-existence of ferromagnetic entities within the globally paramagnetic phase ar 
above the magnetic ordering temperature, localized Bose-Einstein condensation, seudo-gap in 
strongly disordered ssuperconductors. In order to described these phenomena, we start from the 
Landau-Ginzburg-Wilson Hamiltonian with random temperature [1]. It is found that there many 
excited solution for the saddle point equation. In the excited state solutions, there are locally 
ordered regions, which are called blocks, coupled with each other. As the temperature dereases, 
the couplings between blocks grow. As the couplings grow to be strong enough, the long-range 
order takes place. Above this critical temperature, locally ordered regions exist and the phase is 
Griffiths phase. We applied the block model to Blume-Capel model with random bond and
Explained the universality violation [2]. We applied the block model to the strongly disordered 
conventional superconductors and explained the pseudo-gap phase [3].

[1]X. T. Wu, Phys. Rev. B 79, 184208 (2009) .
[2]X. T. Wu, PRE 82, 010101R (2010).
[3]X. T. Wu and R. Ikeda, PRB 83, 104517 (2011).
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Nature of percolation transition in a growing network with an Achlioptas process

Su Do Yi 1, Woo Seong Jo 1, Beom Jun Kim 1, and Seung-Woo Son 2

1. BK21 Physics Research Division and Department of Physics, Sungkyunkwan University, Suwon
440-746, Korea
2. Department of Applied Physics, Hanyang University, Ansan 426-791, Korea

We study the percolation transition in growing networks [1] under an Achlioptas process (AP)
which was introduced by da Costa [2]. At each time step, a node is added in the network and,
with the probability δ, a link is formed between two nodes chosen by an AP. We find that there
occurs the percolation transition with varying δ and the critical point δc = 0.5149(1) is determined
using the power-law behavior of order parameter and the crossing of the fourth-order cumulant at
the critical point. It is also confirmed by the movement of the peak positions of the second largest
cluster size to the δc. Using the finite-size scaling analysis, we find β ≈ 1/2 and ν̄ ≈ 5/2. The
Fisher exponent τ ≈ 2.24(1) for the cluster size distribution is obtained and is shown to satisfy the
hyperscaling relation.

[1] D. S. Callaway, J. E. Hopcroft, J. M. Kleinberg, M. E. J. Newman, and S. H. Strogatz, Phys.
Rev. E 64, 041902 (2001).
[2] R. A. da Costa, S. N. Dorogovtsev, A. V. Goltsev, and J. F. F. Mendes, Phys. Rev. Lett. 105,
255701 (2010).
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Bond and Site Percolation in Three Dimensions

Junfeng Wang1, Zongzheng Zhou2, Wei Zhang3, Timothy M. Garoni2, Youjin Deng1

1. Hefei National Laboratory for Physical Sciences at Microscale and Department of Modern

Physics, University of Science and Technology of China, Hefei, Anhui 230027, PR China

2. School of Mathematical Sciences, Monash University, Clayton, Victoria 3800, Australia

3. Department of Physics, Jinan University, Guangzhou 510632, China

We simulate the bond and site percolation models on the simple-cubic lattice. By performing

extensive simulations and using finite-size scaling analysis, we obtain improved estimates for the

thresholds, critical exponents and the leading correction expoenent. Various universal amplitudes

are also obtained, including wrapping probabilities, ratios associated with the cluster-size distribu-

tion, and the excess cluster number. We observe that the leading finite-size corrections in certain

wrapping probabilities are governed by an exponent ≈ −2, rather than the leading correction

exponent which is ≈ −1.2.

[1] J. Wang, Z. Zhou, W. Zhang, T. M. Garoni and Y. Deng, arXiv:1302.0421.
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A Monte Carlo study of three-color Ashkin-Teller model

Qiong Zhu 1, Srivatsan Balakrishnan 2, José A. Hoyos 3, Rajesh Narayanan 2, and Xin Wan 1

1. Zhejiang Institute of Modern Physics, Zhejiang University, Hangzhou 310027, China
2. Department of Physics, Indian Institute of Technology Madras, Chennai 600036, India
3. Instituto de F́ısica de São Carlos, Universidade de São Paulo, C.P. 369, São Carlos, São Paulo
13560-970, Brazil

We study the three-color Ashkin-Teller model via Monte Carlo simulations. More specifically, we
use a Wang-Landau sampling method to determine the phase diagram of this model. By comparing
our results from using the Wang-Landau algorithm, with high precision Metropolis sampling results
we show that this method provides a reliable and efficient estimate for all thermodynamic quantities
near the phase boundaries. Furthermore, we determine the nature of the phase transitions between
the various phases inherent in the model. We confirm numerically, the renormalization group
prediction that the model displays a first-order transition. Finally, we study the influence of
impurities on the first order transition and show that it gets rounded. The universality class of
this disorder-rounded transition is investigated systematically.
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Spin coherent state path integral approach to a model of escape from adaptive conflict

Mark Ancliff and Jeong-Man Park

Department of Physics, The Catholic University of Korea, Gyeonggi-Do 420-743, Korea

Quasispecies models study the evolution of a population of sequences subject to selection and
mutation. These models are a popular entrance point to the study of evolution for physicists,
not least because their dynamics can be mapped exactly onto those of a quantum spin system.
Following this connection we have constructed a spin coherent state path integral formalism for the
quasispecies models [1,2]. This method allows both the evolution dynamics and the equilibrium
population distributions to be calculated analytically in the limit of large sequence length. Details
of the method and applications to some biological problems will be presented. In particular we
will consider a model of escape from adaptive conflict, a process in which a gene which originally
performs two functions is duplicated and each copy then evolves to specialize in only one function.

[1] M. Ancliff and J.-M. Park, J. Stat. Phys. 143, 636 (2011)
[2] M. Ancliff and J.-M. Park, J Korean Phys. Soc. 61, 1898 (2012)
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Cooperation of molecular motors in the intracellular cargo transport 
 
Minjung Ann¹, Kong-Ju-Bock Lee¹, and Pyeong Jun Park²  
 

1. Department of Physics, Ewha Womans University, Seoul 120-750, Korea 
2. School of Liberal Arts and Sciences, Korea National University of Transportation, Chungju, 
380-720, Korea 
 

We consider a modified active Brownian dynamics model for an application to the 
intracellular cargo transport by multiple molecular motors. By performing the Brownian 
dynamics simulation, we found that the cooperation among the independent motors give rise to 
an enhancement of the transport in a nontrivial way. The motors-cargo complex speeds up only 
slightly as the number of participating motors increases, while the stall force is proportional to 
the number of participating motors. It is also found that the internal dynamics due to the 
coupling between motors and cargo is so important that the speed of motors-cargo complex is 
inversely proportional to the internal relaxation time. 
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Large deviation properties of population averages: An indicator of gene expression
dynamics in a single cell

Bhaswati Bhattacharyya and Ziya Kalay

Institute for Integrated Cell-Material Sciences (WPI-iCeMS), Kyoto University, Kyoto 606-8501,
Japan

Population of genetically identical cells are heterogenous in their phenotypes. We investigate
the stochasticity in simple gene expression networks to elucidate how it works at a single cell
level and its impact on the total output signal contributed by multiple cells. Consider a model of
gene expression network where activated genes produce mRNA and protein in a sequential manner
with and without feedback. While searching for signatures of such networks from the output data
of a collection of cells, we observe that the mean signal provides only partial information. To
overcome this, we introduce the idea of sample mean where the the sample size can be controlled.
When we calculate the sample mean for a set of sub-population of cells, we obtain a distribution
whose variance and large deviation properties are characterised by the underlying gene expression
network. We obtain the probability generating function for chemical master equations for three
simple regulatory networks without feedback and exactly calculate the first and second moments
in the steady state. We also report the (i) mean, (ii) standard deviation and (iii) assymptotic
properties of the sample mean distribution of outputs generated by a collection of independent
networks active in each cell. The sample mean can be observed in experiments and its distribution
can be used to infer about the underlying gene expression network resulting in cell heterogeneity.

PP1-9-3



STATPHYS25 JULY 21-26, 2013

AbstrActs Poster PresentAtions
363

Bacterial Motion near the slipping boundary  
 
Wen-Yang Chang, Kuo-An Liu, and Lin I 

Department of the physics and Center for Complex System, National Central University,  
Chungli, Taiwan 32054, Republic of China 
 

The slipping boundary effect on the turbulence flow of the Escherichia coli (E. coli) in 
quasi-two-dimensional free-standing thin film is investigated experimentally. The nonlinear 
mutual interaction at high concentration leads to collective motion and turbulent flow with 
fluctuating vortices. The presence of the slipping boundary suppresses the motion normal to 
the boundary and enhances the motions parallel to the boundary, leading to the anisotropic 
vortices. Therefore, the clear symmetry breaking can be observed near the boundary. The 
boundary effect on the flow field for different distances from the boundary is presented and 
discussed. 
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Statistical Mechanics of Protein Docking Designability 
 
Jeong-Mo Choi1 and Eugene I. Shakhnovich1 
 

1. Department of Chemistry and Chemical Biology, Harvard University, 12 Oxford Street, 
Cambridge, MA 02138, United States 
 

Knowledge in protein-protein interactions is pivotal in many biological applications, such as 
de novo design of effective drugs. To determine how likely monomeric units will bind to each 
other, we can use a concept called designability, that is, the number of low-energy 
configurations for the docking topology. Designability can be easily evaluated by a partition 
function summed over all possible sequence configurations. This estimation helps us to 
analytically find a simple structural determinant of designability: the total number of contacts 
between residues of each monomeric unit, regardless of a contact energy form. For a given 
topology, there is an optimal contact energy form to maximize designability. To check its 
validity, we present data from a lattice protein simulation, and also discuss the applicability of 
this conclusion to real protein problems. 
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Transport of an Active Brownian Particle with Asymmetric Conversion Rate under 
External Fields 
 
Saerom Choi¹, Kong-Ju-Bock Lee¹, and Pyeong Jun Park² 
 
1. Department of Physics, Ewha Womans University, Seoul 120-750, Korea 
2. School of Liberal Arts and Sciences, Korea National University of Transportation, Chungju, 380-
720, Korea  
 

We consider a generalized active Brownian particle coupled to an energy depot, which can store 
supplied energy and convert it into mechanical work. It is assumed that the energy supply rate is 
constant and the energy conversion rate function consists of linear and quadratic terms in the particle's 
velocity. The particle's behavior is analyzed under various potentials, such as harmonic and ratchet 
potential. We identify the role of asymmetric energy conversion rate in comparison to the 
conventional symmetric case. 
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Inferring Intermittency in Single- and Two-Individual Movement in Response to 
Chemical Exposure 
 
Quang Kha Quach1, Hungsoo Kim3, Tuyen Van Nguyen1,2 and Tae-Soo Chon1*  
 

1. Department of Biological Sciences, Pusan National University, Busan 609-735, Republic of 
Korea 
2. Department of Mathematics, Pusan National University, Busan 609-735, Republic of Korea 
3. SPENALO National Robotics Research Center, Pusan National University, Busan 609-735, 
Republic of Korea 
 

Single- and two-individual movement behaviors of an indicator species, zebrafish (Danio 
rerio), were analyzed before and after treatment of a toxic chemical, formaldehyde, at a low 
concentration (1 ppm). The force on each individual was obtained from experimental time series 
data of individual moving in boundary and central areas in the observation arena. The 
intermittency was defined as probability distribution of the time duration of the force of 
individuals over a pre-determined threshold (i.e., shadowing time). The pattern of intermittency 
was similar in the boundary and central areas. However, the intermittency pattern was 
remarkably different between single- and two-individual groups: the single line was fitted to 
one-individual group, whereas two phases were observed in the two-individual group with 
breakpoints (approximately 10 seconds), fitting to exponential curves for the long shadowing 
time. Intermittency patterns before and after treatment were further contrasted in the center for 
one-individual group whereas the difference was observed in the boundary for two-individual 
group. Intermittency of two individuals’ inter-distance was also remarkably different before and 
after treatment at different locations of the observation arena. Considering difference in 
intermittency in the boundary and central areas as well as between “before” and “after” 
treatment, distribution patterns of the shadowing time (scaling behaviors or intermittency 
patterns) in single- and two-individual movement would be a useful means of bio-monitoring to 
detect contaminants in environment. 
 
* Presenter: tschon@pusan.ac.kr 
Keyword: Shadowing time, Collective motion, Stress, Behavior monitoring, Self-driven force, 
Self-organizing criticality 
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Exclusion processes: short range correlations induced by adhesion and contact inter-

actions

Gianluca Ascolani1, Mathilde Badoual2, and Christophe Deroulers2

1. CNRS/IN2P3, UMR 8165, IMNC, Univ Paris-Sud, Univ Paris Diderot, F-91405 Orsay, France
2. Univ Paris Diderot, Laboratoire IMNC, UMR 8165 CNRS, Univ Paris-Sud, F-91405 Orsay,
France

We analyze the out-of-equilibrium behavior of exclusion processes where agents interact with
their nearest neighbors, and we study the short-range correlations which develop because of the
exclusion and other contact interactions. The form of interactions we focus on, including adhesion
and contact-preserving interactions, is especially relevant for migration processes of living cells. On
two dimensional lattices, in the transient regime where agents invade an initially empty space from
a source, we obtain the local agent density and nearest-neighbor two-point connected correlations
functions through simulations, on one hand, and through the resolution of approximate equations
derived from the master equations of the processes, on the other hand. In both cases, we show that,
during the invasion of space by agents, a wave of correlations travels with velocity v(t) ∼ t−1/2.

Then, we develop a method for deriving approximate hydrodynamic limits of the processes.
From the resulting systems of partial differential equations, we recover the self-similar behaviors
of the agent density and correlations during space invasion that were observed in simulations. We
study how it depends on the interactions and show that it may be used to discriminate between
different forms of contact interactions or to quantitatively estimate the intensity of interactions.

[1] G. Ascolani, M. Badoual, and C. Deroulers, Phys. Rev. E 87 012702 (2013).

PP1-9-8



STATPHYS25 JULY 21-26, 2013

AbstrActs Poster PresentAtions
368

Robustness against extinction by stochastic sex determination in small populations

Eduardo do Carmo 1,2, David M. Schneider 2, Yaneer Bar-Yam 3 and Marcus A. M. de Aguiar 2,3

1. Universidade Federal da Integração Latino-Americana, Foz do Iguaçu, Brasil
2. Instituto de Fisica Gleb Wataghin, Universidade Estadual de Campinas, Campinas, SP, Brasil
3. New England Complex Systems Institute, Cambridge, Massachusetts 02142, USA

Sexually reproducing populations with a small number of individuals may go extinct by stochas-
tic fluctuations in sex determination, causing all their members to become male or female in a gen-
eration. In this work we calculate the time to extinction of isolated populations with fixed number
N of individuals that are updated according to the Moran birth and death process. At each time
step, one individual is randomly selected and replaced by its offspring resulting from mating with
another individual of the opposite sex; the offspring can be male or female with equal probability.
A set of N time steps is called a generation, the average time it takes for the entire population
to be replaced. The number k of females fluctuates in time, similarly to a random walk, and
extinction, which is the only asymptotic possibility, occurs when k = 0 or k = N . We show that it
takes only one generation for an arbitrary initial distribution of males and females to approach the
binomial distribution. This distribution, however, is unstable and the population eventually goes
extinct in 2N/N generations. We also discuss the robustness of these results against bias in the
determination of the sex of the offspring, a characteristic promoted by infection by the bacteria
Wolbachia in some arthropod species or by temperature in reptiles.
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Mathematical modeling of circadian clock in Arabidopsis thaliana using system 
identification techniques 
 
Mathias Foo1, Pan-Jun Kim1,2 and Hee Young Yoo3 
 

1. Asia Pacific Center for Theoretical Physics, Pohang, Gyeongbuk, Republic of Korea. 
2. Department of Physics, POSTECH, Pohang, Gyeongbuk, Republic of Korea 
3. Department of Integrative Biosciences and Biotechnology, POSTECH, Pohang, Republic of 
Korea 
 
Recently, the use of mathematical models in describing the behavior of biological system is 
gaining popularity. While there are many mathematical models on circadian clocks in 
Arabidopsis thaliana existed in the literatures, these models are often too complex (i.e. involves 
nonlinear differential equations). In this work, we aim at obtaining mathematical model of the 
circadian clocks using system identification techniques. Models obtained using system 
identification techniques are usually simpler and sufficient to describe the relevant dynamics of 
the system and yet provide physical interpretation about the system. The models obtained 
through system identification can be useful for prediction and control design in the event we 
want to do simple prediction of the behavior of the system and phenotypes manipulation 
respectively. 
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Random distribution assumption for anti-freeze proteins

Hendrik Hansen-Goos1, Erik S. Thomson2, and J. S. Wettlaufer3

1. Institute of Planetary Research, German Aerospace Center (DLR), 12489 Berlin, Germany
2. Department of Chemistry and Molecular Biology, Atmospheric Science, University of Gothen-
burg, 41296 Gothenburg, Sweden
3. Yale University, New Haven, CT 06520-8109, USA

Anti-freeze proteins (AFPs) are expressed by a variety of organisms that have to cope with sub-
freezing temperatures. AFP was first discovered in arctic fishes in the late 1960’s and has since
been detected also in insects, microorganisms, and plants. According to the adsorption-inhibition
mechanism AFPs inhibit crystal growth by binding to the surface of ice crystals, thereby pinning the
interface at certain locations. This pinning imposes a curvature on the growth fronts of the crystal
which causes a local freezing point depression due to the Gibbs-Thomson effect. We revisit the
model devised by Raymond and DeVries [1] who compute the maximum freezing point depression
associated with a given concentration of AFP in the solution. By adopting a simple stochastic
model for the distribution of AFP on the crystal surface we can fit experimental findings very well,
in particular for cases in which the original theory overestimates the degree to which samples can
be supercooled before the AFP fails to prevent crystal growth.

[1] J. A. Raymond and A. L. DeVries, Proc. Natl. Acad. Sci. USA, 74, 2589 (1977).
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Entropic effects of solvent on big sphere dynamics into a cylindrical vessel

Ryohei Hara 1, Ken-ichi Amano 2, Masahiro Kinoshita 3 and Akira Yoshimori 1

1. Department of Physics, Kyushu University, Fukuoka Japan
2. Faculty of science, Kobe University, Kobe Japan
3. Institute of Advanced Energy, Kyoto University, Kyoto Japan

Insertion of a large solute into an even larger vessel is a fundamental function in biological
systems. For a typical example, an unfolded protein is inserted into a chaperonin which is formed
into a cylindrical vessel. By the insertion, a chaperonin helps it fold. Amano and Kinoshita have
shown that the insertion is due to entropy effects of solvent particles, by equilibrium statistical
mechanics approach[1]. The solvent entropy calculated by them is largest when a solute is in touch
with the bottom of the vessel. However, an unfolded protein is shown to be inserted into the center
of the chaperonin by the experimental result[2]. This discrepancy is caused by non equilibrium
effects. In the present study, our purpose is to develop the non equilibrium theoretical method of
studying a solvent effect on a solute insertion into the vessel and to calculate a time development of
a solute probability density distribution. A protein, a solvent and chaperonin are modified in the
hard body model to consider the purely entropic effect. We calculate the Fokker-Planck equation
including the potential of mean force (PMF) and the PMF represent the solvent entropy effect.
The PMF is calculated by the Integral Equation Theory. As the result, a solute stays at the center
of the vessel until the time of 100d2S/D, where ds is the diameter of the solvent particle and D
is the diffusion coefficient of the solute particle. In addition, a solute flows into the center of the
vessel from outside of it.

[1] Ken-ich Amano and Masahiro Kinoshita Chemical Physics Letters (2010), 488(1-3): 1-6
[2] Ryo Kanno, Ayumi Koike- Takeshita, Ken Yokoyama, Hideki Taguchi, and Kaoru Mitsuoka
Structure (2009), 17, 287―293
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Interaction between Looped-Star Polymers

Dieter W. Heermann 1 and Benoit Knecht2

1. Institute for Theoretical Physics, Heidelberg University, Philosophenweg 19, D-69120 Heidel-
berg, Germany

We study the properties of looped star polymers, in which each arm is a ring that can be over-
or underwound and compare them to the classic linear-arm star polymer. Looped star polymers are
more compact and overwounding increases their density. The effective repulsion between looped
stars is similar to that of linear star polymers with twice as many arms half the length, following a
logarithmic–Gaussian potential. The force pushing the arms outwards is more than twice as strong
for looped star polymers than it is for linear star polymers for a number of arms f > 2.
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Self-organization of pancreatic islets

Danh-Tai Hoang, Juyong Song and Junghyo Jo

Asia Pacific Center for Theoretical Physics, Pohang, Gyeongbuk 790-784, Korea.

Pancreatic islets are micro-organs controlling glucose homeostasis with two major components,
alpha and beta cells. To investigate the self-organization rule for the islet structure, we developed a
bipartite lattice model with relative adhesion strengths between the islet cells. The model generated
various structures depending on the cellular composition and the adhesion strengths. In the regime
of strong heterotypic interaction with low thermal fluctuation, cell-to-cell associations had a sharp
transition when two cell types had equal numbers. In the opposite regime of strong homotypic
interaction, the sharp transition disappeared. However, heterotypic cell association showed a multi-
modality depending on lattice size as the fraction of one cell type increased. This phenomenon
under low thermal fluctuation was due to the domain boundary of homotypic cells, determined
by cellular compositions. In addition to these physically-interesting behaviors, we applied the
bipartite model to examine human and mouse islet structures in which cellular compositions are
different while the relative cell adhesions are expected to be conserved in the two species.
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Synchronization Effect in Time Periodic Immunotherapy for a Tumor-immune Inter-
action Model

Takehiko Horita and Kotaro Hashimoto

Department of Mathematical Sciences, Osaka Prefecture University, Sakai 599-8531, Japan

The effect of time periodic treatments immunotherapy in a stochastic model of tumor-immune
interaction is numerically investigated. In 2010, Caravagna et al. [1] extended the Kirchner-
Panetta model [2] of tumor-immune interaction to incorporate the discreteness of the numbers of
the cells as a birth-death process model. In the present study, the birth-death process is further
approximated by a system of stochastic differential equations and the effect of the immunotherapy
is investigated [3]. Due to the effect of synchronization among the intrinsic oscillation and the
treatment, an enhanced extinction of the tumor cells is observed. It suggests that compared with
the static treatment, by controlling the period of the treatment, the time periodic treatment could
be an effective way of treatment leading to tumor extinction. It is also further revealed that the
effect of time periodic immunotherapy highly depends on the waveform of treatment. The effect
for square one with several duty ratio is compared with that for sinusoidal one.

[1] G. Caravagna, A, d’Onfrio, P. Milazzo, and R. Barbuti, J. Thoeor. Biol. 265, 336 (2010).
[2] D. Kirchner and J. C. Panetta, J. Math. Biol., 37, 235 (1998).
[3] R. Aisu and T. Horita, NOLTA, IEICE, 3, 191 (2012).
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Phase transitions and solitons in self-propelled particles:
mean-field kinetic theory and diagrammatic approach

Thomas Ihle 1 and Yen-Liang Chou 2

1. Department of Physics, North Dakota State University, Fargo, ND 58108-6050, USA
2. Max-Planck Institute for Complex Systems, Nöthnitzer Str. 38, 01187 Dresden, Germany

The regular Vicsek model [1] and a version with topological interactions [2] are studied by means
of kinetic theory. In these models, self-propelled particles try to align their travel directions with the
average direction of their neighbours. At strong alignment, rotational symmetry is spontaneously
broken and a state of collective motion forms.

The theory starts with an exact Markov chain in phase space and is made tractable by the
mean-field-like Molecular Chaos approximation. This leads to an Enskog-like equation for the one-
particle distribution. We derive the phase diagram for the flocking transition which agrees very
well with simulations at large particle velocities. The hydrodynamic equations are obtained by a
Chapman-Enskog expansion [3]. Since they break down near the transition threshold, we solve the
kinetic equation numerically and find soliton-like supersonic waves with Knudsen numbers of order
one. These waves show hysteresis and modify the second-order character of the phase transition
to first order.

To obtain results for small particle speeds where the mean-field approximation is invalid we
develop a diagrammatic approach to go beyond Molecular Chaos. We show that already the lowest
order diagrams give the qualitatively correct result that reducing the particle speed will lower the
flocking threshold.

[1] T. Vicsek et al. Phys. Rev. Lett. 75, 1226 (1995)
[2] Y.-L. Chou et al., Phys. Rev. E 86, 021120 (2012)
[3] T. Ihle, Phys. Rev. E 83, 030901 (2011)
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Multifractality and heteroscedastic dynamics in Music

H. D. Jennings 1, C. M. Nascimento 2 and G. M. Viswanathan 1

1. Universidade Federal de Rio Grande do Norte, Natal, CEP:59078-970, Brazil
2. Universidade Federal de Sergipe, Aracaju, CEP 49100-000, Brazil

 Music time series do not have constant amplitude, but rather ßuctuate in intensity. An 
important problem in physics concerns scale invariance symmetry in diverse complex 
systems, often characterized by heteroscedastic dynamics. We investigate the nature of 
the relationship between the heteroscedastic and fractal aspects of the dynamics of 
complex systems, by analyzing the sensitivity to heteroscedasticity of the scaling 
properties of weakly nonstationary music time series. By using multifractal detrended 
ßuctuation analysis, we study the singularity spectra of music signals, after partially or 
completely eliminating n-point correlations via data shufßing techniques.  We discuss 
these Þndings in the context of previous studies [1,2].

[1]  doi:10.1209/0295-5075/81/18002, C. M. Nascimento, H. B. N. Júnior, H. D. Jennings, M. 
Serva, Iram Gleria, G. M. Viswanathan. Multifractality and heteroscedastic dynamics: An 
application to time series analysis. Europhysics Letters (Print), v. 81, p. 18002, 2008..
[2] doi:10.1016/j.physa.2003.12.049, H. D. Jennings, P. Ivanov, A. MMARTINS, P. Dasilva, G. 
M. Viswanathan. Variance ßuctuations in nonstationary time series: a comparative study of 
music genres. Physica. A (Print), v. 336, p. 585-594, 2004.
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The coexistence of “heterogeneity” and “coherence” in the phase distribution of
clock cell populations in SCN

Byeongha Jeong 1, Jin Hee Hong 1, and Kyoung J. Lee 1

1. Department of Physics, Korea University, Seoul 136-713, Korea

Suprachiasmatic nucleus (SCN) is the master clock keeping endogenous circadian rhythms
for mammals. As a SCN nucleus consists of multiple oscillators, clock cells, that are quite
heterogeneous in their intrinsic periods (20 ˜ 28 hr), natural questions are how well they are
frequency-locked to each other and what is their phase distribution like in space. Are they phase-
synchronized? Earlier investigations, based on luciferase imaging of clock-genes (eg. per-1, per-2,
Bmal) as well as in situ hybridization images of peptides such as VIP, unanimously suggested that
the clock cells in an intact SCN supported macroscopic phase waves, although their features varied
case-by-case. On the other hand, our recent experimental investigation [1], which monitored the
concentration of cytosolic free calcium, showed that the phases of individual cells were distributed
randomly. Subsequently, we hypothesized that the difference in imaging spatial resolutions and
the way a SCN nucleus was anatomically structured could attribute to the seemingly conflicting re-
sults – namely, ‘coherent macroscopic phase wave’ vs. ‘random phase distribution’. In this work,
with dual imaging of Per-2 luminescence and Ca2+ sensing cameleon FRET signal of organotypic
SCN slice cultures of mice, we demonstrated that SCN nucleus was structured such that the phases
of individual cells varied widely at the single cell resolution, while their mean (over a distance of
10 ˜ 100 cell length) phase field supported a coherent progression. In addition, we showed that
upon an extrinsic stimulation of temperature shock the degree of phase shift varied widely from
one cell to the others.

[1] Hong et. al., Eur. J. Neurosci. 35, 1417–1425 (2012)
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Reaction rate of synaptotagmin anchored synapse vesicle membrane fusion

Seongmin Jeong1,2 and YongSeok Jho 1,2

1. Department of Physics, POSTECH, Pohang 790-784, Korea
2. APCTP, Pohang 790-784, Korea

Nerve impulses propagate through the neuron cells. At the end of neuron cell, the exocytosis 
of the synaptic vesicle, known as a neurotransmitter (NT) carrier, is performed by the membrane 
fusion between the synaptic vesicle, and the outer plasma membrane. The ejected NTs are 
recaptured by the receptors in the next neuron cell. During this process, the membrane fusion is 
known as mediated by the snare complex formation, driven by the snare proteins. However, the 
slow dynamics of the snare complex formation does not explain the fast propagation of neuro-
signal. Recently, Lee [1] et al. suggested that the synaptotagmin may serve as an enhancement
of the snare complex formation, triggered by the Ca2+. The goal of this study is to propose a
molecular mechanism of membrane fusion process. We further present an estimate of the 
reaction rates for the quantitative comparison with experiments. It makes the numerical 
approach more worthy that the molecular level resolution is hardly achieved in the experiments. 
We perform the molecular simulation to find the conformation and the interaction between 
synaptic vesicle and the plasma membrane. To contrast the role of the synaptotagmin, we
perform simulation using both anchored and free synaptotagmin from synaptic vesicles. For 
better analysis of metastable states of the system, we apply an importance sampling technique,
trajectory mapping [2]. The reaction rates of the membrane fusion are calculated within
diffusion controlled reaction model [3].

[1] Han-Ki Lee, Yoosoo Yang, Zengliu Su, Changbong Hyeon, Tae-Sun Lee, Hong-Won Lee, 
Dae-Hyuk Kweon, Yeon-Kyun Shin, Tae-Young Yoon. Science 328, 760-763 (2010)

[2] Linchen Gong, Xin Zhou. J. Phys. Chem. 114, 10266-10276 (2010)
[3] Chou Kuo-Chen, Jiang Shou-Ping. Scientia Sinica 17, 664-680 (1974)
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In-‐phase	  and	  out-‐of-‐phase	  synchronization	  in	  the	  cells	  of	  pancreatic	  islets	  
	  
Hyunsuk	  Hong1,	  Junghyo	  Jo2,3	  and,	  Sang-‐Jin	  Sin4	  
	  
1Department	  of	  Physics	  and	  Research	  Institute	  of	  Physics	  and	  Chemistry,	  
Chonbuk	  National	  University,	  Jeonju,	  Korea;	  2Asia	  Pacific	  Center	  for	  Theoretical	  
Physics,	  Pohang,	  Korea;	  3Department	  of	  Physics,	  POSTECH,	  Pohang,	  Korea;	  and	  
4Department	  of	  Physics,	  Hanyang	  University,	  Seoul,	  Korea	  
	  
Pancreatic	   islets,	  controlling	  glucose	  homeostasis,	  consists	  of	  α,	  β	  and	  δ	  cells.	   It	  
has	  been	  observed	   that	  α	   and	  β	   cells	   generate	  out-‐of-‐phase	   synchronization	   in	  
the	  release	  of	  glucagon	  and	  insulin,	  counter-‐regulatory	  hormones	  for	  increasing	  
and	   decreasing	   glucose	   levels.	   However	   β	   and	   δ	   cells	   produce	   in-‐phase	  
synchronization	   in	   the	   release	   of	   the	   insulin	   and	   somatostatin.	   Pieces	   of	  
interactions	  between	  the	  islet	  cells	  have	  been	  observed	  for	  a	  long	  time,	  although	  
their	   physiological	   role	   as	   a	   whole	   has	   not	   been	   explored.	   In	   this	   paper,	   we	  
develop	   a	   theoretical	   model	   for	   the	   islets	   considering	   the	   observed	   cellular	  
interactions.	  	  Via	  the	  mathematical	  analysis	  of	  the	  model,	  we	  suggest	  that	  δ	  cells	  
play	   important	   roles	   on	   the	   maintaining	   the	   out-‐of-‐phase	   and	   in-‐phase	  
synchronization	  between	  α,	  β	  and	  δ	  cells.	  
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Necessary and sufficient conditions for noise-induced oscillations in biochemical 
reaction networks 
 
Jaewook Joo  
 

Department of Physics and Astronomy, University of Tennessee, Knoxville, TN 37911 USA 
  
 A better understanding of stochastic biochemical reaction networks is essential to 
understand signaling pathways in natural organisms, propose new molecular therapies, and to 
design new synthetic circuits with desired functions. Therefore it is of tremendous value to 
systematically define the landscapes of stochastic dynamical behavior as a function of 
biochemical reaction network architectures and parameter space. We investigated the 
relationship between stochastic oscillations and topologies of low dimensional biochemical 
reaction networks. A network is a directed graph with two types of edges, activation and 
repression. We considered two models of repression in our analysis: repression by proteolysis 
and repression by transcriptional control. First, we proved that any two- and three-nodes 
networks without a feedback loop cannot give rise to a peak in its power spectrum. Secondly, 
we proved that any two- and three-nodes networks with any number of negative feedback loops 
can have a peaked power spectrum with divergent signal-to-noise ratio (SNR). Lastly, we 
measured and compared the distributions of the SNR, the resonant frequencies, and the 
robustness of all two- and three-nodes stochastic biochemical reaction networks with negative 
feedback loops with the parameter values in the biologically feasible ranges.  We also 
discussed which network topologies are better for the robust, frequency-tunable, and 
amplified/coherent stochastic oscillations. 
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Free expansion of a compressed self-avoiding chain in a cylindrical pore

Youngkyun Jung 1 and Bae-Yeun Ha 2

1. National Institute of Supercomputing and Networking, Korea Institute of Science and Technol-
ogy Information, Daejeon 305-806, Korea
2. Department of Physics and Astronomy, University of Waterloo, Waterloo, Ontario, Canada
N2L 3G1

We study here expansion of a self-avoiding polymer chain confined in a cylindrical pore by
molecular dynamics simulations. The chain which is confined to the piston walls of the cylinder
ends is initially compressed (50% compression). When the one of pistons is removed, the chain is
expanded. We discuss the dynamics of the expansion in the short, long, and intermediate times and
compare our results to existing theoretical predictions. Our polymer model explains the expansion
dynamics of chromosome during lysis.
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Dynamics of microbial communities on patchy rough surfaces - hydration and diffu-
sion mediated self-organized consortia

Minsu Kim1, Gang Wang1, and Dani Or1

1. Soil and Terrestrial Environmental Physics (STEP), Institute of Terrestrial Ecosystems (ITES),
ETH Zurich, 8092 Zurich, Switzerland

The astonishing diversity of microbial life in soil has been linked to highly dynamic and hetero-
geneous aquatic networks essential for sustaining life. Evidence suggests that soil-microorganism in-
teractions give rise to structural self-organization enabling functionality in such resource-constrained
environments [1]. Quantitative description of hydration dynamics in complex pore spaces yields
insights into a wide range of conditions that limit microbial motility and dispersion [2] thereby
promoting species coexistence [3,4]. The study illustrates the importance of hydration networks
in soil which shape nutrient diffusion pathways and microbial dispersion rates. In the present
work, we extend a discrete individual-based modeling framework to study how trophic interactions
influence microbial community and its spatial self-organization. The model is applied to two-
dimensional lattices, which represents spatially-correlated-patchy surfaces mimicking soil grain
surfaces preserving hydration physics and unsaturated transport properties. Different hydration
dynamics (wetting-drying) affect colonial behaviors of species because of nutrient interactions on
spatial organization and its resilience to perturbations. The model system corresponds to in-situ
bioremediation activities and potentially simple biogeochemical processes in soil.

[1] Young I.M., Crawford J.W.. (2004) Science 304 :16347.
[2] Wang, G., and Or, D. (2010) Env. Microbio. 12(5) : 1363-1373.
[3] Long, T., and Or, D. (2005) Adv. Water Resources 41 : W08408.
[4] Long, T., and Or, D. (2009) Microb. Ecol. 58 : 262-275.
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Transitions among multiple burst-oscillators in cultured neural networks

June Hoan Kim1, Ryoun Heo1, Joon Ho Choi1, and Kyoung J. Lee 1

1. Department of Physics, Korea University, Seoul 136-701, Korea

Synchronized neural bursts are a salient dynamic feature of biological neural networks, 
having important roles in brain functions. This study investigates the deterministic nature 
behind seemingly random temporal sequences of inter-burst-intervals generated by cultured 
networks of cortical cells. We found that the complex sequences were an intricate patch work of 
several noisy ‘burst oscillators,’ whose periods covered a wide dynamic range, from few tens of 
milliseconds to tens of seconds. The transition from one type of oscillator to the other favored a 
particular passage, while the dwelling time between two neighboring transitions followed a 
Poisson statistics. With different amounts of bicuculline application, we can tune the periods of 
the oscillations, terminate some of them, or generate new ones.
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Conformational phase transitions and selective gating functions of nuclear pore com-
plexes

Seongjin Kim 1, Sung Sik Oh 1 and Yong Woon Kim 1

1. Graduate School of Nanoscience and Technology, Korea Advanced Institute of Science and
Technology, Daejeon 305-701, Korea

Nuclear pore complex (NPC) is one of the largest protein complexes, mainly consisting of
dozens of different nucleoporins, and acts as a selective gateway for molecular transports between
the nucleus and cytoplasm in eukaryotic cells. However, the in vivo three-dimensional structures
of nucleoporins inside the nuclear pore and their relations to the selective gating functions remain
elusive. Motivated by the natively unfolded nature of nucleoporins with phenylalanine-glycine
repeats, we consider a nucleoporin as a polymer brush grafted to the inside of a cylinder and exactly
evaluate the partition functions of all possible conformations. Obtaining the phase diagram of
equilibrium conformations as a function of various system parameters, we find the phase transitions
between conformations of different network connectivity, which play a crucial role in the highly
selective gating function of NPC. In addition, Langevin dynamics simulations are carried out in
order to study the dynamics of nucleo-cytoplasmic trafficking through NPC.
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Compaction of a flexible polymer by depletion forces in a confined space

Juin Kim1, Chanil Jeon1, Hawoong Jeong1,2,3, Youngkyun Jung4 and Bae-Yeun Ha5

1. Department of Physics, Korea Advanced Institute of Science and Technology, Daejeon 305-701,
Korea
2. Institute for the BioCentury, Korea Advanced Institute of Science and Technology, Daejeon
305-701, Korea
3. APCTP, Pohang, Gyeongbuk 790-784, Korea
4. Supercomputing Center, Korea Institute of Science and Technology Information, Daejeon 305-
806, Korea
5. Department of Physics and Astronomy, University of Waterloo, Waterloo, Ontario, Canada
N2L 3G1

DNA compaction in a bacterial cell is in part carried out by depletion forces induced by “free”
proteins or crowding particles available in the cell. Indeed, recent in vitro studies have shown that
the depletion force alone can condense the E. coli chromosome to its in vivo size. Here, we study
how a chain molecule can be compacted by crowding particles in a (cell-like) cylindrical space,
using molecular dynamics simulations. This effort enables us to understand the competing effects
of depletion and cylindrical confinement on chain conformation.

[1] J. Pelletier, K. Halvorsen, B.-Y. Ha, R. Paparcone, S. J. Sandler, C. L. Woldringh, W. P. Wong,
and S. Jun, Proc. Nat. Acad. Sci., 2012, 14, E2649 - E2656.
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Effect of Clustering on Spiking Variability in Inhomogeneous Network 
 
Junhyeok Kim 1, Dongmyeong Lee 1 and Seunghwan Kim 1,2 
 

1. Nonlinear & Complex Systems Laboratory, Dept. of Physics, Pohang University of Science 
and Technology, Pohang, Korea 
2. Institute for Edge of Theoretical Science, Pohang, Korea 
 

It has been known that the anatomical network in cortex is characterized by the properties of 
inhomogeneous connection between nodes like small-world, scale-free network. We studied the 
effect of structurally inhomogeneous connection properties on the spiking dynamics of clustered 
network. We constructed a neural network model with clustered scale-free network, and found 
that it exhibits the firing rate fluctuations and spiking time variability due to the inhomogeneous 
properties. We also found that the more connection among clusters can more effect the firing 
rate transition of neuron cluster. Thus, the hub clusters in scale-free network exhibit more 
frequent transition and variability in the spiking dynamics than periphery ones. We also analyze 
the transition properties in context with the network characteristics: assortativity and 
dissortativity, etc. We hope that our model can help understand the relationship between the 
underlying structure and spontaneous brain activity. 
 
 
[1] Litwin-Kumar, Ashok, and Brent Doiron. "Slow dynamics and high variability in balanced 
cortical networks with clustered connections." Nature neuroscience 15.11 (2012): 1498-1505. 
[2] Churchland, Mark M., et al. "Stimulus onset quenches neural variability: a widespread 
cortical phenomenon." Nature neuroscience 13.3 (2010): 369-378. 
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Multiplicative model of children’s growth and its statistical properties

Hiroto Kuninaka 1

1. Faculty of Education, Mie University, Tsu, 514-8507 Japan

In our previous studies, we have clarified that the height distribution of Japanese children shows
a transition from the lognormal to the normal distribution during puberty period [1, 2], although
it is generally believed that the height distribution of human bodies obeys the normal distribution.
Recently, we have developed a numerical growth model which can predict the statistical properties
of height distribution of Japanese children. Our model is based on a multiplicative process, in
which the growth rate of a child is defined by introducing fluctuations into the average growth rate
of Japanese children. With this model, we have succeeded in demonstrating the transition from
the lognormal to the normal distribution found in our previous work. In this presentation, we will
show that the transition occurs owing to the variability of the onset of the puberty period with
our model.

[1] H. Kuninaka, Y. Mitsuhashi, and M. Matsushita: J. Phys. Soc. Jpn., 78, 125001 (2009).
[2] N. Kobayashi, H. Kuninaka, J. Wakita, and M. Matsushita: J. Phys. Soc. Jpn., 80, 072001
(2011).
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Trail Networks Formed by Populations of Immune Cells 
 

 
Taeseok Daniel Yang, Tae Goo Kwon, Jin-sung Park, and Kyoung J. Lee＊ 
 

Center for Cell Dynamics and Department of Physics, Korea University, Seoul 136-701, Korea 
 
 

Populations of biological cells that communicate with each other, can self-organize to 
generate large-scale patterns. Examples can be found in diverse systems, ranging from 
developing embryos, cardiac tissues, chemotaxing amoeba and swirling bacteria. The similarity, 
often shared by the patterns, suggests the existence of some general governing principle. On the 
other hand, rich diversity and system-specific properties are exhibited, depending on the type of 
the involved cells and the nature of their interactions. The study on the similarity and diversity 
constitutes a rapidly growing field of research. Here, a new class of self-organized patterns of 
cell populations that we term as “cellular trail networks” is reported. The exquisite patterns, 
very similar to highway networks of automobiles, were observed with populations of rat 
microglia, the immune cells of the brain. The essential features of the observed patterns were 
well captured by mathematical model cells that actively crawl and interact with each other 
through a chemical attractant released by themselves. Our finding suggests a mechanism of 
socially cooperative and efficient traffic for the crawling immune cells. 
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DNA-protamine bundles formation

Yves Lansac1,2, Françoise Livolant3, Eric Raspaud3, Jeril Degrouard3, Adriana C. Toma4, Marta
de Frutos5, Madalena Renouard5

1. GREMAN, CNRS UMR 7347, Université François Rabelais, Tours, France
2. MSE, Gwangju Institute of Science and Technology, Gwangju, Korea
3. Laboratoire de Physique des Solides, CNRS UMR 8502, Université Paris-Sud, Orsay, France
4. Chemistry Department, University of Basel, CH-4056 Basel, Switzerland
5. Institut de Biochimie et Biophysique Molculaire et Cellulaire, CNRS UMR 8619, Université
Paris-Sud, Orsay, France

Protamines are highly charged proteins compacting efficiently DNA during the spermatogen-
esis process. They are also used as non-toxic gene carriers for therapy purposes. Using salmon
proteins (+21e) and short DNA fragments (146bp), we have explored the physico-chemical condi-
tions required for protamines to condense DNA. At low salt concentration, a set of experiments
combining electrophoresis, light scattering and cryoelectron microscopy reveals the existence of
small charged DNA–protamine complexes coexisting either with DNA or protamines in solution.
Molecular dynamic simulations allows us to understand part of the experimental findings and hints
at kinetically trapped states.
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Optimal community structure reveals maximum information of networks: a showcase for 
protein function annotation 
 
Juyong Lee1, Steven P Gross1,2 and Jooyoung Lee1* 
 

1. School of Computational Sciences, Korea Institute for Advanced Study, Seoul, Korea 
2. Department of Developmental and Cell biology, University of California, Irvine, USA, 
 

In the post-genomic era, we are overwhelmed by a deluge of experimental data, and network 
science can help increase our understanding of large interacting datasets.  However, this 
potential is often unrealized because uncovering the hidden community structure of a network—
known as community detection—is difficult, and further, even if one has an idea of this 
community structure, it is not a priori obvious how to efficiently use this information. Here, 
within the context of protein function prediction, we address both these issues. First, we apply a 
novel computational method that allows better use of existing cost functions, resulting in more 
efficient partitioning of a given network into communities, generating more optimal modularity 
solutions than the current state of the art. This allows extraction of additional hidden 
information. Second, we develop a better approach to use this community information to predict 
proteins’ functions. We discuss when and why this community information is important. 
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The evolution of synaptic weight distribution of a model neuronal network subject 

to a “∆t stimulation”

 
Ho-Jun Lee, June Hoan Kim, Joon Ho Choi and Kyoung J. Lee

1. Department of  Physics, Korea University, Korea
2. Korea Institute for Advanced Study, Seoul 130-722, Korea

 
 “Spike-timing dependent plasticity (STDP)” is  perhaps the most  noble concept as for the  

learning mechanism of biological neural systems[1].  Its inception was originally based on a  

system of only two neurons.  Generalizing the original STDP concept, one can imagine various 
repeated spatiotemporal  patterns  of  spikes  and their  impacts  on the distribution of  synaptic  

weights  in  large  populations  of  neurons.  Earlier,  with  in  vitro  neuronal  cell  cultures  we 

demonstrated that “∆t stimulation,” a repeated sequence of paired electrical pulses delivered to 

two different groups of neurons with a ∆t time delay, could bring some significant changes to 

the fidelity of the timing of  “synchronized burst oscillations[2].  Interestingly, the changes (or  

responses) were significant only for some particular values of  ∆t, and we believed that they 

were caused by the transformation of synaptic weight landscape.  In this report, we discuss why 

the responses are significant only for some particular values of ∆t.  Namely, we discuss how the 

effective  values  of   ∆t  depend on  the  shape  of  STDP curve  as  well  as  the  choice  of  two 

stimulated groups of cells.   

[1] G. Bi and M. Poo, J. Neurosci. 18, 10464 (1998)
[2] J. Choi et al., Phys. Rev. Lett. 108(13) 138103 (2012)
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Limiting-law excess sum rule for polyelectrolytes 
 
Jonathan Landy1, Yongjin Lee2,3, and Yongseok Jho2,3 
 

1. Materials Department, University of California, Santa Barbara, CA 93106, USA 
2. Department of Physics, POSTECH, Pohang 790-784, South Korea 
3. Asia-Pacific Center for Theoretical Physics, Pohang, 790-784, South Korea 
 

The excess of salt ions provides the number of each salt ions involving in the screening cloud 
of a charged macroion. It can be a metric characterizing the electrostatic properties of the 
polyelectrolytes, for example, it contrasts the discrepancies in DNA conformations drastically 
under the applied forces on it in single-molecule experiments [1]. In this poster, I will present an 
analytic estimate of ion excess for rod-like polyelectrolytes, and show that it is independent on 
salt concentration. Later, new limiting-law sum rule applies for general electrolytes will be 
proposed in the single salt case.  
 
[1] Jonathan Landy, D. B. McIntosh, and O. A. Saleh, PRL 109, 048301 (2012)  
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Dynamics of the Spontaneous Brain Activities with Noise-induced Population Model

Dongmyeong Lee 1, Seunghwan kim 1,2 and Tae-Work Ko3

1.Department of Physics, Pohang University of Science and Technology, Pohang 790-784, Republic
of Korea,
2.Institute for Edge of Theoretical Science, Pohang University of Science and Technology, Pohang
790-784, Republic of Korea,
3.National Institute for Mathematical Sciences, Daejeon 305-811, Republic of Korea

Recently, fMRI studies show that the spontaneous BOLD (Blood Oxygen Level Dependent)
signals during the resting is characterized by ultraslow fluctuations (< 0.1Hz) and topologically
anti-correlated between task-positive and task-negative regions[1,2,3]. The aim of this study is to
explain the origin of the properties of the spontaneous brain activity. In order to describe the
transition of each area from the UP (depolarized) and to the DOWN (quiescent) states, we adapt
a simplified Wilson-Cowan model, which can suggest a simple explanation for the properties of
UP and DOWN states using a combination of excitation and inhibition populations. We assume
that there are two interactions term, intra-area and inter-area interactions. In the case of inter-
area interactions, which correspond to long-range connections between brain areas, excitatory-
to-excitatory and excitatory-to-inhibitory interactions are taken into account[4]. We introduce
connection rates, which denote the strength of excitatory-to-excitatory (inhibitory) interaction
between areas. We find that the strength of connection rates can determine the relationship
between neural populations; synchronous or anti-synchronous activity. Also, we extend the model
to a random and modular network and show that a network can be divided into two groups
which are anti-correlated with adequate inhibition-dominant link. We show that the brain activity
during the resting state can be described as a set of attractors and their activity is organized by
transitions between the attractors, induced by noise. Our model may provide the framework for
the spontaneous brain activity and suggest that the spontaneous brain activity is represented as
transitions between stable fixed points, constrained by the brain network[5,6].

[1] B. Biswal, F. Z. Yetkin, V. M. Haughton, J. S. Hyhe: Functional Connectivity in the Motor
Cortex of Resting Human Brain Using Echo-Planar MRI. Magn Reson Med 1995, 34: 537-541.
[2] M. D. Fox, A. Z. Snyder, J. L. Vincent, M. Corbetta, D. C. Van Essen, M. E. Raichle: The
human brain is intrinsically organized into dynamic, anticorrelated functional networks. Proc Natl
Acad Sci USA 2005, 102: 9673 9678.
[3] M. D. Fox, M. E. Raichle: Spontaneous fluctuations in brain activity observed with functional
magnetic resonance imaging. Nat Rev Neurosci 2007, 8: 700-711.
[4] H.R. Wilson and J.D. Cowan: Excitatory and inhibitory interactions in localized populations
of model neurons. Biophys J 1972, 12:124. [5] G. Deco, V. K. Jirsa, A. R. McIntosh: Emerging
concepts for the dynamical organization of resting-state activity in the brain. Nat Rev Neurosci
2011, 12:43-56.
[6] M. Steriade: Impact of Network Activities on Neuronal Properties in Corticothalamic Systems.
J Neurophysiol 2001, 86:1-39.
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Elastic Properties of Partly Denatured DNA

Anmin Son1, Albert Johner2 and Nam-Kyung Lee 1

1. Department of Physics, Sejong University, Seoul 143-747, Korea
2. Institut Charles Sadron, CNRS 23 Rue du Loess, Strasbourg 67034 cedex 2, France

We study conformational properties of a partly denatured DNA molecule. Under the prescibed
negative superhelix density (δLk < 0), the mechanical properties are modified by the denaturatured
part of the molecule. Based on the theroretical model we computed chemical potential associated
with denaturation bubbles. We show that the partitioning of excess turns(δLk) between Writhe
(Wr) in plectoneme and turns absorbed in bubbles mainy depends on the tension, and provide
statistics of denatured base pairs at various tensions. The degree of denaturation varies largely in
the physiologically relevant tensional regime. These results are also supported by our Monte Carlo
simulation micking magnetic tweezers experiments.
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Sparsely Synchronized Brain Rhythm in A Small-World Neural Network

Woochang Lim1 and Sang-Yoon Kim2

1. Department of Science Education, Daegu National University of Education, Daegu 705-115,
Korea
2. Research Division, LABASIS Corporation, Chunchon, Gangwon-Do 200-702, Korea

Sparsely synchronized cortical rhythms, associated with diverse cognitive functions, have been
observed in electric recordings of brain activity. At the population level, cortical rhythms exhibit
small-amplitude fast oscillations, while at the cellular level, individual neurons show stochastic
firings sparsely at a much lower rate than the population rate. We study the effect of network
architecture on sparse synchronization in an inhibitory population of subthreshold Morris-Lecar
neurons (which cannot fire spontaneously without noise). Previously, sparse synchronization was
found to occur for both cases of global coupling (i.e., regular all-to-all coupling) and random
coupling. However, a real neural network is known to be non-regular and non-random. Here,
we consider sparse Watts-Strogatz small-world networks (with predominantly short-range connec-
tions and rare long-range connections). We start from the regular network with only short-range
connections, and then investigate emergence of sparse synchronization by increasing the rewiring
probability p for the short-range connections. For p = 0, the average synaptic path length be-
tween pairs of neurons becomes long, and hence there appear only incoherent population states
because the global efficiency of information transfer is low. However, as p is increased, long-range
connections begin to appear, and global effective communication between distant neurons may be
available via shorter synaptic paths. Consequently, as p passes a threshold, sparsely synchronized
population rhythms emerge. However, with increasing p the network wiring length becomes longer.
At an optimal value p∗ of the rewiring probability, the ratio of the synchrony degree to the wiring
cost is found to become maximal. In this way, an optimal sparse synchronization is found to occur
at a minimal wiring cost in an economic small-world network through trade-off between synchrony
and wiring cost.
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Anisotropic diffusion of passive particles in bacterial flow 
 
Wei-Hsuan Lin, Yen-Shuo Su and Lin I 
 

Department of physics and Center for Complex Systems, National Central University, Jhongli, 
Taiwan 32001, Republic of China 
 
We experimentally investigate the micro-motion of micro-meter SiO2 particles immersed in the 
self-organized turbulent flows of hanging bacterial drops. In addition to monomers, SiO2 
particles can form polymer aggregates. Similarly to the monomers, the dimer and trimer both 
exhibit super diffusion in the intermediate time regime but with different diffusion rates. The 
polymer with elongated shape also exhibits faster longitudinal diffusion than the transverse 
diffusion. The micro-origin of the above observation and the difference between the 
translational and rotational motions of dimers are also discussed and presented. 
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Random Forest-Based Protein Model Quality Assessment (RFMQA) using its 
structural features and potential energy terms 
 
Balachandran Manavalan1, Juyong Lee1 and Jooyoung Lee1* 

 

1Center for In Silico Protein Science, School of Computational Sciences, Korea Insitute for 
Advanced Study, Seoul 130-722, Korea. 
 
Recently, predicting a protein three-dimensional (3D) structure from its sequence information 
has made a significant progress due to the advances of computational techniques and the 
growth of experimental structures. However, selecting good models from a structural model 
pool is an important and challenging task in protein structure prediction. In this study, we 
present the first application of random forest based model quality assessment (RFMQA) to 
rank protein models using its structural features and knowledge-based potential terms. The 
method assigns a relative score to a model by comparing its secondary structure, solvent 
accessibility and knowledge-based potential energy terms. We trained and tested the RFMQA 
method on CASP8 and CASP9 targets using cross-validation. The correlation between the 
TM-Scoreselect (Model selected by RFMQA, whose corresponding TM-score) and TM-
Scorebest (Highest TM-score of the model) is 0.945. When we use CASP8 targets as a training 
dataset and evaluated the efficiency of RFMQA method on CASP9 targets, the correlation 
between the TM-Scoreselect and TM-Scorebest over 108 target domains is 0.930; the correlation 
for template-based and ab initio targets are 0.911 and 0.652 respectively. Additionally, we 
tested our method on CASP10 targets by keeping CASP8 and 9 as training set. The test result 
shows that our method outperforms any individual scoring function on both best model 
selection and overall correlation between the model selected by RFMQA and highest TM-
score of the model.  
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Optimal search in an interacting population. The case of the Mongolian gazelle.

Ricardo Martínez-García1, Justin M. Calabrese2, Thomas Muller 2,3, Kirk A. Olson2,4 and Cristóbal López 1

1. IFISC, Instituto de Física Interdisciplinar y Sistemas Complejos (CSIC-UIB), E-07122 Palma

de Mallorca, Spain.

2.  Conservation  Ecology  Center,  Smithsonian  Conservation  Biology  Institute,  National 

Zoological Park, 1500 Remount Rd., Front Royal, VA 22630, USA.

3. Behaviour, Ecology, Evolution, and Systematics Program, University of Maryland, College 

Park, MD 20742, USA.

4.  Dept.  of  Environmental Conservation,  University of Massachusetts,  Amherst,  MA 01003-

9285, USA.

We investigate the relationship between communication in a population and search e ciencyffi  

in  a  biological  context.  We propose  [1]  a  model  of  Brownian  searchers  which  are  able  to 

perceive  the  quality  of  the  environment  at  its  location,  and  with  a  long-range  pairwise 

interaction that provides information on the habitat in far away regions of the space. In a first 

part  we  explore  the  general  properties  of  the  model  studying  the  e ciency  of  the  searchffi  

depending on the range of the communication from a temporal and a spatial point of view. To  

this  aim,  we  measure  the  population  mean  searching  time  and  the  spatial  distribution  of  

individuals  in  the long time limit  respectively.  Using Monte Carlo  simulations  and density 

equations  our  results  point  out  that  the  search  is  optimal  at  intermediate  scales  of 

communication, showing that both an excess and a lack of information may worsen it.

We show an application of the model to the particular case of acoustic communication among 

Mongolian gazelles, for which data are available, searching for good habitat areas. We couple an 

individual based representation of our model with remotely-sensed data on resource quality in 

the Eastern Steppe and show that at intermediate lengths of communication gazelles optimize 

the  search.  Finally,  the  optimal  communication  range  and frequency obtained  with  the  our 

model are in good agreement with experimental results, suggesting that gazelles have optimized 

the frequency of their voices to communicate in the Mongolian Steppe.

[1] R. Martínez-García, J.M. Calabrese, T. Muller, K.A. Olson, and C. L´pez, arXiv:1301.5465.
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On the existence of accessible paths in various models of fitness landscapes

Anders Martinsson 1 and Peter Hegarty 2

1. Department of Mathematics, Chalmers University of Technology and University of Gothenburg,
SE-41296 Gothenburg, Sweden
2. Department of Mathematics, Chalmers University of Technology and University of Gothenburg,
SE-41296 Gothenburg, Sweden

We present rigorous analyses of a number of well-known mathematical models for genetic mu-
tations. In these models, the genome is represented by a vertex of the n-dimensional binary
hypercube, for some n, a mutation involves the flipping of a single bit, and each vertex is assigned
a real number, called its fitness, according to some rules. The study of such models has a long
tradition, both in mathematical biology and in statistical physics, where the same models arise
in the study of spin glasses. The field has been recently galvanised by the increasing availability
of empirical genetic data. In this context, Weinreich and others [2] introduced the notion of an
accessible evolutionary pathway, that is a path along which fitness is monotonically increasing or,
in the case of spin glasses, along which energy is monotonically decreasing.

Our main results resolve open questions about three such models, which in the biophysics
literature are known as House of Cards (HoC), Constrained House of Cards (CHoC) and Rough
Mount Fuji (RMF). We prove that the probability of there being at least one accessible path across
the directed n-hypercube tends, in the case of HoC and CHoC respectively, to 0 and 1, as n tends
to infinity. In the case of RMF, we prove that the probability of accessible paths existing tends to
1 for a wide class of underlying fitness distributions, provided the drift parameter θ = θn satisfies
nθn → ∞.

[1] P. Hegarty and A. Martinsson, On the existence of accessible paths in various models of fitness
landscapes. Preprint available at http://arxiv.org/abs/1210.4798
[2] D.M. Weinreich, N.F. Delaney, M.A. DePristo and D.M. Hartl, Darwinian evolution can follow
only very few mutational paths to fitter proteins, Science 312 (2006), 111114.
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Efficient energy transformation inside a cell from the point of view of statistical 

physics 
 
Aleksei Melkikh1 and Ekaterina Melkikh1 
 

1. Institute of Physics and Technology, Ural Federal University, Yekaterinburg, 620002, Mira 
str. 19, Russia 
 

The intracellular channel of information transmission was analyzed from the point of view of 
statistical physics. The most important steps in the transfer of information within a cell are the 
folding, transport and recognition of proteins. Although the number of possible degrees of 
freedom of biologically important molecules is exponentially large, the mechanisms by which 
molecular processes maintain high selectivity remains unclear (see for example [1, 2]). It was 
shown that the large number of conformational degrees of freedom that proteins possess can 
paradoxically lead to an information channel with an exponentially small capacity and to energy 
transformation with low efficiency. To resolve this paradox, a model, which assumes a quantum 
collective behavior of biologically important molecules, was proposed. It was proposed that 
biologically important molecules are found in stable quantum coherent states. An analogy 
between the quantum properties of biologically important molecules and the phenomena of 
superfluidity and superconductivity in condensed matter was considered. Experiments to test the 
quantum nature of the intracellular transfer of information and energy were also proposed. 
 
[1] A.V. Melkikh and V.D. Seleznev, Mechanisms and models of the active transport of ions and 
the transformation of energy in intracellular compartments, Prog. Biophys. Mol. Biol. 109(1-2) 
(2012) 33-57. 
[2] A.V. Melkikh and M.I. Sutormina, Developing synthetic transport systems, Springer, 2013. 
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1-d diffusion of a 100 nm diameter Au particle along the thermally fluctuating 
DNA

Yoshihiro Murayama, Junya Yoneda, Takeshi Baba

Department of Applied Physics, Tokyo University of Agriculture and Technology, Tokyo 184-
8588, Japan

In gene expression, the reactions on the DNA are regulated by site-specific bindings of 
proteins such as a transcription factor which searches the specific site on the DNA by Brownian 
motion. Recent experiments show that the high association rate by which DNA binding proteins 
find the specific site can be achieved by a combination of 1-d diffusion along the DNA and 3-d
diffusion in solution [1]. In the 1-d diffusion, not only the protein but also the DNA is thermally 
fluctuating. Does the thermal fluctuation of the DNA affect the 1-d diffusion of the protein? To 
answer this question, firstly, we quantified the fluctuations of a single DNA by fluorescence 
microscopy, varying its extension in wide range by using dual trap optical tweezers, and we 
proposed a practical formula for the force−fluctuation relation [2]. Next, we observed Brownian 
motion of a 100 nm diameter Au particle along the stretched DNA. The diffusion constant at 
around the middle of the DNA is larger than that at around the fixed both ends. The position 
dependence of the diffusion constant corresponds to that of the transverse fluctuation of the 
stretched DNA.

[1] Y. M. Wang, R. H. Austin, and E. C. Cox, Phys. Rev. Lett. 97, 048302 (2006).
[2] T. Baba, T. Sakaue, and Y. Murayama, Macromolecules 45, 2857-2862 (2012).
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On the amplitude spectra of fitness Landscapes

Johannes Neidhart, Ivan Szendro, and Joachim Krug

Institute for Theoretical Physics, Universtät zu Köln, Germany

Fitness Landscapes are a well established tool in the analysis of evolutionary precesses. In order
to extract important information, graph theoretical Fourier decomposition has proven to be very
useful. In order to compare experimental data with stochastic models, we analyse several models,
amongst others Kauffmann’s LK model and present exact results for the Fourier spectra as well
as a comparison to experimental data.
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Gating functions of nuclear pore complexes by biphasic nature of nucleoporins

Sung Sik Oh 1, Seongjin Kim 1 and Yong Woon Kim 1

1. Graduate School of Nanoscience and Technology, Korea Advanced Institute of Science and
Technology, Daejeon 305-701, Korea

Selective gating of nuclear pore complex (NPC) is essential for regulating the material transports
across the nuclear envelope. Yet, the underlying physical mechanism in relation to the structural
properties of nucleoporins is still to be answered. Motivated by recent experimental observations
revealing the biphasic natures of nucleoporins, we model nucleoporins as polymer brushes grafted
to a cylindrical wall, which also have sticky free ends to connect one another. Based on the Green
function approach, we identify the equilibrium conformations formed by nucleoporins inside the
pore. In particular, we find that phase transitions between distinct nucleoporin conformations
with different interconnectivity can occur and various metastable conformations may exist. This
provides an appealing physical insight into the role of biphasic nature of nucleoporins in the highly
selective gating function of NPC.
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Effects of sugars on the thermal stability of a protein 
 
Hiraku Oshima and Masahiro Kinoshita 
 

Institute of Advanced Energy, Kyoto University, Uji, Kyoto 611-0011, Japan 
 
It is experimentally known that the heat-denaturation temperature of a protein is raised by sugar 
addition [1]. We investigate the effects of sugar addition on the thermal stability by considering 
water-sugar solution modeled as a binary mixture of hard spheres. We use a measure of the 
thermal stability of a protein [2,3], which is defined as the solvent-entropy gain at 298 K upon 
protein folding S normalized by the number of residues. S is calculated using a hybrid of the 
radial-symmetric integral equation theory and the morphometric approach. A finding is that the 
protein is more stabilized as the sucrose or glucose concentration becomes higher and the 
stabilization effect is stronger for sucrose than for glucose. This is in accord with the 
experimental observations [1]. We analyze the contributions from the protein-solvent pair and 
many-body correlations to enhancement of the thermal stability. The contribution from the 
many-body correlation becomes stronger as the degree of thermal-stability enhancement 
increases, suggesting that the solvent crowding is made more serious by sugar addition, leading 
to an increase in the solvent-entropy gain upon folding. 
 
[1] J. F. Back, Biochemistry 18 (1979) 5191. 
[2] K. Amano et al., Chem. Phys. Lett. 474 (2009) 190. 
[3] K. Oda et al., J. Chem. Phys. 134 (2011) 025101. 
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A two-fold advantage of sex

Su-Chan Park 1 and Joachim Krug 2

1. Department of Physics, The Catholic University of Korea, Bucheon 420-743, Korea
2. Institute for Theoretical Physics, University of Cologne, 50937 Cologne, Germany

The adaptation of large asexual populations is hampered by the competition between indepen-
dently arising beneficial mutations in different individuals, which is known as clonal interference.
In classic work, Fisher and Muller proposed that recombination provides an evolutionary advan-
tage in large populations by alleviating this competition. Based on recent progress in quantifying
the speed of adaptation in asexual populations, we present a detailed analysis of the Fisher-Muller
mechanism for a model genome consisting of two loci with an infinite number of beneficial alleles
each and multiplicative fitness effects. We solve the infinite population dynamics exactly and show
that, for a particular, natural mutation scheme, the speed of adaptation in sexuals is twice as
large as in asexuals. Guided by the infinite population result and by previous work on asexual
adaptation, we postulate an expression for the speed of adaptation in finite sexual populations
that agrees with numerical simulations over a wide range of population sizes and recombination
rates. The ratio of the sexual to asexual adaptation speed is a function of population size that
increases in the clonal interference regime and approaches 2 for extremely large populations. The
simulations also show that recombination leads to a strong equalization of the number of fixed
mutations in the two loci. The generalization of the model to an arbitrary number of loci will
be briefly discussed. For a particular communal recombination scheme, the ratio of the sexual to
asexual adaptation speed is approximately equal to L in large populations.
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Architectural Scaling for Online Information Processing

Marissa Pastor and Junghyo Jo

Asia Pacific Center for Theoretical Physics, Pohang, Gyeongbuk 790-784, Korea

Finding the optimal network structure for information processing remains a challenge in using
any of the learning algorithms available. Here we study the optimal architectural scaling of neural
networks for efficient online learning. We examine learning performances of different structures
in four-layer networks. More nodes on the entry layer, connected to the input layer, show faster
and more accurate learning as the task complexity increases. However, information compression is
optimized when layer sizes decrease by a power-law scaling as information approaches the output
layer. This scaling avoids the redundancy of information processing via extra nodes. The scaling
property is indeed evident in the neural network for vision in the primate eye.
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How protrusion/retraction switch controls cell shape and motion

Mark Ambühl 1, Franck Raynaud 1, Charles Brepsant 1, Ivo Sbalzarini 2, Alexander Verkhovsky 1

1. Laboratory of Cell Biophysics, École Polytechnique Fédérale de Lausanne, 1015 Lausanne ,
Switzerland

2. MOSAIC Group, Max Planck Institute of Molecular Cell Biology and Genetics, Center of Sys-
tems Biology, 01307 Dresden, Germany

To understand the basic rules governing cell shape and polarity, we analyzed cell edge dynamics
in polarizing and migrating fish epidermal keratocytes. In persistently migrating cells, protrusion
velocity was nearly constant along the central part of the leading edge, but exhibited large fluc-
tuations at the cell lateral extremities, while retraction velocity was higher at lateral extremities
and lower at the cell center. During initial cell polarization, protruding and retracting zones of
the edge consolidated from smaller regions, sometimes through intermediate stages with multiple
leading edges travelling in circles around the cell center. In both persistently moving and po-
larizing cells, transitions between protrusion and retraction occurred preferentially at the largest
and smallest distances from the cell center, while the zones in-between exhibited a more persistent
behavior. When the cell body was restricted by an obstacle, the leading edge continued to progress
at a nearly constant velocity until, at the extension approximately equal to the cells initial largest
dimension, protrusion stopped and was followed by retraction, resulting in the cell reversing its
direction. These observations suggest the following empirical rules for the cell edge behavior: the
states of protrusion and retraction are both relatively stable, and the switches between the two
states occur preferentially at the threshold distances from the cell center. Numerical model of the
edge dynamics based on these local rules faithfully reproduced cell polarization, persistent motion
and reaction to an obstacle.
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Dynamical effects of the transcriptional apparatus formation in eukaryotic gene ex-
pression

S. S. Ashwin and Masaki Sasai

Department of Computational Science and Engineering, Nagoya University, Nagoya 464-8601,
Japan.

Unlike simple bacterial gene switches, gene expression in eukaryotes is orchestrated by for-
mation and resolution of a molecular complex, transcription apparatus (TA), at gene locus. TA
is an assembly of regulating proteins such as transcription factors, mediators, and RNA poly-
merase around the looped DNA region near the gene locus. Since formation of TA is a complex
cooperative process including DNA looping and remodeling of nucleosomes, the time scale of forma-
tion/resolution of TA could be much longer than the time scale of binding/unbinding of regulating
proteins to/from DNA. We present a coarse-grained stochastic model to elucidate the effects of
coexistence of multiple time scales on gene expression dynamics. Using simulation and theoretical
methods we investigate the protein phase diagram in the steady state, the resultant dynamics via
the correlation/response functions and we characterize the noise due to TA dynamics using the
system size expansion.
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Lattice polymers as models for the folding of biopolymers

Raoul Schram 1

1. Instituut-Lorentz, Leiden University, P.O. Box 9506, 2300 RA Leiden, The Netherlands

One of the main open questions in biophysics is the large scale chromatin folding inside the cell
nucleus. This problem has been studied using both on- and off-lattice simulations. We studied
this question by using dynamical lattice polymer Monte Carlo simulations, with linear polymer
chains as well as ring polymers. Another application of lattice polymer models is protein folding.
By improving computational techniques we were able to study the related problem of Hamiltonian
walks on a lattice in more detail, using both exact enumeration techniques and Monte Carlo
simulations.
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Population balancing with switching

Juyong Song, Danh-Tai Hoang, Jongwook Kim and Junghyo Jo

Asia Pacific Center for Theoretical Physics, Pohang, Gyeongbuk 790-784, Korea

We study a population balancing problem motivated from cell replication and transdifferenti-
ation. These biological processes can be mapped onto ball addition and replacement in the urn
problem. When a colored ball is drawn in an urn, one additional ball with the same color is put
into the urn in the Polyas urn case, while the drawn ball is replaced by another ball with different
color in the Ehrenfests urn case. Our model is a mixture of the two urn cases where two types
of cells replicate and switch into other cell types. Because a dominant population is drawn with
a higher probability in the urn, the preferential replication/switch of the dominant population
increases/decreases the population gap. Therefore the competition between replication and switch
determines population balancing. We examine the population dynamics using a master equation.
In addition, the population fluctuation is analyzed by the Fokker-Planck equation derived from
the master equation.
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Noise-Induced Resonances in Stretched Biopolymers 
 

Won Kyu Kim(a), Changbong Hyeon(b), and Wokyung Sung(a), 
(a)Department of Physics and POSTECH Center for Theoretical Physics, Pohang University of 
Science and Technology (POSTECH), Pohang 790-784, Republic of Korea; and (b)School of 
Computational Sciences, Korea Institute for Advanced Study, Seoul 130-722, Republic of Korea 
 

The biopolymers are situated in thermally fluctuating, liquid environments and are often 
subject to external constraints. It is important to understand how they respond to a temporal 
athermal noises that are produced from a plethora of active processes. To this end, we studied 
dynamics of a stretched chain extension in response to an oscillatory perturbation. The first 
example is a specific case of an RNA hairpin, which shows thermally- induced folding and 
unfolding transitions under a constant tension. Strikingly, our molecular simulations show 
that even at a high tension that renders the hairpin folding improbable, the weak oscillatory 
force at certain frequencies can synchronously enhances the folding dynamics (Stochastic 
Resonance (SR)) and increases the mean transition rate (Resonant Activation)[1]. Second 
example is nonspecific cases of stretched worm-like chains (such as dsDNA and actin 
filaments), which we studied analytically[2]. Including hydrodynamic interactions between 
the segments, we evaluate the chain extension in linear response to an additional oscillatory 
force. We find the response is maximized not only at an optimal temperature but also at an 
optimal contour length, which is a new type of the entropic SR. The hydrodynamic 
interaction is found to enhance the SR, representing unique polymer cooperativity which the 
fluid background can induce despite its overdamping nature. Our study, amenable to 
experimental tests using optical tweezers, will be of great significance to understanding the 
in-vivo dynamics of biopolymers in coherence to a specific temporal noise. 
 
[1] W. K. Kim, C. Hyeon and W. Sung, Proc. Natl. Acad. Sci. USA. 109(36), 14410-14415, (2012). 
[2] W. K. Kim and W. Sung, J. Chem. Phys. 137, 074903 (2012). 
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Molecular affinity and binding with Ising variables

Thalmann Fabrice 1

1. Institut Charles Sadron, CNRS and University of Strasbourg, 23 rue du Loess, BP 84047, F-

67034 Strasbourg, France

We present a schematic model for ligand-receptor association based on an Ising chain [1]. We

discuss the possible behaviors of the affinity when the stiffness of the ligand increases. We also

consider the case of flexible receptors. A variety of interesting behaviors is obtained, including some

affinity modulation upon bond hardening or softening. The affinity of a ligand for its receptor is

shown to depend on the details of the rigidity profile, and we question the possibility of encoding

information in the rigidities as well as in the shape. An exhaustive study of the selectivity of

patterns with length n < 8 is carried on.

[1] European Physical Journal E, 31, 441-454 (2010).
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Energy dissipation in adaptive molecular circuits

Shouwen Wang 1 and Leihan Tang 2

1. Department of Engineering Physics, Tsinghua University, Beijing, China
2. Lab of Complex System, Beijing Computational Science Research Center, Beijing, China

Sensory adaptation allows a living cell to recover its sensitivity after a transient response to a
shift in the strength of extracellular stimulus. Recently, through detailed analysis of a stochastic
model for bacterial chemotaxis, Lan et al. have shown that perfect adaptation is possible only when
the system operates in a nonequilibrium steady state, supported by energy dissipation[1]. Here,
we re-analyze the relation they established between energy dissipation and adaptation accuracy to
better understand the role played by noise in defining various characteristics of the nonequilibrium
state.

[1] [1] G. Lan, P. Sartori, S Neumann, V. Sourjik and Y. Tu, ”The energy-speed-accuracy trade-off
in sensory adaptation”, Nature Physics 8, 422 (2012).
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Intrinsic Behavior Determines Responses to Stimuli in Neural Fields: 
Delay Compensation 
 
K. Y. Michael Wong1, C. C. Alan Fung1 and Si Wu2 
 

[1] Department of Physics, The Hong Kong University of Science and Technology, Hong Kong, 
China. 

[2] State Key Laboratory of Cognitive Neuroscience and Learning, Beijing Normal University, 
Beijing 100875, China. 

 
  Like many other many-body systems, there is a close relation between the intrinsic behavior 
of neural systems and their responses to external stimuli. Here we demonstrate this relation in 
neural fields that process continuous dynamic information, such as position and direction, by 
generating its own internal state to track the changes in external inputs. To achieve real-time 
tracking, it is critical to compensate the transmission and processing delays in the system. We 
show that in networks with short-term depression of synapses, an effectively constant 
anticipatory time or zero-lag between the tracking state and the stimulus is achieved. The 
anticipatory time covers the range of 101 ms and decreases mildly with stimulus speed, in 
agreement with head-direction experiments in rodents. For neural fields in general, we show 
that the displacement of the localized state relative to the stimulus during tracking is 
proportional to the intrinsic relaxation rate of the positional distortion of the localized state. 
Thus the parameter regions for delayed, perfect, and anticipative tracking correspond to static, 
ready-to-move, and spontaneously moving network states respectively. Furthermore, when the 
stimulus moves with the natural speed of the network state, the delay becomes effectively 
independent of the stimulus amplitude. 
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Waves of ratcheting cancer cells in proliferating tumor layer 
Taeseok Daniel Yang1, Hyun Kim1, Tae Goo kwon1  and Kyoung J. Lee1 

 

1. Department of Physics Korea University, Seoul 136-701, Korea 
 
Over many years researchers have shown that the mechanical forces generated by, and acting 

on, tissues influence the way they grow, develop and migrate. As for cancer research goes, 
understanding the role of these forces may even be as influential as deciphering the relevant 
genetic and molecular basis. Often the key issues in the field of cancer mechanics are to 
understand the interplay of mechanics and chemistry. In this poster, we discuss very intriguing 
population density waves observed in slowly proliferating of tumor cell layers. The temporal 
periods are around 4 hr and their wavelength (or spatial correlation length) is in the order of 1 
mm. Tumor cell layer, which is initially plated in a small (diameter ~2 mm) disk area, expands 
as a band of tumor cells is “ratcheting” in concert in radially outward direction. By adding 
Cytochalasin D and Latrunculin B, an inhibitor of actin polymerization, or Mytomycin, a 
chemotherapeutic agent, we could halt and modulate the wave activities reversibly.  The 
observed waves are visually quite similar to those of chemotaxing dictyostelium discodium 
amoeba population, which are driven by nonlinear chemical reaction-diffusion waves of cAMP. 
So far, we have not been able to show any relevant chemo-attractants inducing the collective 
behavior of these tumor cells.  On the other hand, we could reproduce some essential features 
of the observed tumor waves with a purely mechanical model of coupled nonlinear cells.  The 
key elements were nonlinear elasticity of model cells, their self-propulsion and the friction with 
substrate.  Researchers have been investigating how forces from both within and outside 
developing cancer cells interact in intricate feedback loops.  This work reports the first 
example of periodic density waves of tumor cells with an explanation purely based on nonlinear 
mechanics. 
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Structural Stability of Proteins in Aqueous and Nonpolar Environments 
 

Satoshi Yasuda, Hiraku Oshima, and Masahiro Kinoshita 

 

Institute of Advanced Energy, Kyoto University, Uji, Kyoto 611-0011, Japan 
 
A protein folds into its native structure with the α-helix and/or β-sheet in aqueous solution. 
The relative content of these secondary structures largely varies from protein to protein. 
However, such variability is not exhibited in nonaqueous environment. For example, there 
is a strong trend that alcohol induces a protein to form α-helices, and many of the 
membrane proteins within the lipid bilayer comprise α-helices. Here we investigate the 
structural stability of proteins in aqueous and nonpolar environments using our 
free-energy function and its energetic and entropic components, Λ and S [1]. Λ is a 
measure of intramolecular hydrogen bonds. S represents the solvation entropy closely 
related to the efficiency of backbone and side-chain packing. We find the following. The 
α-helix and β-sheet are advantageous with respect to S as well as  and to be formed as 
much as possible. In aqueous solution, the solvent-entropy effect is so strong that the 
close packing of side chains is dominantly important, and the -helix and β-sheet 
contents are judiciously adjusted to accomplish it. In nonpolar solvent, the 
solvent-entropy effect is substantially weaker than in aqueous solution.  is crucial and 
the α-helix is more stable than the β-sheet in terms of , which develops a tendency that 
α-helices are exclusively chosen. For a membrane protein, α-helices are stabilized as 
fundamental structural units for the same reason, but their arrangement is performed 
through the entropic effect arising from the translational displacement of CH2, CH3, and 
CH groups constituting nonpolar chains of lipid molecules. 
 
[1] S. Yasuda, H. Oshima, and M. Kinoshita, J. Chem. Phys. 137, 135103 (2012). 
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Stretching instability of an intrinsically curved semiflexible biopolymer 
 
Zicong Zhou 
 

Department of Physics, Tamkang University, Yingzhuan Road, Danshui Dist., New Taipei City 
25137, Taiwan, ROC 
 

We study the mechanical property of an intrinsically curved semiflexible biopolymer under 
stretching force. We show exactly that at zero temperature there is not discontinuous change in 
extension for the system. We apply the Monte Carlo method to simulate the two-dimensional 
system. We find that at finite temperature and with moderate intrinsic curvature and bending 
rigidity, the extension of the polymer can undergo a first order transition. The critical force 
increases with increasing intrinsic curvature or bending rigidity. Our results reveal that a finite 
intrinsic curvature can result in considerable impacts on the property of a semiflexible 
biopolymer. 
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Freezing Properties of Radial Dunkl Processes

Sergio Andraus and Seiji Miyashita

Department of Physics, University of Tokyo, Tokyo 113-0033, Japan

Radial Dunkl processes are the stochastic processes realized by a system of multiple interacting
Brownian particles in one dimension, where the interaction is dictated by a logarithmic potential.
These processes are interesting from a theoretical point of view due to the fact that they are
exactly solvable, because they constitute a generalization of some ensembles of random matrices
and because they cover several different types of logarithmic interactions. We consider the freezing
limit of these processes, which is a scaled limit of the final position of the particles of the system
as their coupling constant of interaction tends to infinity. We find that, under this regime, there
is an interesting structure underlying the behavior of the system. This structure is closely related
to the roots of certain families of orthogonal polynomials, the Hermite polynomials for the radial
Dunkl process of type AN−1 [1] and the associated Laguerre polynomials for that of type BN .
Additionally, we show that radial Dunkl processes share their freezing behavior with a family of
multiple-particle quantum mechanical system, the Calogero-Moser systems [2].

[1] S. Andraus, M. Katori, S. Miyashita, J. Phys. A: Math. Theor. 45 (2012) 395201
[2] S. Andraus, M. Katori, S. Miyashita, arXiv:1211.6561
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Nonequilibrium steady state of the kinetic Glauber Ising model under a periodically

time-varying magnetic field

Seung Ki Baek

Korea Institute for Advanced Study, Seoul 130-722, Korea

The probability to find a spin configuration of an Ising spin system in equilibrium is given by
the Boltzmann distribution, so the probability ratio between two spin configurations is determined
by their energy difference. When the system is periodically driven by an external magnetic field,
on the other hand, it enters a phase of steady oscillation via entrainment, and the corresponding
probability distribution function (pdf) is not of the Boltzmann type any more. For a very weak
and slowly varying field, one can study linear responses of the pdf, assuming that the pdf is
affected only slightly, but such an assumption is not justified in the low-temperature region. In
this work, we study the opposite limiting case: When the magnetic field switches the direction
with a high frequency comparable to the time scale τ of a spin flip, we show that the resulting
nonequilibrium pdf can be related to an equilibrium one under a constant magnetic field of the
same magnitude, although the entrained system is arbitrarily far from equilibrium. In addition,
when the nonequilibrium pdf is expressed as polynomials in τ before normalization, the lowest-
order contribution is symmetric under the change of the field direction, and the highest-order
contribution is proportional to the equilibrium pdf, regardless of the switching frequency. We
derive an approximate expression for the pdf from this relation and discuss its implications.
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Modeling Random Walk with Memory

Jeehye Choi, Jang-Il Sohn, K.-I. Goh and I.-M. Kim

Department of Physics, Korea University, Seoul 136-713, Korea

We study a random walk model in which the jumping probability to a site is dependent on
the number of previous visits to the site, as a model of the mobility with memory [1]. To this
end we introduce two parameters called the memory parameter α and the impulse parameter p.
From extensive numerical simulations, we found that various limited mobility patterns such as
sub-diffusion, trapping, and logarithmic diffusion could be observed. Through the memory, a long-
ranged directional anti-correlation kinetically-induces sub-diffusive and trapping behaviors, and
transition between them. With random jumps by the impulse parameter, a trapped walker can
escape from the trap very slowly, resulting in an ultraslow logarithmic diffusive behavior. Our
results suggest that the memory of walker’s has-beens can be one mechanism explaining many of
empirical characteristics of the mobility of animated objects.

[1] J. Choi, J.-I. Sohn, K.-I. Goh, and I.-M. Kim, EPL, 99, 50001 (2012).
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Vortex-induced Hall effect in chiral p-wave superconductors near Kosterlitz-Thouless
transition without magnetic field

Chun Kit Chung1 and Yusuke Kato2

1. Department of Physics, the University of Tokyo, Tokyo 113-0033, Japan
2. Department of Basic Science, the University of Tokyo, Tokyo 153-8902, Japan

We study the ac Hall and Ohmic conductivity arising from vortex dynamics in chiral p-wave
superconductors near Kosterlitz-Thouless (KT) transition [1] without explicitly applying magnetic
field. The dynamical theory originally given by Ambegaokar, Halperin, Nelson, and Siggia [2–4] is
generalized, and a dielectric function and the corresponding conductivity are obtained in matrix
form. Such feature stems from the different physical properties of a vortex and antivortex in chiral
p-wave superconductors [5–7]. The frequency and temperature dependence of Hall conductivity
near KT transition show distinct features which are absent in s-wave cases, while the Ohmic
conductivity behaves similarly to s-wave results. We demonstrate separate contribution from both
bound pair dynamics as well as free vortex motion. In the bound pair dynamics picture, we derive
transverse and longitudinal response functions of a vortex-antivortex pair subjected to an external
driving current. Such pair of response functions is attributed to many features in the conductivity
tensor [8].

[1] J. M. Kosterlitz and D. J. Thouless, J. Phys. C 6, 1181 (1973).
[2] V. Ambegaokar, B. I. Halperin, D. R. Nelson, and E. D. Siggia, Phys. Rev. Lett. 40, 783
(1978).
[3] V. Ambegaokar and S. Teitel, Phys. Rev. B 19, 1667 (1979).
[4] V. Ambegaokar, B. I. Halperin, D. R. Nelson, and E. D. Siggia, Phys. Rev. B 21, 1806 (1980).
[5] Y. Kato, J. Phys. Soc. Jpn. 69, 3378 (2000).
[6] Y. Kato and N. Hayashi, J. Phys. Soc. Jpn. 70, 3368 (2001).
[7] Y. Kato and N. Hayashi, J. Phys. Soc. Jpn. 71, 1721 (2002).
[8] C. K. Chung and Y. Kato, arXiv:1303.3678 (2013).
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The dynamics of the one-dimensional delta-interacting Bose gas in an infinite 
square well 
 
Sumita Datta 1 and Maxim Olshanii 2 
 

1. Department of Theoretical Physics, Indian Association for the Cultivation of Science,       
  Jadavpur, Kolkata 700032, India 
2. Department of Physics, University of Massachusetts, Boston, MA-02125, USA 
 

We solve the time dependent Schrödinger equation for a system of one-dimensional bosons 
interacting via delta function potential in an infinite square well box using Feynman-Kac path 
integral Monte Carlo technique[1]. Using N-particle ground state wavefunction for one-
dimensional hard core bosons in a harmonic trap, we develop an algorithm to calculate density 
and momentum distribution[2,3]. We also observe the change in the momentum distribution by 
changing the length of the hard well box. Even though the problem is exactly solvable by Bethe 
Ansatz, the diffusion Monte Carlo is proven to be the more efficient in most circumstances.    
 
[1] Application of Feynman-Kac path integral method in finding the ground state of Quantum  
   Systems, J.M. Rejcek, S. Datta, N. G. Fazleev, J. L. Fry and A. Korzeniowski, Computer  
   Physics Communications 105(1997)108-126 
[2] Relaxation in a completely integrable many-body quantum system: an ab initio study of the   
  dynamics of the highly excited states of lattice hard core bosons, M Rigol,V Djunko, V    
  Yorovsky and M Olshanii, Phys Rev Lett 98, 050405(2007) 
[3] Momentum distribution of a freely expanding Lieb-Liniger gas, D Juki , B. Klajn and H   
   Buljan, Phys Rev A 79, 033612(2009) 
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Statistical mechanics of the coagulation-diffusion process with a stochastic resetting

Xavier Durang 1 and Malte Henkel 2

1. Korea Institute for Advanced Study, Seoul 130-722, Korea

2. Groupe de Physique Statistique, Institut Jean Lamour (CNRS UMR 7198), Université de Lor-

raine, France

Stochastic resetting occurs quite commonly in daily life. An often-met instance concerns when

searching for some object. In remarkable work, Evans and Majumdar (em) [1] have explored the

consequences of stochastic resetting in simple diffusion of a single random walker on a line. While

undergoing the random walk, the particle is reset to its initial position with a rate r. em showed

that the statistical properties of the random walk are drastically altered by the resetting. For

example, in the long-time limit, the stationary distribution of the particle with reset is no longer

gaussian and the mean time to find a target at the origin becomes finite whenever r > 0 and

actually has a mininum at some non-trivial value r∗ �= 0 [1].

In this work, the effects of a stochastic resetting to its initial configuration is studied in a many

body system : the exactly solvable coagulation-diffusion process. A finite resetting rate leads to a

modified non-equilibrium stationary state. If, in addition, the input of particles at a fixed given

rate is admitted, a competition between the resetting and the input rates leads to a non-trivial

behaviour of the particle-density in the stationary state.

[1] M.R. Evans and S.N. Majumdar, Phys. Rev. Lett. 106, 160601 (2011).
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Spin-Lattice Relaxation within a Dimerized Ising Chain Undergoing Spin-Peierls 
Transition in a Magnetic Field  
 
Rıza Erdem 1 , Gül Gülpınar 2 , Orhan Yalçın 3 and Andrzej Pawlak4 
 
 

1. Department of Physics, Akdeniz University, Antalya 07058, Turkey 
2. Department of Physics, Dokuz Eylül University, İzmir 35160, Turkey 
3. Department of Physics, Niğde University, Niğde 51240, Turkey 
4. Faculty of Physics, Adam Mickiewicz University, Umultowska 85, Poznań 61–614, Poland  
 
  A qualitative study of the spin-lattice relaxation within a dimerized Ising chain in a magnetic 
field [1, 2] exhibiting a spin-Peierls (SP) transition ( SP ) is presented. We have first determined 
the time dependence of the shift of the lattice distortion parameter   from the equilibrium 
state within framework of a technique combinig the statistical equilibrium theory based on the 
transfer matrix method [3] and the linear theory of irreversible thermodynamics. We have shown 
that the time dependence of the lattice distortion parameter is controlled by single time constant 
( ) which drives the system to undergo a SP phase transition. Our calculations reveal a 
divergence of  around the critical point on both dimerized ( 0 ) and uniform ( 0 ) 
phase regions at fixed exchange coupling. When the temperature and magnetic field are assumed 
to be fixed to some values, the time  depends only on coupling between the spins and 
becomes a long time associated with the long wavelength fluctuations near a critical value. We 
have also taken into account the effects of spatial fluctuations on the relaxation time using the 
Landau free energy of Ornstein-Zernike type. We have found an explicit expression of relaxation 
time, which is as functions of temperature, coupling constant and wave vector ( q ) and shown 
that the critical mode corresponds to the case 0q . Finally, our results are found to be in good 
qualitative agreement with the results in recent experimental study dealt with the diluted SP 
material 31 GeOMgCu xx  where the composition x is very close to 0.0209 [4]. This work must 
be considered as natural extensions of some previous works concerned with the static aspects of 
the problem [1, 2].         
   
[1] A. Oguchi, Prog. Theor. Phys. 57 (1977) 1102. 
[2] M. Mijatović, S. Milošević, Phys. Lett. A 87 (1981) 124. 
[3] H. A. Kramers, G. H. Wannier, Phys. Rev. 60 (1941) 252.  
[4] V. Kiryukhin, Y. J. Wang, S. C. LaMarra, R. J. Birgeneau, T. Masuda, I. Tsukada,    
   I. Tsukada, K. Uchinokura, Phys. Rev. B 61 (2000) 9527. 
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Lifetime of quasistationary states in the Hamiltonian Mean Field model

Wahb Ettoumi and Marie-Christine Firpo

Laboratoire de Physique des Plasmas, CNRS-Ecole Polytechnique, 91128 Palaiseau cedex, France

The emergence and lifetime of out-of-equilibrium metastable states in many-body long-range
interacting systems is a topical issue in modern statistical physics [1]. Using a very simple toy-
model, the Hamiltonian Mean Field model, we first demonstrate how its deterministic dynamics
give rise to quasi-stationary states and ergodicity breaking [2].

Then, we investigate a first class of QSSs (QuasiStationary States), which lifetimes increase
proportionally to the number of particles N , before allowing the system to thermalize. Using a
geometrical interpretation of such states, we successfully model the thermalization dynamics by a
stochastic process, allowing us to quantitatively predict the behaviour of non-trivial quantities as
well as the aforementioned lifetimes [3].

We also extend our approach to a more problematic case [4], for which the dependency of the
QSS lifetimes has been measured to be increasing as N1.7. It is the first time since the discovery
of such a peculiar scaling that a quantitative lifetime prediction is made [5].

We finally conclude on the pending work to do in order to relate our phenomenological modeling
to the already well-established quasilinear theories [6].

[1] A. Campa, T. Dauxois, and S. Ruffo, Phys. Reports 480 57-159 (2009).
[2] W. Ettoumi and M.-C. Firpo, J. Phys. A 44 175002 (2011).
[3] W. Ettoumi and M.-C. Firpo, Phys. Rev. E 84 030103(R) (2011).
[4] Y.Y. Yamaguchi, J. Barré, F. Bouchet, T. Dauxois and S. Ruffo, Physica A 337 3666 (2004).
[5] W. Ettoumi and M.-C. Firpo, Phys. Rev. E 87, 030102(R) (2013).
[6] P.-H. Chavanis, Physica A 391, 3680 (2012).
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An Exact solution of the Liouville-von Neumann equation for Weakly-coupled One-
dimensional Quantum Lorentz Gas and Non-equilibrium Transport Process in Non-
hydrodynamic situation

Kazunari Hashimoto 1, Kazuki Kanki 1, Satoshi Tanaka 1 and Tomio Petrosky 2

1. Department of Physical Science, Osaka Prefecture University, Gakuen-cho 1-1, Sakai 599-8531,
Japan
2. Center for Studies in Statistical Mechanics and Complex Systems, The University of Texas at
Austin, Austin, Texas 78712, USA

We investigate non-equilibrium transport processes in the weakly-coupled one-dimensional
quantum Lorentz gas by analyzing the Liouville-von Neumann equation purely based on the dy-
namics without relying upon the phenomenological argument with the Boltzmann equation. We
have obtained an exact solution of the resonance states of the Liouvillian, which have complex
eigenvalues. The imaginary part of the eigenvalue gives the transport coefficients. Since our so-
lution is exact, we can describe a non-hydrodynamic situation with a wave number much larger
than the inverse of the mean-free-path, where the usual phenomenological Boltzmann equation is
not applicable. Our solution shows that the diffusion process satisfies the causality, which is not
the case for the solution obtained from the phenomenological Boltzmann equation. For the case
where initial distribution of the Lorentz particle has a width of the same order as the interaction
range, we found an interesting beating process that is a realization of the non-Markovian effect.
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Microscopic Derivation of Empirical Friction Law 
 
Takahiro Hatano 2 
 

Earthquake Research Institute, The University of Tokyo, Tokyo 113-0032, Japan 
 

A full account is given of the microscopic basis of an empirical friction law, which is referred 
to as the rate- and state-dependent friction (RSF) law [1]. 

In general, dynamic friction coefficient depends on the sliding velocity. However, it is not a 
single-variable function of the sliding velocity, as friction involves some aging processes such 
as frictional healing. Therefore, one needs additional variables to describe the behavior of 
friction coefficient. In the simplest case, a single “state variable” is introduced to describe an 
aging process and the friction coefficient is described with the two variables: the sliding 
velocity and the state variable. This formulation is referred to as the rate- and state-dependent 
friction law. It includes three important parameters and they determine the frictional 
stability/instability. Thus, it is widely used in solid earth science to understand earthquakes as 
the frictional instability. 

Unfortunately, to this date, the RSF is purely empirical and therefore one cannot judge its 
applicable limit. In addition, it is not clear at all how these important parameters are determined 
from (or related to) the material properties. Because the macroscopic friction force is supported 
by the microscopic junctions of protrusions, any macroscopic friction law should be derived 
from constitutive laws of such microscopic junctions. With this procedure one can overview the 
micro-macro correspondence in friction and understand the physical meaning of 
phenomenological parameters in a macroscopic friction law. Here we carry out this program for 
the RSF law; i.e., we derive the RSF from constitutive laws of the microscopic junctions. 
Consequently, the microscopic expressions of the RSF parameters are given. In particular, the 
system-size dependence of the relaxation length and the statistical properties of the state 
variable are clarified. 

 
 
[1] C. Marone, Annu. Rev. Earth Planet. Sci. 26, 643-696 (1998) and references therein. 
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Quantum thermal conduction through nano-junctions: 

A self-consistent phonon approach 

Dahai He 1, Juzar Thingna 2, Jian-Sheng Wang 2, Baowen Li 2

1 Department of Physics, Xiamen University, Xiamen 361005, China 
2 Department of Physics and Center for Computational Science and Engineering, National University of Singapore, 

Singapore 117542, Republic of Singapore 

Abstract 
Quantum thermal conduction in harmonic chains has been extensively studied as 

well as its classic counterpart. One can use generalized Langevin approach, 
nonequilibrium Green’s function method (NEGF) and density matrix approach to 
study the harmonic model exactly. As far as anharmonicity is concened, the situation 
becomes complicated. In this case, the transport of phonon is no longer ballistic. Most 
of previous studies are mainly in a perturbative manner, which cannot handle strong 
anharmonicity. A developed master equation approach has been proposed recently, 
which can deal with anharmonicity exactly in the weak coupling limit. However, 
since ME is handled in the sytem-Hilbert space, which increases rapidly with 
temperature as well as the number of particles. Hence it is computationally expensive 
to deal with nano systems of 10-100 atoms.  

In this paper we will propose a feasible and effective approach for quantum 
thermal conduction through anharmocic systems. The key idea here is to apply the 
self-consistent phonon theory (SCPT) to renormalize the anharmonic Hamiltonian to 
an effective harmonic Hamiltonian. We then apply NEGF to study the effective 
harmonic model using the standard ballistic framework. The results show a good 
agreement with that by the master equation approach in the weak coupling limit. 
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Transport properties for electrolytes using the MSA with a Yukawa closure 

Herrera-Pacheco J. N. and  Montes-Pérez Juan  

Facultad de Ciencias Físico-Matemáticas, Benemérita Universidad Autónoma de Puebla, 
Apartado Postal  165, Col. Centro, Puebla, Pue., México, C. P. 72000 

In a linear response theory, in which Onsager`s continuity equations are combined with the 
Mean Spherical Approximation (MSA), equilibrium correlation functions, and using the 
Green’s response function formalism, we find the transport properties to electrolytes solution. 
We use an intermolecular potential, between ions of Yukawa type, which satisfies the 
electroneutrality condition. This model contains an adjust parameter z, in which the effects of 
the solvent are considered.  The dominant forces determining transport processes in an ionic 
solution are the relaxation and the electrophoretic forces. Their contributions are calculated 
using the Fouss-Onsager theory for the transport properties and a linear response theory for the 
conductance and the self-diffusion coefficients for a family of electrolytes. The predictions of 
our model can be adjusted by means of the parameter z. The electrophoretic effect, due to the 
hydrodynamic interaction between the ions, is calculated using the Rotne-Prager tensor.  
Theoretical and experimental results for electrolytes 1-1 are in good agreement even for high 
densities. 
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Exact height distribution for the stationary one-dimensional Kardar-Parisi-Zhang
equation

Takashi Imamura 1 and Tomohiro Sasamoto 2,3

1. Research Center for Advanced Science and Technology , The University of Tokyo, 4-6-1 Komaba,
Meguro, Tokyo, 153-8904, Japan
2. Department of mathematics and informatics, Chiba University, 1-33 Yayoi-cho, Inage, Chiba
263-8522, Japan
3. Mathematics Department, Technische Universität München, Boltzmannstraße 3, 85748 Garch-
ing bei München, Germany

The Kardar-Parisi-Zhang (KPZ) equation is a prototypical equation for the surface growth
phenomena. It describes the universal aspects of the surface fluctuation and is also related to
various systems in nonequilibrium statistical mechanics (Burgers turbulence, directed polymers,
etc). The one-dimensional KPZ equation has attracted much attention since the discovery of an
exact solution for the height distribution [1,2].

In this presentation, I will report our recent results [3,4] on the exact height distribution and
two-point correlation function of the KPZ equation under the stationary situation. Our analysis
is based on the replica approach[5,6,7], in which we utilize a remarkable connection of the KPZ
equation with the dynamics of the one-dimensional delta Bose gas system with attractive interac-
tion (Lieb-Liniger model). This model can be solved exactly by the Bethe ansatz. By summing up
the whole contributions for the Bethe eigenstates, we obtain the Fredholm determinant expression
for the generating function of the replica partition function. From this, we can readily obtain the
height distribution.

[1] T. Sasamoto, and H. Spohn, Phys. Rev. Lett. 104: 230602, 2010.
[2] G. Amir, I. Corwin and J. Quastel, Com. Pure. Appl. Math., 64: 466, 2011.
[3] T. Imamura and T. Sasamoto, Phys. Rev. Lett. 108: 190603, 2012.
[4] T. Imamura and T. Sasamoto, J. Stat. Phys. 150: 908, 2013.
[5] M. Kardar, Nuc. Phys. B, 290: 582, 1987.
[6] V. Dotsenko, EPL, 90: 20003, 2010.
[7] P. Calabrese, P. Le Doussal and A. Rosso, EPL, 90: 20002, 2010.
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THE STUDYING OF OPTICAL PROPERTIES OF RANDOM MEDIA BASED ON 
RHODAMINE 6G WITH ZnO AND TiO2 NANOPARTICLES DOPED IN PMMA 

             Fariba. Japelaghi ,�Batool.Sajad ,�Mohammad Amin Bassam.� 

1. Physics Department , Alzahra university , Tehran, Iran 
2. Electronic Department, Malek Ashtar University of Technology, Tehran, Iran 

It has studied experimentally the dynamic effect of nonlinearity in disordered systems which can be used 
in optoelectronics due to easy preparation and small size of random medium. Recently, properties of this 
material have been studied interms of the material, the external pumping. In this work, we have studied 
the emission and fluorescence spectra of the random media based on Rhodamine 6G dye with TiO2 and 
ZnO nanoparticles suspended in different concentration at Polymethylmethacrylate (PMMA)  as a host. 
This medium was pumped with the second harmonic Q-switched Nd:YAG laser .We have studied 
behavior of threshold pumping energy, wavelength shift, intensity and linewidth of emission spectra at 
different dyes and nanoparticles concentration.  With the increase in concentration, emission and 
fluorescence is increased and linewidth is decreased. The Intensity of the emission and efficiency is 
decreased when the concentration exceeded from specific value. 

 

 

[1] J Kitur, G Zhu, M Bahoura , M A Noginov,” Dependence of the random laser behavior on the concentrations of 
dye and scatterers”, J. Opt. 12 (2010) 024009 . 

[2] B. T. Chiad, K.H. Latif, F.J. Kadhim, M. A. Hammed. ‘’Random Laser of R6G Dye and TiO2 Nanoparticles  
Doped in PMMA Polymer’’, Advances in Materials Physics and Chemistry, 2011, 1, 20-25. 
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A Microstate as an Ensemble: How thermodynamic quantities behave between microstates.

Lee Jinwoo 1

1. Department of Mathematics, Kwangwoon University, Seoul 139-701, Korea

The recent advance of fluctuation theorems is radical. They concern an ensemble of trajectories
and link the thermal properties of paths to the quantities for macrostates. In this modern context,
it seems that we have a different choice of ensembles for thermodynamics unlike traditional
approaches that have always considered the members of a macrostate as an ensemble. Here
we regard only the paths that reach a microstate as an ensemble of the state, and develop
thermodynamics for microstates. We arrived quite unexpectedly to find the probability of non-
equilibrium distribution, and a new fluctuation theorem for an instant dispersion of free energy over
microstates. A partial differential equation for entropy flow between microstates is also derived.
It turns out that each microstate of a system can be viewed as an equilibrium ensemble from
a deeper level of description even when they participate in nonequilibrium evolution. It does
not mean a reduction of nonequilibrium to equilibrium, but means that nonequilibrium exists
in-between equilibrated microstates.

[1] L. Jinwoo and H. Tanaka, Space-Time Approach to Thermodynamics, submitted (2013).
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Quantum hydrodynamic modes with Hofstadter’s butterfly-like fractal spectrum
of the Liouville-von Neumann operator for molecular chains

Kazuki Kanki 1 , Satoshi Tanaka 1 and Tomio Petrosky 2

1. Department of Physical Science, Osaka Prefecture University, Sakai, Osaka 599-8531, Japan
2. Center for Complex Quantum Systems, The University of Texas at Austin, Texas 78712, USA

The Hofstadter’s butterfly-like fractal structure of the transport coefficients is discussed for a
quantum particle (vibronic exciton) weakly coupled with an acoustic phonon field with a finite
temperature on a one-dimensional molecular chain. For this system, the momentum space sepa-
rates into infinite sets of disjoint subspaces dynamically independent of one another. The number
of momentum states in each subset and the spectrum of the Liouville-von Neumann operator
(Liouvillian) crucially depend on the rationality or irrationality of a parameter given as a function
of the ratio of the phonon bandwidth to the particle bandwidth. As a result, a fractal structure
appears in the complex-valued spectrum of the Liouvillian for the resonant states [1].

There are two qualitatively distinct behaviors in momentum relaxation processes depending on
type of the coupling between the particle and the phonons: exponential-law decay or power-law
decay. For the system with the power-law decay, we have anomalous transport processes. On
the other hand, for the system with the exponential-law decay, by treating the flow term in the
kinetic equation as a perturbation to the collision term, we obtain normal transport processes with
quantum hydrodynamic sound wave modes and quantum diffusion modes [2]. The non-vanishing
hydrodynamic sound velocity derives from infinite degeneracy of the zero modes of the kinetic
equation. This degeneracy leads also to divergence of Kubo’s diffusion coefficient. Moreover,
we obtain a surprising counter-intuitive result: in the diffusion processes the system is stabilized
compared to the free motion by the thermal noise of the phonons at high temperatures.

[1] T. Petrosky, N. Hatano, K. Kanki and S. Tanaka, Prog. Thoer. Phys. Suppl. 184, 457 (2010).
[2] S. Tanaka, K. Kanki and T. Petrosky, Phys. Rev. B 80, 094304 (2009).
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Conformal Martingale Representations of Log-Gases

Makoto Katori

Department of Physics, Chuo University, Kasuga, Bunkyo-ku, Tokyo 112-8551, Japan

A determinantal process (DP) is a non-equilibrium particle system such that all spatio-temporal
correlation functions are given by determinants, whose matrix entries are values of a single contin-
uous function called the correlation kernel K. A class of log-gases, which is associated with random
matrix models, provides many examples of DPs [1]. A typical example is Dyson’s Brownian motion
model with β = 2. We proved that the Dyson model is a DP for all deterministic initial configura-
tions ξ =

∑
j δrj with finite numbers of particles and for a family of infinite particle systems and K

is a double-integral transform of an entire function Φu
ξ (z) =

∏
j:rj ̸=u(z − rj)/(u− rj), z, u ∈ C [2].

In [3] we introduced the complex Brownian motion (CBM) representation for the Dyson model. Let
Zj(t), t ≥ 0, j ∈ N be a set of independent CBMs with Zj(0) = rj . Since Φu

ξ is entire, Φu
ξ (Zj(t))

is a conformal map of a CBM, and hence it is also a CBM (with time change) by the conformal
invariance of CBM. We can say that Φu

ξ (Zj(t)), j ∈ N provide a set of independent conformal local
martingales. The Dyson model is represented by the system of independent CBMs weighted by
detj,k[Φ

rk
ξ (Zj(t))].

In the present talk, we will show that this representation is a useful dynamical extension of
the free-fermion picture by demonstrating that the Eynard-Mehta-type spatio-temporal correlation
kernel is derived from it without any orthogonal-polynomial calculations and non-equilibrium dy-
namics of the log-gas can be directly studied. Determinant formulas recently found in non-DPs
related to the quantum Toda lattice will be also discussed by the CBM representation [4].

[1] Forrester, P. J.:Log-Gases and Random Matrices, Princeton University Press, Princeton (2010).
[2] Katori, M., Tanemura, H.: Commun. Math. Phys. 293, 469-497 (2010).
[3] Katori, M., Tanemura, H.: Electron. Commun. Probab. 18, no.4, 1-16 (2013).
[4] Katori, M.: J. Stat. Phys. 149, 411-431 (2012).
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Random deposition with relaxation model on uv flower networks

Sang Woo Kim1, Hyun-Myung Chun2, and Jin Min Kim1,3

1. Department of Physics, Soongsil University, Seoul 156-743, Korea
2. Department of Physics, University of Seoul 130-743, Korea
3. Institute for Integrative Basic Sciences, Soongsil University, Seoul 156-743, Korea

Random deposition with relaxation model on various (u,v) flower networks is studied. In (2,2)
flower network, the surface width W grows as b log t at the beginning and follows a logN in the
saturated regime where t and N are time and the network size respectively. The dynamic exponent
z ≈ 2.1 is obtained from the relation z = 2a/b. It is consistent with the random walk exponents
zRW ≈ 2 of the network. We find that the growth exponent β (W (t) ∼ tβ) of the model is
controlled by the spectral dimension ds of the substrate network.
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Initial-state dependence of critical behavior for absorbing phase transitions in discrete
conserved manna model

Sang Bub Lee

Department of Physics, Kyungpook National University, Daegu 702-701, Korea

We investigate the critical behavior of absorbing phase transitions in the discrete conserved
Manna model on a square lattice using the two different initial states, i.e., the random initial
states and the natural initial states. Various critical exponents characterizing various physical
quantities near and at the critical point were estimated using the static and dynamic simulations.
The two different initial states appear to exhibit different universal critical behaviors. However,
neither of the two was consistent with that of the directed percolation class, thus, suggesting an
existence of the independent Manna universality class at least in two dimensions. This is in clear
contradiction to the recent claim based on the numerical simulations in one dimension [1].

[1] M Basu, U. Basu, S. Bondyopadhyay, P. K. Mohanty, and H. Hinrichsen, Phys. Rev. Lett.
109, 015702 (2012).
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Experimental Study of Fluctuation Theorem Using a Colloidal Particle Under Optical

Trap With The Strength Changing With Time

Dong yun Lee1, Chulan Kwon2 and Hyuk Kyu Pak1

1. Department of Physics, Pusan National University, Busan 609-735, Korea

2. Department of Physics, Myongji University, Yongin, Gyeonggi-Do 449-728, Korea

Recently, there have been growing theoretical interests in non-equilibrium processes for thether-

modynamic description of microsystems. Since the discovery of the fluctuation theoremin mid

1990’s, a number of theoretical results have been derived and many experimentshave been done.

As far as we know, however, there was no experiment of checking the theorem in an exactly solvable

system. In this work, we tested the fluctuation theorem by using a colloidal particle trapped in

harmonic potential, which can be considered as a simple harmonic oscillator. Initially, the particle

was trapped inside a potential with fixed trap strength. In this condition, the particle is in equilib-

rium state. At t=0, in order to drive the particle away from equilibrium, the optical trap strength

was increased (decreased) linearly with time for forward (backward) case. During this process, the

position of the particle was measured with the accuracy of nano meter. We repeated each process

5000 times. We calculated several physical quantities such as work, heat, entropy and free energy

difference and compared the results with the fluctuation theorem.
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Fluctuation relations and information thermodynamics: towards applications in in-
teracting particle systems

Michael Maitland1, Rosemary J Harris2 and Stefan Grosskinsky1

1. Centre for Complexity Science, Warwick University, Coventry CV4 7AL, UK
2. School of Mathematical Sciences, Queen Mary University of London, London E1 4NS, UK

The inclusion of feedback mechanisms in nonequilibrium processes has led to the generalisa-
tion of equalities known as the nonequilibrium work relations and the development of information
thermodynamics. This has allowed study of the relationship between information and entropy
production, including the concept of information-heat engines which allow information to be trans-
formed into useful work and vice versa. We explore different forms of fluctuation relationships with
feedback, testing them analytically and numerically for simple random walk models. We further
consider the application of these ideas to more complex interacting particle models.
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Cooperative Sequential Adsorption and Evaporation Models on a Bethe Lattice: 
Analytical Results and Applications 
 
Irina Mazilu1, Dan Mazilu1, Will Banks1, Brian Simpson1, Vincent Kim1, and Andrew Seredinski1 
 

1. Department of Physics and Engineering, Washington and Lee University, Lexington, VA 
24450, USA 
 

We present a class of cooperative sequential adsorption models on a Bethe lattice with 
neighbor-dependent attachment rates and their possible applications for ionic self-assembly of 
thin films and epidemic modeling. Using the empty interval method and matrix algebra theory, 
we present exact and approximate results for a variety of quantities such as time-dependent 
surface coverage and time-dependent probabilities of certain particle configurations. For special 
cases, the evaporation process is also included. Our analytical results are compared to Monte 
Carlo simulations for these models. 
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Time-Asymmetric Process in Central Force Scatterings

Ramis Movassagh 1

1. Department of Mathematics, Northeastern University, Boston, MA, USA

We report on a process applicable to central force scatterings. Under certain assumptions,
we show that in attractive force fields a high speed particle with a small mass speeding through
space, statistically loses energy via small angle scattering from large masses that move slowly and
randomly. Furthermore, we show that the opposite holds in repulsive force fields: the small particle
statistically gains energy. This holds so long that scatterings are small-angle; namely time-scales
short compared to thermalization time-scales.

This effect is mainly due to asymmetric energy exchange of the transverse (i.e., perpendicular)
collisions. We derive a formula that quantifies this effect (Eq. 12 in [1]):

〈∆E〉 ≈ 2παNn1/3

j2v22
ln

(
Dmax

Dmin

)
, (1)

where α is the strength of interaction, N is the number of encounter, n is the density of field
particles, v2 is the speed of the small mass, j is related to the variance of the speed of the field

particles, and ln
(

Dmax

Dmin

)
is due to the logarithmic divergence that results from the long-range

nature of the interaction. Note that attractive interactions (α < 0) yield an average loss and
repulsive ones (α > 0) an average gain.

We then put this work in a broader statistical context and discuss its consistency with estab-
lished results. It is our hope that this work would help better understanding of the frequency shift
of photons coming from distant sources, rapid structure formation, and more accurate calculation
of relaxation times in plasma and astrophysics.

[1] R. Movassagh, Time-Asymmetric Process in Central Force Scatterings, under review in Phys.
Rev. Lett. arXiv:1008.0875 [physics.class-ph]
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Consistency of Stochastic Thermodynamics in the Different Scales of Description

Yohei Nakayama, Kyogo Kawaguchi

Department of Physics, The University of Tokyo, Bunkyo, Tokyo 113-0033, Japan

In the framework of stochastic thermodynamics, the entropy production assigned to a stochastic
path is often introduced using the logarithmic ratio of the forward and backward path probabilities.
This entropy production (or the corresponding “heat”) and appropriately defined other thermo-
dynamic quantities satisfy the mesoscopic version of the first and second law of thermodynamics.
However, when the system is described by two or more different levels of stochastic models, it is
not trivial how the results of stochastic thermodynamics based on one level is related to that on
another level. Even the irreversible entropy production, a key quantitiy in considering the second
law, may take different values between the scales of description [1,2].

We approach this problem by considering steady state thermodynamics (SST), a possible ex-
tension of conventional thermodynamics to non-equilibrium steady states [3,4]. The basic idea of
SST is to introduce the excess entropy production by subtracting the steady part from the whole
entropy production. We find, for the general case where the coarse-grained description of the sys-
tem is obtained through the time scale separation, that the excess part of the irreversible entropy
production, the sum of the increment of the system’s entropy and the excess entropy production,
is invariant with respect to the change in the scales of description [5]. This result means that the
consistency of stochastic thermodynamics holds as far as we are concerned with SST.

[1] T. Hondou and K. Sekimoto, Phys. Rev. E 62, 6021 (2000).

[2] M. Esposito, Phys. Rev. E 85, 041125 (2012).

[3] R. Landauer, Phys. Rev. A 18, 255 (1978).

[4] Y. Oono and M. Paniconi, Prog. Theor. Phys. Suppl. 130, 29 (1998).

[5] Y. Nakayama and K. Kawaguchi, arXiv:1211.3805 (2012).
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Crossover of the roughness exponent for interface growth dynamics in elastic long-
range interaction systems

Masamichi Nishino1, Taro Nakada2, Cristian Enachescu3, Kamel Boukheddaden4 and Seiji Miyashita2,5

1. Computational Materials Science Center, National Institute for Materials Science, Tsukuba,
Ibaraki 305-0047, Japan
2. Department of Physics, Graduate School of Science, The University of Tokyo, Bunkyo-Ku,
Tokyo, Japan
3. Department of Physics, Alexandru Ioan Cuza University, Iasi, Romania
4. Groupe d’Etudes de la Matière Condensée, CNRS-Université de Versailles/St. Quentin en Yve-
lines, 45 Avenue des Etats Unis, F78035 Versailles Cedex, France
5. CREST, JST, 4-1-8 Honcho Kawaguchi, Saitama, 332-0012, Japan

We investigate the interface growth and scaling property in systems with long-range interactions
in two dimensions. When the local bistable states of the unit molecule take different molecular vol-
umes, e.g., high-spin and low-spin states of spin crossover systems, the elastic interaction induced
by the lattice distortion plays an important role in cooperative phenomena [1]. This kind of inter-
action causes an effective long-range interaction [2]. In such systems the interface is characterized
by two quantities in switching process between the ordered states, i.e., the lattice structure and
the spin state. Developing a method to tune spin and lattice dynamics for the systems, we show
that the nature of the lattice interface and that of the spin interface are qualitatively different.
The lattice interface does not depend on the relative time scales of dynamics of the spin state and
the lattice, while the spin interface depends. When the change of the spin state is fast and the
following relaxation of the lattice is insufficient, the roughness exponent α of the spin interface is
1/2, which is common to the models of short-range interactions (KPZ class). In contrast, when the
lattice relaxes well, the roughness exponent is 1, which is the same as that of the lattice interface.
There the macroscopic structure [3] is formed in the spin interface as well as the lattice interface.

[1] M. Nishino, K. Boukheddaden, Y. Konishi, and S. Miyashita, Phys. Rev. Lett. 98, 247203
(2007).
[2] S. Miyashita, Y. Konishi, M. Nishino, H. Tokoro, and P. A. Rikvold, Phys. Rev. B 77, 014105
(2008).
[3] M. Nishino, C. Enachescu, S. Miyashita, P. A. Rikvold, K. Boukheddaden and F. Varret, Sci.
Rep.(Nature PG) 1, 162 (2011).
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Wien Effect in Simple Strong Electrolytes of Hard Sphere Ions

Young-Gie Ohr

Molecular Science Department, Paichai University, Daejeon 302-735, Korea

The electrical conduction of liquid electrolytes shows deviations from Ohm’s law when external
fields are strong, called ‘Wien effect’. Onsager school studied it for strong electrolytes of symmetric
valenced binary ions (e.g., NaCl), asymmetric binary ions (e.g., MgCl2), and more general ion
mixtures (e.g., NaCl+MgCl2), as well as weak electrolytes. All of these analyses regarded ions as
point centers. Fuoss and Onsager studied the effect of finite ion size on the conductivity, however,
for the case of weak external fields in which the Wien effect can be negligible. In the present
work, we examine both effects of the finite ion size and the strong external fields, simultaneously.
For simplicity, we take the strong electrolyte of symmetric valenced binary ions. Also, we use
the higher order perturbation method to see the Wien effect rather than the Fourier transform
technique employed in the previous works [1].

[1] M. Chen, J. Chem. Phys. 68, 5442 (1978).
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Elastic-Turbulence-Induced Melting of a Nonequilibrium Vortex Crystal in a Fluid
Film with Polymers

Rahul Pandit 1 and Anupam Gupta 1

1. Department of Physics, Indian Institute of Science, Bangalore 560 011, India

The equilibrium melting transition, from a spatially periodic crystal to homogeneous liquid, is
well understood [1]. A nonequilibrium analog of this transition has been explored in the context
of the turbulence-induced melting of a periodic array of vortices in a forced, two-dimensional, fluid
film [2]. We explore, via extensive direct numerical simulations of the two-dimensional, Navier-
Stokes equation coupled to the finitely extensible, nonlinear, elastic, Peterlin (FENE-P) equation
for a polymer-conformation tensor [3], a nonequilibrium-melting transition of a periodic array of
vortices in a forced, two-dimensional, fluid film with polymer additives. We show that such an
array can be melted either (a) by increasing the Grashof (or Reynolds) number or (b) by increasing
the Weissenberg number. In the former case, the disordered phase is a turbulent fluid; in the latter
case, the disordered state is a polymeric fluid that shows elastic turbulence. We show that this
system provides a natural way of studying the crossover from fluid turbulence to elastic turbulence
in fluid films with polymer additives.

[1] T.V. Ramakrishnan and M. Yussouff, Phys. Rev. B 19 2775 (1979); P.M. Chaikin and T.C.
Lubensky Principles of Condensed Matter Physics (Cambridge University Press, UK, 1998).

[2] P. Perlekar and R. Pandit New J. Phys. 12 023033 (2010).

[3] A. Gupta, P. Perlekar, and R. Pandit, arXiv:1207.4774 (2012).

PP2-3-28



STATPHYS25 JULY 21-26, 2013

AbstrActs Poster PresentAtions
445

Short-time response function of the modular dilute Sherrington-Kirkpatrick spin glass
model

Jeong-Man Park 1,2 and Michael W. Deem 2

1. Department of Physics, The Catholic University of Korea, Bucheon 420-743, Korea
2. Department of Physics and Astronomy, Rice University, Houston, TX 77005, USA

We consider the short-time energy relaxation of the dilute Sherrington-Kirkpatrick spin glass
model. We show that the more modular the system, the more rapidly the energy decays at short
times. Conversely, a more modular system reaches a less favorable energy at long times in a static
environment. We use these results to discuss the dynamics of the modularity order parameter in a
system for which the coupling parameters of the dilute SK model change in time, due to a chang-
ing environment. Modularity endows the spin glass with a better response function in a changing
environment.
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Turbulence in non-integer dimensions by fractal Fourier decimation

Uriel Frisch1, Anna Pomyalov2, Itamar Procaccia2, and Samriddhi Sankar Ray3

1. UNS, CNRS, OCA, Laboratoire Cassiopée, B.P. 4229, 06304 Nice Cedex 4, France
2. Department of Chemical Physics, The Weizmann Institute of Science, Rehovot 76100, Israel
3. International Centre for Theoretical Sciences, Tata Institute of Fundamental Research, Banga-
lore 560012, India

Fractal decimation reduces the effective dimensionality of a flow by keeping only a (randomly
chosen) set of Fourier modes whose number in a ball of radius k is proportional to kD for large
k. At the critical dimension Dc = 4/3 there is an equilibrium Gibbs state with a k−5/3 spectrum,
as in [V. L’vov et al., Phys. Rev. Lett. 89, 064501 (2002)]. Spectral simulations of fractally
decimated two-dimensional turbulence show that the inverse cascade persists below D = 2 with a
rapidly rising Kolmogorov constant, likely to diverge as (D − 4/3)−2/3.

[1] Turbulence in Noninteger Dimensions by Fractal Fourier Decimation,
U. Frisch, A. Pomyalov, I. Procaccia, and Samriddhi Sankar Ray,
Physical Review Letters, 108, 074501 (2012).
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Fractional hydrodynamic fluctuations in the light scattered by a viscoelastic 
suspension 

Rosalío F. Rodríguez1, J. Fujioka1 and E. Salinas-Rodríguez2 

1. Instituto de Física, Universidad Nacional Autónoma de México, Apdo. Postal 20-364, 01000 
México, D.F.   
2. Departamento I.P.H., Universidad Autónoma Metropolitana, Iztapalapa. Apdo. Postal 55-534, 
09340 México, D.F.  
 
    Fluctuating hydrodynamics is used to study the effect of fractional time-derivatives in the 
dynamic structure factor of a dilute Brownian suspension of solid particles in a viscoelastic 
solvent. The solvent exhibits Maxwell’s or power-law viscoelasticity and the system is in a non-
equilibrium steady state induced by an external concentration gradient. Strictly speaking, the 
viscoelastic nature of the solvent causes that the microscopic and macroscopic time scales are 
no longer separated, making inappropriate to describe the macroscopic dynamics by the 
ordinary stochastic differential calculus. We introduce Caputo´s fractional derivative to 
incorporate fractional hydrodynamic fluctuations into the fluctuating hydrodynamics 
description. The non-Markovian fractional stochastic equations are solved analytically by using 
Fourier transforms and the equilibrium and non-equilibrium parts of the dynamic structure 
factor of the particles is calculated for the two types of viscoelasticity. We find that the ratio of 
this quantity with respect to its non-fractional value may be as large as one order of magnitude 
for Maxwell and two for a power law solvent, for frequencies ~1014 Hz and wavenumber ~107 
m-1. This result of our model calculation suggests that this effect might be measurable, but this 
remains to be assessed.       
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Thermal rectification and negative differential thermal resistance in one-dimensional

mass-grades lattices

M. Romero Bastida 1

1. SEPI ESIME-Culhuacán Instituto Politécnico Nacional, Av. Santa Ana 1000,
Col. San Francisco Culhuacán, Delegación Coyoacan, Distrito Federal 04430, México

In this work we perform a systematic analysis of various structural parameters that have influ-
ence on the thermal rectification effect and the negative differential thermal resistance present in a
one-dimensional anharmonic lattice model with a linear mass gradient recently proposed [1]. After
determining the optimal number of thermostated oscillators to enhance the rectification effect we
found that, for a random perturbation to the mass profile, rectification is enhanced whereas nega-
tive differential thermal resistance is diminished. When a cubic term is included in the interaction
potential thermal rectification is reduced, an effect more evident for large mass gradients. All
results are obtained for larger system sizes than those so far considered for the present problem
[2], thus revealing a complex interplay between the magnitude of the mass gradient and system
size that is far from trivial and remains to be fully understood.

[1] N. Yang, N. Li, L. Wang and B. Li Phys. Rev. B 76 020301 (2007).
[2] M. Romero-Bastida and Jaen Misael Arizmendi-Carvajal J. Phys. A: Math. Theor. 46 115006
(2013).
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Diffusion and mobility in a narrow tube

Soghra Safaverdi and Christian Maes

Department of Physics and Astronomy, Institute for theoretical physics, KU Leuven, Celestijnen-
laan 200D, B-3001 Leuven, Belgium

Transport properties are typically derived from diffusion characteristics according to the Kubo
theory of linear response. A famous example is the Sutherland-Einstein relation between mobility
and diffusion constant. For nonequilibrium systems, these relations get violated. We study the
nonequilibrium modifications for Brownian particles in one-dimensional tubes with rough surfaces.
An interesting possibility is the appearance of negative mobility at large nonequilibrium driving.
(Work in progress).

[1] C. Maes, S. Safaverdi, P. Visco, F. van Wijland. Fluctuation-response relations for nonequilib-
rium diffusions with memory. Physical Review E, 87(2), 022125, 2013.
[2] P. Bohec, F. Gallet, C. Maes, S. Safaverdi, P. Visco, F. van Wijland. Probing active forces via
a fluctuation-dissipation relation. European physical letter, under review.
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Configurational Probability for Two-Phase Steady-State Flow in Porous Media using
Irreversible Thermodynamics

Isha Savani, 1 Alex Hansen2 and Signe Kjelstrup2

1. Department of Physics, Norwegian University of Science and Technology, N-7491 Trondheim,
Norway
2. Department of Physics, Norwegian University of Science and Technology, N-7491 Trondheim,
Norway
3. Department of Chemistry, Norwegian University of Science and Technology, N-7491 Trondheim,
Norway

Two-phase flow of immiscible liquids in porous media has its applications in various fields, such
as fuel cells, carbon-dioxide sequestering and oil recovery. For instance, one of the most important
goals in the recovery of hydrocarbons is to make the recovery of the last 20% to 60% of the oil
possible, after the production well has been declared non-profitable. One of the methods by which
oil is extracted is by injecting water into the well at a constant rate. We are then interested in
the steady-state configuration of two phase (oil-water) flow in a porous medium. Recent ongoing
experiments by Knut Jørgen Måløy et.al. have established that the steady-state in two-phase
flow of immiscible liquids, is indeed a state in the thermodynamic sense. Therefore the statistical
description only depends upon the macroscopic flow parameters, and not on the initial set up [1]. In
order to have a complete thermodynamic description of the system, we need to develop a formalism
based on thermodynamics and statistical mechanics. In particular, we are interested in the non
equilibrium thermodynamic theory for the steady-state. So far, Hansen et. al. (2012) [2], calculated
the configurational probability, i.e. the probability of finding a bubble of a wetting or non- wetting
liquid in a capillary tube. Taking the ideas further, we will derive the configurational probability
of the network of tubes representing the porous rock. Once the configurational probability has
been derived, it is then possible to determine any statistical quantity of interest related to the flow
[3].

[1] Knut Jørgen Måløy , et. al., in preparation, 2013
[2] Alex Hansen, Thomas Ramstad, Towards a Thermodynamics Description of Immiscible Two
Phase Flow in Porous Media, Computational Geoscience, Vol 13, pp. 227-234, 2009
[3] Charles Kittel, Herbert Kroemer, Thermal Physics, W. H. Freeman and Company, 1980
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Partial condensation and power law in aggregation and weighted chipping processes. 
 
Makoto Sekiyama1, Hiroshi Yamamoto2 and Toshiya Ohtsuki3 
 
1. Graduate School of Nanobioscience, Yokohama City University, 22-2, Seto, Kanazawa-ku, 
Yokohama 236-0027, Japan 
2. Center for Natural Science, Kitasato University, 1-15-1, Kitasato, Sagamihara 228-8555, 
Japan  
3. Division of Science, International College of Arts and Science, Yokohama City University, 
22-2, Seto, Kanazawa-ku, Yokohama 236-0027, Japan 
 

We have investigated aggregation-chipping processes analytically and numerically. In 
aggregation processes, two clusters of size X and Y chosen at random, aggregate and make one 
cluster, Cx + Cy → Cx+y. In original one-chipping processes, an unit of size one is chipped off 
from randomly chosen cluster of size Z, Cz → Cz-1+ C1. At steady-states, the system shows 
partial condensation where one condensate cluster co-exists with universal power law 
distribution of cluster size P(X)~X-α with α=2.5. 

In this work we study weighted chipping processes where chipping off of a cluster of size n 
takes place with a weight function ~1/nσ. The z-transform technique and singularity analysis 
are used to discuss power law index. The result is α=σ in case of 1<σ 2 .Numerical simulations 
agree well with this result. In addition, we find 2.0＜α＜2.5 at σ>2 and α 2.5 as σ  
numerically. 
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Anomalous System Size Dependence of Large Deviation Functions for Local Empirical
Measure

Naoto Shiraishi 1

1. Department of Basic Science, The University of Tokyo, Tokyo, 153-8902, Japan

Let us consider the scenario of observing time-averaged quantities at one fixed position in
laboratory experiments. If the observation is performed in finite time, the time-averaged quantities
fluctuate. Here, the large deviation function is a good tool to evaluate fluctuations. In this poster
presentation, we study the large deviation function for a local empirical measure (the empirical
measure at one fixed position) of diffusing particles. We find that the large deviation function
exhibits anomalous system size dependence in systems that satisfy the following conditions: (i)
there exists no macroscopic flow, and (ii) their space dimension is one or two [1].

First, in order to grasp the properties of this anomaly, we analyze a solvable microscopic model,
specifically independent random walks on a lattice with discrete translational symmetry. Second,
for systems whose distribution functions follow the Fokker-Planck equation, we derive this anomaly
by using a contraction principle [2]. Finally, from a phenomenological viewpoint, we analyze the
relation between this anomaly and the so-called long-time tail behavior.

[1] N. Shiraishi, arXiv:1303.0391.
[2] A. Dembo and O. Zeitouni, Large deviation techniques and applications, volume 38 of Stochastic
Modelling and Applied Probability (New York). Springer-Verlag, New York, second edition(1998)
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The House-Keeping Entropy Production is Hidden in the Limit of Long Time Scale

Jang-il Sohn

Physics Department, Korea University, Seoul, 136-701, Korea

In the present work, without any assumption about the Boltzmann or Boltzmann-like distri-
bution function, we show that the detailed balance condition is also satisfied in non-equilibrium
systems in the limit of long time scale. The only requirement is the ergodicity. In the limit, the
house-keeping entropy production (so-called the adiabatic contribution) is hidden, but appears in
short time scale. On the other hand, the excess entropy production (so-called the non-adiabatic
contribution) is time scale independent, and same with the total entropy production which is ob-
served in the limit of long time scale. Additionally we introduce a simple mathematical way for
deriving the three detailed fluctuation theorems using time evolution operator.
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Simulation of vehicular traffic flow at intersection with traffic lights 

Somayyeh Belbasi 1 Saeid Kargar 2

1. Department of Physics, Zanjan University, P.O. Box 45196-313, Zanjan, Iran. 
2. Arena Multimedia, Aptech Collage, P.O. Box 81955-111, Isfahan, Iran. 

Modelling the dynamics of vehicular traffic flow by cellular automata has constituted 
the subject of intensive research by statistical physics during the past years in area of 
nonequilibrium processes[1].City traffic was an early simulation target for statistical 
physicists[2]. Evidently the optimization of traffic flow at a single intersection is a 
preliminary but crucial step to achieve the ultimate task of global optimization in city 
networks[3]. We have developed a Nagel-Schreckenberg for describing of vehicular 
traffic flow at a single intersection. A set of traffic lights operating either in fixed-time 
or traffic adaptive scheme controls the trafficflow. Closed boundary condition is applied 
to the streets each of which conduct a uni-directional flow. Extensive Monte Carlo 
simulations are carried out to find the model characteristics. In particular, we investigate 
the dependence of the flows on the signalisation parameters. Our findings show 
hindrance of cars upon reaching the red light gives rise to formation of plateau regions 
in the fundamental diagrams. This is reminiscent of the conventional role of a single 
impurity in the one dimensional out of equilibrium systems. 

[1] D. Chowdhury, L. Santen and A. Schadschneider, Physics Reports, 329, 199 (2000).
[2] D. Helbing, Rev. Mod. Phys., 73, 1067 (2001). 
[3] Y. Chitur and B. Piccoli, Discrete and Continuous Dynamical Systems B, 5, 599 
(2005).
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Variational Principle in Statistical Physics 
 
Yuki Sughiyama 1 and Masayuki Ohzeki 2 
 

1. FIRST, Aihara Innovative Mathematical Modelling Project, Japan Science and Technology 
Agency, Institute of Industrial Science, The University of Tokyo, Komaba, Meguro-ku, Tokyo, 
153-8505, Japan. 
2. Department of Systems Science, Graduate School of Informatics, Kyoto University, Yoshida-
Honmachi, Sakyo-ku, Kyoto, 606-8501, Japan. 
 
 

The experimental evaluation of the large deviation function, which represents the large 
fluctuation in a sufficiently large system, is extremely difficult, since atypical events do not 
occur in the large system. In this study, by employing the knowledge of the thermodynamics 
and statistical mechanics, we propose the evaluating method of the large deviation function 
without observing atypical events. 

The internal energy density and free energy density of multiple degree of freedom systems 
which are sufficiently relaxed in an environment having a constant temperature are calculated 
by a variational principle originated in the second law of thermodynamics. Employing the 
prescription of the statistical mechanics, we can provide a microscopic interpretation to this 
variational principle which appears in the macroscopic theory (i.e. thermodynamics). By 
relating the entropy density to the large deviation function following the Boltzmann's principle, 
we show that the variational principle is written by using the Kullback–Leibler divergence. We 
also find that the large deviation function can be evaluated by observing typical values of 
modified systems which satisfy the variational principle written by the Kullback–Leibler 
divergence. In addition, by applying this framework to nonequilibrium systems described by 
stochastic processes, we can find the Nemoto-Sasa theory [1] and the Donsker-Varadhan 
formula [2]. 
 
 
[1] T. Nemoto and S. Sasa, Phys. Rev. E 83, 030105(R) (2011). 
[2] H. Touchette, Phys. Rep. 478, 1 (2009). 
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A universality class involving both exponent and coefficient during the 
nonequilibrium evolution of a system with long-range interactions 
Saikishan Suryanarayanan 1, Roddam Narasimha 1 and N.D. Hari Dass 2 
 

1. Engineering Mechanics Unit, JNCASR, Bangalore 560064, India. 
2. Chennai Mathematical Institute, Kelambakkam 603103, India.  
 
We present the most extensive computational analysis to date of a vortex gas in a singly 
periodic array – a Hamiltonian system with logarithmic interactions, inspired by the temporal 
evolution of a 2D turbulent free shear layer [1].  The simulations reveal a final state of relative 
equilibrium consistent with both the Joyce-Montgomery maximum-entropy based mean-field 
theory [2] and an anisotropic version of the Lundgren-Pointin [3] equilibrium distribution for 
the infinite plane, both with negative ‘temperatures’ – a concept originally proposed by Onsager 
[4]. The most striking observation is that, over a wide class of initial conditions and domain 
sizes, the evolution of the single particle distribution function is self similar, and its width is 
governed by a universal exponent and more importantly a universal coefficient during an early 
part of the evolution of the system. While this universal regime lasts for less than 10-4 of the 
total duration of the relaxation, the width changes by several orders of magnitude to within a 
fourth of its final value. The two particle distribution functions in the universal regime suggest 
the presence of strong correlations, and highlight the inapplicability of the widely studied 
Boltzmann-inspired vortex gas kinetic theories [5]. Further, this universality is unaffected by 
addition of dissipation to the system.  
 
Quantitative agreement with experiments on perturbed free shear layers demonstrates the 
relevance to the fluid dynamic problem. However, the results are likely to be of significance to 
nonequilibrium statistical mechanics of a broader class of systems with long range interactions 
such as 2D plasma. 
 
[1] S. Suryanarayanan, R.Narasimha and N.D. Hari Dass, arXiv:1212.6586 [physics.flu-dyn] 
(2013).  
[2] D. Montgomery and G.Joyce, Phys.Fluids 17, 1139 (1974). 
[3] T. S. Lundgren, Y. B. Pointin, J.Stat.Phys.,17 (5), 323 (1977). 
[4] L. Onsager, Nuovo Cimento Suppl. 6, 279 (1949). 
[5] P.H. Chavanis, J. Stat. Mech. P05019 (2010). 
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Tachyon Condensation Due to Domain-Wall Annihilation in Bose-Einstein 
Condensates 
 
Hiromitsu Takeuchi1, Kenichi Kasamatsu2, Makoto Tsubota3, and Muneto Nitta4 
 

1. Department of Physics, Osaka City University, Sumiyoshi-ku, Osaka 558-8585, Japan 
2. Department of Physics, Kinki University, Higashi-Osaka 577-8502, Japan 
3. Department of Physics and The Osaka City University Advanced Research Institute for 
Natural Science and Technology (OCARINA), Osaka City University, Sumiyoshi-ku, Osaka 
558-8585, Japan 
4. Department of Physics and Research and Education Center for Natural Sciences, Keio 
University, Hiyoshi 4-1-1, Yokohama, Kanagawa 223-8521, Japan 
 

We show theoretically that a domain-wall annihilation in two-component Bose-Einstein 
condensates causes tachyon condensation [1] accompanied by spontaneous symmetry breaking 
in a two-dimensional subspace. Three-dimensional vortex formation from domain-wall 
annihilations is considered a kink formation on a two-dimensional subspace projected from 
three dimensions. Numerical experiments reveal that the dynamics in the projected subspace 
obey the dynamic scaling law of phase-ordering kinetics [2]. This model is experimentally 
feasible and proposes a novel nonequilibrium phenomenon of phase ordering process, which 
occur effectively on restricted lower-dimensional subspace in higher-dimensional space [3]. 
 
[1] A. Sen, Int. J. Mod. Phys. A 20, 5513 (2005).  
[2] A. J. Bray, Adv. Phys. 43, 357 (1994).  
[3] H. Takeuchi, K. Kasamatsu, M. Tsubota, and M. Nitta, Phys. Rev. Lett. 109, 245301 (2012). 
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Work statistics and fluctuation theorem for quantum systems in mirco-canonical ini-
tial states

Peter Talkner

Institut für Physik, Universität Augsburg, Augsburg, Germany

Quantum fluctuation theorems have mainly been discussed for canonical initial states [1]; anal-
ogous relations also hold for grand-canonical [2] and micro-canonical initial states [3]. If an isolated
quantum systems is subject to a variation of a control parameter according to a prescribed protocol
its energy changes. We consider the case where the system initially resides in a micro-canonical
state at the energy E0, i.e. either of the states with this energy is found with equal probability.
The work done on the system then corresponds to the difference of the finally reached energy
and the initial energy. This work is a random quantity. Its distribution is determined by the
quantum mechanical transition probabilities characterizing the considered protocol. These tran-
sition probabilities obey detailed balance like relations due to time reversal symmetry leading to
the micro-canonical fluctuation theorem [1]. We shall illustrate this fluctuation theorem and dis-
cuss the statistics of work for sudden potential-curvature changes of a two-dimensional harmonic
oscillator.

[1] M. Campisi, P. Hänggi, Rev. Mod. Phys. 83, 771 (2011).
[2] J. Yi, Y.W. Kim, P. Talkner, Phys. Rev. E 86, 041630 (2012).
[3] P. Talkner, P. Hänggi, M. Morillo, Phys. Rev. E 77, 051131 (2008).
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Thermodynamic stability and kinetic aspects of CH4 - CO2 hydrate exchange

M. H. Waage1, K. S. Glavatskiy1, T. J. H. Vlugt2, T. S. van Erp1, S. Kjelstrup 1

1. Department of Chemistry, Norwegian University of Science and Technology, NO 7491 Trond-
heim, Norway.
2. Delft University of Technology, Process & Energy Laboratory, Leeghwaterstraat 44, 2628 CA
Delft, The Netherlands

The thermodynamic properties of an sI hydrate filled with CO2, CH4, and a mixture of the two has
been studied, using semi-Grand Canonical Monte Carlo simulations. We will present results for
the Helmholtz energy difference between an occupied hydrate and an empty hydrate with isolated
gas molecules, as well as the Helmholtz energy associated with the formation of the empty hydrate
structure. From this, we obtain a suggested thermodynamic pathway for exchange of CH4 and
CO2 hydrates. Additionaly, values for the Gibbs energy associated with the exchange process are
reported.

Further, we report results on Molecular Dynamics simulations made to study the kinetic aspects
of the CO2 - CH4 exchange. Flaws are made to a hydrate lattice, by the removal of some water
molecules. Then, by calculating the average flow rate for a set of concentration gradients cor-
responding to a total fractional filling, we obtain the diffusion constant for that total fractional
filling. To establish this approach, we also study diffusion of H2 in an sII hydrate. The results
from these simulations will be presented.
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Transport Properties of Diatomic Chains of Hard-point Particles 
 
Jiao Wang 
 

Department of Physics, Xiamen University, Xiamen 361005, Fujian, China 
 

A one-dimensional chain of hard-point particles subject to elastic collisions between the 
nearest neighbors serves as a simplified but typical model of one-dimensional fluids. It 
facilitates both numerical and analytical studies, and therefore has unique advantages for 
exploring the dynamical and the statistical problems. In recent years, some interesting properties 
of this system have been found and investigated. (e.g., Refs. [1-4].) In this talk, the phenomena 
and properties related to relaxation and transport will be discussed.  
 
[1] B. Li, G. Casati, J. Wang, and T. Prosen, Phys. Rev. Lett. 92, 254301 (2004) 
[2] J. Wang, G. Casati, T. Prosen, and C.-H. Lai, Phys. Rev. E 80, 031136 (2009) 
[3] J. Wang, E. Pereira, and G. Casati, Phys. Rev. E 86, 010101(R) (2012) 
[4] G. Benenti, G. Casati, and J. Wang, Phys. Rev. Lett. 110, 070604 (2013) 
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Optimal mixing for Cooperative Public Goods Game on Scale-free Network 
 
Hyunmo Yang 1 and Cheol-Min Ghim 1&2 
 

1. Graduate program of applied physics, UNIST, Ulsan 689-798, Korea 
2. School of Nano-Bioscience & Chemical Engineering and Graduate Program of Applied 
Physics, UNIST, Ulsan 689-798, Korea 
 

Influence of specific forming of populations on the cooperative behavior among selfish and 
intelligent individuals with Public Goods game has been studied with measurements which 
quantify structural characteristics into numbers. Three measures, which are p(k) degree 
distribution, assortativity, and clustering coefficient, all together can show spatial characteristics 
of mixed populations. To explore optimal mixing for cooperative behavior we employ degree 
preserving rewiring and produce a number of combinations of mixed population which are 
Scale-free. Among real-world networks, social network shows highly clustered and highly 
correlated degree-degree mixing. However, this is not the optimal mixing for cooperation in 
Public Goods game. Public Goods game which is N-prisoner’s dilemma game requires 
cooperation of group members for sustain of cooperators. Forming of groups, therefore, take a 
prominent role to enhance cooperation. We discuss in details structure and function of 
population in the aspect of cooperation.  
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Atomic density function modeling of pattern formation. 
 
Helena Zapolsky, M. Certain , M. Lavrskiy  

 

 
UMR 6634, GPM, Department of Sciences, Rouen University, Saint-Etienne du Rouvray 
76801 , France 
 
Half a century ago, the great mathematician Alan Turing wrote his paper on biology and 
chemistry, about how a certain type of chemical reaction ought to produce many patterns seen in 
nature [1]. From this moment, the problem of Turing pattern formation has attracted much 
attention in different fields of nonlinear science [2]. Striped and mottled Turing patterns are 
found throughout nature-on a zebra’s coat, on a fish’s skin, on a sand dune, in a microstructure 
in alloys and in the ocular dominance columns of the brain. Recently, the continuum version of 
atomic function density (ADF) theory has been proposed to model atomic-scale evolution of 
crystalline patterns [3]. It was shown that the continuum version of the ADF kinetic theory is a 
particular case of the previously developed atomic density theory based on underlying Ising 
lattice [4]. The forming patterns are found to depend strongly from the system parameters and 
the symmetry of interaction potential, however there is some universality in a rich variety of 
patterns: the stripes and spots in 2D, and lamellae and spherical droplets in 3D arranged in 
structures of high symmetry, with or without defects or distortions. In this presentation, it will 
shown that the ADF model with properly chosen interaction potentials, in principle, can 
describe a spontaneous self-organization producing any crystal lattice in the crystallization 
process as well as the reconstructive solid-solid phase transformation, self-organize systems etc 
without a priori assumption about the transformation pathway.   
 
 
[1] A.M. Turing, Philosophical Transactions of the Royal Society of London 237 (641), 1952,  
   37– 72.1952. 
[2] M.C. Cross, P.C. Hohenberg «Pattern formation outside of equilibrium», Rev.Mod.Phys. 65,  
   851-1112, 1993. 
[3] Y. Jin, A.G. Khachaturyan «Atomic density function theory and modeling of microstructure  
   evolution at the atomic scale» J. Appl. Phys. 100, 013519-013532, 2006. 
[4] J. Boisse, H. Zapolsky, A.G. Khachaturyan, Acta Mat., 59   Issue: 7, Pages: 2656-2668, 

2011.  
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Breakdown of effective phonon theory in one-dimensional chains with asymmetric interactions 
 
Yong Zhang, Shunda Chen, Jiao Wang, Hong Zhao 
 

Department of Physics and Institute of Theoretical Physics and Astrophysics, Xiamen 
University, Xiamen 361005, Fujian, China 
 
Phonons are universal language for solid state theory. Effective phonon theory (self-consistent 
harmonic approximation) have been extensively used to access the weakly nonlinear effect in 
solid materials, which are standard content in textbook. In this manuscript, we test the effective 
phonon theory in one-dimensional chains with asymmetric interactions. It is found that 
simulation results agree well with theoretical predictions for symmetric cases, while 
significantly deviate from theoretical predictions for asymmetric cases. Our results imply the 
asymmetric interaction can provide stronger phonon-phonon interaction, which lead to break 
down of the effective phonon theory. 
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The correspondence between long-range and short-range spin glasses

R. A. Baños 1,2, L. A. Fernandez 2,3, V. Martin-Mayor 2,3, and A. P. Young 4

1. Department of Theoretical Physics, University of Zaragoza, Spain
2. Institute for Biocomputations and Complex Systems, University of Zaragoza, Spain
3. Department of Theoretical Physics I, Complutense University, Spain
4. Department of Physics, University of California, Santa Cruz, USA

We compare the critical behaviour of the short-range Ising spin glass with a spin glass with
long-range interactions which fall off as a power σ of the distance. We show that there is a value of
σ of the long-range model for which the critical behaviour is very similar to that of the short-range
model in four dimensions. We also study a value of σ for which we find the critical behaviour to
be compatible with that of the three dimensional model, though we have much less precision than
in the four-dimensional case.
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Phase diagram of 3-dimensional Heisenberg Spin Glasses with Random Anisotropy
through massive GPU simulations

M. Baity-Jesi1,2, L. A. Fernández1, V. Mart́ın-Mayor1, J. M. Sanz1

1. Departamento de F́ısica Teórica I, Universidad Complutense, 28040 Madrid, Spain.
2. Dipartimento di Fisica, Sapienza Università di Roma, 00185 Roma, Italy

Spin Glasses (SGs) are emblematic in Complex Systems, since they gather all their fundamental issues
in very simple models. The literature concentrates on Edwards-Anderson’s SGs (binary spins), although
experimental SGs are described much better with a Heisenberg model (continuous spins) with small ran-
dom anisotropies [1]. This because with continuous spins the transition temperature TSG is much lower
(only recently it was confirmed that TSG > 0 [2,3]), so huge computation times are needed to reach ther-
malization. Also, there are two order parameters, the Chiral and the Spin Glass overlap, representing
respectively the spins’ vorticity and alignment. It is not yet established whether the two parameters order
simultaneously [4], or they yield separate phase transitions [5].

We characterize the phase diagram of Anisotropic Heisenberg Spin Glasses. Anisotropy changes the
universality class of the transition, and according to the Spin-Chirality Decoupling scenario [5], they are
responsible of a recoupling of Spin Glass and Chiral order parameter. Thanks to the Tianhe-1A 1 and the
Minotauro 2 GPU supercomputers we have been able to thermalize, with the Parallel Tempering technique,
cubic lattices with up to L3 = 643 spins, over a vast range of temperatures. We remark the presence of
strong finite-size effects on the Chiral sector, that we handle with Finite-Size Scaling. While the Spin Glass
dimensionless correlation lengths ξSG/L appear to cross at a fixed temperature TSG, the Chiral transition
temperature TCG ≥ TSG shifts towards TSG with increasing L. In the large-L limit TSG and TCG become
compatible.

[1] V.Martin-Mayor, S.Perez-Gaviro, Phys. Rev. B, 84, 2, 024419 (2011).
[2] L.W. Lee and A.P. Young, Phys. Rev. Lett. 90, 227203 (2003).
[3] I. Campos, M. Cotallo-Aban, V. Martin-Mayor, S. Perez-Gaviro, A. Tarancon, Phys. Rev. Lett. 97,
217204 (2006).
[4] L.A.Fernandez, V.Martin-Mayor, S.Perez-Gaviro, A.Tarancon, A.P.Young, Phys. Rev. B 80, 2, 024422
(2010).
[5] D.X.Viet and H.Kawamura, Phys. Rev. Lett. 102, 027202 (2009).

1Nationl Super-Computing Center, Tianjin, China.
http://www.nscc-tj.gov.cn/en/

2Barcelona Supercomputing Center, Barcelona, Spain
http://www.bsc.es
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Work fluctuations in disordered media: a continuous-time random walk approach

Andrea Cairoli 1 and Adrian Baule 1

1. School of Mathematical Sciences, Queen Mary, University of London, Mile End Road, London
E14NS, United Kingdom

Diffusive processes in disordered media such as glassy systems and granular matter often exhibit
deviations from Fick’s second law, as the mean square displacement of the position

〈
x2(t)

〉
no longer

scales linearly with time. This phenomenon, known as anomalous diffusion, can be studied on a
phenomenological level by introducing continuous-time random walk (CTRW) models.
Here, we consider the work fluctuations in a disordered medium by using a dragged particle model.
The influence of the environment is modelled by a CTRW, leading to a non-Markovian stochastic
process for the motion of the particle, whereby the mechanical work is given as a functional
of the particle trajectory. We investigate the properties of this functional in the framework of
subordinated Langevin equations and path-integrals.
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Non-affine deformations in a sheared crystal and a hidden elastic critical point

Tamoghna Das 1, Surajit Sengupta 2 and Madan Rao 3

1. Collective Interactions Unit, Okinawa Institute of Science and Technology Graduate University,
Okinawa, Japan
2. TIFR Center for Interdisciplinary Science, Hyderabad, India
3. National Centre for Biological Sciences and Raman Research Institute, Bangalore, India

Under pure shear, a crystalline solid in two dimensions exhibits localized non-affine deforma-
tions, which we show is associated with droplet excitations from nearby metastable liquid and
glassy minima. With increasing shear, the size of these localized deformations grow until they
percolate at a critical point. This happens in the linear response (Hookean) regime, well before the
solid yields. This geometrical critical point does not manifest in bulk thermodynamic or mechan-
ical properties, but is hidden and reveals itself in the onset of inhomogeneities in elastic moduli,
sudden enhancement in defect pair nucleation, disappearance of a metastable liquid-glass spinodal
and finally in dynamics, namely a slow anelastic response.

Analysis of the mechanical response of amorphous matter such as bubble rafts, bulk metal-
lic glasses, sheared granular matter and colloids, in terms of localized shear induced non-affine
deformations, has lead to a deep and unified understanding of the microscopic mechanisms of
stress relaxation in non-crystalline solids. Do such non-affine excitations occur in a crystalline
solid as well, and if so does an analysis based on these excitations provide fresh insight into the
mechanical response of crystalline solids? This has important implications, since unlike amorphous
solids, a crystalline solid has a well defined reference configuration, allowing for an identification
of non-affine excitations even at zero applied strain.

Following this line of thinking, we have used molecular dynamics (MD) simulations to demon-
strate that localized non-affine deformations may be thermally excited in an unstrained crystalline
(triangular) solid interacting via the Lennard Jones (LJ) potential in two dimensions (2d). We
identified these localized regions with droplet fluctuations from metastable liquid and glassy min-
ima, with compact liquid-like droplets at negative excess pressure (local dilation) coexisting with
string-like glassy structures under local compression (positive excess pressure). The droplet excess
pressure behaves non-monotonically with droplet density and shows a prominent van der Waals
loop that vanishes at a metastable critical point as the temperature is increased. [1]

Next, we extend our earlier MD-based analysis to study the mechanical response of the 2d-LJ
solid to quasi-static shear. We find that these localized non-affine deformations are the seeds for
the shear induced non-affine regions which grow as the crystalline solid is sheared. By focusing on
the growth, statistics and thermodynamics of these shear induced non-affine regions we discover
a hidden critical point with a thermodynamic aspect, namely the disappearance of a metastable
spinodal. At a macroscopic level, this hidden mechanical critical point reveals itself in an anelastic
response. What is remarkable is that this hidden critical point lies in the Hookean regime, well
before the yield point of the solid. [2]

[1] Phys. Rev. E 82 (4) 041115 (2010)
[2] Manuscript in preperation.
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Competition between glass and gel, a continuous-time random walk description

Vanessa K. de Souza and Pablo I. Hurtado

Institute Carlos I for Theoretical and Computational Physics, and Departamento de Electromag-

netismo y F́ısica de la Materia, Universidad de Granada, Granada 18071, Spain

In amorphous materials, phase transformations such as glassy arrest, gelation and percolation

pose unique challenges and form a gap in our understanding of condensed matter science. Further

novel behaviours emerge from competition between transformations, providing opportunities for

engineering materials with novel functionalities. To understand the different arrest mechanisms,

and furthermore competition between mechanisms, a description of the microscopic dynamics is

desirable.

We investigate the interplay between glassy arrest and gelation using a continuous-time random

walk (CTRW) model. Competition results in complex, multi-step decay of correlation functions,

controlled by two localization lengthscales. In our model, particles jump between transient cages

which form temporary traps on two different lengthscales. The CTRW description is general and

can be applied successfully to two systems characterised by different competing iteractions:

(1) a hard-core repulsion competes with a short-range attraction [1], and

(2) a soft repulsion competes with an entropic attraction [2].

Both systems can be realised experimentally with colloid-polymer mixtures [3,4]. The former using

a non-adsorbing polymer, which introduces a short-range interparticle attraction via the depletion

effect. Gel cages formed by polymer ‘bonds’ between particles are smaller than the glass cages

formed topologically by nearest-neighbours. Conversely, in the latter system, formed by telechelic

polymers in an oil-in-water microemulsion, the topological glass cages are smaller.

In two highly contrasting systems, we can use a random walk description with trapping in

two different cage sizes to faithfully recreate the state diagram, the dynamics in each region and

identify boundaries delineating the dominance of different arrest mechanisms.

[1] E. Zaccarelli and W. C. K. Poon, PNAS 106, 15203 (2009).

[2] P. Chaudhuri, L. Berthier, P. I. Hurtado and W. Kob, Phys. Rev. E 81, 040502(R) (2010).

[3] K. N. Pham, A. M. Puertas, J. Bergenholtz, S. U. Egelhaaf, A. Moussaid, P. N. Pusey, A. B.

Schofield, M. E. Cates, M. Fuchs, and W. C. K. Poon, Science 296, 104 (2002).

[4] E. Michel, M. Filali, R. Aznar, G. Porte, and J. Appell, Langmuir 16, 8702 (2000).

PP2-8-5



STATPHYS25 JULY 21-26, 2013

AbstrActs Poster PresentAtions
470

Monte Carlo and Langevin dynamics simulations for the steady-state and relaxation
properties of magnetic flux lines in type-II superconductors

Hiba Assi, Ulrich Dobramysl, Michel Pleimling, and Uwe C. Täuber

Department of Physics, Virginia Tech, Blacksburg, VA 24061-0435, USA

We investigate the non-equilibrium relaxation properties and steady states of interacting mag-
netic flux lines in type-II superconductors in the presence of driving external currents and / or
different types and configurations of localized attractive pinning centers. We model the vortices
as elastic lines, and study the competing effects of thermal fluctuations, mutual repulsion, and
pinning to defects. We employ both three-dimensional Monte Carlo and more efficient Langevin
molecular dynamics simulations. Comparison of the resulting data for the non-equilibrium station-
ary states as well as the preceding relaxation regimes allows us to validate the utilization of both
algorithms in out-of-equilibrium settings; we also carefully analyze finite-size effects. We employ
various two-time correlation functions to characterize the transient relaxation kinetics from an
initial non-equilibrium configuration. We vary the disorder type and strength and compare our
results for random point-like and columnar disorder.

Research supported by the U.S. Department of Energy, Office of Basic Energy Sciences, Division
of Materials Sciences and Engineering under Award DE-FG02-09ER46613.
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Order formation in glass-like systems with many-body interactions

Yoichiro Hashizume 1 and Masuo Suzuki 2

1. Tokyo University of Science, 1-3 Kagurazaka, Shinju-ku, Tokyo, 162-8601, Japan
2. Computational Astrophysics Laboratory, RIKEN, 2-1 Hirosawa, Wako, Saitama, 351-0198,
Japan

Recently, we have shown that the glass-like phase appears in some typical spin systems includ-
ing many-body interactions [1]. In the spin system constructed by many-body interactions, the
magnetization m(= ⟨Si⟩) does not appear without an external field H [2]. However, the “spin-pair
order” η(= ⟨SiSj⟩) appears below the critical temperature Tc [1]. Here the spins Si and Sj in the
definition of η are located in the nearest neighbors, and all the coplaner spin-pairs make “large”
order in certain temperatures [1,3] as shown in Fig.1. Furthermore, the ground state includes 23L

degenerated states for the system size L. Thus, the above two parameters m and η characterize the
glass-like phases. In the present study, we focus on the order formation processes of this glass-like
transition. Using the decoupling approximation (namely, mean-field approximation), we obtain
the following Langevin equations including the thermal noise ζ(t) as

τ
d

dt
m = −m+ dmη + ζ(t), and τ

d

dt
η = aη − bη3 + cm2η, (1)

where the parameters a, b, c and d denote the functions of the temperature T . At the critical
temperature Tc, the function a vanishes, namely a(Tc) = 0. The order parameter η is affected by
the noise ζ(t) through the magnetization m which does not order in any temperature. We analyze

the above Langevin equations and obtain the scaling function f
(η)
sc (s). Finally, we show that the

scaling function corresponds to the kernel of the scaling function f
(m)
sc (τ) of the ordinary scaling

theory [4]. We will also discuss the entropy production of this model.

Fig. 1: An example of coplaner spin-pairs. Similar
configurations appear in other directions.

Fig. 2: Order formation. The time dependence of
order formation, namely ⟨η2⟩(t), is shown.

[1] Y. Hashizume and M. Suzuki, Int. J. Mod. Phys. 25 (2011) 73, 3529.
[2] F. J. Wegner, J. Math. Phys. 12 (1971) 2259.
[3] D. A. Johnston, J. Phys. A: Math. Theor. 45 (2012) 405001.
[4] M.Suzuki, Prog.Theor.Phys.56 (1976) 77,477, ibid 57 (1977) 380.
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Component Decoupling and Glass-Forming Ability of Multicomponent Metallic 
Supercooled Liquids 
 
Jeongmin Kim1,2, and Bong June Sung1* 
 
1. Department of Chemistry, Sogang University, Seoul 121-742, Republic of Korea 
2. Research Institute of Basic Science, Sogang University, Seoul 121-742, Republic of Korea 
 
 Dynamic decoupling phenomena such as the breakdown of Stokes-Einstein relation (SER) 
near glass transition have been an issue of great interest. For example, glass-forming 
Pd43Cu27Ni10P20 alloy shows a strong component decoupling of diffusion coefficients between 
the largest component Pd atom and others when the alloy is supercooled below a critical 
temperature [1]. The component decoupling of different species may relate to a structural 
motif of alloys, which might be also responsible for the excellent glass-forming ability of 
alloys. To elucidate the relation between the component decoupling and the glass-forming 
ability, we perform molecular dynamics simulations for hard sphere mixtures modeled after 
Pd43Cu27Ni10P20 melts. We find that SER starts to break down at a critical volume fraction 
(ϕc) given by mode-coupling theory. Near ϕc the diffusion coefficient of P becomes about 20 
times larger than that of Pd with a particle displacement distribution function showing clear 
component decoupling between a slow Pd atoms and a mobile P atoms. We also investigate 
the lifetime distribution of bonds between Pd atoms to find the structural origin of component 
decoupling, 
 
[1] A. Bartsch, Phys. Rev. Lett. 104, 195901 (2010) 
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Acoustic Properties of Polymeric Materials Studied by High-pressure Brillouin 
Light Scattering  
 
Jae-Hyeon Ko,1 Min-Seok Jeong,1 Byoung Wan Lee,1 Jae Hyun Kim,1 Young Ho Ko,2 and Kwang Joo 
Kim2 
 

1. Department of Physics, Hallym University, Chuncheon, Gangwondo, 200-702, Korea 
2. 4-2-2, Agency for Defense Development, P.O. Box 35, Yuseong, Daejeon, 305-600, Korea 
 

Acoustic properties of polymeric materials under high pressure were studied by using 
Brillouin spectroscopy [1]. The longitudinal and transverse sound velocities and corresponding 
elastic moduli of representative polymers, such as polyethylene terephthalate, were obtained up 
to 13 GPa. The equations of state (EOS), i.e., pressure-density relationship, could be derived 
from these acoustic properties. The EOS could also be obtained from the pressure dependence 
of the refractive index, which was consistent with the former results. These studies showed that 
the acoustic and mechanical properties exhibited a rapid change at low pressures, whereas they 
presented mild change at high pressures. This may be attributed to the collapse of free volume 
in these polymeric materials in the vicinity of a certain pressure [2].  

* Acknowledgements: This work was supported by the Defense Research Laboratory 
Program of the Defense Acquisition Program Administration and the Agency for Defense 
Development of Republic of Korea 

 
[1] J. H. Kim, J. –Y. Choi, M. –S. Jeong, J. –H. Ko, M. Ahart, Y. H. Ko, and K. J. Kim, J. 
Korean Phys. Soc. 60, 1419 (2012).  
[2] A. S. Benjamin, M. Ahart, S. A. Gramsch, L. L. Stevens, E. B. Orler, D. M. Dattelbaum, and 
R. J. Hemley, J. Chem. Phys. 137, 014514 (2012).  
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Frustration in the vicinity of the transition point of spin glasses

Ryoji Miyazaki

Department of Physics, Tokyo Institute of Technology, Oh-okayama, Meguro-ku, Tokyo 152-8551,
Japan

A relationship between frustration and the transition point at zero temperature of the Ising spin
glasses is reported. The relation reveals that in several Ising spin glass models the concentration of
antiferromagnetic bonds is in good agreement with the critical concentration at zero temperature
when the derivative of the average number of frustrated plaquettes with respect to the average
number of antiferromagnetic bonds is equal to unity. This relation is confirmed in the Ising spin
glasses with binary couplings on the two-dimensional lattices. In addition, the same argument in
the Sherrington-Kirkpatrick model yields a point that is identical to the replica-symmetric solution
of the transition point at zero temperature.
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The disordered Bose-Hubbard model and percolating SF clusters

A.E.Niederle and H. Rieger

Theoretical Physics, Saarland University, D–66041 Saarbrücken, Germany

The phase diagram of the Bose-Hubbard model at zero temperature consists of Mott-insulator

regions having an integer particle number on every site and superfluid regions where the system

is in a coherent state. By introducing disorder the Bose glass phase occurs in between, which is

not coherent (like the Mott-insulator) but compressible (like the superfluid). We treat this system

within local mean field approximation, leading to a sum of local Hamiltonians with a mean field

coupling. We will discuss the results of this approach in terms of the superfluid order parameter

and the compressibility, which are commonly used to identify the different phases, and discuss

differences to the stochastic mean field approach [1]. On the basis of these studies we interpret the

Bose glass phase as a mixture of Mott-insulating and superfluid sites. We demonstrate that the

percolation of the superfluid sites marks the Bose glass to superfluid phase transition in parameter

space for fixed disorder strength as well as for commensurate filling. Quantum Monte-Carlo results

[2] are in perfect agreement with this percolation transition.

[1] U. Bissbort, and W. Hofstetter, Europhys. Lett. 86, 50007 (2009)

[2] S. G. Söyler, M. Kiselev, N. V. Prokof’ev, and B. V. Svistunov, Phys. Rev. Lett. 107, 185301

(2011)
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Monte Carlo simulations of the three-dimensional XY spin glass focusing on chiral
and spin order

Tomoyuki Obuchi1,2 and Hikaru Kawamura3

1. Cybermedia Center, Osaka University, Toyonaka 560-0043, Japan
2. CNRS-Laboratoire de Physique Theórique de l ’ENS, 24 rue Lhomond, Paris 75005, France
3. Department of Earth and Space Science, Graduate School of Science, Osaka University, Toyon-
aka 560-0043, Japan

Ordering properties of spin glasses (SGs) are longstanding but still hotly debated topic. One
of the controversial points is about the presence of the spin-chirality decoupling in vector-type
SGs. To clarify this, we study the ordering of the three-dimensional isotropic XY spin glass
with the nearest-neighbor random Gaussian coupling by extensive Monte Carlo simulations. To
investigate the ordering of the spin and the chirality, we compute several independent physical
quantities including the glass order parameter, the Binder parameter, the correlation-length ratio,
the overlap distribution and the non-self-averageness parameter, etc, for both the SG and the
chiral-glass (CG) degrees of freedom. Evidence of the spin-chirality decoupling, i.e., the CG and
the SG order occurring at two separated temperatures is obtained from the glass order parameter,
which is corroborated by the Binder parameter. By contrast, the CG correlation-length ratio
yields a rather pathological and inconsistent result, which may originate from the finite-size effect
associated with a significant short-length drop-off the spatial CG correlations. Finite-size-scaling
analysis yields the CG exponents νCG ≈ 1.4 and ηCG ≈ 0.3, and the SG exponents νSG ≈ 1.2
and ηSG ≈ −0.5. These exponents are close to those of the Heisenberg SG, but are different from
those of the Ising SG. The chiral overlap distribution and Binder parameter exhibit the feature of
a continuous one-step replica-symmetry breaking (1RSB) also common with the Heisenberg SG.
Such a 1RSB feature is different from the Ising one, which may explain the difference of the CG
critical properties from the Ising one despite of a common Z2 symmetry.
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Free Energy Plefka Chain-Expansion for finite-dimensional Ising Model

Shao-Meng Qin and Hai-Jun Zhou

Key Laboratory of Frontiers in Theoretical Physics, Institute of Theoretical Physics, Chinese A-
cademy of Sciences, Beijing 100190, People’s Republic of China

A great amount work on spin glass has been done to understand the complex behaviour in
disordered magnetic materials. Many physicists devote efforts to develop approximate theoretical
methods for finite-dimensional spin glass models, such as the naive mean-field method, Thouless-
Anderson-Palmer equations, and the Plefka expansion method[1]. We develop a chain-expansion
scheme as an extension of the Plefka expansion to compute the free energy of finite-dimensional
Ising-like models. In this chain-expansion scheme, the zeroth order system is composed of a
maximal number of non-crossing chains. The interactions between different chains contribute to
higher-order terms to the expanded Gibbs potential of the system. We give the explicit equations
to the fourth order of this chain expansion. When applying the chain-expansion approach to the
Ising model on the infinite square lattice and the infinite cubic lattice, we obtain the ferromagnetic
phase transition critical inverse temperature βc ≈ 0.446(5) and βc ≈ 0.216(5), respectively. The
application of this chain-expansion method to spin glass systems with random quenched coupling
constants and external fields is also discussed.

[1] Plefka T 1982 Journal of Physics A 15 1971
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Critical Exponents of the Random Field Hierarchical Model

Aurelien Decelle 1, Giorgio Parisi 1,2 and Jacopo Rocchi 1

1. Dipartimento di Fisica, Università “La Sapienza”, P.le A. Moro 2, I-00185 Roma, Italy
2. INFN – Sezione di Roma1, CNR – IPCF UOS Roma

We have calculated the critical exponents of the ferromagnetic transition in the random field
hierarchical model (RFHM) using two independent methods. This is a one dimensional model
with a long range ferromagnetic coupling between spins [1] where the strength of the interaction
can be tuned in order to analyze mean-field and non mean-field critical behavior [2],[3]. Moreover,
this kind of interaction allows to study the static properties of the model using an exact iteration
equation for the probability distribution of the order parameter [2],[3]. Some disordered systems
such as the random energy model (REM), the diluted ferromagnet and the spin glass have already
been considered in their hierarchical version [4], [5], [6], [7]. They have also been used to test a new
real space renormalization group technique, the Ensemble Renormalization Group (ERG), which
is thought to be the appropriate one in the context of frustrated models [7].

In the Random Field problem [8], we are interested in the zero temperature limit [9], where
a phase transition occurs at some finite disorder strength. We have used a recently developed
algorithm [10] to solve the problem and calculate the critical exponents of the RFHM as a function
of the strength of the ferromagnetic coupling, exploring mean-field and non mean-field regions.
Then, using an ERG transformation, we have been able to characterize completely the phase
diagram in the temperature-disorder strength plane and we have used a T = 0 limit of these
transformation to obtain an independent estimation of the critical exponents.

[1] F. Dyson, Commun. Math. Phys. 12, 91 (1969).
[2] Y. Meurice, J. Phys. A 40, R39 (2007).
[3] P. Collet, J. Eckmann, A renormalization group analysis of the hierarchical model in

statistical mechanics, Springer-Verlag, 1978.
[4] S. Franz, T. Jörg, G. Parisi, J. Stat. Mech. P02002 (2009).
[5] M. Castellana, A. Decelle, S. Franz, M. Mézard, G. Parisi (2010),

Physical Review Letters, 104(12), 127206.
[6] M. Castellana, G. Parisi, Physical Review E 83.4 (2011): 041134.
[7] M. C. Angelini, G. Parisi, F. Ricci-Tersenghi, arXiv preprint arXiv:1111.6869 (2011).
[8] Y. Imry, S. K. Ma, Physical Review Letters, 35, 1399 (1975).
[9] D. S. Fisher, Physical Review Letters 56.5 (1986): 416-419.
[10] C. Monthus, T. Garel, J. Stat. Mech. 2011.07 (2011): P07010.
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Direct Numerical Detection of Ergodicity Breaking in a Lattice Glass Model

Munetaka Sasaki 1 and Koji Hukushima 2

1. Department of Applied Physics, Tohoku University, Sendai 989-3204, Japan
2. Department of Basic Science, The University of Tokyo, Tokyo 153-8902, Japan

Ergodicity breaking, which is caused by the division of the phase space, is impossibility for a
system to explore the whole of the phase space. Its existence has been suggested theoretically in
many constrained systems. However, direct observation of the ergodicity breaking has not been
done yet. We therefore performed a numerical simulation to directly detect the ergodicity breaking
in a lattice glass model [1] on a regular random graph, which is predicted to exhibit the ergodicity
breaking at a certain density ρd by detailed analyses with the cavity method [2]. In this simulation,
we restricted the occupation density of particles ρ to be ρL < ρ < ρH and measured the overlap
distribution P (q) in two cases (i) ρL < ρd and (ii) ρL > ρd. As a result, we found that P (q) in
the case (i) has two peaks around q = 0 and q = 1, while P (q) in the case (ii) has a single peak
around q = 1. This result strongly indicates that the model exhibits the ergodicity breaking at ρd,
as predicted by the cavity method.

[1] G. Biroli and M. Mézard: Phys. Rev. Lett. 88 (2002) 025501.
[2] O. Rivoire, G. Biroli, O. C. Martin and M. Mézard: Eur. Phys. J. B 37 (2004) 55.
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Temperature chaos in 3D Ising Spin Glasses is driven by rare events

L.A. Fernandez1,2, V. Martin-Mayor1,2, G. Parisi3,4 and B. Seoane2,3.

1. Departamento de F́ısica Teórica I, Universidad Complutense, 28040 Madrid, Spain.
2. Instituto de Biocomputación and F́ısica de Sistemas Complejos (BIFI), 50009 Zaragoza, Spain.
3. Dipartimento di Fisica, Sapienza Università di Roma, Italy.
4. INFN, Sezione di Roma I, IPFC-CNR, P.le A. Moro 2, I-00185 Roma, Italy.

We study temperature chaos (TC) of the three-dimensional Ising spin glass. TC refers to
the complete reorganization of the equilibrium configurations by the slightest change in temper-
ature. This phenomenon has been widely investigated in numerical simulations (see [1] for the
same model), but almost invariably data were analyzed using a scaling picture [2], in which two
configurations at temperatures T1 and T2 would be only different beyond certain characteristic
length ξC(T1, T2). The emerging picture is that of a gradual and extremely weak phenomenon
often attributed to a large ξC(T1, T2), comparable or larger than the simulated system sizes (and
also larger than the experimental rejuvenation length scales).

We propose a different approach. Here, TC is quantitatively treated as a rare-event driven
phenomenon. When TC occurs its effects are strong and can be felt even at the shortest length
scales (which contradicts the common belief of a very long chaotic length). To arrive at this con-
clusion we analyzed unprecedentedly large configurations equilibrated at low temperatures, thanks
to the Janus computer. In addition, we propose a novel analysis using a large-deviations functional
(similar to those proposed for mean field analythical studies for TC [3]) that allows to discuss the
size dependencies. The route to establish time-length dictionaries that relate equilibrium physics
with the non-equilibrium experimental work is now open also for temperature-varying protocols.

[1] H. G. Katzgraber and F. Krazakala, Phys. Rev. Lett. 98, 017201 (2007).
[2] J. R. Banavar and A. J. Bray, Phys. Rev. B 35, 8888 (1987).
[3] R. Álvarez Baños et al. (Janus Collaboration), J. Stat. Mech., P06026 (2010).
[4] G. Parisi and T. Rizzo, J. Phys. A 43 235003 (2010).
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Relaxation Phenomena in Supercooled Liquid and Glassy Enantiomer (+)-
Ibuprofen Studied by Photon Correlation and Dielectric Spectroscopies 
 
Dong-Myeong Shin 1, Jae-Hyeon Ko 2, Hyung Kook Kim 1 and Yoon-Hwae Hwang 1,* 
 

1. Department of Nanomaterials Engineering & BK 21 Nanofusion Technology Division, Pusan 
National University, Miryang 627-706, Korea 
2. Department of Physics, Hallym University, Chuncheon 200-702, Korea 
 

Relaxation phenomena of enantiomer (+)-ibuprofen in the glassy and supercooled liquid 
phase were studied by photon correlation and dielectric spectroscopies. The intermediate 
scattering function measured by PCS showed two relaxation processes. The slow one 
corresponding to the structural relaxation was consistent with previous studies. On the other 
hand, the fast one is unknown process and almost a factor of 3 faster than the -relaxation. The 
dielectric relaxation was measured in the temperature range which covers a supercooled and a 
glassy states in the frequency range of 10 mHz – 1 MHz. We found that the unknown extra 
relaxation is a unique property of (+)-ibuprofen which might originate from another structural 
motion. 
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Predictability of Avalanche Type Structural Rearrangement In Dusty 
Plasma Liquids 
 
Yen-Shuo Su(蘇彥碩) and Lin I(伊林) 
Department of Physics and Center of Complex Systems, National Central University, 
Jhongli,32001       
E-mail: elysion5218@hotmail.com 
  
Microscopically, the multi-scales heterogeneous structure and avalanche type collective 
motion are signatures of cold or supercooled liquids. Whether the static structural order can be 
used to predict the heterogeneous structural rearrangement is still an elusive issue. In this 
work, through video microscopy, the above issue is studied in a quasi-2D dusty plasma liquid 
formed by polydispersd charged dust particles suspended in a low pressure discharge through 
direct visuallization. It is found that poor local structural order could be a good alarm to 
predict short term structural rearrangement, but some structural rearrangement events still 
occur in the sites with good local order. The deviation of the local structural order from that 
averaged over a small surrounding region serves as a good second alarm to further sort out the 
short time structural rearrangment events in order sites. Through tracking the evolution of 
structural rearrangment events in xyt plane, the large scale structural rearrangment can be 
identified and correlated with small scale “preshock“ event. 
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A relation between replica symmetry and a performance of approximation algorithms
in minimum vertex cover problems on uniform random hypergraphs

Satoshi Takabe and Koji Hukushima

Graduate school of Arts and Sciences, The University of Tokyo, Tokyo 153-8902, Japan

Typical-case behavior of a class of randomized combinatorial optimization problems has at-
tracted a great deal of interest in computer science and also practical aspects in human society.
In this presentation we study minimum vertex cover problems (min-VCs) on random α-uniform
hypergraphs using two different approaches [1], a replica method in statistical mechanics of random
systems and a leaf removal algorithm, one of approximation algorithms for min-VCs. The random
hypergraph has the same edge degree α and its vertex degree follows Poisson distribution. We
find that there exists a phase transition at the critical average degree e/(α− 1). Below the critical
degree, a replica symmetric ansatz in the statistical-mechanical method holds and the algorithm
estimates a solution of the problem which coincides with that by the replica method. In contrast,
above the critical degree, the replica symmetric solution becomes unstable and these methods fail
to estimate the exact solution. These results strongly suggest a close relation between the replica
symmetry and the performance of the approximation algorithm.

[1] S. Takabe and K. Hukushima arXiv:1301.5769.
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Partition Function Expansion on Region Graphs 
Chuang Wang 1,2 and Haijun Zhou 1 

 

1. State Key Laboratory of Theoretical Physics, Institute of Theoretical Physics, 
Chinese Academy of Sciences, Zhong-Guan-Cun East Rd. 55, Beijing 100190, China 
2. University of the Chinese Academy of Sciences, Beijing, China 
 
Graphical models for finite-dimensional spin glasses and real-world combinatorial 
optimization problems usually have an abundant number of short loops. The cluster variation 
method and its extension, the region graph method [1], are theoretical approaches for treating 
the complicated short-loop-induced local correlations. For graphical models represented by 
non-redundant or redundant region graphs, approximate free energy landscapes are 
constructed in this work through the mathematical framework of region graph partition 
function expansion [2]. Several free energy functionals are obtained, each of which use a set 
of probability distribution functions or functionals as order parameters. These probability 
distribution function/functionals are required to satisfy the region graph belief-propagation 
equation or the region graph survey-propagation equation to ensure vanishing correction 
contributions of region subgraphs with dangling edges. 

As a simple application of the general theory, we perform region graph 
belief-propagation simulations on the square-lattice and cubic-lattice ferromagnetic Ising 
model and the Edwards-Anderson model. Considerable improvements over the conventional 
Bethe-Peierls approximation are achieved [2]. 
 
[1] J.S. Yedidia, W.T. Freeman, and Y. Weiss, IEEE Trans. Inf. Theory 51, 2282--2312, 2005. 
[2] H.-J. Zhou and C. Wang, Journal of Statistical Physics 148, 513--547, 2012. 
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Solution space coupling in the random K-satisfiability problem

Ying Zeng and Hai-Jun Zhou

State Key Laboratory of Theoretical Physics, Institute of Theoretical Physics, Chinese Academy
of Sciences, Zhong-Guan-Cun East Road 55, Beijing 100190, China

The random K-satisfiability (K-SAT) problem is very difficult to solve when the clause density
α is close to the satisfiability threshold value αs(K). There exists a gap between αs(K) and
the largest density for which any polynomial time algorithm can find a solution. With the aim
of designing new heuristic solvers, given a random K-SAT formula, whose clause density is very
close to αs(K), we divide it into two disjoint sub-formulas with equal size and let the solution
spaces of these two sub-formulas to interact with each other through a coupling field x. We
investigate the statistical mechanical property of this coupled system by mean field theory and
computer simulations. The coupled system has an ergodicity-breaking (clustering) transition at
certain critical value xd of the coupling field. At this transition point, the mean overlap value
between the solutions of the two solution spaces is very close to 1. The mean energy density of
the coupled system at its clustering transition point is less than the mean energy density of the
original K-SAT problem at the temperature-induced clustering transition point. The implications
of our findings for designing new heuristic algorithms are discussed.
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Inducing effects in percolation on complex networks

Jin-Hua Zhao 1 Hai-Jun Zhou 1 and Yang-Yu Liu 2 3

1. Institute of Theoretical Physics, Chinese Academy of Sciences, Beijing, People’s Republic of
China,
2. Center for Complex Network Research and Department of Physics, Northeastern University,
Boston, Massachusetts 02115, USA,
3. Center for Cancer Systems Biology, Dana-Farber Cancer Institute, Boston, Massachusetts 02115,
USA

Percolation theory concerns the emergence of connected clusters that percolate through a sys-
tem (e.g., a complex network or a hypercubic lattice). Various percolation transitions have been
studied in the literature, including the bond and site percolation, the K-core percolation and boot-
strap percolation, the core percolation, the explosive percolation. The emergence of a percolating
subnetwork is closely related to many collective behaviors in physical and information systems.

Previous studies ignored the effect that nodes in the percolating cluster may actively induce
their neighbors to belong to the same percolating cluster. Here we study this inducing effect on
the classical K-core percolation and find a discontinuous percolation transition for any K >=
2. Our theory precisely predicts the percolation threshold and core size for any uncorrelated
random networks. For low-dimensional lattices we find that the percolation threshold fluctuates
considerably over realizations. Yet, our theory can still predict the core size once the percolation
occurs. We also study real-world networks and find that our theory with degree distribution as
the only input predicts with surprising accuracy the core size of real networks. We discuss the
importance of this new type of percolation transition on a variety of fundamental problems in
statistical physics and network science.

[1] J.-H. Zhao, H.-J. Zhou, and Y.-Y. Liu (2013): (K,K ′)-protected core percolation, arXiv:1301.2895.
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Weak Ergodicity Breaking in Random Walk Driven by Stored Energy

Takuma Akimoto 1 and Tomoshige Miyaguchi 2

1. Department of Mechanical Engineering, Keio University, Yokohama, 223-8522, Japan
2. Department of Mathematics Education, Naruto University of Education, Tokushima 772-8502,
Japan

Ergodicity guarantees time-averaged observables being equal to the ensemble averages. In sys-
tems with divergent mean trapping times, ergodicity is weakly breaking as suggested by J. Bouchaud
[1]. Recently, it has been shown that diffusion coefficients of time-averaged mean square displace-
ments (TAMSDs) are intrinsically random in subdiffusion such as continuous-time random walk
(CTRW), where trapping times of a random walker are randomly distributed, and random walks
with static disorder with divergent mean trapping time [2-4]. More precisely, diffusion coefficients
of TAMSDs do not converge to a constant but converge in distribution, which is closely related to
infinite ergodic theory [5,6]. Little is known about ergodicity of CTRWs when the jump lengths
are coupled with the trapping times, which we refer to as a stored-energy-driven random walk
(SEDRW).

In this work, anomalous diffusions in SEDRWs are analytically described. We show that the
ensemble-averaged mean square displacements exhibit subdiffusion as well as superdiffusion, de-
pending on the coupling between trapping times and jump lengths. In both subdiffusive and
superdiffusive regimes, we find that TAMSDs grow linearly with time and the diffusion coeffi-
cients are intrinsically random. The diffusion coefficients become large according to the increase
of measurement time in superdiffusive regime, whereas they show aging in subdiffusive regime.
These results provide a novel weak ergodicity breaking, which is completely different from that in
separable CTRWs.

[1] J. Bouchaud, J. Phys. I (France) 2, 1705 (1992).
[2] Y. He, S. Burov, R. Metzler, and E. Barkai, Phys. Rev. Lett. 101, 058101 (2008).
[3] A. Lubelski, I. M. Sokolov, and J. Klafter, Phys. Rev. Lett. 100, 250602 (2008).
[4] T. Miyaguchi and T. Akimoto, Phys. Rev. E 83, 031926(2011).
[5] J. Aaronson, An Introduction to Infinite Ergodic Theory (American Mathematical Society,
Province, 1997).
[6] T. Akimoto and T. Miyaguchi, Phys. Rev. E 82, 030102 (2010).
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Nested Sampling for Bulk Matter

Robert Baldock1, Lívia B. Pártay2, Albert P. Bartók3, Gábor Csányi3

1. Cavendish Laboratory, Department of Physics, University of Cambridge, Cambridge, UK

2. University Chemical Laboratory, University of Cambridge, Cambridge, UK

3. Engineering Laboratory, University of Cambridge, Cambridge, UK

Nested sampling[1][2] is a Bayesian method for calculating the density of states in a system. Nested sampling 

also associates configuration space volumes with representative sample configurations. In computational solid-

state physics, the “energy landscape”[3] itself can be plotted in this way[1][4]. Consequently it is possible to 

retrospectively construct thermodynamic potentials along arbitrary reaction coordinates, at very little cost. Since 

nested sampling yields the density of states, thermodynamic information is uncovered for all temperatures. Here 

we present recent developments, including an application of the method to periodic Lennard-Jones materials.

[1] Pártay, Bartók, Csányi, J. Phys. Chem. B 2010, 114, 10502-10512

[2] Skilling, J. Bayesian Anal. 2006, 1, 833

[3] “Energy Landscapes”, D.J. Wales, CUP, 2003, ISBN 0521814154

[4] Burkoff, Várnai, Wells, Wild, Biophys. J. 2012, 102, 878-886
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A complete theory for the magnetism of an ideal gas of electrons

Shyamal Biswas 1, Swati Sen 2, and Debnarayan Jana 1

1. Department of Physics, University of Calcutta, 92 APC Road, Kolkata-700009, India
2. Department of Physical Sciences, Indian Institute of Science Education & Research-Kolkata,
Mohanpur-741252, India

We have explored Pauli paramagnetism, Landau diamagnetism, and de Haas-van Alphen effect
in a single framework, and unified these three effects for all temperature, and for all strengths of
magnetic field. Our result [1] goes beyond Pauli-Landau result [2] on the magnetization of 3-D
ideal gas of electrons in particular for very strong magnetic field, and able to describe crossover of
the de Haas-van Alphen oscillation to the saturation of magnetization. We also have obtained a
novel asymptotic series expansion for the low temperature properties of the system.

[1] S. Biswas, S. Sen, and D. Jana, arXiv:1301.3025 (2013)
[2] L.D. Landau and E.M. Lifshitz, Statistical Physics : Part 1, 3rd ed, Butterworth-Heinemann,
Oxford (1980)

PP3-1-3



STATPHYS25 JULY 21-26, 2013

AbstrActs Poster PresentAtions
491

Brownian motion on non-Euclidean geometries

Pavel Castro-Villarreal 1

1. Center for studies in physics and applied mathematics (CEFyMAP), Autonomus University of
Chiapas, Tuxtla Gutiérred, Chiapas México

Brownian motion of free particles on curved surfaces is studied by means of the Langevin equa-
tion written in Riemann normal coordinates. In the diffusive regime we find the same physical
behavior as the one described by the diffusion equation on curved manifolds [1]. Therefore, we use
the latter in order to analytically study the diffusive dynamics on compact geometries. It is em-
phasized that on curved spaces there are several manners to define the displacement of a Brownian
particle, which are compatible between them. Three physical observables are considered; namely,
the geodesic displacement, the ambient Euclidean displacement, and the projected Euclidean dis-
placement. For instance, it is shown that for the classical minimal surfaces, the ambient Euclidean
displacement does not have any curvature effects, whereas the geodesic displacement does it. Fur-
thermore, the same expectation values are also studied over spheres, and development surfaces.
Finally the two-dimensional case is emphasized, as it is relevant for the single particle diffusion on
biomembranes.

[1] Pavel Castro-Villarreal, Brownian motion meets Riemann curvature J. Stat. Mech. (2010)
P08006.

PP3-1-4



STATPHYS25 JULY 21-26, 2013

AbstrActs Poster PresentAtions
492

Zeros of the Potts model partition function on the Sierpinski gasket

Shu-Chiuan Chang 1 and Robert Shrock 2

1. Department of Physics, National Chen Kung University, Tainan 70101, Taiwan
2. C. N. Yang Institute for Theoretical Physics, Stony Brook University, Stony Brook, NY 11794,
USA

We calculate zeros of the q-state Potts model partition function on the Sierpinski gasket SG(n)
at stage n in the variable q and in a temperature-like variable, y. We infer some asymptotic
properties of the loci of zeros in the limit n → ∞ and relate these to thermodynamic properties
of the q-state Potts ferromagnet and antiferromagnet on the Sierpinski gasket SG(∞). The zeros
of the zero-temperature partition function for the q-state Potts antiferromagnet (equivalently, the
chromatic polynomial) in the variable q will also be presented.
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Classification of transport backbone of complex networks

Woosik Choi, Huiseung Chae, Soon-Hyung Yook, and Yup Kim

Department of Physics and Research Institute for Basic Science, Kyung Hee University, Seoul,
130-701, Korea

The minimum spanning tree (MST), which connects all nodes with minimum total weight, and
infinite incipient percolation cluster (IIPC) are two important backbones for the transport in com-
plex networks. Since the betweenness centrality (BC) is an important quantity that characterizes
transport in complex networks, we study the scaling behavior of BC for various MSTs and IIPCs.
From the numerical simulations we find that the distribution of BC on MST satisfies a power law,
P (b) ∼ b−δ with two distinctive values of δ (δ ≃ 1.6 and δ ≃ 2.0), depending on the structure
of MST. By mapping BC of MST into branching process, we classify the structural properties of
MST based on the value of δ. As a natural consequence, we also find that δ = 1.5 for IIPC which
contradicts the result in Ref. [1]. Since δ’s for random and scale-free networks are generally known
to be δ > 2.0, we also discuss the possible origin for δ > 2.0.

[1] Z. Wu, et al., Phys. Rev. Lett. 96, 148702 (2006).
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Temporal characteristics of steady-state Brownian diffusion and
Lévy flights in potential wells

Alexander A. Dubkov

Radiophysics Faculty, Lobachevsky State University, Nizhni Novgorod 603950, Russia

The analytical investigation of the time characteristics of anomalous diffusion in the form of
Lévy flights in different potential profiles remains an open problem in statistical physics and, as a
consequence, a lot of results in this area were mostly obtained by numerics (see, e.g., the review
[1] and references therein).

Here, based on the operator formula for the correlation function of an arbitrary Markovian
process in the steady state [2], we offer a new approach to calculate the correlation time. Initially,
we consider Brownian diffusion of a particle in some potential profile and, using the approach
developed, arrive at a different way to the exact result [3] for the correlation time of particle
displacement.

Further we analyze the steady-state anomalous diffusion in the form of Lévy flights in a steep
potential well which can be described by fractional Fokker-Planck equation [4]. As has been shown
[5], starting from the quartic potential there is a confinement of Lévy flights, i.e. the variance of
the particle displacement is finite. For the quartic potential the correlation time as a function of
the noise intensity and the steepness of potential well is found in the case of Cauchy-stable driving
noise producing Lévy flights with index 1 [6]. As follows from the exact relation, the correlation
time of steady-state Lévy flights decreases with increasing noise intensity or steepness of potential
well. Applying the method of dimensions we predict the behavior of the correlation time for steeper
potential wells and noise with arbitrary Lévy index.

[1] A. A. Dubkov, B. Spagnolo, and V. V. Uchaikin, Int. J. Bifurc. Chaos 18, 2649 (2008).
[2] S. Yu. Medvedev, Radiophys. Quant. Electr. 20, 863 (1977).
[3] A. A. Dubkov, A. N. Malakhov, and A. I. Saichev, Radiophys. Quant. Electr. 43, 335 (2000).
[4] R. Metzler and J. Klafter, Phys. Rep. 339, 1 (2000).
[5] A. V. Chechkin et al, J. Stat. Phys. 115, 1505 (2004).
[6] A. A. Dubkov and B. Spagnolo, Eur. Phys. J. Special Topics 216, 31 (2013).
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Similarity solutions of Fokker-Planck equation  
with time-dependent coefficients and fixed/moving boundaries 

 
Choon-Lin Ho 

 

Department of Physics, Tamkang University, Tamsui 25137, Taiwan 

Correspondence e-mail address: hcl@mail.tku.edu.tw 

 

      The Fokker-Planck equation (FPE) is one of the basic tools which is widely used for studying 
the effect of fluctuations in macroscopic systems. It has been employed in many areas: Physics, 
chemistry, hydrology, biology, even finance, and others. Because of its broad applicability, it is 
therefore of great interest to obtain solutions of the FPE for various physical situations. 
 

Generally, it is not easy to find analytic solutions of the FPE. Exact analytical solutions of the 
FPE are known for only a few cases, such as linear drift and constant diffusion coefficients. In most 
cases, one can only solve the equation approximately, or numerically.  Most of these methods, 
however, are concerned only with FPE's with time-independent diffusion and drift coefficients. 
 

Solving the FPE's with time-dependent drift and/or diffusion coefficient is in general an even 
more difficult task. It is therefore not surprising that the number of papers on such kind of FPE is far 
less than that on FPE with time-independent coefficients. 
 

Here we would like to present a general way to construct exact similarity solutions of the FPE. 
Such similarity solutions exist when the FPE possesses proper scaling behavior.  By the introduction 
of the similarity variable, the FPE can be reduced to an ordinary differential equation. The general 
expression of the ordinary differential equation corresponding to the FPE with time-dependent drift 
and diffusion coefficients is obtained. It is interesting to find, by the natural requirement that the 
probability current density vanishes at the boundary, that the resulted ordinary differential equation is 
{\it integrable}, and the probability density function can be given in {\it closed form}.  Exactly 
solvable FPE’s with time-dependent coefficients can then be obtained whenever the drift and diffusion 
coefficients are such that certain integral corresponding to the ordinary differential equation can be 
exactly integrated.  
     
 Our work thus extends the number of exactly solvable FPE’s. 
 

[1] W.-T. Lin, C.-L. Ho, Similarity solutions of Fokker-Planck Equations, Ann. Phys. 327, 386 (2012). 
[2] C.-L. Ho, Similarity solutions of Fokker-Planck equation with moving boundaries, arXiv:1205.0763. 
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Conditional statistical properties of the complex systems having long-range interactions 

Zhifu Huang1, Congjie Ou1, Jincan Chen2

1College of Information Science and Engineering, Huaqiao University, Xiamen 361021, People’s 

Republic of China 

2Department of Physics, Xiamen University, Xiamen 361005, People’s Republic of China 

A new concept of the available force is proposed to investigate the performance of the complex 

systems having long-range interactions. Since the covariance of average velocity in double time 

interval and available force equals zero, it is possible to calculate the conditional probability 

distribution function (CPDF) within the systems. It is found that the asymmetric CPDF of the velocity 

between two adjacent time intervals can be derived from the symmetrical CPDF between the available 

force and the double time interval velocity. Two typical currency exchange databases, i.e., EUR/USD 

and GBP/USD, which collect the minutely opening exchange prices from 1 January 1999 to 31 

December 2011, are adopted as examples. It is found that the analytical CPDF needs only six 

parameters for an arbitrary system. By calculating the CPDF in the currency exchange databases, it is 

shown that the results are well fitted by our analytical expression. The analytical CPDF can be also 

used to calculate the conditional expectation and the conditional variance of velocity. Interestingly, the 

two databases show that the conditional expectation of the velocity between two adjacent time 

intervals is not monotonic, while the conditional variance tends to monotonic. All of these results are 

well described by our theory. It is worthwhile to note that the analytical CPDF is a general expression. 

It is valid not only for current exchange systems, but also for any complex systems having long-range 

interactions and/or long-duration memory. 

PP3-1-9



STATPHYS25 JULY 21-26, 2013

AbstrActs Poster PresentAtions
497

Increase and Decrease of Entropy Production After Reducing Variables 
 
Kyogo Kawaguchi and Yohei Nakayama 
 

Department of Physics, the University of Tokyo, Japan 
 

In the general process of eliminating dynamic variables in Markovian models, there 
exists a difference in the irreversible entropy production between the original and reduced 
dynamics [1,2]. We call this difference the hidden entropy production, since it is an invisible 
quantity when only the reduced system's view is provided. Understanding such hidden entropy 
is important for example in discussing the efficiency of Brownian heat engines [3,4], and more 
generally the origin of the arrow of time. We show that this hidden entropy production obeys a 
new integral fluctuation theorem (IFT) under a certain condition, therefore supporting the 
intuition that entropy production should decrease by coarse graining [1]. By contrast, in the case 
where a stochastic process is obtained by coarse-graining a reversible dynamics, the entropy 
production may increase, implying that the IFT for the hidden entropy production should not 
hold for such reductions. We reveal, with an explicit example, that time-reversal anti-symmetric 
variables play the crucial role in distinguishing these two cases, thus guaranteeing the 
consistency of the presented theorem. 

 
 
[1]  K. Kawaguchi and Y. Nakayama, arxiv 1209.6333 (2012). 
[2]  Y. Nakayama and K. Kawaguchi, arxiv 1211.3805 (2012).  
[3]  M. Buttiker, Z. Phys. B: Condens. Matter 68, 161 (1987). 
[4]  R. Landauer, J. Stat. Phys. 53, 233 (1988). 
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Multiscale Ensemble Clustering for Finding Modules in Complex Networks 
 
Eun-Youn Kim, Dong-Uk Hwang, and Tae-Wook Ko 
 

National Institute for Mathematical Sciences, Daejeon 305-811, Republic of Korea  
Correspondence e-mail address: twko@nims.re.kr 
 

The identification of modules in complex networks is important for the understanding of 
systems. Here, we propose an ensemble clustering method incorporating node groupings in 
various sizes and the sequential removal of weak ties between nodes which are rarely grouped 
together. This method successfully detects modules in various networks, such as hierarchical 
random networks and the American college football network, with known modular structures. 
Some of the results are compared with those obtained by modularity optimization and K-means 
clustering. 

  
 

[1] E.-Y. Kim, D.-U. Hwang, and T.-W. Ko, Phys. Rev. E 85, 026119 (2012). 

PP3-1-11



STATPHYS25 JULY 21-26, 2013

AbstrActs Poster PresentAtions
499

Fluctuation Theorems and Entropy Production with Odd-Parity Variables 
 
Hyun Keun Lee,1 Chulan Kwon,2 and Hyunggyu Park 3 
 

1. Department of Physics, University of Seoul, Seoul 130-743, Korea 
2. Department of Physics, Myongji University, Yongin, Gyeonggi-Do 449-728, Korea 
3. School of Physics, Korea Institute for Advanced Study, Seoul 130-722, Korea 
 

We show that the total entropy production in stochastic processes with odd-parity variables 
(under time reversal) is separated into three parts, only two of which satisfy the integral 
fluctuation theorems in general. One is the usual excess contribution that can appear only 
transiently and is called nonadiabatic. Another one is attributed solely to the breakage of 
detailed balance. The last part that does not satisfy the fluctuation theorem comes from the 
steady-state distribution asymmetry for odd-parity variables that is activated in a nontransient 
manner. The latter two parts combine together as the housekeeping (adiabatic) contribution, 
whose positivity is not guaranteed except when the excess contribution completely vanishes. 
Our finding reveals that the equilibrium requires the steady-state distribution symmetry for odd-
parity variables independently, in addition to the usual detailed balance. 
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Exact Time Evolution of a Classical Spin in a Longitudinal Field for the System of a
Classical Spin Plus Harmonic Oscillator Bath

Suhk Kun Oh

Department of Physics, Chungbuk National University, Chungbuk 361-763, Korea

Exact time evolution of a classical spin in a longitudinal field for the system of a classical spin
plus harmonic oscillator bath is obtained. Unlike the case of a classical particle plus harmonic
oscillator bath, it does not show any time decaying behavior. Instead, it shows that the classical
spin is tilted toward the xy-plane, and it rotates around the xy-plane. The role of the harmonic
oscillator bath is to modify the angular frequency of the classical spin in such a way that, near
time t = 0, its forward motion can be slightly slowed down, and it will recover its speed right after.
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The joint probability density functions for work and heat in a two dimensional 
linear diffusion system 
 
Jong-Min Park 1 and Jae Dong Noh 2 
 

1. Department of Physics, University of Seoul, Seoul 130-743, Republic of Korea 
2. School of Physics, Korea Institute for Advanced Study, Seoul 130-722, Republic of Korea 
 

The properties of fluctuations of thermodynamic quantities, such as nonequilibrium work, 
heat dissipation and energy difference, are studied in a 2 dimensional linear overdamped 
Langevin equation system which consists of a heat bath, an isotropic harmonic potential, and a 
non-conservative torque. We calculate the generating functions for the thermodynamic 
quantities exactly in a finite time interval. For the large time interval limit, both the probability 
density functions and the joint probability density functions are calculated by means of the large 
deviation function. The results show that the nonequilibrium work satisfies the fluctuation 
theorem in any time interval, while heat dissipation satisfies a modified form of the fluctuation 
theorem [1]. We show that the correlation between heat and system energy change is the origin 
of the breakdown of the fluctuation theorem for heat. 
 
[1] J. D. Noh and J.-M. Park, Phys. Rev. Lett. 108, 240603 (2012). 
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Markov Chain Monte Carlo Method with Skew Detailed Balance Condition

Yuji Sakai and Koji Hukushima

Department Basic Science, Graduate School of Arts and Sciences, The University of Tokyo, 3-8-1
Komaba, Meguro-ku, Tokyo 153-8902

The Markov chain Monte Carlo methods is a powerful tool for sampling from a high-dimensional
probability distribution and for estimating an expectation value under the distribution. Although
the detailed balance condition is imposed in practice in order to guarantee the method to work
correctly, it is not always necessary. Several methods without the detailed balance condition have
been proposed recently [1, 2]. We construct a Markov chain Monte Carlo method for a finite system
of discrete degree of freedom on a basis of skew detailed balance condition [2]. In this method,
an additive Ising spin ε is introduced to the state space {Xi}i=1,···,Ω. The skew detailed balance
condition is imposed, where stochastic flow with a transition from Xi to Xj under ε = +1 balances
with the reverse process under ε = −1. In addition, the total balance condition is satisfied by
introducing a process for ε flip. We apply the method to a one-dimensional kinetic Ising model in
order to understand the properties of the method [3]. We determine explicitly several transition
probabilities which satisfy the skew detailed balance condition and evaluate analytically the time
evolution of the magnetization density for a specific transition probability in a thermodynamic
limit. As a result, we find theoretically that the relaxation time of magnetization density is
reduced by breaking the detailed balance condition and that one of the transition probabilities
even changes the dynamical critical exponent.

[1] H. Suwa and S. Todo: Phys. Rev. Lett. 105 (2010) 120603.
[2] K. S. Turitsyn, M. Chertkov and M. Vucelja: Physica D 240 (2011) 410.
[3] Y. Sakai and K. Hukushima: to be published in J. Phys. Soc. Jpn.; arXiv:1301.4801.
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Heat Capacities and Transport Properties of Aqueous Nonpolar Solute Mixtures

Igor Shvab and Richard J. Sadus

Centre for Molecular Simulation, Swinburne University of Technology, Hawthorn, Victoria 3122,
Australia.

Heat capacity, diffusion coefficients, and velocity autocorrelation functions for water mixtures
with different nonpolar solutes (methane and noble gases) have been studied using molecular
dynamics at constant volume and temperature. A combined SPCE + Lennard-Jones potential was
chosen for these systems with Lorentz-Berthelot combining rules. The use of such a potential for
water-solute and solute-solute interactions allows us to study the system in a single phase region
over the temperature range 278-750 K and solute molar fractions up to 15%. The heat capacities
were calculated using the formalism developed in works of Lustig [1] for NVT ensemble.
Comparison with experimental data for pure water [2] in the temperature range 278 - 750 K has
been done. Simulations show good agreement of bulk water Cv with experimental data in the high
temperature region, and slight overestimation at ambient temperatures.

The first MD simulations of heat capacity changes in water induced by the solvation of nonpolar
solutes (methane, krypton) at solute molar fractions up to 15% are reported. Heat capacities of
aqueous nonpolar solute mixtures are smaller than that of pure water, and proportional to the solute
concentration. This is in agreement with the previous results for very dilute aqueous nonpolar solute
mixtures [3] and aqueous solutions of alcohols in wide concentration range [4]. Difference between
heat capacities of pure water and water-solute mixtures gradually decreases with temperature,
completely converging at critical temperature.

Self-diffusion constants of water are in fairly good agreement with experimental data almost up to
the boiling temperature. Diffusion coefficients of the given aqueous nonpolar solute mixtures
decrease with solute concentration and show the following temperature-mass
dependence βµ/TD ∝ . Self-diffusion coefficients of water molecules in the mixture are smaller
than that of pure water. Degree to which D of water in the mixture is smaller than in the pure water
appears to be proportional to the solute concentration.

Solvation of nonpolar groups in water is accompanied by specific changes in structure and
transport properties which appear to be proportional to particles mass and size, and are very
different from the changes in water structure induced by solvation of polar and ionic groups.

[1] R. Lustig, Molecular Simulation, 37, 457 (2011)
[2] W. Wagner, A. Pruß, J. Phys. Chem. Ref. Data 31, 387 (2002)
[3] K. Sharp, B. Madan, J. Phys. Chem. B 101, 4343 (1997)
[4] T. Kuroki, N. Kagawa, H. Endo, S. Tsuruno, and J. W. Magee, J. Chem. Eng. Dat. 46, 1101

(2001).
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Exact Solutions of the Boltzman–Enskog kinetic equation for elastic and inelastic hard
spheres

Anton Trushechkin 1

1. Department of Mathematical Physics, Steklov Mathematical Institute, Russian Academy of
Sciences, Moscow 119991, Russia

We find exact solutions for the nonlinear integro-differential Boltzmann–Enskog kinetic equation
(for both elastic and inelastic hard spheres). These solutions are particle-like (an analogue of multi-
soliton solutions of the Korteweg–de Vries equation). To our awareness, these are the first known
smooth exact solutions of the Boltzmann–Enskog equation.

The constructed solution are regularized versions of the so called microscopic solutions of the
Boltzmann–Enskog equation discovered by N.N. Bogolyubov [1] (see also [2]). The microscopic
solutions have the form of sums of delta-functions and correspond to trajectories of individual
hard spheres. However, Bogolyubov defined these solutions at the “physical level” of rigour. In
particular, he did not discuss the products of delta-functions in the collision integral. Here we give
a rigorous sense to microscopic solutions as a limiting case of the constructed smooth delta-like
solutions.

Finally, we give some comments on the reversibility paradox and entropy production.
The talk is based on paper [3], some preliminary results are given in [4].

[1] N.N. Bogolyubov, “Microscopic solutions of the Boltzmann-Enskog equation in kinetic theory
for elastic balls”, Theor. Math. Phys. 24(2) 804–807 (1975).
[2] N.N. Bogolubov, N.N. Bogolubov Jr., Introduction to Quantum Statistical Mechanics (World
Scientific, Singapore, 2010).
[3] A. S. Trushechkin, “Microscopic solutions of kinetic equations and the irreversibility problem”,
Proc. Steklov Inst. Math. (2013), to be published
[4] A. S. Trushechkin, “Derivation of the particle dynamics from kinetic equations”, p-Adic Num-
bers, Ultrametric Analysis and Applications 4(2) 130–142 (2012); arXiv.org:1201.3607 [math-ph].
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Localization-delocalization transition of Euclidean random matrices: Mobility 
edge of instantaneous normal modes 
 
Ten-Ming Wu 1 
 

1. Institute of Physics, National Chiao-Tung University, Hsinchu 300, Taiwan, R. O. C. 
 

The localization-delocalization transition (LDT) due to disorder has been studied for over 50 
years with the Anderson model (AM) describing electron transport on lattices. According to the 
random matrix theory, many properties of the LDT are universal and depend on the universality 
class of the random matrices describing the disordered systems. This makes the researches on 
the LDT still active. However, due to the complicated electronic interactions in real materials, 
the properties predicted by the AM are not observed only until recently the experiments done by 
atomic matter waves. In fact, the LDT occurs in physical systems associated with wave. 
Therefore, the LDT should happen to vibrational waves in disordered materials. In this paper, 
we investigate the LTD in the instantaneous-normal-mode (INM) spectra of fluids. The INMs of 
a fluid are referred as the eigenmodes of Hessian matrices. Due to the disorder of particles in a 
fluid, the Hessian matrices are an ensemble of Euclidean random matrices with elements subject 
to conservation constraints [1]. Though the INMs of a fluid and the electron transport on a 
lattice are different systems, the Hessian matrices of fluids and the Hamiltonian of the AM 
belong to the same universality class in the random matrix theory. So, the properties predicted 
by the AM about the LDT are expected to be verified with the INMs of fluids. 

The LDT in the vibrational spectrum of disordered materials is also named as mobility edge 
(ME). We have determined the MEs in the INM spectrum of a repulsive Lennard-Jones (LJ) 
fluid with two methods: the level-spacing (LS) statistics [2] and the multifractal analysis (MA) 
[3]. For a fluid, the INM spectrum has branches of positive- and negative-eigenvalues, which 
are usually referred as the stable and unstable modes, respectively. We have identified one ME 
in each branch of the INM spectrum, with its location confirmed by the two methods [3]. We 
also show the INMs at the two MEs exhibit the multifractal features with the same general 
fractal dimensions and singularity spectrum [4]. Our results indicate that the nearest-neighbor 
LS distribution, the critical exponent and the singularity spectrum calculated at an ME in the 
INM spectrum well agree with those of the AM in three-dimensional space. These good 
agreements provide numerical evidences for the universality of the LDT predicted by the 
random matrix theory. 

Recently, we extend our studies for the ME in the INM spectrum to the LJ fluids with finite-
range attractions. We have examined the variations of the ME with the interaction range and the 
fluid temperature. The investigated thermodynamic states of the LJ fluid are close to the glass 
transition of the LJ system. With the MEs precisely determined by the method of MA, the INM 
spectrum of a LJ fluid is separated into the localized and delocalized regions and the fractions of 
the INMs in the two regions are estimated. Particularly interesting is the relationship between 
the fraction of delocalized unstable INMs and the diffusion of the fluid. Prediction of glass 
transition with the fraction of delocalized unstable INMs will be discussed in the presentation. 
 
[1] W.J. Ma, T.M. Wu, and J. Hsieh, “Conservation constraints on random matrices”, J. Phys. A: 
Math. Gen. 36, 1451 (2003). 
[2] B.J. Haung and T.M. Wu, “Localization-delocalization transition in Hessian matrices of 
topologically disordered systems”, Phys. Rev. E 79, 041105 (2009). 
[3] B.J. Haung and T.M. Wu, “Numerical studies for localization-delocalization transition
 in vibrational spectra”, Comput. Phys. Commun. 182, 213 (2011). 
[4] B.J. Haung and T.M. Wu, “Multifractality of instantaneous normal modes at mobility 

edges”, Phys. Rev. E 82, 051133 (2010). 
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Determinant representations of correlation functions for the XXZ Gaudin model with
non-diagonal boundary terms

Wen-Li Yang and Kun Hao

Institute of Modern Physics, Northwest University, Xian 710069, China

The XXZ Gaudin model with non-diagonal boundary terms is studied. The two sets of common
eigenstates (Bethe states), which satisfy two sets of the Bethe ansatz equations respectively, of the
associated Gaudin operators are constructed by algebraic Bethe ansatz method. The scalar prod-
ucts of the Bethe states are given in terms of some determinants, which leads to the determinant
representations of correlation functions of the model.

References

[1] K. Hao, W.-L. Yang, H. Fan, S.-Y. Liu, K. Wu, Z.-Y. Yang and Y.-Z. Zhang, Determinant
representations for scalar products of the XXZ Gaudin model with general boundary terms,
Nucl. Phys. B 862 (2012), 835-849.

[2] W. -L. Yang, X. Chen, J. Feng, K. Hao, B. -Y. Hou, K. -J. Shi and Y. -Z. Zhang, Determinant
representations of scalar products for the open XXZ chain with non-diagonal boundary terms,
JHEP 01 (2011), 006 (26 pages).
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Interfacial motion in flexo- and order-electric switching between nematic filled states

Matthew L. Blow and Margarida M. Telo da Gama

Centro de F́ısica Teórica e Computacional, Avenida Professor Gama Pinto 2, P-1649-003 Lisboa,
Portugal
Departamento de F́ısica, Faculdade de Ciências da Universidade de Lisboa, P-1749-016 Lisboa,
Portugal

We consider a nematic liquid crystal, in coexistence with its isotropic phase, in contact with
a substrate patterned by rectangular grooves. In such a system, the nematic phase may fill the
grooves without the occurrence of complete wetting. There may exist multiple (meta)stable filled
states, each characterised by the type of distortion (bend or splay) in each corner of the groove
and by the shape of the nematic-isotropic interface, and additionally the plateaux that separate
the grooves may be either dry or wet with a thin layer of nematic1.

Using numerical simulations, we analyse the dynamical response of the system to an externally-
applied electric field, with the aim of identifying switching transitions between these filled states.
We find that order-electric coupling between the fluid and the field provides a means of switching
between states where the plateaux between grooves are dry and states where they are wet by a
nematic layer, without affecting the configuration of the nematic within the groove. We find that
flexoelectric coupling may change the nematic texture in the groove, provided that the flexoelectric
coupling differentiates between the types of distortion at the corners of the substrate. We identify
intermediate stages of the transitions, and the role played by the motion of the nematic-isotropic
interface. We determine quantitatively the field magnitude and orientation required to effect each
type of transition.

Work supported by the Portuguese Foundation for Science and Technology, grants SFRH/BPD/73028/2010,
PEst-OE/FIS/UI0618/2011 and PTDC/FIS/098254/2008.

[1] N. M. Silvestre, Z. Eskandari, P. Patŕıcio, J. M. Romero-Enrique, and M. M. Telo da Gama
2012 Phys. Rev. E 86, 011703
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Structural Characteristics of Onion-like Multi-layered Polymersome Formed by 
Amphiphilic Comb-like Graft Copolymers  

Hung-Yu Chang 1, Yu-Jane Sheng 1,* and Heng-Kwong Tsao 2,* 

1. Department of Chemical Engineering, National Taiwan University, Taipei, Taiwan 106, 
R.O.C.
2. Department of Chemical and Materials Engineering, Department of Physics, National Central 
University, Jhongli, Taiwan 320, R.O.C. 

Well-defined amphiphilic comb-like graft copolymers were synthesized recently and were 
able to self-assemble into “onion-like” vesicles in selective solvents. The self-assembly of 
comb-like graft copolymers consisting of a hydrophobic backbone and pH-sensitive arms, is 
explored by dissipative particle dynamics. Dependent on the molecular architecture, polymeric 
concentration and pH values, various morphological aggregations such as worm-like micelles, 
sheet-like micelles, porous vesicles, uni-layered vesicles (ULVs) and multi-layered vesicles 
(MLVs) are formed. The simulation finding of MLVs and the variation of the vesicle size with 
arm length are consistent with experimental observations [1]. For certain pH values, typical 
ULVs are formed. The membrane thickness of the ULVs decreases but the permeability 
increases with increasing grafting density of the comb copolymers. Atypical polymersomes with 
onion-like multi-layered membranes are spontaneously formed at high pH values and the total 
layer number of MLVs increases with polymeric concentration and grafting density. In addition, 
controlled releases of two types of drugs with different hydrophobicity situated at different 
layers of MLV are also examined. The membrane thickness of the hydrophilic layer is found to 
be thicker than the hydrophobic layer in MLVs and thus slower release rate of the hydrophobic 
drug is observed.  

[1] Li, M.; Li, G. L.; Zhang, Z. G.; Li, J.; Neoh, K. G.; Kang, E. T. Polymer 2010, 51, 3377.
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Donuts and twist: Cholesteric liquid crystals confined in toroidal droplets

Ana Fialho 1 ,  Nelson Bernardino 1  and Nuno Silvestre  1  

1. Centro de Física Teórica e Computacional, Departamento de Física, Universidade de Lisboa

We study the director field textures of a  cholesteric  liquid crystal  confined by a toroidal  

surface.   When a liquid crystal  is  enclosed into droplets,  its  ground state is  a  result  of  the 
competition between elasticity and the geometrical, and topological, constraints  imposed by the 

confinement. The behavior of a liquid crystal encapsulated by spherical surfaces is already well  
documented,  and  uniform-to-twisted  orientational  transitions  have  been  observed  for  8CB 

(octyl-cyano-biphenyl)  droplets. New experimental techniques allow the generation of higher 
genus domains, such as torus. For nematic  toroidal droplets, the interplay between the elastic 

anisotropy, the geometry and the topology of the domains  promotes a twisted configuration 
with no defects.  Here,  we study how the chirality  affects the orientational  configuration of  

cholesteric toroidal drops, and how it relates to the geometry and topology of the domains. 
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A simple elastic model for wrinkle formation 
 
Yu-Chigh Hsu and Chung-I Chou 
Department of Physics, Chinese Culture University, Taipei 111, Taiwan, ROC 
 

We designed a simple model to simulate the formation of winkles on an elastic surface. 
This model is based on a three-dimensional lattice sites. 
Each site is connected to near neighbors and substrate with elastic springs.Several controlling 
parameters have been considered,such as spring’s elastic constants,original lengths and the 
break-up lengths. 
Once the parameters set up,we can use the Molecule Dynamics method to simulate the 
process of formation of winkles. 
Our simulation results show several properties.Firstly,by adjusting controlling parameters,we 
got a lot of kinds of winkles.Some of these are looked like the winkles in real 
world.Secondly,in the simulation of formation of winkles,we observed some kinds of 
transition from the smooth surfaces to winkled one.Finally,we defined a quality to describe 
the level of wrinkled surface.And we use the quality to draw a phase diagram of our model. 
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Promoting the Alignment of Carbon Nanotubes by using Lyotropic 
Liquid Crystals at very low Surfactant Concentration 

HyeRan Jo1, Jan Lagerwall1, 2 and Giusy Scalia1, 2

1 Graduate School of Convergence Science and Technology, Seoul National University, Suwon
443-270, Korea

2 Advanced Institutes of Convergence Technology, Seoul Suwon 443-270, Korea

Carbon Nanotubes(CNTs) have remarkable physical features such as very large surface area and 
extraordinary electrical, mechanical and thermal properties. Because of the high aspect ratio, 
measured properties differ along or perpendicular to the tube long axis. Therefore, to realize CNT 
based systems such as nano-scale electronic devices or sensors with maximized properties, the 
nanotubes have to be uniformly aligned. Furthermore, good dispersion of CNTs is a difficult task but 
important prerequisite to optimize their application since nanotubes tend to aggregate due to strong 
van der Waals forces.

Here lyotropic Liquid Crystals (LC), self-organized fluid systems having anisotropic properties, are
used as ideal host for CNTs because they combine high nanotube load with transfer of order. The main 
purpose of this work is to realize a CNT- lyotropic composite with aligned nanotubes but at a reduced 
amount of surfactant. In fact, surfactants are usuful for dispersing and organizing the nanotubes but 
are also detrimental for many CNT properties. A combination of cat- and anionic surfactants was 
helpful for realizing high load, organized CNT composites [1]. Here we use also cat- and anionic 
surfactants, namely sodium dodecyl sulfate (SDS) and dodecyltrimethylammonium bromide (12TAB), 
for forming better packing conditions due to the electrostatic forces and helping to obtain a liquid 
crystal phase at very low surfactant concentration. For the same reason, CNTs were dispersed using a 
low surfactant method [2] before being mixed in the LC host. We have investestigated also the effect 
of changing the ratio of SDS and 12TAB surfactants on the LC phase formation and in the CNT-LC 
composite, by Polarized Optical Microscopy and Polarized Raman spectroscopy.

Reference

[1]G. Scalia, C. J. von Buehler, C. Haegele, S. Roth, F. Giesselmann, J. P. F. Lagerwall. Soft Matter,
4, pp 570-576, 2008.

[2]Sarah Dölle, Bob-Dan Lechner, Ji Hyun Park, Stefan Schymura, Jan P. F. Lagerwall and Giusy 
Scalia, Angewandte Chemie, 51, 13, pp. 3254-3257, 2012
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Self-organization of discotic liquid crystal into molecular wires  
 
Ji Hyun Park1, Massimilano Labardi3, Yoichi Takanishi4, Jun Yamamoto4 and Giusy Scalia1.2 
  
1 Graduate School of Convergence Science and Technology, Seoul National University, 

Suwon 443-270, Korea 
2 Advanced Institutes of Convergence Technology, Seoul Suwon 443-270, Korea 
3 CNR-IPCF, UOS Pisa, Italy 
4 Department of Physics, Graduate School of Science, Kyoto University, Kyoto 606-8502, 

Japan 
 

 Discotic liquid crystal easily, formed by molecules with extended aromatic cores, self-
organize into molecular wires along which charge transport is possible via π-π interaction 
between adjacent molecular cores. A great advantage of these systems is that defects can be 
easily annealed by temperature treatments, which is very attractive for organic nano-electronics.  

We have realized extra-long molecular wires, from micro to even macroscale, analyzing 
several factors which can contribute to their self-organization such as solvent type, surface 
properties of substrates and evaporation conditions. We use various deposition methods based 
on solution for the realization of molecular wire thin films and their morphology was 
investigated by atomic force microscopy (AFM) and polarized optical microscopy, for optically 
detectable films. Temperature can induce change of the structure even in these thin films, as 
monitored locally by AFM. Glazing incidence X-ray diffraction techniques confirmed that the 
alignment in our thin films is planar, which means that the discotic molecules have an edge-on 
position on the substrates, with columns with a lattice organization perpendicular to the 
substrates. Planar alignment was also confirmed by Polarized Raman spectroscopy. We could 
also observe very strong anisotropic response, reflecting the anisotropy in the polarizability of 
the molecular wires. 

The need of high control of the overall morphology was confirmed by electrical 
measurements on isotropic versus macroscopically aligned samples, the latter showing an 
increase of an order of magnitude in electrical conductivity. 

 
 
 
 
 
 
 

[1] P. Morales, J. Lagerwall, P. Vacca, S. Laschat and G. Scalia, Beilstein J. Org. Chem., 6, 51 
(2010) 
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Cluster Impact and Shock Wave Propagation in Freely Evolving Granular Gas

Masaharu Isobe

Graduate School of Engineering, Nagoya Institute of Technology, 466-8555, Japan.

Granular gas without any external force evolves from the initial homogeneous state to the
inhomogeneous clustering state, at which the energy decay deviate from Haff’s law. The asymptotic
behavior of energy in the inelastic hard sphere model have been predicted by several theories, which
are based on the mode coupling theory or extension of inelastic hard rods gas. In this study, we
revisied the clustering regime in freely evolving granular gas via large-scale molecular dynamics
simulation up to 16.7 million particles. We found novel regime regarding on collisions between
“clusters” spontaneously appearing after clustering regime, which can only be identied more than
a few million particles system. The volumetric dilatation pattern of semicircular shape originated
from density shock propagation are well characterized on the appearing of “cluster impact” during
the aggeration process of clusters.

[1] M. Isobe, Phys. Rev. E 68, 040301(R) (2003).
[2] M. Isobe, Int. J. Mod. Phys. C 23, 1250032 (2012)
[3] M. Isobe, J. Phys: Conf. Ser. 402, 012041 (2012).
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Mean Field Theory for Linear and Ring Polymers

Jaeup Kim, Yong-Biao Yang, Myunghyun Kim, So Jung Park and Yeongyoon Kim

Physics Program, School of Natural Sciences, UNIST, Ulsan, 689-798, Korea

The polymer statics and dynamics are strongly influenced by the presence of the chain ends.
If two ends of a linear polymer chain are combined, we have a ring shaped polymer which has
fundamental importance in understanding the physical property of polymeric materials. Even
though the standard mean field theory, the self-consistent field theory (SCFT), has sustained its
success for decades, the absence of chain ends makes the ring polymer problem non-trivial, and
there has been only limited success in the statistical mechanical formulation of ring polymer theory.

Here, we present an SCFT formalism of topologically unconstrained ring polymers [1]. The
formulation successfully reproduces homogeneous ring polymer statistics. We next test A/B ring
polymer mixture and AB ring diblock copolymer melts, and those results are compared with the
random phase approximation results. It is found that the critical point for A/B ring polymer
mixture is exactly the same as the linear polymer case, χN = 2, where χ is the Flory-Huggins
interaction parameter between A and B segments and N is the number of segments of each chain.
Because the fluctuation wavelength diverges near the critical point, the local structures of polymers
do not affect its value. The critical point for AB ring diblock copolymer melts turns out to be
χN ≈ 17.795, which is approximately 1.7 times of the well-known linear diblock copolymer case,
χN ≈ 10.495. This time, fluctuation wavelength does not diverge and the local structures of
polymers modify the phase separation behavior.

[1] Jaeup U. Kim, Yong-Biao Yang, Won Bo Lee, Macromolecules, 45, 3263-3269 (2012)
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Multiscale modeling of polymeric systems in solution: from quantum chemistry to
integral equation theory of molecular liquids and to dissipative particle dynamics

Alexander E. Kobryn

National Institute for Nanotechnology, National Research Council of Canada,
11421 Saskatchewan Drive, Edmonton, Alberta, T6G2M9, Canada

Structural characterization of a hydrogel consisting of an oligomeric electrolyte as an ionic gela-
tor in a number of solvents in terms of the solvent and counterion distributions around gelator
polymeric chains, macromolecular mobility, and gel network formation ability are carried out theo-
retically and computationally by combining different models and scales where each level addresses
a phenomenon over a specific window of length and time and uses an input of the information
from the models of other levels. On the quantum mechanical level, we calculate the geometry and
charge distribution of solvent and the structure and charge distribution of anions and polymer
chains depending on the solvent, polymer chain length and polymer concentration. The informa-
tion obtained is used on the atomistic level where we solve the reference interaction site model
integral equation theory of molecular liquids. Here we determine spatial distributions of solvent
and solute molecules in the solution and the thermodynamic properties of the solvent. The former
allow one to visualize the picture of gel network formation, while the latter are used as an input
at the coarse grained level of description where we run dissipative particle dynamics and analyze
dynamical properties of the coarse grained system. Based on the dramatic change we observe in
the macromolecular mobility in the solution depending on thermodynamic conditions and polymer
concentration, we conclude about the gelation ability of the mixture [1].

[1] A. Kovalenko, A. E. Kobryn, S. Gusarov, O. Lyubimova, X. Liu, N. Blinov, and M. Yoshida,
Soft Matter, 8, 1508 (2012).
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A thermokinetic approach to radiative transfer at the nanoscale

Luciano C. Lapas1, Agust́ın Pérez-Madrid2, and J. Miguel Rub́ı2

1. Universidade Federal da Integração Latino-Americana, Caixa Postal 2067, Foz do Iguaçu 85867-

970, Paraná, Brazil

2.Departament de F́ısica Fonamental, Facultat de F́ısica, Universitat de Barcelona, Mart́ı i Franquès

1, Barcelona 08028, Catalunya, Spain

Recently, it has been shown that energy exchange through thermal radiation at nanometric dis-

tances breaks by several orders of magnitude the limits posed by Stefan-Boltzmann law for black-

body radiation. In this work, we have evaluated thermal conductance in the near-field, providing

a thermokinetic description of microscale radiative energy transfer including phonon-photon cou-

pling manifested through a non-Debye relaxation behavior. We have shown that a lognormal-like

distribution of modes of relaxation accounts for this non-Debye relaxation behavior leading to the

thermal conductance. We also have discussed the validity of the fluctuation-dissipation theorem.

The general expression for the thermal conductance we have obtained fits existing experimental re-

sults with remarkable accuracy. Accordingly, our approach offers an overall explanation of radiative

energy transfer through micrometric gaps regardless of geometrical configurations and distances.

Although near-field radiative transfer is a highly complex phenomenon, we have been able to pro-

vide a unified and highly accurate explanation of heat exchange processes at the nanoscale. Our

theory covers all distances from the far-field up to contact. Since the experiments examined may

involve a great variety of nanostructures, our theory possesses a wide scope of applications. The

general methodology presented here may also be used in the study of other heat exchange processes

such as those occurring in phonon systems and in the analysis of thermal contributions to Casimir

forces, even in charge conduction problems in nanosystems.
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Physical properties and fusion behaviors of small polymersomes formed by rod-
coil diblock copolymers 
 
Yung-Lung Lin1, Yu-Jane Sheng1, and Heng-Kwong Tsao2 
 
1. Department of Chemical Engineering, National Taiwan University, Taipei, Taiwan 106, 
R.O.C.  
2. Department of Chemical and Materials Engineering, Department of Physics, National Central 
University, Jhongli, Taiwan 320, R.O.C. 
 
Polymersome is self-assembled by rod-coil diblock copolymer (RxCy) which are consisted of x 
beads for rigid rod-block and y beads for flexible coil-block. This polymersome has highly 
potential for applications such as nano-reactor, drug release or cell imitator. For these objectives, 
the morphologies, essential properties, and fusion behaviors of RxCy-polymersomes are 
explored by dissipative particle dynamics simulation. Our simulation results show that small-
sized polymersomes can only take shape for short coil-block length. Moreover, too long rod-
block or strong π-π stacking must cause rod-blocks packing with anisotropic alignment that 
actually resists membrane bending and oppose vesicle formation. The detailed membrane 
structures of RxCy-polymersomes are also investigated and it is found that the rods within the 
membrane are highly interdigitated which is essentially different from the ordered bilayer of the 
(Rx)2Cy-polymersomes . The structural and mechanical properties of RxCy-polymersomes are 
studied as well. As the coil-block length is increased, both the thickness and area density of the 
rod domain decline. Since the coil stretching in the inner corona is more distinct than that in the 
outer one, significant interdigitation is resulted due to the outward movement of the inner leaflet 
for relaxing overcrowded coil-blocks. For fusion behaviors between two polymersomes of R5Cy, 
the outcomes are related to some important parameters such as tension, properties of rod- and 
coil-blocks, π–π strength, and interaction between rod-coil copolymer and solvent s . As 
polymersomes achieve the equilibrium state during fusion process, R5C2-polymersomes fuse 
most easily. Whereas R5C1-polymersomes do not proceed beyond the hemifusion stage and 
R5C3-polymersomes cannot even move past the initial kissing stage.  
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Micro-avalanches of granular particles inside rotating drums: a numerical and exper-
imental study

Wei Shen Cheng 1, Jian Chen2, Tomohiro Matsuyama1 , Eiji Seo1 and Hans-Georg Matuttis1

1.Department of Mechanical Engineering and Intelligent Systems, Faculty of Informatics and En-
gineering, The University of Electro-Communications, Chofugaoka 1-5-1, Chofu, Tokyo 182-8585,
Japan
2. RIKEN Advanced Institute for Computational Science (RIKEN AICS) 7-1-26 Minatojima-
minami-machi, Chuo-ku, Kobe, Hyogo, 650-0047, Japan

While many system-parameters are immediately related to the behavior of the materials (vis-
cosity for fluids, Young’s modulus and poisson ratio for elasticity etc.), for the micro-mechanic
description of granular materials the particle shape is a rather inscrutable quantity. Though it
is relatively easy to measure size distributions, average elongations etc., their effects on the bulk
properties is hard to fathom. The investigation of shape effects were up to now limited to static
(angle of repose) and quasi static (stress-strain diagram) macroscopic properties. In this study
show that in three dimensions, the power spectrum of avalanches is influenced by the deviation
of non-elongated particles from the spherical shape. We verify that our simulation method for
polyhedral particles gives the same results as the corresponding experiment and propose the power
spectrum of the avalanches in the drum as a possible ”signature” of the particle agglomerate, which
can be used to discriminate the dynamics of mixtures with different shapes. This shows that even
for non-elongated particles, the shape has an effect on the dynamics of the system.
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Formation of Granular Heaps in Fluids

Shi Han Ng 1 and Hans-Georg Matuttis 1

1. Department of Mechanical Engineering and Intelligent Systems, The University of Electro-
Communications, Tokyo 182-8585, Japan

We have developed a two-dimensional simulation of discrete element particles immersed in
a Navier-Stokes fluid. In our microscopic approach, the flow goes around the arbitrary convex
polygonal particles, the fluid space is discretized via a triangular mesh. The flow velocities are
computed with the finite element method, the pressures are obtained as Lagrange parameters from
the formulation as differential algebraic equations. The polygonal particles consist of a core and a
wider shadow: The core is the boundary for the fluid, the shadow is the interaction range between
the particles, where fluid flow is allowed. The width of the shadow can be set to guarantee that
the pore-spaces in the simulation are connected. With this code we can simulate stable free slopes
under water. For dry simulations, the granular dynamics on the surface of the slope of the heap
is determined by the competition of rolling and sliding. For our simulations of granular heaps in
fluid, we find, among other things, that rolling is suppressed due to the drag of the fluid.
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Wriggling Motions of Chains formed by Self-Propelled Particles 
Daiki Nishiguchi and Masaki Sano 
 

Department of Physics, Graduate School of Science, the University of Tokyo 
7-3-1 Hongo, Bunkyo-ku, Tokyo, Japan 
 
 

Asymmetrical colloidal particles (called ‘Janus particles’) made by coating hemispheres of 
polystyrene beads with gold exhibit self-propelling motions under AC electric field. This 
propelling mechanism is theoretically understood only for a low frequency regime [1]. 

Under high frequency AC field (>30kHz), it is experimentally reported that the Janus 
particles also self-propel but their direction is reversed compared with the case of the low 
frequency regime [2]. The most distinctive feature of the two frequency regimes is the profiles 
of the induced charge on the Janus particles. Though the induced electric dipole on the gold 
hemisphere can follow the AC field, the dipole on the polystyrene hemisphere cannot follow it 
and delays. This means that the electric quadrupole is induced on the whole Janus particle. 

In the high frequency regime, the quadrupole-quadrupole interaction results in attractive 
forces between particles. This causes particles to be connected with each other and they form 
some interesting complexes such as doublets, triplets, and chains. 

Here we focused on the chains. Janus chains do not propel straightforwardly but they wriggle 
and curve. Especially, chains with their front particles stuck to the substrate exhibit flagella-like 
beating motions. As the intensity of the applied AC electric field increases, the propelling force 
of each particle becomes stronger and this results in higher beating frequency. In order to 
elucidate the mechanism of beating motions, we observed chains under various conditions and 
evaluated how these wriggling or beating motions depend on the property of the applied AC 
electric field. 
 
[1] Sumit Gangwal, Olivier J. Cayre, Martin Z. Bazant, and Orlin D. Velev. PRL (2008) 
[2] Ryo Suzuki, Hong-Ren Jiang, and Masaki Sano. arXiv (2011) 
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Optical Properties and Ordering Phenomena of Cholesteric Liquid Crystal 
Droplets and Shells 
 
JungHyun Noh 1 and Jan Lagerwall 1 
 

1. Graduate School of Convergence Science & Technology, Program for Nano Science & 
Technology, Seoul National University, Suwon 443-270, Korea 
 

By producing droplets and shells of short-pitch cholesteric liquid crystal mixtures from a 
glass capillary microfluidic set-up, colloids with highly attractive and peculiar optical properties 
can be realized. The droplets/shells are collected in a container where they spontaneously 
organize in a 2D colloidal crystal arrangement once they cover a sufficient fraction of the plane. 
Planar director alignment can be ensured by adding adequate functional solutes to the outer 
phase (and also the inner phase in case of shells), leading to a radial helix arrangement and thus 
selective reflection from the droplets or shells in all directions. Although a regular bulk sample 
of the liquid crystal reflects only in a narrow wavelength band, the colloidal crystal arrangement 
of spherically symmetric liquid crystal samples gives rise to a peculiar multicolored pattern with 
six-, twelve- or 24-fold symmetry around the droplet perimeter. We can understand the regular 
system of colorful spots as a result of light transferring between nearest neighbor, next nearest 
neighbor or next-next nearest neighbor droplets/shells, respectively. The peculiar optical 
properties of these spherically symmetric self-assembled photonic crystals give them broad 
application potential, for instance in tunable omnidirectional lasers [1-2]. We will present the 
recent results of our investigations on these fascinating colloids, exploring the photonic 
properties as a function of composition of the surrounding phases, droplet size, and pitch of the 
helical director modulation of the liquid crystal phase.  
 
[1] M. Humar, and I. Musevic, Opt. Express, 18, p. 26995 (2010) 
[2] R. Won, Nat. Photonics, 5, p. 133 (2011) 
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Multiparticle Collision Dynamics Simulation of Polyelectrolyte Electrophoresis 
 
Pyeong Jun Park 

 
School of Liberal Arts and Sciences, Korea National University of Transportation, Chungju 
380-702, Korea 
 

We consider a charged polymer immersed in a three dimensional liquid and examine its 
electrophoretic mobility. We use a molecular dynamics scheme for polymers and counterions 
and multiparticle collision dynamics scheme for surrounding fluids. The electrophoretic 
mobility is found to be weakly dependent upon the molecular weight of polymers, which is 
consistent to the experimental results. The effects of coions as well as of additional polymers 
are examined, which provide a potential application to the separation of charged polymers. 
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Separation of Chiral Objects in Flow

Sunghan Ro 1 and Yong Woon Kim 1

1. Graduate School of Nanoscience and Technology, Korea Advanced Institute of Science and
Technology, Daejeon 305-701, Korea

Enantiomers usually exhibit very different chemical activities depending upon their chirality, de-
spite the structural similarity. Enantiomer separation by chirality is therefore of great importance
in various applications including pharmaceutical industries. The conventional chiral separations
have been done through chromatography or capillary electrophoresis. This requires specific chiral
medium of high cost so that an alternative method using less specific physical mechanism is highly
desirable. Recent experiments have suggested that the separation can be achieved by applying a
shear flow to the chiral objects. Based on simple symmetry argument and resistive force theory, we
investigate the dynamics of helical objects in response to external hydrodynamic stimuli and ratio-
nalize the physical mechanism underlying the shear flow induced separations. In addition, using
full hydrodynamic simulations, we elucidate the significant role of the hydrodynamic interaction
and its subtle interplay with the thermal fluctuations and the hydrodynamic boundaries.
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Statistics and Geometrical Picture of Ring Polymer Melts

Takahiro Sakaue 1,2

1. Department of Physics, Kyushu University 33, Fukuoka 812-8581, Japan
2. PREST, JST, 4-1-8 Honcho Kawaguchi, Saitama 332-0012, Japan

Statistics of melts and concentrated solutions of ring polymers is a longstanding problem in
polymer physics. Unlike linear chain systems, their physical properties crucially depends on the
preparation history during which the topology of the system is frozen. Then, the non-crossing
requirement creates topological constraints which impose nontrivial restrictions on the phase space
of the system.

We shall present our recent attempt to construct a phenomenological theory based on the
geometrical representation of the topological constraints [1,2]. The result captures many of the
salient features observed so far, including (i) the overall spacial size of rings, (ii) the coordinate
number, i.e., the number of rings surrounding a given ring, (iii) the topological length scale as a
function of the molecular weight and (iv) the effect of the chain stiffness and concentration. We
also suggest a geometrical interpretation of the topological length scale, which may shed some light
on the entanglement concept in polymeric systems.

There are many related (advanced) topics ranging from the phase separation [3] and rheology of
topologically constrained systems to the large-scale chromosome organization in cell nucleus. We
hope that the present framework may provide a basic guide to such intriguing problems, just as the
tube/reptation model played a pivotal role in understanding the dynamics and rheology of high-
molecular weight linear polymer solutions by setting up a geometrical picture for the topological
effect due to the molecular entanglement.

[1] T. Sakaue, Phys. Rev. Lett. 106 (2011), 167802.
[2] T. Sakaue, Phys. Rev. E 85 (2012), 021806.
[3] C.H. Nakajima and T. Sakaue, in preparation.
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Is it possible to construct a consistent fundamental-measure free energy for hard-
sphere mixtures beyond scaled-particle theory?

Andrés Santos 1

1. Departamento de F́ısica, Universidad de Extremadura, Badajoz, E-06071, Spain

In fundamental-measure theories (FMT) the bulk excess free-energy density Φ of a hard-sphere
fluid mixture is assumed to depend on the partial number densities only through the four scaled-
particle-theory (SPT) variables {nα}. The construction of a specific functional Φ({nα}) may
be guided by internal consistency conditions. Three basic conditions are (i) in the special case
where one of the components is made of point particles Φ must decompose into an ideal-gas-like
term plus a term associated with the remaining components [1]; (ii) a common pressure must
be obtained from the standard thermodynamic relation and from the reversible work needed to
create a cavity accommodating a particle of infinite diameter [2]; and (iii) the virial coefficients
must have a polynomial dependence on the mole fractions. It is proved in this work that the
functionals satisfying (i) and (ii) must necessarily have the form [3] Φ({nα}) = −n0 ln(1 − n3) +
Ψ(y)n1n2/(1 − n3), where y ≡ n2

2/12πn1(1− n3) is a scaled variable and Ψ(y) is an arbitrary
dimensionless scaling function which can be determined from the free-energy density of the one-
component system. Computer simulations show that this new bulk free energy, with Ψ(y) obtained
from the Carnahan–Starling equation of state, is more accurate than theWhite Bear one. Extension
to the inhomogeneous case is achieved by standard replacements of the variables {nα} by the FMT
weighted densities. On the other hand, the requirement (iii) is violated unless Ψ(y) is obtained
from the SPT equation of state. Therefore, the only FMT consistent with the three conditions
(i)–(iii) turns out to be the SPT one.

[1] A. Santos, J. Chem. Phys. 136, 136102 (2012).
[2] R. Roth, R. Evans, A. Lang, and G. Kahl, J. Phys.: Cond. Matt. 14, 12063 (2002).
[3] A. Santos, Phys. Rev. E 86, 040102(R) (2012).
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Field-induced nematic cloud on the colloidal particles

Takayuki Uchida, Takeaki Araki and Akira Onuki

Department of Physics, Kyoto University, Kyoto 606-8224, Japan

Electrostatic properties of colloidal dispersions in nematic liquid crystals (NLCs) have been
studied intensively. Usually theoretical or numerical studies about them start from the electrostatic
free energy of a nematic liquid crystal,

Fe =
1

8π

∫
dr

{
−ε⊥E0

2 − εa(n ·E0)
2
}
, (1)

where n and E0 are the director field of the NLC and an unperturbed electric field, respectively. εa
and ε⊥ represent the anisotropy of the dielectic constant. However, eq.(1) is sometimes inadequate
because the electric field depends on the nematic order parameter Qij and the particle distribution.
So we must solve the Poisson equation to obtain the correct electric fieldE and employ the following
form of the free energy [1]:

Fe,inhomogeneous =
1

8π

∫
dr(ε0δij + ε1Qij + εpδij)EiEj . (2)

ε0 and ε1 are the isotropic and anisotropic parts of the permittivity. εp is a function of the particle
distribution. In this work, we study the behavior of a mesogenic liquid containing a spherical
colloid. The bulk is just above the isotropic-nematic transitin temperature and confined in a
capacitor. The dielectric constant of colloid is 20 times larger than that of the host liquid, ε0. We
obtain the equilibrium state by numerically solving the Euler-Lagrange equation for Landau-de
Gennes free energy and Poisson equation.
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Figure 1: The profile of nematic order parameter S. (Left) no surface
anchoring. (Center) homeotropic surfacd anchoring. (Right) planar
surface anchoring.

We first consider the
case where there is no sur-
face anchoring of the col-
loid. When the exter-
nal field that is stronger
than a threshold is applied,
the nematic-isotropic tran-
sition occurs around the
poles of the colloid and
the nematic-isotropic inter-
faces are formed (the left in
Figure 1). This two-phase
coexistence is stable. The
electric field is stronger in
the vicinity of the poles than that far from the colloid, and this inhomogeneity of the electric
field gives rise to formation of this “nematic cloud”. Next, we consider the cases of finite surface
anchoring. The center (right) panel in Figure 1 shows the nematic cloud around the colloid with
homeotropic (planar) surface anchoring. The contact angle is smaller (larger) than that without
the surface anchoring. This “wetting” (“drying”) arise from matching (mismatch) of the directions
between electric field vector and director of NLCs on the surface. These results suggest that field-
induced nematic-isotropic transition of colloidal dispersions in NLCs occurs around the colloids
and nematic region spreads continuously from the colloids.

[1] A. Onuki, J. Phys. Soc. Jpn 73, 511 (2004)
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Calculation of slip length in nanofluidics using theory of reaction rates and modifica-

tion to bi-viscosity model

Jeetu S. Babu and Sarith P. Sathian

Computational Nanotechnology Laboratory, School of Nano Science and Technology, National In-
stitute of Technology Calicut, Kozhikode, Kerala, India

A molecular dynamics (MD) methodology based on Eyring theory of reaction rates is proposed
for investigating the liquid slip on a solid wall. Using this methodology it is advantageous to
calculate all the transport properties of confined fluid from the activation energy required for the
flow process [1]. The methodology developed was applied to study the pressure driven water flow
through CNTs and between graphene sheets. The slip length is found to be size dependent in
the nanoscale regime, it was found to decrease with channel dimensions for confined water in both
cases. Based on our analysis, the bi-viscosity model proposed by Myers for explaining the enhanced
flow observed in carbon nanotubes (CNT) was modified to include the occurrence of slip at the
liquid solid boundary [2]. The viscosity ratio, required for calculating the flow enhancement factor
based on the bi-viscosity model, was calculated directly from the Eyring theory of reaction rates.
The results indicate that the incorporation of both the slip length and viscosity ratio into the
bi-viscosity model helps in accurately predicting the flow behavior of the confined fluid.

[1] J. S. Babu and S. P. Sathian, J. Chem. Phys. 134, 194509 (2011).
[2] T. G. Myers, Microfluid. Nanofluid. 10, 1141 (2011).
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Wetting Behavior of a Drop Sitting on a Crevice 
 
Cheng-Chung Chang 1, Wen-Yin Chang 2, Yu-Jane Sheng 1 and Heng-Kwong Tsao 2 
 

1. Department of Chemical Engineering, National Taiwan University, Taipei 106, Taiwan 
2. Department of Chemical and Materials Engineering, National Central University, Jhongli 320, 
Taiwan 
 

It is generally believed that a water droplet prefers to wet a hydrophilic hole or crevice. 
However, the wetting behavior of a droplet is also dependent on the roughness of the surface, i.e. 
the geometry of the grooves. In this work, the coupling effect of wettability and geometry of the 
groove opening on the droplet wetting is explored by considering a simple system involving a 
water drop sitting on an artificial crevice made of two nearly contact wedges. Four types of 
equilibrium states can be observed by varying intrinsic contact angle () and wedge angle (). 
In the completely-wetting regime where the contact angle is generally smaller than the wedge 
angle, the water droplet will impregnate the crevice, even when the crevice is very hydrophobic. 
On the other hand, as  > , the water droplet will not impregnate the crevice, even when the 
crevice is very hydrophilic. Such a non-wetting behavior can be seen in two regimes. In the run-
away regime, the drop will slide away from the crevice. In contrast, the drop will stay on top of 
the crevice in the sitting-on regimes for very hydrophobic crevices. Occasionally, the drop will 
impregnate the upper part of the crevice in the partially-wetting regime for hydrophobic 
crevices with  . 
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Observation of the Brownian dynamics from molecular dynamics simulations: the
Generalized Langevin Equation approach

Bongsik Choi, Hyunkyung Shin and Eok Kyun Lee

Department of Chemistry, KAIST, Daejeon 305-701 Korea

We presented extensive numerical study of the motion of single Brownian particle immersed
in fluids composed of simple solvent particles. MD simulations were performed for the systems
with a dumbbell shaped Brownian particle as well as a spherical shaped one for various masses
and sizes. The data obtained from the MD simulations were analyzed in terms of a generalized
Langevin equation(GLE) of Mori type [1,2]. The memory kernels for both translational- and
rotational-motion were estimated on the basis of the momentum autocorrelation functions, total
force-momentum correlation functions and total force autocorrelation functions all of which can
directly be obtained from the MD simulation data. The consistency of the obtained memory kernel
and the fluctuating forces were tested in terms of the fluctuation-dissipation theorem.

The memory function for respective motion has characteristic long time behavior contributed
by correlated or ring collisions and fast decaying short time behavior contributed by direct ran-
dom collisions, and the two are intermingled each other [3,4]. We were able to separate the two
contributions by MD simulations and compared the short time behavior of the friction kernel with
the Enskog collision rate.

In the case of the dumbbell shaped Brownian particle, its anisotropy induces dissipative coupling
of translational to rotational motion. Therefore the Brownian particle is characterized by two
translational memory kernel (gamma parallel) and (gamma perpendicular) [5,6,7,8,9], respectively,
for motion parallel and perpendicular to its long axis, in addition to one memory kernel associated
with rotational motion [10,11,12]. We showed that, if each site of dumbbell has equal mass, the
rotational- and the translational-GLE can be decoupled and the three memory kernels govern the
dynamics of the Brownian particle including the diffusional motion.

We further isolated the portion of the memory kernels contributed by random direct collision
only, and interpreted their time profile in terms of Langevin theory for various masses and volumes
of the Brownian particle. Finally we studied the kinetic inhomogeneity problem induced by mass
and volume differences between the Brownian particle and solvent particles, and examined the
effect on the memory functions.

[1] H. Mori, Prog. Theor. Phys. 33, 423 (1965).
[2] R. Zwanzig, Phys. Rev. 124, 983 (1961).
[3] K. Miyazaki, G. Srinivas, and B. Bagchi, J. Chem. Phys. 114, 6276 (2001).
[4] U. Balucani and M. Zoppi, Dynamics of the Liquid State, Oxford University Press, USA, 1995.
[5] J-P. Ryckaert, A. Bellemans, and G. Ciccotti, Mol. Phys. 44, 979 (1981).
[6] U. Balucani, D. Bertolini, G. Sutmann, A. Tani, and R. Vallauri, J. Chem. Phys. 111, 4663
(1999).
[7] A. Idrissi and F. Sokolic, A. Perera, J. Chem. Phys. 112, 9479 (2000).
[8] A. Idrissi, S. Longelin, P. Damay, S. Krishtal, and M. Kiselev, J. Chem. Phys. 125, 224501
(2006).
[9] F. Höfling, E. Frey, and T. Franosch, Phys. Rev. Lett. 101, 120605 (2008).
[10] T. W. Nee and R. Zwanzig, J. Chem. Phys. 52, 6353 (1970).
[11] B. J. Gertner and K. Lindenberg, J. Chem. Phys. 94, 5143 (1991).
[12] A. Blokhin and M. F. Gelin, J. Phys. Chem. B 101, 236 (1997).
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The isotropic-to-nematic phase transition in hard helices: Onsager theory and Monte
Carlo simulations

Elisa Frezza 1, Alberta Ferrarini 1, Hima Bindu Kolli 2, Achille Giacometti 2, and Giorgio Cinacchi
3

1. Dipartimento di Scienze Chimiche, Universita’ di Padova, via Marzolo 1, 35131 Padova, Italy
2.Dipartimento di Scienze Molecolari e Nanosistemi,Universita’ Ca’ Foscari di Venezia, Dorsoduro
2137, 30123 Venezia, Italy
3. Departamento de Fisica Teorica de la Materia Condensada,Universidad Autonoma de Madrid,
Campus de Cantoblanco, 28049 Madrid, Spain

The helix is a typical structural motif in nature: for example, polynucleotides, proteins and
collagen fibres are all right-handed helices. Rigid and semiflexible helical polymers can exhibit
ordered phases, whose features are only partially understood. We have investigated the isotropic-
to-nematic phase transition in systems of hard helical particles, using Onsager theory and Monte
Carlo computer simulations. Motivation of this work resides in the ubiquity of the helical shape
motif in many natural and synthetic polymers, as well as in the well known importance that the
details of size and shape have in determining the phase behaviour and properties of soft condensed
matter systems. We discuss the differences with the corresponding spherocylinder phase diagram
and find that the helix parameters affect the phase behaviour and the existence of the nematic (N)
phase. Onsager theory predicts the N-I transition at higher density with increasing helicity. We
find that at high helicities Onsager theory significantly departs from numerical simulations even
when a Parsons-Lee improvement is included to account for the non-convexity of particles. When
compared to the MC simulation data, Onsager theory generally underestimates pressure, with the
deviations increasing with increasing density and upon going from the isotropic to the nematic
phase. The unexplored compact structure realm occurring for such non-convex objects at high
densities and pressures will also be discussed.

Elisa Frezza, Alberta Ferrarini, Hima Bindu Kolli, Achille Giacometti,Giorgio Cinacchi, J.
Chem. Phys. in press (2013)
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Optimal coefficients of noisy Burgers equation modeled on the Kuramoto-Sivashinsky
equation

Hideshi Ishida 1, Atsushi Shibamoto 2 and Genta Kawahara 1

1. Department of Mechanical Science and Bioengineering, Osaka University, 1-3 Machikaneyama,
Toyonaka, Osaka 560-8531, Japan
2. The Kinki Sharyo Co.,Ltd., 2-2-46 Inada-Uemachi, Higashi-Osaka, Osaka 577-8511, Japan

The noisy Burgers equation (NBE) [1] modeled on the Kuramoto-Sivashinky equation (KSE)
has been the subject of intense studies, and the values of two coefficients included in NBE, i.e. an
effective viscosity νeff and a noise levelN , were determined [2-4]. They are not, however, verified by
comparing the statistical properties of NBE with those of KSE, varying greatly among these studies.
In this presentation, the two coefficients will be optimized by the numerical stochastic integration of
NBE to recover the properties of KSE. Firstly, the NBE, a stochastic partial differential equation,
is interpreted as a stochastic differential equation (SDE) at a spatial point. The solution of the
SDE recovers the Gaussian distribution derived by Huse et al. [5]. Secondly, under the condition
that the average and variance of the numerical solution of NBE agree with those of KSE, the values
of the two coefficients are found to have a degree of freedom, showing exponential manner for a
wide range of νeff . Finally, their optimal values are determined by the comparison of Cramér
(large deviation) functions obtained from the solutions of KSE and NBE. The optimal value of
νeff , far smaller than reported ones in some literatures [2-4], is found to accord with the estimated
one by the Kalman-Bucy filter, minimizing the noise level N on the exponential curve.

[1] V. Yakhot, Phys. Rev. A, 24 (1981), 642-644.
[2] K. Sneppen, J. Krug, M. H. Jensen, C. Jayaprakash, and T. Bohr, Phys. Rev. A, 46 (1992),
R7351-R7354.
[3] F. Hayot, C. Jayaprakash, and Ch. Josserand, Phys. Rev. E, 47 (1993), 911-915.
[4] H. Sakaguchi, Prog. Theor. Phys., 107 (2002), 879-887.
[5] D. A. Huse, C. Henley, and D. S. Fisher, Phys. Rev. Lett., 55 (1985), 2924.
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Microscopic Origin of Drag Force in Brownian Motion

Changho Kim 1 and George Em Karniadakis 1

1. Division of Applied Mathematics, Brown University, Providence, Rhode Island 02906, USA

For Brownian motion of a massive particle in a fluid, we obtain microscopic expressions for the
memory function and the friction coefficient. Compared to the previous results given in terms of
the force autocorrelation function of the frozen dynamics, where the Brownian particle is held fixed,
we employ the ensemble average of the force on the Brownian particle under the constant-velocity
dynamics where the particle (with infinite mass) starts moving with a constant infinitesimal velocity
in the fluid at equilibrium. We show that the drag force felt by the Brownian particle originates
from the difference of the forces exerted by the fluid under the frozen dynamics and the constant-
velocity dynamics. In the case that the fluid is an ideal gas (i.e., the Rayleigh gas), we reduce these
expressions into the ones expressed in terms of the deviation of one-fluid-particle trajectories under
these dynamics. For both the ideal gas and the interacting fluid, we perform molecular dynamics
simulations to verify the theoretical results. In addition, we propose an alternative method of
evaluating the friction coefficient through the constant-velocity dynamics by measuring the rate
of increase of the total energy and discuss various numerical methods to calculate the friction
coefficient through molecular dynamics simulations.
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Multiblock copolymer adsorption on a hydrophobic surface: A Monte 
Carlo simulation study  
 
 
Max Kolb 1 and Virginie Hugouvieux 2 
 

1. Laboratoire de Chimie, Ecole Normale Supérieure de Lyon, F-69364 Lyon, France 
2. Sciences pour l’Oenologie, INRA, F-34060 Montpellier, France 
 
The structure of the adsorption layer near a hydrophobic surface in a dilute solution of long 
multiblock copolymers with alternating hydrophilic and hydrophobic segments has been 
investigated by Monte Carlo simulation. Its structural properties have been determined as a 
function of the bulk hydrophobicity, the surface hydrophobicity, the monomer concentration 
and the copolymer length and block structure. Interesting features appear close to the bulk 
critical micelle concentration: surface micelles, bulk micelles inside the surface layer, depletion 
effects. Depending on the interaction strengths the surface layer consists of individually 
adsorbed hydrophobic segments or of surface micelles. The surface micelles are at equilibrium 
with the dilute solution of bulk micelles [1]. At higher surface coverage the surface micelles 
form a regularly spaced layer of hydrophilically connected micellar cores. For sufficiently long 
copolymers a layer of bulk micelles forms within the surface layer. 
 
[1] Virginie Hugouvieux, Monique Axelos and Max Kolb, Soft Matter 7, 2580 (2011) 
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        Evaporation Stains: Suppressing Coffee-Ring Effect by Contact Angle 
Hysteresis 

Yueh-Feng Li,1 Ya-Yin Tsai,1 Yu-Jane Sheng,2,a) and Heng-Kwong Tsao1,3,b)

1Department of Chemical and Materials Engineering, National Central University, Jhongli 
320, Taiwan 
2Department of Chemical Engineering, National Taiwan University, Taipei 106, Taiwan 
3Department of Physics, National Central University, Jhongli 320, Taiwan 

A ring-shaped stain is frequently left on a substrate for a drying drop containing colloids 
due to contact line pinning and outward flow. In this work, however, different patterns are 
observed for drying drops containing small-sized solutes or polymers on various hydrophilic 
substrates. Dependent on surface activity of solutes and contact angle hysteresis (CAH) [1, 2] 
of substrates, the pattern of evaporation stain varies, including concentrated stain, ring-like 
deposit, and a combined structure. For small-sized surface-inactive solutes, the concentrated 
stain is formed on substrates with weak CAH; for example, copper sulfate solution on silica 
glass. On the contrary, the ring-like deposit is developed on substrates with strong CAH; for 
example, copper sulfate solution on graphite. For surface-active solutes, however, the wetting 
property can be significantly altered and the ring-like stain always shows; for example, 
Brij-35 solution on polycarbonate. For a mixture of surface-active and surface-inactive 
solutes, a combined pattern of ring-like and concentrated stain can appear. For various 
polymer solutions on polycarbonate, similar results are observed. Concentrated stains are 
formed for weak CAH such as sodium polysulfonate and ring-shape patterns are developed 
for strong CAH such as polyvinyl pyrrolidone. The stain pattern is actually determined by the 
competition between the time scales associated with contact line retreat and solute 
precipitation. The suppression of the coffee-ring effect can thus be acquired by the control of 
CAH. 

[1] S.-J. Hong, F.-M. Chang, T.-H. Chou, S.-H. Chan, Y.-J. Sheng and H.-K. Tsao, Langmuir, 
2011, 27, 6890-6896. 
[2] T.-H. Chou, S.-J. Hong, Y.-J. Sheng and H.-K. Tsao, Langmuir, 2012, 28, 5158-5166. 
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IS THE BUOYANCY OF AN OBJECT FLOATING IN A LIQUID 

EQUALS TO ITS WEIGHT?  

 

Lin Liancheng 

Huaqiao University，Quanzhou Fujian 362300,China 

 

It has been believed that “the buoyancy of an object floating in liquids equals to its weight”, even people simply 
do not suspect that whether it has certain limitations or not. This is significantly proved by  the Tsinghua 
University textbooks ---„Tensor Analysis‟, which is written by Eringen, translated by Qian Weijiang – The 
principal of Tsinghua Univeristy. The book provides a strong theoretical support for it. However, theory should be 
tested by massive experiments, if it cannot passed by the experimental tests then it implies that the theory has 
some constraints. "The buoyancy of an object floating in liquid equals to its weight” could not withstand the test 
of these two experiments: 1, in the same place almost at the same time, with a radius of 2.97mm, density of 1.02 × 
10 ^ 3kg / m ^ 3 small plastic ball in the same glass, the water in the glass neither increase nor decrease (assuming 
no evaporation).   The location of the toothpick on the rim of glass does not move, i.e. the gap between the 
surface of water and the toothpick is unchanged, plastic ball floating on the surface of the water, when small part 
of it above water, it can get through from the gap between the toothpick and the surface of the water in the glass 
smoothly; when small plastic ball is submerged, it will sink then eventually lying in the bottom of the glass; when 
most part of the ball exposed surface of the water, it will float in the water, most part of the plastic ball floating 
and out of the water, the upper end of the small plastic ball touched toothpick would blocked by toothpick then 
could not get through from the gap between the toothpick and the surface of water.  
Experimental video is available at http://v.youku.com/v_show/id_XMTE4ODc2NjM2.html;,2. Put a small plastic 
ball in the same glass filled with water, when plastic ball is immersed, it will sink; When the water surface reduces 
then reaches the upper end of the small plastic ball, the plastic ball will floats; When plastic ball floats in the water, 
it does not sink. Small plastic ball in the same glass of water keeps sinking and floating, floating phenomenon can 
be repeated several times. See the experiment video: http://v.youku.com/v_show/id_XMjQ3MDU5MzU2.html. 
"the buoyancy of an object floating in liquid equals to its weight" can not withstand the experimental tests, 
therefore it has certain limitations, it is incorrect, it‟s correct that  the object floating in liquid‟s buoyancy and the 
surface tension upward force equal to its weight, or the object floating in liquid surface‟s buoyancy approximately 
equals its weight. 

Key words：buoyancy ，equal，weight 
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Equilibrium Phase Diagram of Drops at the Bottom of a Fiber Standing on 
Superhydrophobic Surfaces 

Yu-En Liang, 1 Siang-Jie Hong, 2 Cheng-Chung Chang, 1 Heng-Kwong Tsao, 2 Yu-Jane Sheng 1

1. Department of Chemical Engineering, National Taiwan University, Taipei 106, Taiwan 
2. Department of Chemical and Materials Engineering, National Central University, Jhongli 320, 

Taiwan 

Droplet-on-fiber is commonly observed in our daily life and is closely related to dyeing 
fabrics and fiber-based microfluidic devices. Droplet-on-fiber system is well studied, but the 
behavior of a droplet at the bottom of a vertical fiber standing on a plane is less studied. 
Understanding the profile associated with a drop residing on both fiber and flat surface 
simultaneously may provide useful information for improving the technology of dip-pen 
nanolithography. A combined numerical simulation and experimental observation were 
conducted to investigate the equilibrium shape of a drop-on-fiber/plane system. In this work, the 
energy calculation was accurately performed by using a powerful modeling tool, the Surface 
Evolver, which is based on the finite-element simulation. The phase diagram of drop-on-
fiber/plane system is also established by using SE. First, we simulate droplets on a vertical fiber 
standing on a superhydrophobic plane. From the simulation results and the experimental 
observations, we found that the qualitative features of the phase diagram in such a system is 
similar to that of the equilibrium phase diagram of drop-on-fiber in the absence of gravity. 
Second, the shape characteristics of the barrel shape drop in drop-on-fiber/superhydrophobic 
plane system are also discussed. Third, phase diagram of drop-on-fiber/partially wetting plane 
system is also conducted. From the result, the effects of capillary force are significant. The 
agreement of the droplet shape between the SE simulations and experimental observations are 
quite well. For each system, there are three regimes in the phase diagram, including (I) clam-
shell only, (II) coexistence of barrel and clam-shell, (III) barrel only. 
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Orientationally constrained Janus model fluids

Miguel Ángel G. Maestre 1, Riccardo Fantoni 2, Achille Giacometti 2, and Andrés Santos 1

1. Departamento de F́ısica, Universidad de Extremadura, E-06071 Badajoz, Spain
2. Dipartimento di Scienze dei Materiali e Nanosistemi, Università Ca’ Foscari Venezia, Calle
Larga S. Marta DD2137, I-30123 Venezia, Italy

We study thermophysical properties of a Janus fluid with constrained orientations, using an-
alytical techniques and numerical simulations [1]. The Janus character is modeled by means of a
Kern–Frenkel potential [2] where each sphere has one hemisphere of square-well and the other of
hard-sphere character. The orientational constraint is enforced by assuming that each hemisphere
can only point either North or South with equal probability. The analytical approach hinges on a
mapping of the above Janus fluid onto a binary mixture interacting via a “quasi” isotropic poten-
tial. The anisotropic nature of the original Kern–Frenkel potential is reflected by the asymmetry in
the interactions occurring between the unlike components of the mixture. A rational-function ap-
proximation extending the corresponding symmetric case is obtained in the sticky limit, where the
square-well becomes infinitely narrow and deep, and allows a fully analytical approach. Notwith-
standing the rather drastic approximations in the analytical theory, this is shown to provide a
rather precise estimate of the structural and thermodynamical properties of the original Janus
fluid. The gas-liquid critical point and coexistence curve are also studied [3].

[1] M. A. G. Maestre, R. Fantoni, A. Giacometti, and A. Santos, J. Chem. Phys. 138, 094904
(2013).
[2] N. Kern and D. Frenkel, J. Chem. Phys. 118, 9882 (2003).
[3] R. Fantoni, M. A. G. Maestre, A. Giacometti, and A. Santos, in preparation.
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Erosion by a foam of the inner oily-film in a pipe 
 
Abraham Medina 1, Juliana Gutierrez1 and Jaime Klapp 2 

 

1. ESIME UA, Instituto Politecnico Nacional, Mexico City 02250, Mexico 
2. CINVESTAV-ABACUS, Mexico City, Mexico 
3. Instituto Nacional de Investigaciones Nucleares, Mexico City. 
 
   Flows of aqueous foams, i.e., the aggregates of bubbles made by the addition of a surfactant 
to water with salt (brine), were produced along circular and rectangular acrylic-walled and 
glass-walled vertical pipes having a very slim film of very viscous Mexican oils. This procedure, 
occurring at very low Reynolds numbers, gives erosion rates that are strongly dependent on the 
capillary number, Ca, where Ca=μeffQ/σa and μeff is the effective dynamic viscosity of the foam, 
Q is the volume rate of gas injection, σ is the surface tension of the system air-brine+surfactant 
and a is the radius of the injection needle. In this work we discuss a lot of experimental results, 
including those related with how the quality of the oil recovered was changed, and we give a 
simple theoretical model of the erosion that embraces our main experimental observations.  
   This work was supported by Fondo SENER-CONACyT contract number 146735. 
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Electrical power generation by using water droplets 
 
Jong Kyun Moon 1, Jaeki Jeong 2, Dongyun Lee 1 and Hyuk Kyu Pak 1 
 

1. Department of Physics, Pusan National University, Busan 609-735, Korea  
2. Interdisciplinary School of Green Energy and KIER-UNIST Advanced Center for Energy, 
Ulsan National Institute of Science and Technology (UNIST), Ulsan, 689-798, Korea 
 

Since Michael Faraday and Joseph Henry made their great discovery of electromagnetic 
induction, there have been continuous developments in electrical power generation. Most people 
today get electricity from thermal, hydroelectric, or nuclear power generation systems, which 
use this electromagnetic induction phenomenon. Here we propose a new method for electrical 
power generation, without using electromagnetic induction, by mechanically modulating the 
electrical double layers at the interfacial areas of a water bridge between two conducting plates. 
We find that when the height of the water bridge is mechanically modulated, the electrical 
double layer capacitors formed on the two interfacial areas are continuously charged and 
discharged at different phases from each other, thus generating an AC electric current across the 
plates. We use a resistor-capacitor circuit model to explain the results of this experiment. This 
observation could be useful for constructing a micro-fluidic power generation system in the near 
future. 
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Phase Transitions in Ensemble of Droplets on Soluble Nuclei 
 
Alexander K. Shchekin1 , Ilya V. Shabaev1 and Olaf Hellmuth2 

 

1. Department of Statistical Physics, St Petersburg State University, Ulyanovskaya 1, Petrodvoretz, St 

Petersburg, 198504, Russia 

2. Leibniz Institute for Tropospheric Research, Permoserstraße 15, Leipzig, 04318, Germany 
 

Microphysical mechanisms of formation of thin films and new phase embryos have a bright 

demonstration in phase transitions in small droplets on soluble nuclei. If soluble nuclei appear in 

solvent vapor, liquid films with gradual dissolution of the nuclei are condensing. There is a 

value of vapor relative humidity (the deliquescence limit) above which all nuclei completely 

dissolve in droplets (deliquescence transition). If we noticeably decrease the humidity, a reverse 

(efflorescence) transition occurs, at which a solid nucleus crystallizes and grows in each droplet. 

Here we have proposed a thermodynamic theory for finding the deliquescence and efflorescence 

limits and corresponding activation barriers for direct and reverse transitions below the 

deliquescence and above the efflorescence limits. The theory predicts a crossover in stable and 

unstable variables of droplet state upon variations in vapor humidity. An advanced approach has 

been proposed for two-dimensional kinetic equations describing establishing equilibrium and 

quasi-steady distributions of binary droplets. This approach allows one to separate the variables 

and to solve such equations analytically. The specific times for deliquescence and efflorescence 

transitions have been found. 

 

[1] A.K. Shchekin, I.V. Shabaev, O. Hellmuth, J. Chem. Phys. 138, 054704 (2013).  

[2] A.K. Shchekin, I.V. Shabaev, A.I. Rusanov, J. Chem. Phys. 129, 214111 (2008). 
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Random Aggregation Models and Simulations for Coffee Fractals on Milk

Toshiya Takami1, Michiko Shimokawa2, Hiroshi Fujisaki3, and Taizo Kobayashi1

1. RIIT, Kyushu University, 6-10-1 Hakozaki, Higashi-ku, Fukuoka 812-8581, Japan
2. Department of Intelligent Mechanical Engineering, Fukuoka Institute of Technology,
3-30-1 Wajiro-higashi, Higashi-ku, Fukuoka 811-0295, Japan

3. Department of Physics, Nippon Medical School, Kawasaki-city, Kanagawa 211-0063, Japan

Dynamic processes to create surface patterns by the Rayleigh-Taylor instability are simulated
by the use of random growth models. This phenomenon, the tree-like fractal pattern created by
coffee on the surface of milk, was reported first by Shimokawa and Ohta [1], and several aspects
of the pattern formation have been studied experimentally so far [2,3]. However, the detailed
mechanism of this pattern formation is still unknown.

In this poster, we report results of several types of random pattern simulations based on invasion
percolation (IP) and diffusion-limited aggregation (DLA). For the IP model, we analyze the case
that the initial shape of the invaded sites is a circle. In the DLA model, we introduce an inverted
DLA process, where aggregation is made from the boundary to the internal area of the circle.
Thus, by the use of these models, we try to represent the growth process of milk into the surface
spot by coffee. With these simulations and measurements of the fractal dimension, we will discuss
the mechanism of the pattern creation.

[1] M. Shimokawa and S. Ohta, Fractals, Vol.20, 97-104 (2012); arxiv:0809.2458 (2008).
[2] M. Shimokawa, J. Phys. Soc. Jpn. 81, 094003 (2012).
[3] M. Shimokawa, H. Kitahata, and T. Sakurai, Phys. Rev. E87, 012903 (2013).
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The Effect of Viscous Normal Stress on Weakly Nonlinear Analysis of Interface 
Growth 
 
Hisasi Tani 1 and Atusi Tani 2 
 

1. Department of Physics, Tokyo University of Science, Shinjuku-ku Kagurazaka 1-3, Japan 
2. Department of Mathematics, Keio University, Kohoku-ku Hiyoshi 3-14-1, Yokohama, Japan 
 

Hele-Shaw problem, which is to determine the time evolution of an interface between two 
fluids in a Hele-Shaw cell, has been intensively studied for the reason of its relation with a wide 
variety of phenomena such as the growth of a snow crystal and the enhanced oil recovery [1, 2]. 
Under the assumptions that (i) both fluids are incompressible, and (ii) the flows obey the 
Darcy’s law, the problem to be solved is a Laplace equation with appropriate boundary 
conditions, that is traditionally the kinematic boundary condition and the Young--Laplace law 
[1-3, 6]. The Young--Laplace law expresses that pressure of fluids is discontinuous at the 
interface, whose difference is proportional to a curvature of the interface. However, its validity 
has been discussed in some previous studies for the case of the rectangular geometry [4] and the 
radial one [5]. Especially in [5], it was suggested the applicability of boundary condition 
including the effect of the viscous normal stress (VNS), instead of the Young--Laplace law. On 
the other hand, their results [5] are limited in the linear analysis, while the nonlinearity may 
plays an essential role on the instability of the interface. 

Under such backgrounds, we derive modified weakly nonlinear results including the VNS 
effects, by following the weakly nonlinear analysis due to Miranda [6]. Then we numerically 
analyze the derived equation and discuss the effects of VNS on the instability and the behavior 
of the radially growing interface. 
 
[1] P. Saffman and G. Taylor, The penetration of a fluid into a porous medium or Hele-Shaw 
cell containing a more viscous liquid, Proc. R. Soc. Lond. A (1958) 245 312 
[2] P. Pelce, Dynamics of Curved Fronts, Academic Press (1988) 
[3] L. Paterson, Radial fingering in a Hele Shaw cell, J. Fluid Mech. (1981) 113 513 
[4] C. Park and G. Homsy, Two-phase displacement in Hele-Shaw cells: theory, J. Fluid
 Mech. (1984) 139 291 
[5] H. Kim et al., Viscous potential flow analysis of radial fingering in a Hele-Shaw ce
ll, Phys. Fluids (2009) 21 074106 
[6] J. Miranda and M. Widom, Radial fingering in a Hele-Shaw cell: a weakly nonlinea
r analysis, Physica D (1998) 120 315 
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Imbibition of Micro-patterned Surfaces 
 
Marie Tani 1, Ko Okumura 1, Ryuji Kawano 2 and Shoji Takeuchi 2, 3 
 

1. Department of Physics, Graduate School of Ochanomizu University, Tokyo, Japan 
2. Kanagawa Academy of Science and Technology (KAST), Kanagawa, Japan 
3. Institute of Industrial Science (IIS), The University of Tokyo, Tokyo, Japan 
 

Wetting phenomena, such as water-repellency and imbibitions, have been familiar to us in 
daily life for a long time. Thanks to recent technological progress, however, such phenomena 
are paid considerable attention from industrial or applied aspects. In various contexts (from 
semi-conductor to fuel delivery), control of wettability and a small amount of liquid is one of 
the most important problems.  

Making surfaces rough is an effective way to control the wettability (hydrophobic or 
hydrophilic) [1-4]. If you make hydrophobic surfaces with micro pillars (such surfaces are 
called “textured surfaces”), surfaces repel well water drops. On the other hand, if you make 
hydrophilic textured surfaces, water penetrates into the textures. For imbibition of homogeneous 
textured surfaces, a scaling law was found. The law is similar to that for the capillary rise [5, 6]. 
For the imbibition of a surface with short and rounded pillars, another scaling law has been 
revealed [7]. Here, we experimentally and theoretically studied imbibition of “open capillary” 
(Fig.1), which is one of the simplest textured surfaces. We discuss the statics and dynamics of 
the imbibition, which is non-trivial because of the existence of a precursor film ahead of the 
imbibing front. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
[1] P.-G. de Gennes, F. Brochard-Wyart, and D. Quéré, Gouttes, Bulles, Perles et Ondes, 2nd ed., 
Belin, Paris, (2005) 
[2] S. Herminghaus, Europhysics Lett., 52, 165 (2000) 
[3] L. Courbin, E. Denieul, E. Dressaire, M. Roper, A. Ajdari and H.Stone, Nature Materials, 6, 
661 (2007) 
[4] J. Kim, MW Moon, KR. Lee, L. Mahadevan and HY. Kim, Phys. Rev. Lett., 26, 264501 
(2011)  
[5] C. Ishino, M. Reyssat, E. Reyssat, K. Okumura and D. Quéré, Europhysics Lett., 79, 56005 
(2007) 
[6] M H.-Kurosaki and K Okumura, European Physical Journal E, 30, 283 (2009) 
[7] N. Obara and K. Okumura, Phys. Rev. E Rapid Commun., 86, 020601 (2012) 

Fig.1: Snapshots of the imbibition at different elapsed times (4s, 1min, 2min)
  

4s 1min 2min 
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Coalescence of viscous drops in quasi two-dimensional space 
 
Maria Yokota 1 and Ko Okumura 1 
 

1. Department of Physics, Ochanomizu University, Tokyo 112-8610, Japan 
 

  Recently, the dynamics of coalescence of liquid drops has been well understood: the 
capillary drive balances with the viscous drag at shorter times (or in viscous drops) and with the 
inertial force at longer times (or in less-viscous drops) [1, 2]. This has been confirmed also in 
two-dimensional coalescence [3]. 

  Here, we studied coalescence of a liquid droplet to a bath of the same liquid in a confined 
geometry of a Hele-Shaw cell [4]. We followed the dynamics of the neck which bridges the 
drop and the liquid bath. We found, in a single coalescence event, a crossover from a three 
dimensional viscous dynamics to another quasi two-dimensional viscous dynamics. This 
crossover was established by demonstrating a clear data collapse, thanks to simple dimensional 
arguments.  

  Furthermore, we discuss an unusual charge effect on the coalescence which makes the 
dynamics self-similar: we report that the singular deformation of the interfaces is controlled by 
applying electric field. In our quasi two-dimensional case, the required strength of the field is 
much smaller than in previous three-dimensional examples [5-7]. 

 

 
Deformed surfaces by charge effect [4] 

 
[1] J.Eggers, J.R.Lister and H.A.Stone (1999) J. Fluid. Mech. 401:293-310. 
[2] D.G.A.L.Aarts, H.N.W.Lekkerkerker, H.Guo, G.H.Wegdam and D.Bonn (2005) Phys. Rev. 
Lett. 95:164503. 
[3] J.C.Burton and P.Taborek (2007) Phys. Rev. Lett. 98:224502. 
[4] M.Yokota and K.Okumura (2011) Proc. Nat. Acad. Sci. 108:6395. 
[5] G.Taylor (1964) Proc.R.Soc.Lond. A 283:383-397 
[6] P.Doshi, I.Cohen, W.W.Zhang, M.Siegel, P.Howell, O.A.Basaran, S.R.Nagel (2003) Sci
ence 302:1185-1188  
[7] J.C.Bird, W.D.Ristenpart, A.Belmonte and H.A.Stone (2009) Phys. Rev. Lett. 103:164502  
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Quantum Field Theories with Finite Green’s Functions

Kevin Cahill∗

Department of Physics & Astronomy,

University of New Mexico, Albuquerque, NM 87131, USA and

Physics Department, Fudan University, Shanghai 200433, China

(Dated: February 26, 2013)

Abstract

The addition of certain nonrenormalizable terms to the usual action density of a free scalar field

leads to nonrenormalizable theories whose exact euclidian and minkowskian Green’s functions are

less singular than those of the free theory. In some cases, they are finite. One may use lattice

methods to extract physical information from these less-singular, nonrenormalizable theories.

PACS numbers: 11.10.-z, 11.10.Lm, 11.15.Ha, 11.15.Tk

∗ cahill@unm.edu
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BKT-to-BEC crossover of the superfluid in a trapped 2D Bose gas

Jae-yoon Choi and Yong-il Shin

Department of Physics and Astronomy, Seoul National University, Seoul 151-747

In a two-dimensional system, long-range order is destroyed by thermal fluctuations at finite tem-
perature, and the normal-to-superfluid phase transitions involve no spontaneous symmetry break-
ing in contrast to the Bose-Einstein condensation (BEC) in three dimensions. The Berezinskii-
Kosterlitz-Thouless (BKT) theory [1,2] provides a microscopic mechanism for the 2D phase tran-
sitions, where vortices with opposite circulation are paired below a critical temperature. When
the 2D system has a finite spatial extent, which is generally the case, an interesting situation is
expected below the critical temperature: a Bose-Einstein condensate can form even in a finite
temperature when the phase coherence becomes extended over the whole system [3]. This is the
crossover from a BKT phase containing thermally activated vortices to a Bose-Einstein condensate
without vortex pair excitation. Recently, we have demonstrated a new experimental technique to
measure the spatial distribution of thermal vortices in the superfluid phase of a quasi-2D Bose
gas of ultracold neutral atoms [4]. The vortex pairing is revealed from the two-vortex spatial
correlation functions, directly confirming the BKT superfluidity. Furthermore, we have observed
that a vortex-free region emerges in the finite-size sample below a certain temperature, and this
is a manifestation of the BKT-BEC crossover behavior of the system. An interesting situation is
expected in a finite 2D system, which is generally the case, as the system cool down:

[1] V. L. Berezinskii, Sov. Phys. JETP 32, 493 (1971).
[2] J. M. Kosterlitz and D. J. Thouless, J. Phys. C 6, 1181 (1973).
[3] J. Choi, S. W. Seo ,and Y. Shin, arXiv:1211.5649 (2012).
[4] T. P. Simula and P. B. Blakie, Phys. Rev. Lett 96, 020404 (2006).
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Investigation of two-dimensional lattice thermal transport in graphene using 
phonon scattering mechanism 
 
K. K. Choudhary1,* and N. Kaurav2 
 

1. Department of Physics, Shri Vaishnav Institute of Technology and Science, Baroli, Sanwer 
Road, Indore -453331, India 
2. Department of Physics, Holkar Science College, A-B Road, Indore 452001, India 
*Corresponding Author, Email: kkchoudhary1@yahoo.com 
 

The extremely high thermal conductivity observed in graphene and its applications as thermal 
management material in future nanoelectronic circuits have attracted significant attention and 
motivates for theoretical investigations on thermal conductivity. Two-dimensional lattice 
thermal transport in graphene is investigated using phonon scattering mechanism. The in-plane 
lattice thermal conductivity is demonstrated by incorporating the scattering of phonons with 
defects, grain boundaries, electrons, and Umklapp phonon scatterings in the model Hamiltonian. 
The lattice thermal conductivity dominates in graphene is an artifact of Umklapp phonon 
scattering mechanism around room temperatures. Significantly higher phonon mean free path of 
the order of few hundred nanometers is estimated which seems to be responsible for observed 
high thermal conductivity. It is experienced that heat transport by phonons and scattering rates 
are substantially different in a quasi-two-dimensional system such as graphene compared to the 
three-dimensional bulk crystals. The obtained results are in good agreement with the available 
experimental data and reflect the two-dimensional nature of phonon transport in grapheme 
which is dominated by phonon scatterings. 
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Quantum annealing in the p-spin ferromagnet in random fields

Takayuki Ichikawa and Hidetoshi Nishimori

Department of Physics, Tokyo Institute of Technology, Tokyo
Oh-okayama, Meguro-ku, Tokyo 152-8551, Japan

Quantum annealing is a quantum algorithm to find the solution to combinatorial optimization
problems and is often more efficient than the classical algorithm of simulated annealing. It is
nevertheless known that quantum annealing faces difficulties when the system encounters a first-
order quantum phase transition in the course of computation.

Jörg et al have shown that quantum annealing for the infinite-range ferromagnetic p-spin model
does not work efficiently because it has a first-order transition as a function of the strength of the
transverse field [1]. Seki and Nishimori suggested to use an additional quantum term representing
antiferromagnetic interactions to avoid this difficulty [2].

We apply this latter method to the infinite-range ferromagnetic p-spin model in random fields
to examine whether or not the additional antiferromagnetic quantum fluctuations are effective to
avoid difficulties of first-order transitions in random spin systems. Preliminary results indicate
that a straightforward application of the method of Seki and Nishimori does not work to remove
first-order transitions. We will discuss the data in detail in the presentation.

[1] T. Jörg, F Krzakala, J. Kurchan, A. C. Maggs, and J. Pujos, EPL 89, 40004 (2010).
[2] Y. Seki, H. Nishimori, Phys. Rev. E 85, 051112 (2012).
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Instability of countersuperflow in two-component Bose-Einstein condensates

Shungo Ishino, Hiromitsu Takeuchi and Makoto Tsubota

Department of Physics, Osaka City University, Sumiyoshi-ku, Osaka 558-8585, Japan

We theoretically study the instability of countersuperflow, i.e., two counter-propagating mis-
cible superflows, in two-component Bose–Einstein condensates of atomic gas. When the relative
velocity of the counterflow exceeds a critical value, countersuperflow becomes dynamically unsta-
ble. We numerically solve the Gross-Pitaevskii equations to investigate the nonlinear dynamics
caused by the instability. In a uniform system, the instability causes the nucleation of vortices, and
then the vortices expand and get tangled [1, 2]. Through the dynamics, the two BECs exchange
their momenta and relax the relative motion. The dynamics deeply depends on the initial relative
velocity and interaction parameters of atoms. We also consider counter-rotating two BECs with
vortices in a trapped system. The system is possible to be realized in an experiment.

[1] H. Takeuchi, S. Ishino, and M. Tsubota, Phys. Rev. Lett. 105, 205301 (2010).
[2] S. Ishino, M. Tsubota, and H. Takeuchi, Phys. Rev. A 83, 063602 (2011).
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Spin dynamics of room-temperature multiferroic BiFeO3 
 
Jaehong Jeong1, E. A. Goremychkin2, T. Guidi2, K. Nakajima3, S. Petit4, P. Bourges4, Gun Sang Jeon5,  
Shin-Ae Kim6, S. Furukawa7, Yong Baek Kim7, Seongsu Lee6, V. Kiryukhin8, S-W. Cheong8,  
and Je-Geun Park1,9 
 

1. Center for Functional Interfaces of Correlated Electron Systems, Institute for Basic Science, 
and Department of Physics & Astronomy, Seoul National University, Seoul 151-747, Korea 
2. ISIS Facility, STFC Rutherford Appleton Laboratory, Oxfordshire OX11 0QX, UK 
3. Neutron Science Section, MLF Division, J-PARC Center, Tokai, Ibaraki 319-1106, Japan 
4. Laboratoire Léon Brillouin, CEA-CNRS, CEA-Saclay, F-91191 Gif-sur-Yvette, France 
5. Department of Physics, Ewha Womans University, Seoul 120-750, Korea 
6. Neutron Science Division, Korea Atomic Energy Research Institute, Daejeon 305-353, Korea 
7. Department of Physics, University of Toronto, Toronto M5S 1A7, Canada 
8. Rutgers Center for Emergent Materials and Department of Physics and Astronomy, Rutgers 
University, Piscataway NJ 08854, USA 
9. Center for Korean J-PARC Users, Seoul National University, Seoul 151-747, Korea 
 

Multiferroic compounds are one of promising materials for new spintronic device application 
such as magnetic/electric memories with the coupling between magnetism and ferroelectricity. 
Among several multiferroic compounds, BiFeO3 is probably the only exception that has both 
magnetic and ferroelectric transition above room temperature. It also has the cycloidal spin 
structure with an extremely long period. 

In order to understand the microscopic magnetic interactions in BiFeO3, we have carried out 
inelastic neutron scattering experiments on several co-aligned single crystals, using three 
spectrometers: AMATERAS of J-PARC, MERLIN of ISIS and 4F2 of LLB. We employed a 
so-called sample rotation method for the MERLIN measurements and could measure the 
magnon dispersion over the full Brillouin zone [1]. We have also examined the detailed 
structures of the unusual low-energy excitations using the TAS, 4F2. 

For the analysis, we have calculated the magnon dispersion and conducted Monte-Carlo 
simulation using a Hamiltonian with two Heisenberg exchange interaction between the nearest 
and the next nearest neighbors and a Dzyaloshinskii-Moriya interaction associated with its 
cycloidal magnetic structure. We could determine the interaction parameters that are consistent 
with both experimental results and the Monte-Carlo simulations. 
 
[1] Jaehong Jeong et al., Phys. Rev. Lett. 108, 077202 (2012) 
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Relaxation timescales and decay of correlations in long-range quantum Ising models

Michael Kastner

National Institute for Theoretical Physics (NITheP), Stellenbosch 7600, South Africa,
Institute of Theoretical Physics, University of Stellenbosch, Stellenbosch 7600, South Africa.

The time evolution of correlation functions in long-range interacting quantum Ising models is
studied. For a class of initial conditions, exact analytic results are obtained in arbitrary lattice
dimension, both for ferromagnetic and antiferromagnetic coupling, and hence also in the presence
of geometric frustration. Investigating the decay of correlations, we find that the relaxation is not
exponential as in the short-range case, but Gaussian in time. Moreover, the behavior depends
crucially on the type of long-range interactions: Provided the long-range character of the inter-
actions is sufficiently strong, pronounced prethermalization plateaus are observed and relaxation
time scales are widely separated. Specializing to a triangular lattice in two spatial dimensions, it is
proposed to utilize these results for benchmarking of a recently developed ion-trap based quantum
simulator.

[1] M. van den Worm, B. C. Sawyer, J. J. Bollinger, and M. Kastner, Relaxation timescales and
decay of correlations in a long-range interacting quantum simulator, arXiv:1209.3697.
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Effects of Orbital Anisotropy on the Phase Transitions in the Two-Orbital Hubbard

Model

Aaram J. Kim1, Gun Sang Jeon2, and MooYoung Choi1

1. Department of Physics and Astronomy and Center for Theoretical Physics, Seoul National Uni-
versity, Seoul 151-747, Korea
2. Department of Physics, Ewha Womans University, Seoul 120-750, Korea

The anisotropic bandwidth in a correlated multiorbital system induces different effective in-
teraction strength in each orbital. A number of interesting phases such as the orbital-selective
Mott phase arise from the orbital anisotropy. We investigate the two-orbital Hubbard model by
means of the dynamical mean-field theory combined with the continuous-time quantum Monte
Carlo method. An emphasis is laid on the dependence of the thermodynamic phases on the ratio
of orbital bandwidths, ich reveals how the orbital-selective Mott phase transition shows up as the
bandwidth ratio is varied from unity. We also discuss the nature of non-Fermi liquid which emerges
with anisotropic orbitals.
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Exotic Paired States of Ultracold Fermi Gases in 1D-3D Dimensional Crossover

Dong-Hee Kim1,2, Miikka O. J. Heikkinen2, and Päivi Törmä2

1. Department of Physics and Photon Science, Gwangju Institute of Science and Technology,
Gwangju 500-712, Korea
2. Department of Applied Physics, Aalto University, FI-00076, Espoo, Finland

One of fundamental questions in condensed matter physics is what would happen in super-
conductivity if the symmetric setting of the BCS theory is broken. The asymmetrical pairing
scenarios beyond the standard BCS pairing mechanism have been suggested with the imposed
Fermi surface mismatch, causing, for instance, the Fulde-Ferrell-Larkin-Ovchinnikov (FFLO) or
Sarma/breach-pair states. However, these exotic paired states remain essentially elusive so far
despite of indirect experimental evidences in heavy-fermion superconductors and ultracold atomic
gases. Here, we present the phase diagrams of the 1D-3D dimensional crossover in lattices both
at zero temperature and finite temperatures by employing the real-space dynamical mean-field
theory incorporating with the exact diagonalization and quantum Monte Carlo methods. In the
zero- and finite-temperature phase diagrams [1,2], we find that the dimensionality can strongly af-
fect the shell structure that undergoes a crossover between distinctive quasi-1D and quasi-3D shell
structures with corresponding dimensionality-dependent FFLO states. Both at zero and finite
temperatures, we predict an optimal regime for the FFLO state that is considerably extended to
intermediate dimensions and mid-range polarizations. While the meting characteristics of FFLO
state strongly depend on the dimensionality, we find that the critical temperature of the FFLO
state is considerably high at intermediate dimensions, one third of the BCS critical temperature
of the spin-population balanced counterpart.

[1] D.-H. Kim and P. Törmä, Phys. Rev. B 85, 180508(R) (2012)
[2] M. O. J. Heikkinen, D.-H. Kim, and P. Törmä, arXiv:1303.1546.
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Instability for an ideal bose gas in a box

Sang-Woo Kim 1

1. Korea Institute for Advanced Study, Seoul 130-722, Korea

When we consider a finite system, a phase transition usually becomes a smooth cross-over
without any singularity or emergence. However, in this talk, we report that there exists a finite
critical number for ideal Bose gas confined in a box above which there is an instability related to
Bose Einstein condensation. The instability gives rise to a hysteresis and a discrete volume jump
when we increase temperature at fixed pressure.

This talk is based on the following papers:

[1] Phys.Rev.A81:063636,2010 (Numerical work)
[2] New J.Phys.13:033003,2011 (Video abstract included)
[3] Phys.Rev.A84:023636,2011 (Analytic proof)

PP3-7-10



STATPHYS25 JULY 21-26, 2013

AbstrActs Poster PresentAtions
556

Stability analysis of two-dimensional Bose-Einstein condensates in the presence of a
Gaussian potential

Masaya Kunimi and Yusuke Kato

Department of Basic Science, The University of Tokyo, Tokyo 153-8902, Japan

Breakdown of superfluidity due to the nucleation of vortices has been investigated by many
researchers[1,2]. However, the underlying mechanism of the instability of the nucleation of vortices
is not clear. We investigate the stability of superflow states in two-dimensional Bose-Einstein
condensates in the presence of a Gaussian potential by solving the Gross-Pitaevskii(GP) equation
and the Bogoliubov equation. Although the system does not exhibit the Landau instability and
dynamical instability, we find that the excitation energy of the first excited state in a finite system
decreases rapidly toward zero near the critical velocity and the dynamical density fluctuations due
to the low-lying normal mode increase. These results suggest that the breakdown of superfluidity
can be regarded as dynamical critical phenomena. We discuss the relation between the breakdown
of the superfluidity and the bifurcation structure of the stationary solution of the GP equation[3].

[1] T. Frisch, Y. Pomeau, and S. Rica, Phys. Rev. Lett. 69, 1644 (1992), C. Huepe and M-E.
Brachet, Physica D, 140, 126 (2000), K. Sasaki et al., Phys. Rev. Lett. 104, 150404 (2010), K.
Fujimoto and M. Tsubota, Phys. Rev. A, 83, 053609 (2011).
[2] C. Raman et al., Phys. Rev. Lett. 83, 2502 (1999), R. Onofrio, et al., Phys. Rev. Lett. 85,
2228 (2000), S. Inouye et al., Phys. Rev. Lett. 87, 080402 (2001), T. W. Neely et al., Phys. Rev.
Lett. 104, 160401 (2010).
[3] Y. Kato and S. Watabe, Phys. Rev. Lett. 105, 035302 (2010).
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Complementary inequality between the energy gap and fluctuation

Tomotaka Kuwahara

Department of Physics, The University of Tokyo, Komaba, Meguro, Tokyo 153-8505

We investigate Hamiltonians which contain terms of up to κ-body coupling with finite κ:

H =

N∑
i1<i2<···<iκ

∑
µ1,...,µκ

Jµ1,...,µκ

i1,...,iκ
sµ1

i1
⊗ · · · ⊗ sµκ

iκ
, (1)

where {sµ
i }µ,i are operator bases at the site i; for spin (1/2) systems, {sµ

i }µ,i = {σx
i , σy

i , σz
i } with

{σµ
i }µ=x,y,z the Pauli matrices for example. We consider the following two quantities: the energy

gap δE0 just above the ground state and the fluctuation ∆A of an extensive quantity A, which is
defined as

(∆A)2 ≡ 〈A2〉 − 〈A〉2 with A =

N∑
i=1

ai and ai =
∑

µ

aµ
i sµ

i , (2)

where ||ai||2 = 1. In the case of a spin (1/2) system with ai = σz
i , the operator A reduces to the

magnetization along the z-axis, namely A =
∑N

i=1 σz
i . For the two quantities, we give the following

complementary inequality

δE0 · (∆A)2 ≤ c0∥H∥2 (3)

with c0 a constant and ∥H∥2 the spectral norm of the Hamiltonian.
By applying our inequality to systems at quantum critical points, we derive a new fundamental

inequality for quantum critical exponents:

z ≥ 1 − η

2
, (4)

where z is the dynamical exponent and η is the exponent for correlation. This inequality clarifies
how fast the correlation decays at least in accordance with the scaling of the energy gap.

We also show that the inequality (3) gives an upper limit up to a constant coefficient in the
Lipkin-Meshkov-Glick (LMG) model [1]:

H = − λ

N

∑
i<j

(σx
i σx

j + γσy
i σy

j ) +
N∑

i=1

hσx
i (5)

with |γ| ≤ 1 and λ = |h|, which corresponds to a quantum critical point. In this model [1], we

have ∥H∥2 ∝ N , δE0 ∝ N−1/3 and (∆Sx)2 ∝ N4/3, where Sx is defined as Sx =
∑N

i=1 σx
i . Thus,

we have δE0 · (∆Sx)2 ∝ ∥H∥2, which is indeed consistent with our inequality (3).

[1] S. Dusuel and J. Vidal, Phys. Rev. Lett. 93, 237204 (2004).
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4He adsorption on α-graphyne 
 
Yongkyung Kwon1, Hoonkyung Lee1 and David M. Ceperley2 
 

1. Div. of Quantum Phases and Devices, School of Physics, Konkuk University, Korea 
2. Dept. of Physics, University of Illinois at Urbana-Champaign, U.S.A. 
 

Path-integral Monte Carlo calculations have been performed to study 4He adsorption on α-
graphyne that is a hexagonal network of sp- and sp2-bonded carbon atoms. Using the 4He-
substrate interaction described by a pairwise sum of the helium-carbon inter-atomic potentials, 
we have found that each hexagon of a graphyne surface can accommodate one 4He atom at its 
in-plane center. The first layer of 4He atoms adsorbed on the 4He-embedded graphyne surface 
with a composite of C8He1, is found to exhibit various quantum phases depending on the helium 
coverage. It is found to be in a Mott insulating state at a helium coverage of 0.0706 Å-2 with 
three 4He atoms occupying each hexagonal cell while the helium atoms form a commensurate 
triangular solid at a density of 0.0941 Å-2. With the introduction of Ising pseudospins for two 
degenerate configurations for three 4He atoms in a hexagonal cell, the transition from the Mott 
insulator to the triangular solid can be interpreted as a transition from a frustrated 
antiferromagnet to a spin-aligned ferromagnet. In addition we find stable formation of zero-
point vacancies in the commensurate triangular solid and their roles in possible realization of 
supersolidity are under investigation. 
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Interplay of the spin-orbit interaction and the sublattice potential in the Kane-Mele-
Hubbard model

Hyeong Jun Lee 1, Gun Sang Jeon 2, and Moo Young Choi 1

1. Department of Physics and Astronomy and Center for Theoretical Physics, Seoul National Uni-
versity, Seoul 151-747, Korea
2. Department of Physics, Ewha Womans University, Seoul 120-750, Korea

We investigate the interplay of the spin-orbit interaction and the sublattice potential in the
system of interacting electrons on a honeycomb lattice. The system exhibits a simple band insu-
lating state under the sublattice potential alone while the spin-orbit interaction tends to drive the
system to become a topological insulator. Specifically, we consider the half-filled Hubbard model
in the presence of both the sublattice potential and the spin-orbit interaction at zero temperature,
treating the interaction effects by means of the Hartree-Fock approximation. We examine how
the nature of the transition to an antiferromagnetic insulator changes as the spin-orbit interac-
tion and the sublattice potential are varied. In particular, a detailed analysis of the spin- and
sublattice-resolved wavefunctions clarifies how the characteristics of the system changes.
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Chiral Anomaly and Strength of the Electron-Electron Interaction in Graphene 
 
B. Rosenstein1,2 , M. Lewkowicz1, and T. Maniv³ 
 
1. Physics Department, Ariel University of Samaria, Ariel 40700, Israel 
2. Electrophysics Department, National Chiao Tung University, Hsinchu 30050, Taiwan, R.O.C. 
3. Schulich Faculty of Chemistry, Technion, Haifa 32000, Israel 
 

The long standing controversy concerning the effect of electron - electron interaction on the 
electrical conductivity of an ideal graphene sheet is settled. Performing the calculation directly 
in the tight binding approach without the usual prior reduction to the massless Dirac (Weyl) 
theory, it is found that, to leading order in the interaction strength 0

2 ve  , the DC 
conductivity σ/σ0=1+Cα+O(α²) is significantly enhanced with respect to the independent-
electrons result σ0, i.e. with the value C=0.26.  The ambiguity characterizing the various 
existing approaches is nontrivial and related to the chiral anomaly in the system. In order to 
separate the energy scales in a model with massless fermions, contributions from regions of the 
Brillouin zone away from the Dirac points have to be accounted for. Experimental consequences 
of the relatively strong interaction effect are briefly discussed. [1] 

 
[1] Phys. Rev. Lett. 110, 066602 (2013) 
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A new classification scheme of superconducting phases by 

renormalization-group exponents 

 

Hong-Yan Shih, Wen-Min Huang and Hsiu-Hau Lin 

Department of Physics, National Tsing Hua University, Hsinchu 30013, Taiwan 

 

We propose a powerful scheme to classify all relevant couplings in the one-loop 

renormalization group equations by a scaling Ansatz we found numerically. It is remarkable 

that all relevant couplings can be classified by a set of unique renormalization-group 

exponents. Applying the new classification scheme to superconducting phases in 

quasi-one-dimensional systems, we resolve a long-standing controversy, showing its 

superiority over the conventional classification for relevant couplings. The method we 

developed can be applied to both electron-electron and electron-phonon interactions and shed 

light on the subtle competitions between them in superconducting phases. Finally, we explain 

why this scheme builds up the hierarchy of relevant couplings without ambiguity and can 

improve significantly how we interpret the numerical results from the renormalization group 

methods. 
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Entanglement spectrum of fractional quantum Hall droplets

Min Lu 1 and Zi-Xiang Hu 2

1. Zhejiang Institute of Modern Physics, Zhejiang University, Hangzhou 310027, China
2. Department of Physics, Chongqing University, Chongqing 400044, China

We report the study of entanglement spectrum of fractional quantum Hall systems in a disk
geometry. Under the insertion of quasiparticles at the center of the disk we explore the evolution
of the entanglement spectrum and interpret the data as resulting from the extrinsic geometry
change of the system which automatically approach to the so-called conformal limit. We explore
the entanglement spectrum to understand the interplay of bulk and edge quasiparticles in the
disk geometry. We also present the results in the presence of long-range and, possibly, anisotropic
interaction in realistic two-dimensional electrons gases.
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Transition between localized and extended states in the hierarchical Anderson model

F. L. Metz 1, L. Leuzzi 1,2, G. Parisi 1,2,3 and V. Sacksteder IV 4

1. Dip. Fisica, Università La Sapienza, Piazzale A. Moro 2, Rome-00185, Italy.

2. IPCF-CNR, UOS Roma Kerberos, Università La Sapienza, Piazzale A. Moro 2, Rome-00185,

Italy.

3. INFN, Piazzale A. Moro 2, Rome-00185, Italy.

4. Institute of Physics, Chinese Academy of Sciences, Beijing-100190, China.

The localized or extended nature of the spatial wavefunctions and the transition between these

regimes are crucial in the understanding of the electronic properties of certain materials [1]. A

satisfactory understanding of the localization transition in finite dimensional lattices has revealed

very difficult, both numerically and analytically. Despite many years of research, the upper critical

dimension, above which models defined on the Bethe lattice would provide the correct description,

is still a subject of debate. An indirect route to study the behaviour of finite dimensional systems

is provided by models realized on hierarchical lattices. Hierarchical models are designed to pre-

serve their structure under renormalization group transformations, which make them amenable to

detailed and exact calculations. The purpose of our work is to explore these issues in the context

of the Anderson transition, by studying a disordered tight-binding model with hopping energy

organized in a hierarchical block structure and decaying according to a power-law with exponent

α. We show that the eigenstates of this model undergo a localization-delocalization transition

close to the upper spectral edge [2], where the integrated density of states behaves as in finite

dimensional models with short-range hopping. Besides that, we find that the critical value of α

above which all states are localized is consistent with the lower critical dimension obtained in the

scaling theory of localization [3]. These findings should stimulate the interest in the hierarchical

Anderson model as an approximate testing ground for studying the localization transition in finite

dimensional systems.

[1] B. Kramer and A. MacKinnon, Rep. Prog. Phys. 56, 1469 (1993).

[2] F. L. Metz, L. Leuzzi, G. Parisi and V. Sacksteder IV, arXiv:1303.2012.

[3] E. Abrahams, P. W. Anderson, D. C. Licciardello and T. V. Ramakrishnan, Phys. Rev. Lett.

42, 673 (1979).
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Ground-state Energies of Spinless Free Fermions and Hard-core Bosons

Wenxing Nie 1, Hosho Katsura 2 and Masaki Oshikawa 1

1. Institute for Solid State Physics, University of Tokyo, Kashiwa 277-8581, Japan
2. Department of Physics, Gakushuin University, Tokyo 171-8588, Japan

Statistics of identical particles is one of the most fundamental concepts in quantum physic-
s. A consequence of the particle statistics appears in the groundstate energy. We compare the
groundstate energies of bosons and fermions with the same form of the Hamiltonian. If both are
noninteracting, the groundstate energy of bosons is always lower (‘natural’ inequality EB

0 ≤ EF
0 ),

owing to Bose-Einstein Condensation (BEC). However, the comparison is nontrivial when bosons
do interact; BEC is no longer perfect in interacting systems. We examined how general is the
‘natural’ inequality and when it can be violated.

We first present a sufficient condition for the ‘natural’ inequality and strict inequality EB
0 < EF

0

to hold. This proof gives us an insight to the relation with frustration. We find when the hopping
is unfrustrated (all the hopping amplitudes are non-negative), hard-core bosons still must have a
lower groundstate energy than fermions. When the hopping is frustrated, bosons can have higher
groundstate energy than fermions.

In two-dimensional system with flux, we find the ground-state energy of hard-core bosons is
higher for a range of flux and particle density by exact diagonalization of small clusters. However,
the numerical extrapolation, especially based on exact diagonalization of small clusters, cannot be
a proof. Hence we prove rigorously that this inversion indeed occurs in several examples in the
thermodynamic limit, by various techniques[1].

[1] arXiv:1302.0013.
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Many-body resonances in double quantum-dot systems

Akinori Nishino 1, Naomichi Hatano 2 and Gonzalo Ordonez 3

1. Faculty of Engineering, Kanagawa University, 3-27-1, Rokkakubashi, Kanagawa-ku, Yokohama-
shi, Kanagawa, 221-8686, Japan
2. Institute of Industrial Science, The University of Tokyo, 4-6-1 Komaba Meguroku-ku, Tokyo
153-8505, Japan
3. Department of Physics and Astronomy, Butler University, 4600 Sunset Avenue, Indianapolis,
IN 46208, USA

We study many-body resonances in open double quantum-dot systems through the construction
of exact many-electron scattering states. The systems consist of two quantum dots connected to
two external leads. We consider spinless electrons that interact through an interdot Coulomb
repulsion. First, we construct exact many-electron scattering eigenstates whose incident states
are free-fermionic plane waves [1]. It is remarkable that many-body bound states appear as a
result of the Coulomb interaction. Such many-body bound states produce many-body effects in
the electron transport through the quantum dots [2,3]. Next, we consider one-body and two-body
resonant states, which are defined as the eigenstates with resonant energies [4,5]. The formation of
the two-body and the three-body bound states in the scattering states are understood by the one-
body and two-body resonant states, respectively. In fact, the binding strength of the many-body
bound states are determined by the imaginary part of the resonant energies of the corresponding
resonant states. We also discuss the Siegert conditions [4] on the two-body resonant states.

[1] A. Nishino, T. Imamura and N. Hatano, J. Phys.: Conf. Ser. 343 (2012) 012087.
[2] A. Nishino, T. Imamura and N. Hatano, Phys. Rev. Lett. 102 (2009) 146803.
[3] A. Nishino, T. Imamura and N. Hatano, Phys. Rev. B 83 (2011) 035306.
[4] A. J. F. Siegert, Phys. Rev. 56 (1939) 750.
[5] N. Hatano, K. Sasada, H. Nakamura and T. Petrosky, Prog. Theor. Phys. 119 (2008) 187.
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Magnon damping and decay observed in hexagonal multiferroic LuMnO3

Joosung Oh1,2,3, Jaehong Jeong1,2,3, Jung-hyun Lee3,4, Hyungje Woo5, Wan-Young Song2,3, T. G. Perring5,
S-W. Cheong6, Je-Geun Park1,2,3

1. IBS Research Center for Functional Interfaces and Correlated Electron Systems, Seoul 
National University, Seoul 151-747, Korea 
2. FPRD Department of Physics & Astronomy, Seoul National University, Seoul 151-747, 
Korea 
3. Center for Strongly Correlated Materials Research, Seoul National University, Seoul 151-747, 

Korea 
4. Department of Physics, Sungkyunkwan University, Suwon 440-746, Korea 
5. ISIS Facility, STFC Rutherford Appleton Laboratory, Oxfordshire OX11 0QX, United 
Kingdom
6. Rutgers Center for Emergent Materials and Department of Physics and Astronomy, Rutgers 
University, Piscataway New Jersey 08854, USA 

Magnons are quasi particles of magnetic systems. As such, it is a well-accepted view among 
the community that magnons and, in particular its dispersion curves can be well described by a 
linear spin wave theory at sufficiently low temperatures. However, recent theoretical works 
suggested that the magnon spectrum of 2D triangular Heisenberg antiferromagnet (THA) should 
show significant deviations from the linear spin wave dispersion even at 0 K [1,2]. Specifically, 
extensive numerical works showed that the magnon spectrum is highly damped with a roton-
like minimum at the M point [1]. This anomalous feature as well as magnon decay were 
interpreted as the effects of a cubic term in the spin Hamiltonian leading to non-linear 
interaction between magnons in a noncollinear spin system [2]. However, to our best knowledge 
there has been no experimental report yet. 

Hexagonal LuMnO3 is one of very good THA candidates testing this new theoretical proposal 
since it has a noncollinear 120 structure. We have conducted inelastic neutron scattering 
experiments using a large LuMnO3 single crystal at the MAPS beam line of ISIS, UK. Using 
these data, we have found that our experimental dispersion curve shows significant deviations 
from the linear spin wave theory near the M point as predicted. Also, the width of magnon 
peaks show significant broadening at some other k-points. 

In conclusion, we have observed the predicted roton minima in the magnon dispersion of 
hexagonal LuMnO3 at the M points. We also think the observed broadening in the spin waves is 
due to the magnon decay caused by the cubic interaction term. 

[1] W. Zheng et al., Phys. Rev. Lett. 96, 057201 (2006). 
[2] A. L. Chernyshev et al., Phys. Rev. Lett. 97, 207202 (2006). 
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Negative sign problem of the bilinear-biquadratic spin chain

Kouichi Okunishi1 and Kenji Harada 2

1. Department of Physics, Niigata University, Niigata 951-2181, Japan
2. Graduate School of Informatics, Kyoto University, Kyoto 615-8063, Japan

The bilinier-biquadratic(BLBQ) spin chain is one of the most fundamental quantum spin mod-

els, which is described by the Hamiltonian H =
∑

i S⃗i ·S⃗i+1+α(S⃗i ·S⃗i+1)
2. This model includes var-

ious essential models such as S = 1 Heisenberg chain(α = 0), Affleck-Kennedy-Lieb-Tasaki(AKLT)
chain(α = 1/3) and integrable spin chains(α = ±1), and plays an important role to understand the
Haldane state. However, the negative sign problem has prevented us from applying the quantum
monte-carlo simulation to the BLBQ chain particularly for α > 0. We find that this negative
sing can be removed by the Kennedy-Tasaki transformation combined with a local unitary trans-
formation, which is regarded as a S = 1 generalization of the method by T. Nakamura[1]. We
actually formulate the loop/worm algorithm for α > 0 and also discuss the connection between the
negative-sign vanishing mechanism and the quantum entanglement.

[1] T. Nakamura, Phys. Rev. B 57, R3197 (1998).
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Helium Buckyballs on the H2-preplated C20 Surface

Sungjin Park, Soomin Shim, and Yongkyung Kwon

Division of Quantum Phases and Devices, School of Physics, Konkuk University, Seoul, 143-701,
Korea

We have performed path-integral Monte Carlo calculations to study the adsorption of 4He atoms
on the H2-preplated C20 surface. It is found that the H2 monolayer on C20 is completed with
32 H2 molecules to become a commensurate solid where each H2 molecule is located either above
one of the twelve pentagon centers or above one of the twenty carbon atoms. The radial density
distribution of 4He atoms adsorbed on the (H2)32−C20 shows the first helium layer being located
at a distance of ∼8.3Å from the C20 center. The angular density profiles of 4He adatoms reveal
different quantum states, especially different buckyball structures, as the number of 4He atoms
N varies. While it is in a liquid state at low helium coverage, the 4He layer exhibits an icosido-
decahedron structure for N=30. This is found to be the lowest-energy state of the first helium
layer on the H2-preplated C20. For N=60, 4He atoms are located at 60 vertices of a truncated
icosahedron with 12 pentagon and 20 hexagon faces. As more 4He atoms are added beyond N=60,
the additional atoms are found to be placed at the hexagonal centers of the truncated icosahedron
and each of all 20 hexagon centers is occupied by a single 4He atom to form a hexakis truncated
icosahedron for N=80. Finally, by computing the superfluid fraction of the first 4He layer on the
(H2)32 − C20 as a function of N, we analyze the interplay between buckyball structures exhibited
by this helium layer and its superfluid response.
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Spin Correlations and Magnetic Susceptibilities of Lightly Doped Antiferromagnets 
 
I. R. Pimentel and F. Carvalho Dias 

 

Department of Physics and CFTC, University of Lisbon, 1749-016 Lisbon, Portugal 

 

We calculate the spin correlation function and the magnetic longitudinal and transverse 

susceptibilities of a two-dimensional antiferromagnet doped with a small concentration of holes, 

in the t-J model. We find that the motion of holes generates spin fluctuations that add to the 

quantum fluctuations, the spin correlations decaying with the inverse of the spin distance, while 

increasing with doping as the critical hole concentration, where the long-range order disappears, 

is approached. Moreover, the longitudinal susceptibility becomes finite in the presence of doping 

due to the strong damping effects induced by the hole motion, while the transverse susceptibility 

is renormalized by softening effects. Both the longitudinal and transverse susceptibilities increase 

with doping, the former more significantly than the latter. Our results imply that doping destroys 

the long-range order while local antiferromagnetic spin correlations persist. This is consistent 

with experiments on doped copper oxide superconductors.      
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Exotic Quantum Critical Phenomena of the Kagome-Lattice Antiferromagnet

Toru Sakai 1,2 and Hiroki Nakano 2

1. JAEA, SPring-8, Hyogo 679-5148, Japan
2. Graduate School of Material Science, University of Hyogo, Hyogo 678-1297, Japan

The S=1/2 antiferromagnetic quantum Heisenberg model is investigated by the numerical 
exact diagonalization up to 42-spin clusters and finite-size scaling analysis. As a result, it is 
found that the ground state of the system is a gapless spin liquid [1]. The study on the 
magnetization process indicates that a new field-induced phenomenon, called a magnetization 
ramp, occurs at 1/3 of the saturation magnetization [2,3]. A critical exponent analysis [4] also 
confirms that the magnetization ramp of the kagome-lattice antiferromagnet belongs to a new 
universality class, while the 1/3 magnetization plateau of the triangular-lattice one is a  
conventional quantum phase transition of the two-dimensional systems. 

[1] H. Nakano and T. Sakai, J. Phys. Soc. Jpn. 80 (2011) 053704.
[2] H. Nakano and T. Sakai, J. Phys. Soc. Jpn. 79 (2010) 053707.
[3] T. Sakai and H. Nakano, physica status solidi B 250 (2013) 579.
[4] T. Sakai and H. Nakano, Phys. Rev. B 83 (2011) 100405(R). 
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Z2 Berry phase as a local dimer order parameter of graphene flakes

Daichi Seki 1, Yuji Hamamoto 1, and Yasuhiro Hatsugai 1,2

1. Institute of Physics, University of Tsukuba, 1-1-1 Tennodai, Tsukuba, Ibaraki 305-8571, Japan
2. Tsukuba Research Center for Interdisciplinary Materials Science (TIMS), University of Tsukuba,
1-1-1 Tennodai, Tsukuba, Ibaraki 305-8571, Japan

Graphene’s peculiar electrical properties such as Dirac-like gapless dispersions has attracted
enormous scientific and technological interests. Especially in graphene ribbons, zero-energy edge
states with a flat band emerge along zigzag edges, while no edge states appears near armchair
edges [1][2]. The emergence of the edge states becomes nontrivial in graphene flakes, since they
are enclosed with zigzag and/or armchair edges that are connected at various angles. We here
investigate the edge states in graphene flakes using a quantized Berry phase as a local bond order
parameter which reflects short range entanglement of the local topological order [3][4][5]. Since the
system is invariant under charge conjugation at half filling, the Berry phase γ defined for each link
is quantized to 0 or π modulo 2π [4]. A graphene flake patterned with the Z2 Berry phase can be
adiabatically transformed into a set of isolated dimers, whose Berry phase are given by γ = π. The
Z2 Berry phase has topological stability for small but finite perturbations and successfully identifies
the dimer structure of graphene flakes. We show that dimerized bonds with γ = π appear along
armchair edges, in sharp contrast to the zero-energy edge states near the zigzag edges. We also
discuss the dimer structures of various aromatic compounds, where the Z2 Berry phase provides a
useful clue to identify the short range entanglement of the dimers.

[1] M. Fujita, K. Wakabayashi, K. Nakada, and K. Kusakabe, J. Phys. Soc. Jpn. 65, 1920(1996).
[2] S. Ryu and Y. Hatsugai, Phys. Rev. Lett. 89, 0770022 (2002).
[3] Y. Hamamoto, D. Seki and Y. Hatsugai, in preparation.
[4] Y. Hatsugai, J. Phys. Soc. Jpn. 75, 123601 (2006).
[5] Y. Hatsugai and I. Maruyama, EPL. 95, 20003 (2011).
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Quantum Annealing with Antiferromagnetic Fluctuations for the Hopfield Model

Yuya Seki and Hidetoshi Nishimori

Department of Physics, Tokyo Institute of Technology, Oh-okayama, Meguro-ku, Tokyo 152-8551,
Japan

Quantum annealing (QA) is a quantum algorithm to obtain an approximate solution to combi-
natorial optimization problems. Since QA often outperforms simulated annealing, this is a promis-
ing path to follow. In most studies, the transverse-field operator is used to introduce quantum
fluctuations. However, this conventional way using transverse field has a difficulty that the com-
putation time of QA increases exponentially. An example is the problem of finding the ground
state of the infinite-range ferromagnetic p-spin model [1].

To resolve the above difficulty, we introduce antiferromagnetic fluctuations into QA in addition
to the transverse-field term. Our analysis of the phase diagram and the energy gap of the ferro-
magnetic p-spin model shows that there exist annealing paths to reach the optimal solution that
avoid a first-order transition for intermediate values of p and the minimum energy gap decays poly-
nomially with the system size at a second-order transition point along the path [2]. These results
suggest that QA would be able to find the ground state of the model efficiently. Furthermore, to
show that our approach is effective not only for the simple ferromagnetic p-spin model, we apply
the approach to the Hopfield model, which has randomness in interactions. As a result, the phase
diagram indicates that our approach is effective for the Hopfield model as well. We also plan to
report the efficiency of our approach for a spin glass model.

[1] T. Jörg, F. Krzakala, J. Kurchan, A. C. Maggs, and J. Pujos, Europhys. Lett. 89, 40004 (2010).
[2] Y. Seki and H. Nishimori, Phys. Rev. E 85, 051112 (2012).
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Non-equilibrium phase transitions induced by interactions between photon and ma-
terial in a cavity system

Tatsuhiko Shirai, Takashi Mori, and Seiji Miyashita

Department of Physics, School of Science, The University of Tokyo 7-3-1 Hongo, Bunkyo-ku, Tokyo,
113-0033 Japan

We study stationary states in a cavity system under an external driving force. In the cavity
system, many atoms interact with each other through a uniform cavity photon, which causes
cooperative phenomena[1][2]. In the stationary state, the work done by the external field and
the heat flowing into the dissipative environment are balanced. We provide an extended master
equation in order to study the region where the interaction and the external field are strong. We
study the Dicke model and the Tavis-Cummings model under an AC external field by using the
master equation and obtain the two following results: first, we present phase diagrams of the
stationary states of the two models and we find that the rotating wave approximation causes a
qualitative different nature of the phase diagrams when the interaction and the external field are
strong. Second, we make clear the mechanism of the spontaneous symmetry breaking phenomena
observed in the strongly driven region of the Dicke model. The non-equilibrium phase transition
under an AC external field is related to the localization effect of the AC external field, which is
known as the coherent destruction of tunneling[3].
[1] T. Shirai, T. Mori, and S. Miyashita, arXiv:1204.5516.

[2] S. Miyashita, T. Shirai, T. Mori, H. De Raedt, S. Bertaina, and I. Chiorescu, J. Phys. B: At.
Mol. Opt. Phys. 45 (2012) 124010.
[3] F. Grossmann, T. Dittrich, P. Jung, and P. Hanggi, Phys. Rev. Lett. 67, 516 (1991).
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Metastability and Relaxation in Quantum and Mesoscopic Systems

Claudio Guarcello, Luca Magazzù, S. Spezia, Davide Valenti, Dominique Persano Adorno, Nicola

Pizzolato and Bernardo Spagnolo

Department of Physics and Chemistry, Group of Interdisciplinary Physics, Palermo University,

Palermo, Italy

The transient dynamics and the relaxation of three quantum and mesoscopic systems are inves-

tigated. In particular we analyze: (i) a long Josephson junction (LJJ) driven by a non-Gaussian

Lévy noise current; (ii) a metastable quantum dissipative system driven by an external periodical

driving; and (iii) the electron spin relaxation process in n-type GaAs crystals driven by a fluctu-

ating electric field. Specifically, in the first system the LJJ phase evolution is described by the

perturbed Sine-Gordon equation. We find the noise enhanced stability and resonant activation

phenomena, by investigating the mean escape time as a function of the bias current frequency,

noise intensity and length of the junction. Moreover, the role of the soliton dynamics, induced by

the noise on the switching events of the LJJ, is highlighted. In the second system, the asymp-

totic population of the metastable state as a function of the bath temperature, coupling strength

and parameters (frequency and amplitude) of the external driving is analyzed in the framework

of Caldeira-Leggett model and discrete variable representation. The asymptotic population of the

metastable state, as a function of the driving frequency, displays a strong non monotonic behavior

with a maximum, showing a quantum noise induced stability effect. Finally, the electron spin

relaxation process is analyzed in the presence of two different sources of fluctuations: (a) a sym-

metric dichotomous noise and (b) a Gaussian correlated noise. Monte Carlo numerical simulations

show, in both cases, an enhancement of the spin relaxation time by increasing the amplitude of

the external noise. Moreover, we find that the electron spin lifetime versus the noise correlation

time shows: (a) a monotonic increasing behavior in the case of dichotomous random fluctuations,

and (b) a nonmonotonic behavior with a maximum in the case of bulks subjected to a Gaussian

correlated noise.
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Three-Body Losses of Repulsively Interacting Three-Component Fermions in Optical
Lattices

Sei-ichiro Suga 1 and Kensuke Inaba 2,3

1. Department of Materials Science and Chemistry, University of Hyogo, Himeji 671-2280, Japan
2. NTT Basic Research Laboratories, Atsugi 243-0198, Japan
3. JST, CREST, Chiyoda-ku, Tokyo 102-0075, Japan

We investigate the effects of the three-body loss on the repulsively interacting three-component
fermionic atoms in optical lattices. For this purpose, we analyze the Hubbard model with a positive
three-body interaction term by means of the self-energy functional approach. By calculating the
quasiparticle weight, and the double and triple occupancies, we discuss the effects of the three-
body interaction on the Mott transition. Our results reveal that the small three-body interaction
does not change the qualitative features of the Mott transition, and can be renormalized into
the two-body interactions. These findings suggest that the loss effects hardly influence the phase
transitions of the present system, which is in contrast with those in the attractively interacting
three-component fermions in optical lattices [1,2].

[1] I. Titvinidze, A. Privitera, S.-Y. Chang, S. Diehl, M. A. Baranov, A. Daley and W. Hofstetter,
New J. Phys. 13, 035013 (2011).
[2] A. Privitera, I. Titvinidze, S.-Y. Chang, S. Diehl, A. J. Daley and W. Hofstetter, Phys. Rev.
A 84, 021601 (2011).
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Classification of Dirac Electron Systems under Double-Periodic and Quasiperiodic
Potentials

Masayuki Tashima1 and Naomichi Hatano2

1. Department of Physics, University of Tokyo, 4-6-1 Komaba, Meguro, Tokyo 153-8505, Japan
2. Institute of Industrial Science, University of Tokyo, 4-6-1 Komaba, Meguro, Tokyo 153-8505,
Japan

We report a new scheme of classification of Dirac electron systems under double-periodic and
quasiperiodic potentials from the viewpoint of generation of new Dirac cones. A previous work
reported that graphene exposed to a periodic potential periodically exhibits new Dirac cones around
the Fermi surface [1]. The cones are consecutively indexed as n = ±1,±2, . . . ,±N up to a cutoff
energy ∆E where the dispersion stops to be approximately linear. Our study, however, reveals
that the appearance is not always consecutive in the case of double-periodic potentials although a
double-periodic potential is also a periodic one.

A double-periodic function is the sum of sine functions with coprime periods L1 and L2. For
graphene under the double-periodic potential, we find that the index nc is represented by the
Diophantine equation:

nc = L2n1 + L1n2, (1)

where n1 and n2 are consecutive integers as in the case of single sine functions. Any integer nc
would satisfy Eq. (1) if we could set n1 and n2 freely. In graphene, however, the indices are
restricted to |n1| ≤ N1 ≡ ⌊∆EL1/π⌋ and |n2| ≤ N2 ≡ ⌊∆EL2/π⌋, because the linear dispersion is
limited within ∆E. Therefore the index nc may become inconsecutive integers.

We then classify the Dirac electron systems in terms of the cutoff energy ∆E. The sequence of
the index nc is consecutive for ∆E ≥ π, partly consecutive and parlty sporadic for π/2 ≤ ∆E < π,
and sporadic for ∆E < π/2. Graphene is classified into the third case with ∆E ≃ 0.62.

When we set the periods L1 and L2 as approximated values of an irrational number through a
continued fraction expansion, we show that the the generation of the new cones for a quasiperiodic
potential is also classified into the three cases above.

[1] C.-H. Park, et al., Phys. Rev. Lett. 101, 126804 (2008).
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Quantum Heat Engines with Prior Information

George Thomas and Ramandeep S. Johal

Indian Institute of Science Education and Research Mohali, Sector 81, S.A.S. Nagar, P.O. Manauli,
Mohali 140306, India

Models of quantum heat engines illustrate the intimate relation between thermodynamic and
quantum concepts. When there is uncertainty associated with the values of some model parameters,
one can apply methods of scientific inference [1]. Here a prior probability distribution is assigned to
an uncertain parameter, which quantifies our prior beliefs about the values taken by the parameter.
Then the expected values of physical quantities can be calculated using the prior. When the
macroscopic control parameters such as magnetic field controlling the splitting of energy levels are
uncertain, then corresponding prior is obtained and is used to estimate the expected behavior of the
quantum heat engines. Further these expected values obey simple relations analogous to classical
thermodynamic systems [2,3]. Our analysis suggests that the prior information quantified as an
appropriate prior distribution leads us to expect thermodynamic features in quantum systems. We
derive the expression for expected maximum work and the corresponding efficiency. We show that
this efficiency approaches one third of the Carnot efficiency in near equilibrium limit.

[1] E. T. Jaynes,Probability Theory: The Logic of Science (Cambridge University Press, Cambridge,
2003).
[2] R.S. Johal Phys. Rev. E 82, 061113(2010).
[3] G. Thomas and R.S. Johal Phys. Rev. E 85, 041146(2012).
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Adverse effects on the accuracy for “sampling with sign” in the Hubbard system

Xiaoxing Wang 1,2 and Hans-Georg Matuttis 2

1. Schlumberger K. K., Sagamihara-shi, Kanagawa 252-0206, Japan
2. Department of Mechanical Engineering and Intelligent Systems, The University of Electro-
Communications, Chofu, Tokyo 182-8585, Japan

Recently, we found that the minus-sign sampling procedure does not give any more accurate
results for the ground state energy than the direct sampling in the 4 × 4 Hubbard model with
various fillings and various orders of the Suzuki-Trotter decomposition [1]. In this work, we report
our findings for the 6 × 6 Hubbard system with periodic boundary conditions where for U = 4
and some fillings, the accuracy for sampling with sign actually gets worse for the the projector
Quantum Monte Carlo algorithm for the ground state. We used dimerized trial wave functions,
i.e. the lowest eigenvectors of the hopping matrix resp. its exponential where every second matrix
element is chosen to be larger than the unit hopping energy t [2] and multispin updates. For 1st
and 2nd order ST-decompositions, this trial wave function does not have any minus-sign problem
at half-filling. Where there is a benign average sign (〈S〉 ≈ 1), the ground state energy sampled
without sign is consistent with the ground state energy sampled with sign within the statistical
error-bar. Our numerical values of the ground state energy for sampling without sign agree well
with other researchers [3, 4] using other methods. For sampling with sign, the deviations for some
fillings are larger than the Monte Carlo error-bars. While our previous work [1] casts doubt about
the usefulness of the minus-sign sampling and the historical development in modifying the use of
the sign, our current data suggest that sampling with sign may actually be detrimental for the
accuracy.

[1] X. Wang and H.-G. Matuttis, J. Phys. Soc. Jpn. 81 (2012) 104002.
[2] F. F. Assaad and H. G. Evertz, in Computational Many-Particle Physics, ed. H. Fehske, R.
Schneider and A. Weiße (Springer, Heidelberg, 2008) Lecture Notes in Physics, 739 277.
[3] N. Furukawa and M. Imada, J. Phys. Soc. Jpn. 61 (1992) 3331.
[4] H. De Raedt and M. Frick, Phys. Rep. 231 (1993) 107.
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Suppression and Enhancement of Instability of an Unstable Particle 
by a Time-Periodic External Field 

 

Nobuhisa Yamada1, Ken-ichi Noba2, Tomio Petrosky3, and Satoshi Tanaka1 
 
1Department of Physical Science, Osaka Prefecture University, Sakai 599-8531, Japan 
2Department of Mathematical Science, Osaka Prefecture University, Sakai 599-8531, Japan 
3Center for Complex Quantum Systems, the University of Texas at Austin, TX 78712 USA 
 

A controlling method of the instability of an unstable quantum system in terms of a 
time-periodic external field is proposed. We consider the driven Fano-Anderson model in which 
an impurity atom couples with one-dimensional tight-binding model. One can rewrite the 
time-dependent Hamiltonian to the time-independent Floquet Hamiltonian by using the Floquet 
theorem. The imaginary part of a complex eigenvalue corresponding to the resonant state of the 
Floquet Hamiltonian gives a decay rate of the system. We found that the decay rate is 
proportional to the Bessel function with the variable as        where A is the amplitude of the 
external field and ω is the frequency of the external field.1 The decay rate can change from zero 
(complete suppression of instability, Fig. 1) to several times bigger value compared with the 
decay rate in the non-driven Fano-Anderson model (enhancement of instability, Fig. 2) by 
changing value of         and         where B is the half of the band energy width of the 
Fano-Anderson model. 
 
[1]N. Yamada, K. Noba, T.Petrosky, and S. Tanaka, Phys. Rev. B 86, 014302 (2012)  
 

Fig. 1 Fig. 2 

Field parameter dependency of the decay rate. 
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Finite-Size dependence of the energy gap in quantum first-order transitions

Yuuki Yamanaka and Hidetoshi Nishimori

Depertment of Physics, Tokyo Institute of Technology, Tokyo, Japan

The energy gap at a quantum first-order transition is generally expected to be exponentially
small in the size of the system. However, it is known that the one-dimensional Ising model in a
transverse field can exhibit a first-order transition with a power-law gap in the case of antiperiodic
boundary conditions[1,2]. We generalize this result and discuss the behavior of the energy gap
in the d-dimensional transverse-field Ising model. We also consider the anisotropic Heisenberg
model with infinite-range interactions using the method of [3], and show that the gap closes as a
power-law in some cases.

[1] G. Cabrera and R. Jullien, Phys. Rev. Lett. 57, 393 (1986).
[2] C. Laumann, R. Moessner, A. Scardicchio, and S. Sondhi, Phys. Rev. Lett. 109, 030502
(2012).
[3] S. Dusuel and J. Vidal, Phys. Rev. B 71, 224420 (2005).
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Dynamical Control in a Quasi-periodically Modulated Optical Lattice 
 
Cem Yuce 
 

Department of Physics Anadolu University, Turkey 
 
We investigate quantum tunneling phenomena for an optical lattice subjected to a bichromatic 

ac force. We show that incommensurability of the frequencies leads to super Bloch oscillation. 
We propose directed super Bloch oscillation for the quasi periodically driven optical lattice. We 
study the dynamical localization and photon assisted tunneling for a periodical and quasi-
periodical ac force. 

 
 

 
 

PP3-7-36



STATPHYS25 JULY 21-26, 2013

AbstrActs Poster PresentAtions
582

Pattern Formation on Networks with Reactions: A Continuous Time Random Walk
Approach

Christopher N. Angstmann1, Isaac C. Donnelly1, Bruce I. Henry1,

1. School of Mathematics and Statistics, University of New South Wales, Sydney, Australia

Spatial pattern formation in continuum systems has been widely studied with numerous ap-
plications, particularly in biological systems. The most celebrated example is a diffusion driven
instability in reaction diffusion equations to model mammalian coat patterns [1]. The study of pat-
tern formation in networks is a relatively new area. However if the network doesn’t have a distance
metric, the continuous diffusion term is not unambiguously defined. Starting with a continuous time
random walk (CTRW) as the underlying stochastic process we obtain master equations analogous
to reaction diffusion equations, but in a network setting [2]. We use this framework to investigate
patterning on networks, defined as inhomogeneous concentrations of species across the vertices.
Such pattern formation can occur through a Turing instability or through inhomogeneities in the
effective diffusion operator [2]. We find that different classes of networks leave different signatures
in the Turing patterns.

[1] Alan M. Turing,“The chemical theory of morphogenesis”, Philosophical Transactions of the
Royal Society London B., 237, 37 (1952).

[2] Christopher N. Angstmann, Isaac C. Donnelly, and Bruce I. Henry, “Pattern formation on net-
works with reactions: A continuous-time random-walk approach”, Physical Review E 87.3 (2013):
032804.
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Dynamical scaling law of fragment distribution in drying crack pattern

Shin-ichi Ito and Satoshi Yukawa

Department of Earth and Space Science, Graduate School of Science, Osaka University, Japan

We reproduce desiccation crack patterns in paste by means of smoothed particle hydrodynam-
ics[1,2] which is one of the methods for solving the equations of continuum in the Lagrangian
description. In addition to reproduce a realistic pattern, we find that average area of fragments
decays in proportion to inverse time in the case of a linear drying process. Distributions of the area
of the fragments are obtained depending on the time. We find a scaling distribution by scaling
analysis with the average area of the fragment.[3] In order to explain the scaling law, we propose
a stochastic model based on Gibrat’s process[4] and explain the reason why the scaling law is
realized. In presentation, the scaling law and related statistical properties are discussed.

[1] R. Gingold and J. J. Monaghan, Mon. Not. R. Astron. Soc, 181, 375 (1977)
[2] L. B. Lucy, Astron. J, 82, 1013 (1977)
[3] Shin-ichi Ito and Satoshi Yukawa, arXiv:1209.6114 (2012)
[4] Ed. by E. W. Crow and K. Shimizu, “Lognormal Distributions” (Marcel Dekker, New York,
1988)
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Domain growth in a ferromagnetic Bose-Einstein condensate

Kazue Kudo 1 and Yuki Kawaguchi 2

1. Department of Information Sciences, Ochanomizu University, Tokyo 112-8610, Japan
2. Department of Applied Physics and Quantum-Phase Electronics Center, University of Tokyo,
Tokyo 113-0032, Japan

Magnetic domain patterns appear in a ferromagnetic Bose-Einstein Condensate (BEC) as well
as in a ferromagnet. Domain patterns in a ferromagnetic BEC are similar to those in a ferromag-
net. However, the magnetization dynamics are influenced by the supercurrent of particles. We
investigate the effect of the supercurrent on magnetic domain growth in a ferromagnetic BEC.
Simple description of magnetization dynamics is advantageous for the investigation of magnetic
domain pattern formation, and it is provided by a hydrodynamic equation, which is expressed
by spin variables. The hydrodynamic equation, which is derived from the Gross-Pitaevskii (GP)
equation, can be applied to the simulation of domain pattern dynamics without the supercurrent,
which is inseparable in the GP equation [1]. We perform numerical simulations for both Ising-like
cases, where longitudinal magnetization is dominant, and XY-like cases, where transverse magne-
tization is dominant. Domain growth in Ising-like cases is characterized by the same growth law
as (classical) binary fluid in the inertial hydrodynamic regime. In the absence of the supercurrent,
the domain growth law is the same as that of conserved scalar fields such as binary alloys. In XY-
like cases, magnetization dynamics strongly depends on the initial conditions, especially vortex
structures.

[1] K. Kudo and Y. Kawaguchi, Phys Rev. A 84, 043607 (2011).
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Spatial patterns in multicomponent reaction-diffusion systems in present of noise:
mean field approximation and Fokker-Planck equation for unstable mode amplitudes

Svetlana Kurushina

Department of Physics, Samara State Aerospace University named after S.P. Korolyov, Samara
443-086 , Russia

Mean field approximation (MFT) was successfully applied for the study of noise-induced phe-
nomena in one-component systems [1] and Refs. to [1]. Here MFT is developed to multicomponent
systems.

The multicomponent system under consideration has the form:

∂xk

∂t
= fk(x1, x2, . . . , xn) + gk(x1, x2, . . . , xn)ξk(r, t) + ηk(r, t) +Dk∇2xk, k = 1, 2, . . . , n. (1)

In Eq.(1) xk are the medium state functions, fk(x1, x2, . . . , xn) are nonlinear functions defin-
ing interaction and evolution of component xk, Dk are diffusion coefficients, ξk(r, t), ηk(r, t) are
random Gaussian fields with zero means ⟨ξk(r, t)⟩ = 0, ⟨ηk(r, t)⟩ = 0 and correlation functions
⟨ξk(r, t), ξk′(r′, t′)⟩ = 2θkΦ(|r− r′|)δ(t− t′)δkk′ , ⟨ηk(r, t), ηk′(r′, t′)⟩ = 2εkδ(|r− r′|)δ(t− t′)δkk′ .

Fokker-Planck equation (FPE) for multivariate probability density w(x1l, x2l, . . . , xnl; t) will
appear as:

∂w
∂t = −

n∑
i=1

∂
∂xil

{fil + Di

2h2 ⟨xil+1|x1l, x2l, . . . , xnl; t⟩ − 2xil + ⟨xil−1|x1l, x2l, . . . , xnl; t⟩−

εi
∂

∂xil
− gilθic0i

∂
∂xil

gil}w,
(2)

where ci|l−m| is suitable discretization of the spatial components of field correlation functions
ξk(r, t), l is the number of a discrete lattice point, h is discretization step, ⟨xil±1|x1l, x2l, . . . , xnl; t⟩
are conditional averages in neighbouring points.

Here mean field approximation should lie in the assumption that the conditional averages
⟨xil±1|x1l, x2l, . . . , xnl; t⟩ in Eq.(2) are substituted by the conditional averages
⟨xil|x1l, x2l, . . . , xi−1l, xi+1l, . . . , xnl; t⟩ :

⟨xil±1|x1l, x2l, . . . , xnl; t⟩ = ⟨xil|x1l, x2l, . . . , xi−1l, xi+1l, . . . , xnl; t⟩,

⟨xil|x1l, x2l, . . . , xi−1l, xi+1l, . . . , xnl; t⟩ =
∞∫

−∞
xilw(xil|x1l, x2l, . . . , xi−1l, xi+1l, . . . , xnl; t)dxil,

w(xil|x1l, x2l, . . . , xi−1l, xi+1l, . . . , xnl; t) =
w(x1l,x2l,...,xnl;t)

∞∫
−∞

w(x1l,x2l,...,xil,...,xnl;t)dxil

.

(3)
Eqs. (2),(3) form a self-consistent system, for which it is impossible to write a stationary solution
even in an implicit form.

A well-known model of a chemical reaction with noise included is considered as a specific model:

∂x1

∂t
= A+x2

1x2 −x1 − [B+ ξ1(r, t)]x1 +D1∇2x1,
∂x2

∂t
= −x2

1x2 + [B+ ξ2(r, t)]x1 +D2∇2x2. (4)

Equations of the kind (2)-(3) and FPE for unstable mode amplitudes by the method devel-
oped in [2] are derived for system (4). System (4) evolution is simulated, solutions of Eqs.(2)-(3)
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Welcome to Statphys25

LEE Ho Joong 2

1. Department of basic science Hong Ik University, Seoul 121-791

Today, it is necessary to calculate orbits with high accuracy in space flight. Recently in Korea,
the space navigation increasingly attracted public attention. So the objects of presentation is to
give an explain the story of three body problem in relevance to chaos in 20th century and its
prospects. Since poincar’s conclusion that the three body problem represents of chaos in nature,
statistical approach develop in to numerous research and school. asymptotic solutions, character-
istic exponents and the non existence of new singlevalued integrals. Eigenvalues are classified as
the form of trajectories, as corresponding to nodes, foci, saddle points and centers. Hadamards
accounts, say that there are probabilistic orbit. In this context we study three body problem
in 20th century and in 21th century by analyzing the works of Aarseth, Szebehely, Kolmogorov,
Marchal, Roy, Steves, Valtonen, Milani, Creighton etc.

[1] You may add a reference.
[2] You may add a reference.
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Intersections of moving fractal sets

Indrek Mandre and Jaan Kalda

Affiliation: Institute of Cybernetics at the Tallinn University of Technology, Akadeemia tee 21,

12618, Tallinn, Estonia

We study intersections of a random fractal or self-affine set with a linear manifold or another

fractal set, assuming that one of the sets is in a translational motion with respect to the other. We

show that the mass of such an intersection (for any fractal assuming it is random) is a self-affine

function of the relative position of the two sets with a corresponding Hurst exponent h given by

h =
df

2H
,

where df is the fractal dimension of the intersection and H describes the self-affinity of the random

fractal. This analytical result has been tested using Monte-Carlo simulations.

Applications of this relation can be found in dynamical processes where integral quantities of

random fractals are involved. A limited set of possible applications follows:

• reflection of light from water (sea) surface with fully developed wave turbulence [1];

• formation of silica clay deposits involves vertically collapsing fractal structures [2];

• amount of mineral found in a core sample assuming mineral deposits are fractal [3];

• Doppler absorption spectra depend on how many points of the flow move with a certain

velocity in a certain direction;

• fractality of matter distribution in the universe;

• formation of 1/f -like noise in semiconductor devices;

• analysis of stock market price data series.

This list could be carried on so we believe the relation found is very general and useful. The

work is currently under consideration in a peer-reviewed journal.

[1] Dyachenko A. I., Korotkevich A. O. and Zakharov V. E., Phys. Rev. Lett., 92 (2004) 134501.

[2] Fossum J. O., Bergene H. H., Hansen A., O’Rourke B. and Manificat G., Phys. Rev. E, 69

(2004) 036108.

[3] C. A. Carlson, Geology 19, 111 (1991).
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Lyapunov exponent analysis on the onset of the strong generalized-synchronization

Katsuya Ouchi 1 and Takehiko Horita 2

1. Kobe Design University, Kobe 651-2196, Japan
2. Department of Mathematical Sciences, Osaka Prefecture University, 1-1 Gakuencho, Osaka 599-
8531, Japan

The generalized synchronization (GS) transition is studied in connection with the Lyapunov
exponents. Let us consider the system of a chaotic oscillator being unidirectionally coupled to
another different type of chaotic oscillator with a coupling constant ϵ, where the former is called
the response system and the latter is called the drive system. GS is defined by existing a functional
relation between the response system and the drive system. It is well known that two types of
GS occur in increasing ϵ, referred to as weak-GS and strong-GS, respectively. Onset of the weak-
GS is observed if the first Lyapunov exponent ΛR for the response system becomes negative in
increasing ϵ. On the other hand, onset of the strong-GS cannot be determined in terms of the
Lyapunov exponents themselves. We denote the set of finite time first Lyapunov exponent for the
response system as {ΛR

n (Xk)|k = 0 · · ·∞}, and the set of the finite time last Lyapunov exponent
for the drive system as {ΛD

n (Xk|k = 0 · · ·∞)}, respectively. We will show that the transition of
the strong-GS is determined when the relation max{ΛR

n (Xk)} < min{ΛD
n (Xk)} is satisfied with.
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Transition between fractal and cell patterns derived from vertical convection 
 
Michiko Shimokawa 1 and Toshiya Takami 2 
 

1.Department of Intelligent Mechanical Engineering, Fukuoka Institute of Technology, 3-30-1 
Wajiro-higashi, Higashi-ku, Fukuoka 811-0295, Japan 
2. RIIT, Kyushu University, 6-10-1 Hakozaki, Higashi-ku, Fukuoka 812-8581, Japan 

 
A fractal pattern was observed on the surface of a lower-density solution owing to 

gravitational instability, when a droplet of a higher-density solution was placed on the lower-
density solution surface[1]. The relationship between the fractal pattern and the vertical flow 
was studied in containers of different sizes in order to understand the formation dynamics. In the 
experiment, not only a fractal pattern but also a new cell pattern was observed. The transition 
from a fractal pattern to a cell pattern occurs at r ≈h in experiments involving the use of various 
sizes of containers, where r and h are the radius of the container and the depth of the lower-
density solution, respectively. The vertical flow for fractal patterns is different from that for cell 
patterns and has an axisymmetric structure. These results indicate that an axisymmetric flow is 
necessary for the formation of a fractal pattern [2]. 
 
[1] M. Shimokawa and S. Ohta, Fractals, Vol. 20, 97-104 (2012). 
[2] M. Shimokawa, J. Phys. Soc. Jpn. 81, 094003 (2012). 
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Chaos in a spatially-homogeneous and anisotropic universe in Einstein’s equation 
 
Yuya Takeuchi1, Kazuki Kanki1, Satoshi Tanaka1, Tomio Petrosky2 
 
1Department of Physical Science, Osaka Prefecture University, Gakuen-cho 1-1, Sakai 599-
8531, Japan 
2Center for Complex Quantum Systems, The University of Texas at Austin, Austin, Texas 
78712, USA  
 

Chaotic dynamics of a spatially-homogenous and anisotropic universe (Bianchi IX universe 
model) with two scale factors is studied for the vacuum case. Only for the Bianchi IX model, 
there is a hyperbolic fixed point (Einstein’s static universe) and a separatrix when the model is 
isotropic and cosmological constant is plus. Here, the separatrix (bold line of fig.(a)) is an orbit  
which separates two kinds of an evolution of the universe that repeat a contraction and 
expansion (dashed line) and continue to expand or contraction forever (solid line). Other types 
of universe (Bianchi I ~ VIII model) do not have a fixed point and separatrix. 

We found a chaotic scattering that shows an initial sensitivity near the separatrix when the 
anisotropy is very small and in such a case there is a random walk like behavior that is a 
Markov process and often appears in dilute gas.  

We will present also an interesting new type of complex chaotic structure of Poincaré’s 
surface of section, which is characteristic for the Bianchi IX universe model. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a)                                   (b)  

 
(a) The phase space of the isotropic universe. The horizontal axis A is a scale of the universe 

and vertical axis πA is a generalized momentum. (b) The trajectory of the anisotropic universe 
that is projected to a surface (A,πA). The bold line is the separatrix for the isotropic universe 
and the solid line is showing a solution that repeat a contraction and expansion 40 times and 
after that goes to expansion region. 
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Non-linearity and Renormalization in Non-parametric Bayesian Statistical 
Inference

Toshiaki Aida

Graduate School of Natural Science and Technology, Okayama University, Okayama 700-8530, 
Japan

Statistical inference in terms of non-linear continuous models appears in various laws of 
physics in nature, such as Yang-Mills theory of elementary particle physics, Einstein theory of 
gravity, Navier-Stokes equation of fluid mechanics and so on. Here, it seems that there must be 
a reason why the laws describing nature have chosen non-linear models. For example, the laws 
with the number of derivatives less than the one of dimensions are expected apparently to give 
ultra-violet divergence, but it is not observed actually, which can be explained through the 
process of renormalization. We may regard them as examples that the so-called curse of 
dimensionality is solved.  

In this presentation, we make clear the properties of Bayesian statistical inference of the 
systems with infinitely many degrees of freedom. For this purpose, we adopt the non-linear 
density estimation model by Bialek, Callan and Strong [1, 2] and a non-linear non-parametric 
regression model as examples. The non-linearity of the models leads to distinguished 
improvement of their ultra-violet properties and performance through renormalization, which is 
analytically proved by a non-perturbative theory we developed. The theory has successfully 
predicted non-trivial scaling behavior of the models, and made it clear the role and meaning of 
renormalization and renormalization group in Bayesian statistical inference. 

[1] W. Bialek, C.G. Callan and S.P. Strong, Phys. Rev. Lett. 77 (1996) 4693. 
[2] I. Nemenman and W. Bialek, Phys. Rev. E. 65 (2002) 026137. 
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Finite-time Thermodynamics and Bayesian Learning

Carlo Albert 1

1. Department of Systems Analysis and Modelling, Swiss Aquatic Research Center, Dübendorf,
Switzerland

Bayesian statistics allows us to combine prior knowledge about parameters of a model, ex-
pressed as a probability distribution f(θθθ), with knowledge gained from measurements, y, which
are regarded as a sample from f(y|θθθ) - the likelihood function of the model conditional to the
”true” parameter values. The combined knowledge is expressed as the posterior distribution
f(θθθ|y) ∝ f(y|θθθ)f(θθθ). Monte Carlo algorithms for Bayesian parameter inference generate parameter
samples from this posterior distribution. I consider a broad class of stochastic models, for which
drawing an output from the likelihood is fast compared to evaluating the value of the likelihood.
For this class, many algorithms have been suggested that are based on simulating outputs from
the likelihood and comparing them with the measured data. Whether such samples are accepted
or rejected depends on a tolerance that is gradually decreased on the course of the algorithm. I
interpret this tolerance as a temperature and use minimization of entropy production as a guiding
principle to design an adaptive cooling schedule, reminiscent of adaptive simulated annealing. The
resulting algorithm outperforms adaptive algorithms from the statistics literature, which are all
based on a sequence of importance sampling steps.
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Analysis of computing grid infrastructures from a complex networks perspective

Antonio Astillero 1, Francisco Prieto-Castrillo 2, and Maria Boton-Fernandez 2

1. Departamento de Tecnoloǵıa de Computadores y Comunicaciones, Universidad de Extremadura,
E-06800 Mérida, Spain
2. Centro Extremeño de Tecnoloǵıas Avanzadas (CETA-CIEMAT), E-10200 Trujillo, Spain

Grid computing is a very powerful tool for Statistical Physics where a high computing power
is usually needed in order to simulate the kind of systems involved in this field of Physics. The
objective of our work is to optimize the performance of computing grid infrastructures by means of
complex networks tools. To do this, we have developed a software tool called Stochastic Grid Work
Bench. With this tool, we can simulate different computing grid configurations. For example, we
can choose the Network Topology [1] (Erdós-Renyi, Barabasi-Albert, etc), the Network Configu-
ration (latency and bandwith parameters), the Computing Grid (number of brokers, number of
computing elements, etc), the Directed Acyclic Graph (DAG) representing the application and the
jobs allocation strategy. A set of montecarlo tests is prepared for every control parameter value
under investigation. Then, at the end of each simulation a parameters report is created where the
main results are stored: topological parameters (e.g. the mean degree < k >, average shortest path
< l >, etc.), application metrics (DAG granularity and computation to communication ratio) and
finally time metrics (the makespan, the schedule length ratio (SLR), etc.) In this communication,
we present some preliminary results of the makespan and SLR dependence on the homogeneous
bandwidth and homogeneous latency, respectively.

[1] R. Albert and A. Barabasi, Rev. Mod. Phys. 74, 47 (2002).
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Analyses of Dynamical Phase Transitions in Neural Networks  
 
 
Woon Hak Baek 1, Kyungsik Kim 1 and Muyoung Heo 2     
 

1. Department of Physics, Pukyong National University, Busan 608-737, Korea 
2. Department of Physics, Pusan National University, Busan 609-735, Korea 
 
 

We study dynamical phase transitions in a Boolean neural network with random connections. 
Since we treat a stochastic evolution by using a noise intensity, we show from our condition that 
there exists a critical value for the noise intensity. The nature of the phase transition are found 
numerically and analytically in random and scale-free networks. These results are particularly 
compared with other numerical findings of different network models. 
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Urn models and product dynamics in international trade

Matthieu Barbier 1 and Deok-Sun Lee 2

1. Institute for Basic Science and 2. Department of Natural Medical Sciences and Department of
Physics, Inha University, Incheon 402-751, Korea.

Previous analyses of international trade data [1] have mapped the network structure of the
product space, where trade products are linked when observed to co-occur significantly in exports,
and thus presumed to rely on similar production resources. This structure has been shown to guide
or impair a country’s development as it diversifies its exports to new types of goods. In this work,
we consider the dynamics of the products themselves on a global scale, irrespective of the policies
of individual countries. Our aim is to find a simple stochastic model drawing on urn models [2]
that allows for both analytical and numerical qualitative understanding of these dynamics, and to
characterize their dependence on the underlying complex network structure.

[1] Hidalgo, César A., et al. ”The product space conditions the development of nations.” Science
317.5837 (2007): 482-487.
[2] Evans, Martin R., and Tom Hanney. ”Nonequilibrium statistical mechanics of the zero-range
process and related models.” Journal of Physics A: Mathematical and General 38.19 (2005): R195.
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Investigation of Ayahuasca effects on the Brain by using Complex Networks Analysis

Aline Viol 1, Heloisa Onias 2, Katia C. Andrade 2, Fernanda Palhano Fontes 2,
Draulio B. de Araujo 2, Madras Viswanathan G. 1

1. Department of Theoretical and Experimental Physics,UFRN, Natal, RN, Brazil
2. Brain Institute, UFRN, Natal, RN, Brazil

Tools and ideas from statistics physics have been successfully used to understand complex sys-
tems and their dynamics. Perhaps the most complex biological system is the human brain. The
complex system feature appear in the brain in several scales. We used functional Magnetic Res-
onance Imaging (fMRI) to investigate brain functional connectivity of subjects who had taken a
psychoactive tea known as Ayahuasca. The samples were obtained before and after the intake the
tea. The active ingredients of Ayahuasca are found separately in the two different plants that are
mixed to prepare the tea. The N,N-dimethyltryptamine (DMT), responsible for hallucinations, is
found in a bush (Psychotria viridis) and the mono-amine oxidase inhibitor (MAOi) is found in the
liana (Banisteriopsis caapi). The tea is traditionally used by the forest Amazonian population,
nevertheless the religious use of Ayahuasca can be seen in several centers in South America. We
used spatiotemporal mapping of whole-brain activity obtained by fMRI to construct an anatomical
brain networks. The nodes of networks are defined by brain parcellation in according to Harvard-
Oxford Probabilistic Atlas.The time serie of nodes was estimated by averaging the fMRI time series
over all voxels in each region. Acorrding to the interaction between these regions we analyzed the
statistical properties of the networks using techniques adapted from the study of complex networks.
We describe commonly used network measurements such as connectivity strength, global integra-
tion, clustering coefficient, small-world features among others functional connectivity properties
and topological metrics. We discussed the results in the context of the Ayahuasca effects in brain.

[1] Caldarelli G., Scale-free Networks-complex webs in nature and technology. Oxford University
Press. Oxford (2007).
[2] Schroter, M. S. et al. Spatiotemporal Reconfiguration of Large-Scale Brain Functional Net-
works during Propofol-Induced Loss of Consciousness. Journal of Neuroscience, 32(37), 12832-
12840,(2012).
[3] Shannon B., The Antipodes of the Mind: Charting the Phenomenology of the Ayahuasca
Experience. Oxford University Press.Oxford (2002).
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Size effects in depinning models for plastic yield 
 
Zoe Budrikis 1 and Stefano Zapperi 2,1 

 

1. ISI Foundation, Via Alassio 11/c, 10126 Torino, Italy 

2. CNR-IENI, Via R. Cozzi 53, 20125 Milano, Italy 

 

Microscale plastic flow is subject to size effects, with recent experiments showing that in 

submicron samples, the yield stress increases with decreasing sample size. However, the origins 

of these finite size effects are not clear, and many mechanisms have been proposed [1, 2]. 

Furthermore, a methodological question remains open. Yield stress is typically measured from a 

stress-strain curve by defining a yield strain and reading off the stress required to obtain it. 

However, it is not a priori clear that the (arbitrarily-chosen) yield strain does not affect the 

measured yield stress in a way that influences finite size scaling.  

 

We study this problem from the point of view of models for dislocation line depinning, in which 

plastic yield is a transition between the pinned and moving phases, and finite size effects arise 

naturally and have been well characterized. We take advantage of this as a ‘benchmark’ against 

which to determine the effect of choice of yield strain. We demonstrate that if the system size or 

yield strain is large enough, the choice is unimportant, but in smaller systems one must take care 

to avoid spurious effects. 

 

[1] M. D. Uchic et al, Science 305, 986 (2004) 

[2] J. R. Greer and J. Th. M. De Hosson, Prog. Mater. Sci. 56, 654 (2011) 
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Phase transitions and scaling realations in Paradigm models

Huiseung Chae 1, Soon-Hyung Yook 1 and Yup Kim 1

1. Department of Physics and Research Institute for Basic Sciences, Kyung Hee University, Seoul
130-701, Korea

We propose two general models for paradigm shift, deterministic propagation model (DM)
and stochastic propagation model (SM). If a dominated paradigm exists, the system is in ordered
state. Otherwise, the system is in disordered state. By defining the order parameter m based on
the diversity of ideas, ∆, we study when and how the transition occurs as a cost C in DM or an
innovation probability α in SM increases on regular lattice and complex networks. In addition,
we also investigate how the propagation processes and the interaction topologies affect on the
transition nature. From the analytical calculations and numerical simulations, m is shown to
satisfy the scaling relations m = 1 − f(C/N) for DM with the number of agents N . In contrast,
m in SM scales as m = 1− f(αaN).
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Adaptive Rock-Paper-Scissors Model on Co-evolving Networks

Chi Wun Choi and Pak Ming Hui

Department of Physics, The Chinese University of Hong Kong, Shatin, Hong Kong, China

The Rock-Paper-Scissors (RPS) game is a well-known game in which three strategies cyclically
dominate each other. Phenomena that fall into the framework of the RPS game can be found
in nature. In complex network research, interaction between individuals through RPS game in
a static network has received much attention. In this work, we propose and study an Adaptive
Rock-Paper-Scissor (ARPS) model that involves only a single parameter. In ARPS, each agent
adapts by either rewiring an unfavourable link with a probability p or switching his strategy with a
probability 1−p. The network and the individuals’ strategies form a co-evolving system. The model
is studied by computational simulations and establishing a theory. The properties of the network
are studied as p varies and different phases are identified. Two different schemes corresponding to
selecting the rewiring target randomly and intentionally are studied and the results are explained.
Results related to the probability of winning, losing and drawing in the steady state, and the type
of agents that have a higher winning probability are also analyzed. The dependence on the initial
distribution of the three strategies among the agents is studied. The analytic results capture the
main features in the simulation results, including the emergence of different phases.
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Application of Pedestrian Dynamics: Relieving the Congestion of a T-intersection 
in Campus 
 
Yu-Ling Chiang 1, Bella Chiou 2 and Chung-I Chou 1 
 

1. Department of Physics, Chinese Culture University, Taipei, Taiwan 111, R.O.C. 
2. Language Teaching and Learning Center, Chinese Culture University, Taipei, Taiwan 111, 
R.O.C. 
 

There is a T-intersection that was always jammed during the rush hours at our school. We 
have implemented pedestrian dynamics to study this intersection. We transferred the 
intersection into floor field models and have completed a simulation by using cellular automata 
method. According to the results of the simulation, we came up with several strategies to relieve 
the congestion. The corresponding controlled experiments had been executed based on these 
strategies. After one-month-long experiments, we found the effective solution. By applying this 
solution, the T-intersection congestion has been relieved. 
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The Long-tail Behaviors of Cosmetics Price Distributions in Taiwan and Japan: 
A Agent-Based Model Approach 

 
Ying-Shan Chou 1 * , Chung-I Chou 2 , Chi-Ning Chen 3  

  
1,3Department of Physics, National Dong-Hwa University, Hualien 974, Taiwan    

2Department of Physics, Chinese Culture University, Taipei 111, Taiwan                                                                                       
 

We collect price data of more than forty thousand cosmetic products from websites 
in Taiwan and Japan in 2011-2013 and analyze their statistical properties such as 
means, variances, and frequency distributions. The result shows long-tail behaviors in 
price distributions. To explain this result and to investigate the relationship between 
the price and wealth distributions, we adopt the agent-based approach to build a 
simple pricing model, in which the basic ingredients are the wealth distribution, the 
buying strategy of consumers, and the pricing strategy of business owners, etc. 
Preliminary results indicate that power-law distributions for cosmetics prices can be 
produced in simulation of the model and these distributions relate to the wealth 
distributions in a positively correlated manner. 
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Critical behaviour of the XY-rotors model on networks

Sarah De Nigris1 and Xavier Leoncini1

1. Centre de Physique Théorique, UMR 7332, Campus de Luminy Case 907, 13288 Marseille
CEDEX 09 FRANCE

We study the XY-rotors model on small networks whose number of links scales with the system
size Nlinks ∼ Nγ , where the γ parameter tunes the links density of the network. We first focus on
regular one dimensional rings: for γ < 1.5 the model is short-range and the total magnetisation
vanishes in the thermodynamic limit. On the contrary, for γ > 1.5, the XY-rotors behaves like
the Hamiltonian Mean Field (HMF) model, displaying a second order phase transition of the
magnetisation for εc = 0.75. Moreover for γc = 1.5 we show numerically that a non trivial state
emerges, characterised by large fluctuations of the order parameter [1]. We then address small world
networks, applying the Watts-Strogatz model to introduce randomness in the regular networks
parametrised by γ. We first investigate the scaling of the average path length l(p, γ) varying p
and γ. We show the influence of the density parameter γ on pSW , the rewiring probability for
the network to be the small-world regime, which scales as pSW ∝ 1/Nγ . Furthermore, focusing
on the behaviour of the XY-rotors model on small world networks, we find a second order phase
transition occurring at a critical energy εc logaritmically dependent on the topological parameters
p and γ: we define pMF (γ) the rewiring probability necessary to reach εc = 0.75 , the mean field
value and we show its dependence on the γ parameter.

[1] De Nigris, S.,Leoncini, X., EPL, 101(1):10002, 2013.
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A decimation procedure for model selection in the Ising inverse problem

Aurélien Decelle 1 and Federico Ricci-Tersenghi 1,2

1. Dipartimento di Fisica, Università La Sapienza, Piazzale Aldo Moro 5, I-00185 Roma, Italy.

2. INFN-Sezione di Roma 1, and CNR-IPCF, UOS di Roma.

The Ising inverse problem has attracted recently a growing interest in statistical physics. The

problem has been introduced many decades ago under the name of Boltzmann Learning (BL) [1]

and it aimed to reconstruct the couplings of an Ising model given a set of equilibrium configurations

or experimental values of the magnetizations and the correlations. Lately, the growing number of

datasets coming from fields such as computer science or biology has renewed the attraction for

inverse problems. It has also imposed the necessity to invent new methods to infer the parameters

of the model since BL is very slow and the size of experimental systems can be quite large.

We have introduced a new approach based on the Pseudo-Likelihood method [2] where by

progressively pruning the unnecessary parameters of an initial Ising model we manage to get much

lower error on the inferred couplings and to recover the topology of the graph at the origin of the

data. We are therefore selecting the best model which fits the data. Our algorithm competes with

the well-known ℓ1-PLM [3] method and does not need to adjust heuristically an external parameter

which therefore make it very appealing to use on systems where the underlying graph is not known.

[1] D. Ackley, G. Hinton, and T. Sejnowski, Cognitive Science 9, 147 (1985).

[2] J. Besag, Journal of the Royal Statistical Society, Series B, 36(2), 192 (1974).

[3] P. Ravikumar, M. J. Wainwright, and J. D. Lafferty, The Annals of Statistics 38, 1287 (2010).
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Fragmentation Transition in Multilayer Networks

Marina Diakonova1, Maxi San Miguel and Victor M. Egúıluz

1. IFISC, (CSIC-UIB), E07122 Palma de Mallorca, Spain

Multilevel networks are a natural extension of simpler network models to situations where inter-
action between entities is context-dependent. This is the motivation behind recent advances ranging
from understanding infrastructure failure to human interaction by means of different communica-
tion channels (e.g., face-to-face, telephone calls, or social media) each representing a different layer.
In reality the topology of such systems often changes with the state of individual components, typ-
ically modelled by the coevolution of links. The competition between these topological timescales
and ones at which individual states evolve then determines the emergent features of the system.
For example, the coevolution voter model displays a second order phase transition: when the
rewiring rate exceeds some critical threshold the result is a fragmented system, while below the
critical value the system remains in one connected component [2], placing effective limitations on
the complete ordering.

Our work considers a dynamic topology in a multilayer setting. Each level represents a social
context, and the level-dependent rewiring rates account for the intrinsically differing dynamics
of the spread of opinions. Finally, a proportion of nodes represents the same individuals across
layers and will keep the same state. Our aim is to analyze the effect of a multilayer interaction
network on the critical behavior of a simple stochastic model. Specifically, we investigate the
influence of extra levels on the critical rewiring rates of the co-evolution voter model and their
dependence on topological and interlayer connectivity parameters, and identify parameter values
where multiplicity of levels prevents the fragmentation transition.

[1] S. V. Buldyrev, R. Parshani, G. Paul, H. E. Stanley, S. Havlin, Nature 464, 08932 (2010)
[2] F. Vazquez, V. M. Egúıluz, M. San Miguel, PRL 100, 108702 (2008)
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Google matrix analysis of Wikipedia articles and Physical Reviews citation networks

Young-Ho Eom1,2

1. Laboratorie de Physique Theorique du CNRS, IRSAMC, Universite de Toulouse, UPS, 31062
Toulouse, France
2. http://www.quantware.ups-tlse.fr/FETNADINE/

The Google matrices of Wikipedia article network and citation network of papers published in
Physical Reviews are constructed and the properties of their spectra and main eigenstates, like
PageRank and CheiRank, are analyzed. The two-dimensional ranking of nodes on PageRank-
CheiRank plane highlights popularity and communicativity properties of nodes showing these two
complementary features of Wikipedia articles. The time evolution of ranking and its statistical
properties are considered for Wikipedia networks for years 2003-2011 [1]. Special emphasis is done
for ranking of personalities and universities. The top of PageRank personalities is dominated by
politicians while the top of 2DRank is dominated by artists. It is shown that the 2DRanking of
universities classifies them on popularity and communicativity scales. It is found that for Wikipedia
network there is a significant correlation between PageRank and CheiRank vectors while for citation
network of Physical Review [2] the correlation is close to zero. The spectrum of the Google matrix
is analyzed for both networks and it is shown that the Arnoldi method allows to perform efficient
numerical diagonalization of matrices of a million size scale. The links between the spectrum,
eigenstates and isolated communities are established. The obtained results significantly extend the
research performed in [3.4].

[1] Y.-H. Eom, K. M. Frahm, A. Benczur, and D. L. Shepelyansky, ”Time evolution of Wikipedia
network ranking” (in preparation)
[2] K. M. Frahm, Y.-H. Eom, and D. L. Shepelyansky, ”Google matrix analysis of Physical Review
citation network” (in preparation)
[3] A. O. Zhirov, O. V. Zhirov and D. L. Shepelyansky, ”Two-dimensional ranking of Wikipedia
articles”, Eur. Phys. J. B 77, 523 (2010)
[4] Y.-H. Eom and S. Fortunato, ”Characterizing and Modeling Citation Dynamics”, PLoS ONE
6(9), e24926 (2011)
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Network Network Effects and Cascades in a Global CCP Clearing Network 
 
Xiaobing Feng 1 and Beomjun Kim 2 
Matthrew Pritsker3 

1.Department of Finance Shanghai Jiaotong university and SHIFT,shanghai, china  
2. Sungkyunkwan University. Suwon 440-746, Korea 
3. Federal Reserve System of Boston, USA 
 
The large cascading triggered by initial shocks from one central counterparty and 

transmitted to the second ccp linked through interoperability is observed. It is shown that 

the magnitude of the cascading is a function of a few factors through modeling, which 

includes the network effect , the size of the network, the coefficient of the logistic mapping, 

the stochastic effect and the CCP defense lines. The simulation indicates that the bigger the 

network effect, the easier the system causes cascading failure, hence the bigger the systemic 

risk. The size of the network N is positively related to , which 

indicates the larger network the more robust the network will be.  

. 
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Criticality, scaling and renormalization in intra-urban passenger flow

Segun Goh,1 Keumsook Lee,2 M.Y. Choi,1 and Jean-Yves Fortin3

1. Department of Physics and Astronomy and Center for Theoretical Physics, Seoul National Uni-

versity, Seoul 151-747, Korea

2. Department of Geography, Sungshin Women’s University, Seoul 136-742, Korea

3. CNRS, Institut Jean Lamour, UMR 7198, Vandoeuvre-les-Nancy, F-54506, France

Social networks have recently attracted much attention, with attempts to understand social

behavior with the aid of statistical mechanics applied to complex systems. Collective properties of

such systems emerge from couplings between components, i.e., individual persons, transportation

nodes such as airports or subway stations, and administrative districts. Examining the passenger

flow on the Seoul bus system during one week, we find explicit power-law correlations in the system,

i.e., algebraic behavior of the strength correlation function of bus stops. Such criticality is probed

by means of the scaling and renormalization analysis of the modified gravity model[1] applied to

the system, which reveals the underlying structure. Specifically, the resulting renormalized values

of the gravity exponent and of the Hill coefficient give a good description of the Seoul bus system:

The former measures the characteristic dimensionality of the network whereas the latter reflects

the coupling between distinct transportation modes.

[1] S. Goh, K. Lee, J.S. Park, and M.Y. Choi, Phys. Rev. E 86, 026102 (2012).
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Big Changes of the Network Properties in Stock Markets around Global Financial 
Crisis 
 
Gyeong Gyun Ha1, Ashadun Nobi1, 2, Seong Eun Maeng1, and Jae Woo Lee1 
 

1. Department of Physics, Inha University, Incheon 402-751 Korea 
2. Department of Computer Science and telecommunication engineering, Noakhali Science and 
Technology, Sonapur, Noakhali-3802 Bangladesh 
 

We analyzed the network properties of cross-correlation network for the stock market index 
around the 2008 global financial crisis. We consider the global stock indices and the stock 
prices of the individual company in Korean stock market. We observed the big changes of the 
network properties such as assortativity and modularity around the crisis. The average volatility 
of the index and the mean weighted clustering coefficient of the cross-correlation network 
increased sharply around the financial crisis. However, the assortativity and modularity 
decreased quickly around the financial crisis. We propose an agent-based model which shows 
the sharp transition around the crisis. 
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Dynamic Burstiness of Word-occurrence and Network Modularity in Textbooks 
 

Welcome to Statphys25 
 
Xue-Mei Cui1, Yoon Hae Jin2, Chang No Yoon3, Jean S. Jung3, and Seung Kee Han3*  
 

1.  Normal College, Yanbian University, Yanji 133002, China. 
2.  Santa Fe Institute, New Mexico, USA 
3.  Dept. of Physics, Chungbuk Nat’l Univ., Cheongju, Chungbuk, 361-763, Korea. 

 
In this study we show that the dynamic burstiness of word occurrence in textbook systems is 

strongly correlated with modularity of the word-networks constructed from the word-to-word 
association matrices in textbook systems. At first, the dynamic burstiness is quantified by the 
non-uniformity of word occurrence throughout a textbook. The advantage of this measure is that 
we can decompose the burstinees measure further into two contributions: one coming from the 
inter-event variance and the other from memory effect. Secondly, the modularity of the word-
network is compared with that of surrogate random textbooks with lower burstinees by 
removing either the memory or variance effects. It is shown that the network modularity 
decreases systematically as the burstiness measure is lowered, meanwhile the loss in the 
network modularity is compensated by the strengthening of hub-node centrality. This indicates 
that the burstiness of word occurrence plays a very important role in the formation of modular 
word-network in textbook systems. Finally we have tested our claim using a two-state burst 
generation model. 
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A Function-Based Reconsideration of Stochastic Optimization Methods

Manabu Hasegawa

Faculty of Engineering, Information and Systems, University of Tsukuba,
Tsukuba 305-8573, Japan

We discuss two issues related to stochastic optimization. These issues arise from our recent find-
ings on the actual function of simulated annealing (SA) and its variants [1]; that is, the relaxation
dynamics occurring in the landscape-influenced regime play a primary role as an optimizer and the
optimizing ability of these dynamics is maximized at glass-transition-like temperature. First, we
address whether the Metropolis algorithm (MA) work successfully as a local search method in the
approach of search space smoothing (SSS). If the relaxation dynamics function even in a smoothed
landscape, the MA should be able to work despite the conventional concern, namely, that the
guiding function of SSS is impaired by the use of randomness. Second, we address the origin of
the effectiveness of parallel tempering (PT) in optimization. The above findings allow us to infer
that the effectiveness of PT comes not from the enhancement of equilibrium sampling ability at
low temperatures but from relaxation acceleration by temperature cycling in the glass transition
range [2]. To discuss these issues, experimental analyses are conducted on the random traveling
salesman problems. We find that the relaxation dynamics still play a key role in optimization by
both SSS and PT; specifically, these dynamics can take more advantage of the guiding function of
SSS, and the inclusion of the glass-transition-like temperature is more essential than the inclusion
of the specific-heat-peak temperature for the application of PT.

[1] M. Hasegawa, Phys. Rev. E, 83 (2011) 036708; Comput. Phys. Commun., 182 (2011) 229;
J. Phys. Soc. Jpn, 81 (2012) 085001.

[2] M. Hasegawa, Phys. Rev. E, 85 (2012) 056704.
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Assessing Symmetry and Efficiency in Markets by Length Trend Analysis

A.R. Hernández-Montoya1, H.F. Coronel-Brizio1, H.R. Olivares-Sánchez2 and Enrico Scalas3,4

1. Departamento de Inteligencia Artificial, Facultad de F́ısica e Inteligencia Articial, Universidad
Veracruzana. Sebastián Camacho 5, Xalapa, Veracruz 91000, México
2. Departamento de F́ısica, CINVESTAV-IPN, Av. IPN 2508, Col. San Pedro Zacatenco, México
D.F., México
3. Dipartimento di Scienze e Innovazione Tecnologica, Universita del Piemonte Orientale “Amedeo
Avogadro” Viale T. Michel 11, 15121 Alessandria, Italy
4. BCAM-Basque Center for Applied Mathematics, Alameda de Mazarredo 14, 48009 Bilbao,
Basque Contry, Spain

In financial time series there are periods in which the value increases or decreases monotonically. We
name that periods “elemental trends” and study their probability distribution functions (PDFs) for
the indices DJIA, NASDAQ and IPC according to their duration. It was found that the duration
distribution often differs from the one expected under no memory. The expected and observed
PDFs are compared by means of a discrete version of the Anderson-Darling test. Finally, upward
and downward empirical duration distributions are compared for each data sample.

[1] Analysis of short term price trends in daily stock-market index data. H.F. Coronel-Brizio, A.R.
Hernández Montoya, H.R Olivares Sánchez, E. Scalas. arXiv:1211.3060v1 (2012).
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Adaptive Thouless-Anderson-Palmer approach to inverse Ising problems with quenched
random fields

Haiping Huang and Yoshiyuki Kabashima

Department of Computational Intelligence and Systems Science, Tokyo Institute of Technology,
Yokohama 226-8502, Japan

The adaptive Thouless-Anderson-Palmer equation is derived for inverse Ising problems in the
presence of quenched random fields. We test the proposed scheme on Sherrington-Kirkpatrick,
Hopfield, and random orthogonal models and find that the adaptive Thouless-Anderson-Palmer
approach allows surprisingly accurate inference of quenched random fields whose distribution can
be either Gaussian or bimodal, compared with other existing mean-field methods.

[1] H. Huang and Y. Kabashima, arXiv:1303.2810 (2013).
[2] M. Opper and O. Winther, Phys Rev Lett 86, 3695 (2001).
[3] T. Shinzato and Y. Kabashima, J. Phys A 41, 324013 (2008).
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Congestion emerged as decision-making processes 
 
Ding-wei Huang 
 

Department of Physics, Chung Yuan Christian University, Chung-li 32023, Taiwan 
 

We study the dynamics of a traffic model, where congestion emerges in a ring-and-hub 
network. The central hub has a finite capacity. The congestion arises as a result of the decision-
making of each driver. Congestion charge is imposed as a scheme to ease the congestion. One 
expects that the travelling cost would decrease as the number of links increases and/or the 
congestion charge decreases. However, previous study showed the contrary [1], i.e., in some 
parameter range, the travelling cost increases with the increase of links and/or the decrease of 
congestion charge. We further explore the underlying mechanism to clarify the issue. We 
observe a new branching effect. As a result, the time-averaged quantity does not provide a clear 
physical picture. The scaling properties of the model are discussed. We also examine the 
efficiency in various schemes of imposing the congestion charge. 
 
[1] S. Gourley and N. F. Johnson, Physica A 363 (2006) 82. 
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Extended last-passage algorithms for the charge density on a conducting surface with
a charge

Chi-Ok Hwang

School of General Studies, GIST College, Gwangju Institute of Science and Technology, Gwangju
Metropolitan City 500-712, Korea

In the previous research[1], a last-passage algorithm was introduced to calculate the charge
density at a general point on a conducting surface by using the diffusing paths that initiate at
that point. At that time, the conductor was held at unit voltage without any charge ouside of the
conductor. In this talk, it is shown how to calculate the charge density on a conducting surface
in a free space or a dielectric material with a chare outside of the conductor via first- and last-
passage algorithms. The last-passage algorithm is developed via time reversal of the first-passage
algorithm. Simple test problems with analytic solutions are performed. In addition, we consider the
same problem with different boundary conditions such as Dirichlet, Neumann or mixed boundary
conditions.

[1] J. A. Given, C.-O. Hwang, and M. Mascagni, Phys. Rev. E 66, 056704 (2002).
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Dynamical Variation Characteristics of the Particulate Matter and Its Climate 
Influencing Factors Using the Detrended Cross-Correlation Analysis  
 
 
Deok Du Kang 1, Dong In Lee 1 and Kyungsik Kim 2  
 
 

1. Department of Environmental Atmospheric Sciences, Pukyong National University, Busan 
608-737, Korea  
2. Department of Physics, Pukyong National University, Busan 608-737, Korea  
 
 

We simulate and analyze the temporal variation characteristics of the PM10 and its climate 
influencing factors (temperature, humidity, and wind velocity) in eight cities of the Korean 
peninsula. We employ the detrended cross-correlation analysis (DCCA) method to extract the 
overall tendency of hourly variation. Its relationship between PM10 density and meteorological 
factor is established by cross-correlation coefficients. Particularly, we ascertain from values of 
week intervals of time scales that Andong has the largest one, while Mokpo has the smallest 
value in the DCCA cross-correlation coefficient between PM10 and temperature. As a result of 
non-Asian dust events, the cross-correlation is statistically significant when 12≤n≤48 for hourly 
time series data. However, it is shown from our results show that there exist no cross-correlation 
between PM10 and meteorological factors for other time intervals. From Asian dust events, the 
characteristic feature is that Donghae has the largest negative value for the cross-correlation 
coefficient between PM10 and humidity. The cross-correlations are particularly compared in 
eight cities, after we test whether the cross-correlation is statistically significant or not from the 
random number and shuffled time series surrogations. 
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Analyses for the Prediction of Future Prices in the Structure of Group 
Correlations  

 
 
Kyungsik Kim 
 

Department of Physics, Pukyong National University, Busan 608-737, Korea 
 

We study the structure of cross-correlations in two Korean stock markets, the KOSPI and 
KOSDAQ. We investigate a remarkable agreement between the theoretical prediction and the 
empirical data concerning the density of eigenvalues in the KOSPI and KOSDAQ. The research 
is undressed the market-wide effect using the Markowitz multi-factor model and the network-
based approach. We find stock entities that involve the each same business sectors and verify 
the structure of group correlations by applying a network-based approach. The KOSPI has a 
dense correlation for overall stock entities besides group correlation, whereas the KOSDAQ is 
less than the KOSPI for two contents [1]. Next, we introduce an agent-based model that is made 
up of several interacting agents with respect to local and global coupling and its intrinsic 
randomness in Korean financial markets. The correlations from groupings between agents are 
particularly constructed and predicted in future prices or return time series in several rounds. 

 
[1] J. S. Ko, G. Lim and K. Kim, J. Korean Phys. Soc. 61, 1751 (2012). 
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Coevolution and correlated multiplexity in multiplex networks

Jung Yeol Kim 1 and K.-I. Goh 2

1,2Department of Physics, Korea University, Seoul 136-713, Korea

Distinct channels of interaction in a complex networked system define network layers, which co-
exist and co-operate for the system’s function. Towards realistic modeling and understanding such
multiplex systems, we introduce and study a class of growing multiplex network models in which
different network layers coevolve, and examine how the entangled growth of coevolving layers can
shape the overall network structure.[1] We show analytically and numerically that the coevolution
can induce strong degree correlations across layers, as well as modulate degree distributions.

We set up the growth kernels for the two layers given by the generalized linear preferential
attachment. To this end,

Πα ∝ [(1− ε)(kα + a) + ε(kβ + a)], (1a)

Πβ ∝ [ε(kα + a) + (1− ε)(kβ + a)]. (1b)

Here ε is a parameter that controls the strength of coevolution, hence called the coevolution factor.
If ε = 0, two layers grow independently. If ε > 0, they coevolve, mutually depending more strongly
as ε increases. a is the shift factor introduced to control the layer’s native degree exponent.

In the long time limit, we calculate Pearson correlation coefficient ρ between the degrees of a
node in the two layers α and β, written as

ρ → 6ε+ a

6ε+ 2a
. (2)

These results clearly highlight the role of coevolution factor in shaping correlated multiplexity.
We further show that such a coevolution-induced correlated multiplexity can alter the system’s
response to dynamical process, exemplified by the suppressed susceptibility to a threshold cascade
process.

[1] Jung Yeol Kim, K.-I. Goh, http://arxiv.org/abs/1303.1369 (2013).
1 Electronic address: jungyeol kim@korea.ac.kr
2 Electronic address: kgoh@korea.ac.kr
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Network of Strategies in Iterated Prisoner’s Dilemma game with a limited memory

Young Jin Kim1, Myungkyoon Roh1, Seung-Woo Son1

1. Department of Applied Physics, Hanyang University, Ansan 426-791, Korea

We carry out the iterated prisoner’s dilemma game with a memory through the replicator 
dynamics [1]. In this study, we examine the characteristics of all 32 possible strategies with 
single memory by observing the result when each strategy encounters other one. Based on this 
result, we define similarity measures between 32 strategies and perform a network analysis of 
the relationship between strategies by constructing a network of strategies. Interestingly, we find 
that there exists a win-lose circulation between strategies like the rock-paper-scissors, and this 
circulation is resulted from only a single strategy.

[1] S. K. Baek and B. J. Kim, Phys. Rev. E, 78, 011125 (2008).
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Quantitative Analysis of the Annals of the Joseon dynasty 
 
Daniel Kim 1

 , Byung-hwee Lee 1 , and Hawoong Jeong 1, 2, 3 
 

1. Department of Physics, KAIST, Daejeon 305-701, Korea 
2. Institute for the BioCentury, KAIST, Daejeon 305-701, Korea 
3. APCTP, Pohang, Gyeongbuk 790-784, Koreaf 
 

In this work we quantitatively study the Annals of the Joseon Dynasty [1] which consist of 
1893 books covering 472 years (1392~1863) of the history of the Joseon Dynasty. Using the 
digitized version of the annals, we check the stylometric similarity for all possible pairs of the 
reigns by using 417 content-free Chinese letters. We also investigate notable historical facts 
statistically via network analysis such as the effect of Japanese Invasion of Korea in 1592 and 
the change of political situations by maternal relatives of each King. 
 
[1] http://sillok.history.go.kr/etc/english.jsp 
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Ionic Self-assembly of Thin Films: Analytical and Experimental Results 
 
Vincent Kim1, Irina Mazilu1, Dan Mazilu1, Will Banks1, Brian Simpson1 and Andrew Seredinski1 
 

1. Department of Physics and Engineering, Washington and Lee University, Lexington, VA 
24450, USA 
 
Our work is motivated by the manufacturing process of self-assembled antireflective coatings 
using silica and titania nanoparticles. The properties of these coatings depend on the surface 
coverage of the substrate. During the manufacturing process, it is highly desirable to know the 
analytical relationship between the index of refraction and the particle density of the surface. We 
use a class of cooperative sequential adsorption models on a Cayley tree to model the self-
assembly mechanism. Using the empty interval method, and generalizing results known from 
reaction–diffusion processes on Cayley trees, we calculate the time-dependent surface coverage.  
We compare our model to the experimental results obtained in the thin film lab. 
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Fragmented sleep-wake cycle in intensive-care-unit patients

Jong Won Kim1,2

1. School of Physics, The University of Sydney, Sydney, NSW 2006, Australia
2. CIRUS, Woolcock Institute of Medical Research, Glebe, NSW 2037, Australia

Having sound sleep is important, especially for patients in hospitals, to maintain and restore
their physical condition. However, critically ill patients are unlikely having sound sleep due to
“noisy” environments, which suggests needs for quantitative assessment of sleep to intervene ef-
fectively to improve it. Underlying dynamics in sleep-wake cycles has been reported previously
[1, 2]. Despite their success, the works were limited since they statistically analyzed “discretized”
time courses of sleep stages (i.e., hypnogram) based on traits of electroencephalography (EEG),
electrooculography, electromyography (EMG), etc. In this paper, we develop a new framework
for the analyis of the raw bio-signals (EMG and EEG, in particular) directly, which enables us to
quantify the level of interrupted and fragmented sleep in intensive-care-unit patients. Our results
may provide useful applications in sleep-related clinics. The detailed information on data used
here can be found in Refs [3, 4].

[1] C.C. Lo et al., Proc. Natl. Acad. Sci. U.S.A. 101, 17545 (2004).
[2] J.W. Kim et al., Phys. Rev. Lett. 102, 178104 (2009).
[3] R. Elliott et al., in preprints (2013).
[4] A.L. D’Rozario et al., Clin Neurophysiol., in press (2013).
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Large-scale Analysis of Human Diet in the Nutritional Basis 
Seunghyeon Kim1, 3, Mathias Foo1, Yong-Su Jin2, and Pan-Jun Kim1, 3 
 

1. Asia Pacific Center for Theoretical Physics, Pohang, Gyeongbuk 790-784, Korea 
2. Department of Food Science and Human Nutrition, University of Illinois, Urbana, IL 61801, 

USA 
3. Department of Physics, Pohang University of Science and Technology, Pohang, Gyeongbuk 

790-784, Korea 
 

Nutrition is an important part of our lives and our health. Foods provide us with many 
nutrients, so it is important to analyze their nutritional compositions and how they affect our 
health. However, there were few studies to show systematic way to analyze large-scale 
nutritional data. Motivated by methodologies developed in statistical physics, we suggest a 
quantitative way to discover which food combinations that satisfy nutritional requirement are 
possible and how their statistical properties are correlated with large-scale organizations of 
nutrient-nutrient and food-food networks. Such unbiased and systematic approaches review 
nontrivial relationships between nutrients, and have practical implications in improving human 
health. 
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Network analysis of REMNREM transition in sleep disorders

Minkyung Kim 1 ,Jeongkyu Shin 1  and Seunghwan Kim 1

1. Department of Physics, Pohang University of Science and Technology, Korea

In sleep disorders such as nocturnal frontal lobe epilepsy(NFLE) or periodic limb movement            
disorder(PLM), recent studies suggest that they have sleep stage disturbance compared to           
normal sleep. In this view, we focused on REM  NREM(NonRapid Eye Movement) state             
transition and observed the directed functional brain network topology difference in this           
transition. The functional networks are constructed by transfer entropy derived from          
electroencephalogram(EEG) signals with 5 channels and 512 Hz sampling rates. Subjects are           
normal(n=2), NFLE(n=6) and PLM(n=4) patients. 4 States are defined by preREM which is 5             
minutes before REM, startREM that during 5 minutes after REM starts, endREM(during 5            
minutes before REM ends) and postREM which is during 5 minutes after REM ends. We              
observed the network topology and its change during NREMREM transition for normal and            
diverse sleep disorder patients in delta and theta bands which are significant in sleep study. We               
suggest that different directed functional network topology and their alteration on REMNREM           
transition correspond to fundamental circuitary of different sleep disorders, and could be used as             
one of the neural correlates.

[1] Terzano, Mario Giovanni, et al. "Atlas, rules, and recording techniques for the scoring of              
cyclic alternating pattern (CAP) in human sleep." Sleep medicine 2.6 (2001): 537553.
[2] Goldberger, Ary L., et al. "PhysioBank, PhysioToolkit, and PhysioNet: Components of a new             
research resource for complex physiologic signals." Circulation 101.23 (2000): e215e220.
[3] Kales, Anthony, and Joyce D. Kales. "Sleep disorders. Recent findings in the diagnosis and              
treatment of disturbed sleep." (1974).
[4] McCarley, Robert W. "Neurobiology of REM and NREM sleep." Sleep medicine 8.4 (2007):             
302330.
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Metallic Ferromagnetism by Finite Block Spins 
 
Je Huan Koo and Guangsup Cho 
 
Department of Electrical and Biological Physics,  
Kwangwoon University, 
Nowon-gu, Seoul 139-701, Korea 
 
 
  We herein explain the phase of ferromagnetism by reference to finite block spin theory, in which 
the phase of metallic ferromagnetism may be considered as being a ferromagnetic ordering between 
block spins comprised of random spins that have a majority of individual spins in a given sense. By 
making use of the Curie-Weiss law of block spins for ferromagnetism, we obtained the Curie 
temperatures for the lower and higher temperature approximations of the Brillouin function. We know 
the electron-electron interaction mediated by phonon-enhanced spin flippings is repulsive for metallic 
ferromagnetic materials but attractive for high transition temperature superconductors (HTSC). The 
electron-electron interaction is related to the exchange integral between block spins.

 

 

PP4-10-34



STATPHYS25 JULY 21-26, 2013

AbstrActs Poster PresentAtions
625

Self-attracting walks on complex networks

Jaegu Kyoung1, Seong Eun Maeng1, Jae Woo Lee1, and Deok-Sun Lee1,2

1. Department of Physics, Inha University, Incheon 402-751, Korea
2. Department of Natural Medical Sciences, Inha University, Incheon 402-751, Korea

Random walk is instrumental for understanding the network dynamics from human mobiility to
the Iinternet browing and searching. A surprising universal feature of such various types of walks is
that the walkers tend to be attracted to the starting position or the visited sites, which makes the
walks non-random. For instance, it is well known that the random-walk dimension is larger than
2, e.g., for self-attracting walks in which a walker is more likely to move to a visited site. Given the
recent discovery of heterogeneous network structure in many real-world systems, we show how the
structural heterogeneity and the self-attraction affect the walking on the networks. In particular,
we investigate the scaling of the number of visited nodes with respect to time, which turns out
to depend on the network connectivity, the spectral dimension, and the strength of attraction.
Analytic arguments are presented to understand this finding and we discuss its implications.
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Correlated multiplexity of multiplex networks

Kyu-Min Lee, Jung Yeol Kim, Sangchul Lee, K.-I. Goh and I.-M. Kim 1

1. Department of Physics and Institute of Basic Sciences, Korea University, Seoul 136-713, Korea

Most real world complex systems such as the modern infrastructure, human social networks
and global economic system contain multiple types of relations between agents. The collective
function due to these multiple network layers or multiple interactions often produces nontrivial
effects on the network structure and dynamics. Recently, several studies of similar concept with
this framework such as layered, interacting, and interdependent networks have been investigated.
However, as many empirical examples indicate, most real world network layers are not randomly
coupled, so that a node’s degree in one network layer and that for the others are correlated. We
called this correlated multiplexity [1].

In this study we investigate the structural properties of multiplex random networks focuesd
on the notion of correlated multiplexity. Introducing three different network coupling types, we
observe how the correlated multiplexity affects to the properties of a giant component in the
network [1]. When the degrees of a node for different layers are maximally-positive (MP) correlated,
the giant component appears for any nonzero link density but the size of it grows much more
gradually. In contrast, for the maximally-negative (MN) coupling case, the giant cluster emergence
is significantly delayed but it grows much more abruptly and can connect the entire network into
a single component. The cases of partially correlated multiplexity would be also discussed. These
results shows that the correlated multiplex system exhibits structural properties that cannot be
yielded by single layer network framework.

[1] K.-M. Lee, J. Y. Kim, W.-k. Cho, K.-I. Goh, and I.-M. Kim, New J. Phys. 14, 033027 (2012).
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Matchmaker, matchmaker, make me a match: migration of population via marriages
in the past

Robyn Ffrancon1, Sang Hoon Lee2,∗, Daniel M. Abrams3, Beom Jun Kim4, and Mason A. Porter2,5

1. Cardiff School of Physics and Astronomy, Cardiff University, Cardiff, CF24 3AA, United King-
dom
2. Oxford Centre for Industrial and Applied Mathematics (OCIAM), Mathematical Institute, Uni-
versity of Oxford, 24-29 St. Giles’, Oxford, OX1 3LB, United Kingdom
3. Department of Engineering Sciences and Applied Mathematics, Northwestern University, Evanston,
Illinois 60208, United States
4. Department of Physics, Sungkyunkwan University, Suwon 440-746, Korea
5. CABDyN Complexity Centre, University of Oxford, Oxford, United Kingdom
∗ Presenter

The study of human mobility patterns can provide important information for city planning or
predicting epidemic spreading, has recently been achieved with various methods available nowadays
such as tracking banknotes, airline transportation, official migration data from governments, etc.
However, the dearth of data makes it much more difficult to study human mobility patterns
from the past. In the present study, we show that Korean family books (called “Jokbo”) can
be used to estimate migration patterns for the past 500 years. We apply two generative models
of human mobility, which are conventional gravity-like models and radiation models, to quantify
how relevant the geographical information is to human marriage records in the data. Based on the
different migration distances of family names, we show the almost dichotomous distinction between
“ergodic” (spread in the almost entire country) and (localized) “non-ergodic” family names, which
is a characteristic of Korean family names in contrast to Czech family names. Moreover, the
majority of family names are ergodic throughout the long history of Korea, suggesting that they
are stable not only in terms of relative fractions but also geographically.
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Roles of Giant Clusters in Knowledge Diffusion and Recombination 

Sungyong Chang1, Jeho Lee2, and Jaeyoung Song2

1. Columbia Business School, Columbia University, New York, NY, U. S. A. 
2. Graduate School of Business, Seoul National University, Seoul 151-747, Korea 

In this paper, we examine the evolution of the inventor collaboration network at 
semiconductor divisions of Samsung Electronics. Our data analysis demonstrates that the 
collaboration networks at the beginning were characterized by a set of unconnected bits and 
pieces of small teams reflecting subunit boundaries. Over time, isolated teams were gradually 
connected to one another by job rotations, cross-group meetings, and other bridging activities. 
Samsung witnessed the emergence of a giant cluster, the size of which represents over 77% of 
the entire inventors in 2006. The giant cluster has only a modest number of long-range 
connections with no extremely well-connected nodes. 

Is the evolved network architecture with the giant cluster conducive to innovation? If so, what 
are the underlying mechanisms that allow the organization to become innovative? To address 
this question, we build computational models of network evolution in an organization and run 
dynamics of knowledge diffusion and recombination on top of our toy network models with 
varying sizes of the largest cluster. We find two roles of giant cluster in facilitating innovation. 
First, a giant cluster, when it becomes available, plays a role of integrator by facilitating 
knowledge diffusion as it interweaves bits and pieces of disconnected clusters, which reflect 
boundaries of subunits. In particular, the size of a giant cluster positively affects the extent of 
knowledge diffusion, and an increase in the number of bridges can speed up a knowledge 
diffusion process. This integrator role is also important for knowledge recombination to some 
extent. In the absence of a giant cluster, the organization may attempt to produce diverse 
knowledge by creating subunits with distinct expertise, but cannot fully exploit this knowledge 
diversity when its members work in silos and do not exchange different knowledge across 
subunit boundaries. 

In the case of knowledge recombination, however, this integrator role alone is insufficient for 
improving organizational innovation. Giant clusters should be able to preserve knowledge 
diversity for a sufficiently long time to facilitate innovation. Our analysis shows that with too 
many bridges or extremely well-connected individuals, giant clusters cannot preserve 
knowledge diversity for long because a decrease in average path length beyond a certain point 
tend to drive out knowledge diversity, having harmful effects on knowledge recombination. The 
observed giant cluster with constraints on the growth of bridges at Samsung appears to be more 
conducive to innovation than the other theoretically conceivable ones. 
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Solving the accuracy-diversity dilemma of recommender systems via weighted heat 
conduction on bipartite networks 
 
Xiaolong Ren 1 , Linyuan Lü 1,2 and Runran Liu 1 
 

1. Institute for Information Economy and Alibaba Business College, Hangzhou Normal 
University, Hangzhou, Zhejiang 310036, China 
2. Department of Physics, University of Fribourg, Chemin du Musée 3, Fribourg 1700, 
Switzerland 
 

The explosive growth of the Internet and WWW raises a serious information overload 
problem: we face too many resources to effectively find out the relevant ones by our limited 
processing ability. How to measure the values of all the alternatives and identify the useful 
information is a crucial problem, which asks for the development of advanced techniques on 
information filtering. Recommender systems [1] are useful tools, which use the users’ historical 
activities and personal profiles to uncover their preferences and recommend the relevant items 
to the users according to their potential interests. Most of the previous works are based on 
similarity, either of users or objects or both [2]. Such approach is under high risk of providing 
poor coverage of the space of relevant objects. As a result, with recommendations based on 
similarity rather than difference, more and more users will be exposed to a narrowing band of 
popular objects, and niches will be hard to excavate. Although it seems more accurate to 
recommend popular objects than niches, being accurate is not enough. The diversity-accuracy 
dilemma becomes one of the main challenges in recommender systems [3]. To solve this 
problem, we proposed a method inspired by the heat conduction process on bipartite network 
with different thermal conductivity. The experimental results on benchmark data show that our 
method can improve both the recommendation accuracy and diversity comparing with the state-
of the-art methods. The most important is our studies indicate that statistical physics can greatly 
contribute to the development of information science. 
 
[1] Lü L, Medo M, Yeung C H, et al. Recommender systems[J]. Physics Reports 2012, 519: 1-
49. 
[2] Zhou T, Ren J, Medo M, et al. Bipartite network projection and personal recommendation[J]. 
Physical Review E, 2007, 76(4): 046115. 
[3] Zhou T, Kuscsik Z, Liu J G, et al. Solving the apparent diversity-accuracy dilemma of 
recommender systems[J]. Proceedings of the National Academy of Sciences, 2010, 107(10): 
4511-4515. 
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Statistical Mechanics of Reputation Systems

in Autonomous Networks

Andre Manoel
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(Dated: March 31th, 2013)

Reputation systems seek to infer which members of a community can be trusted based on ratings

they issue about each other. We construct a Bayesian inference model and simulate approximate

estimates using belief propagation (BP). The model is then mapped onto computing equilibrium

properties of a spin glass in a random field and analyzed by employing the replica symmetric cavity

approach. Having the fraction of trustful nodes and environment noise level as control parameters,

we evaluate the theoretical performance in terms of estimation error and the robustness of the BP

approximation in different scenarios. Regions of degraded performance are then explained by the

convergence properties of the BP algorithm and by the emergence of a glassy phase.

∗ amanoel@if.usp.br
† rvicente@ime.usp.br
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Estimation of Time Delays in Non-Stationary Systems

Elliot Asher Martin 1, Maya Paczuski 1, and Joern Davidsen 1

1. Complexity Science Group, Department of Physics and Astronomy, University of Calgary, Cal-
gary Alberta, Canada

Measuring cross-correlations in non-stationary systems is commonly done in many areas of
science, e.g. climate analysis [1] and medicine [2]. It is therefore vital to quantify biases in its
calculation. For non-stationary signals the time series is often partitioned into smaller sections
that individually can be presumed to be stationary. In order for there to be sufficient statistics
what is commonly done is use a sliding time window of fixed length to calculate the correlation
at different lags, whereas the traditional method is sliding the time series against each other and
having increasingly smaller windows for larger time lags. The time delay between signals can then
be taken as the one at which the correlation is maximal.

We show that doing this yields a strong bias in climate data, and that this is generally true for
time series with long-range correlations. Additionally we demonstrate that even for independent
identically distributed variables this measure is biased, though less dramatically so. If one randomly
generates two time series the naive assumption is that the maximum cross-correlation should be
equally likely to occur at every time lag. However, the cross-correlation is more likely to be a
maximum at the largest and smallest time lags measured. In certain limits we find the distribution
of the maximum is well represented by the famous Levy-arcsine distribution for random walks [3].

[1] K. Yamasaki, A. Gozolchiani, and S. Havlin. Climate networks around the globe are significantly
affected by El Niño. Phys. Rev. Lett., 100(22):228501, 2008.
[2] A. Bashan, R. P. Bartsch, J. W. Kantelhardt, S. Havlin, and P. C. Ivanov. Network physiology
reveals relations between network topology and physiological function. Nat. Commun., 3:702,
2012.
[3] P. Lévy. Sur certains processus stochastiques homogenes.(french). Compos. Math., 7:283339,
1939.
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Absence of epidemic outbreaks with heavy-tailed contact dynamics

Byungjoon Min, Kwang-Il Goh, and In-Mook Kim

Department of Physics, Korea University, Seoul 136-713, Korea

Various human activity patterns, ranging from email exchanges to sexual contacts have re-
vealed high heterogeneity regarding the timing of events [1]. Timings of individual’s actions are
often described by a heavy-tailed waiting time distribution, P (τ), where the waiting time τ is the
time interval between two consecutive actions [1]. It has been shown that such temporal hetero-
geneity apparently deviates from the Poisson assumption and can affect dynamic consequences on
a spreading process [2].

Here, we study the epidemic spreading process following contact dynamics with heavy-tailed
waiting time distributions [3]. We show both analytically and numerically that the temporal het-
erogeneity of contact dynamics can significantly suppress the disease’s transmissibility, hence the
size of epidemic outbreak, obstructing the spreading process. Furthermore, when the temporal het-
erogeneity is strong enough, one obtains the vanishing transmissibility, hence the lack of epidemic
outbreaks for any finite recovery time, the condition of which was derived. Our results suggest a
Darwinian selection-type explanation why contemporary prevailing infectious diseases spreading
via explicit physical contacts has excessively large recovery time and highly resilient to cure.

[1] A. Vázquez, J.G. Oliveira, Z. Dezsö, K.-I. Goh, I. Kondor, and A.-L. Barabási, Phys. Rev. E
73, 036127 (2006).
[2] B. Min, K.-I. Goh, and A. Vázquez, Phys. Rev. E 83, 036102 (2011).
[3] B. Min, K.-I. Goh, and I.-M. Kim, arXiv:1303.4504.
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On Measuring Fractality of Weighted Networks

Joon-Young Moon 1, Seunghwan Kim 2, George Mashour 1 and Uncheol Lee 1

1. University of Michigan Medical School, Ann Arbor, MI, 48105, USA
2. Department of Physics, Pohang University of Science and Technology, Pohang 790-784, Repub-
lic of Korea

Field of complex networks study have been flourishing for the last decade and given insights in
many fields of complex systems such as statistical physics, computer science, biology, and sociology.
Many complex networks have been found to have fractal scaling behavior with respect to the box-
counting method. Further, several recent works measured the multifractal scaling for networks
using the box-counting method. Yet box-counting method is known to have problems such as
under-estimation of the fractal dimension value and long calculation time. Here, we apply various
methods not limited to the box-counting method, with application to the weighted networks as the
aim. First, we present a scheme to measure the fractal scaling for unweighted complex networks
by using other methods, such as minimum-spanning-tree method, also taking into account the
fact that the fractal property of a complex network comes from periphery part of the network [1].
For model networks, the results from the alternative methods are shown to measure dimensions
more accurately and precisely. Also, in the process we point out that other methods emphasize the
contribution from the core part whereas the box-counting method emphasizes that of the periphery
part when the measurements are done to various complex networks. Second, using the presented
scheme, we show that the measurement can be generalized to the cases of weighted networks with
ease, as long as the weights of the given network satisfy the metric properties. Among the examples
of such extension, results of the measurements for structural and functional brain networks will be
shown.

[1] J.-Y. Moon, D. Lee, J. H. Koolen, and S. Kim, Phys. Rev. E 84, 037103 (2011).
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Baysian Collective Opinion Formation under Confirmation Bias

Ryosuke Nishi 1,2,3 and Naoki Masuda 3,∗
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Hitotsubashi, Chiyoda-ku, Tokyo 101-8430, Japan
2. JST, ERATO, Kawarabayashi Large Graph Project, 2-1-2 Hitotsubashi, Chiyoda-ku, Tokyo
101-8430, Japan
3. Department of Mathematical Informatics, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku,
Tokyo 113-8656, Japan
∗ masuda@mist.i.u-tokyo.ac.jp

We propose a Bayesian model for collective opinion formation under a so-called confirmation
bias. In the context of opinion formation, confirmation bias is a psychological effect with which
an individual inclined to an opinion is likely to misperceive new incoming information as that
supporting his or her current belief. Our model modifies a Bayesian decision-making model for
single individuals with a confirmation bias [1] to the case of a well-mixed population of interacting
individuals. We introduce a peer-to-peer interaction between pairs of individuals, such that one
individual sends a signal according to his or her current belief and the other individual receives it
and updates his or her belief. It is found from numerical simulations that when the confirmation
bias is absent, the collective opinion among individuals ends in the complete agreement. When the
confirmation bias is present, disagreement is a likely outcome, particularly when the confirmation
bias is strong. Disagreement is also more likely to occur when the fidelity of the signals is lower
and the number of individuals in the population is larger. Furthermore, the behavior of the model
strongly depends on the distribution of the initial beliefs.

[1] M. Rabin and J. L. Schrag, Q. J. Econ. 114, 37 (1999).
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Portfolio selection using complex network

Gabjin Oh 1

1. Division of Business administration, Chosun university, Gwang-ju 501-759, Korea

Portfolio management is an essential problem of financial investment literature. Since Markowitz’s
portfolio theory introduced, the numerous methods for constructing portfolio set have been pro-
posed in the traditional technology such as the several clustering algorithm and the random matrix
theory, while there has been relatively little study of network approach. We used an individual
stocks listed on the KOSPI index from 01.03 2000 to 12. 31. 2012. To make a diverse portfolio
sets, we constructed the stock network with the links above given threshold value. Because the
intrinsic network properties such as degree distribution, clustering coefficient, and etc. will change
according to threshold values, we analyze a network property through the growing pattern of the
largest size module created by threshold value. We find that the increase of the largest size module
for stock market which has the information on interactions between individual firms is much slower
than that of random network. We consider Pearson correlation in order to check the performance
of proposed method and calculated the correlation between the KOSPI and the artificial index.
We find that the correlation value was high enough in overall threshold value to regard it as a
secondary stock index. Besides, the performance of portfolio sets created through the network
approach against the investment rate of return of KOSPI index was much better within certain
parameter regions.
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The Mechanism behind Power-Law Distribution of Housing Prices

Takaaki Ohnishi1,2, Takayuki Mizuno3,1,2, Chihiro Shimizu4, Hiroshi Iyetomi5, and Tsutomu
Watanabe2,1

1. The Canon Institute for Global Studies, 11th Floor, Shin Marunouchi Building 1-5-1 Marunouchi,
Chiyoda-ku, Tokyo 100-6511, Japan
2. Graduate School of Economics, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033,
Japan
3. Information and Society Research Division, National Institute of Informatics, 2-1-2 Hitotsub-
ashi, Chiyoda-ku, Tokyo 101-8430, Japan
4. Faculty of Economics, Reitaku University, 2-1-1 Hikarigaoka, Kashiwa-shi, Chiba 277-8686,
Japan
5. Department of Mathematics, Niigata University, 8050, Ikarashi 2-no-cho, Nishi-ku, Niigata 950-
2181, Japan

Previous studies on wealth distributions across households have found that those distributions
are characterized by fat upper tails and that they follow a power-law distribution. Little is known,
however, about the mechanism of how power-law distributions appear. In this work, we adopt
a new approach in that we analyze power-law distributions by focusing on spatial aspects. At
first, we analyze housing prices of the Tokyo Area from 1986 to 2008, and find a positive linear
relationship between the log housing prices and its size. In particular, during the bubble period
(1986 to 1997), the size-adjusted housing prices follow a power-law distribution, whereas after the
collapse of the bubble they follow a log-normal distribution [1]. Then we scrutinize the bubble
period more closely, in more spatially focused way. Even when the size-adjusted prices follow a
power-law distribution in the overall Tokyo Area, by narrowing our focus to smaller regions, at
some point we can find a log-normal distribution [2]. In other words, during the bubble period,
size-adjusted prices are homogeneous within a smaller region, while heterogeneous in mixed regions.
Through the analysis, we show that the power-law distributions of housing prices originated from
the mixture of log-normal distributions with different means and variances. We can further our
study by investigating the patterns of mixture of log-normal distributions.

[1] T. Ohnishi, T. Mizuno, C. Shimizu, and T. Watanabe, ”Power Laws in Real Estate Prices
during Bubble Periods”, International Journal of Modern Physics: Conference Series 16, 61–81
(2012).
[2] T. Ohnishi, T. Mizuno, C. Shimizu, and T. Watanabe, ”Detecting Real Estate Bubbles: A New
Approach Based on the Cross-Sectional Dispersion of Property Prices”, CARF Working Paper,
CARF-F-313 (2013).
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Bayesian Inference of Natural Rankings in Incomplete Competition Networks

Competition and reward are signiÞcant factors in the function and evolution of many complex 
systems. But determining the deÞnite hierarchy of the system's competing parts from the strongest 
to the weakest, a common basis for reward or punishment, is often an ambiguous task due to the 
incomplete nature of the competition. Here we introduce the concept of parameter-free natural 
ranking in a complete competition, and show analytically that the Bayes' formula can be utilized to 
formulate an exact single Þtness-based method for inferring the expectation and uncertainty of 
natural rankings in incomplete competition networks. We apply the method to US college football, 
and discuss its implications and novel uses.
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Heat engine driven by purely quantum information

Jung Jun Park 1 , Kang-Hwan Kim 2, Takahiro Sagawa 3, and Sang Wook Kim 4

1. Centre for Quantum Technologies, National University of Singapore, 3 Science Drive 2, 
Singapore 117543, Singapore
2. Department of Physics, Korea Advanced Institute of Science and Technology, Daejeon 305-
701, Korea
3. Department of Basic Science, The University of Tokyo, 3-8-1 Komaba, Meguro-ku, Tokyo 
153-8902, Japan
4. Department of Physics Education, Pusan National University, Busan 609-735, Korea

The key question of this paper is whether work can be extracted from a heat engine by using
purely quantum mechanical information. If the answer is yes, what is its mathematical formula?
First, by using a bipartite memory we show that the work extractable from a heat engine is 
bounded not only by the free energy change and the sum of the entropy change of an individual 
memory but also by the change of quantum mutual information contained inside the memory. 
We then find that the engine can be driven by purely quantum information, expressed as the so-
called quantum discord, forming a part of the quantum mutual information. To confirm it, as a 
physical example we present the Szilard engine containing a diatomic molecule with a semi-
permeable wall.

[1] S. W. Kim, T. Sagawa, S. De Liberato and M. Ueda, Phys. Rev. Lett. 106, 070401 (2011)..
[2] T. Sagawa and M. Ueda, Phys. Rev. Lett. 100, 080403 (2008).
[3] J. M. Parrondo and J. M. Horowitz, Physics 4, 12 (2011).
[4] J. J. Park, K.-H. Kim, T. Sagawa and S. W. Kim, arxiv.org/1302.3011
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Promoting the Personalized Recommendation via a Scaling-based Algorithm

Tian Qiu1, Zi-Ke Zhang 2 and Guang Chen 1

1. School of Information Engineering, Nanchang Hangkong University, Nanchang, 330063, China
2. Institute of Information Economy, Hangzhou Normal University, Hangzhou, 310036, China

Recommender system serves for helping people quickly find out what they want from the over-
loaded information. Recently, physicists proposed various physical-concept-based recommendation
algorithms by incorporating physical concepts into information filtering, which show great advan-
tages in personalized recommendation. In our study, based on an excellent hybrid algorithm of
heat conduction and mass diffusion [1], we propose a scaling-based algorithm by finding out the
scaling function for the tunable parameter and object average degree, which is universal for dif-
ferent recommendation list lengths. Experimental results obtained from three real datasets, the
Netflix, MovieLens and RYM, show that, the proposed method is highly accurate. More impor-
tantly, compared with a number of excellent network-based algorithms, such as the mass diffusion
algorithm, the original hybrid algorithm, and an improved hybrid algorithm, the proposed method
not only better solves the long-standing challenge of the cold start problem, but also enhances the
recommendation diversity and novelty. Our work might provide a promising way to better solving
the personalized recommendation from the perspective of finding out the universal description of
recommender systems.

[1] T. Zhou, Z. Kuscsik, J. G. Liu, M. Medo, J. R. Wakeling, and Y. C. Zhang, Proc. Natl. Acad.
Sci. U.S.A. 107, 4511 (2010).
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Centrality and Percolation in International Trade Network

Suting Ren 1 and Xuefeng Cui 2 and Hongbo Cai 3 and Ying Fan 1

1. Department of System Science, Beijing Normal University, Beijing 100875, China
2. College of Global Change and Earth System Science, Beijing Normal University, Beijing 100875,
China
3. Department of International Economy and Trade, College of Economics and Business Admin-
istration, Beijing Normal University, Beijing 100875, China,

This paper studies International Trade Network (ITN). First we use Weighted Extremal
Optimization (WEO) algorithm [1] and Coarse Graining process to divide ITN . Results show it
can be grouped into three communities. Then we use six centrality indicators: Degree, Strength,
Closeness, Eigenvector, Betweenness and Importance in Community [2], to measure vertices
importance from different aspects. We find several trade magnates: the European Union, the
United States, China etc., and their vital role on ITN . Based on above analysis, we use Bootstrap
Percolation Model to simulate cascading influence after breaking down bilateral(unilateral) trade
relations. In our cases, we shows that: (1) when given a fixed threshold, disconnecting links of
EUs exports have the greatest impact; (2) by comparing position of the phase transition points,
EUs exports play the same significant influence.

[1] J. Duch, A.Arenas, Community detection in complex networks using extremal optimization,
Phys.Rev.E 72 (2005) 027104..
[2] Y. Wang, Z.R.Di, Y.Fan. Identifying and characterizing nodes important to community struc-
ture using the spectrum of the graph. PLoS ONE, 6(11):1C10, 2011.
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Statistical Mechanics of Phase Unwrapping 

Yohei Saika 1 and Tatsuya Uezu 2

1. Department of Information and Computer Engineering, Gunma National College of  
Technology, Maebashi 371-8530, Japan 

2.  Department of Physics, Nara Women’s University, Nara 630-8506 Japan 

On the basis of an analogy between statistical mechanics and Bayesian inference using the 
maximizer of the posterior marginal (MPM) estimate, we studied a problem of phase 
unwrapping in remote sensing using synthetic aperture radar (SAR) interferometry. Here, we 
constructed a method of phase unwrapping for this problem so as to maximize the marginal 
posterior probability by making use both of Monte Carlo simulation and the mean-field 
approximation [1], [2]. Then, we clarified performance of the present method from a phase 
diagram in the hyper-parameter space. The phase diagram clarified static properties of the 
present method for an artificial model approximating a typical wave-front in remote sensing via 
the SAR interferometry. We clarified that the present method achieved phase unwrapping with 
high degree of accuracy using a model prior enhancing smooth structures under a constraint of 
surface-consistency condition. Also, we clarified that thermodynamic fluctuations were useful 
for realizing phase unwrapping more smoothly. In addition, we found that the present method 
worked as well as a practical method using conjugate gradient method for phase unwrapping. 
Further, we found that the present method was useful for phase unwrapping for wave-fronts 
representing realistic digital elevation models.  

[1] Yohei Saika and Tatsuya Uezu, “Statistical Mechanics of Phase Unwrapping Via the Q-Ising 
Model”, IEICE Technical Report, Vol. 112, no. 6, NLP2012-12 (2012) 61-65 

[2] Hiroki Sakaematsu and Yohei Saika, the proceeding of the International conference on Control, 
Automation and Systems 2012, (2012) 1279-1284 
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Statistical Mechanical Analysis of Bayesian Optimal Dictionary Learning

Ayaka Sakata1 and Yoshiyuki Kabashima1

1. Department of Computational Intelligence and Systems Science, Tokyo Institute of Technology,
Yokohama 226-8502, Japan

We consider a learning problem of identifying a dictionary matrix D ∈ RM×N and a sparse
matrix X ∈ RN×P , in which the density of non-zero entries is 0 < ρ < 1, from a training set
of Y ∈ RM×P given by Y = N−1/2DX. The problem is known as Dictionary Learning (DL)
[1,2], and an important issue in DL is the estimation of the sample complexity, i.e., the sample
size Pc necessary for correct identification of the dictionary. In [2], it has been shown that one
can perfectly learn D and X from Y if P > Pc = (k + 1)NCk, where k is the number of non-
zero elements in each column of X, and Pc becomes exponentially large in N for k ∼ O(N). A
recent study has shown that almost all dictionaries under the uniform measure are learnable with
Pc ∼ O(NM) samples when k lnM ∼ O(

√
N) [3]. However, the fact that the number of unknown

variables MN +NP and known variables MP are balanced with each other at P ∼ O(N) when
M ∼ O(N) implies the possibility of DL with O(N) training samples.

In this study, we focus on Pc necessary for perfectly identifying D under the Bayesian optimal
learning scheme. By using the replica method of statistical mechanics, we show that Pc = O(N)
holds as long as α > ρ is satisfied in the limit of N → ∞, where α = M/N is the compression rate.
Our analysis also implies that the posterior distribution given Y is condensed only at the correct
dictionary D when α is greater than a certain critical value αM (ρ) [4].

[1] R. Rubinstein, A. M. Bruckstein, and M. Elad, Proc. of IEEE 98 (6), pp. 1045.1057 (2010).
[2] M. Aharon, M. Elad, and A. M. Bruckstein, Linear Algebra and its Applications 416 (1), pp.
48.67 (2006).
[3] D. Vainsencher, S. Mannor, and A. M. Bruckstein, Journal of Machine Learning Research 12,
pp. 3259.3281 (2011).
[4] A. Sakata and Y. Kabashima, arXiv:1301.6199.
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Characteristics of Topological Properties in Japanese Seismic Networks 
 
Seong Kyu Seo 1 , Kyungsik Kim 1, Deok Du Kang 2 and Dong In Lee 2   
 

1. Department of Physics, Pukyong National University, Busan 608-737, Korea 
2. Department of Environmental Atmospheric Sciences, Pukyong National University, Busan 
608-737, Korea 
 
 

We investigate a seismic network by considering the volume resolution and the temporal 
causality. Seismic activity data from the Japan are mapped onto a growing network with links 
between consecutive events for twelve years from 2001 to 2012. After we especially show a 
seismic network with spatial heterogeneity and scales in a volume, topological properties of this 
seismic activity network are simulated and analyzed. Our result for the robustness of these 
properties is particularly compared with other calculated findings. 
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Market Crowd Trading Conditioning, Aggrement Price, and Volume Implications 

Leilei Shi 1, Liyan Han2, Yiwen Wang3, Bing Han4, Yingzi Zhu5, and Yan Piao1

1. Complex System Research Group, Department of Modern Physics, University of Science and 
Technology of China (USTC) 
2. School of Economics and Management, Beihang University 
3. School of Economics, Fudan University 
4. McCombs School of Business, The University of Texas at Austin 
5. School of Economics and Management, Tsinghua University 

It has been long that literature in finance focuses mainly on price and return but much less on 
trading volume, even completely ignoring it. There is no information on supply-demand 
quantity and trading volume in neoclassical finance models [1-5]. Contrary to one of the clearest 
predictions of rational models of investment, however, trading volume is very high on the 
world’s stock market [6]. Here we extend Shi’s price-volume differential equation, propose a 
notion of trading conditioning, and measure the intensity of market crowd trading conditioning 
by accumulative trading volume probability in the wave equation in terms of classical and 
operant conditioning in behavior analysis [7-9]. Then, we develop three kinds of market crowd 
trading behavior models according to the wave equation, and test them using high frequency 
data in China stock market. We find that: 1) market crowd behave coherence and reach 
agreement on a stationary equilibrium price in interaction themselves widely; 2) market crowd 
adapt to stationary equilibrium price and keep coherence when it jumps from time to time, 
consistent with prospect theory that investors tend to frame investment choices in terms of 
gain/loss [10,11]; 3) while significant herd and disposition “anomalies” disappear 
simultaneously by learning experience in a certain circumstance, other behavioral “anomalies” 
such as greed and panic pronounce significantly in decision making. Moreover, a contingency of 
return reinforcement/punishment, which includes a variety of internal and external causes, 
produces excessive trading volume. Specially, the behavioral annotation on the volume 
probability suggests key links in quantitative behavioral finance [12] 

[1] Sharpe, Willian F. (1964): “Capital Asset Prices: A Theory of Market Equilibrium under 
Conditions of Risk,” Journal of Finance, 19, 425-442. 
[2] Samuelson, Paul A. (1965): “Rational Theory of Warrant Pricing,” Industrial Management 
Review, 6 (Spring): 13-31. 
[3] Black, Fischer, AND Myron Scholes (1973): “The Pricing of Options and Corporate 
Liabilities,” Journal of Political Economics, 81, 637-654. 
[4] Merton, Robert C. (1973): “An Intertemporal Capital Asset Pricing Model,” Econometrica,
41 (5), 867-887. 
[5] Kyle, Albert S. (1985): “Continuous Auctions and Insider Trading,” Econometrica, 53(6), 
1315-1335. 
[6] Barberis, Nicholas, AND Richard Thaler (2003): “A Survey of Behavioral Finance,” 
Handbook of the Economics of Finance (Edited by G.M. Constantinides, M. Harris and R. Stulz),
Elsevier Science B.V., 1051-1121. 
[7] Skinner, Burhus F. (1938): The Behavior of Organisms: An Experimental Analysis, New 
York: Appleton-Century-Crofts. 
[8] Shi, Leilei (2006): “Does Security Transaction Volume-price Behavior Resemble a 
Probability Wave?” Physica A, 366, 419-436. 
[9] Shi, Leilei, Yiwen Wang, Ding Chen, Liyan Han, Yan Piao, AND Chengling Gou (2010): 
“Market Crowd’s Trading Conditioning and Its Measurement,” Econophysics Colloquium 2010,
Parallel Session A (Presented by Tongkui Yu), Working Paper, Available at  
http://www.phys.sinica.edu.tw/~socioecono/econophysics2010/index.php?id=8
[10] Kahneman, Daniel, AND Amos Tversky (1979): “Prospect Theory: An Analysis of 
Decision under Risk,” Econometrica, 47, 263-292. 
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Degree-order percolation transition on scale-free networks

Pyoung-Seop Shim 1 and Hyun Keun Lee 2 and Jae Dong Noh 1,2

1. Department of Physics, University of Seoul, Seoul 130-743, Korea
2. School of Physics, Korea Institute for Advanced Study, Seoul 130-722, Korea

We introduce the degree-order percolation(DOP) model where, empty sites are occupied in the
descending order of degree[1]. The DOP becomes exactly the same as ordinary site percolation
on the random regular networks. We study the DOP property in various scale-free(SF) networks.
On the (u,v)-flower networks, we obtain the critical point and the critical exponents exactly. In
the static model networks, we find the critical values by numerical simulations. The nature of the
DOP transition is compared with that of the ordinary percolation transition. We also discuss the
connection between the DOP transition and the epidemic transition in the susceptible-infected-
susceptible model.

[1] Epidemic Threshold of Susceptible-Infected-Susceptible Model on Complex Networks, Hyun
Keun Lee, Pyoung-Seop Shim, Jae Dong Noh, arXiv:1211.2519
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Complementarity between bus and subway transportation networks in Korean metro
cities

Jeongkyu Shin 1 and Seunghwan Kim 1 2

1. Department of Physics, Pohang University of Science and Technology, Pohang 790-784, Korea
2. Institute for Edge of theoretical Science, Pohang 790-784, Korea

In big cities, people heavily depend on public transportation system. We analyze the trans-
portation network of the biggest cities of South Korea, Seoul and Busan, to study complementarity
between bus and underground railway (subway) networks, both of which take big charge of public
transportation system. We measure complex network properties to check the efficiency change of
urban bus transportation network by subway lines. General complementarity effects of subway
lines are found in both cities, including shortened average geodesic distance and centralized con-
nection structure. However, different change of the clustering coefficients and network transitivity
between cities implies that the local complementarity effect of subway network differs from cities.
We also follow the difference of geodesic distance and transfer number between stations to evalu-
ate the two major factors of path selection, distance and transfer number. Geodesic distance and
transfer number were weekly correlated in Seoul, resulting that both factor should be considered
together.

[1] V. Latora and M. Marchiori, Physica A 314, 109 (2002)
[2] J. Sienkiewicz and J. A. Holyst, Physical Review E (2005)
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Information-theoretic Measures of Aesthetic Complexity in Mondrian and 
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3. Dept. of Design, Hansung University, Seoul, Korea.  
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Composition in Red, Blue, Black, Yellow, and Gray of P. Mondrian and Blue Poles of J. 
Pollock belong to two extremes of modern abstract paintings, one representing a very simple 
and the other a very complex painting, respectively. As the aesthetic preference of an artistic 
painting is strongly influenced by the complexity of the painting, it is essential to quantify and 
measure the complexity in a painting for the aesthetic assessment [1]. Here we introduce 
information theoretic measures of aesthetic complexity in paintings. They are based on the 
compositional information, which is defined as the amount of color information gain as a 
segment of an image is bi-partitioned into two more homogeneous blocks. As the bi-partitioning 
is continued until the whole image is decomposed into homogeneous blocks with same color 
within each block, a profile of compositional information as a function of block size is obtained. 
The profile of compositional information computed from a painting enables to us to quantify the 
compositional color complexity. It is defined as the diversity of blocks that contribute to the 
total amount of compositional information gain. Using a new bi-partitioning algorithm [3], we 
computed the profiles of compositional color complexity in various paintings of V. van Gogh, G. 
P. Suerat, P. Mondrian, and J. Pollock. It is shown that complex paintings are characterized by 
the presence of blocks with multiple scales. When the complexity of each painting is plotted as 
a function of randomness defined as the number of subblocks normalized by the size of painting, 
it is shown that the compositional complexity is characterized by a concave function of the 
randomness. It is noted that the profile of compositional information and the compositional 
complexity could be utilized for the classification and authentication of various abstract 
paintings. 
 
[1] D. E. Berlyne, Aesthetics and psychobiology, (New York, Appleton-Century-Crofts, 1971). 
[2] J. Rigau, M. Feixas, and M. Shert, “Informational aesthetic measures”, IEEE Comp. 
Graphics and App. 28, 24-34 (2008). 
[3] I-S. Shin, S. K. Han, K. M. Lee, S. Lee, and W. H. Jung, “Bi-partitioning algorithm for 
information-theoretic measures of aesthetics”, New Physics: Sae Mulli, 63 (2013).  
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External information effects in opinion dynamics

Alina Ŝırbu 1, Vittorio Loreto 2,1, Vito D.P. Servedio 2 and Francesca Tria 1

1. Complex Networks and Systems Lagrange Laboratory, Institute for Scientific Interchange Foun-
dation, Via Alassio 11/c, 10126 Turin, Italy
2. Physics Department, Sapienza University of Rome, P.le A. Moro 2, 00185 Rome, Italy

Opinion formation is a complex process, influenced by multiple underlying factors. Among
these, peer interaction and the effect of external information (mass-media) are very important.
These have been studied with different models, since understanding of the underlying mechanisms
is crucial in devising proper social policies. Here, we describe a model of opinion formation that
represents the internal state of individuals related to multiple opinion choices (e.g. choosing among
several telephone providers) as a probability vector. This incorporates peer interaction (agreement
and disagreement) and external information. The analysis concentrates on the effect of external
information under different scenarios. Specifically, extreme messages (promoting a single choice)
are shown to cause segregation and have limited success, while mild messages (promoting more
opinion choices) can attract a larger population fraction. By studying populations with different
initial compactness (similarity between individuals), the fact that the peer effect is stronger than the
external one is demonstrated. Additionally, multiple information sources are allowed to compete,
simulating the case when several media sources exist. This is shown to reduce extremism in the
population and facilitate agreement when the external message is mild enough. Both static and
dynamic external signals are discussed. While static signals cause stable opinion clusters to form,
the change in the external message can perturb these clusters, with some opinion values emerging
as favourite in the population. Furthermore, real data on political polls and news articles will be
used to draw a parallel between the model and real-life situations.
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Memory Effect in Popularity Dynamics of YouTube Videos

Hyungjoon Soh1 and Hawoong Jeong1,2,3

1. Department of Physics, Korea Advanced Institute of Science and Technology, Daejeon 305-701,
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2. Institute for the BioCentury, Korea Advanced Institute of Science and Technology, Daejeon
305-701, Korea
3. APCTP, Pohang, Gyeongbuk 790-784, Korea

There has been growing interest in the dynamics of collective human preference in various fields.
YouTube, the most popular video-sharing website worldwide, provides an extensive dataset of video
contents evaluated by huge population of people. Using the temporal data provided by YouTube
Insight, we analyze how the popularity of each video evolves over time. We define typical lifetime
and popularity of a video, and measure it for various videos provided by YouTube. Our results
imply that popular videos have remarkably longer lifetime compared to normal ones, because they
stay longer in the memory of the audience. We also suggest a simple model of popularity dynamics
that describes our empirical findings.
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Exploring the Solution Space of Community Detection Methods

Yunkyu Sohn 1, Jeongin Ju 2, Haewoon Kwak 3 and Sue Moon 1

1. Division of Web Science and Technology, Korea Advanced Institute of Science and Technology,
Daejeon 305-701, Korea
2. Department of Computer Science, Korea Advanced Institute of Science and Technology, Dae-
jeon 305-701, Korea
3. Telefnica Research, Barcelona, 08019, Spain

Discrete categorization of entities has been a fundamental means to understanding complex
data. In network science, such endeavor has been largely realized by community detection method
which extracts topologically cohesive subsets of a network by looking at its patterns of clustering.
However existing community detection methods produce highly heterogeneous and inconsistent
partitions for a single network [1,2]. Although this problem has been repeatedly addressed in
many studies and a huge number of studies in various disciplines have used different types of
community detection methods, no study has yet provided systemic investigation of relationships
between the solutions and their properties. Here, we provide meta-analysis of a solution space
constructed using community partition vectors obtained from various community detection meth-
ods. Investigated methods include both modularity-based methods and modularity-free methods,
and both deterministic and stochastic methods. Exhaustive computation with social, natural and
artificial networks demonstrates that although solutions obtained from several finest community
detection methods produce very similar modularity values, the resulting solutions are highly het-
erogeneous for most of the networks analyzed. The patterns of clustering in the solution space
indicate fundamental bifurcation of the analyzed detection methods into different meta-classes
depending on their optimization schemes.

[1] Good, Benjamin H., Yves-Alexandre de Montjoye, and Aaron Clauset. ”Performance of mod-
ularity maximization in practical contexts.” Physical Review E 81, no. 4 (2010): 046106.
[2] Leskovec, Jure, Kevin J. Lang, and Michael Mahoney. ”Empirical comparison of algorithms
for network community detection.” In Proceedings of the 19th international conference on World
wide web, pp. 631-640. ACM, 2010.
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A bilingualism model in a population with a single zealot

Hyunsuk Hong 1 and Seung-Woo Son 2

1. Department of Physics and Research Institute of Physics and Chemistry, Chonbuk National
University, Jeonju 561-756, Korea
2. Department of Applied Physics, Hanyang University, Ansan 426-791, Korea

We consider a bilingualism model in which one can take two strategies in parallel. We inves-
tigate how sing zealot triggers off the cascading behavior and how the compatibility affect when
interacting patterns change. First, the role of the interaction range on the cascading behavior is
studied by increasing the range from local to global. We find that people do not favor to take the
superior strategy sometimes even though its payoff is higher than that of the inferior one. This is
found to be caused by the local interactions rather than the global ones. Applying this model to
real social networks, we find that the location of the zealot is also important for bigger cascading
in heterogeneous networks.

PP4-10-64



STATPHYS25 JULY 21-26, 2013

AbstrActs Poster PresentAtions
653

Random Walks and Effective spectral dimension in heterogeneous networks

S. Hwang 1, D.-S. Lee 2 and B. Kahng 1

1. Department of Physics and Astronomy, Seoul National University, Seoul 151-747, Korea
2. Department of Natural Medical Sciences and Department of Physics, Inha University, Incheon
402-751, Korea

Random walks(RWs) approach is the simplest but the most fundamental method which encap-
sulates essential properties of diffusive dynamic process. Since the random walk propagator and
Laplacian operator of underlying lattice structure are closely related, it is always considered most
important dynamics. Here, we study the two basic quantities, the return to origin probability and
the first passage time distribution, which characterize the effective dimension so-called spectral
dimension of Laplacian operator. The behaviors of those quantities as a function of time typically
depend on the spectral dimension ds in disordered fractal systems. However, we show that in scale-
free networks, due to the heterogeneity of connectivities of each node in scale-free networks, those

quantities display a crossover behavior from ∼ t−d(hub)
s /2 in early time regime to ∼ t−ds/2 in later

time regime, where d
(hub)
s → 0 as the degree exponent λ approaches 2. This result implies that

a random walker can be trapped effectively at the hub when λ → 2. Next, we discuss the origin

of the d
(hub)
s by applying the renormalization group transformation to deterministic hierarchical

networks.
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How the Product Network ignites development. 
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Analyzing databases of world export it is possible to build a matrix of technological distances 
between products [1]. For a given couple of products the strength of their link is proportional to 
the number of countries that are producing both of them. However, due to the triangular 
structure of the export matrix [2,3], this network is close to be complete. From this observation 
stems the need to perform a selection of the relevant links. A minimal spanning tree approach 
appears not to be the right choice, bearing a non-unique solution due to the high degeneracy of 
link weights. 
Here we propose a novel link selection procedure, which removes the degeneracies with a 
criterion of mutual relevancy of the links, giving at the same time a preferred direction. The 
resulting network appears meaningful and consistent with other measures of the complexity of 
products [3]. We present a study of the dynamics of the network between 1995 and 2010 and we 
introduce a further criterion to spot misplaced links. 
Finally we study the community structure of the network and how it relates to the real economic 
development of countries. We analyze the paths that countries follow in the product network 
expanding their export basket and the role of the links between different communities: we 
observe that the development of a community can influence and trigger the development in a 
close one, and that it is possible to find precursors of the boom of a new industrial sector in 
emerging economies. 
 
[1] Hidalgo C, Klinger B, Barabàsi AL, Hausmann R (2007) The product space conditions the 
development of nations. Science 317: 482-487.  

[2] Hidalgo R CA Hausmann (2009) The building blocks of economic complexity. Proceedings 
of the National Academy of Sciences 106: 10570-10575.  

[3] Tacchella A, Cristelli M, Caldarelli G, Gabrielli A, Pietronero L (2012) A new metrics for 
countries’ fitness and products’ complexity. Scientific Reports on Nature 2: 723. 
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How synthetic microswimmers move, turn, flip, and spread

Daisuke Takagi 1, Jérémie Palacci 2, Adam B. Braunschweig 3, Michael J. Shelley 4, Jun Zhang 2,4

1. Department of Mathematics, University of Hawai’i at Manoa, Honolulu, HI 96822, USA
2. Department of Physics, New York University, New York, NY 10003, USA
3. Department of Chemistry, University of Miami, Coral Gables, FL 22146, USA
4. Applied Math Lab, Courant Institute, New York University, New York, NY 10012, USA

Microscopic swimmers are envisioned to perform medical and technological tasks, but predicting
their motion and dispersion is challenging. To study their movements we use chemically propelled
bimetallic rods on a glass slide and in a suspension of solid spheres. The rods curiously move in
large circles, flip over spontaneously, and orbit closely around the spheres. These observations are
consistent with a model that accounts for fluctuation-driven flipping of slightly curved rods and
lubrication effects near a surface. The results demonstrate that confining boundaries have major
effects on the long-term dispersion of swimmers. This has broad implications ranging from the
applications of colloidal swimmers in synthetic devices to the study of cell adhesion and dispersion.
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M−σ relation in self-gravitating system

Tohru Tashiro 1 and Takayuki Tatekawa 2

1. Department of Physics, Ochanomziu University, Tokyo, 112-8901, Japan
2. Center for Information Initiative, Fukui University, Fukui, 910-8507, Japan

Self-gravitating systems (SGS), where many bodies interact with only their own gravity, can be
observed in the universe as galaxies, globular clusters, and so on. Recently, various observations
have indicated that a black hole exist in the center of them. Moreover, the observations have
unveiled that the black hole mass, M , and the velocity fluctuation of stars surrounding it, σ, are
connected by the following power law: M ∝ σα, where the exponent α runs from about 4 to 5.
This is called M−σ relation. Previous study has derived this relation by considering a gravity and
a radiation pressure from the black hole, and assuming the system is isothermal[1].

Our study treats this system as SGS including another massive particle without assuming such
an isothermal system. According to our numerical simulation, it becomes clear that a relation
between M and σ holds universally even out of the isothermal equilibrium. We will present the
details and support the results with theoretical calculations.

[1] A. King, Astron. J. 596 (2003) L27.
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CDMA Multiuser Modulation and Demodulation Robust to the Correlation 
between Data 
 
Hideyuki Uchida and Toshiaki Aida 
 

Graduate School of Natural Science and Technology, Okayama University, Okayama 700-8530, 
Japan 
 

Channel coding and decoding are the transformation of data to a sequence of transmitted 
symbols and its inverse process respectively, for reliable communication. This is essentially 
nothing but the problem that how distinctly information transmission capacity of a channel can 
be shared between transmitted data and other signals, such as noises. Therefore, for transmitted 
data with low complexity, due to the correlation between them, we can naturally expect the 
improvement of bit error rate, if we make good use of redundancy of the data in the process of 
decoding [1].  

In this presentation, taking Code Division Multiple Access (CDMA) as an example, we 
analytically show that decoding error can be improved if we take into account that transmitted 
data are correlated and of low complexity. Furthermore, it is also found that CDMA multiuser 
demodulator gains a feedback mechanism leading to robustness to the change of correlation 
strength between data, if we apply a type of a spread code sequence to both the modulator and 
the demodulator.  

Our analysis is based on the pioneering work of Tanaka [2], who successfully applied replica 
method of statistical physics to the performance analysis of CDMA in the large system size 
limit.  
 
[1] T. Aida et al., Proc. of The 8th IEEE Hiroshima Student Symposium, pp. 269-272, 2006 (in 

Japanese). 
[2] T. Tanaka, IEEE Transactions on Information Theory, Vol. 48, No. 11, pp. 2888-2910, 2002. 
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Correspondence between Phase Oscillator Network and Classical XY Model

Tatsuya Uezu 1, Tomoyuki Kimoto 2 and Masato Okada 3

1. Graduate School of Humanities and Sciences, Nara Women’s University, Nara 630-8506, Japan
2. Oita National College of Technology, Oita 870-0152, Japan
3. Graduate School of Frontier Sciences, The University of Tokyo, Kashiwa, Chiba 277-8561, Japan

Synchronization phenomena are observed ubiquitously in nature, and they are very important
for living organisms. There have been many studies on this subject. In particular, Kuramoto
regarded synchronization as a phase transition and described a prototype model of the phase
transition in non-equilibrium systems. Kuramoto proposed the so called Kuramoto model which is
a coupled phase oscillator network, and found that the synchronization - desynchronization phase
transition takes place as a system parameter is changed, and derived the analytic expression of the
critical point for the first time [1]. We have been studying phase oscillator networks with Mexican-
hat-type interaction for several years. Introducing complex order parameters, we analyzed the
system and found that information about phases of order parameters is necessary in order to derive
closed equations for amplitudes of order parameters. We also found it helpful to study the classical
XY model with the same interaction as in the oscillator network [2]. In the course of the study of
the two systems, we noticed that the self-consistent equations of the phase oscillator network and
the saddle point equations of the XY model have the same form except for the integration kernel.

In the present study, we clarify the correspondence between the phase oscillator network and
the classical XY model. By using the correspondence, we study phase oscillator networks and the
XY model for several interactions.

[1] Y. Kuramoto, in: Proc. Int. Symp. on Mathematical Problems in Theoretical Physics, ed. H.
Araki (Springer, New York, 1975): Y. Kuramoto, Chemical Oscillations, Waves, and Turbulence
(Springer-Verlag, 1984).
[2] T. Uezu , T. Kimoto and M. Okada, J. Phys. Soc. Jpn., Lett. 81, No. 7, 073001 (2012).
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Asymmetric transportation induced by thermal noise at the 

nanoscale 

 

Rongzheng Wan1, Jun Hu1 and Haiping Fang1，* 

1Division of Interfacial Water and Laboratory of Physical Biology, Shanghai Institute 

of Applied Physics, Chinese Academy of Sciences, P.O. Box 800-204, Shanghai 

201800, China 
*Corresponding author (email: fanghaiping@sinap.ac.cn) 

 

 

    Based on a simple model, we theoretically show that asymmetric 

transportation is possible in nanoscale systems experiencing thermal noise 

without the presence of external fluctuations. The key to this theoretical advance 

is that the correlation lengths of the thermal fluctuations become significantly 

long for nanoscale systems. This differs from macroscopic systems in which the 

thermal noises are usually treated as white noise. Our observation does not 

violate the second law of thermodynamics, since at the nanoscale, extra energy is 

required to keep the asymmetric structure against thermal fluctuations.  

Key words: ratchet, nanoscale, thermal fluctuations 
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The effectiveness of the community-level intervention in limiting the spatial transmis-
sion of influenza pandemics

Lin Wang, Jianbo Wang and Xiang Li

Adaptive Networks and Control Laboratory, Department of Electronic Engineering, Fudan Uni-
versity, Shanghai 200433, China

In modern epidemiology, metapopulation is an important model, which is widely utilized to
characterize the large-scale spatial transmission of infectious diseases. With this dynamic model,
many works studied the effects of containment strategies on reducing disease prevalence and attack
rate. Some of them also unveiled the limited utility of travel restriction in slowing down the spatial
invasion of diseases.

In [1], using a minimum metapopulation, we raise a question pertaining to the performance of
the community-level intervention, i.e., case isolation, in delaying disease invasion, which has not
been paid enough attention until now. In this work, we systematically study the effects of this
strategy on more realistic social settings, the spatial spread of influenza pandemics at the United
States (US). The substrate of the model is built with the raw data covering US demographic and
air transportation information, and we introduce the elements of risk assessment and adaptive
control in describing the strategy.

We compare the performance of two different styles of the stressed intervention, which is gov-
erned by the formalism of the local responsiveness π. Under the homogeneous one, the control
intensity in all subpopulations is uniform (π is the same constant for all subpopulations). Under
the heterogeneous one, we introduce the degree-dependence mechanism (the specific value of π for
each subpopulation is correlated with its degree). We find that the most heterogeneous one is more
efficient in reducing the disease prevalence and attack rate, however, may not produce the best
results in delaying disease invasion.

[1] L. Wang, Y. Zhang, T. Y. Huang, and X. Li, Phys. Rev. E, 86, 032901 (2012).
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The Connections between Scaling Behaviors of Street Networks and Urban 
Characteristics in Taiwan 

Po-Ching Wangand Yu-Ling Chiang

Department of Physics, Chinese Culture University, Taipei 111, Taiwan, ROC

We have established the primal and dual graphs of urban street networks from the cities in 
Taiwan as well as have analyzed their statistical properties including the connectivity 
distributions and street length distribution.  The results show that the cumulative distribution 
functions (CDF) of both the connectivity and the length of road follow the approximate power-
law in the major cities such as Taipei, Taichung, Tainan, and Kaohsiung in Taiwan.  However, 
a variety of distributions are presented in the remaining cities.  Based on the findings, we will 
use statistical analysis methods to try finding out connections between the scaling behaviors of 
street network and the urban characteristics in this article. 
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Burgers-like equation for diffusing chiral matrices.

Jean-Paul Blaizot1, Maciej A. Nowak2, Piotr Warcho�l2

1. Institut de Physique Theorique (IphT), CNRS/URA 2306, CEA-Saclay, 91191 Gif-sur-Yvette,
France
2. Smoluchowski Institute of Physics, Jagiellonian University, PL–30–059 Cracow, Poland

We show ([1]) that a Cole-Hopf transform of the averaged characteristic polynomial, associated
with a chiral matrix performing a random walk, satisfies a Burgers-like partial differential equation.
The inverse size of the matrix plays the role of the viscosity. We recover the asymptotic form of
the polynomial at the critical point of the evolution. It is reinterpreted as the partition function
of single flavor, Euclidean QCD at the moment of spontaneous chiral symmetry breaking for an
arbitrary topological sector.

[1] J.-P. Blaizot, M. A. Nowak, P. Warcho�l, Burgers-like equation for spontaneous breakdown of the
chiral symmetry in QCD, arXiv:1303.2357.
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Damped oscillations in the ratios of stock market indices

Ming-Chya Wu1,2

1.Research Center for Adaptive Data Analysis, National Central University, Chungli 32001, Tai-

wan

2.Institute of Physics, Academia Sinica, Nankang, Taipei 11529, Taiwan

A stock market index is an average of a group of stock prices with weights. Different stock

market indices derived from various combinations of stocks may share similar trends in certain

periods, while it is not expected that there are fixed relations among them. Here we report

our investigations on the daily index data of Dow Jones Industry Average (DJIA), NASDAQ,

and S&P500 from 1971/02/05 to 2011/06/30. By analyzing the index ratios using the empirical

mode decomposition, we find that the ratios NASDAQ/DJIA and S&500/DJIA, normalized to

1971/02/05, approached and then retained the values of 2 and 1, respectively. The temporal

variations of the ratios consist of global trends and oscillatory components including a damped

oscillation in 8-year cycle and damping factors of 7183 days (NASDAQ/DJIA) and 138471 days

(S&P500/DJIA). Anomalies in the ratios, corresponding to significant increases and decreases of

indices, only appear in the time scale less than an 8-year cycle. Detrended fluctuation analysis

and multiscale entropy analysis of the components with cycles less than a half-year manifest a

behavior of self-adjustment in the ratios, and the behavior in S&500/DJIA is more significant than

in NASDAQ/DJIA.

[1] M.-C. Wu, Damped oscillations in the ratios of stock market indices, EPL 97, 48009 (2012).
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Analysis of Friendship Network in a Large-scale Social Network

Elvis H.W. Xu and Pak Ming Hui

Department of Physics, The Chinese University of Hong Kong, Shatin, New Territories, Hong Kong
SAR, China

Social networks provide a unique opportunity for studying the network structure of human
relationship. Sina Weibo in China, akin to a hybrid of Twitter and Facebook, provides micro-
blogging services to hundreds of millions of users. We study the bidirectional friendship network,
which is an undirected subgraph of the following-follower network, in this social network and
analyze the degree distribution, assortative mixing, transitivity and community structure. The
degree distribution shows a double power-law behavior, with a crossover in the exponent from a
value of -1.20 to -2.77 around a degree of 100. The degree correlations show a positive and linear
relationship between the degree of a user and the averaged degree of the neighbors, indicating that
the network is assortatively mixed. Results on the local clustering coefficients show that the users
are locally clustered. To understand the mesoscopic structure of the network better, an overlapping
community detection algorithm [1] is applied to search for the communities and their relationships.

One of us (EHWX) acknowledges the support from the Research Grants Council of the Hong
Kong SAR Government through a Hong Kong PhD Fellowship.

[1] B. Ball, B. Karrer, and M. E. J. Newman, Phys. Rev. E 84, 036103 (2011).
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Statistical mechanics approach to 1-bit compressed sensing 
 
Yingying Xu and Yoshiyuki Kabashima 
 

Department of Computational Intelligence and Systems Science, Tokyo Institute of Technology, 
Yokohama 226-8502, Japan 
 

Compressed sensing is a technique for recovering a high-dimensional signal from lower-
dimensional data, whose components represent partial information about the signal, utilizing 
prior knowledge on the sparsity of the signal. For further reducing the data size of the 
compressed expression, a scheme to recover the original signal utilizing only the sign of each 
entry of the linearly transformed vector was recently proposed. This approach is often termed 
the 1-bit compressed sensing.  

 
Here we analyze the typical performance of an L1-norm based signal recovery scheme for the 

1-bit compressed sensing using statistical mechanics methods. We show that the signal recovery 
performance predicted by the replica method under the replica symmetric ansatz, which turns 
out to be locally unstable for modes breaking the replica symmetry, is in a good consistency 
with experimental results of an approximate recovery algorithm developed earlier. This suggests 
that the L1-based recovery problem typically has many local optima of a similar recovery 
accuracy, which can be achieved by the approximate algorithm.  

 
We also develop another approximate recovery algorithm inspired by the cavity method. 

Numerical experiments show that when the density of nonzero entries in the original signal is 
relatively large the new algorithm offers better performance than the abovementioned scheme 
and does so with a much lower computational cost. 
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Network dynamics in financial market

Il Gu Yi 1, Gabjin Oh 2, and Beom Jun Kim 1

1. BK21 Physics Research Division and Department of Physics, Sungkyunkwan University, Suwon

440-746, Korea

2. Dvisioin of Business Administration, Chosun University, 501-759 Gwangju, Republic of Korea

We investigate a dynamics of network based on extreme events that are characterized by a larger

volatility event in financial market. The network we are interested in this study are constructed by

connection between companies with the top L highest volatility level in yesterday and companies

top L highest volatility level today. Investigating the time variation of network property in the

KOSPI market, we document that the clustering coefficient of network start to decrease beginning

from before subprime mortgage financial crisis and grow sharply. In order to test whether the

extreme events are related to the dynamical features of network, we create alternative network

based on connections between companies having extreme events and companies having moderate

events and find afterwards that the structure of network systematically exterminated.
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Role of experts in the emergence of new concepts

Jinhyuk Yun 1, Pan-Jun Kim 2, and Hawoong Jeong 1 2 3

1. Department of Physics, Korea Advanced Institute of Science and Technology, Daejeon 305-701,
Korea
2. Asia Pacific Center of Theoretical Physics, Pohang, Gyeongbuk 790-784, Korea
3. Institute for the BioCentury, Korea Advanced Institute of Science and Technology, Daejeon
305-701, Korea

In the early 21st century, the availability of large-scale and time-resolved data provided an op-
portunity to study human interactions when trends change. In addition, recently, many researches
have been done on dynamics of information spreading, in order to answer some essential questions
such as ‘How does the structure of network affect information spreading? Which type of informa-
tion spreads far and fast? Which type of information lives longer?’. But information spreading
dynamics when there are agents with various receptivity is not well-studied yet. Hence, we propose
an information spreading model with multiple types of agents with various receptivity of topics.
We investigate the propagation of information on our model and confirm the validity of our model
by comparing the results with large-scale and time-resolved lexicon data.
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Noise induced enhancement of network reciprocity in social dilemmas

Gui-Qing Zhang1,Qi-Bo Sun2 and Lin Wang 3

1. Department of Physics, College of Science, Nanjing Forestry University, Nanjing 210037, China
2. Department of Resource and Environmental Science, School of Agriculture and Biology, Shang-
hai Jiao Tong University, Shanghai 200240, China
3. Adaptive Networks and Control Laboratory, Department of Electronic Engineering, Fudan U-
niversity, Shanghai 200433, China

The network reciprocity is an important dynamic rule fostering the emergence of cooperation
among selfish individuals. This was reported firstly in the seminal work of Nowak and May, where
individuals were arranged on the regular lattice network, and played the prisoner’s dilemma game
(PDG). In the standard PDG, one often assumes that the players have perfect rationality. How-
ever, in reality, we human are far from rational agents, as we often make mistakes, and behave
irrationally. Accordingly, in this work, we introduce the element of noise into the measurement
of fitness, which is determined by the parameter α controlling the degree of noise. The consid-
ered noise-induced mechanism remarkably promotes the behavior of cooperation, which may be
conducive to interpret the emergence of cooperation within the population.
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Bootstrap Percolation on Bipartite Networks 

Peng Zhang 1 and Ying Fan 2

1. School of Science, Beijing University of Posts and Telecommunications, Beijing, China 
2. School of Management, Beijing Normal University, Beijing, China 

Bootstrap percolation was first introduced by Chalupa et al in statistical physics context [1]. 
It is an useful model to describe complex phenomena, such as the neuronal activity, hydrogen 
mixtures, the dynamics of the glass transition and the magnetic alloys. In recently years, with 
the development of complex networks, the application of bootstrap percolation on complex 
networks has attracted much attention. Bipartite networks is an important kind of complex 
networks, many real-world systems naturally display a bipartite structure. In our works, we use 
the dynamic equations and computational simulation to study the bootstrap percolation on 
bipartite networks. According to the analytical results of the whole process, the size of final 
active fraction Sa shows a jump as a function of initial active probability f. We also obtained the 
numerical simulation results of the model. We put the analytical results and numerical 
simulation results with different sizes of networks together under the same parameters, and 
found the finite network size has a big influence to the results. Then we tried to describe the 
influence brought by the active threshold Ω to the activity of final active fraction. We got there 
was a special point where the jump disappear, as the active threshold growing. At last, we show 
that not only the active threshold but also the different mean degree < k > can make the jump of 
final active fraction disappear following the value decreasing. 

[1] J. Chalupa, P. L. Leath, and G. R. Reich, J. Phys. C 12, L31 (1979). 
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Allometric Growth of Complex Networks 
 
Jiang Zhang 1 
 

1. School of Systems Science, Beijing Normal University, Beijing, China 
 

Allometric growth is a universal phenomenon widely existing in complex systems like living 
organisms, ecosystems, economic systems, cities, and countries[1,2,3]. As the system size 
increases, a variaty of macro-variables of systems can grow in a scaling form. Complex 
networks, as the backbones of complex systems, also follow the allometric law. For example, 
the number of edges scales with the number of nodes of networks in a superlinear scaling law[4]. 
Other indicators of networks, e.g. average degree, diameter, and size of the largest connected 
component also scales with networks in different exponents. We propose a modeling framework 
called "Matched Growth" to explain the allometric growth phenomenon of complex networks. 
The matching growth model in a d-dimensional Euclidean space is a growing random geometric 
graph[5]. Then, nodes are added into the space sequentially, but the ones can survive only if they 
are within the circle areas with radius r and existing nodes as centers. Therefore, the graph 
exhibits fractal growth. The fractal dimension and allometric growth exponent depend only on 
spatial dimension, but not radius r. This study may contribute to the understandings of not only 
evolving mechanisms of networks, but also the essence of the allometric growth phenomenon in 
cities or living organisms by knowledges of complex networks.. 
 
 
[1]. West, G.B., Brown, J.H., Enquist, B.J., 1997. A General Model for the Origin of Allometric 
Scaling Laws in Biology. Science 276, 122–126.  
[2]. Banavar, J.R., Maritan, A., Rinaldo, A., 1999. Size and form in efficient transportation 
networks. Nature 399, 130–132. 
[3]. Zhang, J., Yu, T., 2010. Allometric scaling of countries. Physica A: Statistical Mec
hanics and its Applications 389, 4887–4896. 
[4]. Leskovec, J., 2008. Dynamics of Large Networks, Carnegie Mellon University Ph.D
 Thesis 
[5]. Zhang, J., 2012, Growing Random Geometric Graph Models of Super-linear Scaling
 Law, arXiv:1212.4914 
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Witness of Unsatisfiability for the Random 3-SAT Problem: Mean-Field Analysis and
Heuristic Algorithms

Lu-Lu Wu 1, Hai-Jun Zhou 1, Mikko Alava 2, Erik Aurell 3,4,5, and Pekka Orponen 6

1. State Key Laboratory for Theoretical Physics, Institute of Theoretical Physics, Chinese Academy
of Sciences, Beijing 100190, China
2. Department of Applied Physics, Aalto University, FI-00076 Aalto, Finland
3. ACCESS Linnaeus Center, KTH, Sweden
4. Department of Computational Biology, AlbaNova University Center, 10691 Stockholm, Sweden
5. Aalto University School of Science, FI-00076 Aalto, Finland
6. Department of Information and Computer Science, Aalto University, FI-00076 Aalto, Finland

The random 3-satisfiability (3-SAT) problem is in the unsatisfiable (UNSAT) phase when the
clause density α exceeds a critical value αs ≈ 4.267. However, rigorously proving the unsatisfiability
of a given large 3-SAT instance is extremely difficult. In this work we apply the mean-field theory of
statistical physics, namely the 1RSB spin glass theory, to the unsatisfiability problem and show that
a specific type of UNSAT witnesses (Feige-Kim-Ofek witnesses [1]) can in principle be constructed
when the clause density α > 19 [2]. We then construct Feige-Kim-Ofek witnesses for single 3-SAT
instances through a simple random sampling algorithm and a focused local search algorithm. The
random sampling algorithm works only when α scales at least linearly with the variable number
N , but the focused local search algorithm works for clause densty α > cN b with b ≈ 0.59 and
prefactor c ≈ 8 [2]. The exponent b can be further decreased by enlarging the single parameter S
of the focused local search algorithm [2].

[1] U. Feige, J. H. Kim, and E. Ofek, Proceedings of 47th Annual IEEE Symposium on Foundations
of Computer Science (FOCS’06), 497-508 (2006).
[2] L.-L. Wu, H.-J. Zhou, M. Alava, E. Aurell, and P. Orponen, arXiv:1303.2413 (2013).
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Universality and Scaling Law in a Distance-dependent Correlated Percolation Model 
 
Chen-Ping Zhu1, 2 Long-Tao Jia1 Beom Jun Kim3Bing-Hong Wang4 Chin-Kun Hu5 and H. E. Stanley6 
 

 
1.College of Science, Nanjing University of Aeronautics and Astronautics, Nanjing, 210016, 
China 
2.Max-Plank-Institute fÄur Physik komplexer Systeme, NÄothnitzer Stra¼e 38, 01187 Dresden, 
Germany 
3.BK21 Physics Research Division and Department of Physics, Sungkyunkwan 
University,Suwon 440-746,Korea 
4.Research center for complex system science, Shanghai University for Science and Technology, 
200093, China  
5.Institute of Physics of Academia Sinica, Taipei 11529, Taiwan 
6.Center for Polymer Studies, Department of Physics,Boston University, Boston, Massachusetts 
02215, USA 
 

Motivated by the importance of geometric information in reality, a distance-dependent 
correlated percolation model in link-adding networks is presented with the connecting 
probability decaying with the geometric distance in the two-dimensional plane. The model 
includes percolation on the Erdos-Renyi random graph and the Achlioptas process [1-2] as its 
limiting cases. It can be tuned to facilitate or inhibit the network percolation in a generic view, 
cover a broad range of threshold values from 0.36 to 1.50. A set of scaling relations are found 
for the node fraction in the percolated cluster for various cases. 
 
[1] D. Achlioptas, R. M. D'Souza, and J. Spencer, Science 
323, 1453 (2009).   
[2] Y. S. Cho, et al., Phys. Rev. Lett. 103, 135702 (2009).  
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