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Vertex models and foldable origami lattices
Michael Assis * !
1 MASCOS, School of Mathematics and Statistics, The University of Melbourne — Australia

Origami has been finding more and more practical uses in engineering and architecture, and
of particular note are regular lattices which can be folded, the Miura-ori origami pattern being
the most well known. Using a relationship between origami crease patterns and vertex models,
we have related the Miura-ori crease pattern and other regular foldable lattices to vertex models
and staggered vertex models on the square and triangular lattices. The free-fermion condition of
the vertex models has been employed to determine the unique ground state which corresponds
to the wanted origami crease pattern ground state. Folding defects in the lattice correspond to
an increase in temperature above the ground state, and with the increase of defects, a critical
temperature can be reached beyond which correlations between the crease configurations at
different sites decays exponentially with distance in the lattice.

*Poster
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Classical and Quantum implications of
Non-linear Bath: a Perturbative Approach

Chitrak Bhadra * !, Dhruba Banerjee

1 Jadavpur University — India

Our work focuses on system-reservoir theory of a generic dissipative system involving non-
linear bath modes. At the classical level we study two types of models [1] which extend the
standard harmonic bath paradigm: a set of double-wells and a quartic non-linearity. Writing
down a suitable Hamiltonian where the system is linearly coupled to the bath, we derive the cor-
responding Generalised Langevin Equation(GLE). Owing to the non-linearities, the equations
need to be solved perturbatively [2] and the initial canonical ensemble for the anharmnic oscilla-
tors also acquire a perturbative character. Eventually, we calculate the the first and the second
moments of the noise term arising out of the GLEs leading to the Fluctuation-Dissipation Rela-
tions (FDR) [3]. The set of double-wells result in a non-zero first moment of noise which is small
and bounded (non-equilibrium signature). The quartic non-linearity however, possesses no such
bias. More importantly, for both the cases, we show that FDR is modified to 1st order in per-
turbation theory in higher powers of kBT. Remarkably, the explicit calculation of FDR shows
absence of higher harmonics,i.e., any other time-scale other than the lowest harmonic mode.
This helps us in redefining the FDR in a form-invariant way and the system-bath coupling
acquires a Renormalised form through an explicit dependence on temperature. The Quantum
effects of the problem (we take up the quartic case for simplicity) seem more subtle. The non-
linearities in the bath modes lead to perturbative expansion of quantum operators [4] via a
standard prescription. Only then, the whole programme of canonical averaging can be carried
out to achieve the corrected quantum FDR. We observe, that again the higher harmonic modes
disappear and corrections in higher powers of hyperbolic cosine emerge and a Renormalised
system-reservoir coupling can be defined. We are presently investigating the implications of
these quantum corrections on physical observables like the diffusion coefficient, Kramer’s rate,
etc. References: 1. System-reservoir theory with anharmonic baths: a perturbative approach
Chitrak Bhadra,Dhruba Banerjee [accepted for publication in Journal of Statistical Mechan-
ics (IOP) , 2016] 2. Renormalization Group for nonlinear oscillators in the absence of linear
restoring force A. Sarkar and J.K. Bhattacharjee Eur. Phys. Lett. 91 60004, 2010 3. The
fluctuation-dissipation theorem R.Kubo Rep. Prog. Phys. 29 255, 1966 4. Generalized quan-
tum Fokker-Planck, diffusion, and Smoluchowski equations with true probability distribution
functions Suman Kumar Banik, Bidhan Chandra Bag, Deb Shankar Ray Phys. Rev. E 65,
051106, 2002
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Analytical results for the distribution of
shortest path lengths in random networks

Ofer Biham * !, Eytan Katzav, Reimer Kuhn, Mor Nitzan, Daniel
ben-Avraham, Pavel L. Krapivsky and Nathan Ross

! The Hebrew University — Israel

The increasing interest in network research in recent years is motivated by the realization
that a large variety of systems and processes which involve interacting objects can be described
by network models. In these models, the objects are represented by nodes and the interactions
are expressed by edges. The interactions between non-adjacent pairs of nodes are facilitated by
paths going through intermediate nodes and edges. The shortest paths between such pairs are
of particular importance because they provide the strongest interactions and fastest response.
Therefore, the distribution of shortest path lengths is of great relevance to many dynamical
processes taking place on networks such as communication, navigation and epidemic spreading.
While the average of this distribution has been studied extensively, the analytical calculation of
the entire distribution has remained an open problem. In this presentation a novel analytical
approach for calculating the distribution of shortest path lengths in random networks will be
discussed. This approach is based on the cavity method, and applies to a large family of network
types, which includes Erdos-Renyi networks [1], regular graphs and more generally, configuration
model networks [2]. The results are found to be in agreement with numerical simulations for a
broad range of networks, sizes and connectivities. Being analytical this approach allows shedding
light on various phenomena such as an interesting local-global relation between the degree of a
specific node and the mean distance of paths originating from it. References: [1] E. Katzav, M.
Nitzan, D. ben-Avraham, P. L. Krapivsky, R. Kuhn, N. Ross and O. Biham, Analytical results
for the distribution of shortest path lengths in random networks, EPL 111, 26006 (2015). [2]
M. Nitzan, E. Katzav, R. Kuhn and O. Biham, Distance distribution in configuration model
networks, arXiv:1603.04473.
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A conjecture on the connection of the
second order phase transition and energy
fluctuations

Shyamal Biswas * !, Joydip Mitra, Saugata Bhattacharyya
! University of Hyderabad — India

We have analytically explored quantum to classical crossover in energy fluctuations for a
number of Bose and Fermi systems, and have given a conjecture that links the existence of
a maximum (hump) in the scaled energy fluctuations which exceeds the classical limit to the
discontinuity of the specific heat at constant volume [1]. If the specific heat at constant volume
can not be directly or precisely measured, then also, it is now possible, from the conjecture,
to predict about the occurrence of the second order phase transition of a Bose (or strongly
correlated Fermi) system from its energy fluctuation data.

Reference:
[1] S. Biswas, J. Mitra, and S. Bhattacharyya, Energy fluctuation and discontinuity of specific
heat, J. Stat. Mech. (2015) P03013
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MuCa vs WL: A comparison

Elmar Bittner * 1, Wolfhard Janke
L ITP, Universitit Heidelberg — Germany

We perform a competitive analysis to study the relative performance of the two best-
known generalized-ensemble algorithms: the multi canonical 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.

*Poster
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Noise focusing as a symmetry-breaking
phenomenon induced by topological
disorder. Understanding nonlinear waves in
neuronal cultures.

Jaume Casademunt * !, Javier G. Orlandi
I University of Barcelona — Spain

Neuronal cultures have been proposed as a model system to understand the physical mech-
anisms underlying collective behavior in biological neuronal tissues. From the perspective of
nonlinear physics, neuronal cultures may be described at the mesoscale as an excitable medium
featuring some unusual properties. In a recent paper [Orlandi et al, Nature Physics 9, 582 (2013)]
we have shown that the emergence of coherent activity in the form of nearly periodic global pul-
sation of the neuronal network is due to a new phenomenon that we call noise focusing, which
is shown to be generic of networks of excitable elements in metric spaces. The phenomenon
consists of a strong localization of the spontaneous noise activity through an amplification of
the topological fluctuations associated to the inherent disorder of the network connectivity. As
a consequence the pulsation of the system is controlled by excitation waves that appear through
an anomalously fast nucleation process. Here we present a continuum stochastic coarse-grained
description of a network of excitable elements, that explains the phenomenon of noise focusing
as a symmetry-breaking phenomenon induced by disorder, and demonstrates the underlying
mechanism that explains the apparent paradox of having (nearly) periodic pulsation and at
the same time random selection of the nucleation points of the pulses, in full agreement with
experimental evidence and numerical simulation.

*Poster

46



The critical phases of the Z(5) model

Christophe Chatelain * !

I Institut Jean Lamour — France

The phase diagram of the Z(5) spin model is studied numerically on the square lattice by
means of the Density Matrix Renormalization Group (DMRG). In the regime where the two
nearest-neighbor couplings have opposite signs, a critical phase, not observed in earlier Monte
Carlo simulations, is identified. The new phase diagram is in agreement with predictions made
by M. den Nijs in 1985 but for the Z(7) model rather than the Z(5) one. All critical phases
are shown to be compatible with a central charge c=1. The magnetization scaling dimension
displays however a different behavior in the different critical phases.
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Gravitational Riemann Invariants

Philippe Choquard * !

!Ecole Polytechnique Fédérale — Switzerland

Preambles to the theory of uni-axial meteorological phenomena. One-dimensional, inviscid, com-
pressible, isothermal or isentropic fluids under gravitation. integral representation of Riemann
invariants including gravitation. Inverse Jacobian representation of mass densities. Non-linear
first order,P.D.E.’s. Exemples of explicit solutions, algebraic and graphical. Comparaison with
published results of equivalent nonlinear P.D.E’s.

*Poster

48



A Hierarchical Kinetic Theory of Birth,
Death and Fission in Age-Structur ed
Interacting Populations

Tom Chou * !, Chris Greenman

L UCLA — United States

We study mathematical models describing the evolution of stochastic age-structured pop-
ulations. After reviewing existing approaches, we develop a complete kinetic framework for
age-structured interacting populations undergoing birth, death and fission processes in spatially
dependent environments. We define the full probability density for the population-size age chart
and find results under specific conditions. Connections with more classical models are also ex-
plicitly derived. In particular, we show that factorial moments for non-interacting processes are
described by a natural generalization of the McKendrick-von Foerster equation, which describes
mean-field deterministic behavior. Our approach utilizes mixed-type, multidimensional proba-
bility distributions similar to those employed in the study of gas kinetics and with terms that
satisfy BBGKY-like equation hierarchies.
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Condensation in stochastic continuous mass
transport models

Christou Christos * !, Andreas Schadschneider

! Institute for Theoretical Physics, University of Cologne — Germany

In the last years the phenomenon of condensation have been studied extensively for a series
of stochastic particle transport models, such as the zero-range process (ZRP) or processes with
pair-factorized steady states (PFSS). Interesting results were produced for these models and
it is nowadays known that similar and equally exciting features are revealed for systems in
continuous state space. Here we study the dynamics of condensation for a stochastic continuous
mass transport process, defined on a one-dimensional lattice. The time evolution of this process
is governed by the fraction density, phi(r), which controls the fraction of mass transported at each
time-point from each site. The simplest version of this process is the asymmetric random average
process (ARAP) [ extitJ. Stat. Phys. extbf99 31-55 (2000); extitJ. Stat. Phys. extbf99 943
(2000)], which is defined by an arbitrary state-independent fraction density function, phi(r) = 1,
with support on the unit interval. Two different variations of state-dependent fraction densities
will be presented and the different nature of the corresponding condensates ranging from drifting
condensates to explosive condensation will be analyzed. The effects of open boundary conditions
and boundary induced drift on condensation phenomena for different variants of the random
average process will also be captured. Lastly we use an extreme value approach to investigate
phase transition and the occurrence of broken ergodicity in systems truncated mass transfer
capability | extitPhys. Rev. Lett. extbf89 090601 (2002)].
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Understanding the XY model collective
behaviours through graph signal analysis

Sarah De Nigris * !, Paul Expert, Renaud Lambiotte, Taro Takaguchi

! naXys, Departement de Mathematiques, UNamur — Belgium

In various context, high-dimensional data reside on the vertices of networks, so that the
network is the "natural space” for such systems. Therefore techniques, as Graph Signal Trans-
form, levering the structure of the network, to grasp the main features of the dynamical process
upon it are drawing increasing attention. Graph Signal Transform is, by design, well-suited to
treat signals in very irregular domains and it allows applications that span from image com-
pression to uncovering network communities [1]. In a nutshell, this technique is reminiscent
of Fourier transform, but at the same time it embeds the inhomogeneities of the underlying
graph: the time series on the network nodes, i.e. the graph signal, is decomposed in a sum
of components on the Laplacian eigenvectors and this decomposition allows to finger the ones
which have an high weight, i.e. that are resonant with the dynamics. In this work, we apply
Graph Signal Transform to a classical model for magnetized materials, the XY spin model of
which we consider the phenomenology on networks. Remarkably, there is recent evidence that
a variety of collective responses can be ignited if a complex network connects the spins [2-3].
In particular, we observe the same collective state on different networks through a fine tuning
of the network topological parameters: a magnetized regime, displaying a second order phase
transition to a non-magnetized phase and, furthermore, a peculiar oscillating phase has been
observed where the order parameter is affected by persistent global oscillations. We thus focus
on the Graph Signal Transform to benchmark the time series produced by the model in the
three aforementioned macroscopic states at equilibrium[4]. Through this benchmarking phase,
we retrieve the ’selected network modes’ for each macroscopic state on different topologies and
this selection points to the sub-structures of the graph relevant for the dynamics. [1] D. Shuman,
S. K. Narang, P. Frossard et al., Signal Processing Magazine, IEEE 30, 83 (2013). [2] S. De
Nigris and X. Leoncini, Phys. Rev. E 88, 012131 (2013). [3] S. de Nigris and X. Leoncini,
Phys. Rev. E 91, 042809 (2015). [4] S. de Nigris, Paul Expert, R. Lambiotte and T.Takaguchi
in preparation.
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Optimizing exit times to efficiently cool a
heated disk

Charles R. Doering * !, Florence Marcotte, Jean-Luc Thiffeault, William
Young

! University of Michigan — United States

The problem of choosing an incompressible flow to most efficiently cool a uniformly heated
disk held at fixed temperature on the boundary is equivalent to that of selecting the divergence-
free drift that minimizes the mean exit time of Brownian particles uniformly distributed over
the disk. Asymptotic and numerical methods are employed to investigate the solution of these
problems, i.e., the optimally transporting fields.

*Poster

52



Investigation of finite-size effects in the free

energy surfaces of a mean field spin-1 Ising

system: A microcanonical formulation using
gamma function

Erdem Riza * !, Orhan Yalcin
I Akdeniz University — Turkey

Based on the microcanonical formalism which uses the gamma function [1, 2], we have
investigated the size-dependent changes in the free energy surfaces of a spin-1 mean-field Ising
system [3] that consist of N particles. We have constructed the contour maps of the free energy
surfaces in the phase space of dipolar (M) and quadrupolar (Q) order parameters for various
values of N. The general aspects of the mapping for the surfaces strongly depend on the number
of magnetic atoms as well as the temperature and the ratio of the exchange energies. In other
words, its value at every point of the two-dimensional M-Q phase space for any N may be either
real or complex quantity [4] and the number of extremum points (or stable, metastable and
unstable states) and their locations in the phase space changes with N for systems smaller than
N=100. This result may be useful in the study of phase transitions and critical temperatures
of the atomic clusters or nanostructures [5, 6]. However, the differences between the exact free
energy values and the approximated ones using the Stirling formula are significant while it is
negligible for systems larger than N=10000. [1] D. S. Bertoldi, E. M. Bringa, E. N. Miranda,
Eur. J. Phys. 32, 1485 (2011). [2] E. N. Miranda, and D. S. Bertoldi, Eur. J. Phys. 34, 1075
(2013). [3] M. Keskin and S. Ozgan, Phys. Lett. A 145, 340 (1990). [4] C. M. Newman and L.
S. Schulman, J. Stat. Phys. 23, 131 (1980). [5] D. S. Bertoldi, E. M. Bringa, E. N. Miranda,
J. Phys.: Condens Matter 24, 226004 (2012) [6] O. Yalcin, R. Erdem, S. Oziim, J. Appl. Phys.
115, 054316 (2014).
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A universal approach to classical and
quantum wave localization in disordered
systems

Marcel Filoche * ', Douglas N. Arnold, Guy David, David Jerison,
Svitlana Mayboroda,

! Ecole Polytechnique — Switzerland

Localization of Laplacian or bi-Laplacian waves plays a major role in the behavior of numerous
physical systems. It can be the result of a complex medium, of the geometry of the vibrating
structure, or even due to the presence of disorder. We present here a universal theory of lo-
calization applicable to all vibratory systems [1]. The main tool of this theory, the localization
landscape, controls the amplitude of the stationary vibrations, and predicts the spatial regions
where vibrations will be localized as well as the frequencies above which a delocalization tran-
sition occurs. For second order operators such as the Schrodinger operator, this localization
landscape is simply the solution of a Dirichlet problem with uniform right-hand side. Moreover,
we show that the reciprocal of this landscape plays the role of an effective potential which finely
governs the confinement of the quantum states. In this picture, the boundaries of the localization
subregions for low energy eigenfunctions correspond to the barriers of this effective potential,
and the long range exponential decay characteristic of Anderson localization is explained as
the consequence of multiple tunneling in the dense network of barriers created by this effective
potential [2]. This effective potential allows us also to derive a remarkably accurate Weyl’s
formula for the density of states for a large variety of systems, periodic or random, 1D, 2D, or
3D. Finally, we will present ongoing applications of this theory to the understanding of various
physical systems. [1] M. Filoche and S. Mayboroda, Proceedings of the National Academy of
Sciences of the USA 109, 14761 (2012). [2] D. N. Arnold, G. David, D. Jerison, S. Mayboroda,
M. Filoche, Phys. Rev. Lett. 116, 056602 (2016).
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Derivation of fractional differential equation
for modeling mass transport in complex
media

Sergei Fomin * !, Vladimir Chugunov
! California State Univesity, Chico — United States

Mathematical modeling of mass transport in a complex fractured porous medium is con-
sidered. Our main concern is the multi-scale character of the medium, which is constituted by
porous domains dissected by the network of fractures. Assuming that porous medium is of fractal
geometry and that sizes of pores vary significantly (i.e. have different characteristic scales), the
fractional-order differential equations that model the anomalous diffusive mass transport in such
type of domains are derived and justified analytically. Analytical solutions of some particular
problems of anomalous diffusion in the fractal media of various geometries are obtained. Extend-
ing this approach to more complex situation when diffusion is accompanied by advection, solute
transport in a fractured porous medium is modeled by the advection—dispersion equation with
fractional time derivative. In the case when the conducting fractured porous layer is confined by
porous medium of different porosity and accounting for anomalous non-Fickian diffusion in this
medium, the adopted approach leads to introduction of an additional fractional time derivative
in the equation for mass transport in the conducting layer. The closed-form solutions of the
boundary value problems for the obtained equations are obtained.
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The Winfree model with distributed
phase-response curves

Rafael Gallego * 1, Diego Pazd, Ernest Montbri6

! Universidad de Oviedo — Spain

The classical Winfree model describes the dynamical evolution of a heterogeneous ensemble
of all-to-all pulse-coupled oscillators. This model aims at explaining the macroscopic synchro-
nization observed in large populations of biological oscillators such as flashing fireflies or spiking
neurons. Under certain assumptions, the dynamics of the Winfree model evolves into the so-
called Ott-Antonsen manifold in the thermodynamic limit, what eventually allows to describe
the dynamics in terms of only two ODEs. In the present contribution we extend the original
Winfree model allowing the heterogeneity to be present also in the phase response curves (PRCs)
of the oscillators. In spite of the more realistic character of our extended Winfree model, the
Ott-Antonsen ansatz can be applied and the influence of different parameters to be investigated
analytically.
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Analytical properties of Quasi-Polynomial
systems: stability, permanence and
boundedness of trajectories

Iram Gleria * !, Tarcisio Rocha Filho, Annibal Dias Neto, Leon Brenig
I Federal University of Alagoas — Brazil

In this work we present results concerning analytical properties of a class of general nonlinear
systems known as Quasi-Polynomial (QP) systems. We analyze sufficient conditions for the
existence of a Lyapunov function, uniformly bounded solutions, permanence of orbits, structure
of omega-limit sets and a criteria for convergence of the trajectories. We revise results regarding
the well known Lotka-Volterra system and generalizations of these results to encompass the class
of Quasi-Polynomial systems. We also present a link between evolutionary stable strategies of
dynamical games and stability of trajectories in a subclass of QP systems.
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Nonplanar Ising Model, Graph Theory and
the Pfaffian Formula.

Thierry Gobron * !

1 CNRS Laboratoire de physique théorique et modélisation — France

A well known result due to Kasteleyn expresses the partition function of a non planar Ising
model as a sum of Pfaffians which number is related to the genus of the oriented surface on which
the graph can be embedded. In graph theory, a classical characterization of graph planarity
by a property of its cycle space (MacLane, 1937) has been recently extended to nonplanar
embeddings on arbitrary surfaces. Here, we show that there is a deep relation between McLane’s
characterizations and Kasteleyn’s results: For instance, in the planar case, it is just what is
needed to turn an Ising partition function into a Pfaffian. More generally, we prove here that
the Ising partition function on an arbitrary non planar graph can be written as the real part of
the Pfaffian of a single matrix with coefficients taken in a multicomplex algebra Cg, where g is the
non-orientable genus, or crosscap number, of the embedding surface. Known representations as
sums of Pfaffians can be derived from this result. In contrast to previous geometric derivations,
the present approach gives also some hints on why such formulas may appear as optimal.
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Generalized electrostatics on a lattice -
thermodynamics and correlations.

Callum Gray * !, Steve Bramwell, Peter Holdsworth
1 ENS Lyon/University College London — United Kingdom

The Maggs-Rossetto algorithm [1] provides a fast, local method for simulating Coulombic
systems on a grid. This is achieved via the introduction of a freely-fluctuating auxiliary field,
with dynamics chosen such that the equilibrium distribution gives the required Coulomb physics.
We implement this algorithm on a cubic lattice, inspired by the Coulomb phase of spin ice and
its characteristic pinch-point scattering pattern [2]. We will present a review of the lattice field
theory and consequent thermodynamics associated with the MR algorithm, as well as simulated
structure factors in reciprocal space characterising the auxiliary field both in the presence and
absence of electric charge. [1] A.C. Maggs and V. Rossetto. extitLocal simulation algorithms for
Coulomb interactions. Physical Review Letters 88.19 (2002), p. 196402. [2] T. Fennell et al.
extitMagnetic Coulomb Phase in the Spin Ice Ho2Ti207. Science 326.5951 (2009), pp. 415-417.
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Geometric approach to finite size scaling
above the upper critical dimension

Jens Grimm * !, Eren Elci, Tim Garoni

! Monash University — Australia

Finite size scaling (F'SS) is a common method in the field of critical phenomena, which allows
the extraction of universal critical exponents. Even though physical systems above the upper
critical dimension are described by mean field theory, where all exponent values are known,
the theory of FSS in high dimensions is still the subject of considerable debate. Recently,
the five dimensional Ising model has been of particular interest, with conflicting views on the
correct scaling behavior for free boundary conditions being presented. Moreover, certain aspects
of FSS for the percolation model above the upper critical dimensions remain unresolved to
date, such as the proliferation of spanning clusters. In this work we investigate FSS above the
upper critical dimension, in particular through geometric representations, focussing on both
the five dimensional Ising model in the Fortuin-Kasteleyn and loop representations, and the
seven dimensional percolation model. Our study utilizes efficient Markov chain Monte Carlo
algorithms, including exact sampling methods (coupling from the past), and state of the art
(dynamic) graph algorithms.
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Applications of quantum annealing for data
analysis

Yoichiro Hashizume * !, Masuo Suzuki, Takashi Nakajima, Soichiro
Okamura

! Tokyo University of Science — Japan

Quantum annealing is an efficient method to solve such an optimization problem as Traveling
salesman problem. Quantum annealing proposed by Kadowaki and Nishimori is based on a basic
mechanism of the quantum adiabatic process as follows. To perform the quantum annealing,
the time dependent Hamiltonian H(t) is defined in the range of time, 0 j t j T. Here, the initial
Hamiltonian H(0) has a trivial ground state, while the final Hamiltonian H(T) corresponds to
the target Hamiltonian (or the cost function of the target optimization problem). According
to the quantum adiabatic theorem, the state vector initialized to be the ground state of H(0)
approaches the ground state of the target Hamiltonian through the adiabatic process. This is
the simple outline of the quantum annealing. Recently, we found how to perform the singular
value decomposition (SVD) using the quantum annealing. SVD is a general decomposed form
of a matrix with respect to the singular values. In some previous studies, the singular values
correspond to the scales included in the original matrix. Thus, we can find the important scales
shown in the original matrix using the SVD. One of the most important applications of SVD
is the principal component analysis which is mathematically the same as SVD form of the data
matrix. In the present study, we will show how to perform SVD using quantum annealing for
data analysis. To perform SVD by quantum annealing, the target Hamiltonian is assumed as the
Gram matrix of the original data matrix. Once we obtain the ground state of the Gram matrix,
we can find the first principal component of the original data matrix. The second component
can be obtained by the first component and the original data matrix with redefining another
proper Gram matrix. This method shows a possible application of quantum annealing for data
analysis. For example, using the above method, we will introduce some applications including
the image analysis, the experimental data analysis, and so on. Furthermore, we show the present
SVD method is an example of quantum speedup by quantum annealing.
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Scaling functions for vesicle models

Nina Haug * !, Thomas Prellberg
! Queen Mary University of London — United Kingdom

We begin by rigorously analysing the asymptotic behaviour of the generating function of
Dyck paths, weighted with respect to their perimeter and area, in the limit of the area generat-
ing variable tending towards 1. In particular, we show that there exists a special point in the
parameter space, around which the generating function satisfies a simple scaling relation, with
the scaling function given by the logarithmic derivative of the Airy function. Mathematically,
the Airy function occurs because the phase transition in the model is mirrored by the coales-
cence of two saddle points in the associated contour integral representation of the involved basic
hypergeometric series. This behaviour is also found in other polygon models such as staircase
polygons and is conjectured to hold also for unrestricted self-avoiding polygons. The natural
question we ask is whether there exist other polygon models where a phase transition originates
from the coalescence of more than two saddle points in the associated contour integral represen-
tations of the involved basic hypergeometric series. Indeed we find such a model, which we call
deformed Dyck paths.

*Poster

62



Bosonic and Fermionic Constructions of
Two-Dimensional Quantum Walks

Yushi Hoshiya * 1, Makoto Katori

! Department of Physics, Chuo University — Japan

We study two-dimensional quantum walks and, especially in this presentation, we consider
them as combinations of two independent one-dimensional quantum walks. Here we construct
bosonic and fermionic wave functions of two quantum walkers, and then calculate joint moments
of two-component pseudovelocity in the long time limit. Our results show that, although both
of the density functions are represented using the product of Konno’s limit density functions,
there is a large difference between the bosonic and the fermionic constructions.
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Amplitude Death in a ring of
inhomogeneous Stuart-Landau Oscillators

Dong-Uk Hwang * !, Jung-Wan Ryu, Woo-Sik Son, Jong-Ho Kim
I National Institute for Mathematical Sciences, South Korea — South Korea

We study amplitude death phenomena in a ring of inhomogeneous stuart landau oscillators.
Oscillators are connected to nearest neighbour through either bidirectional interaction or directed
interaction. Amplitude death is a dynamical state where the amplitude of oscillation decays
out, and this behaviour can be studied by analyzing Jacobian matrix at origin. Interestingly,
the inhonogeneity in eigenvalue spectra disappears when the interaction forming directed ring
sturcutre become dominant. To reveal this we perform higher order perturbation correction
in two limiting cases. First we get analytic forms of eigenvalus when diagonal inhomogenous
diagonal block matrix is dominant. Second we also get analytic form of eigenvalues when ring
structure is dominant. By these two cases, we deliver useful insight why the inhomogeneity in
eigenvalue spectra disappear in directed ring.
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Data assimilation for massive autonomous
systems based on second-order adjoint
method

Shin-ichi Ito * ', Hiromichi Nagao, Akinori Yamanaka, Yuhki Tsukada,
Toshiyuki Koyama, Masayuki Kano, Junya Inoue

! Earthquake Research Institute, The University of Tokyo — Japan

Determining the model parameters and initial states of numerical simulation models by using
observational data is one of the significant issues in various scientific fields. Data assimila-
tion (DA) is a fundamental computational technique that enables the parameters and initial
states to be estimated by integrating the simulation models and data on the basis of Bayesian
statistics, and systematically extracting as much information as possible from the given observa-
tional/experimental data. One key issue that remains controversial is the implementation of DA
in massive simulation models under limited computation time and resources. In this work, we
propose an adjoint-based DA method for massive autonomous models that produces optimum
estimates and their uncertainties within practical computation time and resource constraints.
The uncertainties are given as several diagonal components of an inverse Hessian matrix, which
is the covariance matrix of a multivariate normal distribution that approximates the target pos-
terior probability density function in the neighborhood of the optimum. The proposed method
using a second-order adjoint method enables us to directly evaluate the diagonal components
of the inverse Hessian matrix without computing all of components of the Hessian matrix. The
proposed method is validated through estimation tests using synthetic data generated by a
massive two-dimensional Kobayashi’s phase-field model. We confirm that the proposed method
correctly reproduces the parameter and initial state assumed in advance, and successfully eval-
uates the uncertainty of the parameter. Such information regarding uncertainty is valuable, as
it is available for optimizing the design of experiments.
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Thermodynamics and Inequalities between
Means

Ramandeep S. Johal * !
1 TISER Mohali — India

Given a finite system and a heat reservoir, which can have one of the two given values of initial
temperatures, Ty and T (< T}), we analyse, in which case the optimal work extraction is
higher: when the reservoir is an infinite source at T’y and the system is a sink at 7_, or, when
the reservoir is an infinite sink at 7_ and the system is a heat source at 7,7 For a reversible
process, the inequality between a generalized mean based on the mean value theorem, and
arithmetic (geometric) mean of Ty and T_ decides the relative magnitude of work (efficiency)
in the above mentioned two cases. This leads us to consider three regions, in each of which the
efficiency at maximum work obeys universal bounds, given only in terms of the ratio of initial
temperatures. The conclusions may serve as benchmarks in the design of heat engines, where we
can choose the nature of the finite system, so as to tune the extractable work and/or efficiency
at maximum work, or for a given system, we may choose between the two scenarios to obtain
a higher value of work and efficiency. References: Thermodynamics and inequalities between
means, R.S. Johal, arXiv:1601:07035, submitted for publication.
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Boundary conditions subtleties in plaquette
spin models

D. Johnston * !, M. Mueller, W. Janke

! Heriot-Watt University — United Kingdom

We study the use of a product spin transformation in solving various spin models in 3d,
2d and 1d, paying particular attention to the influence of boundary conditions and finite size
effects. The transformation may be used to solve plaquette models in 2d and 3d and, amusingly,
also provides yet another way of solving the 1d Ising model with periodic boundary conditions.
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Role of Fourier Modes in Finite-Size Scaling
above the Upper Critical Dimension

Ralph Kenna * ', Emilio Flores-Sola, Bertrand Berche, Martin Weigel

1 Coventry University — United Kingdom

Renormalization-group theory has stood, for over 40 years, as one of the pillars of modern
physics and there should be no remaining doubt regarding its validity. However, finite-size scal-
ing, which derives from it, has long been poorly understood above the upper critical dimension
d., especially in models with free boundaries. In addition to its fundamental significance for
scaling theories, the issue is important at a practical level because finite-size, statistical-physics
systems with free boundaries above d. are experimentally relevant for long-range interactions.
Here, we address the roles played by Fourier modes for such systems and show that the current
phenomenological picture is not supported for all thermodynamic observables. In particular,
the expectation that dangerous irrelevant variables cause Gaussian-fixed-point scaling indices
to be replaced by Landau mean-field exponents for all Fourier modes is incorrect. Instead, the
Gaussian-fixed-point exponents have a direct physical manifestation for some modes above the
upper critical dimension.
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On a class of Universal Probability Spaces:
case of complex fields

Megan Khoshyaran * !

I Economics Traffic Clinic - ETC — France

On a class of Universal Probability Spaces: case of complex fields Mahkame Megan Khosh-
yaran Senior Researcher Economics Traffic Clinic - ETC 34 Avenue des champs Elysées, 75008
Paris, France. Abstract The objective of this paper is to extend the Universal Probability Space
(UPS) in [1] to include complex events. The Universal Probability Space consists of Borel sets,
elements of which are tensors. It is shown that the UPS has a defined metric and this metric is
in fact the probability measure (P). The metric as a probability measure is proven to exist for
any tensor event in the space of all tensor fields. In this paper it is shown that for any complex
event in the space of all complex tensor fields, a probability measure (P) in the form of a metric
exists. To this effect several theorems are introduced and proven, mainly by modifying concepts
introduced in [2], [3], [4], [5], to include complex fields. Finally following [6], [7], [8], a case
is demonstrated in order to compare probability as a metric for complex events with classical
probability. The objective of the case study is to show that metric probability is a more real-
istic measure than classical probability for complex events. References [1] M.M. Khoshyaran,
On a class of universal probability spaces. Advances in Research, Vol. 6, no. 5 (2016), pp.
1-7. [2] A.D. Berenstein, A.V. Zelevinsky, Tensor product multiplicities and convex poly- topes
in partition space, Journal of Geometry and Physics 5 (1989),453-472. [3] .M. Gelfand, A.V.
Zelevinsky, Polytopes in the pattern space and canonical basis in irreducible representations of
gl3, Funct. Anal and Appl. 2 (1985), 22-31. [4] .M. Gelfand, A.V. Zelevinsky, Multiplicities
and regular bases for gln Group, Theoretical Methods in Physics 19 (1985),72-75. [5] A.D.
Berenstein, A.V. Zelevinsky, Involutions on Gelfand-Tsetlin patterns and multiplicities in skew
GLn - modules, Doklady Akad. 300 (1988), 1291-1294. [6] J. Weickert, H. Hagen, Visualization
and Processing of Tensor Fields, Springer- Verlag, Berlin 2006. [7] I. Hotz, L. Feng, H. Hagen,
B. Hamann, K. Joy, Tensor Field Visualization Using a Metric Interpretation, Proceedings of
the IEEE Visualization 04 Conference’ 1 (2009), 123-130. [8] W. Benger, H-C. Hege, Analyzing
curved spacetime with tensor splats, Pro- ceedings of the Tenth Marcel Grossmann Meeting on
General Relativity, World Scientific Publishing Co., DC. 2003.
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Algebraic Test of Material Conservation in
Self-Consistent Mean Field Theory of
Polymers

Jaeup Kim * !
LUNIST - South Korea

In the standard mean field theory of Gaussian polymer chains, the partition function of a
polymer chain is obtained by solving partial differential equations which are essentially modified
diffusion equations. Even though this statistical mechanical method is a perfectly accurate
theory, the process of numerical solution often has problems in keeping the amount of polymer
materials in the system. Recently, for the purpose of tracking material conservation in the self-
consistent field theory (SCFT), our research group has developed an algebraic test which uses
matrix and bra-ket notation. The test reveals that when Crank-Nicolson method is adopted,
finite volume method (FVM) is the only way to conserve material perfectly in the cylindrical
and spherical coordinate systems. Alternating direction implicit method combined with FVM
cannot conserve material, though it is still a good candidate after considering speed and accuracy
simultaneously. We also confirm that the widely used pseudospectral method in the Cartesian
coordinate system has the ability to conserve material.
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Wang-Landau study of first-order and
Berezinskii-Kosterlitz-Thouless transitions
in classical spin models

Dong-Hee Kim * !, Seongpyo Hong, Wooseop Kwak

I Gwangju Institute of Science and Technology — South Korea

We investigate phase transitions and critical behavior in the two-dimensional Blume-Capel
model and the six-state clock model by using the Wang-Landau sampling method including the
parallel replica-exchange variant. First, in the Blume-Capel model examined up to the lattice
size of 48x48 sites, we construct the first-order transition line with much improved accuracy and
resolution, finding out a double-peak structure of specific heat where diverging phase-transition
peak and the system-size independent Schottky-like peak appears together. Throughout the
phenomenological finite-size-scaling analysis at the tricritical point, we also provide the first
Wang-Landau examination on the conjecture of the exact tricritical eigenvalue exponents, y; =
9/5, yg = 4/5, and y, = 77/40. Second, we perform the parallel replica-exchange Wang-Landau
calculations on the six-state clock model. We identify the Berezinskii-Kosterlitz-Thouless (BKT)
transitions by directly calculating the helicity modulus. The nature of the BKT transitions is
further characterized in the map of the Fisher zeros of the partition function. We find that a
single leading zero or a discrete impact angle does not exist and the whole line of zeros in the
critical area approaches the real axis with the same system-size scaling.
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Geometrical distance describing the
difference between states on phase diagram

Koizumi Takashi * !, Yoichiro Hashizume, Takashi Nakajima, Soichiro
Okamura

! Tokyo University of Science — Japan

Phase diagram shows a diagram of states which depends on the thermal conditions described
by a set of thermodynamic variables on a many-body system. For example, if we chose a set
of thermodynamic variables as a thermal condition such as (volume, pressure,...), a state of gas
is just defined by them. Thus we can obtain the thermodynamic quantities, namely entropy,
internal energy, enthalpy, and so on, at a point of the phase diagram. The important point of
the above example is that the state is defined at each point on the phase diagram. Then, the
“distance” between states in the phase diagram is meaningless as it is. Clearly, we have to treat
a curved manifold describing the difference of states. In the present study, we investigated how
to introduce a proper distance between states in the phase diagram from the viewpoint of the
differential geometry (Riemann geometry). To achieve this aim, we regard the phase diagram
as a manifold, and focus on the distance between states based on Riemann’s metric tensor. We
defined the metric tensor in order to introduce the Riemann geometry to statistical mechanics
similarly to the previous studies on information geometry investigated by Amari et al. Of
course, there are some previous studies applying the Riemann geometry to critical phenomena.
However, they paid attention to the relation between the scalar curvature and its behaviors on
the transition points although we focus on the behaviors of distance between states shown in
the phase diagram. As a result, we clarify the distance between states is well expressed by such
a geometrical aspects based on the Riemann’s metric tensor which is similarly introduced in
the previous studies. Furthermore, we apply the present aspects to typical Ising models such
as 1D chain and mean-field model whose behaviors are well-known, and clarify the “distance”
corresponds to the difference of states. The present results suggest the possibility to study the
geometrical structure of statistical physics from the view point of states itself instead of the
thermal average.
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Modelling and analysis of non-stationary
observables: the example of wind power
production

J. Kurzhals * !, |, P. Maass, P. Lind
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Entanglement entropy of the () > 4 quantum
Potts chain

Peter Lajko * !, Ferenc Igloi

! Department of Physics, Kuwait University — Kuwait

The entanglement entropy, S, is an indicator of quantum correlations in the ground state of
a many body quantum system. At a second-order quantum phase-transition point in one dimen-
sion S generally has a logarithmic singularity. Here we investigate the Q-state quantum Potts
chain for () > 4 and calculate S across the transition point. The density matrix renormalization
group (DMRG) method was applied and a logarithmic divergence was found for the @ = 4 at
the second-order phase transition and finite jump of S for () = 6&8 at the first-order quantum
phase transition. The jump of the entanglement entropy S is analytically calculated in leading
order of Q and was found in good agreement with the DMRG results. Furthermore, the DMRG
data are considered from several aspects in order to demonstrate that the DMRG method can
be an appropriate technique for calculating the entanglement entropy at or around the phase
transition.
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Orientation Effects on the Structural and
Mechanical Properties of Graphene on
Silicon Heterojunction

Wen-Jay Lee * !, Kuo-Ning Chiang
I National Center for High Performance Computing — Taiwan

The graphene/substrate heterojunction has been recognized to be the promising candidates
for the new-generation diodes, solar cells, logic transistors, and energy-harvesting device. Un-
derstanding the topographic characteristic of graphene and its interaction with the supporting
substrate is crucial for further development of nanoelectronic devices, because the properties
of graphene are strongly affected by the underlying substrate. In this work, we study the ori-
entation effect on the intrinsic stress and the interaction of graphene on the silicon substrates.
The results show that the different orientations of graphene on the silicon substrates exhibit the
different characteristics of interfacial structure, which would determines the magnitude of the
intrinsic stress in the graphene. The armchair orientation of graphene on the silicon substrates
has a lower intrinsic stress than the zigzag orientation one. The reasons are attributed to the
fitness and interaction between graphene structure and surface characteristic of substrate. With
different temperature, the variation of intrinsic stress is strongly affected on the degree of the
fitness of the heterojunction structure.
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A general theory of steady-state
copolymerization with applications to DNA
replication by DNA polymerase

Ming Li * !, Yong-Shun Song, Yao-Gen Shu, Xin Zhou, Zhong-Can
Ou-Yang

1University of Chinese Academy of Sciences — China

Steady-state copolymerization is common either in polymer industry or in biology. The mathe-
matical description of the kinetics based on master equation usually leads to unclosed equations
which are hard to solve. Here we report a unified approach to solve the problem for general
cases where a monomer at the reactive end (i.e.,the growing end) can either be added or deleted,
depent on the identity of neighboring monomer units in proximity. This kinetic theory also leads
to a general thermodynamic formula in which the Shannon entropy of the generated copolymer
sequence is explicitly introduced as part of the free energy dissipation of the whole copolymer-
ization system (J. Phys.: Condens. Matter 27 (2015) 235105). Based on the kinetic theory,
we make a detailed discussion on the fidelity problem of DNA replication which is catalysed by
DNA Polymerase (arXiv:1603.02453v2). DNAP is a molecular machine that possesses either a
polymerase site for copolymerization or a exonuclease site for proofreading. Our work provides
a comprehensive and analytically solvable model for the kinetics of the two-site DNAP.
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Emergent Long-Range Couplings in Arrays
of Fluid Cells

Ania Maciolek * !, D. B. Abraham, UK O. Vasilyev

! Institute of Physical Chemistry Polish Academy of Sciences — Poland

Recent experimental work by Gasparini and coworkers examined small cubical boxes of
about 1 nm edge inscribed in a regular pattern on a silicon wafer and filled with liquid 4He.
The boxes are then coupled by addition of more He4 to form a thin supernatant film or via
channels. Something most remarkable happens: even though the boxes have a mesoscopic
spacing, calorimetric measurements show clear evidence of coupling between different boxes.
The authors did not offer any theoretical analysis, but they made the intriguing suggestion that
action at a distance effects of this type might be a common feature of critical systems, both
quantum (like 4He) and classical. In our work, we have constructed a theoretical model of boxes
containing a fluid phase below its critical temperature but at coexistence. The boxes are coupled
together by rods (of arbitrary length) also containing the fluid; in this way, we can assemble
lattices of coupled boxes like those of Gasparini et al. We have analysed this model using
mesoscopic description and by Monte-Carlo simulation, which confirms our phenomenological
results. We have shown that, by appropriate tuning of parameters, the lattice of boxes develops
long ranged order, even though the rods are very long compared to their lateral dimensions; the
simulations produce associated thermodynamic signatures. If we consider two boxes coupled by
a single rod, then we have a model system that may have relevance as a potential mechanism
for biological control. Our ideas may also be useful for networks in social science. Finally, we
suspect that our ideas extend to quantum spin models and maybe even to systems of coupled
quantum dots.
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Energy Probability Distribution Zeros: A
New Route to Study Phase Transitions

Lucas A.s. Mél * 1, B.V. Costa, Julio C.S. Rocha

I Universidade Federal de Minas Gerais — Brazil

In this work we present a novel method to study phase transitions based on the complex zeros
of a polynomial with coefficients determined by the energy probability distribution. This is a
general method that brings advantages over the conventional Fisher zeros approach since it does
not require the knowledge of the full density of states. The method was applied to a variety
of classical statistical physics models demonstrating its power in determining the transition
temperature and critical behavior. Our strategy can easily be adapted to any model, classical
or quantum, once we are able to build the corresponding energy probability distribution.
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Perturbative calculation of non-equilibrium
free energy for mean-field interacting
diffusions

Cesare Nardini * !, Freddy Bouchet, Krysztof Gawedzki
I DAMTP - University of Cambridge & SUPA University of Edinburgh — United Kingdom

Large deviations in the low noise limit describe, through Freidlin-Wentzell or Macroscopic
Fluctuation Theory, a number of out-of-equilibrium systems. In this context, a meaningful
generalisation of non-equilibrium free energy is possible. However, explicit results are available
only in very specific cases and there is generically no hope to calculate non-equilibrium free
energies exactly for most out-of-equilibrium systems. In this talk we address a very natural
and surprisingly still open, question: consider a system depending on a control parameter h
and suppose that we are able to calculate the free energy for some value of h, say h=0. The
typical situation is the case where h=0 corresponds to an equilibrium dynamics. Can we build a
perturbation theory to calculate the quasi-potential for small but finite values of h? We answer
to this question proving the existence of a perturbative expansion and giving explicit formulas to
iteratively compute each order. These results are very general and can be applied to stochastic
differential equations as well as to stochastic PDEs. Explicit results on non-equilibrium model
composed of particles interacting via ferromagnetic forces will also be discussed. We will also
discuss applications of this approach to fluctuating hydrodynamics relevant for the description
of active matter.
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Population dynamics method with a
multi-canonical feedback control

Takahiro Nemoto * !, Freddy Bouchet, Robert L. Jack, Vivien Lecomte
! Université Paris Diderot (LPMA) — France

We discuss the Giardina-Kurchan-Peliti population dynamics method for evaluating large
deviations of time averaged quantities in Markov processes [Phys. Rev. Lett. 96, 120603
(2006)]. This method exhibits systematic errors which can be large in some circumstances,
particularly for systems with weak noise, or close to dynamical phase transitions. We show
how these errors can be mitigated by introducing control forces to within the algorithm. These
forces are determined by an iteration-and-feedback scheme, inspired by multicanonical methods
in equilibrium sampling. We demonstrate substantially improved results in a simple model and
we discuss potential applications to more complex systems.
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Decoherence and Thermalization at Finite
Temperature for Quantum Systems

Mark Novotny * !, Fencing Jin, Shengjun Yuan, Meiji Miyashita, Hans
De Raedt, Kristel Michelson

1 Mississippi State University — United States

We consider a quantum system S with Hamiltonian Hg coupled via a Hamiltonian Hgg to a
quantum environment £ with Hamiltonian Hg. We assume the entirety S+ FE is in a canonical-
thermal state at an inverse temperature 5. The entirety is a closed quantum system which evolves
via the time-dependent Schr”odinger equation with Hamiltonian H = Hg+Hg+AHsg where A is
the overall strength of the system-environment coupling. Using both large-scale simulations and
perturbation theory calculations in A, we have studied a measure o(t) for decoherence and 6(t)
for thermalization of S. We performed large-scale parallel calculations on spin systems with up
to N = 40 spins in the entirety, with both real-time and imaginary-time quantum calculations.
We performed perturbation theory calculations about A = 0 and fluctuations about the average
for the canonical-thermal ensemble, for both ¢ and §. We obtained closed form expressions for
both ¢ and §, in terms of the free energies of S and E. Our perturbation theory calculations
agree very well with our numerical calculations, at least as long as S\ is small [1]. [1] M.A.
Novotny, F. Jin, S. Yuan, S. Miyashita, H. De Raedt, and K. Michielson, Physical Review A,
vol. 92, 032110 [46 pages] (2016); arXiv:1601.042009.
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On the abelianity of the stochastic sandpile
model

Francois Nunzi * !

! Université Paris Diderot ; IRIF — France

We consider a generalized version of the Abelian Sandpile Model (ASM) on a finite graph.
Each vertex of the graph can contain up to a certain number of sand grains, except for a sink
which can absorb any number of grains. At each step of the Markov chain, a sand grain is added
onto the graph, and when a vertex exceeds its maximal number of grains, it becomes unstable and
topples, sending sand grains to its neighbors at random, according to any probability law, with
some constraints for the chain to be well defined. The case where it always sends exactly one sand
grain to each of its neighbors coincides with the ASM. Even though the model becomes much
more complicated, some nice properties still hold. We show that on a certain probability space,
even if we lose the group structure due to topplings not being deterministic, some operators
still commute. More precisely, two stochastic matrices respectively giving the probabilities to
go from one state to another by adding a sand grain on two different vertices will commute. As
a corollary, we show that the stationary distribution does still not depend on how sand grains
are added onto the graph in our model.
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Dynamical scaling in nonequilibrium
relaxation analysis including corrections to
scaling

Yukiyasu Ozeki * !

I The University of Electro-Communications — Japan

Dynamical scaling analysis in the nonequilibrium relaxation (NER) method[1] is applied
to studies on critical phenomena. The improved dynamical scaling [2] by the use of the kernel
method is used, which provides a semi-automatic efficient task for fitting procedure and a reliable
result without assuming any parametric model for scaling functions. When corrections to scaling
is considered, resulting estimations of transition temperature and critical exponents are much
improved. We assume the dynamical scaling form for the NER of order parameter,

m(t,T) = T_/\\I/(t/T), (1)

where m(t,T) is a relaxation of magnetization from the all aligned state. One can use relaxation
data on larger lattices much close to 7. For second order transition cases, A = 3/zv and 7(T)
is the relaxation time, which is expected to diverge as 7(T") ~ |T — T,|~* both in T' > T; and
in T < T.. To estimate T, and exponents, one may calculate m(t,T") for several values of T,
and fit the data to the above formula. We consider corrections to scaling by using the scaling
function,

A mt,T) = U(t/r,t7°), (2)

instead of eq. (1) including the correction term. We apply the present method to some statistical
models including fully frustrated XY models in two dimensions.

[1] Y. Ozeki and N. Ito, J. Phys. A: Math. Theor. 40 R149 (2007).
[2] Y. Echinaka and Y. Ozeki in prepartion.
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Transfer matrix spectrum for cyclic
representations of 6-vertex reflection algebra

Baptiste Pezelier * !, Giuliano Niccoli, Jean Michel Maillet

L ENS de Lyon — France

We present the study of the transfer matrix spectral problem for the cyclic representations of
the 6-vertex reflection algebra associated to the Bazhanov-Stroganov Lax operator. We use the
Sklyanin separation of variable method to completely characterize the transfer matrix spectrum
in two different ways. The results here derived can apply as well to the lattice sine-Gordon
model, with open boundary conditions.
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Information geometry with parameter
dependent correlated data: Bayesian
explorations of cosmological predictions for
the microwave background radiation

Katherine Quinn * !, Francesco De Bernardis, Michael Niemack, James
Sethna

I Cornell Univerisy — United States

We developed a new, generalized fitting algorithm for miltiparameter models which incorpo-
rates varying and correlated errors. This was combined with geometrical methods of sampling
to explore model prediction space, notably to plot geodesics and determine the size and edges of
the model manifold. We illustrate this using the microwave background spectra for all possible
universes, as described by the standard A-cold dark matter (A-CDM) cosmological model. In
this case, the predicted data are fluctuations and highly correlated with varying errors, result-
ing in a manifold with a varying metric (as the natural metric to use is given by the Fisher
information matrix). Furthermore, the model manifold shares the hyperribbon structure seen
in other models, with the edges forming a strongly distorted image of a hypercube. Practical
applications of such an analysis include optimizing experimental instrumentation designed to
test more detailed cosmological theories.
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Using generalized spin distributions to
investigate the intermediate temperature

RSS phase in the three-state
anti-ferromagnetic Potts model

Shafiqur M. Rahman * !, Samuel Salontay
1 Allegheny College — United States

The intermediate temperature RSS phase in the three-state (q=3) anti-ferromagnetic Potts
model on a simple cubic lattice is still not well understood, nor is there agreement on the critical
temperatures for the onset and ending of this phase [1]. Utilizing distribution of generalized spin
states, we were able, in an earlier paper [2], to successfully resolve the almost one decade-long
controversy regarding additional phase transitions in this model. Using a similar approach, we
have investigated the critical temperatures for the onset and the termination of the intermediate
temperature RSS phase of this system. Sublattice spin distributions were obtained from Monte-
Carlo simulation utilizing the Swendsen-Wang cluster-flip algorithm. In this presentation, we
describe how distribution of spin states on sublattices can be used to determine the critical
temperatures of the various phases in such models, including the intermediate temperature RSS
phase. This approach was also used in determining the critical temperatures to a high degree of
accuracy for the q=4, 5 and 6 cases. [1] Rotationally symmetric ordered phase in the three-state
antiferromagnetic Potts model, R. Heilmann, J-S Wang and R. Swendsen, Phys.Rev. B53, 2210
(1996). [2] Intermediate-temperature ordering in a three-state Antiferromagnetic Potts Model,
S. Rahman, E. Rush and R. Swendsen, Phys.Rev. B58, 9125 (1998).
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Optimal stochastic restart renders
fluctuations in first passage times universal

Shlomi Reuveni * 1

1 Harvard — United States

Stochastic restart may drastically reduce the expected run time of a computer algorithm,
expedite the completion of a complex search process, or increase the turnover rate of an en-
zymatic reaction. These diverse first-passage-time (FPT) processes seem to have very little in
common but it is actually quite the other way around. Here we show that the relative standard
deviation associated with the FPT of an optimally restarted process, i.e., one that is restarted
at a constant (non-zero) rate which brings the mean FPT to a minimum, is always unity. We
interpret, further generalize, and discuss this finding and the implications arising from it. Ref:
See upcoming letter in PRL
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Online Compressed Sensing in Absence of
Knowledge of the Prior

Paulo Rossi * !, Yoshiyuki Kabashima
nstituto de Fisica, University of Sao Paulo — Brazil

In ”Online Compressed Sensing” (http://arxiv.org/abs/1509.05108), the authors presented a
method for recovering sparse signals in an online fashion. By the use of a mean field approxima-
tion to the Bayes recursion formula, the online signal recovery algorithm can be performed with
a computational cost that is linearly proportional to the signal length per update and analysis
of the resulting algorithm indicates that the online algorithm asymptotically saturates the opti-
mal performance limit achieved by the offline method in the presence of Gaussian measurement
noise. Here, we present an extension of this work for the realistic situation where knowledge of
the signal generating distribution is unknown. By the addition of a maximization step where
the partition function is extremized with relation to the unknown prior parameters, it is possible
to learn the correct values of these parameters and achieve a stable learning performance.
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Driven and undriven uniform states in a
granular gas. The role of roughness

Andres Santos * !, Francisco Vega Reyes
! Universidad de Extremadura — Spain

We study a granular gas of inelastic rough spheres for two prototypical homogeneous states:
(i) the undriven free cooling state and (ii) the steady state driven by a spatially uniform stochas-
tic white-noise force, the latter acting on the translational particle velocities, by adding them
a random impulse. In both cases an analytical solution of the corresponding velocity distri-
bution function is worked out from a Sonine polynomial expansion that displays energy non-
equipartition between the translational and rotational modes, translational and rotational kur-
toses, and translational-rotational velocity correlations. By comparison with numerical solutions
of the Boltzmann kinetic equation (by means of the Direct Simulation Monte Carlo method) we
show that our analytical solutions provide good general descriptions that are semiquantitatively
and quantitatively accurate in the undriven and driven states, respectively, for wide ranges of
inelasticity and roughness. We also find three important features that make the forced granular
gas steady state very different from the homogeneous cooling state. First, the marginal velocity
distributions are always close to a Maxwellian. Second, there is a continuous transition to the
purely smooth limit (where the effects of particle rotations are ignored). And third, the angular
translational-rotational velocity correlations show a preference for a quasiperpendicular mutual
orientation (”lifted-tennis-ball” behavior).
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Topological Approach to Microcanonical
Thermodynamics and Phase Transition of
Interacting Classical Spins

Fernando A. N. Santos * !, L. C. B. da Silva, M. D. Coutinho-Filho

1 Universidade Federal de Pernambuco — Brazil

We propose a topological approach suitable to establish a connection between thermody-
namics and topology in the microcanonical ensemble. Indeed, we report on results that point
to the possibility of describing interacting classical spin systems in the thermodynamic limit,
including the occurrence of a phase transition, using topology arguments only. Our approach
relies on Morse theory, through the determination of the critical points of the potential energy,
which is the proper Morse function. Our main finding is to show that, in the context of the stud-
ied classical models, the Euler characteristic x(E) embeds the necessary features for a correct
description of several magnetic thermodynamic quantities of the systems, such as the magneti-
zation, correlation function, susceptibility, and critical temperature. Despite the classical nature
of the studied models, such quantities are those that do not violate the laws of thermodynamics
[with the proviso that Van der Waals loop states are mean field (MF) artifacts]. We also discuss
the subtle connection between our approach using the Euler entropy, defined by the logarithm
of the modulus of x(FE) per site, and that using the Boltzmann microcanonical entropy. The
approaches based on entropies associated with the total number of microscopic states, or the
total number of critical points of the potential energy, are also considered in our analysis. More-
over, the results suggest that the loss of regularity in the Morse function is associated with the
occurrence of unstable and metastable thermodynamic solutions in the MF case. The reliability
of our approach is tested in two exactly soluble systems: the infinite-range and the short-range
XY models in the presence of a magnetic field. Further studies are very desirable in order to
clarify the extension of the validity of our proposal.
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Stochastic Treatment of Open Systems in
Quantum Optics

I. G. Savenko * !, H. Flayac, C. Schneider, S. Hofling, T. Ala-Nissila, M.
Mottonen

I Center for Theoretical Physics of Complex Systems, Institute for Basic Science, Daejeon, South Korea
— South Korea

Semiconductor microcavities are an outstanding platform for study on non-equilibrium con-
densation. In the strong coupling regime, new eigenmodes emerge, called exciton-polaritons.
Their condensates are now routinely produced in multiple groups over the world with an out-
standing control on the system parameters. Moreover, exciton polaritons demonstrate phase
coherence and topological defects formation. From the application viewpoint, recent research
involves sculpting the polariton landscape down to one and zero dimensions towards realiza-
tion of all-optical polariton logics embedding low power laser sources. All these developments,
however, still rely on collective but classical mean-field effects, most of which can be accurately
simulated via a single-particle evolution governed by the driven dissipative Gross-Pitaevskii
equations. However, some of the effects require purely quantum modeling which would keep
track of quantum correlations. In particular, quantum-mechanical treatment is required on the
border between the kinetic and thermodynamic limits. Technically, the exponential growth of
the Hilbert space with the increase of the number of modes of the bosonic system forbids any
direct master equation treatment. Hence one has to cope with a cumbersome hierarchy of cou-
pled equations for operator averages accompanied by empirical truncation at a certain operator
order. We propose a quantum jump approach to exciton-polariton condensation [1], based on a
stochastic evolution of the system wave function subject to interaction with the exciton reser-
voir and coherent/incoherent driving. We compute both the temporal second-order and spatial
first-order correlation functions keeping track of the excited state dynamics and inter-state cor-
relations. We discuss the perspectives open up by this model that, as opposed to e.g. DMRG
and related algorithms, involves a relatively simple numerical implementation highly paralleliz-
able and easily scalable to clusters. Our model is used to reproduce recent experimental results
on the temporal coherence of confined polariton condensates at various pump powers and tem-
peratures [2]. [1] H. Flayac, I. G. Savenko, M. M6ttonen, and T. Ala-Nissila, Phys. Rev. B 92,
115117 (2015). [2] M. Amthor, H. Flayac, I. G. Savenko, S. Brodbeck, M. Kamp, T. Ala-Nissila,
C. Schneider, and S. Hofling, arXiv:1511.00878 (2015).

*Poster

91



Markov State Modeling for Water Dynamics
Robert Schulz * !, Yann van Hansen, Frank Noé, Roland. R. Netz
! Theoretical Bio- and Soft Matter Physics, FU Berlin, Arnimallee 14, 14195 Berlin — Germany

The unique properties of liquid water are relevant for a broad range of processes throughout
many disciplines, e.g. protein folding. A long standing goal has been to relate the macroscopic
properties such as the notable anomalies and singularities or transport properties to the micro-
scopic structure, and thus to the hydrogen bonding pattern between individual molecules. We
consider a Molecular Dynamics simulation of SPC/E water based on a 10ns long trajectory in
bulk water. Pairs of water within a certain separation length R are considered and analyzed.
With a Markov state model, we are able to discern different processes which describe switching
of hydrogen bonds between different partners of water molecules. The application of transition
path theory for discrete Markov chains reveal competitive reaction pathways when a hydrogen
bond is broken and a new one is formed with another water molecule.
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Just one exponent describes
diffusion-limited aggregation fractals

Lev Shchur * !, Anton Menshutin

1 Science Center in Chernogolovka — Russia

Diffusion limited aggregation (DLA) is one of the models solving Laplace equation. We
analyze recent developments in the understanding of DLA in the plane, paying special attention
to the universal properties. We discuss phase diagram of DLA grown in the plane under the
influence of underlying crystalline field and varying adhesion coefficient. There are two regions
in the diagram, with asymptotic values of DLA cluster fractal dimensions 3/2 and 1.710...
Asymptotic values reached approximately for the clusters with at least 10° particles. Growing
of clusters of this size is still impossible with the current power of computers, and we achieve this
asymptotic effectively using estimation of harmonic measure with probe particles of varying size,
and taking zero limit. Next, we answer the longstanding problem of multiscaling, which can be
deduced from the visible variation of fractal dimension with radius for the cluster of size smaller
than 10%. We present analytical arguments (which are consistent with the numerical data)
that visible multiscaling is just the finite size effect, and that DLA fractals do not demonstrate
multiscaling asymptotically.
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Large deviation functions of time-integrated
current in stochastic traffic models

Somayeh Shiri * !, Timothy M. Garoni

! Monash University — Australia

Studying large deviation functions (LDF) in stochastic traffic models typically relies on
simulation. Simulation of rare events is a notoriously difficult task however. In the past decade,
a number of advanced Monte Carlo techniques have been introduced to investigate the LDF
of macroscopic observables in non-equilibrium stochastic models. In this work, we study and
compare two of these methods, the cloning method [1], and the iterative measurement-and-
feedback method [2]. We adapt the existing methods to the setting of discrete time Markov
chains, where necessary, and apply them to a number of variants of TASEP, such as the Nagel-
Schreckenberg model, which serves as a minimal discrete model of freeway traffic. [1] Cristian
Giardina, Jorge Kurchan, and Luca Peliti. Physical review letters, 96(12):120603, 2006. [2]
Takahiro Nemoto and Shin-ichi Sasa. Physical review letters, 112(9):090602, 2014.
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Geometry of Fubini-Study metric of thermal
pure quantum states

Sho Sugiura * !
! University of Tokyo — Japan

In the foundation of quantum statistical mechanics, every equilibrium state can be repre-
sented by almost all pure quantum states in the corresponding energy shell[1-4]. This concept is
called typicality. On the other hand, the thermodynamic geometry is gathering much attention
in the high energy physics. In condensed matter physics, the Fubini-Study metric of ground
states with varying parameters is known to be able to capture the quantum phase transitions
and their topological aspects[5,6]. In this talk, we will extend this metric to finite tempera-
ture using recently proposed thermal pure quantum (TPQ) state, which is a typical realization
of an equilibrium state [7,8]. We will show that the real part of this metric reproduces the
thermodynamic geometry when Hamiltonians in different parameters commute with each other.
Furthermore, when they do not commute, we will show that Berry phase at finite temperature
emerges in the imaginary part of it and an additional quantum correlation emerges in the real
part. The quantum metric depends on the holonomy of the TPQ state. We will show that
different experimental protocols, e.g., adiabatic time evolution and sudden quench, correspond
to different holonomies and geometries. [1] S. Popescu, A.J. Short, and A. Winter, Nature Phys.
2, 754 (2006). [2] S. Goldstein et al, Phys. Rev. Lett. 96, 050403 (2006). [3] A. Sugita, Non-
linear Phenom. Complex Syst. 10, 192 (2007). [4] P. Reimann, Phys. Rev. Lett. 99, 160404
(2007). [5] P. Zanardi, P. Giorda, and M. Cozzini, Phs. Rev. Lett. 99, 100603 (2007). [6] M.
Kolodrubetz, V. Gritsev, and A. Polkovnikov, Phys. Rev. B 88, 064304 (2013). [7] SS and
A.Shimizu, Physical Review Letters 108, 240401 (2012) [8] SS and A.Shimizu, Physical Review
Letters 111, 010401 (2013)
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Effect of random field disorder on first order
transitions

Sumedha Sumedha * !, Sushant K Singh, Nabin K Jana

1 National Institute of Science Education and Research — India

The effect of quenched disorder on the behavior of a system, whose pure version undergoes a
first order transition is well understood by now for dj=2 [1]. For two dimensions, an infinitesimal
amount of disorder is known to change the order of transition to a continuous transition. The
situation in higher dimensions is not so clear. In higher dimensions, it was conjectured that
there exist a impurity threshold beyond which the transition should change its character [2]. We
solve p spin interaction model and Blume Capel model in the presence of random field disorder
on fully connected graphs using large deviation theory. For p spin interaction model, we find
that for p;= 3, the first order transition continues to be a first order for all strengths of disorder
[3]. While for Blume Capel model with bimodal random crystal field, we find the behavior is
modified: for very weak disorder, the phase diagram is similar to the pure model with regions
of first and second order transitions separated by a tricritical point. With increasing strength
of disorder, the transition soon becomes a continuous transition for all strengths of disorder [4].
1. Y. Imry and M Wortis, Phys. Rev. B, Vol, 19 3580,1978; M Aizenman and J Wehr,Phys.
Rev. Let, vol. 62 2503, (1989); K. Hui and A.N. Berker, Phys. Rev. Lett. vol. 62,2507, (1989);
R. L. Greenblatt, M. Aizenman and J. L. Lebowitz, Phys. Rev. Lett. vol. 103, 197201(2009).
2. J. Cardy, Physica A, vol. 263 215,1999; J. Cardy and J. L. Jacobsen, Phys. Rev. Lett., vol.
79, 4063(1997). 3. Sumedha and Sushant K Singh, Physica A vol. 442,276(2016) 4.Sumedha
and Nabin K Jana, to be submitted.
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Percolation in Segregating Binary
Bose-Einstein Condensates

Hiromitsu Takeuchi * !
! Department of Physics, Osaka City University — Japan

Percolation theory is applied to phase-separation dynamics of binary Bose-Einstein con-
densates in quasi-two-dimensional systems [1]. Our finite-size-scaling analysis shows that the
percolation threshold of the initial domain pattern emerging from the dynamic instability is close
to 0.5 for strongly repulsive condensates. The percolation probability is universally described
with a scaling function when the probability is rescaled by the characteristic domain size in
the dynamic scaling regime of the phase-ordering kinetics, independent of the intercomponent
interaction. It is revealed that an infinite domain wall sandwiched between percolating domains
in the two condensates has a noninteger fractal dimension and keeps the scaling behavior during
the dynamic scaling regime. In addition, we show that the domain size distribution obeys a
scaling law according to the dynamic scaling analysis based on the percolation theory [2]. [1]
Hiromitsu Takeuchi, Yumiko Mizuno, and Kentaro Dehara, Phys. Rev. A 92, 043608 (2015).
[2] Hiromitsu Takeuchi, J. Low Temp. Phys. 183, 169 (2016).
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Estimation of spin-spin interactions from
magnetization curve based on the Bayesian
statistics

Ryo Tamura * !, Koji Hukushima
! National Institute for Materials Science — Japan

We develop a method for estimating spin-spin interactions in the Hamiltonian from a given
magnetization curve by the machine learning based on the Bayesian statistics. In the estima-
tion method, plausible spin-spin interactions that explain the given magnetization curve are
determined by maximizing the posterior distribution. It is obtained by statistical physics as
the conditional probability of the spin-spin interactions for a given magnetization curve with
observation noise. The efficiency of the estimation method is tested for a case of synthetic
magnetization curve data obtained by the classical Heisenberg model. Results show that the
developed estimation method enables estimation of the spin-spin interactions with high accu-
racy and, in particular, the relevant terms of the spin-spin interactions are successfully selected
from among redundant interaction candidates by using l; regularization in the prior distribu-
tion. We would like to emphasize that the framework of our estimation method can be used
not only for magnetization curves but also for any measured data as the input data. In addi-
tion, we strongly believe that our proposed estimation method is expected to form a basis for
physics-based machine learning techniques.
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Thermostat algorithms for generating target
ensembles

Diego Tapias * 1, David P. Sandrers Alessandro Bravetti
! National Autonomous University of Mexico (UNAM) — Mexico

We present a new algorithm to generate the equations of motion for physical systems in
different ensembles. The relevant characteristic of our method is that the dynamics is derived
by exploiting the geometric structure of an extended phase space associated with the degrees
of freedom of the system and the reservoir, which is assumed to be a contact manifold. Our
approach provides both a theoretical framework and a dynamical basis for ensembles different
from the microcanonical one and it thus appealing for molecular dynamics simulations. The
validity of the method is tested through numerical experiments. In particular we consider the
prototypical example of a harmonic oscillator in the canonical ensemble. The results of this
talk may be found in: Thermostat algorithm for generating target ensembles, A. Bravetti and
D. Tapias, Phys. Rev. E 93, 022139, 24 February 2016. Liouville’s theorem and the canonical
measure for nonconservative systems from contact geometry, A. Bravetti and D. Tapias, Journal
of Physics A: Mathematical and Theoretical 48, 24, 254001, 27 May 2015.
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Counter-ion condensation around a charged
disk: exact results in the intermediate
coupling regime

Gabriel Tellez * !, Juan Pablo Mallarino

I Universidad de los Andes — Colombia

We present an analysis of the condensation of counter-ions around a charged disk. The
model under consideration is a two-dimensional (2D) system formed by an impenetrable disk of
charge Q1 surrounded by ions of charge q dispersed freely in a larger disk with external charged
boundary Q2, at thermal equilibrium at a temperature T. In mean field, it is known that a
disk with a dimensionless charge ( q Q1/(2 k T) ) inferior to unity is unable to bind counter-
ions. When the charge is above unity, it attracts an ion cloud in such a way that it neutralizes
partially the disk so that the effective dimensionless charge of the disk and the cloud is unity. We
explore the faith of this counter-ion condensation beyond the mean field regime for large values
of the Coulomb coupling. In particular, for some special values of the coupling, exact analytical
results can be obtained for the system, which give an interesting insight on the condensation
phenomenon. These exact results can be obtained by recognizing that the Boltzmann factor of
the system can be expressed in terms of a Jack polynomial, and expanding it in monomial basis.
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“Crystallisation pathway of strongly
repulsive charged brownian particles”

Efrain Urrutia * !, Claudio Contreras Aburto, Amir D. Maldonado Arce

I Universidad de Sonora — Mexico

The crystallisation process of a system of charged brownian particles in the metastable melt
is described with the help of brownian dynamics computer simulations complemented with an
analysis of common neighbours. The results reveal a dominant abundance of icosahedral struc-
tures in the metastable melt, which is in agreement with recent static structure measurements. A
crystallisation pathway is found that obeys a logistic growth model for the bce units population,
mostly at the expense of the extinction of the icosahedral structures.
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Novel optimal space partitions

Nicolas Vandewalle * !, Eric Opsomer
! University of Liege — Belgium

Partitioning space into polyhedra with a minimum total surface area is a fundamental ques-
tion in science and mathematics. In 1887, Lord Kelvin conjectured that the optimal partition of
space is obtained with a 14-faced space-filling polyhedron. Kelvin’s conjecture resisted a century
until Weaire and Phelan proposed in 1994 a new structure obtained from numerical simulations.
We report a giant breakthrough in this field. We propose a stochastic method, based on sim-
ulated annealing and Voronoi tesselation, for finding efficient polyhedral structures, solving a
generalized Kelvin’s problem. We show that novel optimal structures emerge. Two particular
partitions made of respectively 8 and 24 polyhedra are found to beat the Weaire-Phelan struc-
ture. The first partition looks similar but slightly different from the Weaire-Phelan structure,
since the polyhedral cells have non-equal volumes. The second structure is new and is composed
of 12- and 16-faceted polyhedra. Moreover, our work suggests that more optimal structures are
still to be discovered. We give clues for exploring new structures.
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Lindblad dynamics of a quantum spherical
spin

Sascha Wald * !, Malte Henkel

1 Université de Lorraine — France

The coherent quantum dynamics of a single bosonic spin variable, subject to a constraint
derived from the quantum spherical model of a ferromagnet, and coupled to an external heat
bath, is studied through the Lindblad equation for the reduced density matrix. Closed systems
of equations of motion for several quantum observables are derived and solved exactly. The
relationship to the single-mode Dicke model from quantum optics is discussed. The analysis of
the interplay of the quantum fluctuation and the dissipation and their influence on the relaxation
of the time-dependent magnetisation leads to the distinction of qualitatively different regimes
of weak and strong quantum couplings. Considering the model’s behaviour in an external field
as a simple mean-field approximation of the dynamics of a quantum spherical ferromagnet, the
magnetic phase diagram appears to be re-entrant and presents a quantum analogue of well-
established classical examples of fluctuation-induced order.
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From Nash equilibrium to the Schrodinger
equation and a general quantum dynamics

Wolfgang Paul * !, Jeanette Koppe, Wilfried Grecksch

! Martin Luther University — Germany

Complex, non-relativistic quantum systems are analyzed theoretically or by numerical ap-
proaches to the Schrédinger equation. Compared to the numerical options available to treat
classical mechanical systems, this is limited, both in methods and in scope. However, based
on Nelson’s stochastic mechanics, a mathematical structure of quantum mechanics has been
developped into a form parallel to analytical mechanics. Finding the Nash-equilibrium for the
stochastic optimal control problem, which is the quantum equivalent to Hamilton’s primciple
in classical mechanics, leads to the Schrodinger equation on the one hand and a general set of
quantum dynamical equations on the other hand. We show that for the harmonic oscillator
these lead to the coherent states and establish a numerical procedure to solve for the ground
state process for the stationary problem.
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Quantum Heat Engine at a Negative
Absolute and a Positive Temperature

Jingyi Xi * 1, Haitao Quan
! Academy for Advanced Interdisciplinary Studies, Peking University — China

To clarify the ambiguity on negative absolute temperature in literature, we study the Carnot
and the Otto cycle with one of the heat reservoirs at the negative absolute temperature. The
work extraction, entropy production and the efficiency of these cycles are explored. Conditions
for constructing and properties of these thermodynamic cycles are elucidated. We find that the
apparent “violation” of the second law of thermodynamics in these cycles are due to the fact
that the usual definition of thermodynamic efficiency is inappropriate in this situation. When
properly understanding the efficiency and the adiabatic process, in which the system passes
through absolute zero, the Carnot cycle with one of the heat reservoirs at a negative absolute
temperature can be understood straightforwardly, and it contradicts neither the second nor the
third law of thermodynamics. We use a two-level system and a Ising spin system to illustrate
our central results.
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Critical nonequilibrium relaxation in cluster
algorithms

Yoshihiko Nonomura * !, Yusuke Tomita
! National Institute for Materials Science — Japan

Recently we showed that the critical nonequilibrium relaxation in cluster algorithms is widely
described by the stretched-exponential relaxation of physical quantities in the Ising [1], XY [2],
Heisenberg [3] and Potts [2] models, and that critical phenomena are characterized by the
exponent of the stretched-exponential relaxation, o. That is, ¢ ~ 1/3 in the 2D, 3D and 4D
Ising models (second-order phase transitions), o ~ 1/2 in the 3D and 4D XY and 3D and 4D
Heisenberg models (second-order phase transitions in continuous spin models), o ~ 1 (i.e. the
simple exponential relaxation) in the 2D XY model (BKT phase transition) and ¢ = 0 (i.e.
the power-law relaxation) in the 2D ¢ = 5 Potts model (weak first-order phase transition).
Generalization to quantum Monte Carlo calculations will also be discussed.

[1] Y. Nonomura, J. Phys. Soc. Jpn. 83, 113001 (2014).
[2] Y. Nonomura and Y. Tomita, Phys. Rev. E 92, 062121 (2015).

[3] Y. Nonomura and Y. Tomita, Phys. Rev. E 93, 012101 (2016).
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Classical many-body theory with retarded
interactions: probability-free foundation of
irreversibility

A. Yu. Zakharov * 1

I Novgorod State University — Russia

The exact closed equation of motion for microscopic density of classical many-body system
with account of retarded interactions between particles is derived. Qualitative properties of the
solutions of this equation are investigated. It is shown that interactions retardation leads to
irreversible behaviour of many-body systems.
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Ground states of a generalized XY model
with frustrated magnetic and
pseudonematic couplings

Milan Zukovié * 1

! Institute of Physics, P.J. Saférik University in Kogice — Slovakia

Ground state phases of a generalized XY model with magnetic and pseudonematic couplings
on a non-bipartite triangular lattice are investigated in the exchange interactions parameter
space. We demonstrate that the model displays a number of ordered and quasi-ordered phases as
a result of geometrical frustration and/or competition between the magnetic and pseudonematic
interactions. The nature and the extent of the respective phases depend on the parameter ¢,
characterizing the higher-order harmonics term of the model Hamiltonian. Motivated by the
recent discovery of the experimental realization of the model for ¢ = 2 in the seemingly unrelated
field of the structural chemistry [1], the present model for ¢ > 2 is discussed in the context of
the prediction of structural phases of some bimetalic cyanides based on the mapping between
the two systems. [1] A.B. Cairns, M.J. Cliffe, J.A.M. Paddison, D. Daisenberger, M.G. Tucker,
F.-X. Coudert, A.L. Goodwin, Nature Chemistry (2016) doi:10.1038 /nchem.2462.
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Fluctuation-dissipation relations far from
equilibrium

Bernhard Altaner * ', Matteo Polettini, Massimiliano Esposito

L University of Luxembourg — Luxembourg

Fluctuation dissipation relations (FDRs) connecting the response of a current to a conjugate
force with the spontaneous fluctuations of that current are usually considered as the hallmark
of an equilibrium system. Here, we show that FDRs also hold for local currents quietly stalling
amidst an ocean out of equilibrium, if their response is probed with respect to a control parameter
that enters the system only locally. We give several examples and discuss the relation of our
result to the notion of local equilibrium in stochastic thermodynamics.
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Exclusion processes with varying system
length

Chikashi Arita * !

! Saarland University — Germany

The exclusion process is one of fundamental models in non-equilibrium statistical physics.
Motivated by queueing and biological applications, we consider variants of the exclusion pro-
cesses with varying system size. In some cases, exact stationary states can be constructed, and
therefore phase diagrams of whether the system converges or diverges are rigorously determined.
Various types of density profiles are found, depending on system parameters, by using heuristic
argument.
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Two Dimensional Optical Rocking Ratchet

Alejandro V. Arzola * !, . et. al.

Unstituto de Flsica, Universidad Nacional Auténoma de México — Mexico

Ratcheting mechanism constitute a paradigmatic out-of-equilibrium system which enables trans-
port of matter at the mesoscopic size level. In this work we present a novel experimental real-
ization of a two-dimensional ratchet based on optical micromanipulation techniques. It consists
of microscopic dielectric particles immersed in water, which are forced to move periodically on a
two-dimensional periodic optical potential with a defined spatial asymmetry. The characteristic
behavior of the system is the non-trivial transport given by the dynamic coupling of the spatial
asymmetry and the time-dependent non-biased forces. We obtained a two-dimensional current
of particles that strongly depends on the shape of the optical potential and on the magnitude,
periodicity and direction of the drag force that takes particles out of equilibrium. A thorough
theoretical study is also presented. With this system we explored new mechanisms to bias the
random motion of microscopic samples. For example, we were able to observe transversal cur-
rents previously predicted in theoretical models, and control the motion of a sample of particles
in a two-dimensional space by only changing the asymmetry of the pattern of light in real time.
AVA acknowledges financial support from DGAPA-UNAM-PAPIIT grant IA103615.
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Finding a new job for Maxwell’s demon:
improving nonequilibrium free energy
calculations.

Shahaf S. Asban * !, Saar Rahav

I Technion — Israel

Our understanding of small out-of-equilibrium systems have undergone a revolution in the
last two decades, with the development of stochastic thermodynamics and single molecule tech-
niques. Such systems were experimentally verified to satisfy fluctuation theorems, specifically
the Jarzynski equality. This equality is widely used to determine free energy differences from
repetitions of a non-equilibrium process. However, such experiments or calculations are known
to exhibit poor convergence. Under the same framework, the deep connections between infor-
mation and thermodynamics have also been extensively studied. Information engines driven
by measurement and feedback have been studied theoretically and realized in experiments. It
is natural to wonder whether measurement and feedback can also be useful in free energy es-
timation. We argue that they can greatly improve the convergence of such calculations. We
demonstrate this argument using a simple two-state model of a DNA hairpin.
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Condensation of helium in a silica aerogel is
described by the athermal Random Field
Ising Model

Geoffroy Aubry * !, Victor Doebele, Edouard Kierlik, Panayotis Spathis,
Pierre-Etienne Wolf

L Universitéit Konstanz — Germany

We have experimentally studied the condensation of *He in light silica aerogels as a model
system to probe the influence of dilute disorder on a first order phase transition. In contrast to
previous claims, we find that this system is not a realization of the equilibrium Random Field
Ising Model (RFIM), but is thermodynamically out-of-equilibrium. More precisely, we show
that temperature allows to tune the effective disorder strength, enabling to observe the disorder
driven critical point predicted by the athermal RFIM studied by Sethna
textitet al. (PRL 70, 3347, 1993). Using light scattering to measure the fluid state on a local
scale, we find that above (below) a critical temperature, the hysteretic transition to the liquid
state occurs continuously (abruptly). Our results (Aubry
textitet al., PRL 113, 085301, 2014) are consistent with the extension of the Sethna’s model to
a lattice gas model developed by Detcheverry
textitet al. (PRE 72, 051506, 2005). The athermal RFIM also predicts the existence of a Return
Point Memory (RPM) along minor hysteresis loops. We recently developed a technique based
on the sensitivity of the speckle patterns to the fluid spatial distribution to demonstrate RPM
at the microscopic level in our experimental system, thus confirming its athermal character. To
our knowledge, these measurements are the first demonstration at a microscopic level of RPM
for random field disorder.
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Spontaneous pedestrian laning in a crowded
corridor: a non-equilibrium phase
separation.

Nicolas Bain * !, Denis Bartolo

L ENS de Lyon — France

Theoretical and numerical studies of pedestrian flows have been the subject of great atten-
tion for more that 20 years. Primarily motivated by the prevention of crowd disasters, numerous
models were developed to simulate large human crowds in different particular settings: room
escape, multi-lane flows, obstructed roads, etc These increasingly complex models are usually
based on empirical behavioural or heuristic laws, and the very ingredient responsible for the
robust features of large-scale flows remains unknown. With this in mind, our goal is to isolate
macroscopic observables making it possible to distinguish between the number of possible re-
pulsive interactions at the 2-body level. Focusing on a prototypical geometry in the context of
pedestrian flows, we introduce a minimal yet generic overdamped model for motile individuals
propelling on a solid substrate. We demonstrate that unidirectional motile particles generically
undergo a transition from a homogenous to a phase separated state (laning) irrespective of the
very details of their interactions. However we identify structural and dynamical observables
which clearly distinguish between the possible behavioural rules and enables us to discuss the
relevance of these predictions to actual human crowd dynamics.
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Changes in Transport Properties of a
Convecting Fluid with Increases in Internal
Degrees of Freedom

Stuart Bartlett * !

ITokyo Institute of Technology — Japan

I present a set of numerical experiments designed to address the following question: How do
the thermodynamic transport abilities of a non-equilibrium system change as it is given more
internal degrees of freedom? As an archetypal starting point, I use a two-dimensional single phase
fluid undergoing buoyancy-driven convection. It was shown already in the mid twentieth century
(with other more recent works corroborating those first contributions) that such convecting fluids
maximise heat flux under basic hydrodynamic constraints, and fixed temperature boundary
conditions. More recently, it has been proposed that such systems exhibit maximum entropy
production (MEP). Maximum heat flux under a fixed temperature gradient constraint does
indeed seem indicative of MEP, but under other boundary conditions, such as fixed flux or
negative feedback, it has been shown that the MEP prediction fails. Some have argued that
a system must be ‘sufficiently complex’, or have ‘sufficient degrees of freedom’, before it can
exhibit MEP. While I do not ascribe to the idea that MEP is a unifying variational principle for
non-equilibrium systems, I wished nonetheless to explore how the transport properties of simple
driven fluid systems were affected by increases in internal degrees of freedom. Taking the single
phase, convecting fluid and adding dissolved passive scalars that can undergo exo/endothermic
chemical reactions with one another, what will be the qualitative and quantitative effect on
the heat flux and characteristics of the system? In this contribution I present the first set of
modelling results that attempt to answer this question.

*Poster

116



Short-time dynamical behaviour of critical
lattice gases

Urna Basu * !
! Internationa School for Advanced Studies (SISSA) — Italy

The non-equilibrium short-time behaviours of the driven and undriven lattice gases at the
critical point are investigated in two spatial dimensions starting from a fully disordered initial
configuration. In particular, we study the time evolution of suitably defined ”transverse” order
parameters, which account for the anisotropy introduced by the homogeneous driving. We
propose that, at short times, the dynamical behaviour of all these models is effectively described
by a continuum theory with conserved order parameter in which fluctuations are Gaussian in
the transverse direction, irrespective of this being the case at longer times. Strong numerical
evidence is provided which agrees very well with the analytical predictions of such a Gaussian
theory, both for the driven and undriven systems.
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Langevin dynamics and a skew probability
distribution of nonequilibrium current
fluctuations

Roman Belousov * !, E.G.D. Cohen, C. Wong, J.A. Goree, Y. Feng, L.
Rondoni

! Rockefeller University — United States

A skewness of the probability for instantaneous fluctuations of a shear flow, in a nonequilibrium
steady state, has been discovered in a recent dusty plasma experiment and confirmed by com-
puter simulations. This phenomenon is attributed to the presence of a preferred spatial direction
in the system due to the externally applied shear rate. In order to provide a quantitative physi-
cal model of the fluctuations in steady-state systems subject to an external force, we extend the
Langevin dynamics, suggested by Onsager and Machlup for equilibrium fluctuations in spatially
symmetric systems, by adding a new stochastic term. Statistical properties of the fluctuations
are then calculated from the solution of the extended Langevin equation, while their probability
density function can be approximated by a novel Modulated Gaussian distribution.
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Integrable dynamics in systems with
long-range interactions

Fernanda P. C. Benetti * !, Ana Carolina Ribeiro-Teixeira, Renato
Pakter, Yan Levin

I Instituto de Fisica - Universidade Federal do Rio Grande do Sul — Brazil

Systems whose components interact by unscreened long-range forces?for example, stellar sys-
tems and non-neutral plasmas?have characteristics that are anomalous with respect to systems
with shielded or short-range forces. Besides presenting unique thermodynamic properties such
as negative specific heat and inequivalence of ensembles, their initial dynamics is predominantly
collisionless and leads to out-of-equilibrium quasi-stationary states. These states are notoriously
difficult to predict given an arbitrary initial condition, and there is still no unified theory to treat
them. One thing, however, is clear: unlike thermodynamic equilibrium, the system’s initial dy-
namics plays a fundamental role in determining the profile of the quasi-stationary state. If strong
mean-field oscillations occur 7 a process known as violent relaxation ? a core-halo configuration
is formed, in which ergodicity is broken. In these cases, the core-halo theory of Levin et al
successfully characterizes the QSS profiles [1]. If the initial condition is such that there are no
strong oscillations 7 for example, in a virialized initial state 7 the dynamics is close to integrable
and there is no core-halo formation, so the core-halo theory does not apply. Here we show the
results of a model based on integrable dynamics for describing these QSS profiles. We apply it
specifically for a spherically symmetric self-gravitating system with an isotropic velocity distri-
bution [2] and show that it is successful for several different initial conditions. We also compare
with Lynden-Bell statistics results, which relies on a fundamentally different assumption, that
of ergodicity and violent relaxation. [1] Levin, Y. et al, Phys. Rep. 536 (2014). [2] Benetti, F.
P. C. et al, Phys. Rev. Lett. 113 (2014).
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Time irreversibility of heavy inertial
particles in fluid turbulence

Akshay Bhatnagar * !

L NORDITA, Stockholm — Sweden

For heavy-inertial particles advected by a turbulent flow, time irreversibility arises because
of two reasons: (a) turbulent flows are irreversible; and (b) the Stokes drag exerted by the flow
on the particle is dissipative. We characterize the time irreversibility of trajectories of heavy
inertial particles advected by a turbulent fluid, by carrying out an extensive direct numerical
simulation (DNS) obtaining several statistical properties of the non-equilibrium statistically
steady state of such particles in a turbulent flow. From our DNS we show that the probability
distribution functions (PDFs) of the power input (p) to the particles, by the turbulent flow, are
negatively skewed. This shows explicitly the violation of the principle of detailed balance and
the lack of time-reversal symmetry, in such a flow. Furthermore, by computing the persistence-
time PDFs of the time for which p remains positive or negative, we demonstrate that these
PDF's display exponentially decaying tails, from which we obtain characteristic time scales for
the acceleration and deceleration of the heavy particles. We find that the time scale over which
the particles decelerate is, on average, smaller than the time scale over which it accelerates, i.e.,
typically, heavy inertial particles in turbulent flows, lose their energy faster than they gain it. We
show that, if we replace the turbulent flow by a statistically time-reversal-invariant, white-noise
process we find similar statistical properties, because of the dissipation via Stokes drag.
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Irreversibility and dissipation in
multiple-scale systems

Stefano Bo * !, Antonio Celani, Erik Aurell, Ralf Eichhorn

I Nordita — Sweden

Stochastic processes provide an effective modeling tool for a great number of phenomena
in physics, chemistry and biology. Systems of relevant interest often involve processes taking
place on widely separated timescales. Efficient modeling dictates to restrict the description to
the slower processes and it is of great importance to accurately eliminate the fast variables
in a controlled fashion, carefully accounting for their net effect on the slower dynamics. Such
averaging and homogenization techniques have been extensively studied and reviewed in the
mathematical literature. Less is known about the behavior of functionals of the stochastic
trajectories such as, counting statistics, entropy production, etc., upon changing the level of
resolution. For such functionals, the elimination of the faster degrees of freedom can present
additional difficulties and naive procedures can lead to blatantly inconsistent results. I will
focus on entropy production and show that, for non-equilibrium systems, under quite general
conditions, properties of the fast dynamics still affect thermodynamics on the slower scales
therefore compromising a description of the full system in terms of slow variables only. This
elucidates the potential pitfalls of defining thermodynamics starting from the effective dynamics.
Such feature is due to a symmetry breaking accompanying the change of resolution in the
description. In this respect, it is reminiscent of physical anomalies such as the viscous dissipative
anomaly and quantum anomalies.
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Relaxation Dynamics of Interacting
Skyrmions in Thin Films

Bart Brown * ', Michel Pleimling
! Virginia Tech — United States

Magnetic skyrmions are topologically protected spin textures which were recently observed
in certain chiral magnets such as MnSi. Skyrmions show enormous promise in spintronics due to
the very low current density required to move them (five orders of magnitude less than typical
magnetic domain walls). A thorough understanding of the relaxation processes for systems of
interacting skyrmions far from equilibrium could prove invaluable in real world applications
but is currently lacking in the literature. The dynamics are described by the Landau-Lifshitz-
Gilbert (LLG) equation, however, simulating many interacting skyrmions by solving the LLG
equation is computationally infeasible. In order to explore these relaxation processes, we employ
a suitable two-dimensional particle based model derived from Thiele’s approach and study the
scaling properties of two-time correlation functions.
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Counting statistics of parity symmetric
open interacting spin systems

Berislav Buca * !, Tomaz Prosen
! Department of Medical Physics and Biophysics, University of Split School of Medicine — Croatia

We study the full counting statistics for interacting quantum many-body spin systems weakly
coupled to the environment. In the leading order in the system-bath coupling we derive exact
spin current statistics for a large class of parity symmetric spin-1/2 systems driven by one or
more pairs of Markovian baths with local coupling operators. Interestingly, in this class of
systems the leading order current statistics are universal and do not depend on details of the
Hamiltonian. Furthermore, in the specific cases of symmetrically boundary driven anisotropic
Heisenberg (XX Z) spin 1/2 chain and the Hubbard model we derive explicitly the next-to-
leading order non-linear corrections to the current statistics. Reference: B. Buca and T. Prosen.
Phys. Rev. Lett. 112, 067201 (2014)
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Numerically Solving the Fractional
Fokker-Planck Equation through Unbiased
Density Estimation of Anomalous Diffusion

Processes

Sean Carnaffan * !, Reiichiro Kawai
I The University of Sydney — Australia

Anomalous diffusion is a ubiquitous physical phenomenon that is differentiated from classi-
cal diffusion by its power law scaling of variance with time [1]. The probability density function
of a random walker undergoing an anomalous diffusion is given by the fractional Fokker-Planck
equation (FFPE). In its most general form, this equation does not admit an analytic solution,
and deterministic numerical methods for computing its solution are significantly more complex
than their non-fractional counterparts. In this talk, we describe nondeterministic methods of
solving this equation numerically by estimating empirical density functions of anomalous diffu-
sion processes. We introduce, by means of the Malliavin calculus, an unbiased expression for the
solution which overcomes the inherent bias in typical kernel density estimation methods [2, 3]. It
will be seen that this expression may be computed simply and efficiently using the Monte Carlo
method and has the flexibility to model many different cases of anomalous diffusion. We also
discuss practical concerns involved in implementing this numerical solution, including stochas-
tic representations of anomalous diffusion processes and simulation algorithms thereof. [1] R.
Metzler and J. Klafter. The random walk’s guide to anomalous diffusion: a fractional dynamics
approach. Physics Reports, 339(1):1-77, 2000. [2] A. Kohatsu-Higa and K. Yasuda. Estimating
multidimensional density functions using the Malliavin-Thalmaier Formula. SIAM Journal on
Numerical Analysis, 47(2):1546-1575, 2009. [3] R. Kawai and A. Kohatsu-Higa. Computation
of greeks and multidimensional density estimation for asset price models with time-changed
Brownian motion. Applied Mathematical Finance, 17(4):301- 321, 2010.
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A unified framework for the direct
evaluation of large deviations in both
Markovian and non-Markovian processes

Massimo Cavallaro * !, Rosemary J. Harris

1 School of Mathematical Sciences Queen Mary University of London — United Kingdom

We propose a general framework to simulate stochastic trajectories with arbitrarily long
memory dependence and efficiently evaluate large deviation functions associated to time-extensive
observables. This extends the “cloning” procedure of Giardind et al. [Phys. Rev. Lett. 96,
120603 (2006)] to non-Markovian systems. We demonstrate the validity of this method by test-
ing non-Markovian variants of an ion-channel model and the Totally Asymmetric Exclusion
Process, recovering results obtainable by other means.
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Additivity and mass fluctuations in
conserved-mass transport processes

Sayani Chatterjee * !, Arghya Das, Punyabrata Pradhan, Pradeep Kumar
Mohanty

1'S. N. Bose National Centre for Basic Sciences — India

Understanding fluctuations is fundamental to the formulation of statistical mechanics. Un-
like in equilibrium, where fluctuations are obtained from the Boltzmann distribution, there is
no unified principle to characterize fluctuations in nonequilibrium. We aim to provide a sta-
tistical mechanics framework to characterize steady-state mass fluctuations in conserved-mass
transport processes. We demonstrate that mass distributions in a broad class of nonequilibrium
mass-transport processes can be obtained from an additivity property, the tenet of equilibrium
thermodynamics. References: 1. Phys. Rev. Lett. 112, 030601 (2014) 2. arxiv 1602:03345

*Poster

126



Motion of self-propelled particles in
heterogeneous media

Oleksandr Chepizhko * 1

! Department of Applied Physics, Aalto University — Finland

We study the effect of randomly placed obstacles on the transport properties and collective
properties of self-propelled particles. In [1] it is shown that the diffusion coefficient depends on
the density of obstacles and displays a minimum at an intermediate density of obstacles. For high
density of obstacles, trapping of self-propelled particles is observed. If a velocity-alignment acts
among the self-propelled particles [2,3], it is shown that in the presence of obstacles the order
parameter for collective motion depends on the noise strength in a non-trivial way. Furthermore,
it is found that there exists an optimal noise value that maximizes collective motion. It is shown
that for large densities of obstacles, long-range order disappears. Other effects of active particles
in heterogeneous media, such as giant number fluctuations, traveling bands, and clustering
properties are discussed. 1. O. Chepizhko, F. Peruani, PRL 111, 160604 (2013) 2. O. Chepizhko,
E.G. Altmann, F. Peruani, PRL 110, 238101 (2013) 3. O. Chepizhko, F. Peruani, Eur. Phys.
J. Special Topics 224, 1287-1302 (2015)
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Irreversibility of trajectories along
dissipative processes

Kuan-Hsun Chiang * !, Chi-Lun Lee, Pik-Yin Lai, Yung-Fu Chen

! Department of Physics, National Central University — Taiwan

We experimentally identify the equivalence between physical dissipation and the irreversibil-
ity of a phase space trajectory of a dissipative process in electric RC circuits. In our experiments,
a trajectory is a measured time series of voltage fluctuations of a circuit. We study two different
types of non-equilibrium steady states: the circuit is driven out of equilibrium either by constant
current source or temperature gradient. The results strongly imply the momentary dissipation
in certain time interval is equivalent to the trajectory irreversibility in phase spaces.

*Poster

128



Entropy production and Fluctuation
Relation in turbulent convection

Sergio Chibbaro * !, Francesco Zonta
1 UPMC Paris 6 — France

We report on a numerical experiment performed to analyze fluctuations of the entropy
production in turbulent thermal convection, a physical configuration that represents here a pro-
totypical case of an out-of-equilibrium dissipative system. We estimate the entropy production
from instantaneous measurements of the local temperature and velocity fields sampled along the
trajectory of a large number of point-wise Lagrangian tracers. The entropy production is charac-
terized by large fluctuations and becomes often negative. This represents a sort of ”finite-time”
violation of the second principle of thermodynamics, since the direction of the energy flux is
opposite to that prescribed by the external gradient. We provide a physical-sound definition of
energy-scale characterizing the sytem, based upon Kolmogorov theory. Then, we show that the
fluctuations of entropy production observed in the present system verify neatly the Fluctuation
Relation (FR), even though the system is time-irreversible.
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Exact results for the random average
process with a driven tracer

Julien Cividini * !, Anupam Kundu, Satya N. Majumdar, David Mukamel

1 Weizmann Institue of Science — Israel

In this talk I will present recent results concerning the statistics of the random average
process (RAP) with a driven tracer (DT) in two one-dimensional geometries: the ring and the
infinite line. The RAP is an instance of single-file system in which each particle hops of a random
fraction of the distance towards its nearest neighbor in the direction of the hop. The DT is a
particle hopping preferentially towards, say, right while all the other particles hop symmetrically
towards right and left. For this particular dynamics the equations for the correlations of the
particles’ positions close at each order, which enables exact out of equilibrium calculations. The
system can also conveniently be mapped on a mass transfer model, where the masses are the
gaps between successive particles. In the presence of a DT, the average displacements of the
particles are easily obtained at finite time t on a ring of finite size N, as they just obey a very
simple recursion. The two- particle correlations are then obtained in the thermodynamic limit
by solving an electrostatic problem. As the correlations between the gaps between gaps become
negligible for large N, we also have access to their marginal distributions. The infinite line
corresponds to the infinite N limit of the ring case, which does not commute with the infinite
time limit that we took to obtain the stationary state. The crossover function betweeen the two
geometries is obtained exactly, in the scaling regime where t/N? is kept constant. The average
displacement of the tracer is shown to grow like sqrt(t) at large times and the density profile
can be obtained in parametric form. The two-particle correlations have a scaling form at large
times, where space is rescaled by sqrt(t) and the correlations themselves grow like sqrt(t). In
the case of a totally asymmetric DT, the variance of the position of the DT can be obtained
exactly from microscopic calculations.
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Efficiency of thermal machines at maximum
power.

Bart Cleuren * !, Bob Rutten - Christian Van den Broeck

! Hasselt University — Belgium

Universal properties of efficiency at maximum power are investigated in a general setting.
In particular, it is demonstrated how successive symmetries placed upon the dynamics manifest
themselves at the macroscopic level. A general condition is derived under which thermodynamic
devices are able to attain a reversible operation.
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First passage fluctuation relations rules by
cycle affinities

F. Cornu * !, Michel Bauer

I CNRS — France

For a non-equilibrium stationary state described by a Markovian process it is well known
that the entropy production rate can be expressed in terms of the affinity associated with every
transition in the graph representation of the master equation. We exhibit the invariance of cycle
affinities in finite state Markov processes under various natural probabilistic constructions : for
instance under conditioning and under a new combinatorial construction that we call “drag and
drop”. For semi-markovian processes whose corresponding graph is made of a single cycle, we
establish that the cycle current obeys a fluctuation relation for first passage times at integer
winding numbers, which is dual to the fluctuation relation for the cycle current at fixed time
: contrarily to seminal fluctuation relations about the probabilities for measuring a random
cumulative exchange quantity or its opposite value during a given time, the latter fluctuation
relations deal with the probabilities for the random time needed for one cycle to be performed
in one sense or in the opposite one with a given winding number. Reference : M. Bauer and F.
Cornu, J. Stat. Phys. 155 (2014) 703-736.
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Motility-induced bacterial pattern formation

Agnese Curatolo * !, Martin Evans, Yariv Kafri, Julien Tailleur
! Laboratoire MSC, Université Paris-Diderot — France

Driven diffusive systems define a broad class of non-equilibrium systems whose stochastic
dynamics is not simply diffusive. It is instead biased in one direction, due to an intrinsic drift
in the bulk. The Totally Asymmetric Simple Exclusion Process (TASEP) is a minimal model
of driven diffusive systems which captures many of their interesting properties, such as the
existence of non-equilibrium steady states and of phase transitions in one spatial dimension.
In this lattice-based model, particles hop on empty neighboring sites at constant rates, with
a left-right bias that drives the system out of equilibrium. This model has been largely used
to describe a range of systems, from molecular motors to traffic jams. When connected at
its ends to particle reservoirs, the TASEP exhibits a prototypical example of one-dimensional
boundary driven phase transitions. Realistic examples, however, seldom involve only one lane;
microtubules are made of several tubulin tracks while cars and pedestrians seldom move along a
single line. In our work, we analytically construct the phase diagram of more general multilane
systems, in which particles can also hop between parallel lanes. In particular, we show that the
“one-dimensional” phase transition seen in the TASEP survives this additional complexity but
involves new features such as non-zero steady transverse currents and shear localization.
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Surprises in two-species annihilation with
exclusion

Rahul Dandekar * !

! International Centre for Theoretical Physics — Italy

We explore the effect of initial conditions on the decay of the reaction A + B — ¢ in
one dimension, with exclusion interaction between particles. It is well-known that the late-
time density of surviving particles goes as t~/4 with random initial conditions, and as t~1/2
with alternating initial conditions (ABABAB...). However, recent simulations (Lee, 2014) a
nontrivial exponent for periodic i.c.s with longer periods. By means of extensive first-passage
Monte Carlo simulations, and a mapping to a g-state coarsening model which can be solved in
the Independent Interval Approximation (ITA), we show that the late-time decay of the density
of surviving particles goes as t~/?(log (t)) ! starting from initial conditions made of even-length
blocks (AABBAABB...), but as /2 for odd-length blocks (AAABBBAAABBB...). We relate
this to what has been called kinetic symmetry breaking in case of the Glauber Ising model. We
also explain the slowly varying decay exponents, seen in previous studies, for i.c.s which made
of random mixtures of odd- and even-length blocks.
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Kinetics of Vapor-Solid Phase Transition
Subir K. Das * !, Jiarul Midya,

I Jawaharlal Nehru Centre for Advanced Scientific Research — India

In this talk I will present results for kinetics of vapor-solid transition (the solid phase hav-
ing only quasi-long-range order) from molecular dynamics simulations of a single component
Lennard-Jones system in space dimension d=2. Having been quenched from high temperature
to the vapor-solid coexistence region, the system evolves via formation and growth of fractal
domains of the solid phase, in the vapor background. For very low overall density, these fractal
objects exhibit ballistic motion and grow via coalescence mechanism, the average mass follow-
ing a power-law behavior with time. The computationally estimated value of the exponent is
understood via appropriate theoretical argument.
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Driving-induced stability with long-range
effects

Pierre De Buyl * !, Urna Basu, Christian Maes, Karel Netony
1 KU Leuven — Belgium

Stabilizing an otherwise unstable configuration or phase by external action is an important
challenge for a range of applications but also for the physical understanding of spatio-temporal
patterns induced by nonequilibrium effects. Many examples exist for dynamical systems where
by using feedback mechanisms one achieves the necessary control or steering. Other examples
such as the Kapitza (inverted) pendulum which is stabilized by a time-dependent external force
do not require feedback. A further step would be to eliminate the time-dependence and to
use the steady nonequilibrium character of a medium to achieve such a stabilization, possibly
leading to robust time-independent control strategies. We give a sufficient condition under
which an applied rotation on medium particles stabilizes a slow probe in the rotation center.
The nonequilibrium character of the system originates in the rotational driving. We characterize
the motion of the probe close to the origin by the stiffness matrix, the symmetric part of which
gets a positive Lamb shift with respect to equilibrium. For illustration we take diffusive medium
particles with a self-potential in the shape of a Mexican hat, high around the origin. There
is a short-range attraction between the medium particles and the heavier probe, all immersed
in an equilibrium thermal bath. For no or small rotation force on the medium particles, the
origin is an unstable fixed point for the probe and the precise shape of the self-potential at large
distances from the origin is irrelevant for the statistical force there. Above a certain threshold
of the rotation strength, while the medium particles are still repelled from the origin, the probe
stabilizes there and more details of the medium density at large distance start to matter. The
effect is robust around the quasi-static limit with rotation threshold only weakly depending on
the temperature but the stabilization is strongest at lower temperatures. We use an expansion
in distance with respect to the origin and not in nonequilibrium strength. Approaches via an
effective temperature or radial density-profile changes in the driven medium do not appear to
work.
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What does virialization mean?

T.O. Zolacir jr. * !, Jose Roberto Steiner de Moura,

! Santa Cruz State University — Brazil

The virial theorem was first demonstrated by R. Clausius in 1870 and it establishes that
2langle K angle — langlesummathbf F.mathbfrangle = 0 , where langleKangle is the aver-
age kinectic energy and langlesummathbf F.mathbfrangle the average Clausius virial. But to
achieve this result, it is needed to take a time average in a time interval that runs from the initial
to a final time ¢ [0,t] for instance. The question is: what would be the value of ¢ to get as a result
the virial theorem? In order to answer this question we considered the route to equilibrium in
a long range interacting system. It is well known that in those systems the equilibrium is only
achieved after a long time evolution. The convergence to equilibrium is very slow and it usually
is said to be a sluggish one. But how is the virialization of this kind of system? We performed
simulations in a Hamiltoniam mean field model (HMF) for large times to seek for equilibrium
and virialization. Despite the fact that equilibrium and virialization could be different concepts,
once equilibrium is related to thermodynamics and the virial has a mechanical origin, our re-
sults show that these two notions are imbricated. We show that the route to equilibrium occurs
in the same way as virialization. In astrophysics, is said that a virialized system is the one
that the fractions of the energies are established: 2langle Kangle — langleUangle = 0; where
langleUangle is the average gravitational potential energy. Astrophysicists use to say that an
observed cluster nowadays is virialized, in the sense that the mean kinetic energy a related to
the mean potential energy (those fractions) is as showed above, even if the system may not
be in the thermodynamic equilibrium. What we show is that the virialization comes with the
thermodynamic equilibrium or the thermodynamic equilibrium comes with virialization. These
two concepts come together and they are achieved in a sluggish way.
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Extended local equilibrium approach to
stochastic thermodynamics

Jean-Francois Derivaux * !, Yannick De Decker
! Université libre de Bruxelles — Belgium

Over recent years, a new field of statistical physics called stochastic thermodynamics has
emerged, which aims at describing small systems subjected to fluctuations [1]. In this descrip-
tion, the temporal evolution of thermodynamic quantities (e.g. work, entropy, ...) follows a
fluctuating trajectory. Recently a new approach in the definition of stochastic thermodynamic
variables was proposed by De Decker et al. [2] based on an extension of the local equilibrium
hypothesis. The essence of this method is to make the state variables stochastic by adding a
noise term to their deterministic (i.e. macroscopic) evolution equation. This method allows us to
extend quite naturally the macroscopic non-equilibrium thermodynamics to small scale systems.
Furthermore we can easily compute the probability distribution of stochastic thermodynamic
quantities or relate them to macroscopic parameters. This new formulation seems promising to
describe mesoscopic systems. Using this new framework we investigated in particular the en-
tropy production associated with chemical reactions and heat transfer in steady states. Entropy
production is knew to play a central role in the stability criterion and is a measure of efficiency
for small systems. We will present how the fluctuations can induce novelties in its behavior. For
instance it can be showed that the mean of entropy production (i.e. the experimentally accessi-
ble measurement) can slightly differ from the deterministic prediction in the case of non-linear
chemical reactions. We can go a step further and also obtain the probability distribution of
entropy production in and out equilibrium, which allows us to derive fluctuation theorems|3].
Deviations of the mean behavior can be so completely characterized. Current efforts are made
to complete this formalism and apply it to more sophisticated problems (thermodiffusion, com-
plex chemical reactions). [1] Seifert, U. Stochastic Thermodynamics, Fluctuation Theorems and
Molecular Machines. Rep. Prog. Phys. 2012, 75 (12), 126001. [2] De Decker, Y. ; Canti Ros,
A. G. ; Nicolis, G. Extended Local Equilibrium Approach to Stochastic Thermodynamics. Eur.
Phys. J. Spec. Top. 2015, 224 (5), 947-968. [3] De Decker, Y.; Derivaux, J.-F.; Nicolis, G.
Stochastic Thermodynamics of Reactive Systems: An Extended Local Equilibrium Approach.
Phys. Rev. E 2016, 93 (4), 42127.
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Steady-state properties of an inhomogeneous
two-channel exclusion process

Isha Dhiman * !, Arvind Kumar Gupta

! Indian Institute of Technology Ropar — India

In protein synthesis, the genetic information is deciphered into proteins by molecular ma-
chines called ribosomes, which attach themselves at the start end of mRNA, move along the
chain in a unidirectional manner and finally detach at the stop end [1]. Each translation step
requires the binding of a freely diffusing transfer-RNA (tRNA) molecule, carrying the amino acid
specific to each codon. The important factor affecting the ribosome translation rate is relative
concentrations of tRNA, which may vary from codon to codon. The codons with lower concen-
trations of tRNA reduce the protein synthesis rate and thus play the role of an inhomogeneity (or
bottleneck) in a homogeneous system [2]. Apart from this, inhomogeneities also occur naturally
in many other transport systems such as vehicular traffic [3] and data flow in Von Neumann
architecture [4]. In traffic flow, the ongoing construction on roads, a slow moving vehicle or an
accident can lead to slow down the flow rate on highways and produces congestion. Further, the
separation of the CPU and the memory in computers creates Von Neumann bottleneck, which
limits the performance of the computer via limited bandwidth between the CPU and the mem-
ory [4]. This work is devoted to the study of effects of a localized bottleneck in a two-channel
totally asymmetric simple exclusion process (TASEP) with Langmuir kinetics (LK), which is a
non-equilibrium system. The hybrid mean-field approach, combined with singular perturbation
technique, is used to get steady-state phase diagrams and density profiles. We have thoroughly
examined the role played by the strength of bottleneck, binding constant and lane-changing rate
in the system dynamics. The origin and dynamics of a bottleneck-induced shock, the bottleneck
phase and bottleneck-induced phase transitions are also investigated. Further, the critical values
of bottleneck rate are identified, which signify the changes in the topology of phase diagram. It
is also found that an increase in lane-changing rate as well as unequal attachment, detachment
rates can weaken or enhance the bottleneck’s effect under different coupling conditions. Our
theoretical arguments are in good agreement with extensively performed Monte Carlo simula-
tions. References: 1. Chou, T. and Lakatos, G., Clustered bottlenecks in mRNA translation
and protein synthesis, Phys. Rev. Lett., 93 (19), 198101, 2004. 2. Sgrensen, M. A., Kurland,
C. G., and Pedersen, S., Codon usage determines translation rate in escherichia coli, J. mol.
biol. 207(2), 365-377, 1989. 3. Gupta, A. K., and Dhiman, 1., Phase diagram of a continuum
traffic flow model with a static bottleneck, Nonlinear Dynamics, 79 (1), 663—671, 2014. 4. Lin,
Y., Wang, F., Zheng, X., Gao, H. and Zhang, L., Monte Carlo simulation of the Ising model on
FPGA, J. Comput. Phys., 237, 224-234, 2013.
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Critical behavior of a vector-mediated
epidemic model

Adriana Gomes Dickman * !, Ronald Dickman
I Pontificia Universidade Catélica de Minas Gerais — Brazil

We study a lattice model for vector-mediated transmission of a disease in a population
consisting of two species, A and B, which contract the disease from one another. Individuals of
species A are sedentary, while those of species B (the vector) diffuse in space. Examples of such
diseases are malaria, dengue fever, and Pierce’s disease in vineyards. There are several ways of
interpreting the model: A contact process (CP) on the A population, mediated by B; a diffusive
epidemic process (DEP) on the B population, mediated by A; or a multicomponent epidemic
process in which B and A are equally essential. The model exhibits a phase transition between
an absorbing (infection free) phase and an active one as parameters such as infection rates
and vector density are varied. We study the static and dynamic critical behavior of the model
using spreading, initial decay, and quasistationary simulations. Although phase transitions to an
absorbing state fall generically in the directed percolation (DP) universality class, this appears
not to be the case for the present model. Our results clearly exclude DP scaling and strongly
suggest DEP universality. They also raise the possibility of two phase transitions in spreading;:
At the critical point for survival, the number n(t) of infected individuals grows more slowly than
a power law, while, for parameters such that n(t) grows as a power law, the survival probability
decays more slowly than a power law.
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Arcetri models

Xavier Durang * !, Malte Henkel
! Korean Institute for Advanced Study — South Korea

Building on an analogy between the ageing behaviour of magnetic systems and growing
interfaces, the Arcetri models, three new exactly solvable models for growing interfaces are
introduced. The long-time behaviour of the interface width and of the two-time correlators and
responses is analysed. The first of these models shares many properties with the kinetic spherical
model and with the Edwards-Wilkinson model, but for d
le2 the non-equilibrium exponents are different. For the second and third model, the long-time
behaviour of the correlation and response shows respectively multiscaling and logarithmic scaling
behaviour. We also discuss the relation of these models with the p = 2 spherical spin glass and
with the O(n) model in the large-n limit.
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Uniform derivation of Coulomb collisional
transport thanks to Debye shielding

Yves Elskens * !, Dominique Escande, Fabrice Doveil
) )
1 Aix-Marseilles university — France

The effective potential acting on particles in plasmas being essentially the Debye-shielded
Coulomb potential, the particles collisional transport in thermal equilibrium is calculated for all
impact parameters b, with a convergent expression reducing to Rutherford scattering for small
b. No cutoff at the Debye length scale is needed, and the Coulomb logarithm is only slightly
modified.

J. Plas. Phys. 81 (2015) 305810101 (9 pages) http://dx.doi.org/10.1017/S0022377814000415
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Evidence of an absorbing phase transition in
a bi-stable system with delay feedback

Marco Faggian * !, Francesco Ginelli

! University of Aberdeen — United Kingdom

It is well known that complex dynamical evolution may originate from simple low dimensional
dynamical systems when a time-delayed feedback mechanism is considered. These may typically
happen in systems where the propagation time of a signal is not negligible with respect to the
typical timescale of the local dynamics. Examples include many biological systems and laser
physics, where a long delayed feedback may be easily obtained by optical or electronic device.
A deep analogy exists between delayed feedback and spatially extended dynamical systems. In
particular, it is well known that deterministic systems with long time-delay au may be interpreted
in terms of a suitable spatiotemporal dynamics citeuno of spatial size au. In this work we extend
this interpretation to stochastic differential equations, considering a simple bistable system with
long delayed feedback and multiplicative noise, introduced in a way to preserve the lowest energy
state. This dynamics can be described with the following prototype equation:

dry = —U;(l't) + 9, Ti—au + T, dWy (3)

where dW is a Wiener process, U/ (x¢) = x¢(x; — 1)(x¢ + 1+ a), a is the asymmetry coefficient of
the potential U(x;) and g > 0 is the feedback coefficient. Our numerical analysis shows that — as
the asymmetry in the bi-stable potential is carefully changed — our system undergoes a transition
into an absorbing state of the effective spatio-temporal dynamics , i.e. the lowest energy state,
with critical exponents compatible with the celebrated Directed Percolation class. This simple
model is believed to qualitatively capture the behavior of a class of laser systems such as a
bistable semiconductor laser with long delayed feedback [2-3]. While extending the validity of
the space-time analogy and verifying several features of front dynamics, we expect our results
to possibly trigger new directions of theoretical and experimental research. The possibility to
independently generate and erase localized states in our setup as in spatially-extended systems,
enable their use as otpical information bits in a fast, all-optical setup. beginthebibliography9
bibitemunoG. Giacomelli and A. Politi, Phys. Rev. Lett. 76, 2686 (1996). bibitemdueG.
Giacomelli, F. Marino, M.A. Zaks and S. Yanchuk, Europ. Phys. Lett. 99 58005 (2012).
bibitemtreGiacomelli, F. Marino, M.A. Zaks and S. Yanchuk, Phys. Rev. E 88 062920 (2013).
endthebibliography enddocument
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Exact symmetries in the velocity
fluctuations of a hot Brownian swimmer

Gianmaria Falasco * !, Richard Pfaller, Andreas P. Bregulla, Frank
Cichos, Klaus Kroy

L' MPI MIS - Germany

Symmetries constrain dynamics. We test this fundamental physical principle, experimentally
and by molecular dynamics simulations, for a hot Janus swimmer operating far from thermal
equilibrium. Our results establish scalar and vectorial steady-state fluctuation theorems and
a thermodynamic uncertainty relation that link the fluctuating particle current to its entropy
production at an effective temperature. A Markovian minimal model elucidates the underlying
non-equilbrium physics
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Emergence of Brownian Motor

Alexander Feigel * !

! Hebrew University of Jerusalem — Israel

Emergence of motion out of thermal equilibrium will be discussed. Significant effort was
dedicated to the research of mechanisms of motion out of thermal equilibrium. Mechanical sys-
tem, such as Brownian ratchet, generates motion out of thermal fluctuations if spatial symmetry
is broken and if the ratchet is coupled to several thermal bathes. Brownian ratchet is a leading
physical model for molecular motors. To the best of my knowledge, the question of emergence
and thermodynamic stability of Brownian Ratchets remains open. One can ask a question:
if Brownian ratchet can be either in symmetric or asymmetric states whether thermodynamic
forces favor transition to asymmetric state and, therefore, favor emergence of motion? Answer-
ing this question will help estimating required conditions and universality of directed motion out
of thermal equilibrium. These conditions and universality may be an important link between
non-equilibrium thermodynamics and Origin of Life as well as a guide to micro-fabrication of
the novel nano motors. Here, I’ll present detailed analysis of emergence Brownian Motor using
Triangula model[1] of Brownian ratchet. The results are general to any system with multiple
degrees of freedom, for instance molecules. [1] Van den Broeck, R. Kawai, and P. Meurs, Phys.
Rev. Lett. 93 , 090601 (2004)
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Modeling the Earth: Climate on an
Icosphere

Stephanie Fouts * !, L. Jonathan Cook

! Washington and Lee University — United States

The totally asymmetric simple exclusion process with Langmuir kinetics is a one-dimensional
transport model used to study the motion of particles through a lattice. Its applications include
systems in the fields of biology, climatology, mathematics, civil engineering, and physics. In our
research, we examine the temporal dynamics through the power spectra, as well as the time-
averaged particle distribution on the lattice via Monte Carlo simulations. We have applied our
particle transport model to an icosahedron in an attempt to model Earth’s changing climate.
In our research, we examine the temporal dynamics of the particle distribution on the lattice,
as they correspond to seasonal heat fluctuations in the polar and equatorial regions of the
globe. Using Monte Carlos simulations, we alter the input parameters of the system to explore
the resultant actions of the Earth-system model. Our findings include seasonal oscillations
consistent with those seen in reality. We also built a mathematical framework for our model
which, when solved numerically, matches the oscillations seen in our physical system.
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Between universality subclasses: numerical
and experimental results for KPZ interfaces
with curved initial conditions

Yosuke Fukai * !, Kazumasa A. Takeuchi

! the University of Tokyo — Japan

The concept of universality class is important to understand scale-invariant phenomena such
as critical phenomena, which has been successfully applied to non-equilibrium systems as well.
Particularly, the Kadar-Parisi-Zhang (KPZ) universality class[1,2] is thought to be one of the
most fundamental universality classes for non-equilibrium growing interfaces. Recently, it has
been shown both theoretically and experimentally that the 1+1D KPZ class splits into ”sub-
classes”, which are characterized by the same scaling exponents yet different statistical prop-
erties, depending on initial condition. For example, height fluctuations of interfaces with flat
initial condition (flat subclass) show the Gaussian orthogonal ensemble Tracy-Widom distribu-
tion, while those with point initial condition (circular subclass) agree with the Gaussian unitary
ensemble Tracy-Widom distribution. Spatial and temporal correlation functions are also shown
to be dependent on the initial condition[2,3,4]. Here, I would like to present our numerical and
experimental results about KPZ-class interfaces with finite-curvature initial conditions, which
can be considered as ”intermediate” initial conditions interpolating the flat and point initial
conditions. These results were obtained by simulations of a cluster-growing model (Eden D
model) and experiments using liquid crystal electroconvection. When the curvature is positive,
it is shown that the height distribution, spatial correlation function and temporal correlation
function change from those for flat inter- faces to circular interfaces, indicating a crossover be-
tween subclasses. In contrast, for negative initial curvatures, the statistical properties always
shows those for flat interfaces in our time window. The characteristic time of the crossover in
the positive-curvature case and the reason for the difference between the positive and negative
cases are also discussed. [1] M. Kardar, G. Parisi, and Y.-C. Zhang, Phys. Rev. Lett. 56,
889 (1986). [2] I. Corwin, Rand. Mat. Th. Appl. 1, 1130001 (2012). [3] K. A. Takeuchi and
M. Sano, J. Stat. Phys. 147, 853 (2012). [4] P. L. Ferrari and H. Spohn, arXiv:1602.00486
[cond-mat, physics:math-ph] (2016).
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Large deviation theory as a measure of the
entropy reduction in systems under feedback

Alessio Gagliardi * !, Alessandro Pecchia, Aldo Di Carlo

! Technische Universitit Miinchen — Germany

The idea of developing a thermodynamic theory of systems under an external feedback dates
back to the origin of statistical physics when Maxwell made his famous gedanken experiment
concerning the effect of a Demon with some information about the system and the effect on
the thermodynamics of the system itself. Recently this branch of thermodynamics has got a
rapid boost thank to fluctuation theorems [1, 2]. An interesting complementary perspective
comes from a branch of information theory named Large deviation theory (LDT). LDT is the
mathematical framework which copes with the probability of large fluctuations departing from
the average ensemble values of statistical quantities. In particular LDT demonstrates that for a
large class of probability density functions (PDF), defined on the phase space, the probability of
having a fluctuation respect to the average value drops exponentially. The exponent is related
to the Legendre-Fenchel transform of the scaled cumulant generating function [3]. It has been
demonstrated that the LDT provides a very elegant way to derive the thermodynamic principles
of maximum entropy and minimal free energy for the microcanonical and canonical ensemble
respectively in thermodynamic equilibrium [4]. Extension to non equilibrium conditions have
been investigated [5]. We present here an extension of the formalism that allows to use LDT
also for systems under an external feedback, in particular we show how it is possible to define
a direct connection between the measurement performed by the feedback and its accuracy and
the maximum entropy reduction that can be achieved with that feedback. [1] T. Sagawa and
M. Ueda, Phys. Rev. E, 85, 021104 (2012). [2] T. Sagawa and M. Ueda, Phys. Rev. Lett., 109,
180602 (2012). [3] R.S. Ellis, Entropy, Large Deviations, and Statistical Mechanics, Springer,
New York, 1985. [4] H. Touchette, Physics Reports, 478, 169 (2009). [5] H. Touchette, (Chapter
11), Non equilibrium Statistical Physics of small systems, Edited by R. Klages, W. Just and C.
Jarzinsky; Wyley, 2013.
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Nonequilibrium dynamics of a dry friction
model subjected to coloured noise

Paul M. Geffert * !, Wolfram Just

1 Queen Mary University of London, School of Mathematical Sciences — United Kingdom

We investigate a model with pure dry friction and coloured (exponentially correlated) noise
v =—Ac(v) +n.

A is the friction coefficient, o(v) is the sign function, representing the dry friction and n denotes
the coloured noise (n(t)n(s)) = (D/7)exp(—|t — s|/T).

By using the unified coloured noise approximation, developed by P. Jung and P. Hanggi, an
approximate expression for the stationary probability density P(v) can be obtained, which be-
comes delta-peaked for an increasing correlation time of the noise, signalling a nonequilibrium
localisation phenomenon, related to stick-slip transitions in systems with dry friction. These
results show good agreement with the numerical simulations.

To gain deeper insight to the model, we studied the equivalent two-dimensional system (v,n),
computing the stationary distribution as well as the direct computation of the probability cur-
rent. The latter is a clear signature of the nonequilibrium properties of the underlying dynamics.
By computing the power spectral density S, and increasing the correlation time of the noise 7,
we observe a decrease of the full width at half maximum, starting around a ”critical” value of
7, which indicates the above mentioned stick-slip transition.
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Relativistic hydrodynamic theories versus
numerical experiments: molecular dynamics
simulation of an imperfect relativistic gas

Malihe Ghodrat * !, Leila Shahsavar, Afshin Montakhab

! Research Institute for Astronomy and Astrophysics of Maragha (RIAAM), P.O. Box 55134-441,
Maragha, Iran 2Department of Physics, College of Sciences, Shiraz University, Shiraz 71454 — Iran

Relativistic generalization of hydrodynamic equations has gained much attention in high
energy physics as well as statistical physics community ever since it has been formulated. Despite
its long history and wide usage the fundamental postulates and basic variables of the theory
are still under debate especially in the presence of dissipative effects. A unique formulation
of relativistic hydrodynamics is thus not available neither in the context of first-order theories
nor the so called causal extended theories. In this work we propose to numerically test the
validity of four different types of first-order theories (and consequently the validity of their basic
assumptions) in the hydrodynamic limit where causality effects are less important and thus such
theories are supposed to give a fairly good description of the system. In this regard, we study
the propagation of fluctuations in a dissipative relativistic gas in static background and compare
the analytical prediction of these theories to numerical data obtained from our fully relativistic
molecular dynamics simulation of hard-sphere gas [1]. The results indicate that the predictions
of the recent formulation due to Tsumura-Kunihiro-Ohnishi [2] are more consistent with our
results than the traditional theories due to Meixner [3,4], modified Eckart [3,5] and modified
Marle-Stewart [2,6]. [1] A. Montakhab, M. Ghodrat, M. Barati, Phys. Rev. E 79 (2009)
031124, L. Shahsavar, M. Ghodrat, A. Montakhab, Unpublished. [2] K. Tsumura, T. Kunihiro,
K. Ohnishi, Phys. Lett. B. 646 (2007) 134. [3] A. L. Garcia-Perciante, L. S. Garcia-Colin, A.
Sandoval-Villalbazo, Phys. Rev. E 79 (2009) 066310. [4] J. Meixner, Ann. Phys. 43 (1943)
244 . [5] C. Eckart, Phys. Rev. 58 (1940) 919. [6] J. M. Stewart, Non-Equilibrium Relativistic
Kinetic Theory, volume 10 of Lecture Notes in Physics, Springer, Berlin, 1971.
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Transport resistance of the surface of
nanoporous materials

Kirill Glavatskiy * !, Suresh K. Bhatia

1 The University of Queensland — Australia

Nanoporous materials are important in industrial separation, but their application is subject
to strong interfacial barriers to the entry and transport of fluids. At certain conditions the fluid
inside and outside the nanoporous material can be viewed as a two phase system, with an
interface between them, which poses an excess resistance to matter flow. We show that there
exist two kinds of phenomena which influence the interfacial resistance: hydrodynamic effects
and thermodynamic effects, which are independent of each other. Here, we investigate the
role of the thermodynamic effects in carbon nanotubes (CNTs) and slit pores, and compare the
associated thermodynmic resistance with that due to hydroynamic effects traditionally modelled
by the established Sampson expression. Using CH4 and CO2 as model fluids we show that the
thermodynamic resistance is especially important for moderate to high pressures, at which the
fluid within the CNT or slit pore is in the condensed state. Further, we show that at such
pressures the thermodynamic resistance becomes comparable with the internal resistance to
fluid transport at length scales typical of membranes used in fuel cells, and of importance in
membrane-based separation, and nanofuidics in general.
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Effective thermodynamics for a driven
athermal system with dry friction

Giacomo Gradenigo * !, Ezequiel E. Ferrero, Eric Bertin, Jean-Louis
Barrat

! Laboratoire Interdisciplinaire de Physique (LIPhy) - Universite’ Grenoble-Alpes — France

Which are the situations where an effective thermodynamic theory works even in the lack of
thermal equilibrium? Which is the meaning of ”temperature” for an out-of-equilibrium system?
I present here the study of a driven athermal system, which is a one-dimensional chain of
masses connected by harmonic springs and subject to Coulomb dry friction, where answers to
the above questions can be provided. The main result of this investigation is the evidence
that, even in presence of a driven dissipative dynamics, the probability to visit the mechanically
stable configurations of this system fulfills the Edwards conjecture[l]: an effective equilibrium
description for frictional systems is possible. Such an evidence is obtained by comparing the
exact calculation of the partition function of our system, done by means of transfer matrix
approach, to the numerical simulations of the driven dissipative dynamics. Interestingly enough,
the existence of a critical point at infinite effective temperature is pointed out[1]. Finally, I will
show how the prescription of the Edwards thermodynamics can be generalized to the situation
where the viscous friction is added on the top of dry friction[2]. [1] G. Gradenigo, E. E. Ferrero,
E. Bertin, J.-L. Barrat, Phys. Rev. Lett. 115, 140601 (2015). [2] G. Gradenigo, E. Bertin, J.-L.
Barrat, in preparation.
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Computation of maximum likelihood
transition pathways in nonequilibrium
statistical mechanics

Tobias Grafke * !, Eric Vanden-Eijnden
! Courant Institute, New York University — United States

We describe the long time behavior of meta-stable nonequilibrium systems subject to random
noise by computing the minimizer of the associated large deviation rate function. This allows
us to quantify transition rates, probabilities and transition pathways precisely in the limit of
a vanishing control parameter. The computation is exemplified with several ”non-standard”
transitions, that each exhibit a different complication: First, transitions for nucleation and
phase separation, where competing gradient flows break detailed balance. The appearance of a
slow manifold leads to a maximum likelihood transition pathway that approaches the separatrix
far from any saddle point. Second, a bi-stable spatially extended chemical reaction-diffusion
equation, where transitions occur via traveling waves, and the relative stability of the fixed
points is determined by the spatial extend of the system. Third, a bi-stable slow-fast system
in the limit of large time-scale separation, where the Hamiltonian associated with the large
deviation principle is non-quadratic in the conjugate momentum variable. In this case the
large deviation principle for the slow variable is different from that of any stochastic differential
equation one would write for the slow variable alone.
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Large Deviations and Discreteness Effects in
Population Dynamics

Esteban Guevara * !, Vivien Lecomte
I Universite Paris 7 — France

We analyse numerically the effects of small population size in the initial transient regime of
a simple example population dynamics. These effects play an important role for the numerical
determination of large deviation functions of additive observables for stochastic processes. A
method commonly used in order to determine such functions is the so-called cloning algorithm
which in its non-constant population version essentially reduces to the determination of the
growth rate of a population, averaged over many realizations of the dynamics. However, the
averaging of populations is highly dependent not only on the number of realizations of the
population dynamics, and on the initial population size but also on the cut-off time (or cut-off
population) considered to stop their numerical evolution. This may result in an over-influence of
discreteness effects at initial times, caused by small population size. We overcome these effects
by introducing a (realization-dependent) time delay in the evolution of populations, additional to
the discarding of the initial transient regime of the population growth where these discreteness
effects are strong. We show that the resulting improvement in the estimation of the large
deviation function comes precisely from these two main contributions.
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Steady State Thermodynamics : exploring
contact between out-of-equilibirium systems

Jules Guioth * !, Eric Bertin

1Université Grenoble Alpes — France

Although equilibrium thermodynamics is well established and universal, an equivalent theoret-
ical framework remains to be built for non-equilibrium systems, at least for simple ones which
are in a steady state. Oono and Paniconi (1998) and some years after, Sasa and Tasaki (2006)
have developed a ”Steady State Thermodynamics” (SST) which is exploring the general ther-
modynamic structure that steady state systems should obey. On the other hand, an analytic
approach based on simple statistical systems has led to the definition of Intensive Thermody-
namic Parameters (ITP) with respect to conserved quantities (Bertin, Martens, Dauchot and
Droz (2007)). They play an analogous role as temperature or chemical potential at equilibrium.
More recently, Pradhan, Seifert et.al. (2011) and Dickman et.al. (2014, 2015) have revived these
studies with numerical simulations of driven lattice gas models. They have tested in particular
the consistency of Sasa and Tasaki’s SST by exploring the zeroth law that must be satisfied by
intensive parameters. They have found that a thermodynamic structure is at best approximately
verified. The aim of this project is to pursue this latter work by investigating in more details
the contact between steady state systems and to make the link between statistical approaches
on one side, and Sasa and Tasaki’s thermodynamical approach on the other side. In particular,
one would like to understand why Sasa and Tasaki’s SST may fail and, if it does so, to discuss
a potential extension of it. In this poster, we will present theoretical results on mass transport
models, emphasizing the important role of contact dynamics in determining the steady state
reached by two systems in contact. More precisely, we show explicitly on a mass transport
model that imposing a null net flux at contact does not lead in general to an equalization of the
chemical potentials defined for each single systems. The latter have to be modified in general
to describe the steady state repartition of mass between two systems. Hence, the central issue
we address is to find the relevant definition of the chemical potential, if any.
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Stochastic quantum Zeno by large deviation
theory

Shamik Gupta * !, Stefano Gherardini, Francesco Saverio Cataliotti,
Augusto Smerzi, Filippo Caruso, Stefano Ruffo

1 Max Planck Institute for the Physics of Complex Systems, Dresden, Germany — Germany

Quantum measurements are crucial for observing the properties of a quantum system, which,
however, unavoidably perturb its state and dynamics in an irreversible way. Here we study
the dynamics of a quantum system being subjected to a sequence of projective measurements
applied at random times. In the case of independent and identically distributed intervals of time
between consecutive measurements, we analytically demonstrate that the survival probability of
the system to remain in the projected state assumes a large deviation (exponentially decaying)
form in the limit of an infinite number of measurements. This allows us to estimate the typical
value of the survival probability, which can therefore be tuned by controlling the probability
distribution of the random time intervals. Our analytical results are numerically tested for
Zeno-protected entangled states, which also demonstrate that the presence of disorder in the
measurement sequence further enhances the survival probability when the Zeno limit is not
reached (as it happens in experiments). Our studies provide a new tool for protecting and
controlling the amount of quantum coherence in open complex quantum systems by means of
tunable stochastic measurements.
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Effect of Mutually Interactive Langmuir
Kinetics on the Collective Dynamics in a
Two-Lane Asymmetrically Coupled TASEP

Arvind Kumar Gupta * !
Indian Institute of Technology Ropar — India

The present work concentrates on analyzing the role played by the mutual interaction (MI)
in two-channel biological transport processes. The problem is modeled using a two-channel
totally asymmetric simple exclusion process (TASEP) coupled with Langmuir kinetics (LK).
Motivated by the recent in-vitro experimental observations on clustering of motor proteins on
microtubules filament, the attachment and detachment rates are assumed to be dependent on
the configuration of the neighboring sites.

The model is analyzed within the framework of continuum mean-field theory and the phase
diagrams along with density profiles are obtained using boundary layer analysis. The effect
of mutual interactions on the phase diagram for two different situations of attachment and
detachment (LK) rates is discussed. For symmetric MILK, the topological structure of the
phase diagram remains similar to the one in without MI; while for the antisymmetric MILK,
after a certain critical value of attractive/repulsive MI, significant changes are found in the
qualitative nature of phase diagram. Moreover, it is shown that the type of MI affects the
dynamic properties of motor proteins. The theoretical findings are supported by extensive
Monte-Carlo simulations.
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Experimental discovery that the
Green-Kubo theory fails for viscosity in a
2D dusty plasma

Zach Haralson * ', John Goree

I The University of Iowa — United States

The Green-Kubo relation provides a way to obtain a transport coefficient using data for
equilibrium conditions. It is widely used with simulation data; however, experimental tests are
lacking to confirm whether the Green-Kubo relation yields the same result as a hydrodynamic
measurement. This problem exists because few experimental systems are available where the
individual particles are underdamped and an imaging diagnostic allows the recording of data
needed an input to a Green-Kubo relation. The required data are positions, velocities, and
potentials for individual particles. A dusty plasma is a physical system in which these measure-
ments are possible [1]. A dusty plasma is a mixture of micron-size polymer spheres along with
the usual electrons, ions and neutral gas atoms of a weakly ionized plasma. The microspheres
can be levitated in a single horizontal layer and tracked individually by video microscopy. This
single layer of particles, if unmodified, takes the form of a 2D Wigner lattice, which can be
heated using laser manipulation [2] to maintain a 2D liquid for the purpose of studying its
transport properties. Recently a dusty plasma was used to demonstrate, for the first time, that
experimental data can be used as an input to the Green-Kubo relation for viscosity [3]. Since
then, we have improved the instrumentation so that we can perform an accurate test of the
validity of the Green-Kubo relation for viscosity. In this test, we compare experimental runs
with and without shear. The runs with shear are analyzed using the usual constitutive relation
for viscosity,

n=Pry/y (1)

where P, is the local time-averaged shear stress and gamma is the local time-averaged shear
rate. The runs without shear are analyzed using the Green-Kubo relation,

1= 7 |, Gt

which also makes use of P, through its autocorrelation function C,. Testing the Green-Kubo
relation by comparing an experiment to a simulation, for example using water or liquid argon,
poses the difficulty that there are two assumptions in the simulation: the validity of Green-
Kubo and the validity of the potential model. The model for interparticle interactions for many
systems is uncertain, so that any discrepancy between the experiment and simulation is usually
attributed to errors the potential model rather than the Green-Kubo relation. Our experiment
avoids this difficulty since we compare two results from the same experiment, both using the
same assumption for the interparticle potential, so that any discrepancy can be attributed to
the Green-Kubo relation. For our 2D dusty plasma, we find a discrepancy of a factor of two in
the experimental values of viscosity obtained from the two methods. The one obtained using
the Green-Kubo relation, Eq. (2), is twice as large as the one obtained using the reliable con-
stitutive relation, Eq. (1). Work supported by the US Department of Energy, National Science
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Foundation, and NASA. [1] R. Merlino and J. Goree, Phys. Today, vol. 57, pp. 32-38, 2004. [2]
Z. Haralson and J. Goree, IEEE Trans. Plasma Sci., 2015, DOI 10.1109/TPS.2015.2498526. [3]
Yan Feng, et al., Phys. Rev. E, vol. 84, article no. 046412, 2011.
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Sensory capacity: an information theoretical
measure of the performance of a sensor

D. Hartich * !, C. Barato, U. Seifert

LII. Institute for Theoretical Physics — Germany

For a general sensory system following an external stochastic signal, we introduce the sen-
sory capacity [1]. This quantity characterizes the performance of a sensor: sensory capacity
is maximal if the instantaneous state of the sensor has as much information about a signal as
the whole time-series of the sensor. We show that adding a memory to the sensor increases
the sensory capacity. This increase quantifies the improvement of the sensor with the addition
of the memory. Our results are obtained with the framework of stochastic thermodynamics of
bipartite systems, which allows for the definition of an efficiency that relates the rate with which
the sensor learns about the signal with the energy dissipated by the sensor, which is given by
the thermodynamic entropy production. We demonstrate a general tradeoff between sensory
capacity and efficiency: if the sensory capacity is equal to its maximum 1, then the efficiency
must be less than 1/2. As a physical realization of a sensor we consider a two component cellu-
lar network estimating a fluctuating external ligand concentration as signal. This model leads
to coupled linear Langevin equations that allow us to obtain explicit analytical results. [1] D.
Hartich, A. C. Barato, and U. Seifert (2015) arXiv:1509.02111
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Temperature-driven and
chemical-potential-driven adiabatic pumping
in coherent electron transport

Masahiro Hasegawa * !, Takeo Kato

! Institute for Solid State Physics, The University of Tokyo — Japan

Adiabatic pumping is a process by which a finite charge(heat) current is induced under periodic
slow modulation of external control parameters. This phenomenon has been studied for long
time as an important issue in time-dependent quantum transport. Adiabatic pumping has also
gained attentions as a method for discussing the thermodynamics properties of mesoscopic sys-
tems. Temperature pumping has been examined only in incoherent transport(whereby a system
and reservoirs are strongly coupled) so far, rather than in coherent transport(whereby a system
and reservoirs are strongly coupled)[1,2]. To capture nonequilibrium thermodynamic features in
coherent transport, a theoretical framework for pumping induced by thermodynamic variables
of the reservoirs(i.e., temperatures and chemical potentials), is strongly required. We discuss
adiabatic charge pumping in a single-level quantum dot (QD) system strongly connected with
two reservoirs whose temperature and chemical potential are periodically driven[3]. We con-
sider the Coulomb interaction within the QD, because the interaction is necessary for adiabatic
pumping through the QD driven by reservoirs’ parameter. We derive an expression of pump-
ing current by the Keldysh formalism and estimate it for appropriate parameters. The present
adiabatic pumping is induced by delayed response of the system to changing of the reservoir
parameters. We also compare temperature-driven pumping with chemical-potential-driven one
and show their different properties in low temperature region. References: [1] J. Ren, P. Hanggi
and B. Li, Phys. Rev. Lett. 104, 170601 (2010). [2] T. Yuge, T. Sagawa, A. Sugita and H.
Hayakawa, J. Stat. Phys. 153, 412 (2013). [3] M. Hasegawa and T. Kato, arXiv:1601.05812
(2016).
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Predicting nonlinear response from
equilibrium measurements

Laurent Helden * !, Urna Basu, Matthias Kriiger, Clemens Bechinger

! University of Stuttgart, 2. Phys. Inst. — Germany

We investigate a small statistical mechanical system trapped in a non-harmonic potential
subjected to external driving. This is realised by a single spherical colloidal particle dispersed in
water, which is trapped and potentially driven in an optical tweezers. The non-linear potential is
realized by interactions with a neraby flat wall. Monitoring the particles trajectory in equilibrium
we use a recently developed theory [Basu et al. PCCP 17, 6653 (2015)] to predict its non-
equilibrium behaviour up to second order, from dynamical details and dissipation of the system.
Predictions are veryfied by comparison with non-equilibrium trajectories measured for the same
parameters showing good agreement for various driving amplitudes and frequencies.
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Local stationarity for out-of-equilibrium
phenomena

R. Hilfer * 1

1 Univ Stuttgart — Germany

This presentation discusses local stationarity in time explaining rigorously how stationary
solutions can remain slowly time dependent after a long time limit. A mathematical definition of
almost invariant and nearly indistinguishable states on C*-algebras is introduced using functions
of bounded mean oscillation. Rescaling of time yields generalized time flows of almost invariant
and macroscopically indistinguishable states, that are mathematically related to stable convo-
lution semigroups and fractional calculus. The infinitesimal generator is a fractional derivative
of order less than or equal to unity. Applications of the analysis are given to irreversibility and
to a physical experiment.
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Statistical physics of memory driven systems

Maxime Hubert * !, Stéphane Perrard, Matthieu Labousse, Nicolas
Vandewalle, Yves Couder

! University of Liége — Belgium

For classical systems, statistical description is usually required when the dimension of the
system phase space is important. This description is used when considering many body problems
such as the thermodynamical description of fluids, granular media or the diffusion of Brownian
particles in the presence of a thermal reservoir. Can this limit be reached at the single particle
level? We address this question by considering a single particle coupled to its own past, via a
wave-mediated size-controllable memory, which stores the past trajectory of the particle. Such
an object has been turn into reality by Couder et al [1,2] by using liquid bouncing droplets
that interact with the waves they generate by impacting a liquid surface. In those experiments,
the memory is made by stationary waves with a tunable damping time. The wave memory
triggers various regime from individual self-propelled particle motion to structured chaos [3] or
self-organization processes between a particle and its waves [4]. In the limit of a large amount of
“souvenirs” stored in the wave field, we will show that the dynamics can be well described by the
tools of non-equilibrium statistical mechanics. Both the dynamics of the particle and the wave-
mediated memory are investigated. We show that, from the particle-point of view, the memory
acts as a random force. The particle dynamics is adequately described by a Langevin equation
for self-propelled systems. The corresponding Fokker-Planck equation shows that the memory
can be seen as a thermal reservoir whose temperature is tuned via the amount of “souvenirs” in
the dynamics. The features of this unusual wave-like thermal reservoir are investigated from an
energetic and entropic perspective. We show that the global wave field is on average weaker that
one would expect from superposition of random wave fields. This depletion originates from de-
structive interferences that the particle generates along its trajectory, corresponding to a kind-of
minimization principle.

[1] Y. Couder, S. Protiere, E. Fort & A. Boudaoud, “Walking and orbiting droplets”, Nature,
437, 208 (2005).

[2] A. Eddi, E. Sultan, J. Moukhtar, E. Fort, M. Rossi & Y. Couder, “Information stored in
Faraday waves: the origin of a path memory”, J. Fluid Mech., 674, 433- 463 (2011).

[3] S. Perrard, M. Labousse, E. Fort & Y. Couder, “Chaos driven by interfering memory”, Phys.
Rev. Lett, 113, 104101 (2014).

[4] S. Perrard, M. Labousse, M. Miskin, E. Fort & Y. Couder, “Self-organization into quantized
eigenstates of a classical wave-driven particle”, Nat. Comm., 5, 3219 (2014).
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Anomalous yet Brownian Diffusion of a
Colloidal Particle close to a Flat Surface: A
Monte Carlo Investigation

Maxime Ignacio, * !, Mykyta V. Chubynsky, Gary W. Slater

I University of Ottawa — Canada

Anomalous yet Brownian diffusion refers to a process where a linear mean-square displace-
ment coexists with a non-Gaussian Displacement Distribution (DispD) [1]. Recently, Bechhoe-
fer’s group has reported experimental evidence that the diffusion of a colloidal particle close
to a flat surface exhibits non-Gaussian displacement distributions with exponential tails. Due
to hydrodynamic interactions, the diffusivity D(r) of the particle is space-dependent near the
surface, which makes it explore a diffusivity landscape in time as it moves in space. This space-
dependent diffusivity implies the possibility of different interpretations of the stochastic term
in the overdamped Langevin equation (i.e. the Ito-Stratonovich dilemma). Furthermore, in the
presence of properly chosen external potentials (e.g., gravity and electrostatic repulsion), the
colloid is confined to diffuse in a high gradient diffusivity region in the vicinity of the wall. Using
Lattice Monte Carlo simulations and a novel algorithm, we explore the role of these effects on
the diffusion properties of the particle. Finally, we discuss the possibility for this system to test
the ”diffusing diffusivity” model propose by Chubynsky and Slater [2]. [1] B. Wang et al., PNAS
106, 15160 (2009), [2] M. V. Chubynsky and G. W. Slater, PRL 113, 098302 (2014)
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Heating in integrable periodically driven
systems

Ishii Takashi * ', Tomotaka Kuwahara, Takashi Mori

! Department of Physics, Graduate School of Science, University of Tokyo — Japan

We discuss the relaxation process of quantum many-body systems under periodic driving
fields (e.g., ac optical fields). In such systems, even if the instantaneous Hamiltonian may be
simple, the non-equilibrium steady state can have highly non-trivial structures. One of the
key features to understand the relaxation process is the energy absorption from the periodic
driving fields [1]. We suppose that the system heats up owing to the periodic driving and ends
up in a steady state with infinite temperature, which is indeed believed to be the universal
scenario for steady states of non-integrable periodically driven systems [2]. On the other hand,
the situation can be rather different for integrable periodically driven systems. Such systems
have many conserved quantities, and hence may reach the steady state with the generalized
Gibbs ensemble dependent on the initial state [3]. This has led to the prevalent belief that the
periodic driving cannot heat up integrable systems to the steady state at infinite temperature.
We here reveal that it is not always the case; we give a prototype integrable model which heats
up to infinite temperature and show that local properties of the steady states are described by
the infinite-temperature states in the thermodynamic limit. [1] T. Mori, T. Kuwahara, and K.
Saito, Phys. Rev. Lett., 116, 120401 (2016). [2] L. D’Alessio and M. Rigol, Phys. Rev. X 4,
041048 (2014). [3] A. Lazarides, A. Das, and R. Moessner, Phys. Rev. Lett. 112, 150401 (2014).
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Derivation of Stokes’ law without the
hydrodynamic equations

Masato Itami * !, Shin-ichi Sasa

! Kyoto University — Japan

In this presentation, we study the friction coefficient of a Brownian particle in a viscous
incompressible fluid at low Reynolds number. According to Kirkwood’s formula, the friction
coefficient is expressed in terms of the stress correlation on the surface of the Brownian particle.
Then, with the aid of large deviation theory, we phenomenologically relate the surface stress
correlation to the stress correlation in the bulk of the fluid, where the bulk stress correlation is
characterized by the viscosity from the Green—Kubo formula. By combining Kirkwood’s formula
and the Green—Kubo formula in large deviation theory, we derive Stokes’ law without explicitly
employing the hydrodynamic equations.
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Backward transfer entropy: Informational
measure of non hidden-Markov property

Sosuke Ito * 1

! Department of Physics, Tokyo Institute of Technology — Japan

The transfer entropy is a well-established measure of the information flow, which has been
shown useful not only in time series analysis but also in nonequilibrium physics. Here, we in-
troduce the transfer entropy of the backward path, called the backward transfer entropy, which
quantifies non hidden-Markov property. Thermodynamically, the backward transfer entropy can
be interpreted as a thermodynamic loss, where the transfer entropy gives a possible thermody-
namic benefit. Moreover, in the context of the gambling with side information, the backward
transfer entropy quantifies the loss of the gambler’s wealth, where the transfer entropy gives a
possible benefit of the gambler’s wealth.
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The second law of thermodynamics and the
fluctuation theorem for pure quantum states

Eiki Iyoda * !, Kazuya Kaneko, Takahiro Sagawa

! The University of Tokyo — Japan

The origin of macroscopic irreversibility under microscopic reversible dynamics is a fun-
damental problem in nonequilibrium statistical mechanics. The fluctuation theorem [1] and
thermodynamics of information [2] shed modern light on this problem, which lead to the second
law of thermodynamics and its generalizations. A crucial assumption in this research direction is
that the initial state of the heat bath is, at least in the initial time, in the canonical distribution,
which effectively breaks the time-reversal symmetry. On the other hand, it has been shown that
even a pure quantum state, described by a single wave function, can relax to macroscopic ther-
mal equilibrium by reversible unitary dynamics [3]. The second law and the fluctuation theorem
in pure quantum states have been elusive, and the gap between the microscopic reversible and
macroscopic irreversible dynamics has not yet been bridged. We here show that the second law
of thermodynamics and the fluctuation theorem hold true for isolated genuine quantum systems,
where pure quantum states obey unitary reversible dynamics, by a rigorous proof based on the
Lieb-Robinson bound, and by numerical simulation of hard-core bosons [4]. The entanglement
entropy of a subsystem is shown connected to thermodynamic heat, highlighting the foundation
of the information-thermodynamics link. Our results imply that thermal fluctuations emerge
from purely quantum fluctuations in nonequilibrium dynamics, which is a novel scenario of the
emergence of thermodynamics from quantum mechanics. Our results can experimentally be
tested by ultracold atoms. [1] M. Esposito, U. Harbola, and S. Mukamel, Rev. Mod. Phys.
81, 1665-1702 (2009); T. Campisi, P. Hanggi, P. Talkner, Rev. Mod. Phys. 83, 771 (2011). [2]
J. M. R. Parrondo, J. M. Horowitz, and T. Sagawa, Nature physics 11, 131 (2015). [3] J. von
Neumann, Euro. Phys. J. H 35, 201 (1929); M. Rigol, V. Dunjko, and M. Olshanii, Nature 452,
854 (2008); S. Trotzsky et al., Nature physics 8, 325 (2012). [4] E. Iyoda, K. Kaneko, and T.
Sagawa, arXiv:1603.07857 (2016).

*Poster

169



Microstructural evolution of semicrystalline
polymers during tensile deformation

Sara Jabbari-Farouji * !, J. Rottler, O. Lame, M. Perez, J.-L. Barrat

! Institute of Physics, University of Mainz — Germany

Semicrystalline polymers are composed of ordered and amorphous regions and exhibit a par-
ticular mechanical response that combines the strength of purely crystalline materials with the
flexibility of amorphous polymers. The underlying mechanisms of deformation in semicrystalline
polymers, especially in their non-linear regime of response, are poorly understood. We examine
the microstructural evolution during tensile response of semicrystalline sates of a crystallisable
bead-spring model [1] by means of molecular dynamics simulations. To understand the link
between the underlying structure and the resulting response, we perform a statistical analysis of
polymers conformations and configurations during the deformation [2,3]. Especially, we employ
the local nematic order parameter of bond vectors to identify the ordered and disordered regions.
We perform a cluster analysis based on the local nematic director to determine the volume distri-
bution of crystalline domains and density of tie-chains that connect the ordered and disordered
regions. We measure the tensile response of semicrystalline polymers of various chain lengths
prepared with identical protocol of continuous cooling. We find that the plastic deformation
mechanism is universal for all the chains lengths longer than the entanglement length [4]. The
plastic flow beyond the elastic limit is initiated by reorientation of crystalline blocks that leads
to a partial loss of crystallinity at moderate deformations. Further increase of deformation trig-
gers unfolding of chain-folded structures and extension and alignment of all the chains along the
tensile direction. At large deformations, there exists a chain length dependent critical strain for
which the melting-recrystallization occurs. This transition is concomitant with development of a
percolating crystalline domain as a result of alignment of chains majority with the tensile axis [4].

[1] H. Meyer and F. Muller-Plathe, J. Chem. Phys. 115, 7807 (2001).

[2] S. Jabbari-Farouji, J. Rottler, O. Lame, A. Makke, M. Perez, and J.-L. Barrat, ACS Macro
Letters 4, 147 (2015).

[3] S. Jabbari-Farouji, J. Rottler, O. Lame, A. Makke, M. Perez, and J.-L. Barrat, Journal of
Physics: Condensed Matter 27 (19), 194131 (2015).

[4] S. Jabbari-Farouji, J. Rottler, O. Lame, M. Perez, and J.-L. Barrat, in preparation.
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Transitional Steady States of Exchange
Dynamics between Finite Quantum System

Euijin Jeon * !, Juyeon Yi, Yong Woon Kim
! Korea Advanced Institute of Science and Technology — South Korea

We examine particle and heat currents between finite quantum systems and find a unique
form of nonequlibrium states unveiled so far. The currents undergo stepwise evolution in time,
and their magnitude and direction dramatically change according to system size differences.
Despite those characteristics different from the traditional concept of steady state, Onsager’s
reciprocal relation remains universally valid. We present an analytic formula and physical picture
to explain such behaviors.
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Steady-state fluctuation relations for a
non-chaotic system

Owen Jepps * !, Matthew King, Lamberto Rondoni
1 Griffith University — Australia

A cornerstone of Gallavotti and Cohen’s proof of their celebrated steady-state Fluctuation
Relation (FR) was the almost-everywhere-hyperbolic nature of the underlying dynamical sys-
tem. However, we demonstrate that chaotic dynamics, in the sense of positive largest Lyapunov
exponent, is not a necessary condition to observe a steady-state FR. To achieve this, we investi-
gate a modified non-equilibrium Ehrenfest wind-tree model, where scatterers are removed from
the standard model with probability f. We find that the Lyapunov exponent of the Poincaré
map can be tuned by varying f —in particular, the dynamics can be made chaotic or non-chaotic
through suitable choices of f. Over a range of f that produces non-chaotic dynamics, we observe
a FR. We also observe a strong decay in flux auto-correlation, suggesting that this dynamical
system has mixing properties, despite not being chaotic. The presence of auto-correlation de-
cay is consistent with the more recent proposal of T-mixing, rather than chaos, as the relevant
sufficient condition for a steady-state FR to hold. We discuss these results in the context of
practical considerations for observing FRs in nanoscale systems, as well as our recent work on
the connection between T-mixing and relaxation from out-of-equilibrium states.
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Simulations for testing the validity of the
Jarzynski relation for non-Gibbsian initial
states in isolated quantum spin systems

Fengping Jin * !, R. Steinigeweg, H. De Raedt, K. Michielsen, M.
Campisi, J. Gemmer

! Jiilich supercomputing centre, Forschungszentrum Jiilich — Germany

Quantum spin systems provide rich opportunities to study properties of collective quantum
behavior. There exist various numerical algorithms to simulate the real- and imaginary-time
evolution of quantum spin systems, such as the second-order product formula [1] and Chebyshev
polynomial algorithms [2]. These algorithms can easily simulate systems with up to 36 spins
on current supercomputers. The system size is much larger than the size one can simulate with
the exact diagonalization approach. We present large-scale simulation results for a spin ladder
system to test the validity of the Jarzynski relation for non-Gibbsian initial states [3]. Since the
introduction of the Jarzynski equality many derivations of this equality have been presented in
both, the classical and the quantum context. While the approaches and settings greatly differ
from one to another, they all appear to rely on the initial state being a thermal Gibbs state.
Here, we present an investigation of work distributions in driven isolated quantum systems,
starting off from pure states that are close to energy eigenstates of the initial Hamiltonian.
We find that, for the nonintegrable system in quest, the Jarzynski equality is fulfilled to good
accuracy. References: [1] H. De Raedt, Comp. Phys. Rep. 7, 1 (1987). [2] V. V. Dobrovitski
and H. De Raedt, Phys. Rev. E 67, 056702 (2003). [3] F. Jin, R. Steinigeweg, H. De Raedt, K.
Michielsen, M. Campisi, J. Gemmer, arXiv: 1603.02833.
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New interpretation of pre-thermalization in
the Tomonaga-Luttinger model

Eriko Kaminishi * !, Takashi Mori, Tatsuhiko N. Ikeda, Masahito Ueda

1 The University of Tokyo — Japan

A well-isolated system often shows relaxation to a quasi-stationary state before reaching
thermal equilibrium. Such a pre-thermalization has attracted considerable interest recently in
association with closely related fundamental problems of relaxation and thermalization of iso-
lated quantum systems. Motivated by the recent experiment in ultracold atoms, we study the
dynamics of a one-dimensional Bose gas which is split into two subsystems, and find that indi-
vidual subsystems relax to Gibbs states, yet the entire system does not due to quantum entangle-
ment. In the Lieb-Liniger model, it is made clear that the pre-thermalization can be understood
as a phenomenon due to an influence of the initial entanglement between subsystems [1]. We call
it the entanglement pre-thermaliation. On the other hand, in the Tomonaga-Luttinger model,
it has been argued that the pre-thermalization occurs due to the presence of many conserved
quantities in the literatures. However, in this talk, I will give a new interpretation of the pre-
thermalization in the Tomonaga-Luttinger model; I will show you that this pre-thermalization
can be also understood in terms of the initial entanglement between the subsystems. Therefore,
the pre-thermalization in the Tomonaga-Luttinger model, which was observed in experiment,
is also a kind of entanglement pre-thermalization. I will also show you that the spin-charge
separation explains the reason why there are two interpretations. [1] E. Kaminishi, T. Mori, T.
N. Ikeda and M. Ueda, Nature Physics, 11, 1050 (2015)
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Heat transport via a local two-state system
coupled to non-ohmic baths

Masanari Kato * !, Takeo Kato, Keiji Saito
L ISSP, the University of Tokyo — Japan

The recent progress of micro-fabrication technology has enabled us to study quantum trans-
port phenomena of phonons and photons experimentally. It is remarkable that there are several
similarities between heat transport and electron transport. For example, quantization of heat
conductance, which is an analogue of quantization of conductance in electron transport, has
been observed experimentally. Recently, it has been shown that a phenomenon similar to the
Kondo effect occurs in heat transport via a local two-state system[1]. In this study, the heat
conductance has been calculated based on the spin-Boson model with the spectral function
I(omega)(proptoomega®) for the ohmic case (s = 1). However, the sub-ohmic case (s < 1) and
the super-ohmic case (s > 1) have not been studied in detail. In this study [2], we study heat
transport via a local two-state system coupled to non-ohmic heat baths by using a quantum
Monte Carlo method. We show that the heat conductance is proportional to 725*! at low tem-
peratures whenever the system has a delocalized(singlet) ground state. This result is consistent
with the general Shiba’s relation. For the sub-ohmic case (s < 1), if the coupling strength
was larger than a critical value, the behavior of heat conductance at low temperatures changes
drastically, because of a quantum phase transition. References [1] K. Saito and T. Kato, Phys.
Rev. Lett. ref 111, 214301 (2013) [2] M. Kato, T. Kato, and K. Saito, in preparation.
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Study on Interacting Particle Systems
Motivated by Microbial Division of Labor

Jin-Hyeon Kim * !}, K.-I. Goh
! Department of Physics, Korea University — South Korea

Division of labor is believed to underlie many important evolutionary transitions including
the evolution and proliferation of multicellularity. In this study, we formulate interacting particle
system model for the emergence of multicellular organisms from unicellular cells cooperating
through division of labor. First, we present the mean-field analysis of the model to explain the
basic effect of division of labor. From the linear stability analysis, we construct the phase diagram
showing the conditions that co-existence of species doing division of labor is predominant and
maintained. Further, we perform the extensive stochastic simulation of the lattice version of
the model in 1D to examine the effect of dimensionality and stochasticity. Depending on the
effective cooperation rate, the model exhibits two different “phases.” When the cooperation
effect is weak, the system is dominated by the segregated single-species domains, in each of
which each species is living separated from the other by a well-defined boundary. On the other
hand, when the cooperation effect is strong enough, the mixed-species domain emerges, within
which both species live and mingle together. Within such domain, different species cells tend to
locate adjacent to each other and effectively behave like bi-cellular organisms. We characterize
this “phase transition” and critical phenomena from the perspective of nonequilibrium phase
transition.
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Phase transitions and dynamic entropy in
out-of-equilibrium small systems of
interacting particles in complex plasmas:
numerical simulation and experiment

X.G. Koss * 1, Petrov O.F., Myasnikov M.I., Statsenko K.B., Vasiliev
M.M.

L JIHT RAS — Russia

Small systems of interacting particles are widely used in various fields of science and tech-
nology: in vacuum heat insulation systems, as hydrocarbons in porous materials, as nanocluster
structures (and the properties of these structures, e.g. the melting temperature, may differ
greatly from the properties of large systems). To study these structures on a “kinetic” level, we
can use the special object, namely, the dusty plasma. The dusty plasma is an ionized gas con-
taining macroscopic grains, which become charged via the electron and ion flows. The electric
force acting on these grains balances the gravitational one, and the macroparticles can levitate.
When the kinetic temperature of the grains rises, they act like atoms or molecules of a solid
body: their motion becomes more chaotic, and they explore larger and larger areas of a phase
space. The experiments were carried out in the quasi-two-dimensional system of dust grains
in gas discharge plasma. Thanks to their high electrical charge (103 — 10%¢), the system of 7
grains levitated above the lower electrode, forming a cluster confined by an external electrical
field. This system was simulated with the help of Langevin molecular dynamics method. The
interparticle interaction potential was taken to be of Yukawa type; for the details see [Complex
and Dusty Plasmas, ed. by V. E. Fortov and G. E. Morfill, CRC Press, (2010)]. We use the
concept of the “dynamic entropy” introduced by Shannon, Kolmogorov and Sinai in its simple
approach called “mean first-passage time” (MFPT) dynamic entropy [Pierre Gaspard and Xiao-
Jing Wang, Physics Reports 235, No. 6 (1993) 291—343; P. Allegrini, J. F. Douglas, and S. C.
Glotzer, PRE 60, 5714 (1999)] to study numerically and experimentally obtained small systems
of interacting particles. We have obtained the MFPT entropy functions for the systems under
study and analyzed them to find out their phase states. Three phase states of the considered
small systems are registered: crystal, liquid and transitional. The character of motion for dif-
ferent states was examined using the functions of dependence of mean-square displacement of
particles on time. The suggested technique of the analysis of the system dynamics can be applied
to the structures as small as desired, independent on the degree of the thermal isolation of the
system. This work was supported by the Russian Science Foundation (project No 14-12-01440).
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The role of mutual information change in
information thermodynamic processes

Chulan Kwon * 1

I Myongji University — South Korea

The paradox of Maxwell’s demon states that the thermodynamic second law is violated in
feedback process in response to the demon’s measurement. We explain measurement, feedback,
post-measurement by standard thermodynamics from a recent view point that the system and
the memory (demon) is considered as a joint system with correlation between subsystems. Mu-
tual information as measure of correlation is an entropic interpretation of information gain during
measurement by demon. Post-measurement process, where demon’s paradox was claimed, is set
in motion by feedback to reenter measurement outcome as protocol of dynamics. The general-
ized total entropy change of the system and the heat reservoir is defined in addition of mutual
information change and is shown not to decrease, which resolves the demon’s paradox. Such
total entropy could be accepted as the most legitimate if it stops increasing for quasi-static
process. We consider two examples having quasi-static motions and confirm rigorously that
the total entropy does not change in quasi-static limit for each case, for which the rigorous
treatment of mutual information change during time period is crucial. We also investigate the
optimal protocol for the maximum extraction of work limited by mutual information change.
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Torque-Induced Rotational Dynamics in
Polymers: Torsional Blobs and Thinning

Laleman Michiel * ', Marco Baiesi, Boris P. Belotserkovskii, Takahiro
Sakaue, Jean-Charles Walter, Enrico Carlon

L' KU Leuven, Institute for Theoretical Physics — Belgium

By using the blob theory and computer simulations, we investigate the properties of a
linear polymer performing a stationary rotational motion around a long impenetrable rod. This
rotation is induced by a constant torque applied at one end of the polymer. We try to find
relations between relevant observables as torque and angular velocity and to describe the shape
of this truly non-equilibrium system. Analytically the rotating polymer can be described using
the concept of - in this case rotational - blobs. We find three distinct regimes: a quasi equilibrium
one, one where the polymer is fully and tightly wrapped around the rod and an intermediate
regime. In this intermediate regime the polymer assumes a trumpet shape and shows ”thinning”
behaviour. This means that a small change in the applied torque changes the configuration
dramatically. The predictions from the blob theory nicely agree with the simulations performed
in LAMMPS.

*Poster

179



Generic dynamical phase transition in
driven exclusion processes

Alexandre Lazarescu * !
L University of Luxembourg — Luxembourg

The asymmetric simple exclusion process, or ASEP, is a continuous time Markov process
where particles jump stochastically on a 1D lattice, preferentially to one side, and with hard-core
interactions. It is possibly the most studied model in non-equilibrium statistical mechanics, for
a number of reasons: it is relatively simple and elegant in its definition and has a complex and
physically insightful behaviour, it is connected to many other models or mathematical objects,
and it is integrable and therefore exactly solvable, at least in principle. It has been shown that
the large deviations of that model exhibit a dynamical phase transition between a hydrodynamic
regime, where the fluctuations of the system only depend on the local density of particles, and a
correlated regime where that is no longer the case. We will go over those results, and show that
this phase transition can be identified in a broad class of models with arbitrary extra physical
interactions and spatial inhomogeneities.
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A protocol for reaching equilibrium very fast

Anne Le Cunuder * !, Ignacio A Martinez, Artyom Petrosyan, David
Guéry-Odelin, Emmanuel Trizac, Sergio Ciliberto

! Laboratoire de physique ENS Lyon — France

When a control parameter of a system is suddenly changed, the accessible phase space
changes too and the system needs its characteristic relaxation time to reach the final equilibrium
distribution. An important and relevant question is whether it is possible to travel from an
equilibrium state to another in an arbitrary time, much shorter than the natural relaxation time.
This reduction of the relaxation time, which is frequently desired and necessary, is often obtained
by complex feedback processes. In this talk, we present a protocol, named Engineered Swift
Equilibration (ESE),that shortcuts time-consuming relaxations. We tested experimentally this
protocol on a Brownian particle trapped in an optical potential first and then an AFM cantilever.
We show that applying a specific driving, one can reach equilibrium in an arbitrary short time.
We also estimate the energetic cost to get such a time reduction.Beyond its fundamental interest,
the ESE method paves the way for applications in micro and nano devices, in high speed AFM,
or in monitoring mesoscopic chemical or biological process. References: (1) Engineered Swift
Equilibration, Ignacio A Martinez; Artyom Petrosyan; David Guéry-Odelin; Emmanuel Trizac;
Sergio Ciliberto, to be published in Nature Physics (2) Arbitrary fast modulation of an atomic
force microscope, Anne Le Cunuder; Ignacio A Martinez; Artyom Petrosyan; David Guéry-
Odelin; Emmanuel Trizac; Sergio Ciliberto. Submitted to Applied Letters.
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Efficiency at the maximum power output for
simple two-level heat engine

Sang Hoon Lee * !, Jaegon Um, Hyunggyu Park
! Korea Institute for Advanced Study — South Korea

We introduce a simple two-level heat engine to study the efficiency in the condition of the
maximum power output, depending on the energy levels from which the net work is extracted.
In contrast to the quasi-statically operated Carnot engine whose efficiency reaches the theoret-
ical maximum, recent research on more realistic engines operated in finite time has revealed
other classes of efficiency such as the Curzon-Ahlborn efficiency maximizing the power output.
We investigate yet another side with our heat engine model, which involves the population
difference caused by different transition rates. Due to the nature of our model, the explicitly
time-dependent part is completely decoupled from the other terms in the generated work and
the efficiency is independent of the operating time, which allows us to analyze the dependence
on other system variables that are the transition rates, or implicit time dependence in this case.
We provide the optimal combination of transition rates maximizing the generated power output
and discuss its implication on general premise of realistic heat engines. In particular, we prove
that the engine efficiency of our model for maximum power output is clearly different from the
Curzon-Ahlborn efficiency in spite of its endoreversibility, although they share the universal
linear and quadratic coefficients at the near-equilibrium limit with similar values of transition
rates.
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Fluctuations of entropy production in
partially masked electric circuits

Chi-Lun Lee * !, Kuan-Hsun Chiang, Chia-Wei Chou, Pik-Yin Lai,
Yung-Fu Chen

! National Central University — Taiwan

We investigate experimentally and theoretically the validity of fluctuation theorem (FT) of
a coupled-RC circuit. In particular, we intentionally neglect part of the circuit and consider the
remaining as an effective single-RC circuit. We observe the violation of fluctuation theorem in the
effective entropy production of this reduced circuit in the strong coupling regime. The violation
indicates the non-Markovian signature in the coarse-grained system. Analysis is performed
via the examination of the symmetry function. We find that in the case where FT fails, the
symmetry function still exhibits a linear behavior.
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Fluctuation-Dissipation Theorem and
Detailed Balance in Langevin Systems

Hyun Keun Lee * !, Sourabh Lahiri, Hyunggyu Park

1Seoul National University — South Korea

We study the relation between the fluctuation-dissipation theorem and the detailed balance in
Langevin systems. It is shown that the two properties are equivalent/exclusive to each other in
the absence/prsence of a velocity-dependent force. We discuss that the existing near-equilibrium
theories are based on the equivalence, as simultaneously requires the two properties. The exclu-
sivity indicates that any of the two properties, alone, cannot be an identifier of equilibrium, in
general.
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First-passage times of random walkers with
memory

Nicolas Levernier * !, Thomas Guérin, Olivier Bénichou, Rapha¢l
Voituriez

L LPTMC-UPMC - France

The first-passage time (FPT), defined as the average time a random walker takes to reach
a target point in a confining domain, is a key quantity in the theory of stochastic processes.
Its importance comes from its crucial role to quantify the efficiency of processes as varied as
diffusion-limited reactions, target search processes or spreading of disease. Most methods to
determine the FPT properties in confined domains have been limited to Markovian (memoryless)
processes. However, as soon as the random walker interacts with its environment, memory effects
can not be neglected. Examples of non Markovian dynamics include single-file diffusion in narrow
channels or the motion of a tracer particle either attached to a polymeric chain
cite or diffusing in simple or complex fluids such as nematic, dense soft colloids or viscoelastic
solution. Here, we introduce an analytical approach to calculate, in the limit of a large confining
volume, the mean FPT of a Gaussian random walker to a target point that encompasses the non-
Markovian features of the dynamics. We determine the statistical properties of the trajectory
of the random walker in the future of the first-passage event and show that they govern the
FPT kinetics. This analysis is applicable to a broad range of stochastic processes, possibly
correlated at long-times. Our theoretical predictions are confirmed by numerical simulations for
several examples of non-Markovian processes including the emblematic case of the Fractional
Brownian Motion in one or higher dimensions. These results show, on the basis of Gaussian
processes, the importance of memory effects in first-passage statistics of non-Markovian random
walkers in confinement. T. Guérin, N. Levernier, O. Bénichou, R. voituriez, First-passage times
of non-markovian random walkers in confinement, Nature (2016) (to be published)
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On asymptotic behavior of work
distributions for driven Brownian motion

Dominik Lips * !, Viktor Holubec, Artem Ryabov, Petr Chvosta, Philipp
Maass

! Universitit Osnabriick — Germany

We propose a simple conjecture for the functional form of the asymptotic behavior of work
distributions for driven overdamped Brownian motion of a particle in confining potentials [1].
This conjecture is motivated by the fact that these functional forms are independent of the
velocity of the driving for all potentials and protocols, where explicit analytical solutions for the
work distributions have been derived in the literature. To test the conjecture, we use Brownian
dynamics simulations and a recent theory developed by Engel and Nickelsen (EN theory) [2],
which is based on the contraction principle of large deviation theory. Our tests suggest that
the conjecture is valid for potentials with a confinement equal to or weaker than the parabolic
one, both for equilibrium and for nonequilibrium distributions of the initial particle position.
For potentials with stronger confinement, the conjecture fails and gives a good approximate
description only for fast driving. In addition we obtain a new analytical solution for the asymp-
totic behavior of the work distribution for the V-potential by application of the EN theory, and
we extend this theory to nonequilibrated initial particle positions. [1] V. Holubec, D.Lips, A.
Ryabov, P. Chvosta, P. Maass, Eur. Phys. J. B (2015) 88: 340 [2] D. Nickelsen, A. Engel, Eur.
Phys. J. B 82, 207 (2011)
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Calculating work in quantum Markovian
master equations

Fei Liu * !

! Beihang University, China — China
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Harmonic chain with velocity flips:
thermalization and kinetic theory

Matteo Marcozzi * . Jani Lukkarinen Alessia Nota
)
! University of Helsinki — Finland

We consider position-momentum correlations in harmonic chains with pinning and a bulk
velocity flip noise during the heat relaxation phase which occurs on diffusive time scales, for
t = O(L?) where L is the chain length. It has been shown earlier that for non-degenerate
harmonic interactions these systems thermalize and the dominant part of the correlations is
given by local thermal equilibrium determined by a temperature profile which satisfies a linear
heat equation. In the present contribution we explicitly compute the first order corrections in
1/L to the local equilibrium correlations and we investigate the applicability of kinetic theory
to study the relaxation process. In particular, by suitably revising the definition of the Wigner
transform we derive a phonon Boltzmann equation whose predictions agree with the explicit
computation. Comparing the two results, the corrections can be understood as arising from a
current-related term and from a spatial changes in the phonon eigenbasis.
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Non-Equilibrium interface dynamics with
correlated noise: Emergent symmetries and
non-universal observables

Steven Mathey * !, Léonie Canet, Elisabeth Agoritsas, Vivien Lecomte
I LPMMC - France

The Kardar-Parisi-Zhang (KPZ) equation provides one of the simplest non trivial examples
of a Non-Equilibrium Steady State. Its universal features capture a very wide range of physical
phenomena ranging from varied types of interfaces to turbulent hydrodynamic flows or thermo-
dynamics of polymers in noisy environments. Enormous progress has been made in the last 10
years thanks to an exact derivation of the statistics of the KPZ dynamics in the case of one-
dimensional systems driven by a stochastic white noise. The cases of higher dimensions and/or
correlated noise remain however unsolved. In this contribution we investigate the physics of a
one-dimensional interface that is subjected to a noise with smooth spatio-temporal correlations.
This problem was previously studied numerically as well as with the Replica Trick in a Gaussian
variational approach[1-4]. It was found that the small scale features depend on the details of
the microscopic noise while (up to the overall amplitude factors) the exact solution with white
noise governs the large scales. In the present work, Functional Renormalisation Group (FRG)
methods are employed in order to resolve the non-perturbative features of KPZ dynamics. The
FRG makes it possible to follow the renormalisation group flow from its initial conditions all the
way down to its fixed point, that is from microscopic dynamics to the large distance properties.
We show that the exact solution emerges on large scales independently of the details of the
noise correlations. Moreover the small scale features (and their dependence on the particular
choice of the noise correlations) are resolved and compared to direct numerical simulations[5].
[1] E. Agoritsas, V. Lecomte, T. Giamarchi, Phys. Rev. B 82, 184207 (2010) [2] E. Agoritsas,
S. Bustingorry, V. Lecomte, G. Schehr, T. Giamarchi, Phys. Rev. E 86, 031144 (2012) [3] E.
Agoritsas, V. Lecomte, T. Giamarchi, Phys. Rev. E 87, 042406 (2013) [4] E. Agoritsas, V.
Lecomte, T. Giamarchi, Phys. Rev. E 87, 062405 (2013) [5] S. Mathey, E. Agoritsas, L. Canet,
V. Lecomte, In prep.
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Planar Poiseuille flow of highly confined
polymer solutions

Adrian Menzel * !, Peter Daivis, Billy Todd, Kirill Glavatskiy

I Royal Melbourne Institute of Technology — Australia

When polymer solutions are confined to small channels of the order of nanometers in width,
they exhibit unexpected behaviour. These systems can be difficult to investigate experimentally,
but molecular dynamics simulations now have the power and flexibility to allow us to investigate
them. In this work, we simulate coarse-grained model polymer solutions in highly confined
channels both in equilibrium and undergoing Poiseuille flow, using molecular dynamics. We find
that the temperature, velocity, and concentration profiles across the channel vary with flow rate.
In particular, increasing the flow rate leads to an increase in the wall-mediated polymer depletion
region. We show that for sufficiently large channel-widths a bulk-like flow can be achieved that
behaves according to classical continuum equations for velocity and temperature. For narrower
channels, we find that the classical Navier-Stokes-Fourier description of fluid flow breaks down.
Finally, we have also implemented an algorithm to calculate the local pressure tensor across the
channel, and have studied the variation of the first normal stresses with position and compared
the results with predictions of the first normal stress coefficients from equilibrium molecular
dynamics simulations.
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Typical pure states and nonequilibrium
processes for quantum many-body systems

Takaaki Monnai *

1 Seikei University — Japan

Analysis of the work distribution for time dependent processes is an important subject. We
address this issue on the basis of the typicality: Each single typical pure state in an energy
shell of isolated quantum many-body systems well represents the microcanonical state. First,
we apply such an intrinsic thermal nature of a pure state to the analysis of the work distribution
[1], and also explore the energy current of nonequilibrium steady states [2,3]. The subtlety is
that the typicality holds only for the calculation of small number of linearly independent opera-
tors such that we cannot discriminate a pure state and the microcanonical ensemble, while the
calculation of the work distribution certainly requires continuously many data. We rationalize
this issue theoretically and numerically, and explain that we can calculate almost the entire
distribution including the rare events only from a single pure state.

[1] T. Monnai, and A. Sugita, J. Phys. Soc. Jpn., 83 094001 (2014)
[2] T. Monnai, and K. Yuasa, EPL, 106 40006 (2014).
[3] T. Monnai, and K. Yuasa, arxiv:1603.01084.
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Quantum Jarzynski equality of
measurement-based work extraction

Yohei Morikuni * !, Hiroyasu Tajima, Naomichi Hatano
! Department of Physics, The University of Tokyo — Japan

Recent developments of experimental technology are realizing small-size heat engines which
are out of the scope of the standard thermodynamics [1, 2]. To understand these heat engines,
many researchers often use statistical mechanics and micro-dynamics. However, this analysis has
a problem as to how we represent the thermodynamic work to in terms of microscopic quantities.
When the internal system is quantum mechanical, it is difficult to define the thermodynamics
work, because the system is affected by an external agent. Many studies of such engines adopt an
approach in which the effect of the external agent is represented as the time-dependence of the
Hamiltonian of the internal quantum system [3, 4]. In this approach, the dynamics of the internal
quantum system is unitary and the work is defined as the energy loss of the internal system.
It is based on the model of a microscopic internal quantum system connected to a macroscopic
external agent. However, there are two concerns about the validity of this approach: one is about
the assumption of the unitary time evolution and the other is about the definition of the work. In
spite of these concerns, many studies rely on the approach because there have been results out of
this approach which seem to be consistent with thermodynamics [4, 5]. We here employ another
approach [6] in which the dynamics of the internal system is described by a measurement process
and the work is given as a measurement outcome, because the effect from the quantum system
to the microscopic system is formulated as measurement processes in quantum mechanics. This
approach is called the measurement-based work extraction, recently introduced by Hayashi and
Tajima [6]. We here show the variance of the energy gain of an external system diverges when
the dynamics of the internal system is approximated to the unitary time evolution. This result
demands us to change the derivation of the quantum Jarzynski equality from the pervious one
[4] based on the conventional approach. We second derive the Jarzynski equality using the
measurement-based work extraction. The resulting equality has a constant different from the
original Jarzynski equality. [1] S. Toyabe, T. Sagawa, M. Ueda, E. Muneyuki and M. Sano, Nat.
Phys. 6, 988 (2010). [2] A. Shuoming et al., Nat. Phys. 11, 193 (2014). [3] Y. Morikuni and
H. Tasaki, J. Stat. Phys. 43, 1 (2011). [4] M. Campisi, P. H'anggi and P. Talkner, Rev. Mod.
Phys. 83, 771 (2011). [5] H. Tasaki, arXiv:cond-mat/0009206 (2000). [6] M. Hayashi and H.
Tajima, arXiv:1504.06150 (2015).
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Resolving the (Gibbs paradox in small
thermodynamic systems

Yuto Murashita * !, Masahito Ueda

! University of Tokyo — Japan

The Gibbs paradox involves three distinct issues on the foundations of thermodynamics and
classical statistical mechanics. Among them, we consider the interrelation between thermody-
namic and classical statistical-mechanical entropies. In the thermodynamic limit, this problem
was resolved by Pauli and Jaynes by requiring extensivity for the thermodynamic entropy. How-
ever, this resolution cannot apply to small thermodynamic systems because extensivity breaks
down. In this talk, we offer a resolution applicable to interacting small thermodynamic systems
based on the fluctuation theorem in the presence of absolute irreversibility. Absolute irreversibil-
ity is singularly strong irreversibility and leads the conventional integral fluctuation theorems
inapplicable. It is remarkable that the flaw of the fluctuation theorem plays the vital role in
resolving the Gibbs paradox in small thermodynamic systems.
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Diffusion in presence of stochastic resetting
at power-law times

Apoorva Nagar * !, Shamik Gupta
! Indian Institute of Space Science and Technology — India

What happens when simple diffusion is interrupted with resetting to the starting position at
random times 7 distributed with fat tails ~ 707®); o > 0? We show by exact analytical results
that depending on «, the dynamics exhibits a spectrum of rich long-time behavior, from a time-
dependent spatial distribution for @ < 1, to a time-independent and non-equilibrium spatial
distribution characterized by power-law tails for & > 1. The dynamics has strong consequences
on the first-passage time to reach an absorbing fixed target, which we characterize analytically;
in particular, there exists an optimal i
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Flux quench in a system of interacting
spinless fermions in one dimension

Yuya Nakagawa * !, Grégoire Misguich, Masaki Oshikawa
! Institute for Solid State Physics, the University of Tokyo — Japan

We study a quantum quench in a one-dimensional spinless fermion model (equivalent to the
XXZ spin chain), where a magnetic flux is suddenly switched off. This quench is equivalent
to imposing a pulse of electric field and therefore generates an initial particle current. This
current is not a conserved quantity in presence of a lattice and interactions and we investigate
numerically its time-evolution after the quench, using the infinite time-evolving block decimation
method. For repulsive interactions or large initial flux, we find oscillations that are governed
by excitations deep inside the Fermi sea. At long times we observe that the current remains
non-vanishing in the gapless cases, whereas it decays to zero in the gapped cases. Although the
linear response theory (valid for a weak flux) predicts the same long-time limit of the current
for repulsive and attractive interactions (relation with the zero-temperature Drude weight),
larger nonlinearities are observed in the case of repulsive interactions compared with that of the
attractive case.
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Internal structures and packing in
dynamical clustering

Martial Noirhomme * !, Eric Opsomer, Francois Ludwig, Nicolas
Vandewalle

! Université de Liege — Belgium

We numerically and theoretically investigate the internal structures of a driven granular gas
in cuboidal cell geometries. Clustering is reported and particles can be classified as gaseous or
clustered via a local density criterion based on a Voronoi tesselation. We observe that small
clusters arise in the corners of the box. These aggregates have a condensation-like surface
growth until a critical size is reached. At this point, a structural transition occurs and all
clusters merge together, leaving a hole in the center of the cell. This hole becomes then the new
center of nucleation. Taking into accoun all structural modifications, we propose an empirical
law for the cluster’s growth and deduce packing properties such as the random loose packing of
granular aggregates in microgravity environment.
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A simple method to calculate first?passage
time densities with arbitrary initial
conditions

Markus Nyberg * !, Tobias Ambjornsson, Ludvig Lizana
Umea University, Department of Physics — Sweden

Numerous applications all the way from biology and physics to economics depend on the density
of first crossings over a boundary. Motivated by the lack of general purpose analytical tools
for computing first—passage time densities (FPTDs) for complex problems, we propose a new
simple method based on the Independent Interval Approximation (IIA). We generalise previous
formulations of the ITA to include arbitrary initial conditions as well as to deal with discrete time
and non—smooth continuous time processes. We derive a closed form expression for the FPTD
in z and Laplace—transform space to a boundary in one dimension. Two classes of problems
are analysed in detail: discrete time symmetric random walks (Markovian) and continuous
time Gaussian stationary processes (Markovian and non-Markovian). Our results are in good
agreement with Langevin dynamics simulations.
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Collective dynamics of fully packed classical
dimers from a large deviation perspective

Tom Oakes * !, Juan P. Garrahan, Stephen Powell
! The University of Nottingham — United Kingdom

The classical dimer model on the square lattice is a paradigmatic example of a system
subject to strong local constraints. We study its behaviour under local stochastic dynamics, by
means of Monte Carlo simulations and theoretical arguments. We observe clear signatures of
correlated dynamics in both global and local observables and over a broad range of time scales,
indicating a breakdown of the simple continuum description that approximates well the statics.
We show that this collective dynamics can be understood in terms of one-dimensional ”strings”
of high mobility, which govern both local and long-wavelength dynamical properties [1]. We
also explore the statistical properties of the space of dynamical trajectories, by means of large
deviation methods, with the aim of identifying transitions between active and inactive dynamical
phases. [1] T. Oakes, J. P. Garrahan, and S. Powell. Emergence of cooperative dynamics in
fully packed classical dimers. Phys. Rev. E, 93:032129, Mar 2016.
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Space-time cluster-variational approach to
stochastic dynamics on networks

Alessandro Pelizzola * !, Marco Pretti
1 Politecnico di Torino — Italy

In the last few years there have been considerable efforts to devise approximate methods to
deal with stochastic-dynamic processes taking place on large graphs.
Such processes are involved in a number of different (natural or artificial) systems: classical
spin-glass models, boolean networks, neural networks, and other technological, biological, and
social networks.
A number of studies have attempted to generalize the so-called cavity method, which has proved
so successful in the analysis of equilibrium phenomena on (specially sparse) networks. Never-
theless, this approach is in principle still of exponential complexity with respect to time, and it
needs some extra approximation to make it computationally tractable.
Here we propose and develop an alternative approach [1], whose main original feature is that
the time dimension is incorporated into a unique free-energy-like functional, which can be sub-
sequently approximated (with a tunable accuracy) according to the cluster-variation method.
We evaluate the resulting algorithms, in terms of numerical accuracy and computational effort
required, on simple model systems such as the SIS epidemic model or the kinetic Ising model.
We compare the results with both Monte Carlo simulations and state-of-the-art approximate
methods.
[1] A. Pelizzola, Eur. Phys. J. B 86, 120 (2013).
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Universal bounds on current fluctuations

Patrick Pietzonka * !, Andre C. Barato, Udo Seifert

L 1L Institut fiir theoretische Physik, Universitit Stuttgart — Germany

For current fluctuations in non-equilibrium steady states of Markovian processes, we derive
four different universal bounds valid beyond the Gaussian regime. Different variants of these
bounds apply to either the entropy change or any individual current, e.g., the rate of substrate
consumption in a chemical reaction or the electron current in an electronic device. The bounds
vary with respect to their degree of universality and tightness. A universal parabolic bound on
the generating function of an arbitrary current depends solely on the average entropy production.
A second, stronger bound requires knowledge both of the thermodynamic forces that drive
the system and of the topology of the network of states. These two bounds are conjectures
based on extensive numerics. An exponential bound that depends only on the average entropy
production and the average number of transitions per time is rigorously proved. This bound
has no obvious relation to the parabolic bound but it is typically tighter further away from
equilibrium. An asymptotic bound that depends on the specific transition rates and becomes
tight for large fluctuations is also derived. Our bounds generalize a recently derived relation for
the relative uncertainty in current fluctuations and provide a new general class of constraints
for nonequilibrium systems.
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Topology and stochastic thermodynamics of
chemical networks

Matteo Polettini * ', Massimiliano Esposito, Artur Wachtel, Bernhard
Altaner

I University of Luxembourg — Luxembourg

Large and intricate Chemical Networks (CN) comprising thousands of species, some of which
at low particle numbers, regulate cellular physiology and metabolism. Interestingly, while some
reaction pathways are detailed balanced, others are constantly held very far from equilibrium.
We discuss the interplay between the deficiency of a CN, a crucial topological property that,
in a way, quantifies its degree of auto-catalysis, and a CN’s stochastic non-equilibrium ther-
modynamics. In particular, we discuss the excess entropy production due to non-deterministic
behaviour, we provide a statement of the zeroth law of thermodynamics and discuss its irre-
versible character, and finally we discuss the fluctuation-dissipation relations when only some
currents are locally stalling at equilibrium, while the rest of the network is far from equilibrium.
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Linear thermodynamics for periodically
driven systems

Karel Proesmans * !, Bart Cleuren, Christian Van den Broeck

I UHasselt — Belgium

We show how to formulate thermodynamics for periodic driving including small scale sys-
tems. As an application we discuss the efficiency of a small scale engine.
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Non-equilibrium critical dynamics of
low-dimensional magnetics

Pavel Prudnikov * !, Vladimir Prudnikov

1 Omsk State University — Russia

A significant interest has been recently focused on non-equilibrium processes in magnetic low-
dimensional materials. The reduction of the dimension of magnets is accompa nied by an increase
in fluctuations of the spin density and the manifestation of the effects of critical slowing down
and “memory” in the non-equilibrium behavior of low dimensional magnetic systems. Thin films
and low-dimensional demonstrates the slow critical evolution from a nonequilibrium initial state.
Aging, coarsening and memory effects are nontrivial features in the non-equi librium behavior
of such systems with slow dynamics [1]. Here the Monte Carlo study of non-equilibrium critical
evolution from different initial states of low-dimensional systems will be reported. The low-
dimensional systems are described by two-dimensional XY-model, and anisotropic Heisenberg
model. The influence of structural disorder on aging and coarsening effects will be discussed. The
reported study was supported by Grant No. MD-6024.2016.2 of Russian Federation President
and Project No. 1627 of the Ministry of Education and Science of the Russian Federation.
The simulations were supported by the Supercomputing Center of Lomonosov Moscow State
University, Moscow and St. Petersburg Joint Supercomputer Center of the Russian Academy
of Sciences. [1] P.V. Prudnikov, V.V. Prudnikov, LS. Popov (2015) JETP Letters 101 539
http://dx.doi.org/10.1134/S0021364015080135.
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Non-equilibrium critical dynamics in 3D
pure and diluted Ising-model

Vladimir Prudnikov * !, Pavel Prudnikov

1 Omsk State University — Russia

We study the non-equilibrium critical evolution of three-dimensional pure and site-diluted
spin systems described by Ising model from different initial states specified by values of ini-
tial magnetization mg with displaying such features as aging and violation of the fluctuation-
dissipation theorem [1]. We investigate an influence of initial states with different mg and
nonmagnetic impurities on relaxation of system magnetization M (t) and two-time dependence
of correlation and response functions on characteristic time variables as waiting time t,, and
time of observation t. The Monte Carlo simulation results for systems with the spin concen-
tration p varying in a wide range are given. The obtained curves for autocorrelation C(t,t,,)
and response R(t,t,) functions demonstrate that the aging effects are increased with growth
of defect concentrations. We found for magnetization M (t), autocorrelation C(t,t,) and re-
sponse R(t,t,) functions their universal scaling functions which are independent on the initial
values of magnetization mg in frame of universal classes of critical behavior for pure, weakly
and strongly diluted Ising systems. The reported study was supported by the Russian Science
Foundation through project No. 14-12-00562. [1] Prudnikov P.V., Prudnikov V.V., Pospelov
E.A., Malyarenko P.N. and Vakilov A.N. (2015) Prog. Theor. Exp. Phys. 053A01
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Revisiting the concept of effective
temperature for dilute active systems

Enrique Puga Cital * !, Alejandro Vasquez Arzola Francisco J. Sevilla

INational Autonomous University Of Mexico — Mexico

We revisit the concept of effective temperature in dilute systems of active particles. The interest
in this topic has recently regrown due to the experimental possibility to design manmade artifi-
cial swimmers that emulate the ones that exist in the biological realm . In this work we explore
a connection between the stationary non-Boltzmann distributions of run-and-tumble, nonin-
teracting particles, moving in a conservative potential, and the corresponding distributions of
passive, noninteracting, Brownian particles moving in the same potential, in a temperature-
inhomogeneous source of heat. The nature of the non-Boltzmann distributions can be regarded
as the effect of the inhomogeneous thermal bath through the assumption of the existence of local
equilibrium that presumes the existence of a well defined local temperature. We apply these
ideas to commonly used external potentials, namely, constant force field and the harmonic po-
tential. Authors acknowledge financial support from DGAPA-UNAM-PAPIIT grants IN113114
and TA103615
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A Numerical Study of the Two-Dimensional
Incompressible Toner-Tu Equation

Wanming Qi * !, Leihan Tang, Hugues Chaté
!Beijing Computational Science Research Center — China

Active matter systems are driven out of equilibrium by the energy injection at the particle level.
The Toner-Tu model is a stochastic continuum theory that captures the flocking behavior where
many polar active particles move coherently through the short-ranged alignment interaction.
Recently the incompressible case of the model has attracted some attention. The density-
polarization coupling makes the phase transition discontinuous in the compressible Toner-Tu
model that have been studied, but this mechanism does not work in the incompressible case. A
perturbative dynamical renormalization group analysis found a continuous phase transition in-
deed, and further found the critical exponents of a new universality class [1]. The flocking phase
in two dimensions can be mapped onto the exactly solvable (141)-dimensional Kardar-Parisi-
Zhang equation [2]. These interesting but partial theoretical results call for a more comprehen-
sive numerical study. We numerically simulate the two-dimensional incompressible Toner-Tu
equation, compare it with the theoretical predictions, and study other non-trivial behavior of
the model. The results on the phase transition properties, the dynamics and the steady-state
features will be reported and discussed. [1] L. Chen, J. Toner, and C.F. Lee, New Journal of
Physics 17, 042002 (2015). [2] L. Chen, C.F. Lee, and J. Toner, arXiv: 1601.01924 (2016).
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Fluctuation-dissipation relation in spin ice
Valentin Raban * !, Ludovic Berthier, Peter C. W. Holdsworth

L ENS Lyon — France

Over the last decade spin ice materials, such as DysTisO7, have been at the centre of
attention in the frustrated magnetism community. In particular, the development of the so-
called Dumbbell model, which pictures the low energy excitations as magnetic charges interacting
through a magnetic Coulomb force, has provided an elegant way to study these materials, thanks
to a mapping from the easy-axis Ising spins on the pyrochlore lattice to charges on the dual
diamond lattice. In parallel, some of the most significant progresses in non-equilibrium statistical
mechanics in the last twenty years have come from the study of the fluctuation dissipation ratio
when the system of interest evolves out of equilibrium. However, there is still no such study for
spin ice. We fill this gap here. Using numerical simulations with local dynamics, we focus on
the violation of the fluctuation-dissipation relation after a thermal quench, for several physical
observables, such as the magnetization, the density of charges or the energy. This allows us to
identify an aging regime in which we can extract effective temperatures and other characteristics
of non-equilibrium thermodynamics.
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The solution of the BBGKY hierarchy of
quantum kinetic equations with generalized
Yukawa potential.

M.Yu. Rasulova * !, | N.N. Bogolubov (Jr), U.A. Avazov

! Institute of nuclear physics Academy of Sciences uzbekistan — Uzbekistan

In paper the evolution of N identical in mass and charge particles interactiong wia generalized
Yukawa potential is investigated. The system of particles is considered in a finite area. Using
the semi group theory, we prove the existence of a unique solution of the BBGKY hierarche of
quantum kinetic equations
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Generalisation of the Eyring-Kramers
transition rate formula to irreversible
diffusion processes

Julien Reygner * !, Freddy Bouchet

1 Feole des Ponts ParisTech — France

In the small noise regime, the average transition time between metastable states of a re-
versible diffusion process is described at the logarithmic scale by Arrhenius’ law. The Eyring-
Kramers formula classically provides a subexponential prefactor to this large deviation estimate.
For irreversible diffusion processes, the equivalent of Arrhenius’ law is given by the Freidlin-
Wentzell theory. In this paper, we compute the associated prefactor and thereby generalise
the Eyring-Kramers formula to irreversible diffusion processes. In our formula, the role of the
potential is played by Freidlin-Wentzell’s quasipotential, and a correction depending on the
non-Gibbsianness of the system along the instanton is highlighted. Our analysis relies on a
WXKB analysis of the quasistationary distribution of the process in metastable regions, and on
a probabilistic study of the process in the neighbourhood of saddle-points of the quasipotential.
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Thermalization and many-body localization
in systems under dynamic nuclear
polarization

Ines Rodriguez Arias * ', Andrea de Luca, Markus Miiller and Alberto
Rosso

Laboratoire de Physique Théorique et Modeles Statistiques (LPTMS) — France

Dynamic nuclear polarization (DNP) is a technique used to substantially enhance the nuclear
spin polarization and has important applications in magnetic resonance imaging (MRI). We
have studied the role of dipolar interactions in the standard DNP protocol, and two regimes
were found: in the strongly interacting regime, the out-of-equilibrium stationary state displays
an effective thermodynamic behaviour characterised by a very low spin temperature; in the
weakly interacting regime, it is not possible to define a spin temperature, and local resonances
are fully responsible for the smaller levels of the nuclear polarization. As a result, its value
strongly varies from sample to sample. Our central finding is that the nuclear polarization,
while in the spin temperature regime, increases steadily upon reducing the interaction strength.
Interestingly, the highest polarization is reached at a point where the establishment of a spin
temperature is just about to break down due to the incipient many-body localization (MBL)
transition.
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Transport properties of correlated fluids in
confinement

C.M. Rohwer * !, M. Kardar, A. Gambassi, M. Kriiger

! Max Planck Institute for Intelligent Systems — Germany

Correlations in confined systems (e.g. fluctuating fluids confined to films) give rise to a wealth
of remarkable phenomena. Many equilibrium phenomena, e.g. the critical (thermal) Casimir
forces, are well-understood theoretically and have been observed experimentally. Confined,
correlated systems out of equilibrium, however, are less explored. In this work we consider
a field theoretic dynamical model for correlated fluids (e.g. oil-water mixtures near / at the
critical point) under confinement. In particular, we investigate the steady state in a sheared
near-critical fluid film, in dependence on the separation of the plates and the bulk correlation
length. Our approach, based on linear response theory for small shearing velocities, leads to
a self-consistent formulation for the shear rate in the film. We derive analogues of the bulk
Green-Kubo relations for inhomogeneous shearing, and show that effective transport coefficients
(specifically the viscosity) are affected by confinement. We also address the dependence on the
choice of dynamical model, since conservation laws strongly affect dynamical time-scales.
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Computing transitions rates in the 1D
Allen—Cahn equation with a rare event
algorithm, beyond Freidlin—Wentzell regime

Joran Rolland * !, Freddy Bouchet, Eric Simonnet

1 Goethe University Frankfurt — Germany

Metastability is common in condensed matter, phase transitions, and turbulence, where
one can see transition between one coherent macrostate to another. For systems described by
stochastic partial differential equations tra- ditional sampling is computationally prohibitive and
limits physical studies, due to the rarity of the events and the large number of degrees of freedom
involved. This is a major concern for many applications. For this reason, we turn to a method of
importance sampling, which runs the natural dynamics of a stochastic system, and gives more
weight to trajectories leading to transitions. Using an algorithm called Adaptive Multilevel
Splitting, we iteratively compute the transition trajectories which bring the system from one
metastable state to another as well as their dynamical properties. With this algorithm, we
performed a thorough analysis of transitions in the stochastic Ginzburg—Landau—Allen— Cahn
equation [1], a prototype of metastability in statistical physics and nonlinear dynamics. This
gradient system is particularly amenable to large deviation mathematical results in the low
temperature limit (Freidlin-Wentzell large deviation) [2] and to phenomenological descriptions
beyond the Freidlin—Wentzell regime. The use of the algorithm allowed us to accelerate greatly
the numerical computation of quantities such as the transition rates from one metastable state
to another or the duration of transition trajectories. These results match and confirm the
Freidlin—-Wentzel theoretical analysis, proving that we can sample events and estimate faithfully
transition rates, which correspond to return time of order 1013 relaxation times at a numerical
cost close to 103 relaxation times. This algorithm is used to make computation for regimes
for which the noise is not small enough to be in a Freidlin-Wentzell regime, but the transition
keeps a large deviation type phenomenology. The results are compared to a phenomenological
theory, based on a combination of large deviation analysis and results on the motion of diffusive
fronts. The algorithm also gives a unique sampling of transition trajectories, way beyond what
can be expected from direct numerical simulations. Distributions of durations of transition
trajectories is then also studied. Comparison with a Gumble distribution (the mathematical
prediction for systems with one degree of freedom) is discussed. We will also discuss the great
opportunities opened by this type of algorithms for more complex systems, including systems
without detailed balance, for instance turbulent flows. References [1] J. Rolland, F. Bouchet,
E. Simonnet, Computing transition rates for the 1-D stochastic Ginzburg-Landau-Allen- Cahn
equation for finite-amplitude noise with a rare event algorithm. J. Stat. Phys. 162, 277-311
(2016). [2] W.G. Faris, G. Jona-Lasinio, Large fluctuations for a nonlinear heat equation with
noise. J. Phys. A: Math. Gen. 15, 3025-3055 (1982).
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Heat conduction and thermal rectification in
mass-graded next nearest-neighbor FPU
lattice

M. Romero-Bastida * !

I Instituto Politecnico Nacional — Mexico

In this work we study the thermal rectification efficiency, i.e. quantification of asymmetric
heat flow, of a one-dimensional mass-graded anharmonic oscillator lattice both with nearest-
neighbor (NN) and next-nearest-neighbor (NNN) interactions, being a modification of the model
studied in a previous work [M. Romero-Bastida and Jaen Misael Arizmendi-Carvajal, extitJ.
Phys. A: Math Theo. ref48, 115006 (2013)]. As for the heat conduction properties of this
system we determined that the divergence exponent of thermal conductivity with system size
grows as both the mass asymmetry and the strength of the NNN interaction increase, but with
a lower value of the thermal conductivity compared to the corresponding NN case for each
system size value considered. The system presents an increment of rectification with increasing
mass asymmetry and temperature differences, as well as a semingly saturated rectification value
for the largest system sizes considered, which can be considered as an indirect evidence of a
non-vanishing rectification efficiency in the thermodynamic limit. For fixed system size, average
temperature, and temperature difference values the rectification reaches its maximum at a very
precise value of the parameter that controls the strength of the NNN interactions. A possible
explanation in terms of breathers pinned in the heavy side of the lattice is suggested.
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Simulation of Quantum Spin Dynamics by
Phase Space Sampling of BBGKY
Trajectories.

Analabha Roy * !, Lorenzo Pucci, Michael Kastner

I National Institute for Theoretical Physics — South Africa

Recent experimental developments in quantum simulators with lattice spins in ion traps have
necessitated the search for numerical techniques that adequately describe their dynamics. While
methods based on matrix product states have been successful with one-dimensional systems up
to intermediate time-scales, computational methods of equivalent accuracy for larger dimensions
remain elusive. I will present a novel method that is suitable for simulating the dynamics of quan-
tum spin models of any dimension. The method samples the many body Wigner function and
evaluates the evolution equations obtained from the Bogoliubov-Born-Green-Kirkwood-Yvon
(BBGKY) hierarchy. Higher orders in the hierarchy allow for systematic refinements. Quan-
tum correlations can be treated through both, the Wigner function sampling and the BBGKY
evolution, bringing about highly accurate estimates of correlations and entanglement witnesses.
The method is particularly suitable for nonintegrable systems, especially those with long-range
interactions. I will demonstrate its efficacy by comparing with exact results, as well as other
numerical methods. Finally, I conclude with outlooks into modelling the Lindblad dynamics
of the collective scattering of classical light by cold quantum gases, especially phenomena like
superradiance, as well as experimental corrections in lattice spin simulators due to decoherence.
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Kink confinement and Bethe-Salpeter
equation in the Potts field theory

Sergei Rutkevich * !

! Universitit Duisburg-Essen, — Germany

Kink topological excitations are quite common in one-dimensional massive quantum field
theories characterized by the spontaneously broken discrete symmetry. If such a system is
perturbed by the external field that explicitly breaks the discrete symmetry, it induces the long-
range attractive force between the kinks leading to their confinement into the bound states.
In the Ising field theory, the masses of the resulting meson bound states at small magnetic
fields have been studied to much details in the recent years by means of several perturbative
techniques based on the Bethe-Salpeter equation. Similar perturbative approaches, which exploit
the WKB method, and the solution of the two- and three-body quantum mechanical problems
with the linear confining potential, have been applied later to determine the masses of mesons and
baryons in the three-state Potts Field Theory (PFT). However, in the PFT these perturbative
techniques were not justified by the more systematic Bethe-Salpeter equation approach, since
the latter equation contains the four-kink form-factors of the magnetization operator, which
were unknown for the PFT. I have obtained the explicit expressions for these form-factors, as
well as the explicit form of the Bethe-Salpeter equation in the 3-state PFT using the general
form-factor representations derived by Kirillov and Smirnov [1]. Obtained results provide a
firm basis for the previously used heuristic techniques, and make possible to extend the kink
confinement theory in the 3-state PFT beyond the leading order in the magnetic field. 1. N.
Kirillov, F. A. Smirnov. Kiev Preprint ITF-88-73R (1988), in Russian.
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Analytical study of giant fluctuations and
temporal intermittency in a mass transport
model.

Himani Sachdeva * !, Mustansir Barma
! Institute of Science and Technology (IST) Austria — Austria

We study a mass transport model on a one-dimensional lattice in which single particles are
injected at the boundary, undergo driven diffusive transport through the lattice, aggregate on
contact, with the resultant aggregates exiting from one or both boundaries [1]. We analytically
find the probability distribution of the mass or number of particles in any region as well as the
total mass M in the system, and demonstrate that M has a non-Gaussian probability distribution
and exhibits giant fluctuations when movement of aggregates is diffusive. Furthermore, we
characterise the non-self similar dynamics of the system using dynamical structure functions
Sn(t) = ([M(t) — M(0)]"), defined in analogy with structure functions of the velocity field
in fluid turbulence. We explicitly calculate these for various boundary conditions and both
driven and diffusive motion of particles, and find that these exhibit extreme anomalous scaling
with time ¢, indicative of temporal intermittency— a characteristic feature of turbulent systems.
Our work provides a rare example of a model where anomalous scaling exponents of structure
functions (as well as boundary condition dependent logarithmic corrections) can be calculated
analytically, a task which is generally difficult for most turbulent systems. [1] H. Sachdeva and
M. Barma, J. Stat. Phys. 154, 950 (2014).
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A field-theoretic approach to the
May-Leonard cyclic population dynamics
model

Shannon R. Serrao * !, Uwe C. Tauber
! Virginia Tech — United States

Spatially extended stochastic population dynamics models with cyclic predation interactions
display intriguing time evolution and spontaneous structure formation. We study a version of the
May-Leonard cyclic competition model in d dimensions with diffusive particle propagation. We
use the second-quantized Doi-Peliti formalism and ensuing coherent-state path integral represen-
tation to construct its continuum representation and explore its collective dynamics. Expanding
the resulting action about the mean-field species concentrations enables us to compute the di-
agonalized harmonic propagators and hence 'masses’, i.e., relaxation rates and eigenfrequencies
of the fundamental modes. Furthermore, operating near the Hopf bifurcation point, we iden-
tify the validity range for the necessary time scale separation that allows us to project out the
purely relaxing eigenmode. The remaining oscillating fields obey the complex Ginzburg-Landau
equation, which is consistent with spiral pattern formation.
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Spontaneous Directional Motion of Shaped
Nanoparticle before the Onset of Diffusive
Brownian Motion

Nan Sheng * !, YuSong Tu, Pan Guo, RongZheng Wan, ZuoWei Wang,
HaiPing Fang

! Shanghai Institute of Applied Physics, Chinese Academy of Sciences — China

In nanoscale space and pico- to nanoseconds enormous physical, chemical and biological pro-
cesses take place, while the motions of involved particles/molecules under thermal fluctuations
are usually analyzed using the conventional theory of diffusive Brownian motion based on both
sufficiently long time averaging and assumptions of spherical particle shapes. Here, using molec-
ular dynamics simulations, we show that asymmetrically shaped nanoparticles in dilute solutions
possess spontaneous directional motion of the center of mass within a finite time interval. The
driving force for this unexpected directional motion lies in the imbalance of the interactions
experienced by their constituent atoms during the orientation regulation at timescales before
the onset of diffusive Brownian motion. Theoretical formulae have been derived to describe the
mean displacement and the variance of this directional motion. Our study potentially takes an
important step towards establishing a complete theoretical framework for describing the motions
of variously-shaped particles in solutions over all timescales from ballistic to diffusive regime.
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Floquet-Gibbs states for periodically driven
open quantum systems

Tatsuhiko Shirai * !, Takashi Mori, Seiji Miyashita

I Tohoku university — Japan

A periodically driven quantum system, when coupled to a heat bath, relaxes to a non-
equilibrium asymptotic state. In the general situation, the retrieval of this asymptotic state
presents a rather non-trivial task. In order to describe the subclass of the systems, we introduce
the Floquet-Gibbs state, i.e., a state whose density matrix is diagonal in the Floquet basis
of the system Hamiltonian with the diagonal elements obeying a Gibbs distribution over the
quasienergies. In the limit of an infinitesimal system-bath coupling strength, using the so-called
rotating wave approximation (RWA), we obtain sufficient conditions for the realization of the
Floquet-Gibbs state, and find that these conditions severely restrict a class of suitable systems
attaining this Gibbs form [1].

Upon using the Magnus expansion [2], we employ the concept of a corresponding effective Floquet
Hamiltonian. In doing so and without using the RWA, we demonstrate that the idea of the
Floquet-Gibbs states can be extended to the realistic case of a weak, although finite system-
bath coupling, herein termed effective Floquet-Gibbs states [3].

[1] T. Shirai, T. Mori, and S. Miyashita, Phys. Rev. E 91, 030101(R) (2015).

[2] S. Blanes, F. Casas, J. A. Oteo, and J. Ros, Phys. Rep. 470, 151 (2009).

[3] T. Shirai, J. Thingna, T. Mori, S. Denisov, P. Hinggi, and S. Miyashita, arXiv:1511.06864
(2015).
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No-go theorem for Carnot efficiency with
finite power

Naoto Shiraishi * !, Keiji Saito

1 The University of Tokyo — Japan

The thermodynamic efficiency and power (extracted work per a unit time) are two of the
main properties of heat engines, and thus much effort has been devoted to investigate the relation
between these two. Carnot has established that an infinitely slow process, which implies zero
power, leads to the maximum efficiency known as the Carnot efficiency. However, surprisingly
its opposite, whether a heat engine with finite power attains the Carnot efficiency or not, has
still been an open problem. Conventional equilibrium thermodynamics provides no restriction
on the speed of processes. In addition, it has been clarified that at the level of formal analyses
the linear irreversible thermodynamics does not prohibit devices operating reversibly (i.e., zero
total entropy production) at finite power if time-reversal symmetry is broken [1].

This has triggered a number of studies based on specific dynamical models to investigate the
relation between the power and efficiency for systems with broken-time reversal symmetry [2-
5]. Most studies have arrived at the same result that within these specific models the Carnot
efficiency and finite power are incompatible. A few studies have insisted the attainability of the
Carnot efficiency with finite power, while these arguments contain ambiguous justifications and
thus most researchers are not convinced these results. Our present state is that since existing
researches are based on limited models in the linear response regime, this problem has still been
under debate. To this end, a general theory without resorting specific models is strongly desired.
In this presentation, we demonstrate a general no-go theorem that the Carnot efficiency with
finite power is prohibited even with broken time-reversal symmetry and even beyond the linear
response regime. In our proof, the notion of partial entropy production plays a crucial role, which
is the decomposition of the entropy production of the total system into the contribution of each
individual transition [6]. By generalizing this idea, we rigorously prove that a Markovian heat
engine never reaches the Carnot efficiency with finite power [7]. In addition, we derive a bound
for power by using the efficiency, which clearly illustrate the trade-off between large power and
high efficiency [8]. Since our argument does not resort specific models, our result will put a
period on the debate as far as the heat baths are Markovian.

References [1] G. Benenti, K. Saito, and G. Casati, Phys. Rev. Lett. 106, 230602 (2011).

[2] K. Brandner, K. Saito, and U. Seifert, Phys. Rev. Lett. 110, 070603 (2013).

[3] V. Balachandran, G. Benenti, and G. Casati, Phys. Rev. B 87, 165419 (2013).
[4] K. Brandner, K. Saito, and U. Seifert, Phys. Rev. X 5, 031019 (2015).

[5] K. Proesmans and C. Van den Broeck, Phys. Rev. Lett. 115, 090601 (2015).
[6] N. Shiraishi and T. Sagawa, Phys. Rev. E 91, 012130 (2015).

[7] N. Shiraishi and K. Saito, arXiv:1602.03645 (2016).

[8] N. Shiraishi and K. Saito, in preparation.
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Free energy formalism for inhomogeneous
nonlinear Fokker—Planck equations

Gabriele Sicuro * !, Peter Rapcan, Constantino Tsallis

L Centro Brasileiro de Pesquisas Fisicas — Brazil

We introduce a free-energy formalism for a wide class of inhomogeneous nonlinear Fokker—
Planck equations. In this formalism, the free-energy functional is expressed in terms of an
entropic functional and an effective potential, both derived from the coefficients of the equation.
We discuss the entropy production in this very general framework and, moreover, we show
that, for a large class of inhomogeneous nonlinear Fokker—Planck equations a thermodynamical
formalism can be introduced, in which the stationary distribution is associated to equilibrium.
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Generalized TASEP with a Slow Bond

Hyungjoon Soh * !, Meesoon Ha, Hawoong Jeong
! Department of Physics, KAIST — South Korea

We revisit the slow-bond problem in one-dimensional (1D) totally asymmetric simple exclu-
sion process (TASEP) [1] with modified hopping rates. It is well-known that TASEP can be
mapped to a zero-range process (ZRP), where the condensation transition in ZRP corresponds
the queuing/jamming transition in TASEP. Most recently, a conserved generalized interacting
ZRP has been considered to discuss how the interaction bias on particle density of ZRP affects
the condensation transition [2]. In our study, the modification of hopping rates at normal bonds
are employed to suppress the queue caused by the reduced hopping at the slow bond. Based
on the 1D nonequilibrium lattice-gas model analysis [3], we argue a schematic phase diagram
and critical behaviors at the queuing transition, which are also numerically tested. 1] M. Ha, J.
Timonen, and M. den Nijs, Phys. Rev. E 68, 056122 (2003); H. Soh, Y. Baek, M. Ha, and H.
Jeong (in preparation). 2] A. Khaleque and P. Sen, Phys. Rev. E 93, 042102 (2016) 3] Priyanka
and K. Jain, Phys. Rev. E 93, 042104 (2016)
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On the applicability of Fokker-Planck
equation to the description of diffusion
effect on nucleation

M.V. Sorokin * !, V.I.Dubinko, V.A.Borodin

I National Research Centre 'Kurchatov Institute’ — Russia

The nucleation of islands in a supersaturated solution of surface adatoms is considered
taking into account the possibility of diffusion profile formation in the island vicinity. It is
shown that the treatment of diffusion-controlled cluster growth in terms of the Fokker-Planck
equation is justified only provided certain restrictions are satisfied. First of all, the standard
requirement that diffusion profiles of adatoms quickly adjust themselves to the actual island
sizes (adiabatic principle) can be realized only for sufficiently high island concentration. The
adiabatic principle is essential for the probabilities of adatom attachment to and detachment
from island edges to be independent of the adatom diffusion profile establishment kinetics,
justifying the island nucleation treatment as the Markovian stochastic process. Second, it is
shown that the commonly used definition of the ’diffusion’ coefficient in the Fokker-Planck
equation in terms of adatom attachment and detachment rates is justified only provided these
processes are statistically independent, which is generally not the case for the diffusion-limited
growth of islands. We suggest a particular way to define the attachment and detachment rates
that allows us to satisfy this requirement as well. When applied to the problem of surface island
nucleation, our treatment predicts the steady-state nucleation barrier, which coincides with the
conventional thermodynamic expression, even though no thermodynamic equilibrium is assumed
and the adatom diffusion is treated explicitly. The effect of adatom diffusional profiles on the
nucleation rate pre-exponential factor is also discussed.
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Nonlinear Relaxation Phenomena in
Condensed Matter Metastable Systems

Bernardo Spagnolo * !, Davide Valenti, Claudio Guarcello, Luca
Magazzu, Angelo Carollo, Dominique Persano Adorno

! University of Palermo — Italy

Nonlinear relaxation phenomena in three different systems of condensed matter are in-
vestigated. (i) First, the phase dynamics in Josephson junctions is analyzed. Specifically, a
superconductor-graphene-superconductor (SGS) system exhibits quantum metastable states,
and the average escape time from these metastable states in the presence of Gaussian and
correlated fluctuations is calculated, varying the noise source intensity and the bias frequency.
Moreover the transient dynamics of a long-overlap Josephson junction (JJ) subject to thermal
fluctuations and non-Gaussian noise sources, Lévy type, is investigated. Noise induced phenom-
ena are observed, such as the noise enhanced stability and the resonant activation. The analysis
of the time evolution of the order parameter highlights the influence of the noise induced solitons
on the mean switching time behavior and the observation of breathers. (ii) Second, the electron
spin relaxation process in n-type GaAs crystals driven by a fluctuating electric field and two dif-
ferent noise sources is investigated. Monte Carlo numerical simulations show, in both cases, an
enhancement of the spin relaxation time by increasing the amplitude of the external noise. (iii)
Finally, the stabilization of quantum metastable states by dissipation is presented. Normally,
quantum fluctuations enhance the escape from metastable states in the presence of dissipation.
We show that dissipation can enhance the stability of a quantum metastable system, consisting
of a particle moving in a strongly asymmetric double well potential, interacting with a thermal
bath. We find that the escape time from the metastable region has a nonmonotonic behavior
versus the system-bath coupling and the temperature, producing a stabilizing effect.
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Brownian motion in periodic potentials:
anomalous diffusion induced by symmetry
and ergodicity breaking

Jakub Spiechowicz * !, Jerzy Luczka
1 University of Silesia, Institute of Physics, Department of Theoretical Physics — Poland

We consider far from equilibrium transport of an externally driven inertial Brownian particle
moving in a periodic one-dimensional potential. As it was shown (Spiechowicz J. and Luczka
J., Phys. Rev. E 91, 062104 (2015)), the mean square deviation of the particle position from
its average evolves in three distinct stages: initially as superdiffusion, next as subdiffusion and
finally as normal diffusion in the asymptotic long time limit. Even though these anomalies
are transient effects their lifetime is extremely sensitive to changes of the potential asymmetry
parameter so that they may last many orders longer than characteristic time scales of the setup.
The mentioned controllability of anomalous diffusion is related to nonergodicity of the setup and
ultraslow relazation of the Brownian particle velocity to its steady state. Similar sequence of the
diffusional behaviour has been observed in various systems including, among others, colloidal
particles in random potentials, glass forming liquids and granular gases. With a simple ratchet
model we propose an entirely new mechanism standing behind such diffusion anomalies which
involves breaking of reflection symmetry of the potential and ergodicity of the system.
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Generalized Langevin Equation for many
probes in nonequilibrium environment

Stefano Steffenoni * !, Gianmaria Falasco, Klaus Kroy
1 Max Planck Institute for the Mathematics in the Sciences — Germany

Langevin equations describe the statistical fluctuations of mesoscopic systems at equilibrium,
which are held in contact with a thermal bath. The results are in accordance with statistical me-
chanics since the fluctuations driving the system have probability given by Boltzmann principle,
their correlations satisfy the fluctuation-dissipation theorem (FDT), and induce static correla-
tion functions which conform to the equipartition theorem. Out of equilibrium the Langevin
approach remains valid, under the assumption that the source of non-equilibrium does not affect
appreciably the bath. Nevertheless, none of the previous properties survives when the source
of non-equilibrium resides in the environment. Equilibrium arguments become unusable, and a
reduced Langevin description must be found by other means, namely integrating out explicitly
the dynamics of the off-equilibrium environment. We derive a generalized Langevin equations
for many probe particles weakly interacting with a driven environment applying non-equilibrium
linear response theory. Integrating out the fast degrees of freedom we obtain an expression for
the noise and the friction perceived by the probes. They are related as in equilibrium via the
fluctuation-dissipation relation. Nevertheless, due to the nonequilibrium nature of the bath, this
relation presents new contributions.
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Semi-Markov approximation and algorithm
for anomalous diffusion

Peter Straka * ', Gurtek Gill
L UNSW Australia — Australia

Anomalous Diffusion is typically modeled by a Continuous Time Random Walk (CTRW).
Scaling limits of CTRWSs constitute a less-well known example of Semi-Markov processes which
have infinitely many renewals in finite time intervals (the renewal set is a fractal). We study
these Semi-Markov processes and show how they can be embedded into a higher-dimensional
Markov process. We then derive master equations for this Markov process which allow for a
discrete numeric scheme, and thus for the computation of finite-dimensional distributions of
CTRW limit processes.

*Poster

227



Dynamics of non-equilibrium bosonic
systems in acoustic potentials

Meng Sun * !, S. Flach, V.M. Kovalev, I. G. Savenko

1 IBS Center for Theoretical Physics of Complex Systems — China

We consider a system of microcavity exciton polaritons, hybrid light-matter quasi-particles
emerging from the strong coupling between quantum well excitons and cavity photons in the
semiconductor microcavities [1]. Recently, polariton quasi-condensation was observed in micro-
meter sized periodic slowly-moving tunable potentials created by coherent surface acoustic waves
(SAW) [2] which resembles a standing sine-shaped wave. It was demonstrated that such SAW
potentials can lead to various effects, including fragmentation of the condensate into an array of
wires which move with the acoustic velocity. In spite of the success on the experiment side, the
theoretical description is yet unclear and, moreover, a plethora of new interesting effects can be
proposed. We apply a microscopic theory [3] to describe the behavior of polaritons in the poten-
tials created by surface acoustic waves in one-dimensional system and show particle propagation,
scattering, and binding in direct and reciprocal spaces at different temperatures and intensities
of the SAW at resonant and incoherent excitation of the system. We also investigate the current
crowding effect, similar to [4]. [1] Imamoglu, A., R. J. Ram, S. Pau, and Y. Yamamoto, 1996,
Phys. Rev. A 53, 4250 [2] E.A. Cerda-Mendez, D. N. Krizhanovskii, M. Wouters, R. Bradlley,
K. Biermann, K. Guda, R. Hey, P. V. Santos, D. Sarkar, and M. S. Skolnick, PRL 105,116402
(2010) [3] I. G. Savenko, T.C.H Liew and I.A.Shelykh, Phys. Rev Lett. 110 127402 (2013). [4]
Phys. stat. solidi (c¢) 7, No 7-8, 2124-2126 (2010) DOI 10.1002/pssc.200983415
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Brownian motion on disordered landscapes

Marc Suiié Simon * !, José Maria Sancho, Katja Lindenberg
!Departament de Fisica de la Materia Condensada, Facultat de Fisica, Universitat de Barcelona — Spain

We present a study of overdamped Brownian particles moving on a random landscape either
static (spatial disorder) or made of dynamic and deformable obstacles (spatio-temporal disor-
der). Transport and diffusion are studied through the statistical moments of the ensemble of
particle trajectories to be obtained by Langevin dynamics. Anomalies—if any—are character-
ized by the time exponents of these quantities. A static landscape models a solid medium where
potential configurations do not change with time. In this milieu, we characterize and analyze
the effects of three different disordered potentials. The anomaly in the transport is always of
the subtransport type, but diffusion presents a greater variety of anomalies: both subdiffusion
and superdiffusion are possible. In two dimensions we present a mixed anomaly: subdiffusion
in the direction perpendicular to the force, and superdiffusion in the parallel direction. With
regard to the spatio—temporal disorder, it is made of obstacles that move randomly, assemble,
and dissociate following their own dynamics. This landscape may account for a soft matter or
liquid environment in which large obstacles, such as macromolecules and organelles in the cyto-
plasm of a living cell, or colloids or polymers in a liquid, move slowly leading to crowding effects.
This representation also constitutes a novel approach to the macroscopic dynamics exhibited by
active matter media. The landscape dynamics are characterized by a Gaussian spatio—temporal
correlation, with fixed time and spatial scales, and controlled obstacle concentrations. We have
explored the motion of Brownian particles in the dynamical obstacle landscape for various values
of the obstacle density p, correlation length (mean obstacle width) A, and correlation time ¢.
The main inferences of our work focus on the intermediate scenarios of landscapes of rather low
densities of obstacles moving on a time scale between that of Brownian motion and the total
observation time. In this scenario, the transient behavior of transport and diffusion over time
scales shorter than ty mimics that of a static landscape. After time ¢y these anomalies disappear
because of the motion of the obstacles and transport and diffusion coefficients reach asymptotic
constant values.
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Non-(Gaussianity in quantum conductors
Takafumi J. Suzuki * !

!The University of Tokyo — Japan

Nonequilibrium fluctuation through mesoscopic devices has been intensively studied in both
classical and quantum regimes. It requires us to use a sophisticated scheme to measure the
current fluctuations. In this work, we theoretically study the nonequilibrium transport through
a quantum point contact (QPC) coupled to a detector RLC circuit. We show that the electron
tunneling through the QPC generates non-Gaussian noise in the detector circuit. The dynamics
of the detector circuit can be equivalently represented as a Langevin-like particle driven by the
non-Gaussian noise.
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Unavoidable gapless edge state of bosonic
Mott state trapped in two-dimansional
optical lattices

Takafumi Suzuki * !

I Graduate School of Engineering, University of Hyogo — Japan

We theoretically study boundary properties of trapped bosonic Mott insulators in optical
square lattices. By performing quantum Monte Carlo calculations, we show that a finite super-
fluid density almost always appears in the incommensurate-filling (IC) boundary surrounding
the bulk Mott insulator at a very low temperature. In this IC boundary, both off-diagonal and
density correlations exhibit a power-law decay. Our result clearly indicates that the gapless IC
boundary state always emerges in any bosonic Mott insulators on optical lattices. Therefore,
we can expect that if a topological insulating state in trapped cold-atom systems is realized, its
boundary possesses at least two gapless modes (or coupled modes) of the above gapless state in
the IC region and the intrinsic topologically-protected edge state.
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Measurement-based formulation of quantum
heat engines and optimal efficiency of
quantum heat engines

Hiroyasu Tajima * !, Masahito Hayashi
I Riken, CEMS — Japan

One of the main interests in statistical mechanics is a quantum-mechanical foundaiton of
thermodynamics. For this study, we need to clarify the difference between “heat” and “work”
and the optimal performance of the heat engines, whose discussion is required to be based on
the quantum theory. Unfortunately, these problems have not been solved with respect to the
following two points. One is the lack of the consensus for the formulation of work extraction
on quantum system. That is, two different communities adopted their own models, the internal
model [1,2] and the full quantum model [3,4,5], and have less communication with each other.
The other problem is solving the optimum efficiency of the heat engine with finite resource size
as the maximization problem in quantum many body systems under the proper formulation
of the quantum heat engine. Using the measurement theory [6], we firstly discussed the first
problem [8]. We focus on the measurement effect for the heat engine because the amount of
extracted work should be recognized by persons, and can be the starting point of the common
consensus. Then, based on quantum measurement, we give a unified formulation of quantum
heat engine [8]. Based on our formulation, we derive two trade-off relations that clarify a
problem of the internal model [1,2]. In the internal model, we can hardly know the amount of
the extracted work when the time evolution of the internal system is close to unitary due to
the lack of the concept of measurement. Recently, Tasaki, one of the founders of the internal
model, publicly agreed our claim and our model in his recent paper [10]. Next, based on the
strong large deviation theory [7] and the above formulation of heat engine, we address the
second problem, i.e., we derive the maximum efficiency and the minimal variance of quantum
heat engines whose heat baths are m-particle systems [9]. Using our results, we evaluate the
accuracy of the macroscopic thermodynamics for the heat engines with finite-size heat baths
from the statistical mechanical viewpoint. [1] H. Tasaki, arXiv:cond-mat/0009244 (2000). [2]
J. Kurchan, arXiv:cond-mat/0007360 (2000). [3] P. Skrzypczyk, et al, Nat. Comm. 5, 4185,
(2014) [4] M. Horodecki and J. Oppenheim, Nat. Commun. 4, 2059 (2013). [5] F. G. S. L.
Brandao, et al, PNAS, 112,3215(2015). [6] M. Ozawa, J. Math. Phys., 25, 79 (1984). [7] R.
Bahadur and R. R. Rao, Ann. Math. Stat., 31, 1015 (1960). [8] M. Hayashi and H. Tajima,
arXiv:1504 .06150 (2015). [9] H. Tajima and M. Hayashi, arXiv:1405.6457 (2014). [10] H. Tasaki,
arXiv:1511.01999.(2015).
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Emergence of macroscopic slip of a simple

fluid
Hiroyoshi Takagi * !, Shin-ichi Sasa
I Graduate School of Science, Kyoto University — Japan

The dynamical behavior of a simple fluid is described by solutions to the Navier-Stokes
equation with the no-slip boundary conditions. Here, the no-slip boundary condition means
that a fluid velocity at solid surfaces is the exactly same as that of the solid surfaces. However,
it has been known that there always exists the finite slip velocity at a molecularly smooth surface.
This is indeed confirmed by numerical simulations and laboratory experiments. Nevertheless,
the previous studies did not clarify whether this slip is macroscopic or microscopic. In this
presentation, we first define the macroscopic slip by considering a large system size limit under
shear flow. Then, we propose a phenomenological theory to understand the fluid slip at the
solid surface. Based on the theory, we show that a simple fluid may exhibit a macroscopic slip
with breaking the no-slip boundary condition as the result of a non-linear relation between the
shear stress and the velocity at the surface. Finally, we argue a possibility of observing this
phenomenon in laboratory experiments.
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Use of laminar interval distributions in
characterization of spatiotemporal
intermittency

Keiichi Tamai * !, Masaki Sano

1 The University of Tokyo — Japan

Since the concept of spatiotemporal intermittency (STI) was proposed by Kaneko [1], the
distribution of the size of laminar clusters (laminar interval distributions) has been one of the
central quantities to be investigated in literatures. It has also been playing a considerable
role in experimental characterization of a transition to STI (in particular the measurements
of correlation length) thanks to its high accessibility [2,3]. However, the interpretation of the
experimentally observed distribution is not necessarily straightforward because (a) the relation
between the correlation length (time) defined through characteristic length (time) of the decay
in the laminar interval distribution and one defined through usual (density-density) correlation
function has been unknown, and (b) a histogram constructed from the observation in a finite
range may significantly underestimate the correlation length. In this contribution, we elucidate
utility of the laminar interval distribution by addressing the two difficulties mentioned above.
First, we argue, through numerical simulations of the contact process and scaling arguments
with a help of independent interval approximations [4], that the above two correlation length
are in proportion to each other in a case of directed percolation. This forms a theoretical back-
ground of empirical observations in experiments [2,3]. Then, we quantify a possible difference
between a histogram constructed from a finite observation window and a genuine laminar in-
terval distribution of the system via a numerical simulation on an alternating renewal process,
where several methods of correction to the histogram are compared in light of their consistency.
Generality of the conclusion obtained here is also discussed, if time permits.

[1] K. Kaneko, Prog. Theor. Phys. 74, 1033 (1985).

[2] K. A. Takeuchi, M. Kuroda, H. Chaté and M. Sano, Phys. Rev. E 80, 051116 (2009).
[3] M. Sano and K. Tamai, Nat. Phys. 12, 249 (2016).

[4] G. Manoj, Phys. Rev. E 67, 026115 (2003).
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Study of a two-species reaction-diffusion
process by the non-perturbative
renormalization group

Malo Tarpin * !, Federico Benitez, Léonie Canet, Nicolas Wschebor
L LPMMC — France

We consider the diffusive epidemic process (DEP), a two-species reaction-diffusion process
defined as follow: the species A and B representing healthy and sick individuals diffuse on
a lattice with diffusion coefficients D4 and Dpg respectively and can undergo the reactions
A+ B — 2B (contagion) and B — A (recovery) with given rates [1]. This process exhibits a
transition from an active state (where the density of B, np, is positive) to an absorbing state
(np = 0) when lowering the total density. The critical physics depends only on the respective
value of Dy and Dp but some questions are not settled yet, notably the order of the transition
for Do > Dp [2,3,4]. We investigate this system using the non-perturbative renormalization
group formalism. Whereas we recover previous results for Dp = D4 and D4 < Dp , we find a
new fixed point for D4 > Dp which we hope may bring a conclusive answer to this issue.

[1] R. Kree, B. Schaub, and B. Schmittmann, Phys. Rev. A 39 (1989) 2214.
[2] F. van Wijland, K. Oerding, and H. J. Hilhorst, Physica A 251 (1998) 179.
[3] H. K. Janssen, Phys. Rev. E 64 (2001) 058101.

[4] R. Dickman and D. S. Maia, J. Phys. A 41 (2008) 405002.
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Driven non-equilibrium systems modeled
with Markov processes

Nyawo Pelerine Tsobgni * 1, Hugo Touchette
!University of Stellenbosch — South Africa

This poster will present result about a study of the current fluctuation of a motion of a particle
on a ring, evolving with a driving force and the potential under the influence of a stochastic
force. We derived the equation of motion with and without noise and solved it for various
parameters. We analyzed an analytical and numerical stationary distributions. We also derived
for this model the fluctuations properties of the current observable and looked at the driven
process for these fluctuations. The resulting function tell us about how the fluctuations arise.
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Replica symmetry breaking in trajectories
of a driven Brownian particle

Masahiko Ueda * !, Shin-ichi Sasa

! University of Tokyo — Japan

Diffusion in active environments have gradually attracted attention in recent studies of non-
equilibrium physics and biophysics. Recent developments in experimental techniques enabled us
to investigate trajectories of a tracer particle in active environments. Theoretically, a statistical
mechanical framework of trajectories has also been developed, and the first-order transitions
in the trajectory ensemble have been discovered in glassy systems. Although this framework
was originally developed for general Markov processes, it is useful to characterize properties of
trajectories of a tracer particle. Here, we report an anomalous diffusion characterized by replica
symmetry breaking (RSB) in the trajectory ensemble. RSB is a concept which describes the low
temperature phase of mean-field spin glass models, and is detected by the similarity between
configurations of two independent and identical spin-glass systems (overlap). In the spin glass
phase, the distribution function of the overlap takes a non-trivial form, reflecting the existence
of several stable configurations. We apply this method of RSB detection to the trajectories of
two tracer particles, and identify RSB by the existence of a non-trivial feature of the distribution
function of the overlap. Concretely, we study an active environment obeying the noisy Burgers
equation. The noisy Burgers equation was introduced as a toy model of turbulence, and it is
equivalent to the Kardar—Parisi-Zhang (KPZ) equation, which has been extensively studied.
In this study, we find that the overlap between the trajectories of two tracer particles obeys a
non-trivial distribution, and we subsequently provide evidence to support the claim that this
model exhibits RSB in the path ensemble. This result is published in Phys. Rev. Lett. [1].

[1] M. Ueda and S.-i. Sasa, Phys. Rev. Lett. 115, 080605 (2015).
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Dynamic instability in a dissipative feedback
process with time delay

Jaegon Um * !, Jae Dong Noh, Chulan Kwon, Hyunggyu Park
! Korea Institute for Advanced Study — South Korea

We investigate dynamic behaviors in a cold damping system with successive measurement
and feedback processes. In this work, we consider a time-delayed protocol such that the feedback
force depending on the measurement outcome is applied to the system not immediately, but after
a delay time §. When the protocol is applied over a finite interval A, the feedback force, which
is intended to be a friction, may turn into an accelerating force in the last stage, implying that
feedback protocols with long duration time fail in cooling the system. Moreover, the system
temperature grows up to infinite when the protocol is applied longer than a threshold time
interval (A > A.). Interestingly, it is found that the reentrance behavior of threshold A,
develops depending on the time delay ¢, which will be discussed in the context of Lyapunov
exponent. We present the phase diagram showing unstable, stable warmed, and cooled regimes
in terms of time scales and strength of feedback force.
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Comparing ballistic Landauer quantum
transport to time-evolved Wigner functions

Maarten Van De Put * !, Wim Magnus, Bart Sorée

! Universiteit Antwerpen — Belgium

Electronic devices such as transistors and diodes in operation are commonly driven far from
equilibrium. Common length scales in the nanometer range mean quantum effects such as
confinement, tunnelling and ballistic transport must be considered. Finding the behaviour of
these systems in steady state is a formidable task. Which is why, in computational electronics,
an approximation usually is made; two contacts are considered as large reservoirs in constant
equilibrium, both at a different chemical potential witch drives a non-equilibrium flow through
the device. This approach is the basis of commonly used methods such as the Landauer for-
mula, quantum transmitting boundary methods (QTBM), and non-equilibrium Greens functions
(NEGF). We contrast this approximation with the actual time evolution from a known state e.g.
equilibrium, to the non-equilibrium steady state. The system is fully described by the Wigner
function, a quasi-distribution function in phase space with the time evolution governed by the
Wigner-Liouville equation. On the other hand, the Wigner function of the Landauer approach is
constructed by Wigner-Weyl transformation of the approximate density matrix in the wavefunc-
tion basis. This enables a comparison of the steady state obtained from the Wigner-Liouville
method to the Landauer/QTBM approximation. We validate the Landauer approach for several
realistic potentials, in the presence and absence of both (quasi-)bound and resonant levels, the
former of which are only weakly coupled to the contact reservoirs, whereas the latter are strongly
coupled to both contacts.
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The harmonic oscillator in an active
viscoelastic bath

Hans Vandebroek * ', Carlo Vanderzande

! Hasselt University — Belgium

We investigate the rich behaviour of the harmonic oscillator in a viscoelastic heat bath
which is pulled out of equilibrium by an active component. This model can be used to describe
many biological systems such as a tracer particle diffusing in the cytosol. We use the formalism
of the generalised Langevin equation to study this system both analytically and numerically.
We observe various types of anomalous diffusion at different time-scales, while the distribution
of the position always remains Gaussian distributed. We find an expression for the effective
temperature when the system is in the nonequilibrium steady state. The velocity correlations
are also discussed. As an extension to the model we modify the algorithm to study the escape
rate in bistable potential and compare our results to existing theories.
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Wave effects in pulsed thermoelectricity in
nanoscaled semiconductor films.

Federico Vazquez * !, Aldo Figueroa
1 Universidad Auténoma del Estado de Morelos — Mexico

Due to the progress in the microscaling techniques the thickness of thermoelectric layers may be
reduced to values comparable to the phonon mean free path (PMFP) in the material. Modelling
heat and electric charge transport at those length scales requires including nonlocal and memory
effects. The relationship between transport, thermoelectric coefficients and size (nonlocality)
can be theoretically obtained from the very principles of Irreversible Thermodynamics and Solid
State Theory. Considering thermodynamic inertia (memory) in the internal energy leads to a
heat transport equation which describes a wave-like behaviour of system’s temperature. In this
way, if the layer thickness is in the order of the PMFP the heat transport regime becomes of the
wave type. In this work we analyse the effects of nonlocality and memory in the super cooling
effect in a nanoscaled semiconductor layer under pulsed regime. Some conclusions are: i) the
transient for the nanometric layer once the electric pulse is applied shows an oscillating decaying
behaviour towards the stationary state, ii) this behaviour causes an extra cooling improving the
thermal figure of merit compared with a micrometric layer, and iii) the system shows a set of
parameters of the applied pulse of electric current optimizing the thermal figure of merit.
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Energy spectrum distorsion for non
equilibrium systems

Antonella Verderosa * ', Lamberto Rondoni

1 Politecnico di Torino — Italy

The main question we try to answer with our work is: how non equilibrium conditions
can affect the energy of a system? Particularly, this study is focused on the energy spectrum
distorsions of harmonic oscillator chains in out-of-equilibrium conditions. Many questions have
to be answered to deal with this problem. First of all, since there are many ways to describe
this kind of systems, which is the model that can give the more detailed description of this
phenomenon? For this reason we have first studied a single or a chain of two harmonic oscillators
where the non equilibrium conditions were given by different approaches to check if any distorsion
was actually visible. The choice of dealing at first with few degrees of freedom has been made
because the aim was to get exact analytical solutions with the purpose of extrapolating some
properties of the models with no approximations. Through these computations we realized that
one has to be careful also in the choice of the right definition of heat flux. We will show that
not all the ones commonly used can be useful in this case. Once the model had been set, we
have studied it also through numerical simulations to check if with a higher number of degrees
of freedom there is still a correspondence with the analytical results.
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Collective dynamics on a three-channel
exclusion processes with Langmuir-Kinetics

Atul Kumar Verma * !, Arvind Kumar Gupta
IT Ropar — India

Collective dynamics on a three-channel exclusion processes with Langmuir-Kinetics Atul Ku-
mar Verma and Arvind Kumar Gupta, Department of Mathematics, IIT Ropar, Ropar, Punjab,
India-140001. Motor-proteins are molecular motors that can move along filaments to trans-
fer cargoes to specific locations in cells and in this intracellular transport filaments work as
macromolecular highways [1]. Movement of motor-proteins is an important aspect not only in
understanding the bio-logical properties of a cell but also to get insight about some diseases
like ciliary dyskinesias, situs inversus, retinitis pigmentosa, tumor suppression, left-right body
determination etc. [2]. Motor-protein transport is a far from equilibrium process which in past
decades is studied by using totally asymmetric simple exclusion process (TASEP) model [3] that
is a paradigm of non-equilibrium processes. TASEP is a discrete nonequilibrium model which
was first used for describing the kinetics of biopolymerization in 1968 [4]. It is also able to
explain many non-equilibrium phenomena occurring not only in physics but also in many other
applied areas [5] like protein synthesis, translation of mRNA and vehicular flow in traffic etc.
In intracellular transport of molecular motors, attachment and detachment of motors occurs
between the cytoplasm and the filament, which can be mimicked by Langmuir-kinetics. So, the
goal of this study is to analyze, the effect of Langmuir kinetics on steady-state phase diagrams
for three-channel exclusion processes with open boundary conditions under fully asymmetrically
coupling environment. We define a parameter, namely binding constant which represents the
ratio of attachment and detachment rates. We have derived various phase diagrams and density
profiles for different values of binding constant using mean-field theory. Theoretical findings are
validated using Monte-Carlo simulation which are found to be in good agreement with simulation
results. References: 1. Howard, J., Clark, R.: Mechanics of motor proteins and the cytoskeleton.
Appl Mech. Rev. 55, 39 (2002). 2. Kinesin molecular motors: transport pathways, receptors,
and human disease. Proc. Natl. Acad. Sci. U.S.A. 98(13), 69997003 (2001). 3. An exactly
soluble non-equilibrium system: the asymmetric simple exclusion process. Phys. Rep. 301(1),
6583 (1998). 4. MacDonald, C.T., Gibbs, J.H., Pipkin, A.C.: Kinetics of biopolymerization on
nucleic acid templates. Biopolymers 6(1), 125 (1968). 5. Chowdhury, D., Schadschneider, A.,
Nishinari, K.: Physics of transport and traffic phenomena in biology: from molecular motors
and cells to organisms. Phys. Life Rev. 2(4), 318352 (2005).
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Efficiency fluctuations of small machines

Hadrian Vroylandt * !, Gatien Verley, Anthony Bonfils

! Laboratoire de Physique Théorique d’Orsay — France

A thermodynamic machine is a device designed either to generate mechanical work or to cool
(or heat) by using a spontaneous current. At small size scale, the fluctuations of the current
strongly influence the device behavior. In this context, the machine is ruled by the laws of
stochastic thermodynamic: all thermodynamic variables become random variables and so does
the efficiency used to characterized the performance of the machine. In this work, we revisit
recent results on the stochastic efficiency assuming that three fluxes exist in the machine: an
input, an output and some losses. In the long-time limit, we predict the shape of the large
deviation function of the efficiency in two cases, namely with known or unknown losses. More
precisely, we study the extrema of the efficiencies large deviation function. In particular, we
connect the maximum of this function to a minimum of entropy production under constraint.
We illustrate our results on a model of photoelectric cell made of two single level quantum dots.
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Some remarks on finite-reservoir finite-time
thermodynamics within and beyond the
linear response regime

Yan Wang * !

1 China University of Petroleum — China

We will first briefly introduce our recent works on finite-reservoir finite-time thermodynamics
[Phys. Rev. E 90, 062140 (2014); 93, 012120 (2016)]. In particular, in the case of a finite-
sized hot reservoir and an infinite cold reservoir, the optimization problem of extracting the
maximal amount of work from the hot reservoir for a given duration is found to be determined
by a duration-dependent constant H, which plays the role similar to that of the Hamiltonian in
classical mechanics. Within the linear response regime, H is equivalent to the entropy production
rate o, and then a quantity ® can be further obtained, which sets a lower bound for energy
dissipation of the finite-time process. We in this talk will show, for linear response, ® can be
used to directly optimize quite generic object functions that take the form of P™n™ or mP —no,
where P is the power output and 7 is the thermodynamical efficiency. Moreover, we will address
the geometric meaning of the optimized thermodynamical path in phase space. As is well known,
for linear response, such optimized paths can be seen as geodesics in some space endowed
with a metric constructed by second-derivatives of internal energy, Helmholtz free energy, or
entropy, with respect to extensive variables. However, beyond linear response, constructing the
metric this way does not generally guarantee the optimized path to be a geodesic. Thus we are
confronted with two choices: to redefine the metric to always make the optimized path a geodesic,
or to discard the “optimized path-geodesic” correspondence and work with a conventionally
defined metric. We argue technically the second choice is more favored.
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Entropy production of nano systems with
timescale separation

Shou-Wen Wang * !, Kyogo Kawaguchi, Shin-ichi Sasa, Lei-Han Tang
! Beijing Computational Science Research Center — China

Energy flows in bio-molecular motors and machines are vital to their function. Yet exper-
imental observations are often limited to a small subset of variables that participate in energy
transport and dissipation. Here we show, through a solvable Langevin model, that the seemingly
hidden entropy production is measurable through the violation spectrum of the fluctuation-
response relation of a slow observable. For general Markov systems with timescale separation,
we prove that the violation spectrum exhibits a characteristic plateau in the intermediate fre-
quency region. Despite its vanishing height, the plateau can account for energy dissipation over
a broad timescale. Our findings suggest a general possibility to probe hidden entropy production
in nano systems without direct observation of fast variables.
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Experimental Demonstration of the
Fluctuation Theorem for Entropy
Production in a Shear Flow

Chun-Shang Wong * !, J. Goree, Zach Haralson, Bin Liu

! University of Iowa — United States

The original fluctuation theorem was presented by Evans it et al. [1] in 1993 for the en-
tropy production rate sigmagu within a laminar shear flow. We report the first experimental
demonstration of this theorem using particle tracking data for a small subsystem within a
two-dimensional dusty plasma. A dusty plasma [2] consists of thousands of micron sized dust
particles (melamine-formaldehyde microspheres) incorporated into a plasma of electrons, ions,
and neutral gas. These microspheres are large enough to be tracked individually, using a video
camera. Within the plasma, the microspheres accumulate a large negative charge so that the
dust particles can be levitated in a single two-dimensional layer. The collection of microspheres
is a driven-dissipative system that is heated by the lasers and simultaneously cooled by neutral
gas friction. The random motion of the microspheres is found to mimic that of thermal equi-
librium. We then apply two additional laser beams to drive a steady shear flow. Analyzing
a subsystem of N = 56 microspheres within the shear flow, sigmagu is found to fluctuate to
negative values, with a probability that confirms the theorem,

fracp(sigmag,, = —C)p(sigma,,, = C) = expleft(—Cauight). (1)

We experimentally determine a convergence time ¢.. The original theorem requires the averaging
time interval auightarrowinfty for the two sides of the theorem to balance, but it does not
quantify a finite time for this convergence. We measured a convergence time using the data
from the same experiment, averaging over different values of au, and comparing the LHS and
RHS of Eq. (1). The two sides are found to converge together with an e-folding time of
t. = 0.047gamma~!, where gamma is the shear rate. Work supported by the National Science
Foundation, US Department of Energy, and NASA. [1] D. J. Evans, E. G. D. Cohen, and
G. P. Morriss, Phys. Rev. Lett. ref 71, 2401 (1993). [2] R. L. Merlino and J. A. Goree, Phys.
Today ref 57, No. 7, 32 (2004).
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Thermoelectric efficiency under a broken
time-reversal symmetry and inelastic
processes of the charge carriers

Kaoru Yamamoto * !, Ora Entin-Wohlman, Naomichi Hatano, Amnon
Aharony

! Department of Physics, The University of Tokyo — Japan

Raising the efficiency of a thermoelectric device, which converts for instance wasted heat
into useful electric power, is one of the most crucial issues for energy harvesting. Benenti et al.
suggested that a magnetic field together with inelastic scattering of the charge carriers could
enhance the efficiency [1]. Here we consider an Aharonov-Bohm ring threaded by a magnetic
flux, incorporating electron-phonon inelastic scattering. The model has a quantum dot and three
reservoirs; two electronic reservoirs and a bosonic one. Electrons are inelastically scattered by
bosons at the quantum dot [2]. It can work as a thermoelectric heat engine, which generates
electric power using the heat currents from the hotter reservoirs. We calculate various efficien-
cies for the model [3]. Setting one of the reservoirs as a probe, we calculate the two-terminal
efficiency of generating power by an electronic heat current and the one by a phononic heat cur-
rent. We calculate them under the effect of a magnetic field and find that both increase as the
AB phase increases only when there exists a broken left-right symmetry. The result shows that
we need inelastic scattering and a broken left-right symmetry, which Saito et al. suggested using
another model [4]. Our device also allows for the examination of the three-terminal efficiencies.
Based on our previous work, these are expected to improve the working conditions of the device
[3]. Our investigations include the efficiency of generating power by both electric and phononic
currents and the one of generating power and cooling one of the reservoirs by an electronic or a
phononic heat current [3].

[1] G. Benenti, K. Saito and G. Casati, Phys. Rev. Lett. 106,230602 (2011).

[2] O. Entin-Wohlman and A. Aharony, Phys. Rev. B 85, 085401 (2012).

[3] O. Entin-Wohlman, Y. Imry, and A. Aharony, Phys. Rev. B 91, 054302 (2015). [4] K. Saito,
G. Benenti, G. Casati and T. Prosen, Phys. Rev. B 84, 201306(R) (2011).
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Reconstruction of energy landscapes for
diffusing particles and observation of
stochastic resonance in particle transport
through microfluidic channels

Yizhou Tan * !, Ulrich Keyser, Sebastian Sturm, Stefano Pagliara
LCavendish laboratory, University of Cambridge — United Kingdom

We use holographic optical tweezers to generate attractive potentials in microfluidic channels.
The microfluidic channels connect two large reservoirs. Colloidal particles diffuse freely in the
reservoir and single file in the channel. By using particles as probes, the potential energy
landscapes in the channels can be accurately measured through the probability density func-
tion (PDF) analysis of the extracted trajectories. However the PDF method is not capable of
detecting biases along a channel because it does not contain information of particles’ moving di-
rections. Here, we improve splitting probability (SP) to reconstruct potential energy landscapes
in confining channels with limited amount of trajectories. We find that the potential energy
landscape recovered from our SP based analysis is sensitive to bias down to 1kgT. In addition,
we modulate attractive energy landscapes at a wide range of frequencies and observe stochastic
resonance with a maximum of translocation rate. The optimized modulation frequencies are
found in reservoirs with different concentrations of particles. Ref: [1]Pagliara, Stefano, Simon
L. Dettmer, and Ulrich F. Keyser. ” Channel-Facilitated Diffusion Boosted by Particle Binding
at the Channel Entrance.”Physical review letters 113.4 (2014): 048102. [2] Pagliara, Stefano,
Christian Schwall, and Ulrich F. Keyser. ”Optimizing diffusive transport through a synthetic
membrane channel.” Advanced Materials 25.6 (2013): 844-849.
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Microscopic Derivation of the Stokes Law
from Hamiltonian Particle Systems

Akira Yoshimori * !

! Department of Physics, Niigata University — Japan

—- Let us consider a macroscopic solute particle, such as a colloidal particle, immersed in
a large number of solvent particles obeying a microscopic classical Hamiltonian. When solvent
particles flow, the solute particle fixed spatially feels a force, which can be calculated by the
Stokes law. The law is obtained by the hydrodynamics with the boundary condition on the
surface of the solute particle, such as slip and stick boundary conditions. The Stokes law is
believed to be valid for the macroscopic solute particle. It, however, remains unclear whether
the boundary condition assumed in the law can be understood on the basis of microscopic
Hamiltonian particle systems. —- Deriving microscopically the boundary condition in the Stokes
law has been studied by theoretical and numerical methods. Exact derivation in a liquid state,
however, is out of the scope of the previous studies. The exact derivation in a gas state has
theoretically been studied, although the theories cannot be applied to a system in a liquid state.
Some researchers have developed approximate liquid state theories, which cannot be employed
for the exact derivation. There are many studies by molecular dynamics simulations providing
numerical results, by which one cannot discuss exact derivation. —- In the present study, the
boundary condition in the Stokes law is exactly derived in any state including a liquid for an
isolated Hamiltonian system. The present study shows that the slip boundary condition is
always obtained for the solute-solvent interaction depending only on a distance between solute
and solvent particles. To other interaction systems, one can also apply the method developed
in the present study. — The boundary condition is derived at the large-solute limit in the
Hamilton particle system. Since the limit is singular with respect to the distance from the
solute particle, the whole space should be divided into the two regions. These are the regions
far from and near the solute particle. In the two regions, the limit is separately taken. While
the hydrodynamic equations are derived in the region far from the solute particle, the boundary
condition is obtained in the region near the solute.
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Phonon lifetime in one dimensional chains

Yong Zhang * !, Jiao Wang, Hong Zhao
I Department of Physics, Xiamen University — China

We scrutinize the effects of the anharmonicity on phonon lifetime in one dimensional chains
via molecular dynamic simulations. Our results demonstrate that the asymmetry of interaction
potentials produce a significant impact on lifetimes of phonons, which the theories based on
phonon Boltzmann equations fail to predict. We identify a new phonon-scattering mechanism
induced alone by the asymmetry of the interaction potential and suggest a microscopic picture
to understand such a new mechanism. More importantly, strong asymmetry combined with
moderate (symmetric) nonlinearity will make most phonons exhibiting glasslike behaviors. Our
findings provide a new insight to understand anharmonicity induced ultralow heat conduction in
crystals, which is important in searching and designing more efficient thermoelectric materials.
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Thermal Transport at Crystalline Solid
Interfaces

Ali Alkurdi * !, Samy Merabia

I Institut Lumiere Matiere — France

Interfacial thermal conductance is of a great importance for many applications where thermal
management at nanoscale is a vital issue [1]. That because at nanoscale, when the characteristic
length of the system becomes comparable to the phonon mean free path, scattering at the
boundary dominates thermal transport. In microelectronics for instance, there is a strong need
to know how energy can be exchanged at separation distance of few nanometers where heat is
primarily exchanged by acoustic waves for sub-nanometric gaps [2]. In this communication, we
have performed lattice dynamics calculations on three dimensional solid/solid interfaces using
ab initio interatomic force constants to predict interfacial phonon transmission as a function of
both phonon frequency and wavevector. The transmission and thermal boundary conductances
are calculated from an intensive statistical analysis of the probability of excited modes to be
scattered in incoming and outcoming media. A spectral and angular analysis have been done
to quantify the contribution of each phonon mode in a given scattering direction. The effect of
interfacial bonding was studied at Si/Ge interface as well as the effect of the acoustic contrast
at Si/heavy Si interface. Our results show that, in general, the transmitted thermal energy is
not uniformly distributed over frequency and angle of transmission. In addition, we found that
there is no critical angle but a spectral analysis of phonon transmission reveals a critical angle
depending on the frequency. This can be used to devise high pass phonon filter via changing the
orientation of the interface. In the case where the two solids separated by a nanometer scale gap,
we also quantify the influence of phonon tunneling mediated by evanescent waves. References:
[1] D. G. Cahill et al Appl. Phys. Rev. 1 011305 (2014). [2] V. Chiloyan, J. Garg, K. Esfarjani
and G. Chen Nature Communications 6 6755 (2015)
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Phase Transition in Magnetic Nanodots
with Potts Clock-Model and Dipolar
Interaction: Localized and Mobile Spins

Aurdélien Bailly-Reyre * ', H. T. Diep
L LTPM (CNRS/UCP) — France

We study the phase transition in magnetic nanodots using the ¢-state Potts clock model of
inplane interaction J and interplane interaction J,. In addition, we take into account a long-
range dipolar interaction of magnitude D. The dot size is NimesNimesN, where N is the
linear lateral size and IV, the thickness. For the localized spin model, using the steepest descent
method which consists in minimizing the system energy we determine the ground-state spin
configuration as a function of D/J. We show that the dot has stable vortex structures in a wide
range of parameters. Monte Carlo simulations were carried out to study the phase transition of
these vortex structures of the localized model. We also consider in this work the mobile spin
model: putting the dot in an empty space and letting the spins evaporated under the effect of
the temperature, we study the behavior of the evaporation and the melting. We show that in
the gaseous phase (or liquid phase) the spins can form structures similar to nematic and smectic
phases depending on various interaction parameters. Results are shown and discussed in the
light of liquid crystals.
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Quantum phase transition in the evolution
of NO(X;)Ar, clusters (n=1—12):
Equilibrium structures and stabilities

Fatma Ezzahra Ben Mohamed * !, Hanen Hammami, Mounir Ben El
Hadj Rhouma

I Faculty of sciences of Monastir — Tunisia

We present pseudo-potential calculations of geometrical structures of stable isomers of NO(X3)Ary,
clusters (n=1-12). The NO molecule is perturbed by argon atoms in NOAr, clusters. For
each cluster size considered, the global and a few energetically close NOAr, local minima are
calculated using the Basin Hopping method of Wales et al.[1] which combines a Monte-Carlo
exploration and deformation method. The reliability of our model was checked by deriving the
potential energy cuts of NOAr using an ab initio calculation based on multireference config-
uration interaction (MRCI) [2]. Our results reveal a good agreement for small configurations.
For NOAr, we have obtained a triangular planar structure. In NOAry cluster, both Ar atoms
occupy the T-shaped positions relative to NO, and in NOArs the third Ar atoms lies closer to
the oxygen atom. The absolute minimum of NOAr, is a pyramidal with a square base. The
stable structure of NOArs was obtained arises by adding one Ar atom to an edge of the ener-
getically optimal configuration of NOArs. The NO molecule lies in an axial site of the NOArg
pentagonal bipyramid, also in the NOAr; capped pentagonal bipyramid. It lies on the principal
rotation axis in NOArg, NOArg and NOAryy, but in NOArq; it lies in the open face. An
icosahedron structure is found for NOAri5 , in which the first solvation shell is completed. Our
results reveal that a transition in the couple NO coordination from 8 (square antiprism) to 12
(icosahedrons) occurs for n = 11.We note also that the couple NO usually lie in the surface of the
Arn subsystem, or are partly submerged in it with the closest Ar atoms forming T shaped units.
Generally, the predicted global minima for NOAr,, are based on the lowest minima of Ar, 41,
with NO playing the role of a surface atom. In addition, our results agree very well with the
available experimental and theoretical findings on NOAr,, clusters [3]. The obtained structures
are also similar to those previously found for the open-shell systems ClyAr, [4] but different
from those for the closed shell systems HF Ar,, [5] and HCIlAr, [6]. This can be explained by
the fact that NOAr, like ClyAr and unlike HF Ar and HCIAr, has a T-shaped equilibrium
structures. [1] D. J. Wales and J. P. K Doye, J. Chem. Phys. A, 101, 5111 (1997). [2] H.
Hammami, F. E. Ben Mohamed, and M.Ben El Hadj Rhouma, J. Chem. Phys. (submitted)
(2015). [3] F. Y. Naumkin and D. J. Wales, Mol. Phys. 98,219(2000). [4] F. Y. Naumkin and
D. J. Wales, Computer Physics Communications 145, 141 (2002). [5] S. Liu, Z. Bacic, J. W.
Moskowitz and K. E. Schmidt, J. Chem. Phys . 100, 7166 (1994). [6] D. T. Anderson, S. Davis
and D. J. Nesbitt, J. Chem. Phys. 107, 1115 (1997).
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Large-scale Quantitative Analysis of
Graphene Structures by Statistical
Properties of Morphology

Nan-Yow Chen * !, Kuan-Peng Chen, Wen-Jay Lee

I National Center for High-Performance Computing — Taiwan

Quantitative analysis of graphene structures is a very important issue in material science
especially numerous results were generated by simulation or experiment. However, analyzing
these messy data is mostly by some software packages so far. Not only the task is very labor
intensive but also the result is susceptible to errors and is usually lack of objectivity. There-
fore, fast and accurate analyzing tools are crucial and very desirable. Recently, we developed
a computational workflow which can get characteristic quantities of graphene structures from
their morphology in a very efficient way. These characteristic quantities (called Characteristic
Indexes) are, for example, distribution of bond length, distribution of bond angle, and distri-
bution of torsion angle, etc. After Characteristic Indexes of graphene structures were obtained,
isomap and modularity methods are applied to classify their structures and to get its structural
phase diagram. The isomap method can defined the similarity between graphene structures by
geodesic paths in a high-dimensional manifold as well as the modularity method can find the
best community structure of classification by optimization, i.e., to maximize the intra module
connections as many as possible and to minimize the inter module connections as few as possi-
ble. With these tools, large-scale graphene morphological structures, their annotations as well
as quantified characteristics, and classifications can be facilely and reliably retrieved as useful
data.
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Boltzmann equation with double-well
potentials

Silvia Chiacchiera * !, Tommaso Macri, Andrea Trombettoni
! University of Coimbra — Portugal

We study the dynamics of an interacting classical gas trapped in a double-well potential at
finite temperature. Two model potentials are considered: a cubic box with a square barrier in the
middle, and a harmonic trap with a gaussian barrier along one direction. The study is performed
using the Boltzmann equation, solved numerically via the test-particle method. We introduce
and discuss a simple analytical model that allows to provide estimates of the relaxation time,
which are compared with numerical results. Finally, we use our findings to make numerical and
analytical predictions for the case of a fermionic mixture in the normal-fluid phase in a realistic
double-well potential relevant for experiments with cold atoms. [pre-print: arXiv:1601.07543]
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Shear Viscosity of Quasi 2D Dipolar
Bose-Fermi Mixtures with Long-Range
Interactions

Elnaz Darsheshdar * !, Seyedmostafa Moniri Heshmatolah Yavari
! University of Isfahan — Iran

Low temperature shear viscosity of a spin polarized two-component quasi 2D dipolar Fermi
gas with long-range 1/r interaction in the Bose-Einstein condensation (BEC) limit, where the
system can be considered as dimers and the unpaired fermions, is calculated by means of the
Kubo formalism. By taking into account the dimer-atom, dimer-dimer, and atom-atom inter-
actions in the self-energies the viscous relaxation time (auu, = (aupl +auph, + au;&l)il) is
determined. Since, the relaxation rates due to these interactions auBlA, auBlD and au;hl4 varies
respectively as T, T2, and T in the low temperature limit 700, the dimer-atom and atom-atom
interactions play the dominant role to the shear viscosity and the shear viscosity varies as 77 1.
For small polarization the effect of dimer-dimer interaction is important (aup 4, auss >> aupp),
and the shear viscosity changes as the standard T2 behviour. In this case, the temperature
behavior of the dimer relaxation rate unaffected by 1/r interaction and the contact, dipole-
dipole, and 1/r interactions play the same role in the temperature dependence of the shear
viscosity. Our results have important consequences for developing experiments and theoretical
researches on the transport properties of ultracold gases with repulsive or attractive long range
1/r interaction.
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Berezinskii—Kosterlitz—Thouless transition
in dynamical coupled fields

Laurent De Forges De Parny * !, Adam Rancon, Tommaso Roscilde

1 Ecole Noramle Supérieure de Lyon — France

At finite temperature, two spatial dimensions is known to be a marginal dimension in statis-
tical physics for models with continuous symmetry, such as the XY model with U(1) symmetry.
Indeed, due to the special role played by the long-wavelength fluctuations, the finite-temperature
physics and critical phenomena are qualitatively and quantitatively different from the mean-field
prediction, which completely fails, and the U(1) continuous symmetry remains unbroken. Nev-
ertheless, two different phases exist: a low-temperature quasi-ordered phase with power law cor-
relation and a high-temperature disordered phase with exponential correlation. The transition
between these two phases is called Berezinskii-Kosterlitz—Thouless (BKT) transition, transition
of infinite order associated with the unbinding of pairs of topological excitations (vortices and
antivortices) at a critical temperature. The case of coupled fields received little attention de-
spite its relevance in condensed matter physics. Motivated by the physics of coupled atomic and
molecular Bose-Einstein condensates, we investigate a classical coupled XY model with U(1)
times
mathbbZs symmetry capturing the critical properties of the quantum ultracold atom-molecule
mixtures. The asymmetric coherent coupling between atoms and molecules clearly leads to a
complex interplay between the phenomena of quasi-condensation of atoms and molecules, and to
the possibility of quasi-condensation transitions which are not realized in the context of mono-
atomic quantum fluids. The
mathbbZs can lead to a finite-temperature Ising transition, associated with quasi-phase lock-
ing between the atoms and the molecules. On the other hand, the U(1) symmetry has an
associated BKT transition towards quasi-condensation of atoms or molecules. The existence
of the two transitions (Ising and BKT) is found to depend crucially on the population imbal-
ance between atoms and molecules: when the molecules are majority in the system, their BK'T
quasi-condensation transition occurs at a higher temperature than that of the atoms; the lat-
ter has the unconventional nature of an Ising quasi-phase-locking transition, lacking a finite
local order parameter below the critical temperature. When the balance is gradually biased
towards the atoms, the two transitions merge together to leave out a unique BKT transition, at
which both atoms and molecules acquire quasi-long-range correlations, but only atoms exhibit
conventional BKT criticality, with binding of vortex-antivortex pairs into short-range dipoles.
The molecular vortex-antivortex excitations bind as well, but undergo a marked crossover from
a high-temperature regime in which they are weakly bound, to a low-temperature regime of
strong binding, reminiscent of their transition in the absence of atom-molecule coupling.
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Symmetry, density profile and momentum
distribution for 1D strongly interacting
multi-component Fermi gases

Jean Decamp * !, Pacome Armagnat, Bess Fang, Mathias Albert, Anna
Minguzzi, Patrizia Vignolo

I Institut Non Lineaire de Nice — France

We consider a mixture of one-dimensional strongly interacting Fermi gases up to six com-
ponents, subjected to a longitudinal harmonic confinement. In the limit of infinitely strong
repulsions we provide an exact solution which generalizes the one for the two-component mix-
ture. We show that an imbalanced mixture under harmonic confinement displays partial spatial
separation among the components, with a structure which depends on the relative population
of the various components. Furthermore, we provide a symmetry characterization of the ground
and excited states of the mixture introducing and evaluating a suitable operator, namely the
conjugacy class sum. We show that, even under external confinement, the gas has a definite
symmetry which corresponds to the most symmetric one compatible with the imbalance among
the components. We also study the properties of the momentum distributions, focusing on the
asymptotic behavior, which is closely related to the interaction energies.
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Disorder Effects in Extreme Type-II
Superconductors at High Magnetic Fields

Sasha Dukan * !
L Goucher College — United States

Within a T-matrix approximation for a homogenous superconductor, we investigate the in-
fluence of nonmagnetic impurities on the behavior of the density of states as scattering potential
crosses from the weak (Born) to the strong (unitary) limit in a strongly-coupled superconduc-
tor in a magnetic field. We calculate the tunneling conductance between a scanning tunneling
microscope tip and the surface of an extreme type-II superconductor in a high magnetic field
and at zero temperature. We find that in the presence of disorder the differential conductance
becomes finite at zero bias and develops a nonlinear dependence on the bias voltage. We ap-
ply our theory to calculate the differential conductance of a borocarbide superconductor in the
mixed state.
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Bose-Hubbard model with long-range
interactions

Thibaut Flottat * !, Laurent de Forges de Parny, Frédéric Hébert, Valery
Rousseau, George Batrouni

L INLN — France

We present a numerical study of a bidimensional Bose-Hubbard model with competing short-
and long-range interactions, using quantum Monte-Carlo simulations and mean field methods.
We determine exactly the phase diagram at unit filling and analyse phases properties of the
system at zero temperature. We found three distinct phases : a Mott insulator, a superfluid, a
charge density wave and the coexistence of the two last which could be a supersolid.
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Targeting Eigenstates by ”Simulated
Measurements” using a Decoherence based
Nonlinear Schrodinger Equation

Oliver Furtmaier * ', M. Mendoza
L' ETH Zurich — Switzerland

Inspired by the idea of mimicking the measurement on a quantum system through a de-
coherence process to target specific eigenstates based on Born’s law instead of the hierarchy
of eigenvalues, we transform a Lindblad equation for the reduced density operator into a non-
linear Schr’/odinger equation to obtain a computationally feasible simulation of the decoherent
dynamics in the open quantum system. The method shows an exponential convergence and its
computational costs scale linearly for sparse matrix representations of the involved Hermitian
operators. Symmetries of the problem can be incorporated either in the initial state of the dy-
namics or explicitly using the symmetry operators in the evolution equation. As an application
of the method we discuss parallel eigenstate towing, which relies on the adiabatic principle to
follow the progression of an arbitrary subset of eigenstates along a perturbation strength increase
with the intention to explore for instance the effect of interactions on these eigenstates.
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Liquid 3He on graphite: theoretical
calculations

M.C. Gordillo * ', J. Boronat
! Universidad Pablo de Olavide — Spain

We performed diffusion Monte Carlo calculations of *He on fully corrugated graphite. We
found that at densities lower that 0.006 A~2 the system is a very dilute gas, that at that density
is in equilibrium with a liquid of density 0.014 A=2. Our prediction agrees very well with the
extant experimental data and disagrees with the results of previous purely 2D calculations.
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Entanglement and concurrence in a
quantum critical spin 1/2 quasi-one
dimensional Heisenberg antiferromagnet

compound
[CU.(ILL-CQO4) (4-NC5H4NH2)2(H20)]n

Jaiswal-Nagar Deepshikha * !, Arya Mohan, Ranjeet Singh, Neeraj K.
Rajak

I Indian Institute of Science Education and Research Thiruvanthapuram — India

Magnetisation measurements were done on single crystals of [Cu(u-C204)(4-NCsH4NH3)2(H20)],,

a spin 1/2 quasi-one dimensional Heisenberg antiferromagnet known to be quantum critical with
external magnetic field as the control parameter. Single crystals were grown using slow diffusion
and gave an R value of 1.14, pointing to the excellent quality of the crystals. Fitting to Bonner-
Fischer model for 1 T gave a value of J/kp as 3.12 and g as 2.3 that matched very well with
published data. {r shows an increase when T decreases (suggesting ferromagnetism) till a tem-
perature Toyoss Where it starts to decrease. Trpss Seems to show an oscillatory behavior with
H. The fingerprint of quantum criticality is captured very well by the quantum entanglement.
We have been able to extract entanglement as well as concurrence- an entanglement witness,
from susceptibility data as a function of field and temperature. The value of concurrence at 1.9
K and 0.02 T is 0.42, in excellent agreement with theoretical predictions for a two spin correla-
tion. Curiously enough, entanglement also shows an oscillatory behavior with field suggesting a
possible correlation with magnetic order.
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Exchange symmetry,
fluctuation-compressibility relation, and
thermodynamic potentials of quantum
liquids

Ji-Hyun Kim * !, Yu Rim Lim, Seong Jun Park, Sanggeun Song, Gil-Suk
Yang, Young-Gui Yoon, Jaeyoung Sung

! Chung-Ang University — South Korea

Liquid helium does not obey the Gibbs fluctuation-compressibility relation, which was noted
more than six decades ago. However, still missing is a clear explanation of the reason for
the deviation or the correct fluctuation-compressibility relation for the quantum liquid. Here
we present the fluctuation-compressibility relation valid for any grand canonical system. Our
result shows that the deviation from the Gibbs formula arises from a nonextensive part of
thermodynamic potentials. The particle-exchange symmetry of many-body wave function of a
strongly degenerate quantum gas is related to the thermodynamic extensivity of the system; a
Bose gas does not always obey the Gibbs formula, while a Fermi gas does. Our fluctuation-
compressibility relation works for classical systems as well as quantum systems. This work
demonstrates that the application range of the Gibbs-Boltzmann statistical thermodynamics
can be extended to encompass nonextensive open systems without introducing any postulate
other than the principle of equal a priori probability.

*Poster

266



Linking number cascade in non-Abelian
quantum turbulence

Michikazu Kobayashi * 1

! Kyoto University — Japan

I investigate quantum turbulence comprised of non-Abelian vortices, the topological charge
of which is characterized by the non-Abelian group. Different from classical-fluid turbulence
and Abelian quantum turbulence, non-Abelian quantum turbulence conserves the total linking
number of vortex lines during its dynamics. The resulting energy spectrum of turbulence differs
from the famous Kolmogorov spectrum, and is determined by the linking number cascade in the
inertial range instead of the energy cascade.
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ADb initio calculation of fundamental
properties of SrTel-xOx alloys in Rock-salt
structure

Salima Labidi * *, M. Labidi, J. Zeroual, K. Klaa
I physics — Algeria

Structural, electronic, optical and thermodynamic properties of the SrTel-xOx alloys ( )
in rock-salt phase are calculated using the full potential augmented plane wave (FP-LAPW)
method within density functional theory. The exchange-correlation potential for structural
properties was calculated by the standard local density approximation (LDA) and GGA (PBE)
and the new form of GGA (WC) which is an improved form of the most popular Perdew-Burke-
Ernzerhof (PBE), while for electronic properties, in addition to LDA and GGA correction, Engel
and Vosko GGA (EVGGA) scheme was also applied. The results show that the use of WC in
our calculations is more appropriate than GGA and LDA and gives a good description of struc-
tural properties such as lattice parameters and bulk modulus. Our investigation on the effect of
composition on lattice constant, bulk modulus, and band gap for ternary alloys shows almost
nonlinear dependence on the composition. In addition to FP-LAPW method, the composition
dependence of the refractive index and the dielectric constant was studied by different models.
On the other hand, the thermodynamic stability of this alloy was investigated by calculating
the excess enthalpy of mixing as well as the phase diagram.
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Synchronization of cascaded optomechanical
cavities

Matthieu Labousse * !, Eduardo Gil-Santos, Arthur Goetschy, Ivan
Favero, Cristiano Ciuti

1 Université Paris Diderot — France

Synchronization of nonlinear oscillators arise in many different configurations and can imply
a wide range of self-organization effects. At a quantum level, synchronization of mechanical
modes have been for long a challenge. A fruitful strategy relies on light radiation pressure which
couples mechanical motions with electromagnetic modes in a nonlinear way. What was initially
a fundamental limitation in optical interferometry for gravitational detectors has been turned
into a fundamental field called now optomechanics [1]. The recent developments of optome-
chanical devices at the microscopic scale have paved the way to efficient, tunable and precise
light-mediated mechanical effects. This can be achieved for example by engineering micrometer-
sized disk cavities whose radius varies with the radiation pressure. In return, the resulting change
in optical length impacts the cavity modes and the mechanical motion might ultimately enters
into self-oscillatory regimes. Optomechanical networks are now platforms for studying synchro-
nization and light-mediated self-organization at small scale [2,3]. In this talk, I will present a
very recent theoretical and experimental investigation of cascaded optomechanical disks, which
are unidirectionally coupled trough an optical waveguide. The system is implemented in a single
semiconductor chip and its scalability makes this system an excellent candidate for the inves-
tigation of large complex metamaterials. After briefly discussing the experimental setup, I will
focus on our very recent theoretical investigations and discuss the synchronization properties of
such a system. [1] Aspelmeyer et al., Rev. Mod. Phys. 86 (2014). [2] Zhang et al., Phys. Rev.
Lett. 109 (2012). [3] M. Ludwig and F. Marquardt, Phys. Rev. Lett. 111 (2013)
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Distribution of zeros in the rough geometry
of fluctuating interfaces

Arturo Leos Zamorategui * !, Vivien Lecomte, Alejandro B. Kolton

! Laboratoire Probabilités et Modeles Aléatoires (UMR CNRS 7599), Université Pierre et Marie Curie
and Université Paris Diderot — France

We study numerically the correlations and the distribution of intervals between successive zeros
in the fluctuating geometry of stochastic interfaces, described by the Edwards-Wilkinson equa-
tion. For equilibrium states we find that the distribution of interval lengths satisfies a truncated
Sparre-Andersen theorem. We show that boundary-dependent finite-size effects induce non-
trivial correlations, implying that the independent interval property is not exactly satisfied in
finite systems. For out-of-equilibrium non-stationary states we derive the scaling law describing
the temporal evolution of the density of zeros starting from an uncorrelated initial condition. As
a by-product we derive a general criterion of the Von Neumann’s type to understand how dis-
cretization affects the stability of the numerical integration of stochastic interfaces. We consider
both diffusive and spatially fractional dynamics. Our results provide an alternative experimen-
tal method for extracting universal information of fluctuating interfaces such as domain walls in
thin ferromagnets or ferroelectrics, based exclusively on the detection of crossing points.
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Dispersion relation for interface ripplons in
segregated Bose-Einstein condensate
mixtures

Chang-You Lin * !, J.O. Indekeu, V. T. Nguyen, T.H. Phat

! KU Leuven — Belgium

The localized low-energy interfacial excitations, or Nambu-Goldstone modes, of phase-separated
binary mixtures of Bose-Einstein condensates are investigated analytically by means of a double-
parabola approximation (DPA) to the Lagrangian density in Gross-Pitaevskii theory. The DPA
allows one to obtain nontrivial analytic expressions for the excitations underlying capillary waves
or “ripplons”, and to derive their dispersion relation directly from the Bogoliubov-de Gennes
equations. (Submitted to Physical Review A.)
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Demixing and Temperature effects in
mixtures of two Bosonic species

Fabio Lingua * !, Vittorio Penna, Barbara Capogrosso Sansone, Marco
Guglielmino

! Politecnico di Torino — Italy

We investigate the properties of phase separation in a mixture of two bosonic species by
means of path-integral quantum Monte Carlo by the two-worm algorithm. The mixture is
trapped in a square optical lattice at different filling and temperature conditions. The work
is focused on the study of the ground-state phase diagram where various quantum phases can
arise depending on the interplay between intra-and inter-species interactions. Demixed phases,
characterized by spatial separation of the two species, are studied in details determining under
which conditions they can be stabilized. The influence of temperature, filling factor and har-
monic trap on phase separation is also investigated. An interesting dependence of the degree of
demixing from temperature has been found, suggesting new ways to measure the temperature
of a two-component bosonic mixture.
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Destruction of quantum entanglement and
non-linearity of quantum mechanics

A.V. Melkikh * !

1Ural Federal University — Russia

A number of experiments in which the entanglement plays an important role (EPR, Wheeler’s
delayed choice, Hardy’s paradox) is considered. It has been shown that a complete theoretical
explanation of these experiments is possible only within the framework of quantum field theory.
In particular, we show that only in the framework of quantum field theory the phenomenon
of destruction of entangled quantum states may be properly explained. The complete system
of equations for fields and particles is written and analyzed. The most important property
of this system is its non-linearity (see, [1]). Wherein, Schr?dinger equation is a special case
of such a system for a situation in which quantization of fields is insignificant. It is shown
that only the processes of creation and annihilation of particles are "truly random” and only
they can lead to the destruction of quantum entanglement. These processes are in the basis of
mechanisms of relaxation of the isolated system to equilibrium. References 1. Melkikh, A.V.,
2015. Nonlinearity of quantum mechanics and the solution of the problem of wave function
collapse. Communications in Theoretical Physics. V.64, issue 1, 47-53.
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Ab initio DFT investigation of complex
structured metamaterials based on graphene
and hexagonal boron nitride

Tudor Luca Mitran * !, George Alexandru Nemnes
'Horia Hulubei National Institute for R&D in Physics and Nuclear Engineering (IFIN-HH) — Romania

By considering periodic screw dislocations induced in graphene, hexagonal boron nitride
and hybrid graphene - hexagonal boron nitride, novel metamaterials with new and interesting
properties can be developed. These materials are characterized by studying the topological
configuration, stability, electronic and vibrational properties of their relaxed atomic configura-
tions with the help of ab initio density functional theory (DFT) simulations. We also propose
a metamaterial based on a graphene-boron nitride hybrid that makes use of graphene’s high
electrical conductance and boron nitride’s large bandgap in order to produce an intense mag-
netic field at the nanoscale when connected to an external power source. In order to determine
the current density that is further used for the estimation of the magnetic field, ballistic trans-
port simulations are performed. Possible practical applications are envisioned for the proposed
metamaterials, such as their use in electronic, thermoelectric and sensing applications.
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Spin Wave Propagation in Helical Magnet
Shin Miyahara * !

! Fukuoka University — Japan

A helical magnet is a typical magnetoelectric multiferroics where there is a strong coupling
between magnetization and electric polarization. Such a coupling induces an electro active spin
wave excitation and such a spin wave may show novel features as a spin-wave spin current. We
clarify the dynamics of the spin-wave spin current in a helical magnet.
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Phase transitions and ordering structures of
a model of chiral helimagnet in three
dimensions

Yoshihiko Nishikawa * !, Koji Hukushima

! Department of Basic Science, the University of Tokyo — Japan

We study a classical Heisenberg spin model of chiral helimagnet with the Dzyaloshinskii—
Moriya (DM) interaction in three dimensions by large-scale Monte Carlo simulations up to about
108 spins. The DM interaction breaks the chiral symmetry of the system and induces a helical
structure into the system in the low temperature region. Without magnetic fields, the system
shows a continuous phase transition with the critical exponents of three-dimensional extitXY
model. On the other hand, in the presence of a magnetic field perpendicular to the helical
structure, it is found that the criticality of the system changes depending on the intensity of
the magnetic field and the specific heat and the uniform magnetic susceptibility diverges at the
transition temperature when the intensity of the magnetic field is sufficiently large. This means
that a multicritical point exists in the phase diagram of the system.

*Poster

276



Critical behavior in the presence of an
order-parameter pinning-field

Francesco Parisen Toldin * !, F. F. Assaad, S. Wessel

nstitute for Theoretical Physics and Astrophysics, University of Wuerzburg — Germany

We apply a recently proposed simulation scheme that employs a local order-parameter pinning
field to study quantum critical phenomena in the two-dimensional square-lattice bilayer quantum
Heisenberg model. Using a world-line quantum Monte Carlo approach, we show that for this
model, the pinning-field approach allows to locate the quantum critical point over a wide range
of pinning-field strengths. However, the identification of the quantum critical scaling behavior is
found to be strongly affected by the presence of the pinning-field. In order to further elucidate
the scaling behavior in this situation, we also study a classical lattice model by means of Monte
Carlo simulations and refined finite-size scaling considerations. A renormalization group analysis
exhibits the presence of an important crossover effect from the zero pinning-field to a critical
adsorption fixed point. In line with field-theoretical results, we find that at the adsorption
fixed point the short-distance expansi on of the order-parameter profile exhibits a new universal
critical exponent. This also suggests the presence of slowly-decaying scaling corrections, which
we analyze in detail.
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Generalized Quantum Entropies

M. Portesi * 1, G. Bellomo, G.M. Bosyk, F. Holik, P.W. Lamberti, S.
Zozor

L TFLP, CONICET-UNLP — Argentina

We study the properties of quantum generalized entropies inspired in the family of (h, ¢)-
functionals given by Salicru for classical distributions. The quantum versions comprise some
known cases as von Neumann and others, and provide a plethora of entropies the behaviour
of which we analyze under the action of quantum operations. For given subfamilies of the
quantum (h, ¢)-entropies, the problem of detection of quantum entanglement is addressed and
the application as measures of quantum correlations for bipartite systems is discussed. Sho
Sugiura
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Entanglement threshold values

Luis Roa Oppliger * !, Ariana Muiioz, Gesa Gruening, Robinson Gémez,
Gautam Rai, Matthias Hecker

I'Universidad de Concepcién — Chile

We have addressed the protocols for quantum teleportation and for entanglement swapping when
the main channel is an special mixed state. In both schemes demand threshold values in order to
observe quantum features in the outcomes of the protocols. In our work we present the specific
analytical values of those entanglement threshold values as function of the parameters of the
channel.
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Universal equation of state for strongly
interacting Fermi gas: fit with geometry of
thermodynamics

George Ruppeiner * !

I New College of Florida — United States

Strongly interacting Fermi gasses at low density possess universal thermodynamic properties
that have seen very precise ultralow temperature measurements in 5Li atoms tuned to Feshbach
resonance. In this talk, I present fits to measured thermodynamic properties, with fitting func-
tions produced by the geometry of thermodynamics. The fits were done in two sections, joined
at the second-order phase transition. The high temperature normal phase was fit with ideal gas
like terms, and the low temperature superfluid phase was fit with power law expressions showing
divergences at absolute zero [G. Ruppeiner, J. Low Temp. Phys. 181, 77 (2015)]. Four free
parameters were varied, and three recent data sets [L. Luo and J. E. Thomas, J. Low Temp.
Phys. 154, 1 (2009), M. J. H. Ku, A. T. Sommer, L. W. Cheuk, and M. W. Zwierlein, Science
335, 563 (2012)] were fit with an overall precision of about 2 = 1.7. The result is an explicit
equation yielding the complete unitary thermodynamics over the entire range of data, including
the phase transition, and with a power law extrapolation to absolute zero having Bertsch param-
eter {p = 0.368(5). Results also suggest that methods based on geometry of thermodynamics
can model universal equations of state of strongly interacting systems relatively simply and with
no need of any explicit microscopic models.
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Phase Transition driven by Skyrmion
Destruction and Quantum Fluctuations in a
Helimagnetic Thin Film under an Applied
Field

El Hog Sahbi * !, Hung T.Diep
L LPTM (CNRS/UCP) — France

We study in this paper properties of a helimagnetic thin film of Heisenberg spins under a
magnetic field H applied along the ¢ axis perpendicular to the film surface. The helimagnetic
structure of our model comes from the competition between the ferromagnetic nearest-neighbor
interaction J; and the antiferromagnetic next-nearest-neighbor interaction .Jo along the ¢ axis.
The inplane interaction is taken as Jj for simplicity. In our study we consider both classical and
quantum Heisenberg spin models. We first determined by minimizing the interaction energy the
ground-state (GS) configuration as a function of H. We show that the spin configuration along
the ¢ axis is highly non uniform and has the characteristics of a skyrmion. The film is a collection
of identical skymions sandwiched between the two surfaces. In each skyrmion, the structure is
symmetric between the two surfaces in z spin components. Using Monte Carlo simulations, we
show that when the temperature increases the layers with large perpendicular xy components
undergo a transition to a disordered state, breaking therefore the skyrmion structure. Detailed
results on layer susceptibilities for varying H will be shown and discussed. At low temperatures,
we study effects of quantum fluctuations using the Green’s function method. We show that
quantum fluctuations at 7' = 0 result in non-uniform spin contractions of layers near the surface.
At low T, there are crossovers of layer magnetizations due to the competition between quantum
fluctuations and thermal effects. The spin-wave spectrum is also shown as a function of H, T

and J — 2.
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Bose-Einstein condensation of the mixtures
of interacting bosons and fermions in the
self-consistent field model

S. Shulga * ', Yu. Poluektov

! National Science Center "Kharkov Institute of Physics and Technology” — Ukraine

The model of Bose-Einstein condensation is constructed with account of interparticle inter-
actions in mixed systems of bosons and fermions, on the basis of the self-consistent field method
[1]. This work is a generalization of the model of Bose-Einstein condensation of pure bosonic
system based upon the same method [2]. As we describe the condensation of the Bose subsys-
tem we turn into zero, in contrast to most theories, the effective chemical potential that differs
from the true one by the presence of terms responsible for interparticle interaction. Thus, the
true chemical potential is not zero both for normal and condensed states, and remains a good
thermodynamic variable in both cases. All of this permits to avoid several difficulties inher-
ent in the model of ideal gas, such as fulfilment of thermodynamical relations and infiniteness
of the particle number fluctuation. We considered in detail the case of -like interaction that
gives the possibility to express all thermodynamical values analytically, in terms of the special
Stoner functions. The thermodynamics of condensed state is constructed, behavior of the sys-
tem around the critical temperature is considered, influence of admixture of fermions to the
character of the phase transition is studied.

[1] Yu.M. Poluektov Ukr. J. Phys. 50 (2005) 1303 [arXiv:1303.4913].
[2] Yu.M. Poluektov, arXiv:1602.02746v1.
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Unavoidable gapless edge state of bosonic
Mott state trapped in two-dimansional
optical lattices

Takafumi Suzuki * ', Masahiro Sato

IGraduate School of Engineering, University of Hyogo — Japan

We theoretically study boundary properties of trapped bosonic Mott insulators in optical square
lattices. By performing quantum Monte Carlo calculations, we show that a finite superfluid
density almost always appears in the incommensurate-filling (IC) boundary surrounding the
bulk Mott insulator at a very low temperature. In this IC boundary, both off-diagonal and
density correlations exhibit a power-law decay. Our result clearly indicates that the gapless IC
boundary state always emerges in any bosonic Mott insulators on optical lattices. Therefore,
we can expect that if a topological insulating state in trapped cold-atom systems is realized, its
boundary possesses at least two gapless modes (or coupled modes) of the above gapless state in
the IC region and the intrinsic topologically-protected edge state.
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Bayesian Model Selection of NiGa,S,
Triangular Lattice with Boltzmann Factor

Hikaru Takenaka * !, Kenji Nagata, Takashi Mizokawa, Masato Okada

! University of Tokyo — Japan

We propose a method for inducting the Boltzmann factor to extract effective classical spin
Hamiltonians from mean-field-type electronic structural calculations by means of the Bayesian
inference [1]. This method may enable the results of mean-field-type electronic structural calcu-
lations and those from magnetic experiments to be compared seamlessly because the Boltzmann
factor takes into account the finite temperature effect. The method is applied to a NiSy tri-
angular lattice in NiGasS, with a spin disordered ground state. Unrestricted Hartree-Fock
calculations for the spin configurations of 16 Ni sites led to the estimation that the superex-
change interaction between the nearest neighbor sites is ferromagnetic, which is consistent with
magnetic experiment results. [1]H. Takenaka, K. Nagata, T. Mizokawa, and M. Okada, J. Phys.
Soc. Jpn. 83, 124706, (2014).
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Measure synchronization in a two species
bosonic Josephson junction

Jing Tian * !, Haibo Qiu, Li-bin Fu
1 Xi’an university of posts and telecommunications — China

Measure synchronization (MS) in a two-species bosonic Josephson junction (BJJ) is studied
based on semi-classical theory. Six different scenarios for MS, including two in the Josephson
oscillation regime (0 phase mode) and four in the self-trapping regime (7w phase mode), have
been clearly shown. Systematic investigations of the common features behind these different
scenarios have been performed. We show that the average energies of the two species merge at
the MS transition point. The scaling of the power law near the MS transition has been verified,
and the critical exponent is 1/2 for all of the different scenarios for MS. We also illustrate
MS in a three-dimensional phase space; from this illustration, more detailed information on
the dynamical process can be obtained. Particularly, by analyzing the Poincare sections with
changing interspecies interactions, we find that the two-species BJJ exhibits separatrix crossing
behavior at MS transition point, and such behavior depicts the general mechanism behind the
different scenarios for the MS transitions. The new critical behavior found in a two-species BJJ
is expected to be found in real systems of atomic Bose gases.
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Structure properties of MoS2-Graphene
Heterostructures under static and cyclic
bending loading

An-Cheng Yang * !, Nan Yow Chen Wen Jay Lee

I National Center for High-performance Computing — Taiwan

Molecular dynamics (MD) simulations are performed to investigate the structure properties
of finite-size MoS2-Graphene heterostructures under different static and cyclic bending loading
at different working temperature. The structure properties are quantified by means of interfacial
flatness and the cross section profile. Both MoS2 and Graphene are generally regarded as flexible
material. In this study, difference between two types of graphene are validation. We will show
that MoS2-Graphene heterostructures can be bent repeatedly through large angles without
undergoing catastrophic failure. The range of responses to this high-strain deformation is also
estimated and discussed.
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TAP equations for two models of jamming:
negative perceptron and soft spheres in high
dimension

Ada Altieri * !, Silvio Franz, Giorgio Parisi
! »Sapienza” Universita di Roma and Université Paris-Sud / Paris-Saclay — Italy

In the last years the study of glassy materials at low temperature has attracted significant
interest, both from a theoretical and an experimental point of view. Much attention has con-
centrated on systems formed by an athermal assembly of repulsive particles with finite-range
interactions, where one can observe - upon increasing density - a jamming transition, corre-
sponding to a rigid arrangement of particles which cannot freely move and flow. We present a
parallel derivation of the Thouless-Anderson-Palmer (TAP) equations and of an effective ther-
modynamic potential for the soft spheres and the negative perceptron in high dimension. Both
models are continuous constrained satisfaction problems with a critical jamming transition char-
acterized by the same exponents. Varying the number or the type of satisfied/violated clauses
one could jump between two different phases, from a SAT region (with at least one configuration
in agreement with all the requested constraints) to an UNSAT region (where all the constraints
cannot be verified simultaneously). Our analysis reveals that a power expansion of the Gibbs
potential up to the second order represents a successful framework to approach the jamming
points from the SAT phase. This allows us to obtain the spectrum of the Hessian matrix and
understand the leading behavior of the dominant eigenvalue. A pivotal outcome is that the ef-
fective thermodynamic potential has a subleading logarithmic contribution, which turns out to
be dominant in an appropriate scaling regime. Our approach is quite general, independent from
the specific form of the potential energy and directly applicable to other interesting models.
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Lattice sphere packing: the importance of
being perfect

Alexei Andreanov * ', Antonello Scardicchio, Salvatore Torquato

1 IBS Center for Theoretical Physics of Complex Systems (PCS) — South Korea

Sphere packing is an old (optimisation) problem at the intersection of mathematics, physics
and computer science. The formulation of the problem is very simple - what is the densest
arrangement of spheres in a given Euclidean dimension. Despite that, the solution proved to
be very hard to find, even approximately. The proofs for d=2,3 were only established in 20th
century, while in higher dimensions our knowledge remains limited despite over a hundred years
of research. The complexity of the problem originates from its combinatorial optimisation nature
and the failure of our intuition in high dimensions. While there is a large body of results from
(pure) mathematics, I am going to present some new results in lattice sphere packing based on
a theory by Voronoi and methods of statistical mechanics. I will also discuss the decorrelation
principle, a recent conjecture, that has important implications for the problem of packing.
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Light scattering properties of percolation
clusters

Jean-Christian Angles D’auriac * !, Pierre-Etienne Wolf

I Institut Néel — France

The mechanisms of evaporation of fluids from disordered nanoporous materials are still de-
bated. In a lattice model description, evaporation can occur either through a collective process
of invasion percolation starting from the sample surface, or through a local process of cavita-
tion, that is thermally activated nucleation of vapor bubbles, or from a combination of both. We
discuss how light scattering measurements, which probe spatial correlations of the fluid density,
can confirm the validity of such a lattice model and discriminate between these processes. To
this aim, we investigate by numerical simulations in two and three dimensions the scattering
properties of invasion percolation, a problem not yet discussed to our knowledge. Our results
reveal under which conditions the inter-correlations between different clusters can be neglected,
and the structure factor, or correlation function, accounted for by suitable averages over the clus-
ter size distribution characteristic of the percolation problem. Our results explain the behavior
observed in a recent experiment (F. Bonnet et. al, EPL 101, 16010, 2013).
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Soft modes and two-level systems in Spin
Glasses

Marco Baity-Jesi * 1, Victor Martin-Mayor, Giorgio Parisi, Sergio
Pérez-Gaviro

L CEA Saclay — France

Several types of disordered systems display an excess of soft modes with respect to the Debye
prediction. The origin and universality of these modes is not yet fully understood. Being spin
glasses an epitome of the disordered system, we are interested in understanding how much of
this behavior extends to a spin glass model. This would help us to understand the extent of the
universality of phenomena such as the boson peak, and it would consitute new grounds for their
understanding. Thus, we study the three-dimensional Heisenberg spin glass, the prototypical
model with continuous spins. We investigate the properties of the inherent structures that are
obtained by an instantaneous cooling from infinite temperature. We do find that the density of
states g(w) exhibits localized soft plastic (non-Debye) modes and reaches zero as w*. Further,
when perturbing the system by adding a force along the softest mode, one reaches very similar
minima of the energy, separated by small barriers, that appear to be good candidates as classical
versions of Anderson’s two-level systems. References: Marco Baity-Jesi, Victor Martin-Mayor,
Giorgio Parisi, Sergio Perez-Gaviro, Phys. Rev. Lett. 115, 267205 (2015) Marco Baity-Jesi,
Victor Martin-Mayor, Giorgio Parisi, Sergio Perez-Gaviro, in preparation.
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Population annealing algorithm tests and
improvements

Lev Barash * !, Martin Weigel, Michal Borovsky, Lev Shchur

! Landau Institute for Theoretical Physics — Russia

We revise the recently proposed population annealing algorithm for computational statistical
physics and propose modifications and improvements.
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Edwards approach for random close
packings of non-spherical particles

Adrian Baule * !, Romain Mari, Lin Bo, Louis Portal, Hernan A. Makse

! Queen Mary University of London — United Kingdom

Random packings of objects of a particular shape are ubiquitous in science and engineering.
However, such jammed matter states have eluded any systematic theoretical treatment due to
the strong positional and orientational correlations involved. Here, a mean field theory based on
a statistical treatment of the Voronoi volume in the spirit of the Edwards ensemble approach [1] is
discussed, which allows for the calculation of the random close packing fractions of non-spherical
particles [2]. This approach captures in particular the density peaks observed in simulations of
different classes of non-spherical shapes. A phase diagram is presented that describes packings
of elongated shapes such as spherocylinders and dimers in terms of an analytic continuation
from the spherical random close packing [3]. [1] A. Baule, F. Morone, C.S. O’Hern, and H.
A. Makse, arXiv:1602.04369 (2016) [2] A. Baule, R. Mari, L. Bo, L. Portal, and H. A. Makse,
Nature Commun. 4, 2194 (2013) [3] A. Baule and H. A. Makse, Soft Matter 10, 4423 (2014)
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Thermal conductivity of glass-forming
liquids

Pranab Jyoti Bhuyan * ', Rituparno Mandal, Pinaki Chaudhuri,
Abhishek Dhar and Chandan Dasgupta

Tndian Institute of Science — India

We carry out a detailed study of the thermal transport properties of glass-forming liquids. The
spectrum of harmonic excitations is obtained from the eigenvalues of the Hessian matrices of
the inherent structures. The eigenvalues and eigenfunctions of the Hessian matrix are used to
calculate the low-temperature thermal conductivity of a model glass-forming system. The results
of this calculation have been validated from comparisons with those obtained from equilibrium
molecular dynamics simulations in which the thermal conductivity is calculated using the Green-
Kubo equation. It shows that there is a strong correlation between the thermal conductivity and
the energy of the relevant potential energy minima. This study provides explanations of some
of the features observed in simulation results for the temperature-dependence of the thermal
conductivity of glass-forming liquids.
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Record Dynamics as the Origin of Aging
Stefan Boettcher * 1, Dominic M. Robe, Paolo Sibani, Peter Yunker

! Emory University — United States

We provide a unified description of ”aging”, the increasingly sluggish dynamics widely ob-
served in the jammed state of disordered materials, in terms of record dynamics. Structural
evolution in aging materials requires ever larger, record-sized rearrangements in an uncorrelated
sequence of intermittent events (avalanches or quakes). According to record statistics, these
(irreversible!) rearrangements occur at a rate ~ 1/t. Hence, in this log-Poisson statistics, the
number of events between a waiting time t,, and any later time ¢ integrates to ~ In(t/t,,), such
that any observable inherits the t/t,,-dependence that is the hallmark of pure aging. Based on
this description, we can explain the relaxation dynamics observed in a broad range of materi-
als, such as in simulations of low-temperature spin glasses and in experiments on high-density
colloids and granular piles. We have proposed a phenomenological model of record dynamics?
that reproduces salient aspects of the experiments, for example, persistence, intermittency, and
dynamic heterogeneity. Here, we compare the predictions of the model with the data available
from experiments by Yunker, et. al.t.
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Configurational ovelap, effective potentials
and the coexistence of localized and
de-localized states in structural glass

formers.

Jean-Marc Bomont * !, Jean-Pierre Hansen Giorgio Pastore
L LCP-A2MC, Université de Lorraine, Metz (57) — France

We consider two weakly coupled replicae of a dense system of N atoms interacting via a
repulsive inverse-power potential, and calculate the mean value of the configurational overlap Q
of the two replicae as well as its mean-square fluctuation, using the hyper-netted chain (HNC)
integral equation for the pair structure of this symmetric ”binary mixture”. The Helmholtz free
energy per particle f(p,T;e12) and its Legendre transform or effective potential W(rho,T; Q)
[1] are determined as functions of temperature T (at fixed density rho) and the inter-replicae
coupling €9 or its conjugate variable ). Analysis of the €12(Q) and W (Q) curves shows that the
two-replicae system undergoes a Landau transition between weak overlap (delocalized) and high
overlap (localized) states below a critical temperature T,,.. The extrema of W (Q) correspond
to the e;2— > 0 limit; the minima are associated with a delocalized super-cooled liquid (L)
and a localized glass phase (G2), while the intermediate maximum may be associated with an
unstable glass phase G predicted in our earlier work [2]. The Landau transition associated with
a discontinuity of the mean overlap order parameter [1,3,4] may be considered as a precursor to
the ideal (or "random first order”) glass transition between the L and G2 phases, which occurs
at a temperature Trror < T, and is characterized by the vanishing of the configurational
entropy [1,3,4] and by a weak discontinuity of the molar volume, implying that the ideal glass
transition is a weakly first-order thermodynamic phase transition which requires an infinite long
equilibration time. In view of the thermodynamic inconsistency of the HNC closure, we have
repeated our calculations on the basis of the thermodynamically self-consistent Rogers-Young
(RY) closure which confirm the qualitative predictions of the HNC results, but with significant
quantitative differences. [1] M. Cardenas, S. Franz and G. Parisi, J.Chem.Phys. 110, 1726
(1998) [2] J.M. Bomont, J.P. Hansen and G. Pastore, J. Chem. Phys. 141, 74505 (2014) and
142, 107105 (2015) [3] L. Berthier, Phys. Rev. E 88, 022313 (2013) [4] G. Parisi and B. Seoane,
Phys. Rev. E 89, 022309 (2014)
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Extended Plefka Expansion for Stochastic
Dynamics

Barbara Bravi * !, Peter Sollich, Manfred Opper

! King’s College London — United Kingdom

We propose an extension of the Plefka expansion, which is well known for the dynamics
of discrete spins, to stochastic differential equations with continuous degrees of freedom and
exhibiting generic nonlinearities. The scenario is sufficiently general to allow application to
e.g. biochemical networks involved in metabolism and regulation. The main feature of our
approach is to constrain in the Plefka expansion not just first moments akin to magnetizations,
but also second moments, specifically two-time correlations and responses for each degree of
freedom. The end result is an effective equation of motion for each single degree of freedom,
where couplings to other variables appear as a self-coupling to the past (i.e. memory term)
and a coloured noise. This constitutes a new mean field approximation that should become
exact in the thermodynamic limit of a large network, for suitably long-ranged couplings. For
the analytically tractable case of linear dynamics we establish this exactness explicitly by appeal
to spectral methods of Random Matrix Theory, for Gaussian couplings with arbitrary degree of
symmetry.
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First-order transition and strong
correlations: a model for glasses?

Olivier Cépas * !
I Tnstitut Néel — France

The glass transition occurs near a first-order transition from a liquid to a solid, both states
with correlations. We address the issue of strong correlations by studying a classical model
of closely-packed dimers which represent interacting molecules, that can move collectively on
a lattice. This model has a first-order phase transition to a ”solid” phase, at thermodynamic
equilibrium. The dynamics involve however collective motion of larger and larger scales in the
supercooled phase which resemble in some aspects that of a glass-forming supercooled liquid.
I will discuss how it fits with and differs from Adam and Gibbs’ 1960’s arguments and the
phenomenology of glasses.
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Dielectric spectroscopy of a stretched
polymer glass : heterogeneous dynamics and
plasticity

Caroline Crauste-Thibierge * !, Roberto Perez-Aparicio, Denis Cottinet,
Loic Vanel ,Paul Sotta, Jean-Yves Delannoy, Didier R. Long, Sergio
Ciliberto

! Laboratoire de Physique, Univ Lyon, Ens de Lyon, Univ Claude Bernard, CNRS — France

We study the dielectric relaxation of polycarbonate (PC) at room temperature under im-
posed strain rate 4, above the yield stress and up to 13% strain. We find that the dielectric
response of stretched PC behaves as if it was heated up at a temperature just below its glass
transition temperature Ty ~ 423 K for PC. Indeed, in the frequency range of our experiment
(10~2 Hz and 103 Hz), the dielectric response of the stretched PC at room temperature super-
imposes to the dielectric response of PC at a temperature T,(¥) < Ty, which is a function of
strain rate. Specifically we observe that at T, the dominant relaxation time 7,(7;) of PC at
rest is related to 4 in such a way that: 74(7,) ~ 1/ at and beyond the yield point. In our
experiment 107°s~! < 4 < 107357, the temperature shifts Ty — T, are of a few K. The me-
chanical rejuvenation modifies the dielectric response at frequencies smaller than 10Hz, whereas
for higher frequencies the spectrum is only slightly modified.
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Conformal invariance in Correlated Random
Surfaces

Caio P. de Castro * ', M. Lukovic, Roberto F. S. Andrade, Hans J.

Herrmann

'Eidgenéssische Technische Hochschule (ETH) Zurich and Universidade Federal da Bahia (UFBA) —
Switzerland

There exist many examples of random surfaces in nature such as random Gaussian surfaces
and turbulence vorticity fields, whose symmetries have been studied extensively, revealing the
presence of conformal invariance. Through the Fourier Filtering Method, any long-range spatial
correlations can be detected by analyzing the Fourier coefficients of the surface. From there
it is possible to determine the corresponding Hurst exponent and consequently establish the
presence of scale invariance. In particular, we go further by investigating conformal invariance
using the iso-height lines extracted from such distinct surfaces in the framework of Schramm-
Léwner Evolution (SLE).
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Belief-Propagation Guided Monte-Carlo
Sampling

Aurélien Decelle * !, Cyril Furtlehner Beatriz Seoane Florent Krzakala

! Laboratoire de Recherche en Informatique — France

We describe a new Monte 