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Liquid phase separation controlled by pH

Omar Adame-Arana1, Christoph. A Weber1, Vasily Zaburdaev2,
Jacques Prost3, and Frank Jülicher1

1Max Planck Institute for the Physics of Complex Systems, 01187 Dresden, Germany
2Friedrich-Alexander Universität Erlangen-Nürnberg, Cauerstr. 11, 91058 Erlangen,

Germany
3Institut Curie, 26 rue d’Ulm, 75248 Paris Cedex 05, France

Abstract

Recent developments at the interface of biology and physics brought to
light the importance of phase separation in explaining biological processes
in the cell. It has been shown that some proteins are able to phase separate
in solution and form liquid-like droplets in the cytoplasm that carry out
a distinct biological function. Particularly, a drop in the cytosolic pH
leads to a widespread protein assembly in the cytoplasm, this phenomenon
triggered our interest to the mechanism of protein phase separation as a
function of pH. In order to study this mechanism, we define a model of
a mixture composed of macromolecules which can exist in three different
charge states and have a tendency to phase separate. The pH dependence
is introduced in terms of chemical reactions which control the charge state
of the macromolecules. Using conservation laws and chemical equilibrium,
we identify the conjugate variables of the system. We then perform a
Legendre transform which defines the free energy corresponding to a fixed
pH ensemble. We conclude by showing phase diagrams as a function of
pH, where we find that under most conditions, phase separation is most
pronounced near the isolectric point.



Replica Analysis of the Performance of Image
Processing by Compressed Sensing

Toshiaki Aida1

1 Okayama University, Japan

Compressed sensing is one of the most effective signal processing methods based
on the sparse representation of inferred data, in which dictionary matrices play an
essential role as a set of overcomplete basis vectors. They are learned from data, e.g.
images or signals, by feature extraction methods such as K-SVD ones. Therefore,
in general, it requires a considerable amount of computational cost to construct a
dictionary matrix.

In this work, we analytically evaluate the performance of image processing by
compressed sensing, utilizing the replica method of statistical physics. For this pur-
pose, we have derived the expression of the probability distribution followed by a
dictionary matrix for image processing, assuming that grey scale images are gener-
ated by the Gaussian model [1]. Also, we have adopted the framework of replica
analysis by Kabashima et al. to analytically evaluate the performance of compressed
sensing based on Lp-norm minimization [2].

Recently, we have found an analytical solution of the saddle point equations,
which are satisfied by the order parameters of an image restoration model with com-
pressed sensing taken into account. The solution has made clear, for example, the
scaling relation between the complexity of images and the optimal size of dictionary
matrices, which has been addressed not in an analytical way but only in a numerical
one so far.

[1] T. Aida, Covariance Matrix of a Probability Distribution for Image Dictio-
naries in Compressed Sensing, Proceedings of 2018 18th International Conference on
Control, Automation and Systems, pp. 829-832, 2018.

[2] Y. Kabashima, T. Wadayama and T. Tanaka, A typical reconstruction limit
for compressed sensing based on Lp-norm minimization, Journal of Statistical Me-
chanics: Theory and Experiment, (2009) L09003.
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Abstract:  

Many animal groups as fishing schools and bird flocks are definitely constitutional, with the 

literal of organisms so coordinated. They may change form and direction; they appear to be a 

coherent single entity. Many of the collective behaviors presented by such groups can be 

understood only by considering the very large number of interactions between the group 

components. That’s why physicists have made a great effort to study widely the motion of 

these biological systems, in order to better understand the physical mechanisms that govern 

the out-of-equilibrium dynamics of these systems. In our work, attention is drawn to propose 

a new approach to explicitly identify dynamic properties and scaling behavior of self-

propelled particles for a given system in collective motion rather than Vicsek model. To 

address our problems, we are choosing the Langevin equation as a stochastic differential 

equation. This dynamic has been affected by the use only of the repulsive zone of radius R. 

The results show that the system velocity increases with time and reaches to finite value at the 

equilibrium phase. This result is more consisting with the one of the Vicsek model. However, 

the system velocity decreases exponentially with the applied noise, without taking the Zero 

value for the highest noise value. 

 

Keywords: Collective  motion; System Biological; Noise; complex systems; Self-organized 

particles; Scaling behavior; Langevin dynamic. 

 

 

 



Contributed talk: Statistical Physics of Power Grids

Title: Characterizing the statistic characteristics of power demand

Firsrt author: Mehrnaz Anvari, Max Planck Institute for the Physics
of Complex Systems

Second author: Elisavet Proedrou, DLR Institute of Networked En-
ergy Systems

Recent studies on power grid frequency fluctuations show the non-Gaussian
nature of these variations. Given the critical importance of the power grid for
the functioning of our society, answering precisely the question concerning the
sources of non-Gaussianity in power grid frequency fluctuations is vital to realize
the stability of the network. Three highly probable reasons for the significant
deviation of the grid power frequency from its nominal value are: (i) Renewable
energy; (ii) Energy trading market; (iii) Power demand (or load). In the last years
novel researches showed, on one hand, the statistic characteristics of renewable
energies as a replacement of traditional power plants, and, on the other hand, the
response of power grids with different topologies to feed-in fluctuations induced by
renewable energies. As the existence of the balance between the energy supply and
its consumption is one basic principle in power grids, this work, unlike previous
studies looking at the fluctuations from generators side and ther effect on power
network, shows the underling dynamics and statistics of demand. The intermittent
characteristic of demand fluctuations is demonstrated, and the response of the
power network to this type of perturbations is discussed.



Towards an effective mean-field model for

transitional plane Couette flow.

Cristóbal Arratia1

1Nordita, KTH Royal Institute of Technology and Stockholm
University, Roslagstullsbacken 23, SE-106 91 Stockholm, Sweden

Abstract

The coexistence between laminar and turbulent regions is generic to
the subcritical transition to turbulence of wall-bounded shear flows. An
effective description with a reaction-diffusion model for a scalar q (’turbu-
lence intensity‘) in a double-well potential is instructive (Pomeau. Phys.
D, 23(1):3 – 11, 1986), but in such a simplified model most of the distinc-
tive dynamics of the laminar/turbulent interfaces is lost. In the case of
pipe flow, a remarkable breakthrough was achieved in the last few years by
Barkley (J. Fluid Mech., 803, Sep 2016.) who, by analogy with excitable
media, was able to mimic the evolution of laminar/turbulent interfaces
throughout the transitional regime by adding a single variable u. Physi-
cally, this new variable u plays a double role in modelling the effects of
(i) the mean shear relevant to locally inhibit/promote turbulence, and
(ii) the large-scale advection of the laminar/turbulent interfaces. For two
dimensionally extended shear flows, of which plane Couette flow is the pro-
totypical example, the laminar/turbulent interfaces display a complex and
largely unexplained transitional dynamics which includes the formation of
striking laminar-turbulent patterns (Manneville. Entropy, 19(7), 2017).
A specific rationale for extending Barkley’s model to plane Couette flow is
proposed. This is based on a pair of variables q and s, where s represents
the effect of mean shear (i), but not the large-scale advection (ii) which
is described in terms of spatial gradients. While this leaves potentially a
very large parameter space, heuristic arguments suggest terms which ap-
pear in a certain extension of the Swift-Hohenberg equation (SHE) known
to display complex spatiotemporal behaviour and patterns. Most remark-
ably, this extended SHE has been shown to generically govern the order
parameter around bifurcations of codimension 3 involving the appearance
of bi-stability together with the onset of a long-wave Turing instability;
all ingredients which are naturally brought in to this case. Thus, deriva-
tion of the extended SHE from a suitable extension of Barkley’s model
provides necessary constrains among the parameters of the model so that
it mimics the transitional dynamics of plane Couette flow and hopefully
informs the underlying physics.
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Atmospheric electric field variations 
during fair weather and thunderstorms 
at different altitudes  

 
Davit Aslanyan, A. Alikhanyan National Science Laboratory 
Gayane Karapetyan, A. Alikhanyan National Science Laboratory 
Hripsime Mkrtchyan, A. Alikhanyan National Science Laboratory 
 
Abstract 
 
Climate change and natural hazardous phenomena are one of the most important and crucial 
topics nowadays; in particular, special attention should be paid to the phenomena related to 
thunderstorms and atmospheric electric field measurements. As it was shown in the past, 
thunderstorm activity is related to the fair weather through global electric circuit. Constantly 
continuous measurements of electric field have proven that there is not only an annual but also a 
daily variation of thunderstorm activities.  
 
Ground-based measurements during fair weather and thunderstorms were obtained from research 
stations of Cosmic Ray Division (CRD) of the Yerevan Physics Institute (YerPhI). It has 5 
stations which are located at different altitudes in Armenia. The goal of this work is to present 
the variations of near surface electric field during fair weather and thunderstorms for the same 
seasons from 4 different locations: Aragats, Nor-Amberd, Yerevan and Dilijan. Aragats Research 
Station (latitude: 40.470 N; longitude: 44.180 E, 3200 m a.s.l.) station site is built on solid rock 
foundation of volcanic origin. The other stations are located at different altitudes:Nor-Amberd 
Research station (latitude: 40.370 N; longitude: 44.260 E, 2000 m a.s.l.), Yerevan CRD 
headquarters (latitude: 40.205 N; longitude: 44.486 E, 1090 m a.s.l.), Dilijan Research station 
(latitude: 40.739 N; longitude: 44.832 E, 1450 m a.s.l). 
 
Mean values of near surface electric field have been taken from 2012-2018. Unique data from 
different altitudes shows impact of geographical location on near surface electric field 
measurements and reveals their connection to the thunderstorm activities. 
 



Probing dissipative processes in stationary out-of-equilibrium
systems through the fluctuations of injected power
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Abstract

We consider out–of–equilibrium systems in a stationary state. They
can be systems in contact with a thermostat pushed out–of–equilibrium or
athermal intrinsically dissipative systems. For both types of systems we
define an energy, Ec, that characterizes the intrinsic dissipative processes
although it is estimated from the fluctuations of the extrinsic injected
power. Our definition involves only the two first moments of the injected
power smoothed over a large time τ . Hence it is easy to measure it exper-
imentally. Our reasoning lies only on properties of stationary processes.
Thus it applies to any kind of dissipative systems. We test our definition
on various systems. We show that for Langevin dynamics, we recover
some results that are usually given by the fluctuation relation. We also
probe this energy experimentally on bending waves in a thin elastic plate.
In all these cases, we establish the fact that it coincides with the kinetic
energy per degrees of freedom. It is however not always the case as shown
on numerical simulations on frictional systems.
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Kinetic bounds to nonequilibrium
performances

Marco Baiesi1

1 University of Padova, Italy

It is often relevant that a stochastic processes at the mesoscale level is
working properly and efficiently to produce a specific result. For instance, in
life processes one would expect circadian clocks to oscillate regularly despite
of the intrinsic environmental noise, or molecular machines to pull cargoes
with a regular speed by exploiting the ATP fuel to beat stochastic fluctu-
ations. We show that in the typical conditions far from equilibrium, for
these and similar systems, there exists a limitation to the performance of the
system that is of kinetic rather than thermodynamic origin. The thermody-
namic expectation that more dissipation enables more possibilities to beat
randomness, thus leading to better performances, is often not met because
the dynamical activity of the system determines other limiting constraints in
systems far from equilibrium. Dynamical activity is a time-symmetric non-
dissipative aspect of the dynamics that quantifies the degree of agitation of a
system. Our findings suggest that successful descriptions of nonequilibrium
systems should include the complementary notions of entropy production
and dynamical activity.

Keywords: nonequilibrium, entropy production, dynamical activity, effi-
ciency, stochastic processes



 

 

 

The motion of quasiparticles in the toy model of the biological KcsA ion channel 
M. L. Barabash1*, W. A.T. Gibby1, D. G. Luchinsky1,2, C. Guardiani1,3 , and P. V. E. McClintock1 

1Department of Physics, University of Lancaster, Lancaster, UK 
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The theoretical description of ion channels -- proteins controlling the passage of ions into and out of biological cells, -- has been a 

long-standing goal [1]. As they function on the ångström scale, the presence of non-negligible interactions between the entities 

composing them poses the main theoretical challenge. In particular, within the narrow selectivity filters (SFs) of ion channels, the ions 

interact strongly with each other. This results in highly-correlated ionic permeation along the filter’s axis. The application of continuous 

methods, e.g. Nernst-Planck equation, faces problems in describing this motion. 

To overcome this difficulty, the notion of a quasiparticle (QP) was introduced [2]. Here, the QP represents the center of mass of the 

ions in the SF. Relative ionic motions rapidly equilibrate, and it is the motion of the QP as a whole that leads to electric current. Thus, 

the QP concept conveniently reduces the motion of the multibody system to the dynamics of a single particle. 

The QP moves in its own effective potential and undergoes discrete jumps in space when an ion enters/leaves, i.e. when a transition 

between states happens [3]. Here, we study the motion of QPs using Brownian dynamics (BD), and connect it to the current through a 

channel. We run BD simulations for the individual ions (I-BD), using the Langevin equation. The ion-channel forces are obtained from 

the toy model of Ref. [2], while the inter-ion interactions are given by Coulomb’s law with a short-range repulsion. The Grand canonical 

Monte Carlo routine [4] maintains the ionic concentrations in bulks, thus allowing for arbitrary concentrations on either side of the SF. 

Using the I-BD simulation, the ionic current and the transition rate between states of different occupancy are measured. We also 

measure the probability of the entry/exit of an individual ion depending on the QP’s location. This allows to describe comprehensively 

the dynamics of the QP. Calculating the QP’s effective potential [3] and using transition rates extracted previously, we run another BD 

simulation (QP-BD) for the QP alone, and compare the resultant current with that in I-BD. Thus, we connect the QP concept to the 

current through the model channel.  

In further work we plan to extract the QP effective potential from the multi-ion potential of the mean force (PMF) [5, 6] of a real 

biological ion channel (KcsA): we expect to relate the QP’s dynamics to the current through the real channel, under various experimental 

conditions. Thus, the concept of the QP connects channel’s structure to its function. It is believed that the QP concept can also find 

application in functionalized artificial nanopores [7]. 
 

1. B. Hille, Ion Channels of Excitable Membranes, Sinauer Associates, Sunderland, MA, 3 

ed. (2001) 
2. S. O. Yesylevskyy, V. N. Kharkyanen, Phys. Chem. Chem. Phys. 6 3111-3122 (2004) 

3. M. Barabash et al., Fluct Noise Lett (2019, accepted) 

 

 4. W. Im et al., Biophys. J. 79(2): 788–801 (2000) 

5. J. G. Kirkwood, J. Chem. Phys. 3 300 (1935) 
6. B. Roux et al., Q Rev. Biophys. 37(1) 15–103 (2004) 

7. L. Wang et al., Nat. Nanotechnol. 12, 509–522 (2017) 

 



A least microenvironmental uncertainty
principle(LEUP) as a generative model of collective

cellmigration mechanisms

Arnab Barua1, Josue M. Nava-Sedeño2, Haralampos Hatzikirou1

1 Helmholtz Centre of Infection Research, Germany
2 TU Dresden, Germany

Collective migration is commonly observed in groups of migrating cells, in the
form of swarming or aggregation patterns. Mathematical models have been proven
very useful in understanding collective cell migration. Such models, either explicitly
consider the forces involved in the interaction of individuals or phenomenological
model the change of direction. However, mechanisms leading to collective migration
are varied and specific to the type of cells involved. Additionally,the dynamics of
many important chemomechanical factors influencing cell movement, from signalling
pathways to mechanosensing, are typically either too complex or largely unknown.
It is therefore of particular interest to identify a principle that serves as a generative
modelof collective migration independent from the biophysical details of thesystem.
Employing the least microenvironmental uncertainty principle(LEUP), we construct
a model where individuals sense the microenvi-ronmental velocity distribution and
reorient towards the least microenvironmentally uncertain direction. Depending on
the choice of parame-ters, either a steady global polar aligned state, or a partial
nematically-ordered state out of equilibrium emerges. Interestingly we show that
infamous Vicsek model is a special case of LEUP. Furthermore, several different col-
lective migration patterns are observed depending on theinteraction strength and size
of the local interaction neighborhood. Finally, we apply this model to the study of
the collective behavior of spherical Serratia marcescens bacteria. To our knowledge,
our LEUPderived model is the first that is able to reproduce the experimentallyob-
served collective behaviour interms of average speed and vorticity.

Keywords: Statistical mechanics, Collective cell migration, Pattern formation



A Volterra-series approach to nonlinear dynamics

of the Van der Pol and Duffing oscillator driven

by white noise

Roman Belousov1,2, Florian Berger1, and A.J. Hudspeth1

1 Howard Hughes Medical Institute, Laboratory of Sensory
Neuroscience, The Rockefeller University, New York, NY 10065,

USA
2 Abdus Salam International Centre for Theoretical Physics,

Strada Costiera 11, 34151, Trieste, Italy

Abstract

Two classical mathematical models—the Van der Pol and Duffing os-
cillators—are frequently encountered in physical and biological problems.
Under suitable conditions these nonlinear systems exhibit such prominent
traits as self-sustained oscillations and bistability, respectively. In a re-
curring scenario the Van der Pol or the Duffing oscillator, excited by a
spontaneously fluctuating force, is described theoretically by a stochastic
differential equation. One is then interested in estimating the system’s
parameter values from experimental observations. In the regimes of non-
linear oscillations this problem has not yielded to simple means of anal-
ysis. To determine the parameter values of the stochastic Van der Pol
and Duffing systems, we develop parametric techniques of statistical in-
ference. Our methods are quite simple—similar techniques are used with
linear Langevin models—and can be applied to time series of oscillations
that are usually observed in experiments.
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Driven anisotropic diffusion at boundaries: noise rectification and particle sorting

Stefano Bo and Ralf Eichhorn
Nordita, Royal Institute of Technology and Stockholm University,

Roslagstullsbacken 23, SE-106 91 Stockholm, Sweden

We discuss the diffusive dynamics of a Brownian particle in proximity of a flat surface under
non-equilibrium conditions, which are created by an anisotropic thermal environment with different
temperatures being active along distinct spatial directions. By presenting the exact time-dependent
solution of the Fokker-Planck equation for this problem, we demonstrate that the interplay between
anisotropic diffusion and hard-core interaction with the plain wall rectifies the thermal fluctuations
and induces directed particle transport parallel to the surface, without any deterministic forces being
applied in that direction. Based on current micromanipulation technologies, we suggest a concrete
experimental set-up to observe this novel noise-induced transport mechanism. We furthermore show
that it is sensitive to particle characteristics, such that this set-up can be used for sorting particles
of different size.



Oscillatory force generation in non-equilibrium
systems from peaked energy spectra

Anthony Bonfils∗1, Woosok Moon†1, Dhrubaditya Mitra‡1, and
John S. Wettlaufer§1,2,3

1Nordic Institute for Theoretical Physics, SE-10691 Stockholm,
Sweden

2Yale University, New Haven, USA
3Mathematical Institute, Andrew Wiles Building, University of

Oxford,Woodstock Road, Oxford OX2 6GG, UK

A key to force generation in non-equilibrium systems is encoded in their en-
ergy fluctuation spectra. A non-equipartition of energy, which is only possible
in active or forced systems, can lead to a non-monotonic fluctuation spectrum.
Recently, it has been shown that for a narrow, unimodal spectrum, the force
exerted by a non-equilibrium system on two walls embedded in a system with
such a spectrum oscillates between repulsion and attraction as a function of
wall separation [1]. These results are consistent with the Maritime Casimir ef-
fect, which is driven by wind-water interactions, and with recent simulations
of active Brownian particles. The spectrum is believed to be the solution of a
specific class of Fokker-Planck equations. Taking a hydrodynamic perspective
of Janssen [2], we construct a theory and a numerical basis for the observed
Pierson and Moskovitz spectrum, which underlies the Maritime Casimir effect.

[1] A. A. Lee, D. Vella and J.S. Wettlaufer, Fluctuation spectra and force gen-
eration in non-equilibrium systems, Proc. Nat. Acad. Sci. USA. 114, 9255
(2017).
[2] P. Janssen, Quasilinear approximation for the spectrum of wind-generated
water waves, J. Fluid Mech. 117, 493 (1982).

∗anthony.physth@gmail.com
†woosok.moon@gmail.com
‡dhruba.mitra@gmail.com
§john.wettlaufer@yale.edu
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Active Lévy matter: Hydrodynamic description and linear stability analysis

Andrea Cairoli and Chiu Fan Lee
Department of Bioengineering, Imperial College London, South Kensington Campus, SW7 2AZ, UK

Collective ordered motion emerges spontaneously in several biological systems such as bird flocks, insect swarms
and tissue under dynamic reorganization. This phenomenon is often modeled within the framework of active flu-
ids, where coarse-grained hydrodynamic descriptions typically rely on microscopic models of active self-propelled
particles subjected to alignment interactions and rotational diffusion. However, single-particle anomalous diffusion
characterized by the non-linear scaling of the position mean-square displacement for long times is also widespread
in biology. Superdiffusive dynamics in particular is often observed as it can represent an optimal search strategy for
living organisms in specific environmental conditions. Nevertheless, the collective properties of systems exhibiting
such anomalous diffusive dynamics cannot be captured by current active fluid theories. Here, we formulate a paradig-
matic model where alignment interacting active particles perform superdiffusion manifest as Lévy flights and derive
its hydrodynamic description from first-principles. This hydrodynamic theory generalizes that of conventional active
fluids and similarly predicts characteristic disordered and ordered phases. Linear stability analysis reveals that the
former one is stable against small perturbations and that the banding instability normally observed in the latter one
can be suppressed for sufficiently large system sizes, thus providing a pathway to study the critical behaviour of the
phase transition. This analysis not only highlights the need to define more realistic active matter models integrating
both anomalous diffusive motility and inter-particle interactions but also suggests that these models can shed new
light on the universal properties of active matter.



Weak Galilean invariance as a selection principle for stochastic coarse-grained
diffusive models

Andrea Cairoli
Department of Bioengineering, Imperial College London, South Kensington Campus, SW7 2AZ, UK

Rainer Klages and Adrian Baule
School of Mathematical Sciences, Queen Mary University of London, Mile End Road, E1 4NS, UK

How does the mathematical description of a system change in different reference frames? Galilei first addressed
this fundamental question by formulating the famous principle of Galilean invariance. It prescribes that the equations
of motion of closed systems remain the same in different inertial frames related by Galilean transformations, thus
imposing strong constraints on the dynamical rules. However, real world systems are often described by coarse-grained
models integrating complex internal and external interactions indistinguishably as friction and stochastic forces.
Since Galilean invariance is then violated, there is seemingly no alternative principle to assess a priori the physical
consistency of a given stochastic model in different inertial frames. Here, starting from the Kac-Zwanzig Hamiltonian
model generating Brownian motion, we show how Galilean invariance is broken during the coarse graining procedure
when deriving stochastic equations. Our analysis leads to a set of rules characterizing systems in different inertial
frames that have to be satisfied by general stochastic models, which we call “weak Galilean invariance”. Several
well-known stochastic processes are invariant in these terms, except the continuous-time random walk for which we
derive the correct invariant description. Our results are particularly relevant for the modelling of biological systems,
as they provide a theoretical principle to select physically consistent stochastic models prior to a validation against
experimental data.



Do you remember? Statistical physics approaches to memoryful and prospective
random walkers

Daniel Campos, Axel Masó, Javier Crist́ın and Vicenç Méndez

Grup de F́ısica Estad́ıstica, Universitat Autònoma de Barcelona. 08193 Bellaterra (Barcelona) Spain

FIG. 1. Different levels of biological complexity in the use of
memory for spatial exploration.

An important innovation that emerged at some mo-
ment of biological evolution is active adaptation of or-
ganisms, i.e. the cognitive capacity of living systems to
learn from and respond adaptively to variations in their
surrounding environments. While this capacity can ex-
hibit different levels of complexity (from microorganisms
to humans), it is clear that some sort of memory (stor-
age of information) is required to promote such active
behavior. Furthermore, when memory is combined with

the capacity for nonlocal sampling of the environment
then a new capacity (prospective behavior) can emerge.

A basic task that can be used to study active adapta-
tion and prospection in living systems is spatial explo-
ration (in the context of searches for food, information
foraging, etc). Actually, Y-mazes and similar settings
represent a recurrent paradigm for decision-making in
cognitive biology and neuroscience. Remarkably, such
kind of approaches have recently provided the first evi-
dence of mental simulations prior to execution in cogni-
tive processing of rats [1], a result which challenges the
classical stimulus-response paradigm in biology.

The elementary models statistical physicists typically
use to explore such spatial processes are random walks
[2, 3]. So, introducing the possibility of nontrivial mem-
ory effects (as well as prospection of future trajectories)
on the behavior of random walkers, even at a very basic
level, represents a topic of major interest in the frontier
between physics and biology, though the limitations of
these approaches as predictive tools are evident. In the
present contribution we will (i) report the present state
of the art on the field of random walks with memory,
including self-avoiding walks or walks with relocation to
visited places [4–6] or to reference sites (e.g. nests) [7],
(ii) discuss alternative approaches statistical physics of-
fers for studying this kind of situations, and (iii) present
the experimental approaches that our group is develop-
ing in order to gain knowledge of how living organisms
combine memory and information sampling for efficient
spatial exploration of a domain, in particular for the case
of microorganisms [8], social insects [9, 10] and visual
searches in humans [11, 12].

[1] B.E. Pfeiffer and D.J. Foster. Nature 497, 74-79 (2013).
[2] E.A. Codling, M.J. Plank, S. Benhamou. J. R. Soc. In-

terface 5, 813-834 (2008).
[3] V. Méndez, D. Campos and F. Bartumeus. Stochas-

tic Foundations of Movement Ecology. (Springer-Verlag,
Berlin, 2014).

[4] D. Boyer and C. Solis-Salas. Phys. Rev. Lett. 112, 240601
(2012).

[5] D. Campos, F. Bartumeus and V.. Méndez. Phys. Rev.
E 96, 032111 (2017).

[6] D. Campos and V. Méndez. ArXiv:1808.10673 (2018).
[7] A. Masó, D. Campos and V.Méndez. Phys. Rev. E (in

press).
[8] F. Bartumeus, D. Campos, R. Lloret-Cabot, V. Méndez

and J. Catalan. Ecol. Lett. 19, 1299-1313 (2016).
[9] D. Campos, F. Bartumeus, V. Mndez, J. S. Andrade Jr,

X. Espadaler. J. Roy. Soc. Interf. 20160856 (2016).
[10] R.W. Draft, M.R. McGill, V. Kapoor and V.N. Murthy.

J. Exp. Biol. 221, 182154 (2018).
[11] T.A. Amor, S.D.S. Reis, D. Campos, H. Herrmann and

J.S. Andrade, Jr. Sci. Rep. 6, 20815 (2016).
[12] D. Campos, J. Crist́ın and V. Méndez (in preparation).



Universal features of Transition Path Time

statistics

Enrico Carlon
Soft Matter ans Biophysics, KU Leuven

Abstract

Many stochastic systems fluctuate between two distinct states via some
rapid jumps. A typical example is biomolecular folding which, at least in
simple systems, can be described as a two state transition in a free energy
landscape with two deep wells separated by a high barrier. Transition
paths are the short part of the trajectories that actually cross the barrier.
Despite their very short duration, recent experiments managed to mea-
sure average transition path times and their distribution for the folding
of nucleic acids or proteins. Motivated by these experiments, we have
calculated the full transition path time distribution for a single stochastic
particle crossing a parabolic barrier for several cases including inertial ef-
fects, non-markovian dynamics and for active forces. Despite differences
on the underlying dynamics and noise properties, Transition Path Time
distributions show universal behavior at short and long times which will
be discussed.

References
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Heat transport in trapped BEC
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In this work we study heat transport among two Bose Einstein Conden-
sates (BEC) by means of an open quantum system approach. In particular we
consider a system composed of two harmonically trapped interacting impuri-
ties of Dysprosium immersed in two independent harmonically trapped BEC
of Rubidium kept at different temperatures, that resemble experimentally re-
alizable conditions. The impurities interact through a long range interaction,
in particular through a dipole-dipole coupling. Under suitably controlled as-
sumptions, the dynamics of these impurities can be treated within the frame-
work of the quantum Brownian motion model, where the excitation modes
of the gas play the role of the bath. By solving the relevant Generalized
Langevin equations that describe the equations of motion of the particles
we are able to study the dependence of heat currents and current-current
correlations on the physical parameters of the system. Furthermore, by in-
troducing a periodic driving on the trapping frequencies of the impurities, we
observe the phenomenon of heat rectification, i.e. the unidirectional flow of
heat, hence casting our system a possible setup for the implementation of a
phononic circuit. Motivated by recent developments on the usage of BEC as
platforms for quantum information processing, our work offers an alternative
possibility to use this versatile setting for information transfer and process-
ing, within the context of phononics.

Keywords: Brownian, Phononics, Transport, Long-range, Complex, Langevin,
Non-Markovian



Universal scaling in self-organized bidirectional

flows of walkers

Javier Cristin1, Vicenç Méndez1 and Daniel Campos1
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Autònoma de Barcelona, Spain

Uncovering interaction rules between individuals out of collective movement
patterns represents a major challenge. The analysis of the radial distribution
function in the system provides a possible procedure for this, borrowed from
statistical mechanics. This approach has revealed recently the existence of a
universal scaling in pedestrian flows, provided the potential interaction V (τ) is
conveniently defined in the space of the times-to-collision τ (Karamouzas et.
al. Phys. Rev. Lett. 113, 238701 ). In our work we significantly extend this
result by comparing numerically the performance of completely different rules
of self-avoidance in bidirectional systems and proving that all of them collapse
to a common scaling both in the disordered phase (V (τ) ∼ τ−2) and in the
lane-formation regime (V (τ) ∼ τ−1), so suggesting that these scalings represent
actually a universal feature of self-avoiding bidirectional flows.

From that result we conclude that the same universal feature could emerge
from very different actual pair interactions between the agents. Then using
the spatial/structural properties of the system for uncovering the real rules of
interaction between pairs is meaningless in this context.
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Temperature is not an observable in Superstatistics
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Abstract

Superstatistics [1, 2] is a formalism that attempts to explain the presence of distributions other than the exponential
family (Boltzmann-Gibbs) distributions in Nature, typically of power-law behavior, for out of equilibrium steady states.
Superstatistics postulates that these states arise as a superposition of canonical ensembles at different temperatures, that
is,

P (p, q|S) =

∫ ∞

0

dβP (β|S)

[
exp(−βH(p, q))

Z(β)

]
.

Although sometimes the physical interpretation is one of local thermal equilibrium (LTE) in the sense of an inhomoge-
neous temperature distribution in different regions of space or instants of time, in this work we present our recent proof [3]
of the impossibility in Superstatistics of defining a phase-space function or microscopic observable B(p, q) such that the
sampling distribution of B matches the superstatistical distribution P (β|S) for every possible superstatistical ensemble.

The proof is obtained by imposing full consistency of the superstatistical formalism with the rules of probability thoery.
It follows from this that, unlike energy which is defined by the Hamiltonian phase-space function H(p, q), temperature
is not microscopic observable. Another important consequence of our result is that, in Superstatistics, the identification
of temperature with the kinetic energy is limited to the expectation of β and cannot be used to measure the different
temperatures in LTE or its fluctuations.

[1] C. Beck and E. G. D. Cohen, Physica A 322, 267 (2003).
[2] C. Beck, Continuum Mech. Thermodyn. 16, 293 (2004).
[3] S. Davis and G. Gutiérrez, Physica A 505, 864 (2018).



Topology controlled coarsening in kinetic spin
systems
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The past two decades have seen some surprising results in the curvature driven
coarsening of kinetic spin systems. The naive presumption that quenching to zero
temperature will always result in a ground state is incorrect.

In the Ising model, topologically distinct evolutionary paths can lead to either
homo- or heterogeneous final states [1, 2]. The probability of realising each behaviour
shares a seemingly exact correspondence with the spanning probabilities of continuum
percolation [1–3]. In the square–lattice Potts model, the long–time states are poorly
understood [4]. They include ground states, metastable heterogeneous states and other
non–static configurations that are difficult to characterise due to ultra–slow relaxation
behaviour [4].

We present phase ordering studies of both the Ising and Potts models at zero tem-
perature. The Ising model is discussed in the context of percolation and the multi-
scale similarity of its evolution. We show new results obtained on the triangular–lattice
Potts model at zero–temperature, highlighting previously overlooked long–time fea-
tures. Namely, the q–state triangular–lattice Potts model essentially always reaches a
static configuration and does not share the long–time relaxation issues faced on the
square–lattice [5]. We characterise these final states and quantify the likelihood of
observing them. Finally, we review the bizarre nature of the disparity in these models.

References
[1] J. Olejarz et al. Fate of 2d kinetic ferromagnets and critical percolation crossing

probabilities. Phys. Rev. Lett., 109:195702, Nov 2012.

[2] T. Blanchard and M. Picco. Frozen into stripes: Fate of the critical ising model
after a quench. Phys. Rev. E, 88:032131, Sep 2013.

[3] Leticia F Cugliandolo. Critical percolation in bidimensional coarsening. Journal
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Effect of extra-cellular and intra-cellular environment on chemotactic performance of
an E.coli cell

Subrata Dev and Sakuntala Chatterjee
Department of Theoretical Sciences, S. N. Bose National Centre for Basic Sciences,

Block - JD, Sector - III, Salt Lake, Kolkata 700106, India

In response to a concentration gradient of nutrient, E. coli bacterium modulates the rotational
bias of flagellar motors which control its run-and-tumble motion, to migrate towards regions of
high nutrient concentration. A good performance allows the cell to find the nutrient-rich region
quickly and localize there. Presence of stochastic noise in the biochemical pathway of the cell has
important consequences on the switching mechanism of motor bias. We study how the intracellular
biochemical noise and extracellular nutrient environment affect the chemotactic performance of
the cell. We model the intracellular reaction network in terms of coupled time evolution of three
stochastic variableskinase activity, methylation level, and CheY-P protein level, and show that
there exists an optimal methylation noise at which the chemotactic performance is at its best. We
explain this striking result by detailed analysis of CheY-P protein level statistics for different noise
strengths. We show that when the CheY-P level falls below a certain (noise-dependent) threshold
the cell tends to move down the concentration gradient of the nutrient, which has a detrimental
effect on its chemotactic response. This threshold value decreases as noise is increased, and this
effect is responsible for noise-induced enhancement of chemotactic performance. In the case when
the nutrient chemical also undergoes diffusion and possible degradation in the medium, we find an
optimal nutrient profile which yields the best chemotactic performance. Our analytical calculations
show good agreement with our simulation results.

References:
1. Optimal methylation noise for best chemotactic performance of E. coli, by Subrata Dev and
Sakuntala Chatterjee, Phys. Rev. E 97, 032420 (2018)

2. Optimal search in E. coli chemotaxis, by Subrata Dev and Sakuntala Chatterjee, Phys. Rev.
E 91, 042714 (2015)



Ferromagnetic transition in the presence of
eddy currents

Rogelio Diaz-Mendez1

1 KTH Royal Institute of Technology, Sweden

In the presence of a conducting medium, changes in local magnetization
generate currents that induce magnetic fields which in turn interact with
the magnetic moments in a retarded, nonlocal way. This highly dynamical
scenario has successfully explained some experimental features of magneti-
zation reversal and avalanches of Barkhausen noise. By means of Langevin
simulations and dynamic RG calculations we have studied the thermody-
namical properties of a 2D ferromagnetic system interacting with these eddy
currents. Interestingly, we find that the critical temperature shows a nontriv-
ial dependence, increasing and eventually saturating for large values of the
conductivity. With both approaches the critical exponents seem to remain
unchanged and equal to the pure ferromagnetic case.

Keywords: eddy currents, critical temperature, Langevin dynamics



On the Instabilities of Complex Space Charge Structures in
Low-Temperature Plasma

Dan-Gheorghe Dimitriu
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Investigation of instabilities is still a hot topic in plasma physics because of the applications.
In low-temperature plasma, the instabilities were often associated with the nonlinear dynamics
of complex space charge structures in form of double layers, multiple double layers or fireballs
(firerods, in the presence of an axial magnetic field). These structures consist of ordered ionic and
electronic space charges, their stability depending on the equilibrium between the production
of charged particles (ions and electrons) and their loss by recombination and diffusion. When
this equilibrium cannot be maintained, the structures can pass into a dynamic state, during
which they periodically emerge and disrupt. At the disruptions, bunches of electrons and ions
are periodically released into plasma, triggering low-frequency instabilities.

Here, experimental results were reported on instabilities triggered by the nonlinear dynamics
of complex space charge structures in low-temperature plasma. The complex structures were
investigated in different experimental conditions, plasma parameters being related to the onset
conditions and the behavior of the instabilities. Far from stability conditions, plasma system can
pass into chaotic states through different scenarios (by intermittency or cascade of sub-harmonic
bifurcations). Strongly nonlinear phenomena related to the plasma instabilities, like hysteresis
or negative differential resistance, were also investigated. Nonlinear dynamics methods were
applied to characterize the recorded time series.

Acknowledgments. This project is funded by the Ministry of Research and Innovation
within Program 1 Development of the national RD system, Subprogram 1.2 Institutional
Performance RDI excellence funding projects, Contract no. 34PFE/19.10.2018. Also, this work
was supported by a grant of Ministry of Research and Innovation, CNCS-UEFISCDI, project
number PN-III-P4-ID-PCE-2016-0355, within PNCDI III.
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The role of stochastic fluctuations in abrupt
climate change

Peter Ditlevsen1
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There is rising concern that several subsystems of the Earth may re-
spond highly nonlinearly at critical future levels of anthropogenic forcing;
these levels have recently been associated with tipping points (TPs). The
mechanisms leading to such abrupt transitions are only partly understood,
state-of-art Earth System Models appear to respond too smoothly at TPs
and have difficulties in simulating abrupt transitions that occurred in the
planets history. The most pronounced changes observed, beside the glacial
terminations, are the DansgaardOeschger events. It is thus not known if they
are due to bifurcations in the structural stability of the climate or if they are
induced by stochastic fluctuations. By analyzing a high resolution ice core
record we exclude the bifurcation scenario, which strongly suggests that they
are noise induced and thus have very limited predictability.

Keywords: Stochastic dynamics, Bifurcation theory, Climate change, Noise
induced transitions



Optimal bounds and extremal trajectories for

time averages in nonlinear dynamical systems
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For any quantity of interest in a system governed by nonlinear differential
equations it is natural to seek the largest (or smallest) long-time average among
solution trajectories. Upper bounds can be proved a priori using auxiliary func-
tions, the best choice of which is a convex optimization. We show that the
problems of finding maximal trajectories and minimal auxiliary functions are
strongly dual, i.e., auxiliary functions provide arbitrarily sharp upper bounds
on maximal time averages. They also provide volumes in phase space where
maximal trajectories must lie. For polynomial equations, auxiliary functions
can be constructed by semidefinite programming which we illustrate using the
Lorenz and Kuramoto-Sivashinsky equations.

This is joint work with Ian Tobasco and David Goluskin, part of which
appears in Physics Letters A 382, 382-386 (2018).
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Abstract

An heterogeneous ensemble of Brownian particles governed by the
Langevin equation is considered. The heterogeneity of the ensemble is
characterised by a population of friction coefficients, and some stochas-
tic processes of literature can be recovered for particular choices of this
population [1]. In particular, when the frequency histogram of the fric-
tion coefficients follows a proper power-law, the linear superposition of
these Brownian trajectories converges to the fractional Brownian motion.
This result provides a framework that allows for the study of the physical
characteristics of the stochastic dynamics driving the fractional Brownian
motion, e.g., fluctionation-dissipation theorem, momentum conservation
etc. In this respect, a discussion is given of the recent applications of the
fractional Brownian motion and the related models for modelling anoma-
lous diffusion in biological systems [2, 3, 4].

Keywords: Fractional Brownian motion, heterogeneous ensemble,
Langevin equation, anomalous diffusion, biological systems
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Irreversibility in active matter systems:
Fluctuation theorem and mutual information

Ralf Eichhorn1
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We consider a Brownian particle which, in addition to being in contact
with a thermal bath, is driven by active fluctuations. These active fluctu-
ations do not fulfill a fluctuation-dissipation relation and therefore play the
role of a non-equilibrium environment. Using an Ornstein-Uhlenbeck pro-
cess as a model for the active fluctuations, we derive the path probability
of the Brownian particle subject to both, thermal and active noise. From
the case of passive Brownian motion, it is well-known that the log-ratio of
path probabilities for observing a certain particle trajectory forward in time
versus observing its time-reserved twin trajectory quantifies the entropy pro-
duction in the thermal environment. We calculate this path probability ratio
for active Brownian motion and derive a generalized “entropy production”,
which fulfills an integral fluctuation theorem. We show that those parts of
this “entropy production, which are different from the usual dissipation of
heat in the thermal environment, can be associated with the mutual informa-
tion between the particle trajectory and the history of the non-equilibrium
environment.



Emergence and stability of a Brownian motor

A. Feigel∗

Racah Inst. of Physics, Hebrew University of Jerusalem, Israel

A Brownian motor rectifies thermal noise and creates useful work. Here we address how this
machine can emerge without predefined energy minimum in a system out of thermal equilibrium.
Intuitively, Brownian motor as any artificial or biological machine should degrade with time. I will
show that on contrary, a system with multiple degrees of freedom out of thermal equilibrium can
be stable at a state that generates useful work.

It is demonstrated with the help of ab initio analysis of a modified Feynman-Smoluchowski ratchet
with two degrees of freedom. Out of thermal equilibrium, an environment imposes effective mechan-
ical forces on nanofabricated devices as well as on microscopic chemical or biological systems. Thus
out of thermal equilibrium environment can enforce a specific steady state on the system by creating
effective potentials in otherwise homogeneous configuration space.

I present an ab initio path from the elastic scattering of a single gas particle by a mechanical
system to the transition rate probability between the states of the system with multiple degrees of
freedom, together with the corresponding Masters-Boltzmann equation and the average velocities of
the systems degrees of freedom as functions of the macroscopic parameters of the out-of-equilibrium
environment. It results in Onsager relations that include the influence of the different degrees of
freedom on each other.

An interesting finding is that some of these forces persist even in a single temperature environment
if the thermodynamic limit does not hold. In addition, the spatial asymmetry of the systems stable
state, together with the corresponding directed motion, may possess preferred chiral symmetry. [1]

PACS numbers:

∗Electronic address: sasha@phys.huji.ac.il

[1] A. Feigel, Phys. Rev. E 95, 052106 (2017).



First Passage Time in Gene Regulation with
Time-dependent Reaction Rates
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Gene regulation is an instrinsically stochastic process associated with
bursty mRNA and protein dynamics. In this work we show that different
gene regulation models can be considered to be a birth-death process with
effective time-dependent reaction rates. An important quantity to describe
such stochastic process is the first passage time (FPT), i.e., the time taken
by mRNAs/proteins to reach a particular threshold. From the generalized
birth-death descriptions we calculate the FPT distributions of a population
of cells and estimate its dependence on burst parameters.

Keywords: gene regulation, bursty dynamics, first passage time



Stochastic Lotka-Volterra predator-prey models:

They keep cycling on
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Abstract

The marginal stability of the oscillations exhibited by the Lotka-Volterra
rate equations has been blamed for the apparent failure of stochastic
predator-prey dynamics to replicate a stationary regime of stable oscil-
lations; either of the prey or predator populations typically go extinct
after a finite time.

I will show that a simple modification of the master equation which
adequately accounts for the conservation law underlying the rate equa-
tions is sufficient to prevent extinction. In the large system-size limit, the
observed regime of oscillations is distributed according to the canonical
equilibrium distribution of the “thermalized” rate equations.

Some applications to population ecology will be reviewed.

keywords

• Lotka-Volterra rate equations

• Stochastic jump process
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Fluctuation theorem for quasi-integrable
systems
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Abstract

Quasi-integrable models, i.e., whose Hamiltonian slightly differs
from an integrable one, refer to a large class of physical systems,
e.g., planetary systems, weakly coupled oscillators, and some quantum
chains. Typically, the dynamics of such systems is dictated by a set of
weakly conserved quantities, and consequently, can be characterized
with a Generalized Gibbs Ensemble (GGE). Based on this picture, I
will present a Fluctuation Theorem which describes the large devi-
ations in the approach to equilibrium of an isolated quasi-integrable
system. Implications for a concrete example, the Fermi-Pasta-Ulam-
Tsingou (FPU) chain, will be discussed as well.
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Tackling stability for synchronous- and inverter-based generators with the presence of
resistive terms
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Electrical power-grid system stability is essential to provide robust power to all consumers. The
models for electrical-power transmission for synchronous generators provide an exact description of
power flow and stability requirements for more traditional power grids with mechanical generators.
Higher-order models can describe the voltage and rotor-angle with great accuracy, but can only be
tackled computationally due to the dimensionality of the equations and the size of the network.
A common assumption is to ignore the resistive terms, i.e., line losses and other ohmic elements.
We derive strict mathematical criteria for the stability of the dynamics of power grids comprised of
synchronous machines, without any assumptions on line losses or the topological structure of the
network. These criteria entail a greater detail on the fundamental criteria required to safely operate
power grids, in particular not discarding the influence of dissipative effects. The generality of the
results also permits a flexible application of the criteria to systems of similar nature, for example
inverter power systems. These results are particularly important for the ongoing transitions into a
more renewable-based power system, incorporating a growing number of zero-inertial generators in
the power grid, where stability criteria obtained for the conventional power grid can uncover the
weaknesses when moving into a environment of growing renewable generation.



Complex word networks - comparing and combining

information extraction methods
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Abstract

In addition to traditional statistical and linguistic approaches to automatic keyword and
information extraction from texts and corpora a number of network-based methods have been
suggested in recent years. This poster will present intermediate results of a comparative study
about the practical application of these methods for monitoring developments and trends in
research.

Keywords
Text mining, Word co-occurrence networks, Natural language processing, Keyword extraction



Phase transition in relaxation paths in allosteric

molecules: enzymatic kinetically constrained model
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A hierarchy of timescales is ubiquitous in biological systems, where en-
zymatic reactions play an important role because they can hasten the relax-
ation to equilibrium. We introduced a statistical physics model of interacting
spins that also incorporates enzymatic reactions to extend the classic model
for allosteric regulation. Through Monte Carlo simulations and theoretical
analysis, we found that the relaxation dynamics are much slower than the
elementary reactions and are logarithmic in time with several plateaus, as
is commonly observed for glasses. This is because of the kinetic constraints
from the cooperativity via the competition between enzymes, which tend
to bind to molecules with the limited structure. This inhibits the progress
of the modification reaction. Our model showed symmetry breaking in the
relaxation trajectories that led to inherently kinetic phase transitions with-
out any correspondence to the equilibrium state. We will also discuss the
relevance of these results for diverse responses in biology.
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Using Markovian embedding to calculate heat and entropy
production of systems with memory

Simon M. Hermann∗, Sarah A. M.Loos, Sabine H. L.Klapp,
TU Berlin, Germany

Delays, which are often encountered in complex system, typically stem from
hidden degrees of freedom. In this poster, we look at a class of systems, where
the delay is induced by an external feedback-controller, who constantly mea-
sures the particle’s position and feeds this information back at a later instant
of time. A prototypical example is a Brownian particle in an optical tweezers
setup, but, more generally, also a laser in a cavity, or a stick balanced on the
finger of a man can be seen as a realization of such a delayed control process. To
have a complete thermodynamical description, one has to address the hidden
degrees of freedom. To this end, we use a Markovian embedding technique, i.e.,
we introduce auxiliary variables who mimic the effect of the controller. As a
simple, analytically accessible system, we consider a feedback-controlled Brown-
ian particle in a harmonic potential with Gamma-distributed delay and colored
noise. For the super system, consisting of the particle plus the memory of the
controller, we analytically compute the mean heat and entropy production rate
for different Gamma-kernels, including the limit of an infinitely sharp kernel,
corresponding to a discrete delay. We show that the unidirectional information
flow induced by the feedback-controller inevitably results in a finite entropy
production even without any additional driving of the particle.



Rigidity percolation in random rod packings
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In composite materials research, the widely studied bond percolation problem has
been applied in numerous settings, both experimental and theoretical. Typically, these
composites consist of dielectric polymer and conducting particles—when these parti-
cles become packed with sufficient density to form a giant connected component, the
composite experiences a conductivity phase transition at density ρc

min as its bulk con-
ductance increases by several orders of magnitude. Interestingly, many composites un-
dergo a similar phase transition in mechanical properties at higher particle loading den-
sities. In an experimental study of carbon nanotube (CNT)/polymer composites, Penu
et al. (2012) conjecture that ‘mechanical’ (or ‘rheological’) percolation occurs simul-
taneously with the formation of a ‘rigid CNT network.’ In the current modeling study,
we explore this hypothesis computationally by simulating rod dispersions and using a
novel graph compression algorithm to identify rigid networks within such dispersions.
We study the evolution of a ‘giant’ rigid component in systems of randomly placed and
oriented rods, identifying a rigidity percolation transition through finite size scaling
analysis. Moreover, we determine the dependence of the rigidity percolation threshold
(ρr

min) on rod aspect ratio (α). We show that:
(a) the ratio of the rigidity percolation threshold to the contact percolation threshold is
constant across varying aspect ratio (ρr

min(α) = kρc
min(α) for some k, all α);

(b) the rigidity percolation threshold decreases linearly with aspect ratio (ρr
min(α) ∼

α−1) ;
(c) the threshold agrees well with a simple constraint-counting argument.



Multiscale local porosity theory, weak limits,
and dielectric response in composite and

porous media

Rudolf Hilfer1
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Macroscopic heterogeneity of composite and porous media is analyzed
using weak limits of uniformly bounded measurable functions [1]. The lim-
iting local porosity distributions introduced in [2] are found to be related to
Young measures of a weakly convergent sequence of local volume fractions.
The Young mea- sures determine frequency dependent complex dielectric
functions of multiscale media within a generalized self-consistent effective
medium approximation. The approach separates scales by scale factor func-
tions of regular variation. It renders upscaled results independent of the
shape of averaging windows upon reaching the scaling limit.

[1] J. Math.Phys. vol 59, pages 103511 (2018)
[2] Adv. Chem. Phys. vol. XCII, pages 299424 (1996)

Keywords: porous and composite media, local porosity theory, Young mea-
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Simplicial models of social contagion
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Complex networks have been successfully used to describe the spreading
of diseases in populations of interacting individuals. Conversely, pairwise in-
teractions are often not enough to characterize processes of social contagions,
such as opinion formation or the adoption of novelties, where more complex
dynamics of peer influence and reinforcement mechanisms are at work. Here
we introduce a higher-order model of social contagion in which a social sys-
tem is represented by a simplicial complex and the contagion can occur, with
different transmission rates, not only over the links but also through interac-
tions in groups of different sizes. Numerical simulations of the model on both
empirical data and synthetic simplicial complexes highlight the emergence of
novel phenomena such as a discontinuous transition induced by higher-order
interactions. We show analytically that the transition is discontinuous with
the formation of a bistable region where healthy and endemic states co-exist.
Our results help explain why critical masses are required to initiate social
changes and contribute to the understanding of the role of higher-order in-
teractions in complex systems.

Keywords: social contagions, spreading dynamics, simplicial complexes,
high-order interactions



A whole-brain non-linear dynamical model: simulation of disease states and application of 
nodal excitation for therapy  
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Recent advances in computational power have enabled modeling of large and complex dynamical 
systems previously not possible. One of the most complex and important dynamical networks known to 
man is the human brain, making it an ideal system to target. The development of large-scale 
computational models is not only necessary for the exploration of the holistic functional brain network, 
but also ideal for studying the role of each of its elements in the shaping of healthy brain and its 
functional connectome. Critically, given the nature of these mathematical models it enables the 
simulation of brain diseases and the outcome of potential therapies, such as Transcranial Magnetic 
Stimulation (TMS).        

In this work we used our recently developed nonlinear dynamic-based model of weakly coupled 
oscillations to simulate brain oscillations from structural connectome and noise alone. Our model has the 
unique capacity to reproduce the key features of brain network and dynamics.  First, to construct the 
structural network, we used the diffusion tensor imaging data from the Human Connectome Project (n = 
447, age range: 21-50 yr) and constructed an averaged connection matrix. Next, we fed it to the model 
to synthesize regional activity. Our simulated signals show similar behavior to the empirical 
neuroimaging data (correlation = 0.55). Next, to demonstrate the mimicking of complex brain activity can 
be applied, we fitted it to subjects with Attention-Deficit Hyperactivity Disorder (ADHD, n = 39, age 
range: 21-50 yr) from the University of California LA Consortium for Neuropsychiatric Phonemics study. 
We re-optimized our model parameters for ADHD data such that it could produce functional 
connectome similar to the brain with ADHD in terms of both static and dynamic measures of functional 
connectivity. 

Then, we simulated effects of excitatory brain dynamic similar to TMS on different brain areas by moving 
regime of each targeted area from the stochastic fluctuations’ domain into the oscillatory domain 
through changing the local bifurcation parameter of that region. We mapped the changes in 
static/dynamic functional connectivity patterns that were a function of these stimulations. Finally, we 
applied a representational similarity analysis (RSA) framework to investigate each stimulated areas 
unique contribution in reducing the distance between the ADHD and the healthy connectomes in RSA 
space. Thus, in silico stimulation of different brain areas using this powerful model enables massive 
simulations of potential therapeutic target areas, and can serve as a valuable tool in both understanding 
of the neural dynamics of the healthy brain, and in designing optimal interventions for a wide range of 
brain diseases.  

 

Keyword: nonlinear dynamical model, Whole-Brain, TMS, ADHD, RSA 

 

 

 



Re-examining Einstein’s B coefficient and rate equations with Rabi model
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Starting from the Rabi Hamiltonian, which is useful to get non-perturbative results within the
rotating wave approximation, we have obtained the Einstein’s B coefficient to be time-dependent,
B(t) ∝ |J0(ωγt)|, for a two-level system (atom or molecule) in the thermal radiation field [1]. Here
ωγ is the corresponding Rabi flopping (angular) frequency and J0 is the zeroth order Bessel function
of the first kind. The resulting oscillations in the B coefficient – even in the limit of very small
ωγ – drives the system away from the thermodynamic equilibrium at any finite temperature in
contrary to Einstein’s prediction. The time-dependent generalized B coefficient facilitates a path
to go beyond the Pauli’s formalism of non-equilibrium statistical mechanics involving the quantum
statistical Boltzmann (master) equation. We have obtained the entropy production of the two-level
system, in this context, by revising Einstein’s rate equations considering the A coefficient to be
the original time-independent one and B coefficient to be the time-dependent one.

[1] N. Islam, T. Mondal, S. Chakraborty, and S. Biswas, arXiv:1707.00283v2 (2018)



The effect of environment variability on population establishment

Tom Israeli and Michael Assaf∗
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In many biological and ecological systems population colonization or establishment is affected by
the interplay between intrinsic (or demographic) and extrinsic (or environmental) noise. Here, we
investigate the establishment dynamics of a stochastic population subjected to a noisy environment,
modeled as a time-dependent non-demographic noise. Assuming a constant immigration pressure
along with a strong Allee effect, at the deterministic level one obtains a critical population size
beyond which the system experiences establishment. We examine the influence of environmental
noise on the rate of establishment, on two prototypical examples: a temporary (constant and finite)
change in the environment, and a periodically-varying environment. Employing a semi-classical
approximation we are able to compute, within exponential accuracy, the change in the establishment
probability and mean establishment time of the population, due to the environmental variability. To
test our analytical results, we have implemented a numerical Monte-Carlo code based on the Gillespie
algorithm with explicitly time-dependent reaction rates. Finally, by studying the response of the
network to a time-varying environment, our theoretical approach can be used to study epigenetic
landscapes and switching dynamics in gene regulatory networks.

∗ michael.assaf@mail.huji.ac.il



Singular behaviour of time-averaged stress
fluctuations on surfaces

Masato Itami1 and Shin-ichi Sasa2

1 Fukui Institute for Fundamental Chemistry, Kyoto
University, Japan
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Fluctuations and correlations in fluids have been investigated in the frame-
work of fluctuating hydrodynamics with Faxen’s law or Green’s function
method. However, it remains difficult to calculate time-averaged surface
stress fluctuations in a finite space. Here, we propose a new approach to
calculating the time-averaged stress fluctuations on surfaces by using the
contraction principle [M. Itami and S. Sasa, J. Stat. Mech. (2018) 123210].

We consider a viscous incompressible fluid between two parallel plates,
and study fluctuations of time-averaged shear stress per unit area on the top
plate at equilibrium. We assume that (i) the fluctuating time-averaged stress
is balanced in equilibrium at each position and that (ii) the fluctuating time-
averaged stress obeys a Gaussian distribution on the restricted configuration
space given by (i). Using these assumptions with the GreenKubo formula for
the viscosity, we can derive the large deviation function of the time-averaged
stress fields. Then, using the saddle-point method for the large deviation
function, or the contraction principle, we obtain the surface shear stress
fluctuations. We show that the surface shear stress fluctuations are inversely
proportional to the system size. Thus, we may evaluate the distance between
the plates by only measuring the time- and surface-averaged stress fluctuation
on the top plate at equilibrium.

Keywords: current fluctuations, fluctuating hydrodynamics, large deviation
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Stochastic thermodynamics and information geometry

Sosuke Ito
Universal Biology Institute, the University of Tokyo, JST PRESTO

There is an intimate connection between thermodynamics and information theory, formalizing the concept of en-
tropy. In a recent progress of stochastic thermodynamics, this connection has been discussed in a context of Maxwells
demon. But, this information-thermodynamic connection is not a one-way street: it has been discussed not only in
a context of Maxwells demon, but also in a context of geometry. In information theory, the Fisher information has
a geometrical interpretation, and it leads to differential geometry, i.e., information geometry. To consider thermo-
dynamic interpretation of information geometry, we could newly discuss an information-thermodynamic connection
from a viewpoint of geometry.

Here, I would like to explain our recent results of a information-thermodynamic connection from a viewpoint of
geometry [1-3]. Our first main result is a speed limit for the time evolution of non-equilibrium transition, that is
an uncertainty relationship between thermodynamic cost and the transition speed [1-2]. We obtain several types
of thermodynamic speed limit from geometrical inequalities. Our second main result is the information-geometric
interpretation of the second law and its generalization for the problem of Maxwells demon [3]. The second law of
thermodynamics can be derived from the projection theorem onto the manifold that related to the set of the path
probability for reversible dynamics.

[1] Ito, S. Stochastic thermodynamic interpretation of information geometry. Phys. Rev. Lett., 121(3), 030605
(2018).

[2] Ito, S., & Dechant, A. ”Stochastic time-evolution, information geometry and the Cramer-Rao Bound.”
arXiv:1810.06832 (2018).

[3] Ito, S. ”Unified framework for the second law of thermodynamics and information thermodynamics based on
information geometry.” arXiv:1810.09545 (2018).
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In  many  cellular  processes,  biological  molecular  motors  play  a  vital  role  in  RNA translation  by

ribosomes [2]. Such mechanisms fall under the class of driven diffusive systems, a peculiar class of

non-equilibrium  phenomenon.  To  study  many  physical  and  biological  processes  [4],  the  one-

dimensional  (1-D) stochastic  model  called totally  asymmetric  simple exclusion processes  (TASEP)

emerged  out  to  be  the  basic  model.  Mean-field  (MF)  [3]  theory  being the  generalized  theoretical

approach gained attention to justify the results  for TASEP model.  Experimentally observed, a new

dynamics  based  on  interactions  between  kinesin  motors  bounded  to  a  microtubule  [5]  came  into

picture. This introduction of interactions failed to formulate a compatible mean-field approach with

Monte-Carlo  simulations.  Evidently  it  has  been  experienced  that  during  polymerization-

depolymerization the protein present at the tip of the microtubule experiences a push by the motor

molecules present behind it [1]. The destabilizing activity observed due to the push depends linearly on

the  length  of  the  microtubule.  Motivated  by  the  interesting  biological  phenomenon,  we study the

TASEP model which incorporates interactions with variable-hopping rates (quenched disorder). The

failure  of  mean-field  approach  is  highlighted  and  the  results  are  validated  through  Monte  Carlo

simulations. 

[1] Brun, L., Rupp, B., Ward, J. J., & Nédélec, F. (2009). A theory of microtubule catastrophes and their
regulation. Proceedings of the National Academy of Sciences, 106(50), 21173–21178.
[2]  Chou,  T.,  Mallick,  K.,  &  Zia,  RKP.  (2011).  Non-equilibrium  statistical  mechanics:  from  a
paradigmatic model to biological transport. Reports on progress in physics, 74(11), 116601.
[3]  Derrida,  B.,  Domany,  E.,  &  Mukamel,  D.  (1992).  An  exact  solution  of  a  one-dimensional
asymmetric exclusion model with open boundaries. Journal of Statistical Physics, 69(3-4), 667–687.
[4] MacDonald, C. T.,  Gibbs, J. H., & Pipkin, A. C. (1968). Kinetics of biopolymerization on nucleic
acid templates. Biopolymers: Original Research on Biomolecules, 6(1), 1–25.
[5] Roos, W. H., Campàs, O., Montel, F.,  Woehlke, G., Spatz, J. P.,  Bassereau, P.,  & Cappello, G.
(2008). Dynamic kinesin-1 clustering on microtubules due to mutually attractive interactions. Physical
biology, 5(4), 046004.



Information scan of quantum states based on entropy-power uncertainty relations
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2ITP, Freie Universität Berlin, Arnimallee 14, D-14195 Berlin, Germany

3Department of Physics and Astronomy, University of Sussex, Brighton, BN1 9QH, United Kingdom

In this talk I will use the concept of Rényi-entropy-power-based uncertainty relations to show
how the information probability distribution associated with a quantum state can be reconstructed
in a process that is analogous to quantum-state tomography. I will illustrate this point with the
Cauchy-type heavy-tailed wave functions and Schrödinger’s “unbalanced cat states”, which are of
both fundamental interest and practical use in schemes such as quantum metrology, but are not well
described by standard variance-based approaches. Finally, I will try to cast some fresh light on the
black hole information paradox.

Keywords: Entropy-power, Rényi Entropy, Information scan, Uncertainty Relations, Quantum Mechanics
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The role of adaptive frequency changes in modeling whole-brain oscillations to predict 
regional vulnerability and hazardousness rates 
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Abstract  

The relationship between white matter pathways connecting brain regions, namely structural connectivity (SC) 
and functional connectivity (FC) in the human brain is not straightforward. Studied using whole-brain 
computational modeling based on the realistic SC enable us to simulate signals with temporal co-activation 
patterns highly similar to the empirical FC patterns during resting state. Besides, previous studies have shown 
spontaneous fluctuations in co-activation patterns of distributed brain regions and also a dynamic nature for 
the frequency spectrum of intrinsic brain oscillations. We introduce frequency dynamics into the system of 
weakly coupled oscillators, where each oscillator represents the local mean-field model of a brain region. We 
show that the collective behavior of interacting oscillator systems reproduces the key features of brain network 
and dynamics. Finally, we examine the effects of malfunctions in different brain regions by applying an off-line 
perturbation protocol to our computational model of the brain, where the underlying SC is still preserved. This 
is in contrast to the previous studies in which the effects of lesions are modelled by removing individual 
connections from the SC. Together with presenting a new paradigm for the local vulnerability mapping, we 
evaluate the hazard rate induced by malfunction in a brain area by measuring the graph-driven feature space 
divergence caused after applying the perturbation to that particular region. The analysis of hazard rates 
induced by primary failures of individual nodes provides relevant insights not only into the size of the damage 
inflicted on the network by individual nodes, but also into the potential origins of disease. It is possible that 
failure in a region with large hazardousness, initiates large cascading failures, resulting in the maximum 
distance from the normal brain network. Our findings of vulnerability risks in response to distributed brain 
failures are similar to the observations from the previous clinical studies and thus there is enough reason to 
believe that our in-silico perturbation assessment could provide valuable information for predicting the 
reorganization of functional connectome in response to different brain neurological dysfunctions and focal 
brain damages. Furthermore, we propose a spatial map associated with the regional hazardousness rates, 
which is in good agreement with the known pathophysiologic roles of malfunction in different functional 
subsystems. 

 

 



Social dilemmas in evolutionary games
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In the theory of evolutionary games, pair interactions are often represented by two-player matrix
games that are made up of combinations of just four types of elementary games, each correspond-
ing to a fundamental interaction situation. The four elementary types describe self- and cross-
dependent games, coordination games, and games of cyclic dominance. On my poster, I provide
three brief case studies illustrating how game models with different elementary game compositions
can realize similar phenomena through different mechanisms. Specifically, the poster deals with
how social dilemma situations (players not maximizing their payoffs) may arise in evolutionary
games played by many players located at the sites of a square lattice who repeatedly play the
same two-player game with all of their nearest neighbors and update their strategies following the
so-called logit rule. In the many-player version of the prisoner’s dilemma, the archetypical social
dilemma, the dilemma situation is caused by the difference between the game’s payoff and potential
matrices, a direct consequence of the game having non-symmetric cross- and self-dependent com-
ponents. In a five-player coordination game of competing Ising and Potts components, the game’s
payoff and potential are equivalent, but at certain finite temperatures Ising-type ordering may still
be stabilized even if Potts-type ordering would result in a higher average payoff. Finally, in a game
with a cyclic component that precludes the existence of a potential, it is a seemingly paradoxical
effect of the interplay between the game’s components that creates a social dilemma.



Statistical physics of a foreign exchange market:
kinetic mean-field theory of a stochastic many-body trader model

Kiyoshi Kanazawa
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Macroscopic dynamics of physical systems can be understood from their microscopic dynamics in statistical physics
and one of the most successful frameworks is molecular kinetic theory [1]. For example, the microscopic picture of the
Brownian motion was formulated within kinetic theory mathematically. The standard program of kinetic theory is to
derive the Boltzmann and Langevin equations from the Newton dynamics via the BBGKY hierarchy. This method is
very powerful and has been applied even beyond equilibrium physics, such as to granular and active matters.

In light of its success, it is a natural idea to generalize its framework to social science beyond physics. In this
presentation, we show our recent approach [2, 3] to apply the kinetic framework for a statistical-physics description
of a foreign exchange (FX) market from its microscopic picture. As the fist step, we analyzed high-frequency trading
data which enables us to track all traders individually in an interbank FX market. We then found an empirical
statistical law related to trend-following of individual traders. This empirical law is implemented in a microscopic
model of FX traders as a stochastic dynamical system. By regarding their stochastic differential equations as “the
equations of motion,” we derive the BBGKY hierarchy for this FX market according to the same manner as the
conventional kinetic theory. By assuming “molecular chaos,” we then derive generalized Boltzmann and Langevin
equation for finance, which are solved in the thermodynamic limit. Our theoretical prediction was finally validated
through our data analysis on both mesoscopic and macroscopic levels. Our work highlights the power of statistical
physics for systematic description of socio-economic systems, even beyond physics.

[1] S. Chapman and T. G. Cowling, The Mathematical Theory of Non-Uniform Gases (Cambridge University Press, Cambridge,
1970).

[2] K. Kanazawa, T. Sueshige, H. Takayasu, M. Takayasu, Phys. Rev. Lett. 120, 138301 (2018).
[3] K. Kanazawa, T. Sueshige, H. Takayasu, M. Takayasu, Phys. Rev. E 98, 052317 (2018).



Kinetic theory for Lévy flight in active bacterial suspensions

Kiyoshi Kanazawa
Institute of Innovative Research, Tokyo Institute of Technology,
4259 Nagatsuta-cho, Midori-ku, Yokohama, 226-8502, Japan

The Brownian motion is a ubiquitous phenomenon for a variety of systems and kinetic theory is one of the established
frameworks to understand its microstructure as statistical physics. In addition, there is another universal class of
random motions, called the Lévy flight. The Lévy flight is characterized by the power-law jump size distribution,
which finally leads anomalous diffusion of tracer particles. While microscopic derivation of the Brownian motion has
been established in kinetic theory, microscopic derivation of the Lévy flight has been still missing. In this presentation,
we present the microscopic derivation of the Lévy flight model for a biophysical setup of active swimmers [1]. This
approach is based on a generalization of kinetic theory toward interaction processes with memory kernel.

We consider a passive tracer dynamics in active bacterial suspensions, which was inspired by the experimental
results in Refs. [2, 3]. The active swimmers are assumed to exhibit unidirectional motion and induce hydrodynamic
flow during their swimming. This hydrodynamic flow exerts random force on the passive particle, because of which
the tracer diffusion is greatly enhanced. We develop a systematic mathematical framework to describe such athermal
random process by generalizing the conventional kinetic framework. Assuming that the swimmers distribute dilutely,
the passive tracer is approximately described by colored Poisson process. Here we input the force shape function of
the colored Poisson process as the solution of two-body scattering problem between a tracer and a swimmer. We
finally derive the Lévy flight model as the result of coarse-graining of this colored stochastic model. This work is the
first systematic derivation of the Lévy flight from their physical microscopic dynamics to the best of our knowledge.

[1] K. Kanazawa, T.G. Sano, A. Cairoli, and A. Baule, submitted.
[2] K.C. Leptos, J.S. Guasto, J.P. Gollub, A.I. Pesci, and R.E.Goldstein, Phys. Rev. Lett. 103, 198103 (2009).
[3] T. Kurihara, M. Aridome, H. Ayade, I. Zaid, and D. Mizuno, Phys. Rev. E 95, 030601 (2017).



Popularity and preference of memes for trends
in social networks
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We study the origin of the log-normal popularity distribution of the trend-
ing memes observed in many real social networks. Based on the biological
analogy, we introduce an intrinsic fitness of each meme, which is a natural as-
sumption based on sociological reasons. From the numerical simulations, we
find that the relative popularity distribution of the trending memes becomes
a log-normal distribution when the fitness of the meme increases exponen-
tially. On the other hand, if the fitness grows slowly, then the distribution
significantly deviates from the log-normal distribution. This indicates that
the fast growth of fitness is the necessary condition for the trending meme.
Furthermore, we also show that the popularity of the trending topic grows
linearly. These results provide a clue to understand the long-lasting ques-
tions, such as what causes some memes to become extremely popular and
how such memes are exposed to the public much longer than others.

Keywords: trending meme, intrinsic fitness, log-normal distribution
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Abstract

Scaling has been one of the central concepts in physics, and scaling relations of power law forms have
been explored and found in a diverse array of complex systems including animal bodies, human cities, and
business firms. Recent studies further suggest that scaling relations in complex systems might not be restricted
to dependency between two variables but extend to multi-variate relations. However, physicists has not yet
unravelled the origin of such relations for most of the real systems. In order to reveal the dynamical origin of
scaling relations, here we analyse the dynamics of business firms in the three-dimensional phase space whose axes
represent measures of firm size that conform to multiple scaling relations. To this aim, we exploit a large-scale
dataset of the annual sales, the number of employees, and the number of direct trading partners of nearly one
million Japanese business firms annually for 22 years. We visualise the mean flows in the phase space by drawing
flow diagrams. Remarkably, both the curve and surface that represent previously known scaling relations are
close to stable zones of the mean flows. Dissipation rates of firms are also found to differ by the location in
the phase space, and are consistent with the stability of scaling relations. These results highly suggest that the
scaling relations originate from the stable state of the system.
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The dependence of entropy production and
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Abstract

For a given physical process, we use the term “thermodynamic cost”
to refer to the drop in system entropy plus any linear function of the ini-
tial distribution of the process. Important examples of thermodynamic
costs include entropy production (EP), nonadiabatic EP, and change in
nonequilibrium free energy, among others. We study how the thermody-
namic cost of a given physical process depends on the initial distribution p
of that process. Specifically, we define the “mismatch cost” of p as the ther-
modynamic cost when a process is run with p, beyond the cost incurred
by the ‘best’ initial distribution q which minimizes the cost. For any ther-
modynamic cost, we show that the mismatch cost is equal the drop in
Kullback-Leibler divergence between p and q. We also show that mis-
match costs obey a fluctuation theorem, allowing us to state an exponen-
tial upper bound on the probability of achieving lower cost when starting
with p rather than q. Our results demonstrate a universal information-
theoretic structure underlying the dependence of thermodynamic costs on
the initial distribution.

1



Classification of complex systems by their
sample-space scaling exponents
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The nature of statistics, statistical mechanics and consequently the ther-
modynamics of stochastic systems is largely determined by how the number
of states W(N) depends on the size N of the system. Here we propose a scal-
ing expansion of the phasespace volume W(N) of a stochastic system. The
corresponding expansion coefficients (exponents) define the universality class
the system belongs to. Systems within the same universality class share the
same statistics and thermodynamics. For sub-exponentially growing systems
such expansions have been shown to exist. By using the scaling expansion this
classification can be extended to all stochastic systems, including correlated,
constraint and super-exponential systems. The extensive entropy of these
systems can be easily expressed in terms of these scaling exponents. Systems
with super-exponential phasespace growth contain important systems, such
as magnetic coins that combine combinatorial and structural statistics. We
discuss other applications in the statistics of networks, aging, and cascading
random walks. Related publication: New J. Phys. 20 (2018), 093007.

Keywords: scaling expansion, generalized entropies, super-exponential sys-
tems
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Abstract

Dynamical processes in statistical physics are predominantly Marko-
vian, at least within a sufficiently high-dimensional setting. However,
single-particle experiments in fact probe functionals of lower-dimensional
projected dynamics, which typically turns out to be non-Markovian. While
the statistical behavior of functionals of trajectories of Markov processes
is meanwhile rather well understood, much less is known about the respec-
tive behavior in non-Markovian systems. We will present rigorous results
for fluctuations and two-tag correlations of bounded additive function-
als of ergodic Markov processes having a diagonalizable propagator. Our
results relate the statistics of functionals on arbitrary time-scales to the
relaxation eigenspectrum. As an application, we will present exact results
for one- and two-tag local times in single-file diffusion (SFD), which is
central to several phenomena, i.e. the transport in biological channels. In
SFD individual particles diffuse in a narrow, effectively one-dimensional
channel, which prevents their crossing. Tagging the trajectory of a partic-
ular particle corresponds to a projection to a one-dimensional system and
introduces a persistent memory. Our analytical results unveil the intricate
meaning of such a projection-induced memory on a trajectory level and
allow for a detailed analysis of related experiments.
[1] Alessio Lapolla and Aljaž Godec New J. Phys. 20 113021, 2018
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Mechanical and strangeness-diffusive instabilities in the nuclear
equation of state
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The proposal that multistrange clusters could be a metastable or even an absolutely stable state
at finite chemical potential and low temperature has stimulated substantial activity. By considering
a fluctuation of the strangeness concentration of strongly interacting matter, we study a finite density
phase transition characterized by pure hadronic matter with both mechanical instability (fluctuations on
the baryon density) that by chemical-diffusive instability (fluctuations on the strangeness concentration).
The main goal is to investigate how the constraints on the global conservation of the baryon number,
electric charge fraction in the presence of Delta-isobar degrees of freedom, hyperons, and strange mesons,
influence the behavior of the equation of state in a regime of finite values of baryon density. It turns
out that in this situation hadronic phases with different values of strangeness content may coexist, with
several implications in hypernuclear physics.
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Fiorentino, Italy
2 Istituto Nazionale di Fisica Nucleare, Sesto Fiorentino, Italy
3 Centro Interdipartimentale per lo Studio delle Dinamiche Complesse, Sesto Fiorentino,
Italy
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Abstract

The intergenic regions (IGRs) of DNA lay upstream of a given gene and contain the information required
for transcriptional initiation and regulation. The first problem we have to deal with is the definition
of a suitable procedure for identifying intergenic sequences (IGSs), whose structural properties can be
assimilated to promoter sequences in eukaryotes. At its most fundamental level, their function is to
process information about the status of the cell and, accordingly, regulate gene’s expression. In this
work we carry out a genome-wide analysis targeted to identifying shared features among IGSs, so as to
shed light on the subtle interplay between structure and related functions. In shall in particular focus
on IGSs in bacteria (specifically the Escherichia Coli). To this aim, we have analyzed the IGSs in their
entirety and assessed their degree of similarity, as quantified through dedicated alignment algorithms.
The similarity scores are arranged in a matrix which is then analyzed via spectral clustering techniques.
Different clusters point to distinct structural properties of the associated units. Since every IGS expresses
a gene or an operon (a functioning unit of DNA containing a set of genes transcribed simultaneously), it is
tempting to trace the classification back to the level of the genes. With the help of STRING, a biological
database of known and predicted protein-protein interactions, we can build, and consequently study,
different networks: the nodes stand for the proteins and the edges represent the predicted functional
associations (i.e. co-occurrence, co-expression).



Gross domestic product growth rates as
confined Lvy flights

Sandro Lera1

1 Masachussetss Institute of Technology, United States

A model that combines economic growth rate fluctuations at the micro-
scopic and macroscopic levels is presented. At the microscopic level, firms
are growing at different rates while also being exposed to idiosyncratic shocks
at the firm and sector levels. We describe such fluctuations as independent
Lévy-stable fluctuations, varying over multiple orders of magnitude. These
fluctuations are aggregated and measured at the macroscopic level in av-
eraged economic output quantities such as GDP. A fundamental question is
thereby to what extent individual firm size fluctuations can have a noticeable
impact on the overall economy. We argue that this question can be answered
by considering the Lévy fluctuations as embedded in a steep confining po-
tential well, ensuring nonlinear mean-reversal behavior, without having to
rely on microscopic details of the system. The steepness of the potential well
directly controls the extent to which idiosyncratic shocks to firms and sectors
are damped at the level of the economy. Additionally, the theory naturally
accounts for business cycles, represented in terms of a bimodal economic out-
put distribution and thus connects two so far unrelated fields in economics.
By analyzing 200 years of U.S. gross domestic product growth rates, we find
that the model is in good agreement with the data.

Keywords: Levy Flights, GDP distributions, bimodal-distribution



A Problem in Human Dynamics: Computing the Population

Density of a Room - An Abstract

Mark Levene mark@dcs.bbk.ac.uk and Trevor Fenner trevor@dcs.bbk.ac.uk

Birkbeck, University of London, London WC1E 7HX, U.K.

Human dynamics and sociophysics suggest statistical models that may explain and provide
us with better insight into social phenomena [FLL15, FLL18]. Here we tackle the problem of
determining the distribution of the population of a room over time, by modelling the dynamics
of agents entering and exiting the room as a birth–death process.

We assume that the room has capacity C and that the population in the room at time
t is X = Xt. We also assume two positive parameters α and β, with β ≥ α, respectively
corresponding to preferences the agents may have regarding entering and exiting the room,
given that its population is X. We thus define

λ(X) = α

(
1 − X

C

)
and µ(X) = β

(
X

C

)
, (1)

where λ(X) denotes the birth rate, i.e. the rate at which an agent enters the room, and µ(X)
denotes the death rate, i.e. the rate at which an agent exits the room. The intuition behind
(1) is that when the room population, X, is small relative to its capacity, C, then an agent is
more likely to enter the room, and correspondingly, when X is close to C the agent is more
likely to exit the room.

We can now model the birth-death process as a mean reverting stochastic differential
equation. Setting ρ = αC and assuming that β − α = 1, we obtain the equilibrium density,

f(x) = κ (x+ ρ)4ρ(α+1) exp
(
− 2(2α+ 1)(x+ ρ)

)
, (2)

for some positive constant κ. It can be seen that f(x) is gamma distributed with shape
γ = 4ρ(α+ 1) + 1, rate λ = 2(2α+ 1), and location ν = −ρ.

In the full paper we demonstrate the model with simulations providing numerical approx-
imations. We also provide a restricted extension to multiple types of agents.
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Negative Specific Heat induced by destabilization of Metastable states in Long-Range
Dipolar Systems
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Dipolarly coupled three dimensional spin systems are studied in both microcanonical and canoni-
cal ensembles. Appropriate temperature measurement tools have been tested to analyze the system
within the microcanonical ensemble while a heat bath model has been developed for the realization
of thermal equilibrium in order to monitor within the canonical ensemble. It is shown that the
system displays all the properties characterizing long-range interacting systems, especially ergod-
icity breaking and presence of negative specific heat while the transition process between differ-
ent microcanonical states and, in the canonical ensemble, emergence of partially antiferromagnetic
quasi-stationary states, that are very robust against thermalization process.



Stochastic thermodynamics of time-delayed systems via a
Markovian embedding

Sarah A. M. Loos∗, Simon M.Hermann, Sabine H. L.Klapp,
TU Berlin, Germany

Stochastic thermodynamics provides a consistent description of a wide class
of Langevin systems, but the Markov assumption is often crucial [1]. While some
non-Markovian systems have indeed been studied in great detail, the important
case of a feedback control with a discrete delay is still insufficiently understood.
The thermodynamical description of nonlinear delayed systems turns out to be
particularly challenging [2,3].
In this talk, I will consider the paradigmatic example of a Brownian particle in
a doublewell potential subject to time-delayed feedback, in its non-equilibrium
steady state. We use different strategies to tackle the technical challenges arising
due to the delay, such as closure schemes for the Fokker-Planck hierarchy [4] and
a Markovian embedding technique. Therewith we find an unavoidable heat flow
induced by the control, which shows that the feedback inevitably cools down or
heats up the system [2]. Considering the total entropy production, we identify
an entropic contribution due to the memory, which diverges in the case of error-
free measurement as well as in the case of a perfectly sharp (delta-peaked) time
delay.

[1] U. Seifert, Rep. Prog. Phys. 75, 126001 (2012).
[2] S. A. M. Loos and S. H. L. Klapp, Sci. Rep., in press (2019).
[3] M. L. Rosinberg, T. Munakata, G. Tarjus, PRE 91, 042114 (2015).
[4] S. A. M. Loos and S. H. L. Klapp, PRE 96, 012106 (2017).
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Structure, size and statistical properties of chaotic

components in a mixed-type Hamiltonian system
ČRT LOZEJ and MARKO ROBNIK
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Generic Hamiltonian dynamical systems are neither integrable nor fully chaotic and
the phase space is divided into various invariant components. Typically, the chaotic
component, known as the chaotic sea, surrounds an infinite number of Kolmogorov-
Arnold-Moser (KAM) islands [1]. The chaotic component thus exhibits a very com-
plex structure as well as the phenomenon of stickiness [2]. This poses a serious
obstacle in determining the size of the chaotic component, a parameter also relevant
in the study of the spectra of the equivalent quantum system in the semiclasical limit
[3, 4, 5]. We will present a method of analysing the structure, size and statistical
properties of the largest chaotic component applied to a single parameter family of
billiards [6, 7]. The phase space is divided into a grid of cells and the dynamics of
the cell filling is compared with the so-called random model [8]. We will show that
due to the stickiness the random model fails to describe the cell filling dynamics.
Certain properties like the distribution of cell occupancies and average cell return
times are still well described with the random model, which enables us to determine
the size of the chaotic component. The deviations of cell return times also allow us
to identify sticky areas in the phase space.
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Nonequilibrium phenomena in lattice
run-and-tumble dynamics

Emil Mallmin1

1 University of Edinburgh, United Kingdom

The theory of Markov jump processes offers a simple framework in which
core concepts of nonequilibrium physics can be precisely defined and probed
by analytically tractable models. I will present recent results on run-and-
tumble particles, which hop on a 1D lattice along a direction that alternates
stochastically with a rate ω. The breaking of detailed balance leads to a
rich spectral structure of the dynamics with a critical dependence on ω. For
one particle, as well as for two interacting via hardcore exclusion, there is a
real-complex transition of the spectrum, branch-point type eigenvalue cross-
ings, and non-analyticities in the dominant relaxation time, i.e. a form of
dynamical phase transition. Furthermore, the full two-particle solution has a
novel form that can be described as a modified Bethe ansatz. Finally, I will
discuss the large deviation statistics of RTPs, in relation to the parameter ω.



Efficiency fluctuations in microscopic machines

Sreekanth K. Manikandan1

1 Stockholm University, Sweden

Nanoscale machines are strongly influenced by thermal fluctuations, con-
trary to their macroscopic counterparts. As a consequence, even the effi-
ciency of such microscopic machines becomes a fluctuating random variable.
Using geometric properties and the fluctuation theorem for the total entropy
production, a “universal theory of efficiency fluctuations” at long times, for
machines with a finite state space, was developed in [Verley et al., Nat. Com-
mun. 5, 4721 (2014); Phys. Rev. E 90, 052145 (2014)]. We extend this the-
ory to machines with an arbitrary state space. Thereby, we work out more
detailed prerequisites for the “universal features” and explain under which
circumstances deviations can occur. We also illustrate our findings with ex-
act results for two non-trivial models of colloidal engines.

Keywords: Non equilibrium thermodynamics, Stochastic thermodynamics,
Colloidal heat engines



New results on the transition to/from turbulence

in channel flow
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Abstract

On its way to/from turbulence, channel flow displays a fluctuating pat-
tern of alternating laminar and turbulent bands. We report the results
of direct numerical simulations of the Navier-Stokes equations. Previous
conflicting observations are reconciled by noting that the two-dimensional
directed percolation scenario expected for the decay of turbulence may be
interrupted by a symmetry-breaking bifurcation favoring localized turbu-
lent bands. At the other end of the transitional range, a preliminary study
suggests that the laminar-turbulent pattern leaves room to a featureless
regime beyond a well defined threshold to be determined with precision.



Using the Genetic Algorithm to Estimate
Kinetic Parameters of Klotho Network

Malvina Marku 1 and Margarita Ifti 1
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Discrete and hybrid models have been successfully used to model and
study the dynamics of a variety of regulatory systems, from gene regulatory
to metabolic systems. Although simple, they provide important qualitative
information about the long term behaviour of the system under different ini-
tial conditions. In this work we apply these models to study the dynamics
and stability of the calcium and phosphate homeostasis system, with a spe-
cial focus on the role of Klotho protein in this regulation. We then use this
information to find the linearized matrix of coefficients in the neighbourhood
of fixed point with the help of genetic algorithm applied on semi-random
matrices. Thus we are able to estimate the values of the kinetic parameters
of interaction in the vicinity of fixed points of the system. The main scope of
this work is two-fold: firstly, we generalize a regulatory system as an ecolog-
ical system, described through the Lotka-Volterra model, and secondly, we
introduce a methodology how we can approach the continuous model, when
starting from a discrete description.

Keywords: Ca/P homeostasis, Boolean model, hybrid model, genetic algo-
rithm, parameter estimation



Random walks with resetting as a model for animal
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Abstract

The quantification of the home range of an animal or a group of an-
imals (or even an entire species) is crucial to prevent local (or global)
ecological disasters. This magnitude, which measures the area where an
animal may be found with a high probability, has long been studied by
ecologists for different types of animals in their habitats. However, most
of these models are data-oriented. From a physical perspective, on one
hand, diffusion-convection equations have been proposed to model the
fundamental mechanisms generating the appearance of home ranges. On
the other hand, random walks with stochastic resetting (see [1-3]) can be
naturally seen as the underlying process generating an area around the
resetting position where the walker can be found with high probability.
In this presentation, we aim to discuss the pros and cons of both physical
perspectives by focusing on the stochastic resetting models in our recent
works [2-3]. In [2], we studied from a general perspective the appearance
of a finite size area around the resetting position. Otherwise, in [3] we
introduce a residence period after the resetting to model the time animals
spend in the nest before starting another trip. We observe an interesting
competition between the reset time pdf and the residence time pdf which
may modify the transport regime of the process.
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ting. Physical review letters 106, 160601 (2011)
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Dynamical characteristics of earthquakes time distribution 

T. Matcharashvili,  N. Zhukova, E. Mepharidze, A. Sborshchikovi 

M. Nodia Institute of Geophysics, Tbilisi State University, Tbilisi, Georgia 

We have investigated dynamical features of the temporal distribution of earthquakes, based 

on earthquakes catalogues of southern California and Caucasus. The analysis of earthquakes' time 

distribution is one of the most important tasks of contemporary geophysics and geocomplexity in 

particular. In spite of intense interest to the problem the question how the regularity of seismic 

process is changed over time, still remains unanswered. 

In the present research data sets of inter earthquake time intervals have been analyzed using 

different methods of modern complex data sets analysis. Data sets have been assessed from: 

frequency, recurrence, entropy, scaling features and algorithmic complexity point of views. 

Additionally we have used calculation of integral deviation times from the time distribution of 

regular markers, which is useful for the not perfect quality and often not enough long seismic data 

sets.  By all these methods we wanted to answer the question of how and when the dynamics  of 

earthquakes time distribution approaches to randomness. Both, original inter-event data sets, from 

mentioned above earthquake catalogues, as well as simulated data sets with predefined dynamical 

structures have been analyzed. 

It was found, that the extent of the order in earthquakes time distribution, is fluctuating 

over the catalogues time span. Particularly, we showed that the process of earthquakes’ time 

distribution becomes most random-like in periods of relatively decreased local seismic activity. 

The most important is that the extent of randomness never reaches its maximum in periods 

immediately prior to strongest earthquakes. 

Documented in the frame of our researches variability of the degree of an order in the 

dynamics of temporal distribution of earthquakes is more important in the light of the fact that by 

many authors of seismic process is still regarded as completely random, changes in dynamical 

structure of which can not be quantified. 

Acknowledgements. This work was supported by Shota Rustaveli National Science Foundation (SRNSF), 

grant 217838 “Investigation of dynamics of earthquake’s temporal distribution”. 

 



Demographic fluctuations in population
dynamics
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Demographic fluctuations play a crucial role on population dynamics. By
using the Master equation for markovian processes we propose a variety of
individual interactions that give rise to the Verhulst equation, the generalized
logistic equation or the population growth equation under Allee effects in
the mean field limit. A link between macroscopic parameters (reproductive
fitness, carrying capacity, ...) and microscopic parameters (birth and death
rates, competition rates, ...) is established. We also study the conditions for
population extinction or persistence in these cases and find the mean time
to extinction by using the WKB theory.

Keywords: demographic fluctuations, internal noise, population growth,
population extinction



Optimizing ab initio DFT simulations by machine learning methods
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Numerical ab initio DFT methods have proven to be some of the most successful ways of accurately and efficiently
determining material properties. Although unquestionably useful, they are hindered by high computational costs and poor
scaling that  only make them practically applicable to systems of at  most hundreds of atoms. In recent years,  different
machine learning (ML) methods have been successfully used to dramatically speed up computing times for a wide variety
of problems, including DFT simulations. In our current work, we employed neural network algorithms in order to predict
the energy gaps (differences between HOMO and LUMO energies) for graphene nanoflakes with embedded hexagonal
boron nitride domains. Different features are tested in order to better pre-process the inputs and several network parameters
are investigated in order to increase the accuracy of the simulation output. In addition, we also investigate the possibility of
predicting the electron ground state density n0(r) directly from the nuclear potential. This mapping is of high importance
since n0(r) directly determines all material properties that are of interest and, in this context, would present a substantial
computational speedup. 



Optimizing dissipation in active matter:

Dynamical phase transitions, clustering and collective motion

T. Nemoto,1 É. Fodor,2 M. E. Cates,2 R. L. Jack,2 and J. Tailleur3

1 ENS Paris, 2 University of Cambridge, 3 Université Paris Diderot

In contrast with systems driven by an external field, energy dissipation in active matter
is local and independent for each particle. This leads to new dynamics and phases, such
as clustering with purely repulsive interactions and collective directed motion. While these
phenomena have been studied extensively, understanding how the local dissipation affects
the collective dynamics, and its connection with entropy production [1, 2], has remained an
elusive goal.

Based on methods of large deviations, we explore how tuning the dissipation modifies the
emerging collective behavior. This amounts to a change of ensemble where individual tra-
jectories are biased in terms of their dissipation. By deriving an auxiliary dynamics which
effectively realizes the dissipation bias, we put forward a microscopic mechanism which pro-
motes clustering at low dissipation [3]. Moreover, the direct sampling of the biased ensemble
reveals the emergence of a collective moving state at high dissipation despite the absence
of aligning interactions [4]. We combine heuristic and analytic arguments to rationalize the
dynamical phase transitions between these states.

Overall, our results shed a new light on the control of collective properties by local dissipa-
tion. They open the door to the search of new phases and dynamics, as well as unexpected
transitions between them, in biased ensembles of active matter.

[1] É. Fodor, C. Nardini, M. E. Cates, J. Tailleur, P. Visco, and F. van Wijland, How far
from equilibrium is active matter?, Phys. Rev. Lett. 117, 038103 (2016)
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character of active matter, Phys. Rev. X 7, 021007 (2017)
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Robustness of Griffiths effects in homeostatic connectome
models

Géza Ódor
MTA-MFA-EK, Centre for Energy Research of the Hungarian Academy of Sciences,

H-1121 Budapest, P.O. Box 49, Hungary

I provide numerical evidence for the robustness of the Griffiths phase (GP) reported previ-
ously in dynamical threshold model simulations on a large human brain network with N=836733
connected nodes [1]. The model, with equalized network sensitivity [2], is extended in two ways:
introduction of refractory states or by randomized time-dependent thresholds. The nonuniversal
power-law dynamics in an extended control parameter region survives these modifications for a
short refractory state and weak disorder. In case of temporal disorder the GP shrinks and for
stronger heterogeneity disappears, leaving behind a mean-field type of critical transition. Activity
avalanche size distributions below the critical point decay faster than in the original model, but
the addition of inhibitory interactions sets it back to the range of experimental values [3].
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[2] G. Ódor, Critical dynamics on a large human Open Connectome networ, Phys. Rev. E 94,
(2016) 062411.
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Extended correlations in the critical superheated solid
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Abstract

Metastable states in first-order phase transitions can reveal interesting behavior about several kinds of model systems in
statistical mechanics [1], including spin systems such as Ising [2] and Potts models [3], cellular automata and interatomic
potentials in condensed matter systems. These metastable states are commonly reached via microcanonical simulation [4]
outside equilibrium conditions (using either Monte Carlo or molecular dynamics methods) and in them, despite usually
being associated with second-order phase transitions, long-range correlations due to collective effects are also present [5]
even in systems with short-range interactions.

In this work we show the existence of extended potential energy correlations between atoms in a microcanonical
superheated Lennard-Jones crystal [6] prior to spontaneous, homogeneous melting.

Our result suggest that the cooperative movement made possible by the presence of vacancy intersticial pairs above the
melting temperature [7, 8] induces effective long-range interatomic forces even beyond the fourth neighboring layer.

These extended correlations provide a possible signature of the critical superheated solid state that preceeds the spon-
taneous collapse of the crystal.
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Effect of collective rewiring process in inter-firm trading networks
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We present a model describing the steady state and the time-evolution of inter-firm trading
networks. The model consists of the following three processes: node creation, node annihilation,
and collective rewiring of links, which is an extension of the stochastic actor-oriented model [1].
The scaling exponent for the power-law distribution of degree is dominated by the probability of
the collective rewiring process. The model is in agreement with the empirical data analysis in
the Japanese inter-firm trading network provided by Teikoku Databank, Ltd. The model correctly
gives the power-law distribution of degree, the exponential distribution of the node lifetime, and
the symmetric distribution of the sales growth rate. Here the sales are estimated by the equations
based on the gravity interaction model for the money transport [2]. We show an application of the
model for the estimation of economic indicators and also present a possible extension of the model to
inhomogeneous network systems, e.g. including the effect of the category of industry or the locality
of firms.
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A statistical physics analysis of SAXS and SANS
measurements detects the kinks in DNA predicted by Crick

and Klug in 1975.

Michel Peyrard
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In 1953 J.D. Watson and F.H.C. Crick built a three-dimensional model of the famous
double helix of DNA, which earned them the Nobel Prize [1]. But this discovery did not end
the story of DNA structure. In 1975 F.H.C. Crick and A. Klug proposed a second model,
suggesting kinks in DNA. These sharp angles in the helix have nothing to do with the flexible
joints due to single strand breaking and base-pair opening. They are well defined structures,
connecting two helical segments at an angle of about 95, in which all base pairs are intact
and all bond distances and angles are stereochemically acceptable.

Crick and Klug suggested that such kinks could contribute to the folding of DNA in chro-
matin but they also wondered whether kinks could occur spontaneously in double-stranded
DNA in solution. This question remained opened since 1975 because structure determina-
tions for molecules freely moving in solution are very challenging. Our recent study, combining
small-angle X-Ray and neutron scattering with a statistical physics analysis of the data [3]
showed that kinks can indeed exist in some DNA sequences in solution. This confirms the
intuition of Crick and Klug and opens a new view point on DNA structure. The well known
image of the rigid double helix has to be completed, and for instance viruses might take
advantage of such kinks to pack DNA in their capsides.

The talk will present a brief introduction of the experimental methods and discuss their
analysis which relies on an extended version of the Kratky-Porod polymer model, which adds
torsional rigidity, an essential ingredient to properly describe the structure of DNA fluctuating
in solution. We also show how the radiation damage of DNA by X-rays can actually be turned
to our advantage to provide a control experiment which validates our conclusions. The same
study of another sequence, which does not have kinks but has an enhanced flexibility in a
domain rich in AT base pairs, demonstrates the ability of our method to detect even fairly
small effects in the conformation of DNA in solution.

[1] J.D. Watson and F.H.C. Crick, A Structure for Deoxyribose Nucleic Acid. Nature 171,
737 (1953)
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Kinky DNA in solution: Small angle scattering study of a nucleosome positioning sequence.
Phys. Rev. E 98, 042417-1-10 (2018)



Revisiting thermodynamics with hidden degrees of
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Thermodynamic modelling often presumes that, at the macroscopic level,
the observer has complete information about the flows that circulate in and
out of the system she or he deals with: no parasitic current, exact evaluation
of the forces needed to drive the system out of equilibrium. However, most
often the observer only measures marginal information, or parts of the state
space are hidden. How is she or he to make consistent thermodynamic claims?
Disregarding sources of dissipation might lead to bold claims, such as the
possibility of perpetuum mobile. We show that it is nevertheless possible to
produce an effective description that does not dispense with the fundamentals
of thermodynamics: the 2nd Law, the Fluctuation-Dissipation paradigm, and
the more recent and encompassing Fluctuation Theorem. We base our theory
on the theory of the stochastic thermodynamics of nonequilibrium systems,
introducing a class of ”marginally time-reversed” Markovian generators that
have interesting mathematical and physical properties.
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Correlations in single-file systems
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Transport in single-file geometry (quasi-unidimensional), where particles are not allowed to pass each other,
has long been known to exhibit an anomalous behavior: the motion of a probe submitted to thermal noise
is subdiffusive, and a driven probe moves sub-ballistically. Much attention has been dedicated to one-particle
observables, but only few results have been derived for the correlations between particles although, due to the
geometrical constraints, they play a key role in the physics of the system. To tackle this issue, we develop
theoretical approaches, supported by numerical simulations. We focus on a paradigmatic model: the symmetric
exclusion process (SEP). We are able to derive the time-dependent N-tag probability law of this process in
the high density limit [1], thus obtaining all the multi-particles moments for a system with no bias. The same
approach is used to obtain the time-dependent correlations in a system with one or two biased particles (driven
by an external field). This last result is supplemented by a hydrodynamic description giving the displacements
of an arbitrary number of driven probes [2]. We show that the probes can either move as a whole, or separate
into two groups moving away from each other. This unbinding transition is independent of the microscopic
details.
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Thermodynamics of Quantum Information Flows
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We report [1] two results complementing the second law of thermodynamics for Marko-
vian open quantum systems coupled to multiple reservoirs with different temperatures and
chemical potentials. First, we derive a nonequilibrium free energy inequality providing an
upper bound for a maximum power output, which for systems with inhomogeneous tem-
perature is not equivalent to the Clausius inequality. Secondly, we derive local Clausius
and free energy inequalities for the subsystems of a composite system. These inequalities,
which generalize an influential result obtained previously for classical bipartite systems [2],
differ from the total system one by the presence of an information-related contribution
and build the ground for thermodynamics of quantum information processing. Our theory
is used to study an autonomous quantum Maxwell demon based based on quantum dots.

[1] K. Ptaszyński and M. Esposito, arXiv:1901.01093 (2019).
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Random-walk based interpolations between

centrality measures on complex networks
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Abstract

Centralities, which quantify the “importance” of individual vertices,
are among the most important concepts in network theory. As there are
many ways, in which a vertex can be important, many different central-
ity measures are in common use. These range from the simple Degree
Centrality (i.e., the number of edges incident on a particular vertex), to
the sophisticated ranking algorithms of modern search engines. Here,
we concentrate on versions of the common Betweenness and Closeness
centralities. The former measure the fraction of paths between all pairs
of vertices, which pass through a given vertex; while the latter measure
an average “distance” from a particular vertex to all other vertices. We
demonstrate a method, based on Absorbing Markov Chains, that enables
us to continuously interpolate both of these centrality measures between
one limit, in which all possible paths through the network are considered,
and one, in which only the shortest paths count. The interpolation is in
terms of a Death Parameter , ΠD, for random walkers on the network. For
small ΠD, the walkers can explore all paths, while increasing ΠD gradually
restricts the surviving walkers to exploring only shorter paths.
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Single particle dynamics in nearly jammed
configurations of hard spheres

Rafael Diaz Hernandez Rojas1, Federico Ricci-Tersenghi1,
Parisi Giorgio1
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In this work, we propose to investigate how the local structure of a par-
ticle determines its dynamics, at least for short times. By using a sequential
Linear Programming algorithm we were able to systematically produce iso-
static jammed configurations of hard spheres, for which we verified that many
features of the systems, such as the distribution of forces and density of states
reproduce the behaviours obtained before. Once in the jamming regime, we
shrank the particles radius by a small amount and then performed extensive
molecular dynamics simulations to study the temporal evolution of the sys-
tem’s trajectory. We analysed several a single-particle statistics and found
significant correlations with the forces of the contact network obtained pre-
cisely at jamming. Our results show that the particles dynamics have well
defined distributions for the different values of packing fraction considered
here and that this is a persistent feature during the temporal evolution. By
linking the information from the contact network at jamming with the par-
ticles’ dynamics near to this point, these results provide evidence that the
local structure of a particle strongly determines its mobility.

Keywords: Jamming, Hard spheres, Glassy systems, Inference, molecular
dynamics



Explosive synchronisation on branching hierarchical lattices
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Abstract

We study the transition to synchronisation in hierarchical lattices using the evolution of Chaté-

Manneville maps placed on a triangular lattice. Connections are generated between the layers of

the triangular lattice assuming that each site is connected to its neighbours on the layer below with

probability half. The maps are diffusively coupled, and the map parameters increase hierarchically,

depending on the map parameters at the sites they are coupled to in the previous layer. The system

shows a transition to synchronisation which is second order in nature, with associated critical

exponents. However, the V-lattice, which is a special realisation of this lattice shows a transition

to synchronisation which is discontinuous. This transition can thus be said to belong to the class

of explosive synchronisation with the explosive nature depending on the nature of the substrate.

We carry out finite size, finite time scaling for the continuous transition and analyze the scaling

of the jump size for the discontinuous case. We discuss the implications of our results, and draw

parallels with avalanche statistics on branching hierarchical lattices.
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Competing Universalities in Kardar−Parisi−Zhang Growth Models
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We report on the universality of height fluctuations at the crossing point of two interacting 1 + 1-
dimensional Kardar-Parisi-Zhang interfaces with curved and flat initial conditions. We introduce a
control parameter p as the probability for the initially flat geometry to be chosen and compute the
phase diagram as a function of p. We find that the distribution of the fluctuations converges to the
Gaussian orthogonal ensemble Tracy-Widom (TW) distribution for p < 0.5, and to the Gaussian
unitary ensemble TW distribution for p > 0.5. For p = 0.5 where the two geometries are equally
weighted, the behavior is governed by an emergent Gaussian statistics in the universality class
of Brownian motion. We propose a phenomenological theory to explain our findings and discuss
possible applications in nonequilibrium transport and traffic flow.



Violation of a universal changeover in two-dimensional Potts models
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(Dated: April 23, 2019)

A prevailing belief in statistical physics is that properties of phase transitions are universal.
More precisely, for a given model with finite range interactions, the dimensionality of space and the
symmetries of the order parameter determine the critical behavior of the model. However, while this
universality seems to hold true for the critical exponents when the transition is of second order, we
show that the actual nature of the phase transition, second order or first order, may indeed strongly
depend on the microscopic details, even when only completely local interactions are present.

To demonstrate this phenomenon, we study a ferromagnetic Potts model, where the interaction
involves adjacent lattice faces. We present a novel combinatorial approach, substantiated by ex-
tensive Monte-Carlo simulations, which allows the determination of the critical temperature and
the transition order of the model. Using this approach, it is shown that the model changeovers its
transition behavior.

More precisely, employing the close relation between spin configurations and lattice animals, the
connective constant of self-avoiding walks on the honeycomb lattice and a counting argument, it is
shown that the system undergoes a first order transition for q > 3. Taking qc to be the maximal
integer of a second order transition implies qc ≤ 3. This is in contrast to known cases where qc = 4
which were believed to represent a universal phenomenon. Thus, the universality of qc = 4 is
violated.



Transport, condensation and the quantum Fick’s

law in open quantum systems

Ohad Shpielberg, College de France

Abstract

The Lindblad equation allows to explore general properties of open
quantum systems. Whenever strong decoherence processes are present,
one expects the system to become classical. Namely, the evolution of the
surviving diagonal terms of the density matrix is Markovian. Surprisingly
enough, many interesting aspects of the quantum system can be inferred
from the classical limit. Among which we will explore some transport
properties as well as a condensation transition for interacting quantum
particles. Moreover, we will be interested in a quantum version of Fick’s
law in diffusive open quantum systems.



Tunable mass separation via negative mobility

Jakub Spiechowicz1
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A prerequisite for isolating diseased cells requires a mechanism for ef-
fective mass-based separation. This objective, however, is generally rather
challenging because typically no valid correlation exists between the size of
the particles and their mass value. We consider an inertial Brownian parti-
cle moving in a symmetric periodic potential and subjected to an externally
applied unbiased harmonic driving in combination with a constant applied
bias. In doing so we identify a most efficient separation scheme which is based
on the anomalous transport feature of negative mobility, meaning that the
immersed particles move in the direction opposite to the acting bias. This
work is first of its kind in demonstrating a tunable separation mechanism
in which the particle mass targeted for isolation is effectively controlled over
a regime of nearly two orders of mass-magnitude upon changing solely the
frequency of the external harmonic driving. This approach may provide mass
selectivity required in present and future separation of a diversity of nano
and micro-sized particles of either biological or synthetic origin.

Keywords: Brownian particle, mass separation, negative mobility
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The concept of complex earthquake networks has been attracting much attention. There 

are two different methods of constructing networks from seismic data: one is of Abe and 

Suzuki (AS) [1] and the other is of Baiesi and Paczuski (BP) [2]. The point is that the BP 

method is based on the work of in [3], which claims a unified scaling law for waiting 

times for earthquakes, i.e., given an event in a spatial cell, after how much conventional 

time the earthquake occurs in the cell next. Soon after the work in [3], it has been found 

[4] that actually such a "unified" scaling law depends on data sets and is therefore not 

universal. In this Talk, we show that there certainly exists a unified scaling law if 

internal time termed "event time", which labels events, is employed. In contrast to the 

conventional waiting time, the waiting event time obeys power-law statistics [5]. This 

implies the existence of temporal long-range correlations for the event time with no 

sharp decay of the crossover type claimed in [3]. The law turns out to be universal since 

it takes the same form for seismicities in California, Japan and Iran. In particular, the 

parameters contained in statistics take the common values in all these geographical 

regions. This fact explains why the AS networks based on event time possess many 

properties universal for different data sets, whereas the BP ones do not. 
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Conductive transparent films with rod-like fillers:

Monte Carlo simulation

Yu. Yu. Tarasevich∗, I. V. Vodolazskaya, A. V. Eserkepov

Astrakhan State University, Astrakhan, Russia, 414056

Nanowires (NWs), nanotubes (NTs), and nanorods (NRs), i.e., conductive
elongated objects with high aspect ratio may form a random resistors network
(RRN) inside a poorly conductive host matrix. The aspect ratio of metallic
NWs or carbon NTs are of the order of hundreds or even thousands. Length
dispersity is common for NWs, NTs, and NRs. In addition, the alignment of such
elongated objects can be realized in various ways. Both the length dispersity
and the alignment affect the electrical conductivity of the RRNs. Thin films
with elongated conductive fillers with a high aspect ratio can have both high
electrical conductivity and excellent optical transparency. These features led to
the widespread use of such composites in transparent conductors, transistors,
sensors, and flexible and stretchable conductors [1].

Two approaches are widely used to calculate the electrical conductivity of
2D composites. Within the first one, a composite is divided into cells; each cell
is replaced by a set of conductors [2]. Thus, the 2D composite is transformed
into a RRN with a regular structure while resistivities are randomly distributed.
Within this approach, both the conductivity of the host matrix and the con-
ductivity of the fillers are taken into account. Concentrations of fillers may be
both less and greater than the percolation threshold [3, 4]. By contrast, within
the second approach, the host matrix is completely ignored; conductive fillers
form a RRN of irregular geometry while the resistivity of each resistor is the
same (see, e.g., [5]).

As far as we know, for the case of anisotropic RRNs consisting of rods with
a length dispersion, a comparison of the two approaches is not presented in the
literature yet. In this study, we tried to perform such a comparison. Above the
percolation threshold, electrical conductivity calculated in the discrete approach
tends to electrical conductivity calculated in the continuous approach when the
cell size tends to zero. In addition, using both approaches, we investigated the
effect of the dispersion of the length of the filler and their angular distribution
on the electrical conductivity and transmittance of 2D composites with rod-like
fillers.

The research is funded by the Ministry of Science and Higher Education of
the Russian Federation, Project No. 3.959.2017/4.6.

∗tarasevich@asu.edu.ru
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Entropy-driven pattern formation of elongated

particles on a square lattice

Yu. Yu. Tarasevich∗

Simulation of random walk of rectangular particles of two mutually perpen-
dicular orientations and a hard-core interaction between the particles on a square
lattice with periodic boundary conditions exhibited a pattern formation [1, 2, 3].

Final patterns depend of a particle movement rule. When the particles are
“blind”, i.e., a particle randomly chooses one of the four possible directions and
attempts to shift in this direction; if the attempt is unsuccessful, other particle
attempts to move [4], a segregation of particles of two mutually perpendicular
orientations is observed [3].

When the particles are “myopic” or “smart” [5], i.e., a particle goes through
all four directions in a random order until the first successful attempt to shift or
until all four directions are exhausted, a formation of stable diagonal domains
may occur [1, 2, 6, 7].

Due to a hard-core interaction between the particles, the self-organization of
particles is entropy-driven. In its initial state, a particle has less possibilities to
change its location in comparison with any succeeding state [8]. Different ways
to estimate the entropy including entropy of two-dimensional words have been
proposed [9, 8].

The reported study was funded by RFBR according to the research project
No. 18-07-00343.
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Non-Equilibrium Radiative Heat Transfer

Boris Timchenko and Eric Akkermans

Department of Physics, Technion -- Israel Institute of Technology, Haifa
3200003, Israel

Abstract

Non-equilibrium radiative heat transport is addressed theoretically
within the framework of a stochastic lattice-gas model. We consider a
resonating transmission line composed of a chain of radiation resonators,
each at a local equilibrium, whose boundaries are in thermal contact with
two black-body reservoirs at two different temperatures. In the limit of
long chains, the stationary state of the radiation in the transmission line
is obtained in a closed form. It exhibits an interesting out-of-thermal-
equilibrium behavior, characterized by a non-Planckian energy density
and a diffusive energy flux. The latter describes a new type of heat trans-
fer between the reservoirs. Implication for non-equilibrium radiation in-
teracting with matter will be discussed.
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A model of percolation applied to an engineering problem
in aerodynamics
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Abstract
We argue that the applicability of percolation models can be extended from fundamental
fluid dynamics to practical aerodynamics relevant for engineering problems and, thus,
to a more generally valid concept. As a fundamental phenomenon of fluid mechanics,
recent studies suggested laminar-turbulent transition belonging to the universality class
of directed percolation. Here, the onset of a laminar separation bubble on an airfoil
is analyzed in terms of the directed percolation model using particle image velocime-
try data. Our findings indicate a clear significance of percolation models in a general
flow situation beyond fundamental ones. We show that our results are robust against
fluctuations of the parameter, namely, the threshold of turbulence intensity, that maps
velocimetry data into binary cells (turbulent or laminar). In particular, this percolation
approach enables the precise determination of the transition point of the laminar sepa-
ration bubble, an important problem in aerodynamics. Finally, we also put our findings
into perspective, discussing possible applications of our framework to rotor blades of
wind turbines and in computer fluid dynamics approaches to turbulence.



Effect of information asymmetry in Cournot duopoly game with bounded

rationality

Masahiko Ueda∗
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We investigate the effect of information asymmetry on a dynamic Cournot duopoly game with

bounded rationality [1]. Concretely, we study how one player’s possession of information about

the other player’s behavior in a duopoly affects the stability of the Cournot-Nash equilibrium. We

theoretically and numerically show that the information stabilizes the Cournot-Nash equilibrium

and suppresses chaotic behavior in the duopoly [2].

∗ Corresponding author: ueda.masahiko.5r@kyoto-u.ac.jp
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Dynamics of sedimenting active Brownian
particles

Jeremy Vachier1 and Marco Mazza2

1 Max Planck Institute for Dynamics and Self-Organization,
Am Faßberg 17, 37077 Gottingen, Germany

2 Loughborough University, Loughborough, Leicestershire
LE11 3TU, UK

We investigate the stochastic dynamics of one sedimenting active Brow-
nian particle in three dimensions under the influence of gravity and passive
fluctuations in the translational and rotational motion. We present an ana-
lytical solution of the FokkerPlanck equation for the stochastic process which
allows us to describe the dynamics of the active Brownian particle in three
dimensions. We address the time evolution of the monopole, the polariza-
tion, and the steady-state solution. We also perform Brownian dynamics
simulations and study the effect of the activity of the particles on their col-
lective motion. These results qualitatively agree with our model. Finally,
we compare our results with experiments [J. Palacci et al., Phys. Rev. Lett.
105, 088304 (2010)] and find very good agreement [EPJE, accepted, (2019)].

Keywords: Active Brownian particle, Stochastic processes, Active sedimen-
tation, Fokker-Planck equation



Active dynamics and spatially coherent motion in

chromosomes subject to enzymatic force dipoles

Carlo Vanderzande1
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Inspired by recent experiments on chromosomal dynamics, we introduce
an exactly solvable model for the interaction between a flexible polymer and
a set of motor-like enzymes. The enzymes can bind and unbind to specific
sites of the polymer and when bound produce a dipolar force on two neigh-
boring monomers. We study the resulting non-equilibrium dynamics of the
polymer and find that the motion of the monomers has several properties
that were observed experimentally for chromosomal loci: a subdiffusive mean
squared displacement and the appearance of regions of correlated motion.
We also determine the velocity autocorrelation of the monomers and find
that the underlying stochastic process is not fractional Brownian motion.
Finally, we show that the active forces swell the polymer by an amount that
becomes constant for large polymers.

Keywords: Polymer conformation, Active matter : chromatin, Rouse mod-
els



Nonrenewal firing statistics of spiking neurons

with delayed feedback
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An activity of a neuron in a biological network is often modeled by Poisson
stochastic process. At the same time, typical neural nets are reverberating due
to delayed feedback usually mediated by other neurons. The feedback introduces
non-linearity in the neuronal input-output relations and this may result in a
deviation of neuronal output statistics from the Poisson one. Our purpose is
to characterize those deviations for the simplest case of a single neuron with
delayed feedback. It should be stated that this kind of configuration is common
in real biological neuronal networks.

We consider 2 classes of neuronal models with delayed feedback, namely, an
excitatory neuron with feedback and a neuron with fast inhibitory feedback,
which are stimulated with Poisson stream of impulses. We have derived general
relations which allow calculating exactly the probability density function (PDF)
p(t) of output interspike intervals, t, of a neuron with feedback based on known
PDF p0(t) for the same neuron without feedback, and on the properties of
the feedback line. The course of p(t) in considered cases has a pronounced
peculiarity, which can be either a jump type discontinuity or a δ-function. This
contributes to the discussion about the possibility to model neuronal activity
with Poisson process, supporting the no answer for the configuration considered.
Also, it appears that the output statistics for considered configuration cannot
be described by a Markov process of any finite order.



How an error catastrophe may be an unavoidable fate of dynamical systems 
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We consider a toy model for analyzing the influence of an assumed universal trade-off between costs 
and precision on the dynamical performance of a system, in particular when biological information is 
processed. An essential characteristic of the dynamics is a repetitive process that should run at high 
precision, here chosen as an iterated reproduction of a bitstring. The trade-off is implemented 
implicitly by assuming that the reproduction is inherently error-prone and defective. It consumes 
energy that depends on the required precision. When the reproduction process is combined with 
repair, errors are corrected with a certain probability as soon as they exceed a tolerated threshold. 
Also error correction consumes energy. It is assumed that energy for repair is taken from the same 
finite reservoir as energy for reproduction. The reservoir can be refilled from time to time, but energy 
for repair is at the expense of the precision of the subsequent reproduction. So it may come as a 
surprise that it is possible to sustain the reproduction process without exceeding the tolerated error 
threshold. The conditions for this to happen are derived from the bifurcation diagram of a discrete 
map that describes the time evolution of errors. When these conditions are violated, the fate of the 
system is either a lack of energy supply for further reproduction, or errors accumulate so that 
 the system ends in an error catastrophe. We study also the next step of iteration when also repair 
success is not guaranteed for free, and derive the corresponding phase diagram.  This work sheds some 
light on possible physical reasons for biological aging that we will indicate. 
 
 



On Bernstein processes of maximal entropy
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Bernstein stochastic processes constitute a generalization of Markov pro-
cesses and have played an increasingly important rôle over the years in various
areas of Mathematical Physics. In this talk we shall recall what Bernstein
processes are, and state an existence theorem for them when they are gen-
erated from a hierarchy of forward-backward systems of decoupled, deter-
ministic, linear parabolic partial differential equations defined on Euclidean
space Rd where d ∈ N+ is arbitrary. In doing so we shall assume that the
elliptic part of the parabolic operator in the equations is, up to a sign, the
Hamiltonian of a quantum system whose energy spectrum is pure point, and
from there define entropy operators by means of sequences of probabilities
associated with the spectrum in question. By analogy with Quantum Statis-
tical Machanics we shall then proceed by showing that the underlying sta-
tistical (or density) operators allow the distinction between pure and mixed
processes, and that the averages of certain self-adjoint observables usually
evaluated by means of such operators coincide with the expectation values
of suitable functions of the underlying processes. Finally, we shall point out
that the Bernstein processes of maximal entropy are those for which the se-
quences of associated probabilities are of Gibbs type. If time permits, we
shall also indicate how to define various types of entropy functionals from
the Fokker-Planck equations associated with the processes in question.



Surfing on protein waves: proteophoresis as a
mechanism for bacterial genome partitioning

Jean-Charles Walter1

1 CNRS, France

Efficient bacterial chromosome segregation typically requires the coordi-
nated action of a three-component, fueled by adenosine triphosphate ma-
chinery called the partition complex. We present a model accounting for the
dynamic activity of this system that is also relevant for the physics of cat-
alytic particles in active environments. The model is obtained by coupling
simple linear reaction-diffusion equations with a proteophoresis, or volumet-
ric chemophoresis, force field that arises from protein-protein interactions and
provides a physically viable mechanism for complex translocation. This min-
imal description captures most known experimental observations: dynamic
oscillations of complex components, complex separation and subsequent sym-
metrical positioning. The predictions of our model are in phenomenologi-
cal agreement with and provide substantial insight into recent experiments.
From a non-linear physics view point, this system explores the active sepa-
ration of matter at micrometric scales with a dynamical instability between
static positioning and travelling wave regimes triggered by the dynamical
spontaneous breaking of rotational symmetry.

Reference: Walter J.-C., Dorignac J., Lorman V., Rech J., Bouet J.-Y.,
Nollmann M., Palmeri J., Parmeggiani A. & Geniet F., Surfing on protein
waves: proteophoresis as a mechanism for bacterial genome partitioning,
Phys. Rev. Lett. 119, 028101. arXiv:1702.07372 [q-bio.SC]

Keywords: non-linear system, out-of-equilibrium, active separation of mat-
ter, bacterial DNA segregation, symmetry breaking



Stochastic Differential Equations Driven by
Deterministic Chaotic Maps

Griffin Williams1 and Christian Beck1

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

We consider discrete-time dynamical systems with a linear relaxation dy-
namics that are driven by deterministic chaotic forces. By perturbative ex-
pansion in a small time scale parameter, we derive from the Perron-Frobenius
equation the corrections to ordinary Fokker-Planck equations in leading order
of the time scale separation parameter. We present analytic solutions to the
equations for the example driving forces generated by N -th order Chebychev
maps. The leading order corrections are universal for N ≥ 4 but different
for N = 2 and N = 3. We also study diffusively coupled Chebychev maps as
driving forces.

Keywords: Stochastic Differential Equations, Chaotic Maps, Chebychev
Maps



The thermodynamic costs of circuits

David Wolpert1 and Artemy Kolchinsky1

1 Santa Fe Institutue, US

The generalized Landauer’s bound gives the minimal amount of heat gen-
erated by any physical process that implements a given computation, when
there are no constraints on the process. However, common engineered sys-
tems implement computations using circuits, which introduces constraints on
the physical process. So the minimal amount of heat that a circuit generates
is greater than the minimal amount of heat required to implement its compu-
tation. To analyze this increase in the minimal heat, we first decompose the
heat generated by any physical process that implements a given dynamics,
into a sum of three terms. The first term, the drop of entropy of the state
distribution, is independent of the details of the physical process, beyond the
fact that it implements the desired dynamics. The second and third terms
instead reflect the “nitty gritty details” of the process. The second term
has a purely information-theoretic character, while the third term is a linear
function of the initial distribution of states. (As an important example, we
show that all of the heat generated by wires in circuits arises in this third
term.) Next, we introduce a special kind of process, “subsystem processes”,
which formalize what it means to run a particular gate in a circuit. We
then use these results to derive an exact equation for the amount of heat
generated by any physical process that implements a specified circuit, i.e.,
that runs all the gates in the circuit, in succession. This equation provides
a new optimization problem for circuit designers: how to design a circuit
that both implements a desired computation and generates minimal heat.
Interestingly, the objective function of this optimization problem involves
functions that are information-theoretic in character but are apparently new
to the information theory literature.

Keywords: nonequilibrium statistical physics, stochastic thermodynamics,
thermodynamics of computation, circuit complexity theory



Application of Symbolic Dynamics to Analyze

Biological Sequences

Zuo-Bing Wu

State Key Laboratory of Nonlinear Mechanics,

Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China

In this paper, the periodic transfer of nucleotide strings in bacterial complete

genomes is investigated by using the metric representation and the recurrence

plot method inspired by symbolic dynamics. The generated periodic correla-

tion structures exhibit four kinds of fundamental transferring characteristics: a

single increasing period, several increasing periods, an increasing quasi-period

and almost non-increasing period. The mechanism of the periodic transference

is further analyzed by determining all long periodic nucleotide strings in the

bacterial complete genomes and is explained as follows: both the repetition of

basic periodic nucleotide strings and the transference of non-periodic nucleotide

strings would form the periodic correlation structures with approximately the

same increasing periods. Due to the comparison of the relative positions and

lengths, the substrings concerned with the non-periodic correlation structures

are almost identical to the mobile elements annotated in the genome. The mo-

bile elements are thus endowed with the basic results on the correlation struc-

tures. This research is supported by the National Science Foundation through

the Grants No. 11172310 and No. 11472284.
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TripRank: new centrality metrics for temporal

multiplex networks with non-instantaneous

transport

Silvia Zaoli1, Piero Mazzarisi1, Fabrizio Lillo1

1 University of Bologna, Italy

In complex networks, centrality metrics help quantifying the connectiv-
ity of nodes and identifying the most important ones in the transmission
of signals on the network. In many real world networks, especially in the
context of transportation, links are dynamic, i.e. their presence depends on
time, and traveling between two nodes requires a non-vanishing time. Addi-
tionally, many networks are structured on several layers, e.g. representing,
in the case of transportation networks, different transportation modes, dif-
ferent service providers, or different lines of a transportation service. We
focus on two metrics based on the counting of paths on the network, Katz
centrality and PageRank, originally defined on static, single-layer networks.
While generalizations for temporal networks and for multiplexes exist, they
do not account for the non-zero time required to travel through a link, there-
fore counting paths that cannot actually be traveled, and they do not allow
to differentiate the contribution of inter- and intra-layer temporal walks to
centrality. We introduce generalizations of Katz centrality and PageRank,
respectively termed Trip centrality and TripRank, counting only the paths
that can be traveled according to the networks temporal structure, i.e. trips,
while also accounting for the multiplex structure. In particular, the intro-
duction of one secondary node per link allows to describe the non-zero travel
time between two (primary) nodes as the residence time in the secondary
node, while still using a formulation with null link travel time. Additionally,
considering a copy of each node for each layer and introducing a weight for
links between copies on different layers permits to weight differently intra-
and inter-layer walks, reflecting the level of interaction of the layers. An ap-
plication of these metrics on an air transport dataset is shown, specifically
computing airports centrality losses due to delays in the flight network.



Nonlinearity of Waves on a Single Vortex Line
R.J. Zieve, A.M. Diggs, and J. Spiegelberg

A key element of turbulence is energy transfer between different length scales. For low-temperature
turbulence in superfluid helium, this transfer may occur through nonlinearities in the oscillations of individual
vortex lines. We trap a single vortex between a thin wire and the wall of our container. By vibrating the wire
we can both excite and detect waves along this vortex. We observe the two lowest-frequency modes of the
vortex, and how these frequencies and the corresponding amplitudes depend on the strength of the excitation.
We present evidence of the predicted transition from a linear to a non-linear regime, as a function of the
amplitude of the vortex oscillations. Further studies of the nonlinear behavior will provide experimental
evidence for the workings of superfluid turbulence. Interesting staples of nonlinear systems, such as solitons
and recurrence, may also appear.
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