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Preface

This year marks the 40th anniversary of the �rst MECO conference. The
Middle European Cooperation in Statistical Physics was founded during the
Cold War as a series of international conferences aimed speci�cally at pro-
moting open scienti�c dialogue and maintaining cooperation across Europe,
despite the Iron Curtain. From its early days, MECO has grown to become
one of Europe's most prestigious scienti�c forums in physics. It nowadays at-
tracts the attention of a much wider academic community due to the broad
nature of interdisciplinary applications of statistical physics. It has also
grown geographically and has been hosted in many countries � including
some not quite at in the physical middle of Europe.

Statistical physics is a major theme of Coventry University's Applied
Mathematics Research Centre and we are pleased to host the conference for
the �rst time in the UK. More than 100 participants from 20 countries are
expected for MECO39, representing the continued vibrancy of our subjects.
The Conference is organized in its traditional form of invited lectures (about
40 min.), oral contributions (about 20 min.) and poster presentations. The
scope of the conference is wide, covering di�erent �elds of statistical mechan-
ics and condensed matter physics, including soft matter, complex systems,
networks, non-equilibrium and quantum systems as well as phase transitions
and critical phenomena.

We are grateful for the kind sponsorship of a number of prestigious aca-
demic bodies and leading international journals (listed on page 9). We
thank you for participating and we warmly welcome you to the ancient city
of Coventry.

Coventry, March 2014

Christian von Ferber
Damien Foster
Nikolaos Fytas
Nikolay Izmailian
Ralph Kenna
Thierry Platini
Martin Weigel
Taras Yavors'kii
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Conference Schedule

Tuesday, April 8

08:30 �
09:15

� Registration and Wake-up Co�ee �

09:15 �
09:30

� Welcome & Opening �

Session 1: Slow Dynamics (Chair: Michael Allen)

09:30 �
10:10

Leticia
Cugliandolo

Fast and slow quenches across second order
phase transitions: the density of topological
defects

10:10 �
10:30

Juan Garrahan Dynamical large deviations and glass transi-
tions

10:30 �
10:50

Géza Ódor Ageing of the 2+1 dimensional Kardar-Parisi-
Zhang model

10:50 �
11:20

� Co�ee Break �

Session 2: Disordered Systems (Chair: Michael Moore)

11:20 �
12:00

Helmut
Katzgraber

Self-organized criticality in Hamiltonian spin
systems: ordinary, but intriguing

12:00 �
12:20

Ian Campbell The critical properties of Ising Spin Glasses in
dimensions �ve and four

12:20 �
13:00

Victor
Martin-Mayor

Taming extreme �uctuations in spin glasses:
temperature chaos and magnetic �elds

13:00 �
14:00

� Lunch �
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14:00 �
15:30

� Poster Session I �

Session 3: Critical Phenomena (Chair: Wolfhard Janke)

15:30 �
16:10

Anastasios
Malakis

Parallel tempering and spin glasses

16:10 �
16:30

Richard Vink Non-Ising critical point in a �uid with short-
ranged interactions

16:30 �
16:50

Felix Hö�ing Dynamic scaling and superdi�usion in a criti-
cal binary mixture

16:50 �
17:10

Ferenc Iglói Corner contribution to cluster numbers

17:10 �
17:40

� Co�ee Break �

Session 4: Geometric Transitions (Chair: Katarina Uzelac)

17:40 �
18:20

Nikolai
Lebovka

Monte Carlo study of jamming and percolation
of extended objects on lattices

18:20 �
18:40

Antonio
Gordillo-
Guerrero

Crumpling transition on a crystalline mem-
brane

18:40 �
19:00

Des Johnston Non-standard �nite-size scaling at �rst-order
phase transitions
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Wednesday, April 9

08:45 �
09:30

� Wake-up Co�ee �

Session 5: Foundations and Fluctuations I (Chair: Bertrand Berche)

09:30 �
10:10

Christian Maes Nonequilibrium seas

10:10 �
10:30

David Lopes
Cardozo

The critical Casimir force in a magnetic sys-
tem: an experimental protocol

10:30 �
10:50

Paola
Verrucchi

Quantum environment for longer coherence
time

10:50 �
11:10

Elzbieta
Zipper

Wave function engineering in quantum nano-
structures

11:10 �
11:40

� Co�ee Break �

Session 6: Polymers and Biophysics (Chair: Ste�en Trimper)

11:40 �
12:20

Martin Evans Speed selection in coupled Fisher waves

12:20 �
12:40

Franco Ferrari Polymer knots and links: Some experimental,
analytical and numerical results

12:40 �
13:00

Yurij
Holovatch

Variety of scaling laws for DNA denaturation

13:00 �
13:20

� Conference Photo �

13:30 �
14:30

� Lunch �

14:30 �
22:30

� Excursion to Stratford upon Avon �
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Thursday, April 10

08:45 �
09:30

� Wake-up Co�ee �

Session 7: Soft Matter (Chair: Joseph Indekeu)

09:30 �
10:10

Thomas
Palberg

Self organized dynamics of modular micro-
swimmers

10:10 �
10:50

Slobodan
�umer

Knotty nematic �elds

10:50 �
11:20

� Co�ee Break �

Session 8: Computational Physics (Chair: Elmar Bittner)

11:20 �
12:00

Lev Shchur Towards Exa�ops Monte Carlo computing

12:00 �
12:20

David Saad Planes, trains and polymers � the statistical
physics of routing

12:20 �
12:40

Francesco
Parisen Toldin

Entanglement spectra of interacting fermions
in quantum Monte Carlo simulations

13:00 �
14:00

� Lunch �

Session 9: Foundations and Fluctuations II (Chair: Yurij Holovatch)

14:00 �
14:40

Stefan
Thurner

Entropy for complex systems

14:40 �
15:00

Rosemary
Harris

Current �uctuations beyond one dimension:
subtleties and symmetries

15:00 �
15:30

� Co�ee/Beer/Wine Break �

15:30 �
17:00

� Poster Session II �
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Session 10: Quantum Systems (Chair: Ferenc Iglói)

17:00 �
17:40

Rudolf Römer Self-assembling tensor networks and hologra-
phy in disordered spin chains

17:40 �
18:00

Dragi Karevski Driven Heisenberg spin chain with arbitrary
boundary twisting angle: Exact results

18:00 �
18:20

Alexandre
Faribault

Decoherence in the central spin model
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List of Contributions

Seyma Akkaya
Deviren

The crystal �eld e�ects for the Ising
bilayer system consisting of spin-1/2 and
spin-3/2

Nicolas Allegra Partition function of the monomer-dimer
model

Muhammad Anwar Crystallization mechanism in melts of
short n-alkane chains

Oscar Barbosa Irreversibility by competition for a
Glauber-Ising model by means of the
entropy production

Elmar Bittner MuCa vs WL: A tight race

Ian Campbell The critical properties of Ising Spin
Glasses in dimensions �ve and four

Massimo Cavallaro Current �uctuations in a temporally
correlated zero-range process

Levon
Chakhmakhchyan

PageRank model of opinion formation on
Ulam networks

Ben Collyer Non-equilibrium steady states of
Fokker-Planck-Boltzmann equation

Federico Corberi Condensation of large �uctuations in a
thermodynamical system

Leticia Cugliandolo Fast and slow quenches across second
order phase transitions: the density of
topological defects

Silvio Dahmen The Navajo and Quiche myths: a
comparative study on the mythology of
Amerindians
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Burçin Danac� Evolved model regulatory networks form
meta-networks in genotype and
phenotype space

Bayram Deviren Dynamic phase transitions in a cylindrical
Ising nanowire

Sven Dorosz In�uence of random pinning on the
crystallization process in suspensions of
hard spheres

Eren Metin Elçi Fragmentation of Potts clusters

Martin Evans Speed selection in coupled Fisher waves

Alexandre Faribault Decoherence in the central spin model

Michael Faulkner Decon�nement and topological-sector
�uctuations at the
Berezinskii-Kosterlitz-Thouless phase
transition

Franco Ferrari Polymer knots and links: Some
experimental, analytical and numerical
results

Emilio J. Flores-Sola Hyperscaling above the upper critical
dimension in Ising models with long range
interactions

Florian Günther Structure optimization of BLN protein
models combining local-search,
evolutionary, and genetic approaches

Juan Garrahan Dynamical large deviations and glass
transitions

Antonio
Gordillo-Guerrero

Crumpling transition on a crystalline
membrane

Vyacheslav Gorev Nonequilibrium processes in the vicinity
of hydrodynamic states

Felix Hö�ing Dynamic scaling and superdi�usion in a
critical binary mixture

Rosemary Harris Current �uctuations beyond one
dimension: subtleties and symmetries
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Masayuki Hase Dynamics of spherical model with
correlated noise

Yurij Holovatch Variety of scaling laws for DNA
denaturation

Vahan Hovhannisyan Ground-state, magnetic and partition
function zeros properties of the spin-1
Ising-Heisenberg model on a diamond
chain

Anja Humpert Modelling of topological defects entangled
around nanoparticles of nematic liquid
crystal colloids

Ferenc Igloi Corner contribution to cluster numbers

Wolfhard Janke From amorphous aggregates to polymer
bundles: The role of sti�ness on
structural phases in polymer aggregation

Puibasset Joel Adsorption of a simple �uid in a
nanopore: in�uence of system and
reservoir size on the intermediate states
visited

Des Johnston Non-standard �nite-size scaling at
�rst-order phase transitions

Robert Juhasz Distribution of dynamical quantities in
the contact process, random walks, and
quantum spin chains in random
environments

Jakub J¦drak Cluster size distribution in the
autocatalytic growth model

Dragi Karevski Driven Heisenberg spin chain with
arbitrary boundary twisting angle: Exact
results

Helmut G. Katzgraber Self-organized criticality in Hamiltonian
spin systems: ordinary, but intriguing

Hamid Khoshbakht On the uniform sampling of ground states
in the 2D ±J Ising spin glass model
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Istvan Kovacs Corner contribution to percolation cluster
numbers in three dimensions

Mariana Krasnytska Lee-Yang-Fisher zeros for the Ising model
on complex networks

Darka Labavic A simple mechanism for controlling
oscillations in coupled genetic circuits

Nikolai Lebovka Monte Carlo study of jamming and
percolation of extended objects on lattices

Chang-You Lin Capillary wave and dynamical interfacial
tension for a two-component
Bose-Einstein condensate in strong
segregation: I. Planar limit

David Lopes Cardozo The critical Casimir force in a magnetic
system: an experimental protocol

Krystyna
Lukierska-Walasek

Statistical distributions and the entropy
considerations in genetics

Christian Maes Nonequilibrium seas

Anastasios Malakis Parallel tempering and spin glasses

Krzysztof Malarz Competing contact processes in the
Watts�Strogatz network

Victor Martin-Mayor Taming extreme �uctuations in spin
glasses: temperature chaos and magnetic
�elds

Davide Michieletto Threading dynamics of ring polymers in a
gel

Olesya Mryglod Aging of downloads of scienti�c
publications: a case study

Davide Nuzzi Manipulating qubits by spin chain soliton
excitations

Geza Odor Ageing of the 2+1 dimensional
Kardar-Parisi-Zhang model

Guilherme Oliveira Thermalization of low-dimensional
quantum systems
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Thomas Palberg Self organized dynamics of modular
micro-swimmers

Francesco Parisen
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Entanglement spectra of interacting
fermions in quantum Monte Carlo
simulations

Salete Pianegonda Contact processes with competitive
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Thierry Platini Exact protein distributions for stochastic
models of gene expression using
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local quench in the critical transverse-�eld
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Rudolf A Roemer Self-assembling tensor networks and
holography in disordered spin chains
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Jozef Strecka Magnetization process of the spin-1/2
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Paola Verrucchi Quantum environment for longer
coherence time
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Invited Talks

I1 � Fast and slow quenches across second
order phase transitions: the density of

topological defects

Leticia F. Cugliandolo
Laboratoire de Physique Theorique et Hautes Energies

Universite Pierre et Marie Curie, Paris France
leticia@lpthe.jussieu.fr

When a dissipative macroscopic system is driven through a second order phase
transition (a quench) it undergoes an ordering process, usually called phase or-
dering. During this process topological defects (be them domain walls, vortices or
other) tend to disappear.

In this talk I will focus on the time and quench-rate dependence of the number
density of topological defects in systems with scalar and vector order parameter.
Typical examples of the former are Ising ferromagnets and of the latter are su-
per�uids or superconductors. By combining scaling and numerical analysis I will
show that the typical growing length of ordered regions determines the denisty of
topological defects left over in the symmetry broken phase, far from the critical
region, and that this is much lower than the one predicted by the Kibble-Zurek
mechanism.

I2 � Speed selection in coupled Fisher waves

Martin Evans
School of Physics and Astronomy, Univeristy of Edinburgh

m.evans@ed.ac.uk

The Fisher equation describes the spread of a population or the spread of an
advantageous gene through a population. It is well known as a simple nonlinear
equation which exhibits travelling wave solutions. Within statistical physics It has
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played a major role in our understanding of phase ordering dynamics and random
�rst order phase transitions. In this talk we review the selection mechanism for
the speed of the travelling waves which was established some time ago. We go on
to consider two coupled Fisher equations representing two populations e.g. sub-
populations of bacteria which are susceptible or resistant to antibiotic. We show
that a subtle coupling between two population waves gives rise to a novel speed
selection mechanism.

[1] J. Venegas-Ortiz, R. J. Allen, and M. R. Evans, Genetics, vol. 196 (2014), 497.

I3 � Self-organized criticality in Hamiltonian
spin systems: ordinary, but intriguing

Helmut G. Katzgraber
Department of Physics and Astronomy, Texas A&M University

hgk@tamu.edu

Self-organized criticality (SOC) refers to the tendency of dissipative systems to
drive themselves into a scale-invariant critical state without any parameter tun-
ing. These phenomena are of crucial importance because fractal objects displaying
SOC are found everywhere, e.g., in earthquakes, the meandering of sea coasts, or in
galactic clusters. Understanding its origin, however, represents a major unresolved
puzzle. Pioneering work in the 1980s provided insights into the possible origins
of SOC: The sandpile and forest-�re models are hallmark examples of dynami-
cal systems that exhibit SOC. However, these models feature ad hoc dynamics,
without showing how these can be obtained from an underlying Hamiltonian. The
possible existence of SOC was also tested in random magnets, such as the random-
�eld Ising model, but in all these, at least one parameter had to be tuned, i.e., no
true SOC. The �rst Hamiltonian model displaying true SOC was the in�nite-range
mean-�eld Sherrington-Kirkpatrick spin-glass model. Here, we investigate the con-
ditions required for general disordered magnets to display self-organized criticality.
Our results are in disagreement with the traditional lore that self-organized criti-
cality is a property of the mean-�eld regime of spin glasses. In fact, self-organized
criticality is recovered only in the strict limit of a diverging number of neighbors.
In light of these result, the behavior of damage spreading on scale-free networks,
as well Coulomb glasses are discussed.
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Work done in collaboration with Juan Carlos Andresen, Zheng Zhu, Yohanes Pra-
mudya, Creighton K. Thomas, V. Dobrosavljevic, and Gergely T. Zimanyi.

[1] Juan Carlos Andresen, Zheng Zhu, Ruben S. Andrist, Helmut G. Katzgraber,
V. Dobrosavljevic, and Gergely T. Zimanyi, Phys. Rev. Lett. 111, 097203
(2013).

I4 � Monte Carlo study of jamming and
percolation of extended objects on lattices

Nikolai Lebovka1, Yuri Tarasevich2

1Institute of Biocolloidal Chemistry named after F.D. Ovcharenko, NAS of
Ukraine, 42, Boulevard Vernadskogo, 03142 Kiev,Ukraine

2Astrakhan State University, 20a Tatishchev Street, 414056 Astrakhan, Russia
lebovka@gmail.com

The data of Monte Carlo simulation of jamming and percolation of the extended
objects on lattices are reviewed. The extended objects can be represented by dif-
ferent speci�ed geometries, e.g., linear k-mers (adjacent sites), kxk-squares, rect-
angles, and other. In the random sequential adsorption (RSA) model, the objects
are deposited irreversibly, randomly and sequentially on the empty spaces and
overlapping of objects is forbidden. This process continues up to attainment of
the non-equilibrium jammed state when no further object can be deposited. In a
general case, the objects can di�use within near-neighbour sites (di�usion model,
DRSA) or seek for a su�ciently large empty space all over the lattice (relaxation
RRSA model). In the correlated deposition model (CA), some of extended objects
(seeds) are initially deposited and then other extended objects are deposited along
perimeters of the seeds or clusters. The review covers behaviour of the jamming
concentration and percolation threshold versus the size and structure of extended
objects for di�erent models of deposition, partially oriented or completely disor-
dered systems, and lattices with non-uniform structure.
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I5 � Nonequilibrium seas

Christian Maes
Instituut voor Theoretische Fysica, KU Leuven, Belgium

christian.maes@fys.kuleuven.be

Probes in weak contact with a nonequilibrium environment undergo an e�ective
dynamics that does not need to satisfy the �uctuation-dissipation relation and for
which the e�ective forces are not derived from a thermodynamic potential. The
good news is that we start to understand these modi�cations and to see their
systematics.

[1] Christian Maes, On the Second Fluctuation-Dissipation Theorem for Nonequi-
librium Baths, Journal of Statistical Physics 154, 705-722 (2014).

I6 � Parallel tempering and spin glasses

Anastasios Malakis
Department of Physics, Section of Solid State Physics, University of Athens,

Panepistimioupolis, GR 15784 Zografos, Athens, Greece
amalakis@phys.uoa.gr

Parallel Tempering Monte Carlo simulations have been one of the major tools
in Statistical Mechanics for the understanding of a variety of systems present-
ing rugged free-energy landscapes [1]. However, it is generally accepted that the
e�ciency and accuracy of the numerical scheme depend strongly on the chosen
protocol, i.e., the temperature and replica-exchange selection methods. With this
view in mind, in the �rst part of this talk, we present and test, using as measures
speci�c heat errors and transfer e�ciency of replicas, some parallel tempering
protocols [2].

In the second part of the talk we review the outcome of a very recent Monte
Carlo study of the ±J Ising model in three-dimensions (3D) with a spatially uni-
axially anisotropic bond randomness on the simple cubic lattice, including details
of its phase diagram and universality aspects [3]. Finally, we discuss some pre-
liminary results on the critical behavior of 2D and 3D spin-glass models in which
the frustration (fraction of frustrated elementary squares) is continuously varied,
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starting from the so-called �Mattis spin-glass� of zero frustration.

[1] M.E.J Newman and G.T. Barkema,Monte Carlo Methods in Statistical Physics
(Clarendon, Oxford, 1999).

[2] A. Malakis and T. Papakonstantinou, Phys. Rev. E 88, 013312 (2013).
[3] T. Papakonstantinou and A. Malakis, Phys. Rev. E 87, 012132 (2013).

I7 � Taming extreme �uctuations in spin
glasses: temperature chaos and magnetic

�elds

Victor Martin-Mayor
Dpto. Fisica Teorica I, Universidad Complutense de Madrid.

vicmarti@ucm.es

Spin glasses are deceptively simple model systems for complex behavior. In spite
of continued e�orts by the scienti�c community, many questions still remain open.
These e�orts include the building up of special purpose computers, such as the
Janus machine, speci�cally designed for the simulation of spin glasses.

Here, we shall focus on two exotic features predicted long ago, but still contro-
versial: temperature chaos and the presence of a glass transition in an externally
applied magnetic �eld. The numerical investigation of both e�ects is hampered
by rather extreme statistical �uctuations. The qualitatively di�erent behavior
from sample to sample renders the standard statistical analysis, based on sample
averages, inadequate as a basis for a �nite-size scaling study

By carefully considering extreme �uctuations in the Janus data set, we obtain
clear results for both problems, as well as an understanding of the approach to the
thermodynamic limit.

In particular, the presence of temperature chaos in three dimensional spin
glasses is established [1]. We obtain as well an understanding of the relevant
scaling laws (that were severely oversimpli�ed in previous work).

As for the e�ects of an externally applied magnetic �eld, we show that the lack
of scale invariance found in previous simulations is due to dramatic �uctuations.
When these �uctuations are taken into account, scale invariance is recovered. In
this way, we extrapolate the position of a possible critical temperature in a �eld
(the so called de Almeida-Thouless line) [2]. These extrapolations are consis-
tent with recent upper bounds obtained in non-equilibrium simulations [3], and
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pinpoint the temperature regime where the would-be critical behavior should be
observed. The problem becomes �nally well posed. Therefore, one can hope that
a few years from now, when we will have numerical access to lower temperatures,
we will �nally know whether there is a phase transition in a �eld, or not.

[1] L.A. Fernandez, V. Martin-Mayor, G. Parisi, B. Seoane Europhysics Lett.,
103, 67003 (2013.

[2] Janus Collaboration: M. Baity-Jesi et al., manuscript in preparation.
[3] Janus Collaboration: M. Baity-Jesi et al., arXiv:1307.4998.

I8 � Self organized dynamics of modular
micro-swimmers

Thomas Palberg
Johannes Gutenberg University, Mainz, Germany

palberg@uni-mainz.de

An elegant way of swimming at low Reynolds numbers is phorectic motion, which
does not rely on any moving part. Rather, a self-generated gradient induces a
relative motion between the swimmer surface and the immediately surrounding
solvent. Depending on the type of generated gradient, this motion classi�es as
electro-, chemo-, or thermo-phoresis. Several fascinating experimental realizations
have been demonstrated using individual compact swimmers of mainly rod or
sphere type [1]. The approach to phoretic micro-swimming followed by our group
is di�erent in the sense, that our swimmers are modular objects [2]. Even the min-
imal modular swimmer consists of a reservoir particle releasing a local electrolyte
gradient and the substrate providing a gradient driven electro-osmotic solvent �ow
(the motor) propelling the reservoir particle. Several reservoir particles organize
to form schools, which show a schooling-swimming transition, once a single larger
reservoir particle enters to teak the lead. In fact the same e�ect is observed for any
single reservoir particle and added inert colloidal particles taking the role of a gear-
ing. Also other particles may be assembled by or attached to the reservoir particle
carrying these along as cargo. Finally several ideas have been proposed to realize
a convincing remote steering of the resulting complex [3]. None of the complex
constituents shows any phoretic motion under isolated conditions. Propulsion here
is an emergent property of the collective and cooperative self-organization into a
dynamic complex. The talk will shortly sketch the present state in experimental
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micro-swimming, explain the mechanisms behind and the challenges involved in
realizing, understanding and optimizing modular micro-swimming and �nish with
an outlook on open issues.

[1] W. Wang, W. Duan, S. Ahmed, T. E. Mallouk, A. Sen, Nano Today 8, 531-554
(2013).

[2] A. Reinmüller, H. J. Schöpe, T. Palberg, Langmuir 29, 1738-1742 (2013).
[3] T. Palberg, H. Schweinfurth, T. Köller, H. Müller, H. J. Schöpe, A. Reinmüller,

Eur. Phys. J. Special Topics 222, 2835-2853 (2013).

I9 � Self-assembling tensor networks and
holography in disordered spin chains

Rudolf Römer, Andrew Goldsborough
Department of Physics, University of Warwick, Coventry, CV4 7AL, UK

r.roemer@warwick.ac.uk

We show that the numerical strong disorder renormalization group algorithm
(SDRG) of Hikihara et. al. [Phys. Rev. B 60, 12116 (1999)] for the one-
dimensional disordered Heisenberg model naturally describes a tree tensor net-
work (TTN) with an irregular structure dened by the strength of the couplings.
Employing the holographic interpretation of the TTN in Hilbert space, we com-
pute expectation values, correlation functions and the entanglement entropy using
the geometrical properties of the TTN. We nd that the disorder averaged spin-
spin correlation scales with the average path length through the tensor network
while the entanglement entropy scales with the minimal surface connecting two
regions. Furthermore, the entanglement entropy increases with both disorder and
system size, resulting in an area-law violation. Our results demonstrate the useful-
ness of a self-assembling TTN approach to disordered systems and quantitatively
validate the connection between holography and quantum many-body systems
[arXiv:1401.4874].

[1] A. M. Goldsborough, R. A. Römer, "Self-assembling tensor networks and
holography in disordered spin chains", submitted to Phys. Rev. B (2014).
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I10 � Towards Exa�ops Monte Carlo
computing

Lev Shchur
Landau Institute for Theoretical Physics, pl ak Semenova 1A, 142432

Chernogolovka, Russia
lev@landau.ac.ru

Monte Carlo simulation is one of the main methods in Statistical Mechanics. We
analyze current state of the research and development which goes toward the ex-
a�ops range of computing power for the Monte Carlo simulations. It is scalable
Monte Carlo methods, new implementations for massive parallel computers, for
hybrid supercomputers running GPGPU, parallel streams of random numbers,
and other related topics.

I11 � Entropy for complex systems

Stefan Thurner
Medical University of Vienna

stefan.thurner@meduniwien.ac.at

Shannon and Khinchin built their foundational information theoretic work on
four axioms that completely determine the information-theoretic entropy to be of
Boltzmann-Gibbs type, SBG = −

∑
i
pi log pi. For non-ergodic systems the sepa-

ration axiom (Shannon-Khinchin axiom 4) is not valid. We show that whenever
this axiom is violated entropy takes the more general form, Sc,d ∝

∑W

i
Γ(d +

1, 1 − c log pi), where c and d are characteristic scaling exponents, and Γ is the
incomplete Gamma function. The exponents (c,d) parametrize equivalence classes
which precisely characterise all (!) interacting and non-interacting statistical sys-
tems in the thermodynamic limit [1], including those that typically exhibit power
laws or stretched exponential distributions. This allows us for example to derive
Tsallis entropy (as a special case) from solid �rst principles. Further we show
how the knowledge of the phase space volume of a system and the requirement of
extensivity allows to uniquely determine (c, d). We ask how the these entropies
are related to the 'Maximum entropy principle' (MEP). In particular we show how
the �rst Shannon-Khinchin axiom allows us to separate the value for observing the
most likely distribution function of a statistical system, into a 'maximum entropy'
(log of multiplicity) and constraint terms. Remarkably, the generalized extensive
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entropy is not necessarily identical with the generalized maximum entropy func-
tional. In general for non-ergodic systems both concepts are tightly related but
distinct. We demonstrate the practical relevance of our results on path-dependent
random walks (non-Markovian systems with long-term memory) where the random
walker's choices (left or right) depending on the history of the trajectory. We are
able to compute the time dependent distribution functions from the knowledge of
the maximum entropy, which is analytically derived from the microscopic update
rules. Self-organized critical systems such as sand piles or particular types of spin
systems with densifying interactions are other examples that can be understood
within the presented framework.

[1] R. Hanel, S. Thurner, A comprehensive classi�cation of complex statistical sys-
tems and an axiomatic derivation of their entropy and distribution functions,
EPL 93, 20006 (2011).

[2] R. Hanel, S. Thurner, When do generalized entropies apply? How phase space
volume determines entropy, EPL 96, 50003 (2011).

[3] R. Hanel, S. Thurner, M. Gell-Mann, How multiplicity determines entropy.
Derivation of the maximum entropy principle for complex systems, (in review
2014).

I12 � Knotty nematic �elds

Slobodan �umer
Faculty of Mathematics and Physics, University of Ljubljana

& Jozef Stefan Institute, Slovenia
slobodan.zumer@fmf.uni-lj.si

Complex geometrical constrains and intrinsic chirality lead to stable and meta-
stable disclinations in nematic �elds characterizing ordering in mesophases. The
stabilization of these topological defects is a consequence of a balance between
con�icting e�ects of con�nement and chirality. Recently it was demonstrated that
knots and links of arbitrary complexity can be formed with laser manipulation
of disclinations entangling colloidal particles in nematic liquid crystals [1]. Un-
derstanding the stability, ordering, and assembly of such topological soft matter
systems require a synergy of theory and simulations. In this overview I �rst de-
scribe our extension of the conventional topological theory of nematic defects by
including the self-linking number as a topological invariant that enable classifying
nematic disclination networks that include knots and links [2]. The approach will
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be illustrated on numerically modeled nematic braids that were in partially also
experimentally identi�ed: knotted 2D nematic colloidal crystals [1], 3D opal struc-
tures permeated by nematics [3], knots in cholesteric droplets [4], and mutually
tangled colloidal knots & defect loops in nematic �elds [5].

[1] U. Tkalec, M. Ravnik, S. �opar, S. �umer and I. Mu²evi£, Recongurable Knots
and Links in Chiral Nematic Colloids, Science 333 (2011) 62.

[2] S. �opar and S. �umer, Nematic Braids: Topological invariants and rewiring
of disclinations, Phys. Rev. Lett. 106 (2011) 177801.

[3] S. �opar, N. A. Clark, M. Ravnik and S. �umer, Elementary building blocks
of nematic disclination networks in densely packed 3D colloidal lattices, Soft
Matter 9 (2013) 8203.

[4] D. Se£, S. �opar and S. �umer, Topological zoo of free-standing knots in con-
�ned chiral nematic �uids, Nature Communications 5 (2014) 3057.

[5] A. Martinez, M. Ravnik, B. Lucero, R. Visvanathan, S. �umer, I. I. Smalyukh,
Mutually tangled colloidal knots and induced defect loops in nematic �elds,
Nature Materials 13 (2014) 258.
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C1 � The critical properties of Ising Spin
Glasses in dimensions �ve and four

Ian Campbell1, Per Lundow2

1Laboratoire Charles Coulomb, Université Montpellier II, 34095 Montpellier,
France

2Department of Mathematics and Mathematical Statistics, Umeå University,
SE-901 87, Sweden

ian.campbell@sfr.fr

Extensive simulations are made on Ising Spin Glasses (ISG) with Gaussian and
bimodal interaction distributions in dimensions �ve and four. A detailed explana-
tion is �rst given of scaling with the natural ISG scaling variable τ = 1 − β2/β2

c

and the appropriate scaling expressions, which allow scaling analyses over the en-
tire paramagnetic range of temperatures once the transition temperatures have
been established using a combination of �nite size scaling and of thermodynamic
derivative peak data. Measurements in the thermodynamic limit regime are anal-
ysed in order to obtain estimates of the critical exponents and correction terms.
The Privman-Fisher ansatz then leads to compact scaling expressions over the
complete paramagnetic temperature range and for all sample sizes L. Compar-
isons between the Gaussian and bimodal ISGs show that the critical dimensionless
parameters characteristic of a universality class, and the susceptibility and corre-
lation length critical exponents γ and ν, depend on the form of the interaction
distribution. From these observations it can be deduced that critical exponents
are not universal in ISGs, at least in these dimensions.
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C2 � Decoherence in the central spin model

Alexandre Faribault
Université de Lorraine, BP 70239, F-54506, Vand÷uvre les Nancy

alexandre.faribault@univ-lorraine.fr

When using the spin of a single electron trapped in a quantum dot as an imple-
mentation of a qubit, its hyper�ne coupling to the environmental nuclear spins
ultimately leads to the decoherence of any prepared initial state. In this talk we
will discuss how one can numerically exploit the quantum integrability of the Cen-
tral Spin Model describing such a system to study its non-equilibrium dynamics.
Using the Algebraic Bethe Ansatz in conjunction with a simple Monte Carlo sam-
pling procedure, we study how the electron's spin coherence factor evolves with
time due to the presence of the nuclear spin bath.

[1] A. Faribault and D. Schuricht, Phys. Rev. B 88, 085323 (2013).
[2] A. Faribault and D. Schuricht, Phys. Rev. Lett. 110, 040405 (2013).

C3 � Polymer knots and links: Some
experimental, analytical and numerical

results

Franco Ferrari
CASA* and Institute of Physics, University of Szczecin, 70-451 Szczecin, Poland

ferrari@fermi.fiz.univ.szczecin.pl

The physics of polymer knots and links is a multidisciplinary subject. On one side,
it is a playground for �eld theoretical techniques, like the renormalization group
method and, more recently, for topological �eld theories. On the other side, the
investigations of the statistical mechanics of polymer rings have also a feedback in
�eld theories. Examples are a few progresses in treating �eld theories with con-
straints and a class of identities that allow to simplify complicated interactions in
scalar �eld theories. Moreover, models of polymer knots and links have a range of
applications that go beyond the physics of polymers and become relevant to other
disciplines, in which the topological properties of quasi one-dimensional objects
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play an important role. This is the case of magnetohydrodynamics and of some
systems of quasiparticles with non-trivial statistics in solid state physics. Nowa-
days, the behavior of single polymer knots can be checked experimentally and it
is possible to create polymer melts containing a very high percentage of polymer
rings entangled together. Properties which are too di�cult to be studied directly
via experiments may be investigated thanks to reliable numerical simulations. In
this introductory talk some of the recent experimental, analytical and numerical
results in the physics of polymer knots and links will be presented.

C4 � Dynamical large deviations and glass
transitions

Juan P. Garrahan
School of Physics & Astronomy, University of Nottingham

juan.garrahan@nottingham.ac.uk

The dynamics of many-body systems is often richer than what one can infer sim-
ply from their statics. This dynamical richness is revealed by considering strictly
dynamical observables. The full statistical characteristics of such quantities en-
code the dynamical properties of the system at hand. By considering their large-
deviations it is possible to derive a �statistical mechanics of trajectories�, which is
to trajectories of the dynamics what equilibrium statistical mechanics is to con-
�gurations of the statics. In this talk I will describe this approach and how it can
be applied to the glass transition problem. I will show that underlying kinetic
phenomenon of glass formation is a novel class of order-disorder transitions in tra-
jectory, rather than con�guration, space. I will also discuss further implications
of this large-deviation approach.

[1] J.P. Garrahan, R.L. Jack, V. Lecomte, et al., Phys. Rev. Lett. 98, 195702
(2007).

[2] L.O. Hedges, R.L. Jack, J.P. Garrahan and D. Chandler, Science 323, 1309
(2009).

[3] C. Flindt and J.P. Garrahan, Phys. Rev. Lett. 110, 050601 (2013).
[4] A.S. Keys, D. Chandler and J.P. Garrahan, arXiv:1401.7206.
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C5 � Crumpling transition on a crystalline
membrane

Rodolfo Cuerno1, Ramon Gallardo2,
Antonio Gordillo-Guerrero2, Pedro Monroy3,

Juan Jesus Ruiz-Lorenzo3

1Dpto. Matemáticas and GISC. University Carlos III de Madrid. Leganes. Spain.
2Escuela Politecnica. University of Extremadura. Avda. Universidad. S/N.

Caceres. Spain.
3Facultad de Ciencias. University of Extremadura. Avda. Elvas S/N. Badajoz.

Spain.
anto@unex.es

We study bidimensional triangular lattices with �xed connectivity, whose points
are free to move in a 3D space. The hamiltonian of the system includes two terms:
i) an elastic term of interaction between neighboring points, as if they were joined
by a spring, ii) a curvature term of interaction between neighboring plaquettes,
tending to put all plaquettes in the same plane. The strength of the latter is
de�ned by a coupling constant called κ. For κ large, we expect an almost plane
membrane, while for κ small we expect a crumpled surface. Therefore κ plays the
role of the temperature as an external variable controlling the phase of the system.

In this work we estimate numerically the critical value of the coupling, κc, and
the critical exponents of the observed phase transition. We compare with previous
results on smaller systems [1] obtaining quite good agreement. We adapted the
simulation codes for running in GPUs, obtaining a gain factor of 6 respect our
simulations in CPUs. This work will presumably pave the way for simulations of
more complex models including disorder, dilution or di�erent geometries.

[1] M. J. Bowick, S. M. Catterall, M. Falcioni and K. N. Anagnostopoulos, J.
Phys. France 6, (1996) 1321.
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C6 � Dynamic scaling and superdi�usion in a
critical binary mixture

Dipanjan Chakraborty1, Siegfried Dietrich2, Felix Hö�ing2

1Indian Institute of Science Education and Research Mohali, India
2Max Planck Institute for Intelligent Systems, Stuttgart, Germany, and Institute

for Theoretical Physics IV, Universität Stuttgart, Germany
hoefling@is.mpg.de

A binary mixture near its consolute point exhibits critical �uctuations of the local
composition. The static properties of the mixture are well described by the 3D
Ising universality class [1], the dynamic properties involving conservation of par-
ticles, energy, and momentum are classi�ed as model H ′. So far, theoretical work
on the critical dynamics has focused on transport coe�cients, while studies of the
relaxation dynamics of the spatially resolved order parameter are missing.

We present numerical results for the dynamic structure factor S(k, t) of a
symmetric binary Lennard-Jones mixture near its demixing transition.· Employing
the computing resources of high-end GPUs [2], we have performed microcanonical
molecular dynamics simulations which cover system sizes of up to 216,000 particles
and 4 non-trivial orders of magnitude in time.· We explore the crossover of the
k-dependent relaxation time from di�usion-like to critical behaviour and �nd nice
agreement with theoretical predictions. Dynamic scaling of S(k, t) at criticality is
tested and scaling functions are deduced.

For interdi�usion, we present a scaling argument and numerical evidence that
the vanishing of the di�usion constant is accompanied by superdi�usion within a
growing time window. Such behaviour is forbidden in purely relaxing systems and
crucially depends on the presence of inertia.

[1] S. K. Das, J. Horbach, K. Binder, M. E. Fisher, and J. V. Sengers, J. Chem.
Phys. 125 (2006) 024506.

[2] P. Colberg and F. Höfling, Comput. Phys. Commun. 182 (2011) 1120.
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a) Scaling of the relaxation times τcc(q) for a series of temperatures approaching
the critical one, T ∗c ≈ 1.423. b) Superdi�usive growth of the interdi�usion
coe�cient DAB(t) at criticality for di�erent sizes of the simulation box.

C7 � Current �uctuations beyond one
dimension: subtleties and symmetries

Rodrigo Villavicencio-Sanchez1, Rosemary J. Harris1,
Hugo Touchette2

1School of Mathematical Sciences, Queen Mary University of London, London
E1 4NS, UK

2National Institute for Theoretical Physics (NITheP) and Institute of
Theoretical Physics, University of Stellenbosch, Stellenbosch 7600, SA

rosemary.harris@qmul.ac.uk

Non-equilibrium steady states are characterized by currents of particles or energy
whose large deviation properties can reveal symmetries and phase transitions. Here
I will discuss some results on current �uctuations in interacting particle systems
with open boundaries and topologies beyond one-dimension. In particular, I will
present an anisotropic generalization of the recently proposed Isometric Fluctua-
tion Relation [1] and test its validity for the paradigmatic zero-range process using
both exact and �uctuating hydrodynamic approaches. This contribution is based
on joint work published in [2, 3].

38

rosemary.harris@qmul.ac.uk


Contributed Oral Presentations MECO39

[1] P. I. Hurtado, C. Pérez-Espigares, J. J. del Pozo, and P. L. Garrido, Proc.
Natl. Acad. Sci. (U.S.A.) 108 (2011) 7704.

[2] R. Villavicencio-Sanchez, R. J. Harris, and H. Touchette, J. Stat. Mech. 2012
(2012) P07007.

[3] R. Villavicencio-Sanchez, R. J. Harris, and H. Touchette, Europhys. Lett. 105
(2014) 30009.

C8 � Variety of scaling laws for DNA
denaturation

Christian von Ferber1, Yurij Holovatch2

1Applied Mathematics Research Centre, Coventry University, Coventry CV1
5FB, UK

2Institute for Condensed Matter Physics of the National Acad. Sci. of Ukraine,
79011 Lviv, Ukraine
hol@icmp.lviv.ua

Here, we rediscuss the thermal denaturation transition of DNA in a solvent: as
the temperature is increased the DNA double strand separates into two individual
single strands in an unbinding transition (also called denaturation transition). The
discussion of the order of this transition has a long history ever since a minimal
model was suggested by Poland and Scheraga. There are numerous studies devoted
to determining the order of the transition between denaturated and bound DNA
states. We brie�y review some of the approaches and further discuss in detail the
e�ects of the environment (quality of the solution, disorder) that may impact on
the order of the transition. These show up in changes of the scaling exponents
governing the conformational properties of DNA strands.

To this end, we re-consider the Poland-Scheraga model and apply a polymer
�eld theory approach to calculate entropic exponents associated with the denat-
urated loop distribution. We discuss in particular variants of this transition that
may occur due to the properties of the solution and that a�ect the self- and mutual
interaction of both single and double strands.

We show that di�erent environments may shift the transition towards or away
from the �rst order regime. We �nd that the e�ects studied signi�cantly in�uence
the strength of the �rst order transition. This becomes manifest in the changes
shown by the scaling laws that govern the DNA loop and strand distribution. As a
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quantitative measure of these changes we present the values of the corresponding
scaling exponents. In the 2D case exact exponents may be deduced, mapping
the polymer model onto a two-dimensional random lattice modelling quantum
gravity. For the 3D case we derive an expansion in 4− ε dimensions and evaluate
the perturbation series to ε4 by means of resummation techniques.

This work is supported by FP7 Marie Curie Action grants PIRSES-GA-2011-
295302-SPIDER and PIRSES-GA-2010-269139 - DCP-PhysBio

C9 � Corner contribution to cluster numbers

Ferenc Iglói1, István Kovács1, Eren Metin Elçi2,
Martin Weigel2

1Wigner Research Centre, Budapest and Institute of Theoretical Physics, Szeged
University

2Applied Mathematics Research Centre, Coventry University and Institut für
Physik, Johannes Gutenberg-Universität Mainz

igloi.ferenc@wigner.mta.hu

For the two-dimensional Q-state Potts model at criticality, we consider Fortuin-
Kasteleyn and spin clusters and study the average number NΓ of clusters that in-
tersect a given contour Γ. To leading order, NΓ is proportional to the length of the
curve. Additionally, however, there occur logarithmic contributions related to the
corners of Γ. These are found to be universal and their size can be calculated em-
ploying techniques from conformal �eld theory. For the Fortuin-Kasteleyn clusters
relevant to the thermal phase transition we �nd agreement with these predictions
from large-scale numerical simulations. For the spin clusters, on the other hand,
the cluster numbers are not found to be consistent with the values obtained by
analytic continuation, as conventionally assumed. We mention possible extension
of the results for systems with quenched disorder, as well as for three-dimensional
problems.

[1] I. A. Kovács, F. Iglói and J. Cardy: Corner contribution to percolation cluster
numbers, Phys. Rev. B 86, 214203 (2012), arXiv:1210.4671.

[2] I. A. Kovács, E. M. Elçi, M. Weigel and F. Iglói: Corner contribution to cluster
numbers in the Potts models, Phys. Rev. B89, 064421 (2014), arXiv:1311.4186.

[3] I. A. Kovács and F. Iglói: Corner contribution to percolation cluster numbers
in three dimensions, preprint arXiv:1402.6535.
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C10 � Non-standard �nite-size scaling at
�rst-order phase transitions

Marco Mueller1, Wolfhard Janke1, Des Johnston2

1Institut für Theoretische Physik, Universität Leipzig, Postfach 100 920, D-04009
Leipzig, Germany

2Maths Dept, Heriot-Watt University, Edinburgh, EH14 4AS
D.A.Johnston@hw.ac.uk

We note that the standard inverse system volume scaling for �nite-size corrections
at a �rst-order phase transition (i.e., 1/L3 for an L × L × L lattice in 3D) is
transmuted to 1/L2 scaling if there is an exponential low-temperature phase de-
generacy. The gonihedric Ising model which has a four-spin interaction, plaquette
Hamiltonian provides an exemplar of just such a system. We use multicanonical
simulations of this model to generate high-precision data which provides strong
con�rmation of the non-standard �nite-size scaling law. The dual to the gonihedric
model, which is an anisotropically coupled Ashkin-Teller model, has a similar de-
generacy and also displays the non-standard scaling.

[1] Marco Mueller, Wolfhard Janke and Desmond A. Johnston, Non-Canonical
Finite-Size Scaling at First-Order Phase Transitions, Preprint arXiv:1312.5984.

C11 � Driven Heisenberg spin chain with
arbitrary boundary twisting angle: Exact

results

Dragi Karevski
University of Lorraine

dragi.karevski@univ-lorraine.fr

We consider an open Heisenberg quantum spin chain, coupled at the ends to
boundary reservoirs polarized in di�erent directions, which sets up a twisting gra-
dient across the chain. We demonstrate that the exact nonequilibrium steady state
of the chain driven by boundary Lindblad operators can be constructed explicitly
with a matrix product ansatz where the matrices satisfy the quantum algebra
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Uq[SU(2)]. Using this matrix product ansatz in the isotropic case, we calculate
explicitly the magnetization pro�les and magnetization currents.

[1] Karevski D., Popkov V., Schuetz G., Phys. Rev. Lett. 110 (2013) 047201.
[2] Popkov S, Karevski D, Schuetz G, Phys. Rev. E 88, (2013) 062118.

C12 � The critical Casimir force in a magnetic
system: an experimental protocol

David Lopes Cardozo, Hugo Jacquin,
Peter C. W. Holdsworth

Laboratoire de Physique ENS de Lyon
46, allee d'Italie F69007 Lyon, France
david.lopes_cardozo@ens-lyon.fr

Close to a critical point of a continuous phase transition in a con�ned system �uc-
tuations give rise to the critical Casimir force when the correlation length becomes
of the order of the system size. Indirect measurements in 4He wetting �lms near
the super�uid transition and both direct and indirect measurements in binary liq-
uid mixtures have been performed. The Casimir force being a critical �nite size
e�ect, its universal functional form has been studied theoretically and numerically
in the Ising and XY models as a generalized thermodynamic force, dΩ/dL, where
Ω is the magnetic free energy. However, no measurement of the critical Casimir
e�ect in magnetic systems has been performed. We introduce a new numerical
experiment that follows a magnetic protocol which could in principle be adapted
to experiments on thin �lm magnets.

[1] R. Garcia and M. H. W. Chan, Phys. Rev. Lett. 83, 1187,1999; A. Ganshin,
S. Scheidemantel, R. Garcia, and M. H. W. Chan, ibid. 97, 075301, 2006.

[2] O. Vasilyev, A. Gambassi, A. Macioªek, and S. Dietrich, Phys. Rev. E, 79,
041142, 2009.

[3] C. Hertlein, L. Helden, A. Gambassi, S. Dietrich, and C. Bech- inger, Nature
(London) 451, 172 (2008).

[4] D. Lopes Cardozo, H. Jacquin and P. C. W. Holdsworth, in preparation.
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C13 � Ageing of the 2+1 dimensional
Kardar-Parisi-Zhang model

Géza Ódor1, Je�rey Kelling2, Sibylle Gemming2

1MTA TTK MFA Research Institute for Natural Sciences, P.O.Box 49, H-1525
Budapest, Hungary

2Institute of Ion Beam Physics and Materials Research Helmholtz-Zentrum
Dresden-Rossendorf P.O.Box 51 01 19, 01314 Dresden, Germany

odor@mfa.kfki.hu

Extended dynamical simulations have been performed on a 2+1 dimensional driven
dimer lattice gas model to estimate ageing properties. The auto-correlation and
the auto-response functions are determined and the corresponding scaling expo-
nents are tabulated. Since this model can be mapped onto the 2+1 dimensional
Kardar Parisi-Zhang surface growth [1, 2], our results contribute to the under-
standing of the universality class of that basic system. The violation of the
�uctuation-dissipation relation is con�rmed numerically [3]. I show comparison
of results obtained on GPU-s CPU-s as well as on other models belonging to this
universality class.

[1] G. Ódor, J. Kelling, Phys. Rev. E 84 (2011) 061150,
[2] G. Ódor, B. Liedke and K.-H. Heinig, Phys. Rev. E 79 (2009) 021125
[3] G. Ódor, J. Kelling and S. Gemming, arXiv:1312.6029
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C14 � Entanglement spectra of interacting
fermions in quantum Monte Carlo

simulations

Fakher F. Assaad1, Thomas C. Lang2,
Francesco Parisen Toldin1

1Institut für Theoretische Physik und Astrophysik, Universität Würzburg, Am
Hubland, D-97074 Würzburg, Germany

2Department of Physics, Boston University, Boston, MA 02215, USA
francesco.parisentoldin@physik.uni-wuerzburg.de

In a recent article [1] T. Grover introduced a simple method to compute Renyi
entanglement entropies in the realm of the auxiliary �eld quantum Monte Carlo
algorithm. Here, we further develop this approach and provide a stabilization
scheme to compute higher order Renyi entropies and an extension to access the
entanglement spectrum. The method is tested on systems of correlated topological
insulators.

[1] T. Grover, Phys. Rev. Lett. 111, 130402 (2013).
[2] F. F. Assaad, T. C. Lang, F. Parisen Toldin, arXiv:1311.5851.

C15 � Planes, trains and polymers � the
statistical physics of routing

Chi Ho Yeung1, David Saad2, K. Y. Michael Wong3

1Nonlinearity and Complexity Research Group, Aston University
2Nonlinearity and Complexity Research Group, Aston University

3Department of Physics, Hong Kong University of Science & Technology
D.Saad@aston.ac.uk

Optimizing paths on networks is crucial for many applications, from subway traf-
�c to Internet communication. As global path optimization that takes account
of all path-choices simultaneously is computationally hard, most existing rout-
ing algorithms optimise paths individually, thus providing sub-optimal solutions.
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This work includes two di�erent aspects of routing. In the �rst we employ the
cavity approach to study analytically routing on a graph of given topology to
prede�ned network routers and devise the corresponding distributive optimization
algorithm. In the second we employ the physics of interacting polymers and dis-
ordered systems (the replica method) to analyse macroscopic properties of generic
path-optimization problems between arbitrarily selected communicating pairs; we
also derive a simple, principled, generic and distributive routing algorithm capable
of considering simultaneously all individual path choices.

Two types of nonlinear interactions are considered with di�erent objectives: 1)
alleviate tra�c congestion at both cyber and real space and provide better route
planning; and 2) save resources by powering down non-essential and redundant
routers/stations at minimal cost. This saves energy and man-power, and alleviates
the need for investment in infrastructure. We show that routing becomes more
di�cult as the number of communicating nodes increases and exhibits interesting
physical phenomena such as ergodicity breaking. The ground state of such systems
reveals non-monotonic complex behaviours in average path-length and algorithmic
convergence, depending on the network topology, and densities of communicating
nodes and routers.

We demonstrate the e�cacy of the new algorithm by applying it to: (i) ran-
dom graphs resembling Internet overlay networks; (ii) travel on the London under-
ground network based on Oyster-card data; and (iii) the global airport network.
Analytically derived macroscopic properties give rise to insightful new routing
phenomena, including phase transitions and scaling laws, which facilitate better
understanding of the appropriate operational regimes and their limitations that
are di�cult to obtain otherwise.

[1] C. H. Yeung, D. Saad, �The Competition for Shortest Paths on Sparse Graphs�,
Phys. Rev. Lett. 108, 208701 (2012).

[2] C. H. Yeung, D. Saad and K. Y. M. Wong,�From the Physics of Interacting
Polymers to Optimizing Routes on the London Underground�, Proceedings of
the National Academy of Sciences, 110, 13717-13722, (2013).
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London underground tra�c optimised to (a) minimise congestion and (b)
consolidate routes and reduce the number active stations.

C16 � Quantum environment for longer
coherence time

Pietro Liuzzo-Scorpo1, Alessandro Cuccoli1,
Paola Verrucchi2

1Dipartimento di Fisica ed Astronomia, Universita' di Firenze, Italy
2Istituto dei Sistemi Complessi, Consiglio Nazionale delle Ricerche, Firenze, Italy

verrucchi@fi.infn.it

Decoherence is one of the main obstacles placed in the way of the correct function-
ing of quantum devices. It is an ubiquitous phenomenon, due to the unavoidable
interaction between a quantum principal system and its environment, which be-
comes particularly disruptive when quantum properties are to be exploited and
controlled. Despite being an ordinary e�ect, decoherence is not easily describable
in a general framework, as it depends on several details of the physical setup. How-
ever, it has at least two key features: i) it is a dynamical process and ii) it is due
to the interaction with an environment, which set the topic into the domain of the
open quantum systems (OQS) dynamics. In this work, we make use of a recently
proposed method[1] for studying the dynamical evolution of a generic quantum
system subject to decoherence. From such treatment, an analytical expression
for a consistent measure of the coherence time, τd, emerges, and formally shows
how, and why, decoherence depends on the number of dynamical variables of the
environment. Based on this result we propose a strategy for extending τd; such
strategy is �nally implemented in two exemplifying situations where decoherence
must be kept under control.
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[1] D.Calvani, A.Cuccoli, N.Gidopoulos, and P.Verrucchi, PNAS 110 (2013) 6748.

C17 � Non-Ising critical point in a �uid with
short-ranged interactions

Richard Vink
Institute of Theoretical Physics, Goettingen University, Germany

rlcvink@gmail.com

It is commonly accepted that �uids undergoing a liquid-vapor type transition
belong to the universality class of the Ising model. In the context of �nite-size
scaling, this means that the density di�erence between the two phases at the
critical point vanishes ∝ L−x, where L is the linear size of the system (simulation
box) and x = 1/8 for the two-dimensional (2D) Ising model. Here, I present a
counter example, where instead x ∼ 0.5 is observed. For the susceptibility, a
scaling ∝ Ly is found, y ∼ 1, consistent with 2D hyperscaling 2x+ y = 2.

The �uid is a 2D system of N point particles, interacting via a pair potential
V =

∑
i<j

uij that is strictly short-ranged, uij = ε(1− |~di · ~dj |p)H(a− rij), with
rij the distance between particles i and j, interaction range a, H(x) the Heaviside
unit step function, ε a coupling constant to set the temperature scale, and ~di a
2D unit vector denoting, say, the orientation of particle i. Provided the exponent
p is large enough, this system undergoes a �rst-order phase transition between a
high density liquid phase, and a low density vapor [1]. By lowering the exponent
p, this �rst-order transition terminates at a critical point, characterized by the
above mentioned critical exponents x and y, which di�er distinctly from 2D Ising
values.

I will present the simulation analysis that was performed to reach these con-
clusions. A paramount ingredient of this analysis was a scheme to enable the
extrapolation of simulation data obtained for one value of p, to di�erent (nearby)
values. Since p is not a �eld variable (i.e. it does not appear as a prefactor in the
potential energy) one cannot use the standard histogram reweighting algorithm of
Ferrenberg and Swendsen [2] for this purpose.

[1] H. H. Wensink and R.L.C. Vink, J. Phys.: Condens. Matter 19 (2007) 466109.
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[2] A. Ferrenberg and R. Swendsen, Phys. Rev. Lett. 63 (1989) 1195.

The binodal (coexistence curve) of our non-Ising model.

C18 � Wave function engineering in quantum
nanostructures

Elzbieta Zipper
Instytut Fizyki, Uniwersytet Slaski, 40-007 Katowice, Poland

elzbieta.zipper@us.edu.pl

Quantum structures (called sometimes arti�cial atoms) which can be steered from
the outside are highly relevant to new technologies in which the control and ma-
nipulations of electron spin and wave functions play an important role. We have
considered nanostructures composed of a semiconductor quantum dot surrounded
by a quantum ring . The properties of such nanostructures can be strongly mod-
i�ed by changing the shape and the height of the con�nement potential. The
manipulation of these parameters by e.g. electrical gating leads to the change of
the shape and the radial distribution of wave functions which strongly in�uence
many properties.

We have shown that such wave function engineering can alter [1, 2]:

a) the relaxation time of nanostructure used as a spin qubit or a memory device
by orders of magnitude

b) the cross-section for intraband infrared or microwave absorption from large
to negligible

c) the conducting properties of a single nanostructure and of an array of dot-
ring nanostructures from highly conducting to insulating.
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Thus the basic issues of quantum mechanics can be explored to optimize the
speci�c properties of nanostructures by means of sophisticated design.

[1] E.Zipper, M.Kurpas, M.M.Maska , New Journal of Physics 14,(2012)093029.
[2] M. Kurpas, E.Zipper, M. M. Maska in �Physics of Quantum Rings�, Series:

NanoScience and Technology, Vladimir M. Fomin (editor), Springer Verlag
Berlin (2013), 455-479.
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P1 � The crystal �eld e�ects for the Ising
bilayer system consisting of spin-1/2 and

spin-3/2

Seyma Akkaya Deviren1, Erhan Albayrak2
1Department of Science Education, Education Faculty, Nevsehir Haci Bektas Veli

University, 50300 Nevsehir, Turkey
2Department of Physics, Erciyes University, 38039 Kayseri, Turkey

sadeviren@nevsehir.edu.tr

The study of magnetic thin �lms consisting of various magnetic layered structures
or superlattices has recently received intense attention for both theoretical and
experimental objectives [1]. These materials are made up of multiple layers of
di�erent magnetic substances, thus there is a high potential for technological ad-
vances in information storage and retrieval and in synthesis of new magnets for
a variety of applications and they also present some interesting novel magnetic
properties such as giant magnetoresistance [2], surface magnetic anisotropy [3],
enhanced surface magnetic moment [4] and surface magnetoelastic coupling [5].

In this study, a model consisting of two Bethe lattices each with a branching
ratio of q Ising spins with one layer having spin-3/2 with nearest-neighbor (NN)
interaction J1 and crystal �eld interaction D, and the other having spin-1/2 with
NN interaction J2 is considered. The layer with spin-3/2 is laid over the top of
the other with spin-1/2 and the two layers are tied together via an interaction
between the vertically aligned spins denoted as J3. The variations of the order-
parameters and the free energy are investigated using the exact recursion relations
in a pairwise approach to obtain the temperature dependent phase diagrams of
the model by considering only the ferromagnetic ordering of the layers, i.e. J1>0
and J2>0, and ferromagnetic or antiferromagnetic ordering of the adjacent NN
spins of the layers, J3>0 or J3>0, respectively. Besides the second-order phase
transition lines with di�erent kinds of behaviors, the �rst-order phase transition
lines either ending at a tricritical point or at an isolated critical point are found.
The model presents compensation temperatures when J2 of the lower layer can
compete with J1 of the upper layer. The paramagnetic phase is also divided into
two phases by studying the thermal behaviors of the quadrupolar moment for the
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layer with spin-3/2.

[1] Elmers H J 1995 Int. J. Mod. Phys. B 9 3115
[2] Baibich M N, Broto J M, Fert A, Nguyen Van Dau F, Petro� F, Eitenne P,

Creuzet G, Friederich A and Chazelas J 1988 Phys. Rev. Lett. 61 2472
[3] Sayama J, Asahi T, Mizutani K and Osaka T 2004 J. Phys. D: Appl. Phys. 37

L1�4
[4] Wu R and Freeman A J 1992 Phys. Rev. B 45 7205
[5] O'Handley R C and Sun S W 1991 Phys. Rev. Lett. 66 2798

P2 � Partition function of the monomer-dimer
model

Nicolas Allegra, Jean-Yves Fortin
IJL, CNRS, Groupe de Physique Statistique, Université de Lorraine, Nancy,

France
nicolas.allegra@univ-lorraine.fr

In this poster, I will discuss the generalized monomer-dimer model and show how
Grassmann variables can be used to express the partition function, and compute
correlation functions exactly.

[1] Poster partially based on http://arxiv.org/pdf/1402.5512.pdf.
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P3 � Crystallization mechanism in melts of
short n-alkane chains

Muhammad Anwar, Francesco Turci, Tanja Schilling
Université du Luxembourg, Theory of Soft Condensed Matter, L-1511

Luxembourg, Luxembourg
muhammad.anwar@uni.lu

Despite the long-standing research interest in crystallization in polymer melts,
many fundamental aspects of the crystal nucleation and growth mechanisms are
still subject of discussion [1]. In the traditional picture of the early stages of the
polymer crystallization, the Bragg peaks are observed after the induction period
in wide angle X-ray scatter- ing(WAXS). But in 1990's small angle X-ray scat-
tering (SAXS) peaks were reported in many experiments during induction period
[2, 3]. These SAXS peaks were claimed to be due to the presence of ordered melt
before occurance of nucleation event. The- ories have been proposed to explain
these SAXS peak [4, 5]. Given the high degree of complexity that long polymer
chains pose, a basic comprehension of how even relatively short chains crystallize
is of fundamental importance in order to build a coherent theory. Crystal nu-
cleation in alkanes has been addressed in several computer simulation studies in
the 90s [6, 7, 8] and a scenario for the nucleation mechanism has been suggested.
Due to the limited computer resources available at the time, however, these works
were based on one simulation trajectory each (except Ref. [6]). Considering the
limited amount of data available in the literature on the nu- cleation and growth
mechanism in short chain alkanes, we identify the microscopic mechanisms of ho-
mogeneous crystal nucleation and growth. For the nucleation pro- cess, we observe
that chains �rst align and then straighten. Then the local density increases and
�nally the monomer units become ordered positionally. The subse- quent crystal
growth process is characterized by a sliding-in motion of the chains. This process
is cooperative, i.e. neighboring chains tend to get attached in clusters rather than
independently.

[1] Gert Strobl, Rev. Mod. Phys. 81, 1287 (2009).
[2] M. Imai, K. Kaji, and T. Kanaya. Macromolecules, 27(24):7103�7108, 1994.
[3] T. A. Ezquerra, E. López-Cabarcos, B. S. Hsiao, and F. J. Baltà-Calleja, Phys.

Rev. E 54, 989 (1996).
[4] T. C. B. McLeish N. J.Terrill P. D. Olmsted, W. C. K. Poon and A. J. Ryan.

Physical Review Letters, 81:373�376, 1998.
[5] K. Kaji. Wiley-VCH Verlag GmbH & Co. KGaA, 2005.
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[6] K. Esselink, P. A. J. Hilbers, and B. W. H. van Beest. The Journal of Chemical
Physics, 101(10):9033�9041, 1994.

[7] Hisao Takeuchi. The Journal of Chemical Physics, 109(13):5614�5621, 1998.
[8] Susumu Fujiwara and Tetsuya Sato. Phys. Rev. Lett., 80:991�994, Feb 1998.

P4 � Irreversibility by competition for a
Glauber-Ising model by means of the

entropy production

Oscar A. Barbosa, Tânia T. Martins
IFUSP

oscarsil@usp.br

An irreversible and out of equilibrium system is analyzed by means of a stochastic
dynamics based on an approach that aims to understand the macroscopic e�ects
as a consequence of the microscopic characteristics. The study focus on the ki-
netic phase transitions that take place by assuming a lattice model, intended to
describe the stationary states by the entropy production, which characterize the
system behavior, clarifying the reversibility conditions. Thus a kinetic Ising model
with up-down symmetry and under the in�uence of two competing Glauber dy-
namics is analized. In this sense one considers a square lattice formed by two
sublattices interconnected, which are in contact with two heat baths at di�er-
ent temperatures. The study is made by means of the analytical approach of a
mean-�eld approximation and Monte Carlo simulations. The results show a phase
transition of the second order in the steady state regime, which is evidenced by a
logarithmic divergence of the entropy production derivative.

[1] J. Schnakenberg, Network theory of microscopic and macroscopic behavior of
master equation systems, Rev. Mod. Phys, v 48, 4, 1976.

[2] T. Tomé and Mário J. de Oliveira, Entropy Production in Nonequilibrium at
Stationary States . Phys. Rev. Lett, v 108, 020601, 2012.

[3] R. K. P. Zia and B. Schmittmann, Probability currents as principal characteris-
tics in the statistical mechanics of non-equilibrium steady states, J. Stat. Mech.,
P07012, 2007.

[4] G. Grinstein and C. Jayaprakash and Yu He, Statistical Mechanics of Proba-
bilistic Cellular Automata, Phys. Rev. Lett., v 55, 23, 1985.
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P5 � MuCa vs WL: A tight race

Elmar Bittner1, Wolfhard Janke2
1Institut für Theoretische Physik, Universität Heidelberg

2Institut für Theoretische Physik, Universität Leipzig
e.bittner@thphys.uni-heidelberg.de

We perform a competitive analysis to study the relative performance of the two
best-known generalized-ensemble algorithms: the multicanonical Monte Carlo and
the Wang-Landau method. To keep things as simple and clear as possible, we take
the exactly solvable two-dimensional Ising model as test case and we show also
some results for the three dimensional Ising model.

P6 � Current �uctuations in a temporally
correlated zero-range process

Massimo Cavallaro1, Raul Mondragon2,
Rosemary J. Harris1

1School of Mathematical Sciences, Queen Mary University of London, London,
UK

2School of Electronic Engineering and Computer Science, Queen Mary
University of London, London, UK

m.cavallaro@qmul.ac.uk

We study, both analytically and numerically, an open boundary version of the
on-o� zero range process (ZRP) introduced in [1]. In this model the departure
rates from a node depend not only on its occupation number, but also on previous
arrivals. This condition mimics the instantaneous congestion of customers also
observed in human dynamics, where the temporal correlations are not negligible.

We focus on the large deviations of current in this model. Analytical calcu-
lations for a one-site system show that, although the steady state corresponds to
that of a Markovian ZRP with modi�ed hopping rates, the probability of rare cur-
rents di�ers signi�cantly from the Markovian case. In particular, we �nd evidence
for a novel memory-induced dynamical phase transition. The analytical results
are tested against Monte Carlo simulations and an advanced numerical method
which has been developed to evaluate large deviation functions directly [2].
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[1] O. Hirschberg, D. Mukamel, and G. Schütz. Phys. Rev. Lett. 103 (2009) 090602
[2] V. Lecomte and J. Tailleur. J. Stat. Mech. Theor. Exp. 2007 (2007) 03004

P7 � PageRank model of opinion formation on
Ulam networks

Levon Chakhmakhchyan1, Dima Shepelyansky2
1A. I. Alikhanyan National Science Laboratory, Alikhanyan Br. 2, Yerevan 0036,

Armenia
2Laboratoire de Physique Theorique du CNRS, IRSAMC, Université de

Toulouse, UPS, F-31062 Toulouse, France
levonc@rambler.ru

The understanding of mechanisms of opinion formation in the modern society is at
the heart of a newly emerged research �eld, known as sociophysics [1]. Among a
large number of voter models, developed during last few decades, we consider the
PageRank model of opinion formation on Ulam networks [2]. The latter networks,
generated by the intermittency map and the typical Chirikov map, share certain
similarities with such scale-free networks as, e.g., the World Wide Web (WWW)
[3]. On the other hand, the PageRank model of opinion formation introduces the
notion of importance of a node, naturally reproducing the real society, where each
person has its degree of authority [4]. In the present work we show that the opin-
ion formation process on Ulam networks have certain similarities, but also distinct
features compared to the WWW. We attribute these distinctions to internal dif-
ferences in network structure of the Ulam and WWW networks. Additionally, we
study the in�uence of network elite on opinion formation process and consider the
Sznajd model [5], generalized for scale-free networks, which protects opinion of
small communities.

[1] C. Castellano, S. Fortunato, V. Loreto, Rev. Mod. Phys. 81 (2009) 591.
[2] L. Chakhmakhchyan, D. Shepelyansky, Phys. Lett. A 377 (2013) 3119.
[3] D. L. Shepelyansky, O. V. Zhirov, Phys. Rev. E 81 (2010) 036213; L. Ermann,

D. L. Shepelyansky, Phys. Rev E. 81 (2010) 03622.
[4] V. Kandiah, D. L. Shepelyansky, Physica A 391 (2012) 5779.
[5] K. Sznajd-Weron, J. Sznajd, Int. J. Mod. Phys. C 11 (2000) 1157.
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P8 � Non-equilibrium steady states of
Fokker-Planck-Boltzmann equation

Benjamin Collyer
Centre for Complexity Science, University of Warwick

b.collyer@warwick.ac.uk

In the presence of forcing and dissipation, widely separated in scale, the Boltz-
mann equation is known to display non-equilibrium steady states where energy and
mass is transported conservatively. We consider an approximation to the Boltz-
mann equation with the same quadratic non-linearity that exhibits such types of
solutions, and provide numerical and analytical predictions for the relation be-
tween the forcing and dissipation scales and the thermodynamic quantities of the
system. We compare our results with a di�erential approximation model, which
has been used previously to derive predictions.

P9 � Condensation of large �uctuations in a
thermodynamical system

Federico Corberi
Universita` di Salerno, via Giovanni Paolo II 132, 84084 Fisciano (SA), Italy.

corberi@sa.infn.it

Condensation of �uctuations is an interesting phenomenon conceptually distinct
from condensation on average. One stricking feature is that, contrary to what hap-
pens on average, condensation of �uctuations may occurr even in the absence of
interactions or external constraints. This surprising phenomenon is investigated,
in and out of equilibrium, in the context of simple models of classical statistical
mechanics, like the Gaussian model or the Spherical model, chosen as paradig-
matical non-interacting or interacting systems. The explanation emerges from the
duality between large deviation events in the given system and typical events in a
new and appropriately biased system. It is shown that the bias in the companion
system induces a mean-�eld-like e�ective interaction. Phase diagrams, covering
both the equilibrium and the o�-equilibrium regimes, are derived for observables
representative of generic behaviors. The di�erence in the experimental protocols
required to observe the two facets of condensation is highlighted.
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P10 � The Navajo and Quiche myths: a
comparative study on the mythology of

Amerindians

Silvio Dahmen1, Pádraig Mac Carron2, Ralph Kenna2
1Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil

2Applied Mathematics Research Center, Coventry, UK
silvio.dahmen@gmail.com

The theme of my talk is to discuss a new approach to comparative mythology
which involves the use of network theory. By studying the social networks of
classical texts and comparing them to social networks of �real life�, the aim of
this approach is to be able to say something about their historicity, among other
things. This idea was �rst put forward [1] and the present work is part of an
ongoing cooperation whose aim is to extend this innovative approach to di�erent
cultures [2] as well as deepen the analysis of texts using network theory.

[1] Pádraig Mac Carron and Ralph Kenna, Universal properties of mythological
networks, EPL 99 (2012) 28002.

[2] S. R. Dahmen, Pádraig Mac Carron and Ralph Kenna, The Navajo and Quiche
Myths: a Comparative Study on the Mythology of Amerindians, in preparation.

P11 � Evolved model regulatory networks form
meta-networks in genotype and

phenotype space

Burçin Danac�, Ay³e Erzan
Department of Physics, Istanbul Technical University, Maslak, Istanbul 34 469,

Turkey
danacib@itu.edu.tr

A model population of Boolean networks evolved under selection for short dynam-
ical attractors, form a meta-network in genotype space whose nodes are Boolean
networks which are connected by an edge if they are one mutation away from each
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other. Co-evolved networks are closer to each other in genotype space compared
to the randomized networks, in the sense that the average mutational distance
between the evolved networks is smaller than those of randomized networks. The
degree distributions of the meta-networks formed in genotype space generally �t
Poisson distributions with the same mean value for independently evolved popula-
tions. Most of these meta-networks have connected components containing more
than half of the networks within the population. The randomized counterparts
of the evolved networks, however, do not have any neighbors in the genotype
space, since the minimum mutational distance between the randomized networks
is larger than one. The Boolean networks form a meta-network also in phenotype
space, where two Boolean networks are connected by an edge, if they share at
least one attractor. The edges are weighted by the sizes of the basins of attraction
of the shared attractors and di�erent threshold values are used to eliminate weak
connections. The meta-networks in the phenotype space of the evolved popula-
tions exhibit degree distributions which increase with the degree and the sizes of
their largest connected components decrease slower with the increasing threshold
compared to the meta-networks of the randomized populations, suggesting a per-
colation threshold which goes to zero with the system size.

[1] A. L. Barabási, and R. Albert, Science, 286 (1999) 509-512.
[2] S. Ciliberti, O. C. Martin, and A. Wagner, PLOS Comput. Biol. 3 (2007) e15.
[3] S. Ciliberti, O. C. Martin, and A. Wagner, Proc. Natl. Acad. Sci. 104 (2007)

13591-13596.
[4] S. N. Dorogovtsev, and J. F. F. Mendes, Advances in Physics, 51 (2002) 1079-

1187
[5] B. Danac�, M. A. An�l, and A. Erzan, "Motif statistics of arti�cially evolved

and biological networks, Preprint.
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P12 � Dynamic phase transitions in a
cylindrical Ising nanowire

Bayram Deviren1, Ersin Kantar2, Mustafa Keskin2

1Department of Physics, Nevsehir Haci Bektas Veli University, 50300 Nevsehir,
Turkey

2Department of Physics, Erciyes University, 38039 Kayseri, Turkey
bayram.deviren@nevsehir.edu.tr

Magnetic nanowire systems have attracted considerable attention not only because
of their academic interest, but also their technological applications. In particular,
in the areas of magnetic recording media, spin electronics, optics, sensors and
thermoelectronics devices [1]. It has been also reported that Ni nanowires can
be used in bioseparation and have higher yields compared with magnetic polymer
microspheres [2]; hence this provides a new chance for magnetic nanowires to be
applied in biomedical �elds. In the experimental area, the magnetic nanowires
have been synthesized and their magnetic properties have been investigated, such
as Fe�Co, Co�Pt, Ni, Ga1−xCuxN, Fe, Fe3O4, Co, Fe�Pt, Ni�Fe, Co�Cu etc [3].

While the equilibrium properties of the magnetic nanowires have been investi-
gated within the several theoretical methods in equilibrium statistical physics, as
far as we know, the dynamical aspects of the magnetic nanowires have not been
investigated. The purpose of the paper is to calculate and characterize the nature
(�rst- or second-order) of dynamic phase transitions (DPTs) in a cylindrical Ising
nanowire system under a time-dependent oscillating external magnetic �eld for
both ferromagnetic and antiferromagnetic interactions by employing the EFT with
correlations and the Glauber-type stochastic dynamics. Temperature dependence
of the dynamic magnetizations, the dynamic total magnetization, the hysteresis
loop areas and the dynamic correlations are investigated in order to characterize
the dynamic phase transition temperatures and the compensation behaviors. The
system strongly a�ected by the surface situations. Some characteristic phenomena
are found depending on the ratio of the physical parameters in the surface shell
and the core. According to the values of Hamiltonian parameters, �ve di�erent
types of compensation behaviors in the Neel classi�cation nomenclature exist in
the system. The system also exhibits a reentrant behavior.

This work was supported by Nevsehir Haci Bektas Veli University Research
Funds, Grant no. 2012/12.

[1] S. S. P. Parkin, M. Hayashi, L. Thomas, Science 320 (2008) 190
[2] M. Tanase, et.al., Nano Letters 1 (2001) 155
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[3] K.-H. Seong, et.al., Nano Letters 7 (2007) 3366.

P13 � In�uence of random pinning on the
crystallization process in suspensions of

hard spheres

Sven Dorosz, Tanja Schilling
Universite du Luxembourg, 162a avenue de la faiencerie, L-1511, Luxembourg

sven.dorosz@uni.lu

We discuss crystal formation in supersaturated suspensions of monodisperse hard
spheres with a concentration of hard spheres randomly pinned in space and time.
The pinning procedure introduces an external length scale and an external time
scale that restrict the accessible number of con�gurations and ultimately the num-
ber of pathways leading to crystallization. We observe a signi�cant drop in the nu-
cleation rate density at a characteristic pinning concentration that can be directly
related to the structure of the critical nucleus and the dynamics of its formation
in the unpinned system.

[1] Sven Dorosz and Tanja Schilling, JCPT, Vol.4 No.2, Jan 2014

A series of snapshots of a typical nucleation event (blue) out of an
overcompressed �uid (grey) in the presence of randomly pinned hard spheres

(red).
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P14 � Fragmentation of Potts clusters

Eren Metin Elçi, Martin Weigel, Nikolaos Fytas
Applied Mathematics Research Centre, Coventry University, Coventry, CV1

5FB, England
elcie@coventry.ac.uk

The random cluster model is at the heart of a range of models in statistical physics,
including uniform spanning trees, percolation and the Potts model. Many geomet-
ric and fractal aspects have been analysed, in particular at criticality, and a related
zoo of exponents is known exactly or at least accessible by numerical methods. The
fragmentation of clusters is a process of general importance for the modeling of
a wide range of phenomena, including polymer fragmentation and processes in
porous media. We use extensive numerical simulations employing a recent e�-
cient implementation of Sweeny's single-bond algorithm to study the distribution
of cluster sizes as well as the density of fragmenting (or bridge) bonds relevant to
the fragmentation properties. The latter quantity is of additional importance for
algorithmic aspects such as the observed critical speeding up of the single-bond
dynamics.

P15 � Decon�nement and topological-sector
�uctuations at the

Berezinskii-Kosterlitz-Thouless phase
transition

Michael Faulkner1, Steven Bramwell1, Peter Holdsworth2

1London Centre for Nanotechnology, University College London, WC1H 0AH,
United Kingdom

2Laboratoire de Physique, ENS de Lyon, 69634 Lyon, France
michael.faulkner.11@ucl.ac.uk

We investigate the emergent electromagnetism of the 2dHXY model [1] at �-
nite temperature. We �nd the model to be governed by laws entirely analogous
to Maxwell's equations. We show that two-dimensional Maggs-Rossetto proto-
col [2] extended to the Grand Canonical Ensemble is equivalent to the 2dHXY
model. This mapping clearly illustrates the topological nature of the Berezinskii-
Kosterlitz-Thouless phase transition [3]: the decon�nement of the emergent charge
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above the phase transition leads to topological-sector �uctuations in the emergent
electric �eld; this is characterized by an order parameter calculated via the wind-
ing number of the system.

[1] S. T. Bramwell and P. C. W. Holdsworth, Phys. Rev. B 49 (1994) 13.
[2] A. C. Maggs and V. Rossetto, Phys. Rev. Lett. 88 (2002)

A. C. Maggs, J. Chem. Phys. 120 (2003) 7.
L. Levrel and A. C. Maggs, J. Chem. Phys. 128 (2008) 214103

[3] V. L. Berezinskii, Sov. Phys. - JETP 32 (1971) 493.
J. M. Kosterlitz and D. J. Thouless, J. Phys. C: Solid State Phys. 6 (1973)
1181.

P16 � Hyperscaling above the upper critical
dimension in Ising models with long

range interactions

Emilio Flores Sola1, Bertrand Berche2, Ralph Kenna1,
Martin Weigel1

1Applied Mathematics Research Centre, Coventry University
2Statistical Physics Group, Université de Lorraine, Nancy, France

floresse@coventry.ac.uk

It is well known that standard hyperscaling (νd = 2− α) and universal �nite-size
scaling break down above the upper critical dimension d = dc, where critical ex-
ponents take on their Landau values. This is due to dangerous irrelevant variables
in the renormalization group formalism. A recently developed theory ascribes the
breakdown of hyperscaling to a separation of the correlation length scale ξL from
the underlying system length scale L, and introduces a new critical exponent via
ξL ∼ Lq. While q = 1 for d ≤ dc, q = d/dc above the upper critical dimension.
Taking proper account of these di�erent length scales allows one to extend hy-
perscaling to all dimensions via νd/q = 2 − α. It also modi�es �nite scaling in
such a way that, e.g., the standard form for the susceptibility χL ∼ Lγ/ν becomes
χL ∼ Lqγ/ν .

Here we consider an Ising model with long-range interaction strength decaying
as 1/rd+σ, for which dc = 2σ. In particular, we simulate the system in d = 1 dimen-
sion with periodic boundary conditions. The simulation was implemented using a
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cluster Monte Carlo method for spin systems with long-range interaction [3], which
is based on the Swendsen-Wang cluster algorithm through Fortuin-Kasteleyn spin
representation. Implementing the simulations for a number of di�erent values of
σ, we verify the new scaling form for the correlation length and the modi�ed form
for �nite-size scaling and verify that the new critical exponent is q = d/dc = 1/2σ.

[1] B. Berche, R.Kenna and J.-C. Walter, Nucl. Phys. B 865 (2012) 115-132.
[2] R. Kenna and B. Berche, Condens. Matter Phys. 16 (2013) 23601: 1-12.
[3] K. Fukui and S. Todo, J. Comp. Phys. 228 (2009) 2629-2642.

P17 � Structure optimization of BLN protein
models combining local-search,

evolutionary, and genetic approaches

Florian Günther1, Arnulf Möbius2, Michael Schreiber3
1Helmholtz-Zentrum Dresden-Rossendorf, Germany

2Institute for Theoretical Solid State Physics, IFW Dresden, Germany
3Institute of Physics, Technical University Chemnitz, Germany

f.guenther@hzdr.de

Establishing relations between the amino acid sequence of a protein and its spatial
structure is a very important and challenging task. When analysing the forces
a�ecting the protein folding, the investigation of the related free energy landscape
is of central importance. Thereby, to obtain the ground state and low-energy
metastable states, highly e�cient structure optimization tools are needed.

Here, we study the properties of genetic local-search type optimization ap-
proaches, in particular of thermal cycling (TC) [1] and systematic-crossover local-
search (SCLS) algorithms. For this aim, we focus on the BLN protein model,
designed by J.D. Honeycutt and D. Thirumalai [2]. We consider 46-, 58-, and
69-bead sequences from Refs. [2, 3]; the 69-bead sequence seems to be the largest
BLN model treated in the liteature up to now.

In all these cases, the TC and SCLS algorithms reliably �nd the global mini-
mum within reasonable computing times. Both algorithms proved to be far more
e�cient than multi-start local-search and simulated annealing approaches.

In the present work, to the best of our knowledge, the BLN model with rigid
bond lengths is studied in detail for the �rst time. We compare our results to

64

f.guenther@hzdr.de


Poster Presentations MECO39

the properties of the extended model by Berry et al. [4], in which sti� spring-like
bonds are substituted for the rigid bonds: The hardening of the spring constants
causes several level crossings of the metastable states. For the 46-bead model, this
concerns even the ground state.

[1] A. Möbius, A. Neklioudov, A. Diaz-Sanchez, K. H. Ho�mann, A. Fachat, and
M. Schreiber, Phys. Rev. Lett. 79 (1997) 4297.

[2] J. D. Honeycutt and D. Thirumalai, Biopolymers 32 (1992) 695.
[3] M. T. Oakley, D. J. Wales, and R. L. Johnston, J. Phys. Chem. B 115 (2011)

11525.
[4] R. S. Berry, N. Elmaci, J.P. Rose, and B. Vekhter, Proc. Natl. Acad. Sci. USA

94 (1997) 9520.

P18 � Nonequilibrium processes in the vicinity
of hydrodynamic states

Vyacheslav Gorev, Alexander Sokolovsky
Oles Honchar Dnipropetrovsk National University, 72 Gagarin Ave.,

Dnipropetrovsk, Ukraine, 49010
lordjainor@gmail.com

The Chapman�Enskog method is generalized on the basis of the Bogolyubov idea
of the functional hypothesis (see, for example, [1]). A theory that describes a
nonequilibrium state of a gas by the usual hydrodynamic variables ζµ(x, t) and
arbitrary additional local variables θi(x, t) has been constructed. The gradients
of all these parameters and the deviations δθi(x, t) of the variables θi(x, t) from
their hydrodynamic values θi(x, ζ(t)) are assumed to be small and are estimated
by two independent small parameters g, λ. The proposed theory is nonlinear in
the variables δθi(x, t) too.

The usual Chapman�Enskog method leads to the solution of Fredholm integral
equations of the �rst kind with an operator K̂ given by the linearized collision
integral. The proposed theory leads to the solution of linear integral equations of
a more complicated nature with the same operator K̂. Some of them are eigenvalue
problems for the operator K̂ and describe the kinetic modes of the system.

The proposed theory is applied to the solution of a modi�ed Grad problem.
Grad formulated his problem in his 13-moment approximation for the solution of
kinetic equations [2]. In his theory nonequilibrium states of a gas are described, in
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addition to the usual hydrodynamic variables, by the �uxes of energy qn(x, t) and
traceless momentum πln(x, t). In fact, these �uxes are considered as small quan-
tities of the same order λ and the Grad distribution function includes only terms
of the orders g0λ0, g0λ1. Moreover, it corresponds to the one-polynomial approx-
imation in the Burnett method and his method is based on a very approximate
solution of the eigenvalue problem for the operator K̂. In our modi�cation of the
Grad problem, a nonequilibrium state of a gas is described by the usual hydrody-
namic variables and small deviations δqn(x, t), δπln(x, t) of the above-mentioned
�uxes from their hydrodynamic values qn(x, ζ(t)), πln(x, ζ(t)). In the simplest
approximation this leads to a theory of the Maxwell relaxation.The Bogolyubov
reduced description method, based on his idea of the functional hypothesis, gives
an adequate solution of the problem.

[1] A. I. Akhiezer, S. V. Peletminskii. Methods of Statistical Physics. Int. Ser. in
Nat. Phil., Vol. 104, Oxford: Pergamon Press, 1981, 450 p.

[2] H. Grad. On the kinetic theory of rare�ed gases. Commun. on Pure and Appl.
Math. 2, No.4 (1949) 331.

P19 � Dynamics of spherical model with
correlated noise

Masayuki Hase1, Malte Henkel2
1Núcleo de Pesquisa em Sistemas Complexos da USP and Escola de Artes,

Ciências e Humanidades da Universidade de São Paulo
2Groupe de Physique Statistique, Institut Jean Lamour (Université de Lorraine

Nancy))
mhase@usp.br

The dynamics of a (mean) spherical model with correlated noise is investigated.
The noise possesses a fractional brownian motion with Hurst index H, and the
analysis is based on exact results obtained for the two-time autocorrelation and
response function. The behaviour of the system is compared to the work of
Godrèche-Luck[1], where the noise is uncorrelated. Not only the dynamics of the
present case is richer (due to the extra parameter H), but displays a non-trivial
interplay between the dissipative part and noise term.
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[1] C. Godrèche and J.-M. Luck, J. Phys. A 33 (2000) 9141.

P20 � Ground-state, magnetic and partition
function zeros properties of the spin-1
Ising-Heisenberg model on a diamond

chain

Vahan Hovhannisyan1, Nerses Ananikyan1, Ralph Kenna2
1A.I. Alikhanyan National Science Laboratory, 0036 Yerevan, Armenia

2Applied Mathematics Research Centre, Coventry University, Coventry, CV1
5FB, UK

vahmer@rambler.ru

We study the ground state, magnetic and partition function zeroes properties of
the spin-1 Ising-Heisenberg model on a diamond chain using the transfer matrix
method. The model demonstrate a large variety of ground-state phases. The ex-
istence of the magnetization plateaus have been observed at one third as well as
two third of the saturation magnetization. The Yang-Lee and Fisher zeros distri-
butions are studied numerically for a variety of value of model parameters. The
existence of the usual σ = − 1

2
and unusual σ = − 2

3
Yang-Lee edge singularity

exponents are shown.

P21 � Modelling of topological defects
entangled around nanoparticles of
nematic liquid crystal colloids

Anja Humpert
University of Warwick, CV4 7AL, Coventry, UK

a.humpert@warwick.ac.uk

We aim to study topological defects around nanoparticles in liquid crystals. Large-
scale molecular dynamics simulations are used to obtain a better understanding of
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their molecular-level behaviour. The main focus is to study the defect structures
around nanoparticles inserted into a nematic as a function of particle separa-
tion and to measure the free-energy associated with such arrangements. Spher-
ical nanoparticles of di�erent sizes inserted into a nematic were simulated using
the Gay-Berne (GB) potential [1]. Around the nanoparticles the liquid crystal
molecules are frustrated. This is due to the competition between aligning along the
main direction of the liquid crystal molecules, called the director, and the anchor-
ing conditions at the nanoparticles' surface. For homeotropic, normal, anchoring,
Saturn ring defects were found [2], while for planar anchoring, Boojum defects
were observed, which is in excellent agreement with Laundau-de Gennes theory
(LdG) [3]. For larger colloids with homeotropic anchoring, in experiments the
Satellite defect was observed to be stable [4]. This defect has a dipolar structure
in the director �eld, whereas the Saturn ring defect has a quadrupolar structure.
By initially applying an external �eld, this defect structure can also be observed
for small nanoparticles. We have also carried out molecular simulations of pairs
of colloids approaching each other. At small particle separations the defect loops
around each colloid start to bend and at very close distances entangled defect
structures were observed [5].

[1] J.G. Gay and B.J. Berne, J. Chem. Phys., 74, (1981) 3316.
[2] D. Andrienko, G. Germano and M.P. Allen, Phys. Rev. E, 63, (2001) 041701.
[3] M. Ravnik and S. �umer, Liq. Crystals 36, (2009) 1201.
[4] P. Poulin and D.A. Weitz, Phys. Rev. E, 57, (1998) 625.
[5] V. Tomar, T.F. Roberts, N.L. Abbott, J.P. Hernández-Ortiz and J.J. de Pablo,

Langmuir, 28, (2012) 6124.

Entangled defect structure
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P22 � From amorphous aggregates to polymer
bundles: The role of sti�ness on

structural phases in polymer aggregation

Wolfhard Janke, Johannes Zierenberg
Institut für Theoretische Physik, Universität Leipzig, Postfach 100 920, D-04009

Leipzig, Germany
wolfhard.janke@itp.uni-leipzig.de

We study the aggregation transition of a �nite polymer system in dependence on
the bending sti�ness κ with the help of parallel multicanonical simulations. In
order to distinguish amorphous aggregates from polymer bundles we introduce an
order parameter, measuring the correlation of the end-to-end vectors. With the
help of this order parameter, we construct full T -κ phase diagrams for systems
with 2 and 8 polymers and discuss the occurring phases from amorphous aggre-
gates to bundle structures. For an intermediate sti�ness range we �nd multiple
aggregated phases which change with increasing number of polymers and discuss
their nature with the help of microcanonical analyses. We show that the sti�ness
of semi�exible polymers plays a key role in whether the system forms amorphous
aggregates or bundle structures [1].

[1] J. Zierenberg and W. Janke, e-print arXiv:1401.3227 (cond-mat.soft).
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Phase diagram for 8 polymers consisting of N = 13 monomers each, combining
the surface plot of the end-to-end correlation parameter, the maxima of the heat

capacity (black dots) and the temperature derivative of a phase separation
parameter (blue squares). We identify several structural phases, namely S

(separated), Ai (aggregated) and Fi (�frozen�), and present typical conformations
for the low-temperature phases.
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P23 � Adsorption of a simple �uid in a
nanopore: in�uence of system and

reservoir size on the intermediate states
visited

J. Puibasset1, E. Kierlik2, G. Tarjus2
1CRMD, CNRS, FRE3520, Université d'Orléans, France

2LPTMC, CNRS, UMR7600, Université Pierre et Marie Curie, France
puibasset@cnrs-orleans.fr

Adsorption of �uids in a nanoporous solid is of great importance regarding porous
materials characterization, catalysis, environment, energy . . . Besides experimen-
tal investigations, molecular simulation or density functional theory calculations
provide valuable information for experimental data analysis, and possibly predic-
tions. We focus on the adsorption properties of a �uid con�ned in simple pore
geometries (cylindrical and slit pore) in equilibrium with a reservoir. We inves-
tigate the e�ect of system and reservoir size. The system generally exhibits hys-
teresis in the adsorption and desorption isotherms, hindering the determination of
equilibrium states. It is shown that, even for small system or reservoir size, the
isotherms still exhibit discontinuities associated with inhomogeneous states that
break the pore symmetry. We examine the physical relevance of these intermediate
states for the liquid/vapour transition of con�ned �uid, and explore the validity
of thermodynamic integration for free energy calculations, which are required for
the determination of the coexistence and possibly the energy barriers associated
with the transition.
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P24 � Distribution of dynamical quantities in
the contact process, random walks, and

quantum spin chains in random
environments

Róbert Juhász
Institute for Solid State Physics and Optics, Wigner Research Centre for

Physics, H-1525 Budapest, P.O. Box 49, Hungary
juhasz.robert@wigner.mta.hu

We study the distribution of dynamical quantities in various one-dimensional, dis-
ordered models the critical behavior of which is described by an in�nite randomness
�xed point. In the disordered contact process, the survival probability P(t) is found
to show multi-scaling in the critical point, meaning that P(t) = t−δ, where the
(environment and time-dependent) exponent δ has a universal limit distribution
when t → ∞. The limit distribution is determined by the strong disorder renor-
malization group method analytically in the end point of a semi-in�nite lattice,
where it is found to be exponential, while, in the in�nite system, conjectures on
its limiting behaviors for small and large δ, which are based on numerical results,
are formulated. By the same method, the survival probability in the problem of
random walks in random environments is also shown to exhibit multi-scaling with
an exponential limit distribution. In addition to this, the (imaginary-time) spin-
spin autocorrelation function of the random transverse-�eld Ising chain is found
to have a form similar to that of survival probability of the contact process at the
level of the renormalization approach. Consequently, a relationship between the
corresponding limit distributions in the two problems can be established. Finally,
the distribution of the spontaneous magnetization in this model is also discussed.

[1] R. Juhász, Phys. Rev. E 89, 032108 (2014)
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P25 � Cluster size distribution in the
autocatalytic growth model

Jakub J�edrak
Institute of Physical Chemistry Polish Academy of Sciences 44/52. Kasprzaka

01-224 Warsaw
jjedrak@ichf.edu.pl

Colloid formation, as well as polymerization processes of various kind, usually in-
volve chemical reactions. Such phenomena may be described theoretically by so
called reaction-aggregation equations. We present a particular reaction-aggregation
model, where in the absence of coagulation, analytical solution can be obtained for
arbitrary values of the model parameters. This result is of a practical importance,
because coagulation may be experimentally switched o� quite easily. If this is the
case, the present model may provide good description of the real experimental
situation.

[1] Ligen Zhang and Z. R. Yang, Phys. Rev. E 55, 1442 (1997); J. Ke and Z. Lin,
Phys. Rev. E 66, 062101 (2002); Z. Lin, J. Ke, and G. Ye, Phys. Rev. E 74,
046113 (2006); Shun-You Yang, Sheng-Qing Zhu, and Jianhong Ke, Phys. Rev.
E 80, 031114 (2009).

[2] J. Jedrak, Phys. Rev. E 87, 022132 (2013); J. Jedrak,
http://xxx.tau.ac.il/abs/1311.6705.

[3] M. A. Watzky, R. G. Finke, J. Am. Chem. Soc. 119, 10382 (1997); C. Besson,
E. E. Finney, and R. G. Finke, Chem. Mater. 17, 4925 (2005); C. Besson, E.
E. Finney, and R. G. Finke, J. Am. Chem. Soc. 127, 8179 (2005); E. E. Finney,
and R. G. Finke, Journal of Colloid and Interface Science 317, 351 (2008).

[4] K. Pacªawski and K. Fitzner, Metallurgical and Materials Transactions B 35,
1071 (2004); V. V. Tatarchuk, A. P. Siergievskaya, I. A. Druzhinina, V. I.
Zaikovsky, J Nanopart Res 13, 4997 (2011); M. Luty-Bªocho, K. Pacªawski, W.
Jaworski, B. Streszewski, and K. Fitzner, Progr Colloid Sci 138, 39 (2011); B.
Streszewski, W. Jaworski, K. Pacªawski, E. Csapo I. Dekany and K. Fitzner,
Colloids and Surfaces A 397, 63 (2012); K. Pacªawski, B. Streszewski, W.
Jaworski, M. Luty-Bªocho, and K. Fitzner, Colloids and Surfaces 413, 208
(2012).
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P26 � On the uniform sampling of ground
states in the 2D ±J Ising spin glass

model

Hamid Khoshbakht, Martin Weigel
Applied Mathematics Research Centre, Coventry University, Coventry, CV1

5FB, UK
hamidkhoshbakht@gmail.com

It is well known that the Edwards-Anderson Ising spin glass with discrete cou-
pling distribution results in an extensive ground-state degeneracy. As the number
of ground states hence grows exponentially with system size L, an exact enumer-
ation is not practical, except for very small systems. This even applies to the
otherwise well tractable model in two dimensions. There, exact ground states can
be generated in polynomial time using one of several known mappings to minimum-
weight perfect matching problems. While the resulting algorithm can be modi�ed
to generate random ground states in the presence of degeneracies, these are not
in general produced with uniform probabilities. Here, we introduce an approach
that achieves approximate uniform sampling. The algorithm is based on a cluster
analysis of connected domains of free spins resulting from inputs generated by
the matching approach which are then used as state space for a suitably adapted
Markov chain sampling.

P27 � Corner contribution to percolation
cluster numbers in three dimensions

István A. Kovács1, Ferenc Iglói2
1Wigner RCP, SZFKI, Budapest, Hungary

2Institute of Theoretical Physics, Szeged University, Szeged, Hungary
kovacs.istvan@wigner.mta.hu

In three-dimensional critical percolation we study numerically the number of clus-
ters, NΓ, which intersect a given subset of bonds, Γ. If Γ represents the interface
between a subsystem and the environment, then NΓ is related to the entanglement
entropy of the critical diluted quantum Ising model. Due to corners in Γ there are
singular corrections to NΓ, which scale as bΓ lnLΓ, LΓ being the linear size of Γ and
the prefactor, bΓ, is found to be universal. This result indicates that logarithmic
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�nite-size corrections exist in the free-energy of three-dimensional critical systems.

P28 � Lee-Yang-Fisher zeros for the Ising
model on complex networks

Mariana Krasnytska1, Bertrand Berche2, Ralph Kenna3,
Yurij Holovatch1

1Institute for Condensed Matter Physics, National Acad. Sci. of Ukraine,
UA�79011 Lviv, Ukraine

2Institut Jean Lamour, CNRS/UMR 7198, Groupe de Physique Statistique,
Université de Lorraine, BP 70239, F-54506 Vand÷uvre -l`es-Nancy Cedex, France

3Applied Mathematics Research Centre, Coventry University, Coventry CV1
5FB, United Kingdom

kras_mariana@icmp.lviv.ua

We analyze the partition function of the Ising model on graphs of two di�erent
types: (i) a complete graph, when all graph nodes are mutually linked and (ii)
an annealed scale-free network with the node-degree distribution decaying P (k) ∼
k−λ. We are interested in zeros of the partition function Z in the case of complex
temperature t or external �eld h (Fisher and Lee-Yang zeros correspondingly)
[1, 2]. The study of partition function zeros gives quantitative information about
phase transitions occurring in the system. In particular, for the second order
phase transition, location and motion of the zeros allows to calculate the critical
temperature, critical exponents α, β, δ and the critical amplitude ratio A+/A−.

By the present study, we accomplish the Lee-Yang [3] and Fisher [4] zeros
analysis for the Ising model on a complete graph. For the model on an annealed
scale-free network, we �nd an appropriate integral representation for the partition
function. In particular, for h = 0 it reads:

Z ∼
∫ +∞

0

e−tu
2−u4

du, λ > 5, (1)

Z ∼
∫ +∞

0

e−tu
2−uλ−1

du, 3 < λ < 5. (2)

Here, t is appropriately normalized temperature variable.
One of the obtained results is demonstrated by Fig. a, where the solutions

of the equations ReZ = 0 and ImZ = 0 with Z given by Eq. (1) are shown
by dark and light curves correspondingly (black and red online). Crossings of
these curves form the line of Fisher zeros. In the vicinity of the critical point,

75

kras_mariana@icmp.lviv.ua


MECO39 Poster Presentations

this line makes an angle ϕ with the real part of the complex temperature plane.
Note, that the case λ > 5 reproduces behaviour of zeros for the Ising model on
a complete graph. For 3 ≤ λ < 5 the angle ϕ appears to be λ-dependent (see
Fig. b). In turn, this gives access to the (λ-dependent) values of the critical ex-
ponents and critical amplitudes ratios of the Ising model on the scale-free network.

[1] M.E. Fisher, Phys. Rev. Lett. 40 (1978) 1610.
[2] C.N. Yang, T.D. Lee, Phys. Rev. 87, 404 (1952); ibid. 87 (1952) 410.
[3] Z. Glumac, K. Uzelac, Phys. Rev. E 66 (2013) 022140.
[4] M.L. Glasser, V. Privman, L.S. Schulman, J. Stat. Phys. 66 (1986) 451.
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P29 � A simple mechanism for controlling
oscillations in coupled genetic circuits

Darka Labavic, Hildegard Meyer-Ortmanns
School of Engineering and Science, Jacobs University Bremen

d.labavic@jacobs-university.de

We study a system of coupled genetic circuits, so-called bistable frustrated units.
Individual units show excitable or oscillatory behaviour depending on the choice
of parameters [1]. The same regimes are observed also for coupled units when a
single uniformly chosen bifurcation parameter is varied. By monotonically tuning
this parameter we can generate pattern formation over a �nite time interval and
control the duration of oscillations. Depending on the tuning speed, the network
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topology and the coupling strength, we observe a rich dynamics with di�erent time
scales, self-organized pacemakers, spiral patterns, and planar waves. To demon-
strate the complexity of the dynamics, we perform a detailed bifurcation analysis
for two coupled units and indicate how it extrapolates to a larger network.

[1] P. Kaluza and H. Meyer-Ortmanns, Chaos 20 (2010) 043111

Formation of a spiral pattern on an undirected rectangular lattice

P30 � Capillary wave and dynamical interfacial
tension for a two-component

Bose-Einstein condensate in strong
segregation: I. Planar limit

Chang-You Lin
Instituut voor Theoretische Fysica, KU Leuven, Celestijnenlaan 200D, B-3001

Leuven, Belgium
changyoul@gmail.com

We employ Bogoliubov analysis to study capillary wave (ripplon) at a planar
interface of a two-component Bose-Einstein condensates in strong segregation an-
alytically and numerically. We propose a set of ansatz functions for the order
parameters with both spatial and phase �uctuation in the limit of a small oscil-
lation in compressible super�uids. Incompressibility is recovered when the phase
velocity of the surface wave is small compared to the sound wave of the conden-
sates. Combining the far-�eld and near-�eld behavior of the Bogoliubov-de Gennes
(BdG) equations for the condensates, we obtain approximated analytic solutions
in long wavelength limit. With which and the peticular boundary conditions, we
solve BdG equations numerically by a successive over relaxation method. We then
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study the energy associated with the presence of a capillary wave and use the
analytical solutions for BdG equations to obtain dispersion relation and dynamic
surface tension. This dispersion relation agrees with the prediction of classical im-
compressible �uids but with a correction linear to the wavenumber of the surface
wave due to the highly compressible nature of the condensates.

P31 � Statistical distributions and the entropy
considerations in genetics

Krystyna Lukierska-Walasek1, Krzysztof Topolski2
1Faculty of Mathematics and Natural Sciences, Cardinal Stefan Wyszy«ski

University, Dewajtis 5, 01-815 Warsaw, Poland
2Institute of Mathematics, Wroclaw University, Pl. Grunwaldzki 2/4, 50-384

Wroclaw, Poland
k.lukierska@uksw.edu.pl

In last years appeared the possibility to provide some knowledge of genome se-
quence data in many organisms. The genome have been studied intensively by
number of di�erent method, for example [1]-[5]. In papers [3] and [4] the Zipf
approach to analyzing linguistic texts has been extended to statistical study of
DNA base pair sequences. A language is characterized by some alphabet with
letters, which form words as sequence of n letters. Languages have very di�erent
alphabets: computers 0, 1 (two bits), English language 27 letters with space and
DNA four nitric bases: G(guanine), A(adenine), C(cytosine), T(thymine). Zipf's
law implies the statistical distributions of hyperbolic type, which can describe
the properties of stability and entropy loss in linguistics [6]. Similar situation
can occur in a genome sequence data which carries the genetic information. We
present the information theory from which follows that if the system is described
by distributions of hyperbolic type it leads to the possibility of entropy loss. We
try to �nd the correspondence between the histograms of gene lengths and the
hyperbolic distributions for some bacteria, as Borelia burgdorferi, Escherichia coli
and Saccharomyces cerevisiae. We model a gene length histograms using Gener-
alized Inverse Gaussian hyperbolic distributions. Fig. 1 present histogram of the
gene length in the genome of the Borrelia burgdorferi with the �t of the inverse
Gaussian distribution. We present also the numer of repetitions of genes in the
genomes of Escherichia coli and Borelia burgdorferi.Distriburions of repetitions of
genes in genome are represented by dystributions of hyperbolic type.
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[1] W. Li and K. Kaneko, Europhys. Lett. 17, 655 (1992)
[2] C. K. Peng et al., Nature (London) 356, 168 (1992).
[3] R. N. Mantegna, S. V. Buldyrev, A. L. Goldberger, S. Havlin, C. K. Peng, M.

Simons, and H. E. Stanley, Phys. Rev. Lett. 73, 3169 (1994).
[4] R. N. Mantegna, S. V. Buldyrev, A. L. Goldberger, S. Havlin, C. K. Peng, M.

Simons, and H. E. Stanley, Phys Rev. E 52, 2939( 1994).
[5] P. W. Messer, P. F. Arndt and M. Lassing, Phys. Rev. Lett.94,138103(2005).
[6] P. Harremoes and F. Topsoe, Entropy, 3,1,2001.
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Histogram of the gene length in the genome of the Borrelia burgdorferi with the
�t of the inverse Gaussian distribution.

P32 � Competing contact processes in the
Watts�Strogatz network

Marcin J. Rybak, Krzysztof Malarz, Krzysztof Kuªakowski
AGH University of Science and Technology, Faculty of Physics and Applied

Computer Science, al. Mickiewicza 30, 30-059 Krakow, Poland
malarz@agh.edu.pl

Two competing processes [1, 2] are simulated on the Watts�Strogatz network [3].
The network's nodes are decorated with spin-like variables si ∈ {S,D}. Dur-
ing simulation each S node having a D-site in its neighbourhood converts this
neighbour from D to S state. Conversely, a node in D state having at least one
neighbour also in state D-state converts all nearest-neighbours of this pair into D-
state [4]. The latter is realized with probability p. After long enough simulation
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time T the system reaches a stationary state with all sites either in S or all sites
in D-state.

We construct a surface of unstable �xed points in (C, p, nS(0)) space, where
C, p, nS(0) are the network clustering coe�cient, the probability of D-like pro-
cess and an initial fraction of nodes in S state. For points on this surface half of
simulations ends with nS(T ) = 1 while the second half of simulations ends with
nS(T ) = 0. Here nS(T ) denotes a �nal fraction of nodes in state S. The sys-
tem prefers evolution toward nS(T ) = 1 for points situated above this surface in
(C, p, nS(0)) space.

[1] M. J. Rybak and K. Kuªakowski, Int. J. Mod. Phys. C 24 (2013) 1350012.
[2] M. J. Rybak and K. Kuªakowski, Acta Phys. Pol. A 44 (2013) 1007.
[3] D. J. Watts and S. H. Strogatz, Nature 393 (1998) 440.
[4] K. Sznajd-Weron and J. Sznajd, Int. J. Mod. Phys. C 11 (2000) 1157.
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P33 � Threading dynamics of ring polymers in
a gel

Davide Michieletto1, Davide Marenduzzo2,
Enzo Orlandini3, Gareth Alexander1, Matthew Turner1

1University of Warwick
2University of Edinburgh

3Universitá di Padova
davide.michieletto@gmail.com

Ring polymers continue to present a challenge to the theoretical community as the
polymers lack of ends represents a severe topological constraint on their conforma-
tions, especially when di�using through a gel. In particular, threadings between
rings have always been conjectured to play an important role in solutions of closed
chains, from the work of Klein [1] to more recent ones [2], but always proved very
hard to detect and quantify. We performed large-scale Molecular Dynamics sim-
ulations of a concentrated solution of unknotted, unlinked rings in a background
gel made up of a three dimensional cubic lattice of static polymer segments with
lattice spacing equal to the chains Kuhn length (Fig. (a)), in order to detect
inter-ring penetrations. We took advantage of the ordered architecture of our gel
to unambiguously identify inter-ring threadings by measuring the linking of closed
curves (Fig. (b)). We show that some of threadings have a life-time that is at
least comparable to that of the longest relaxation time of the chains and argue
that they may be much longer for longer chains than those we were able to sim-
ulate here. The achievement of an adequate description of inter-ring interactions
could explain most of the confusion on the macroscopic properties of solutions of
rings, where, on top of a fast di�usion, one can observe very long lived correlations.
Finally, we compare our system to an evolving (directed) network of penetrating
rings (Fig. (c)) and suggest that, in the limit of very long chains, a spanning
connected component of threading rings may emerge, which would then exhibit
very slow (glassy) dynamics at the scale of centre of mass motion for each chain,
while retaining substantially unhindered motion at the level of individual chain
segments. Having observed that the number of threadings per chain grows linearly
with the length of the rings, we conjecture that such a topological glass is bound
to emerge in the limit of very long rings.

[1] Klein, Macromolecules 118 (1986)
[2] Halverson et al, J. Chem. Phys. 134 (2011)
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(a) Snapshot of our system. (b) Snapshot of the threading of two chains. (c)
Snapshot of the directed network of inter-penetrating rings.

P34 � Aging of downloads of scienti�c
publications: a case study

Olesya Mryglod1, Ralph Kenna2, Yurij Holovatch1

1Institute for Condensed Matter Physics of the National Academy of Sciences of
Ukraine, Lviv, Ukraine

2Applied Mathematics Research Centre, Coventry University, Coventry, CV1
5FB, England

olesya@icmp.lviv.ua

The history of web downloads of scienti�c publications in the journal �Europhysics
Letters� (EPL) is analysed. Our initial motivation was to investigate whether
there may be correlations between downloads and later citations, in order to check
whether the former could play a predictive role for the later. But the analysis of
aging of downloads is an interesting task in itself: while citations are usually
considered as an indicator of academic impact, downloads re�ect rather the level
of attractiveness or popularity of a publication. This could be considered as a
complementary measure to other scientometric measures, and for this reason we
report on that here.

The statistics of downloads were analysed in two di�erent ways (see [1]). While
the so-called syncronous approach allows us to �nd patterns of downloads for di�er-
ent periods of a journal's life, the diachronous approach can be used to characterize
the individual download histories of each paper. In particular, we found that, us-
ing the notions of half-life and of averaged cumulative numbers, it is possible to
group EPL publications into several categories (e.g., see [2]). Similar to citations,
downloads can accumulate in di�erent ways: e.g., (i) in a typical manner, or (ii)
slowly �rst, with with �bursts� later, or (iii) very actively at the beginning but
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slowly later. The topic of current interest is to �nd the possible reasons for such
di�erent patterns of downloads which allows to classify scienti�c publications ac-
cording to �popularity� or �exoticness� (�sleeping beauties� or ��ash-in-the-pans�).

[1] Moed H.F. Statistical relationships between downloads and citations at the
level of individual documents within a single journal. J. Am. Soc. Inf. Sci.
Technol. (2005) 56:1088-97.

[2] Costas R., van Leeuwen T.N., van Raan A.F.J. Is scienti�c literature subject
to a `Sell-By-Date'? A general methodology to analyze the `durability' of
scienti�c documents. J. Am. Soc. Inf. Sci. (2010) 61: 329�339.

P35 � Manipulating qubits by spin chain
soliton excitations
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1Dipartimento di Fisica e Astronomia - Universita' di Firenze (Italy)
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Many proposals for quantum devices are based on qubits that are physically real-
ized by the spin of quantum objects, such as atoms, molecules, quantum dots, and
so on. The most adopted strategy for manipulating these qubits is that of apply-
ing suitable localized and time dependent magnetic �elds. However, in solid-state
based setups, selectively applying a �eld just to one qubit without disturbing the
neighbouring ones is hardly attainable. In this work we propose to use magnetic
solitons propagating along a spin chain to accomplish the above task. Indeed, if
the chain is locally coupled with one qubit, as the soliton runs the qubit behaves,
due to its interaction with the chain, as if it were subject to an e�ective magnetic
�eld, well localized in space, whose time dependence is supplied by soliton's fea-
tures. Moreover, the generation of solitons is proposed to be achieved by applying
a proper magnetic �eld to one of the chain ends, which is considered far from the
qubit we are interested in, when the whole system is initially aligned with a uni-
form magnetic �eld. We here present results for the time evolution of the qubit's
density-matrix, whose dynamics is induced by the propagation along a classical
Heisenberg chain of solitons of di�erent shapes: this gives rise to di�erent �nal
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states proving the e�ectiveness of the above scheme in order to prepare and manip-
ulate single qubits. In addition, we prove, by means of numerical simulations of the
dynamics of spin variables of a classical discrete Heisenberg chain, the possibility
of generating quite stable soliton-like excitations with the aforementioned method.

P36 � Thermalization of low-dimensional
quantum systems

Guilherme Monteiro Oliveira1, Silvio Dahmen2

1Instituto de Fisica UFRGS - Porto Alegre - Brazil
2Instituto de Fisica UFRGS - Porto Alegre - Brazil

guigm.oliveira@gmail.com

Statistical Mechanics was developed to explain the behavior of systems in the
thermodynamic limit starting from a microscopic approach , i.e, its concepts are
applied to systems with a large number of degrees of freedom. However, low-
dimensional systems do not have such universally accepted concepts mainly be-
cause the Schrödinger's equation � responsible for the temporal evolution of quan-
tum systems � is linear and the energy spectrum is discrete.

Classically, two systems are said to be in equilibrium when both of them have
the same temperature. However, temperature is not well understood from the
quantum mechanical point of view yet.

The Eigenstate Thermalization Hypothesis (ETH) [1] asserts that many-body
quantum systems should thermalize regardless of its initial conditions before an
observable (magnetization, occupation,...). Thus, the thermalization concept is
associated with the temporal evolution of an observable.

As a suggestion, Gemmer and coauthors [2] proposed the spectral temperature

1

kBT
:= −

(
1− W0 +WM

2

)−1 M∑
i=1

(
Wi +Wi−1

2

)
lnWi − lnWi−1 − lnNi + lnNi−1

Ei − Ei−1

(3)
where Wi is the probability of �nding the quantum system in the energy level Ei
and M is the number of levels.

This equation is derived from the maximization of Shannon's entropy

S = −kB
∑
k

Wk lnWk (4)

once that classically the entropy is maximum when the system reaches equilibrium.
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The objective of the present work is to present some results about thermal-
ization and the spectral temperature of a �nite quantum spin chain (Heisenberg
XYZ) coupled with a gibbsian bath.

[1] Rigol M, Dunjko V, Olshanii M, Thermalization and its mechanism for generic
isolated quantum systems, Nature 452 (2008), 854.

[2] Gemmer J, Michel M, Mahler G, Quantum Thermodynamics. Lecture Notes
in Physics 657, Springer Verlag, Berlin, 2005.

[3] Huang, K, Statistical Mechanics, John Wiley & Sons Inc, ISBN 0-471-81518-7.
[4] Jensen RV, Shankar R, Statistical Behavior in Deterministic Quantum Systems

with Few Degrees of Freedom, Phys. Rev. Lett. 54 (1985), 1879.
[5] Saito K, Takesue S, Miyashita S, System Size Dependence of Statistical Behav-

ior in Quantum Systems, J. Phys. Soc. Japan 65 (1996), 1243.
[6] Orbach R, Linear Antiferromagnetic Chain with Anisotropic Coupling, Phys,

Rev. 112 (1958), 309.
[7] Lieb E, Schultz T, Mattis D, Two soluble models of an antiferromagnetic chain,

Annals of Physics 16/3 (1961), 407.
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1Instituto de Física, Universidade Federal do Rio Grande do Sul, Caixa Postal

15051, CEP 91501-970, Porto Alegre, RS, Brazil
2Instituto de Física, Universidade de São Paulo, Caixa Postal 66318

05315-970 São Paulo, São Paulo, Brazil
salete.pianegonda@gmail.com

The contact process (CP) with a competitive dynamics proposed by Martins et
al. [Phys. Rev. E 84, 011125 (2011)] leads to the appearance of an unusual
active phase, in which the system sublattices are unequally populated. It di�ers
from the usual CP only by the fact that particles also interact with their next-
nearest neighbor sites via a distinct strength creation rate and for the inclusion
of an inhibition e�ect, proportional to the local density. Aimed at investigating
the robustness of such asymmetric phase, in this paper we study the in�uence of

85

salete.pianegonda@gmail.com


MECO39 Poster Presentations

distinct interactions. In the �rst model, the interaction between �rst neighbors
requires a minimal neighborhood of adjacent particles for creating new o�spring,
whereas second neighbors interact as usual (e.g. at least one neighboring particle is
required). The second model takes the opposite situation, in which the restrictive
dynamics is in the interaction between next-nearest neighbors sites. Both models
are investigated under mean �eld theory (MFT) and Monte Carlo simulations.
In similarity with results by Martins et al., the inclusion of distinct sublattice
interactions maintains the occurrence of an asymmetric active phase and reen-
trant transition lines. In contrast, remarkable di�erences are presented, such as
discontinuous phase transitions (even between the active phases), the appearance
of tricritical points and the stabilization of active phases under larger values of
control parameters. Finally, we have shown that the critical behaviors are not al-
tered due to the change of interactions, in which the absorbing transitions belong
to the directed percolation (DP) universality class, whereas second-order active
phase transitions belong to the Ising universality class.

[1] C. E. Fiore, Phys. Rev. E 89 (2014) 022104.
[2] E. F. da Silva and M. J. de Oliveira, Comp. Phys. Comm. 183 (2012) 2001.
[3] M. M. de Oliveira and R. Dickman, Phys. Rev. E 84 (2011) 011125.
[4] K. Binder, Phys. Rev. Lett. 47 (1981) 693.
[5] T. E. Harris, Ann. Probab. 2 (1974) 969.
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Stochasticity in gene expression gives rise to �uctuations in protein levels across a
population of genetically identical cells. Such �uctuations can lead to phenotypic
variation in clonal populations, hence there is considerable interest in quantifying
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noise in gene expression using stochastic models. However, obtaining exact ana-
lytical results for protein distributions has been an intractable task for all but the
simplest models. Here, we invoke the partitioning property of Poisson processes
to develop a mapping that signi�cantly simpli�es the analysis of stochastic models
of gene expression. The mapping leads to exact protein distributions using results
for mRNA distributions in models with promoter-based regulation. Using this
approach, we derive exact analytical results for steady-state and time-dependent
distributions for the basic 2-stage model of gene expression. Furthermore, we
show how the mapping leads to exact protein distributions for extensions of the
basic model that include the e�ects of post-transcriptional and post-translational
regulation. The approach developed in this work is widely applicable and can
contribute to a quantitative understanding of stochasticity in gene expression and
its regulation.

P39 � Evolution of the magnetization after a
local quench in the critical
transverse-�eld Ising chain

Ferenc Iglói1, Gerg® Roósz1, Loic Turban2

1Wigner Research Centre, Institute for Solid State Physics and Optics, H-1525
Budapest, P.O.Box 49, Hungary

2Université de Lorraine, Institut Jean Lamour, UMR 7198, Vand÷uvre l`s Nancy
e e Cedex, F-54506, France

roosz@szfki.hu

We study the time evolution of the local magnetization in the critical Ising chain
in a transverse �eld after a sudden change of the parameters at a defect. The re-
laxation of the defect magnetization is algebraic and the corresponding exponent,
which is a continuous function of the defect parameters, is calculated exactly. In
�nite chains the relaxation is oscillating in time and its form is conjectured on the
basis of precise numerical calculations.
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P40 � Controlled engineering of extended
states in disordered systems

Alberto Rodriguez1, Arunava Chakrabarti2,
Rudolf A. Römer3

1Physikalisches Institut, Albert-Ludwigs Universität Freiburg, Hermann-Herder
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India

3Department of Physics and Centre for Scienti�c Computing, University of
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r.roemer@warwick.ac.uk

We describe how to engineer wavefunction delocalization in disordered systems
modelled by tightbinding Hamiltonians in d > 1 dimensions. We show analyt-
ically that a simple product structure for the random onsite potential energies,
together with suitably chosen hopping strengths, allows a resonant scattering pro-
cess leading to ballistic transport along one direction, and a controlled coexistence
of extended Bloch states and anisotropically localized states in the spectrum. We
demonstrate that these features persist in the thermodynamic limit for a continu-
ous range of the system parameters. Numerical results support these �ndings and
highlight the robustness of the extended regime with respect to deviations from
the exact resonance condition for �nite systems. The localization and transport
properties of the system can be engineered almost at will and independently in
each direction. This study gives rise to the possibility of designing disordered po-
tentials that work as switching devices and band-pass �lters for quantum waves,
such as matter waves in optical lattices.

[1] A. Rodriguez, A. Chakrabarti, and R. A. Römer, Phys. Rev. B 86, 085119
(2012).
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P41 � Multifractal �nite-size-scaling and
universality at the Anderson transition
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Warwick, Coventry, CV4 7AL, United Kingdom
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Salamanca, Spain

3Institute of Advanced Study, Complexity Science Centre and Department of
Statistics, University of Warwick, Coventry, CV4 7AL, United Kingdom
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We describe a new multifractal �nite-size scaling (MFSS) procedure and its appli-
cation to the Anderson localization-delocalization transition. MFSS permits the
simultaneous estimation of the critical parameters and the multifractal exponents.
Simulations of system sizes up to L3 = 1203 and involving nearly 106 indepen-
dent wave functions have yielded unprecedented precision for the critical disorder
Wc = 16.530(16.524, 16.536) and the critical exponent ν = 1.590(1.579, 1.602). We
�nd that the multifractal exponents ∆q exhibit a previously predicted symmetry
relation and we con�rm the nonparabolic nature of their spectrum. We explain
in detail the MFSS procedure �rst introduced in our Letter [1] and, in addition,
we show how to take account of correlations in the simulation data. The MFSS
procedure is applicable to any continuous phase transition exhibiting multifractal
�uctuations in the vicinity of the critical point.

[1] A. Rodriguez, L. J. Vasquez, K. Slevin, and R. A. Römer, Phys. Rev. Lett.
105, 046403 (2010).

[2] A. Rodriguez, L. J. Vasquez, K. Slevin, and R. A. Römer, Phys. Rev. B 84,
134209 (2011).
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P42 � Localisation and �nite-size e�ects in
graphene

C. González-Santander1, F. Domínguez-Adame1,
M. Hilke2, R. A. Römer3

1GISC, Departamento de Fsica de Materiales, Universidad Complutense,
E-28040 Madrid, Spain

2Department of Physics, McGill University, Montreal (Quebec) H3A 2T8,
Canada

3Department of Physics and Centre for Scientic Computing, University of
Warwick, Coventry, CV4 7AL, UK

r.roemer@warwick.ac.uk

We show that electron states in disordered graphene, with an onsite potential
that induces inter-valley scattering, are localised for all energies at disorder as
small as 1/6 of the band width of clean graphene. We clarify that, in order
for this Anderson-type localisation to be manifested, graphene �akes of size ≈
200× 200 nm2 or larger are needed. For smaller samples, due to the surprisingly
large extent of the electronic wave functions, a regime of apparently extended (or
even critical) states is identi�ed. Our results complement earlier studies of macro-
scopically large samples and can explain the divergence of results for �nite-size
graphene �akes.

[1] C. González-Santander, F. Domínguez-Adame, M. Hilke, and R. A. Römer,
EPL 104, 17012 (2013).

P43 � Sampling low energy states of the
Edwards-Anderson model

Stefan Schnabel
Institut für Theoretische Physik, Universität Leipzig

schnabel@itp.uni-leipzig.de

The numerical search for ground states of the three-dimensional Edwards-Anderson
spin glass with Gaussian bond distribution is very challenging and a variety of al-
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gorithms have been introduced. So far, systems with sizes up to N ≈ 123 have
been investigated by means of genetic methods. Here, we show how a competitive
search algorithm can be designed when standard Monte Carlo techniques are com-
bined with simple energy minimization procedures. In a second step we propose a
modi�ed Hamiltonian with an associated free energy landscape that contains the
relevant minima, but can be sampled more e�ciently.

P44 � Jamming percolation in three
dimensions

Yair Shokef, Eial Teomy, Antina Ghosh
School of Mechanical Engineering, Tel Aviv University

shokef@tau.ac.il

Kinetically-constrained models have trivial interactions and relatively simple ki-
netic rules, which generate clusters of mutually-blocked particles, and thus lead
to cooperative and slow relaxation; and ultimately to jamming when the typical
size of these clusters exceeds the system size. The Kob-Andersen and Fredricksen-
Andersen models, for which the kinetic constraint depends only on the number
of neighboring occupied sites, have �nite-sized blocked clusters at any particle
density, and thus jam only in �nite-sized systems. In jamming-percolation mod-
els, such as the spiral model, blocked particles form a system-spanning cluster
at �nite density, and thus exhibit an ergodic-nonergodic phase transition in the
thermodynamic limit.

We generalized the spiral model to include density, temperature and nonequi-
librium driving as separate control parameters, and disentangled the three di�erent
relaxation mechanisms responsible for unjamming when varying each of them [1].
Subsequently, we studied the e�ects of box size and shape on jamming in the Kob-
Andersen and Fredrickson-Andersen models in arbitrary dimension [2, 3]. We
showed how jamming can occur as the system's aspect ratio is changed, and �nd
that the scaling laws for the critical density vs system size depend on the system's
shape.

We will present our extension of jamming-percolation models to three dimen-
sions [4]. We introduce a three-dimensional model, and prove that the fraction
of frozen particles is discontinuous at the directed-percolation critical density. In
agreement with the accepted scenario for jamming- and glass-transitions, this is
a mixed-order transition; the discontinuity is accompanied by diverging length-
and time-scales. Because one-dimensional directed-percolation paths comprise the
backbone of frozen particles, the unfrozen rattlers may use the third dimension
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to travel between their cages. Thus the dynamics are di�usive on long-times even
above the critical density for jamming.

[1] Y. Shokef and A. J. Liu, Euro. Phys. Lett. 90 (2010) 26005.
[2] E. Teomy and Y. Shokef, Phys. Rev. E 86 (2012) 051133 .
[3] E. Teomy and Y. Shokef, Phys. Rev. E 89 (2014) 032204.
[4] A. Ghosh, E. Teomy and Y. Shokef, arXiv:1310.8273

P45 � Superposition enhanced nested sampling

Jacob Stevenson, Stefano Martiniani, Daan Frenkel,
David Wales

Department Of Chemistry, Cambridge University
js850@cam.ac.uk

Nested sampling is a Bayesian method for exploring arbitrary parameters spaces.
In the context of statistical physics it can be used to directly and e�ciently com-
pute the density of states. As with other Monte Carlo based methods, nested
sampling struggles when the energy landscape is very rugged, with large energy
barriers separating thermodynamically important states. We report a new hybrid
method for the exploration of systems exhibiting broken ergodicity on simula-
tion time scales. Superposition enhanced nested sampling (SENS) combines the
strengths of global optimisation algorithms with the unbiased/athermal sampling
of nested sampling, greatly enhancing its e�ciency with no additional parameters.
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P46 � Magnetization process of the spin-1/2
Ising-Heisenberg and Heisenberg
tetrahedral chain: a comparison

Jozef Stre£ka1, Taras Verkholyak2, Onofre Rojas3,
Marcelo Lyra4

1Department of Theoretical Physics and Astrophysics, Faculty of Science, P. J.
�afárik University, Park Angelinum 9, 040 01, Ko²ice, Slovakia

2Institute for Condensed Matter Physics, National Academy of Sciences of
Ukraine, 1 Svientsitskii Street, L'viv-11, 79011, Ukraine

3Departamento de Ciencias Exatas, Universidade Federal de Lavras, 37200-000,
Lavras-MG, Brazil

4Instituto de Física, Universidade Federal de Alagoas, 57072-970, Maceio-AL,
Brazil

jozef.strecka@upjs.sk

The frustrated spin-1/2 Ising-Heisenberg ladder with the Heisenberg intra-rung
and Ising inter-rung interactions is exactly solved in a longitudinal magnetic �eld
by taking advantage of the local conservation of the total spin on each rung and
the transfer-matrix method. We have rigorously calculated the ground-state phase
diagram, magnetization process, magnetocaloric e�ect and basic thermodynamic
quantities for the model, which can be alternatively viewed as the Ising-Heisenberg
tetrahedral chain. It is demonstrated that a stepwise magnetization curve with
an intermediate plateau at a half of the saturation magnetization is also re�ected
in respective stepwise changes of the concurrence serving as a measure of bipar-
tite entanglement. The ground-state phase diagram and zero-temperature mag-
netization curves of the Ising-Heisenberg tetrahedral chain are confronted with
the analogous results of the purely quantum Heisenberg tetrahedral chain, which
have been obtained through the extensive density-matrix renormalization group
(DMRG) calculations. While both ground-state phase diagrams fully coincide in
the regime of weak inter-rung interaction, the purely quantum Heisenberg tetrahe-
dral chain develops Luttinger spin-liquid and Haldane phases for strongly coupled
rungs, which are absent in the Ising-Heisenberg counterpart model.
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P47 � Multiferroicity in doped and undoped
BTO-nanoparticles

Ste�en Trimper1, Safa Golrokh Bahoosh2,
Julia M. Wesselinowa3

1Martin-Luther-University Halle, Germany, Institute of Physics
2Max-Planck-Institute of Microstructure Physics, Halle, Germany

3Department of Physics, University So�a, Bulgaria
steffen.trimper@physik.uni-halle.de

We investigate theoretically multiferroic material that possesses at least two coex-
isting ferroic orders in a single phase. Our analysis is based on the recent observa-
tion that typical ferroelectric materials such as BaTiO3 (BTO) become multiferroic
when it is prepared at the nanoscale. Nanoparticles (NP) composed of BTO o�er
at room-temperature magnetic hysteresis as well as temperature-dependent dielec-
tric constant and a polarization. The magnetism in the nanoparticles (NP) has
been suggested to be intrinsic and originates from cation or anion vacancies at the
surfaces of the NP. Based on a microscopic Hamiltonian and a Green's function
technique we demonstrate that the unexpected ferromagnetic properties of BTO-
NP are due to oxygen vacancies at the surface of that material. Such vacancies
lead to the appearance of Ti3+ or Ti2+ ions with nonzero net spin. The resulting
di�erent valence states composed of Ti-ions o�er a nonzero magnetization which
decreases with increasing particle size. The system shows a multiferroic behavior
below a critical size of the nanoparticles and the related polarization tends to a
saturation value when the particle size is enhanced. We have also analyzed the
in�uence of magnetic �elds and ion doping on the magnetic and electric properties
in doped BTO.

94

steffen.trimper@physik.uni-halle.de


Poster Presentations MECO39

P48 � Road tra�c �ow modeling and signal
optimisation for fuel economy and
emissions reduction in Coventry City

based on experimental data

Yuri Vershinin
Director of Intelligent Transport Systems and Vehicle Dynamics Applied

Research Group, Coventry University, U.K.
o292j@gmx.com

Nowadays, tra�c congestion becomes a serious problem for many urban areas in
the world. As the result of congestion, the e�ciency of transportation infrastruc-
ture is generally reduced and a travel time is increased. Also, congestion creates
the additional fuel consumption and generates air pollution.

The aim of projects carried out at Coventry University is to show how Intelli-
gent Transport Systems (ITS) may be used in order to provide tra�c improvement,
air emissions reduction and fuel economy. The Ring Road and main roads in the
Coventry City Centre have been created in a digital form for the computer sim-
ulation. Several tasks have been considered, i.e. modelling and simulation of an
incident on the main road and the development of an alternative strategy to re-
route the tra�c; optimisation of existing tra�c control plants in order to increase
the tra�c �ow throughput and reduce pollutant emissions and fuel consumption;
creating a �ooding scenario in a Coventry Ring Road network in order to simulate
the road tra�c behavior at the time of �ooding; and the addition of a tra�c signal
on a busy intersection, which allows one to reduce a stoppage time for vehicles
and improve safety.

P49 � Entanglement via quantum repeated
interactions

Pierre Wendenbaum1, Thierry Platini2, Dragi Karevski1
1Institut Jean Lamour, Université de Lorraine-CNRS, Nancy, France

2Applied Mathematics Research Centre, University of Coventry, United Kingdom
pierre.wendenbaum@univ-lorraine.fr

We study the entanglement dynamics, via the concurrence, between spins belong-
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ing to two di�erent XX chains coupled on one edge to a quantum reservoir. This
reservoir is modelled by an in�nite set of Bell pairs, each constituent of the pairs
interacting repeatedly with one chain only. The state of the whole system being
Gaussian during the evolution, the system is characterized by means of two points
fermionic correlations functions. We �nd that the steady state of the repeated
interaction process leads to a steady state that is an alternation of maximally en-
tangled states formed by pairs of spins belonging to the two chains.

P50 � Speci�c interactions in a coarse-grained
hard sphere model

Benno Werlich1, Mark P. Taylor2, Wolfgang Paul1
1Institut für Physik, Martin-Luther-Universität, D-06099 Halle (Saale), Germany

2Department of Physics, Hiram College, Hiram, OH 44234, USA
benno.werlich@physik.uni-halle.de

We use an o�-lattice hard-sphere coarse grained model with a square well (sw) po-
tential for studying structure formation of homopolymer chains [1]. Starting with
tangent spheres, shortening of the bond length introduces sti�ness. Due to this
bond length reduction the spatial structure changed from crystalline to helical-
like structures within the lower energy range of the density of states (DOS). We
introduce a further interaction where prede�ned pairs interact via an additional
sw potential. This allows the chain to reach lower energy states and leads to a
stabilization of additional structures which will be shown in the analysis of ther-
modynamic functions. For an improved performance for estimating the DOS, the
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Stochastic Approximation Monte Carlo method [2, 3].

[1] M.P. Taylor, W. Paul, K. Binder J. Chem. Phys, 113, 114907 (2009)
[2] B. Werlich, M.P. Taylor, W. Paul, Phys. Procedia 00(2014) 1-5, accepted.
[3] F.Liang, C.Liu, R.J.Carroll, J. Am. Stat. Assoc., 102, 305-320, (2007)

P51 � Gauge �eld for non-equilibrium
processes and covariant version of Fisher

information matrix

Takuya Yamano
Dept. of Math. and Phys. Kanagawa University 2946 Tsuchiya, Hiratsuka

Kanagawa 259-1293 Japan
yamano@amy.hi-ho.ne.jp

The Fokker-Planck equation describes various non-equilibrium processes found in
nature. It is recently pointed out that it can be expressed as a form of Fick's �rst
law when we introduce a gauge �eld associated with the process, where the spacial
gradient is replaced with the covariant derivative. The notion of Abelian gauge
theory can be a useful approach for investigating the non-equilibrium Fokker-
Planck equation, in which the associated curvature represents internal geometry.

In this presentation, by extending to a general nonlinear Fokker-Planck equa-
tion we show that the �uctuation of the gauge �eld in the process can be quanti�ed
with the Fisher information of the system. More speci�cally, we show that the �uc-
tuation of the gauge �eld has three di�erent origins. In the second part, we treat
a Fisher information matrix by using a covariant derivative. The covariant version
of the Fisher information matrix provides correlation between the �ux component,
however at the same time it raises a fundamental question as to whether or not
the information should be gauge invariant [1, 2, 3].

[1] T. Yamano, Cent. Eur. J. Phys. 11 (2013) 910.
[2] T. Yamano, J. Math. Phys. 54 (2013) 113301 .
[3] T. Yamano, Eur. Phys. J. B 86 (2013) 363.
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P52 � Network analysis of medieval texts:
Case study of the Battle of Clontarf

(1014 AD)

Joseph Yose, Ralph Kenna, Pádraig Mac Carron
Applied Mathematics Research Centre, Coventry University, United Kingdom

yosej@coventry.ac.uk

Cogad Gáedel re Gallaib (the War of the Gaedhil with the Gaill) is a medieval
text, the earliest version of which is dated to the 12th century. It tells of how
an Irish army under the leadership of Brian Boru challenged Viking invaders who
were in control of parts of the country. The narrative culminates with the Battle
of Clontarf, which took place on Good Friday 23 April 1014, one millennium ago.

Until the 1970's many scholarly works about Vikings in Ireland accepted the
accounts of Cogad Gáedel re Gallaib at face value. The events it describes entered
the popular imagination as a straightforward tale of the Irish versus Vikings and
the picture commonly portrayed is of Brian as of a great ruler who freed Ireland of
Viking tyranny. Recent historical interpretations tell a more complex tale and the
text is nowadays considered as quasi-history and propaganda to immortalise Brian
Boru. The forces which opposed Brian included Leinster Irish and a rebellious
Ulster regional king. Similarly, Brian's forces contained Viking contingents. The
plethora of characters and social interactions makes the narrative an attractive one
for the construction of a social network, especially in the light of the anniversary
of events it purports to describe.

Here we perform an exploratory network analysis of the social relationships in
the text, in the context of a broader sociophysics project applied to the humani-
ties. We apply techniques from network theory to visualise the social network and
investigate properties such as structural balance and community structure. We
seek to address the question of how such a complex social landscape has persisted
in the public imagination as a simple one of two homogeneous factions at war. Our
poster is aimed at facilitating discussion around what questions can reasonably be
asked and what, if anything, techniques from sociophysics can deliver.

[1] P. Mac Carron and R. Kenna, Universal properties of mythological networks,
EPL 99 (2012) 28002.

[2] P. Mac Carron and R. Kenna, Network analysis of the Íslendinga sögur - the
Sagas of Icelanders, European Physical Journal B 86 (2013) 407.
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P53 � Thermal properties of polymer knots.

Yani Zhao
CASA* and Institute of Physics, University of Szczecin, 70-451 Szczecin, Poland

yanizhao@fermi.fiz.univ.szczecin.pl

Polymer rings forming complex topological con�gurations are studied in connec-
tion with several applications ranging from biochemistry to mechanical engineer-
ing. The most di�cult problem in dealing with the statistical mechanics of polymer
knots is to distinguish their topological con�gurations. In this talk the results of
polymer simulations of single polymer knots based on the Wang-Landau algorithm
will be presented. To equilibrate the knots and for the Monte Carlo sampling, a
set of pivot moves is used. To preserve the topology of the knots after each move,
two recently developed techniques have been employed. One is the so-called PAEA
method. It is able to detect the changes of topology exactly and is very fast. The
other method is based on the Vassiliev knot invariant of degree 2 represented in the
form of contour integrals. This invariant has the great advantage of allowing large
pivot moves, which are able to accelerate the Monte Carlo sampling procedure.
As an application of these methods, the calculation of the speci�c energy, the ra-
dius of gyration and the heat capacity of several types of knots will be presented.
Some consequences on the thermodynamics of polymer knots will be drawn, like
for example the existence of pseudo phase transitions from a collapsed state to an
extended state. A comparison with the previously known result will be made.

[1] Yani Zhao and Franco Ferrari, A numerical technique for studying topological
e�ects on the thermal properties of knotted polymer rings, JSTAT (2012),
P11022, arXiv 1209.1717.

[2] Yani Zhao and Franco Ferrari, A numerical technique for preserving the topol-
ogy of polymer knots: The case of short-range attractive interactions, Acta
Physica Polonica B 44 (2013), 1193, arXiv:1212.6569.

[3] Yani Zhao and Franco Ferrari, A study of polymer knots using a simple
knot invariant consisting of multiple contour integrals, JSTAT (2013), P10010,
arXiv:1306.5555.
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P54 � Path integral of twisted and bent DNA

Marco Zoli
School of Science and Technology - University of Camerino, Italy

zoli.marco@libero.it

Complementary strands in DNA double helix show temporary �uctuational open-
ings which are essential to biological functions such as transcription and repli-
cation of the genetic information. Such large amplitude �uctuations, known as
the breathing of DNA, are generally localized and, microscopically, are due to
the fact that the hydrogen bonds, linking the pair bases on the complementary
strands, can break thus exposing the bases for chemical reaction. Theoretical
approaches based on Hamiltonian methods are particularly advantageous in mod-
eling the DNA dynamics as they can treat the system at the level of the base
pairs incorporating nonlinear e�ects in heterogeneous sequences. I apply imagi-
nary time path integral techniques to a mesoscopic Hamiltonian which accounts
for the helicoidal geometry of short circular DNA molecules [1, 2]. The base pairs
displacements with respect to the ground state are interpreted as time dependent
paths. The portion of the paths con�guration space contributing to the partition
function is determined, at any temperature, by selecting the ensemble of path
displacements whose amplitudes are consistent with the model potential for the
hydrogen bonds. Helix unwinding and bubble formation patterns are computed in
circular sequences with variable radius. Fluctuational openings appear along the
helix to release the stress due to the bending of the molecule backbone [3]. The
interplay between molecule size and appearance of helical disruptions is analyzed.
The bubble probability pro�les are compared to experimental data available for
some minicircles.

[1] M. Zoli, J. Chem. Phys. 135 (2011) 115101.
[2] M. Zoli, J. Phys.: Condens. Matter 24 (2012) 195103 .
[3] M. Zoli, J. Chem. Phys. 138 (2013) 205103.
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About Coventry

Coventry is a city in the county of west midlands in England and is well known for
its rich history of industry. By the 14th century, Coventry was the fourth largest
town in England with an estimated population of 8,000. It was an important
centre of the cloth trade, and throughout the Middle Ages was one of the most
important cities in England. In the 18th and 19th centuries, Coventry became one
of the three main UK centres of watch and clock manufacture. In 1885 in Coventry,
Rover produced the �rst bicycle to include modern features such as a chain-driven
rear wheel with equal-sized wheels on the front and rear. By the 1890s the cycle
trade was booming and Coventry had developed the largest bicycle industry in the
world. To this day, the bicycle is called �Rover� in Poland and western Ukraine.
The �rst British motor car was made in Coventry in 1897 by The Daimler Motor
Company Limited. Coventry's darkest hour came during World War II when it
was singled out for heavy bombing raids. The symbol of the mythical phoenix,
which the University has adopted is a reminder of the way in which the city of
Coventry rebuilt itself after Second World War. Today the city is a centre of post-
war reconciliation. Coventry is also known for the legendary 11th century Lady
Godiva who, according to legend, rode through the city on horseback clothed only
in her long hair, in protest of high taxes being levied on the cityfolk by her husband
Leofric, Earl of Mercia.

Pubs

Note that pubs and restaurants are two di�erent species in England, although
there are some hybrids. Traditionally, one goes to a pub to drink beer and relax
with friends. Restaurants are for eating. Nowadays some pubs also serve food,
typically nothing too fancy and not late in the evening. So, if you're looking for
decent nosh, skip to the restaurant section. Tipping is not expected in pubs (but
it is in restaurants).

Earl of Mercia: 18 High street, CV1 5RE
This pub caters for an older clientele. It has no piped music. It is cheap and
cheerful and centrally located. They have a good selection of real ales and the
qualitity is consistently very high. They serve cheap food which is also quite
reasonable.

Phoenix: 122 Gosford Street, CV1 5DL
This is a lively student venue nestled in Coventry University campus.
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Browns: Earl Street, CV1 5RU
Browns is situated directly opposite the School af Art and Design. It has a wide,
international selection of lagers and it is popular amongst the arty set. They also
serve food.

Whitefriars Olde ale House: 114-115 Gosford Street, CV15DL
Whitefriars is real ale pub in the centre of Coventry. They have a reasonable
selection of ales, bitters and lagers, Pub food is available at lunchtimes throughout
the week. Used to be a favourite amongst Coventry University sta� but has
declined a bit recently.

Golden Cross: 8 Hay Lane, CV1 5RF
This is one of the oldest pubs in Coventry dating from 1583. It is reputed to be
the most heavily haunted in the city. The structure of the building is typical of
the Tudor-style with three vaulted or `jettied' upper �oors. Handy location in the
city centre.

The Establishment Bar & Grill: Bayley Lane, CV1 5RN
Situated in the cobbled streets of the Cathedral Quarter, it is set in the old County
Hall, which dates back to 1783. It was the nain courthouse in Coventry up to the
1980's. The building is infamous as the place where the last hanging in Coven-
try took place. Features from the old courtroom have been beautifully restored,
including the judge's seat, dock and viewing gallery.

The Squirrel: Corner of Greyfriars Lane, CV1 2GY
A clean, relaxing and comfortable place to unwind after a busy day. Tend to close
early (about 9pm) during weekdays, however.

Inspire Cafe Bar: New Union Street Coventry CV1 2PS
A cafe bar located in one of Coventry's famous three spires. Quite small inside
� butthey have plenty of outside seating if the weather is OK. They also have a
range of snacks which are reasonably priced. The beer is a bit on the expensive
side, however and it only comes in bottles � no draught. The atmosphere is arty
and bohemian.

Restaurants

Coventry is a very multicultural city. If you are not from these parts, we rec-
ommend you try some of Coventry's excellent Indian and Chinese restaurants. It
is reported that Britain's most popular dishes are the chicken tikka masala (In-
dian) and stir fry (Chinese). However, we also have excellent Arabic restaurants.
Tipping is usual in restaurants (about 15%).
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Oriental Palace: 27 London Road, CV1 2JP

Tel: 024 76551533
Cuisine: Chinese
Our verdict: Excellent Chinese food at reasonable prices if you can

ignore the outdated decor and style.

Turmeric Gold: 166 Medieval Spon Street, CV1 3BB

Tel: 02476 226603
Cuisine: Indian
Our Opinion: Ranked number 5 in Coventry according to Tripadvisor.

Highly recommended if you like spicy food.

Pizza Express: 10 Hay Lane

Tel: +44 (0)24 7663 3156
Cuisine: Italian
Our Opinion: This is a chain. Drinks are very expensive but atmo-

sphere is good and the pizzas are consistently good (for
the UK � not by German or Italian standards).

COSMO: 36-42 Corporation Street, CV1 1GF

Tel: 02476 553 366
Cuisine: Pan-Asian
Our Opinion: Bu�et style � all you can eat. Reasonably priced, friendly

e�cient sta�. Very good for large groups.

Aqua Food and Mood Restaurant: 14 The Butts, CV1 3GR

Tel: 024 7622 9551
Cuisine: Lebanese. Halal.
Our Opinion: Excellent.

Bella Italia Restaurant: 4 Belgrade Plaza, Upper Well Street, CV1 4BF

Tel: 024 7622 6811
Cuisine: Italian.
Our Opinion: Reasonably prices, comfortable. Nice atmosphere.

Browns Cafe: Earl Street, CV1 5RU

Tel: 024 7622 1100
Cuisine: Co�ee & Various.
Our Opinion: This is a hybrid � part pub, part restaurant.
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China Red Restaurant: 58 Hertford Street, CV1 1LB

Tel: 024 7622 9333
Cuisine: Chinese
Our Opinion: Authentic Chinese.

Habibi's Restaurant: 142 Far Gosford Street, CV1 5DY

Tel: 024 7622 0669
Cuisine: Arabic.
Our Opinion: Halal restaurant � very high quality food and well worth

a visit. They don't serve alcohol but you can buy beer
or wine at one of the shops nearby (which are open late)
and bring with you to the restaurant.

Thai Dusit Restaurant: 39 London Road, CV1 2JR

Tel: 024 7622 7788
Cuisine: Thai
Our Opinion: Good quality Thai restaurant. Slightly more expensive

than average for Coventry.

Safety and emergency numbers

999 in emergencies to contact the Police, Fire or Ambulance
112 emergency services anywhere in the EU
0345 113 5000 Coventry Police (for non-emergencies)

Hospitals

University Hospital (Coventry)
Cli�ord Bridge Road, Coventry,
West Midlands, CV2 2DX
Tel: 024 7696 4000
www.uhcw.nhs.uk

Opening Times: Every day � 24 hours
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Locations

Please consult the map overleaf for the most important MECO39 locations:

A Applied Mathematics Research Centre at the Design Hub

B Engineering and Computing Building: main conference site

C Ibis Hotel Coventry Centre

D Ramada Hotel & Suites

E Coventry main station

F The Establishment Bar & Grill: welcome drinks on

Monday April 7th
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