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Quantum heat flows and path integrals

Erik Aurell1

1 KTH Royal Institute of Technology, Sweden

Quantum fluctuation relations in the style of Kurchan rely on measuring
the energy of system before and after a process. Analogously, quantum heat
can be defined as the change of energy of a bath during a process. I will
discuss the advantages and disadvantages of defining quantum heat this way.
I will also discuss how the distribution function of this quantity can be com-
puted without assuming that the system follows a quantum Markov process.
As a basic example I will consider one two-state system (a qubit) interacting
with two baths as in the spin-boson problem. I will discuss the qualitative
similarities and differences between when the qubit is weakly coupled to the
baths, and when it is strongly coupled to the baths.

Keywords: Quantum heat functionals, Strong-coupling stochastic thermo-
dynamics, Feynman-Vernon method, Spin-boson model



Taming Complexity: Controlling Networks

Albert-Laszlo Barabasi1

1 Northeastern University, United States

The ultimate proof of our understanding of biological or technological
systems is reflected in our ability to control them. While control theory of-
fers mathematical tools to steer engineered and natural systems towards a
desired state, we lack a framework to control complex self-organized systems.
Here I will explore the controllability of an arbitrary complex network, iden-
tifying the set of driver nodes whose time-dependent control can guide the
systems entire dynamics. Virtually all technological and biological networks
must be able to control their internal processes. Given that, issues related
to control deeply shape the topology and the vulnerability of real systems.
Consequently, unveiling the control principles of real networks, the goal of
our research, forces us to address series of fundamental questions pertaining
to our understanding of complex systems. Finally, I will discuss how control
principles inform our ability to predict neurons involved in specific processes
in the brain, offering an avenue to experimentally falsify and test the predic-
tions of network control.

Keywords: Control, Network Science, Complex Systems, System Dynamics



Determining local transport in inhomogeneous
systems

Debra Bernhardt-Searles1 and Michelle A. Hunter1

1 The University of Queensland, Australia

Equilibrium methods are widely used to determine the linear transport
coefficients in systems, but provide a measurement of the average over the
whole system, or a closed part of a system. For inhomogeneous systems
where there is exchange of matter there are several approaches that have
been applied, particularly for determination of local diffusion coefficients.
We will show how an expression for local transport coefficients in equilib-
rium and nonequilibrium systems can be rigorous obtained. It has been used
to study homogeneous systems,[1] and to determine the shear-dependent vis-
cosity in evolving inhomogeneous, nonequilibrium systems.[2] Here we will
also present results for the local diffusion coefficients in equilibrium inhomo-
geneous systems and compare the results with other approaches.

Keywords: linear transport coefficients, nonequilibrium systems, local trans-
port



Multilayer networks: Structure and Dynamics

Ginestra Bianconi1

1 Queen Mary University of London, United Kingdom

In recent years multilayer networks are emerging as a novel and powerful
way to describe complex systems. Multilayer networks are ubiquitous and in-
clude social networks, financial markets, infrastructures, molecular networks
and the brain.

Uncovering the interplay between multilayer network structure and func-
tion is a big theoretical challenge with a vast realm of applications. On the
other side the urgency of understanding real-world multilayer network prob-
lems requires novel theoretical approaches. In this talk we will show how
the fundamental statistical physics beyond multilayer networks reveals the
information encoded in these structures and its effect on multilayer network
dynamics.

Keywords: Statistical Physics, Network Theory, Multilayer Networks, Max-
imum Entropy Network Ensembles, Percolation



Power law error growth rates – a dynamical
mechanism for a strictly finite prediction

horizon in weather forecasts

Jonathan Brisch1 and Holger Kantz1

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

We present a dynamical mechanism for a scale dependent error growth
rate, by the introduction of a class of hierarchical models. The coupling of
time scales and length scales is motivated by atmospheric dynamics. This
model class can be tuned to exhibit a scale dependent error growth rate in
the form of a power law, which translates into power law error growth over
time instead of exponential error growth as in conventional chaotic systems.
The consequence is a strictly finite prediction horizon, since in the limit of
infinitesimal errors of initial conditions, the error growth rate diverges and
hence additional accuracy is not translated into longer prediction times. By
re-analyzing data of the NCEP Global Forecast System published by Harlim
et al. (PRL 94 228501 (2005)) we show that such a power law error growth is
indeed present in numerical weather forecast models, and using our concepts
we calculate a maximal prediction horizon of 15-16 days for this system.



Finite Time Dynamics

Leonid Bunimovich1

1 Georgia Institute of Technology, United States

Traditionally the dynamical systems theory deals with asymptotic in time
properties like ergodic theorems, mixing (decay of correlations), etc, un-
less solutions are known and thus could be computed for any moment of
time. Analogously probability theory deals with limit, i.e. again asymptotic
in time, theorems, like e.g. Central Limit Theorem, large deviations, etc.
Moreover, all basic notions we use like Lyapunov exponents, entropies, var-
ious types of mixing, etc involve taking a limit when time tends to infinity
or integration over an infinite time interval. I will demonstrate that some
interesting finite time properties of ”the most chaotic” dynamical systems
and of ”the most random” stochastic processes can be rigorously studied.
In fact, it is possible to say what ”more likely” is going to happen already
at the next moment of time. Numerical simulations show that similar types
of predictions can be made for systems of chaotic and random systems of a
general type

Keywords: chaotic systems, random systems, finite time dynamics



From chaotic dynamics to Landauer’s bound

Sergio Ciliberto1

1 Laboratoire de Physique ENSL, CNRS UM5672,
46 Allée d’Italie, 69364 Lyon, France

We will summarize several experiments which show the evolution of some
scientific interests and goals of the statistical and non-linear physics com-
munity in the last 40 years. Specifically we will briefly discuss spatiotem-
poral intermittency in thermal convection, intermittency in turbulence and
how the ideas of energy fluctuations in out of equilibrium systems developed
on experimental and theoretical levels. These ideas have been successfully
applied to microsystems where the role of thermal fluctuations cannot be
neglected. Within this context we will first present experiments where work,
heat and entropy fluctuations have been measured. Finally we will show how
these measurements allowed us to test time irreversibility and the Landauer’s
bound.



Thermodynamic control of molecular machines

Gavin Crooks1

1 Berkeley Institute for Theoretical Sciences, United States

A molecular machine, such as ATP synthase, is a complex, driven, nonequi-
librium system. Understanding the optimal driving protocols for such a sys-
tem challenging, requiring detailed information about the dynamical fluctu-
ations of the controlled system. I will disuss a physically transparent deriva-
tion of a metric tensor for which the length of a protocol is proportional
to its dissipation. This perspective simplifies nonequilibrium optimization
problems by recasting them in a geometric language.

Keywords: thermodynamics, optimal control, Riemannian geometry



Phases and phase transitions in two
dimensional active matter

Leticia F. Cugliandolo1

1 Sorbonne Université, France

Interest in the behavior of 2D macroscopic systems under continuous and
homogeneous input of energy has been boosted by their connection with
active matter. In this talk I will discuss the phase diagram (in the density-
strength of activity plane) of bidimensional active matter made of spherical
and elongated constituents. I will characterise the nature of the various
phases and phase transitions between them. This problem intimately linked
to the celebrated, and yet not fully understood, melting phenomenon in two
dimensions.

Keywords: phase transitions, active matter, melting phenomenon



Energy cascade in internal wave attractors

Thierry Dauxois1

1 ENS Lyon & CNRS, France

Internal gravity waves play a primary role in geophysical fluids : they
contribute significantly to mixing in the ocean and they redistribute energy
and momentum in the middle atmosphere. In addition to their very inter-
esting and very unusual theoretical properties, these waves are linked to one
of the important questions in the dynamics of the oceans: the cascade of
mechanical energy in the abyss and its contribution to mixing.

Combining the physics of waves, dynamical systems theory and oceanog-
raphy, I will discuss a unique self-consistent experimental and numerical
setup that models a cascade of triadic interactions transferring energy from
large-scale monochromatic input to multi-scale internal wave motion. I will
also provide explicit evidence of a wave turbulence framework for internal
waves. Finally, I will show how beyond this regime, we have a clear transi-
tion to a cascade of small-scale overturning events which induce mixing.

Keywords: Stratified fluids, Dynamical systems, Oceanography



The many faces of the Fisher-KPP equation

Bernard Derrida1

1 Collège de France and Ecole Normale Suprieure, Paris, France

The Fisher KPP equation describes the growth of a stable region into an
unstable medium. It was introduced in 1937 both by the biologist and statis-
tician Fisherand by the mathematicians Kolmogorov, Petrovsky, Piscounov
to describe the propagation of a favorable gene in a population. It is one of
the classical examples of the problem of velocity selection. It also appears
in many other contexts, ranging from the theory of disordered systems and
spin glasses to reaction diffusion problems, branching Brownian motion and
models of evolution with selection. This talk will try to review the main
classical results on this equation as well as some recent progress.

Keywords: Brownian motion, disordered systems, spin glasses, reaction
diffusion



Statistical physics for heterogeneous random
networks

Andrea Gabrielli1,∗, Guido Caldarelli2, Giulio Cimini1, Rossana Mastrandrea2

1Istituto dei Sistemi Complessi (ISC) - CNR, Dipartimento di Fisica,

Università “Sapienza”, Piazzale Aldo Moro 5, 00185-Rome, Italy;

2IMT School of Advanced Studies, Piazza S. Francesco,19, 55100-Lucca, Italy

∗email: andrea.gabrielli@roma1.infn.it

January 9, 2019

Abstract

In the last years the formulation of statistical ensembles of binary
and weighted random graphs satisfying some arbitrary constraints has
attracted much attention in phys/math communities for its two-fold
potential application [1, 2]: (i) The construction of appropriate null
models for the statistical validation of high order properties of real
networks; (ii) the reconstruction of the statistical properties of real
network starting for partial accessible information. The cornerstone
of the statistical physics of complex networks is the idea that the links,
and not the nodes, are the effective particles of the system. Here we
formulate a mapping between weighted networks and lattice gasses,
making the conceptual step forward of interpreting weighted links as
particles with a generalised coordinate [3]. This leads to the definition
of the grand canonical ensemble of weighted complex networks. We
derive exact expressions for the partition function and thermodynamic
quantities, both in the cases of global and local (i.e., node-specific)
constraints on density and mean energy of particles. We further show
that, when modeling real cases of networks, the binary and weighted
statistics of the ensemble can be disentangled, leading to a simplified
framework for a range of practical applications.
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Renewable Energy Networks a playground for
Applied Statistical Physics

Martin Greiner1

1 Aarhus University, Denmark

In view of climate change and a limited remaining CO2 emission budget, a
transformation towards a sustainable energy system is needed. Applied Sta-
tistical Physics is able to contribute to the solution of this grand challenge.
We discuss a simple network model, which describes a future European elec-
tricity system with a high share of wind and solar power generation. The
weather acts as the fluctuating driving force. Weather data covering multiple
years are converted into prospective wind and solar power generation with
good spatial and temporal resolution. The weather-driven network modelling
represents a direct approach to obtain fundamental estimates on the required
backup infrastructure of highly renewable large-scale energy systems. Esti-
mates on the required amount of conventional backup power plants, transmis-
sion lines and storage will be given. The optimization of energy system costs
is addressed, leading to new design concepts like the optimal heterogeneity
and the benefit of cooperation. Related to diffusion processes on networks,
flow tracing algorithms are described, which help to clarify the nodal cost
allocations. More physics-related topics like the storage singularity and the
power flow renormalisation will also be shortly addressed. An outlook about
current research on the coupling of the different energy sectors, the design of
investment roadmaps into the future as well as the impact of climate change
will be given.

Keywords: renewable energy networks, fluctuating renewable energy re-
sources, energy system transformation



Stochastic thermodynamics and statistical mechanics in the

strong coupling regime

Christopher Jarzynski

University of Maryland, College Park, MD 20742 USA

It is customary to use the canonical ensemble to represent a system that is in

equilibrium with a thermal reservoir. Although familiar macroscopic relations be-

tween internal energy, entropy, free energy, heat and work are easily derived from the

canonical ensemble, it is known that this ensemble does not accurately describe a

nanoscale system that is strongly coupled to its surroundings, such as a biomolecule

in aqueous solution. Thus the usual connection between thermodynamics and sta-

tistical mechanics cannot easily be invoked in this situation.

I will discuss a modified thermodynamic framework that describes a classical sys-

tem of interest of arbitrary size that is strongly coupled to its thermal environment.

Within this framework, key thermodynamic quantities are defined microscopically

and are shown to obey thermodynamic relations including both the first and second

law, as well as nonequilibrium fluctuation theorems. These quantities scale up to

their macroscopic values when the system of interest is large. Thus a unifying frame-

work is developed, which encompasses nanoscale, stochastic thermodynamics at one

end, and traditional macroscopic thermodynamics at the other. A central element in

this approach is a thermodynamic definition of the volume of the system of interest,

which converges to the usual geometric definition when the system is large.

PACS numbers:

[1] C. Jarzynski, Physical Review X 7, 011008 (2017)



Social Physics: Data-Driven Discoveries of Human Sociality and Activity Patterns

Kimmo Kaski 

Aalto University School of Science, Finland 

The Alan Turing Institute, British Library, UK 

Wolfson College & CABDyN Complexity Center, Said Business School, Oxford University, UK 

Complexity Science Hub Vienna, Austria

The study of large-scale socially relevant datasets using computational analysis and modeling with Network 

Theory approach gives us unprecedented insight into human sociality and activity patterns. This is well-

demonstrated in a number of studies by analysing various large communication-related datasets, e.g. in our case in 

studies of mobile phone communication-logs confirming the social network structure being modular and with 

additional demographic data of the gender and age of the service subscribers revealing the dynamics of close 

human relationships and age-related social behaviour patterns. Furthermore, our analysis results demonstrate sex 

differences in the gender-bias of preferred relationships that reflect the way the reproductive investment strategies 

of both sexes change across their lifespan. With the help of geophysical (sunrise, sunset, and duration of daylight), 

seasonal (daily temperature) and geographical (population distribution) datasets combined with communication 

dataset, we have investigated the influence of seasonally and geographically related daily dynamics of daylight and 

ambient temperature on human resting patterns and observed two daily inactivity periods in the population-wide 

mobile phone calling patterns. The nocturnal resting period was found to be influenced by the length of daylight, 

and that its seasonal variation dependent on the latitude of the phone users. In addition, the duration of the afternoon 

resting period was found influenced by the temperature, beyond certain threshold value, and that the yearly 

dynamics of the afternoon and nocturnal resting periods appear to be counterbalancing each other. These empirical 

findings inspire one to take the next step in network theory, namely developing models to catch some salient 

features of social networks and processes of human sociality. In sum, the Social Physics’ large-scale data-driven 

analytics and modelling approaches to social systems opens up an unprecedented perspective to gain understanding 

of human sociality from individual to societal level. 



    ABSTRACT for KATJA LINDENBERG 
 
   CO-AUTHORS: DANIEL ESCAFF, RAUL TORAL, AND CHRISTIAN VAN DEN BROECK* 
 
                             A Continuous-Time Persistent Random Walk Model for Flocking 
 
               Reference: Chaos 28, 075507 (2018) 
 
 
A classical random walker is characterized by a random position and velocity. On the other 
hand, there are many examples of so-called ``persistent random walkers'', including self-
propelled particles that are able to move with almost constant speed while randomly changing 
their direction of motion. Examples include living entities (ranging from flagellated unicellular 
organisms to complex animals such as birds and fish), as well as synthetic materials. We discuss 
such persistent non-interacting random walkers as a model for active particles. We also present 
a model that includes interactions among particles, leading to a transition to flocking, that is, to 
a net flux where the majority of the particles move in the same direction. The model exhibits 
secondary transitions that lead to clustering and more complex spatially structured states of 
flocking. If time permits, we analyze all these transitions in terms of bifurcations using a 
number of mean field strategies (all to all interaction and advection-reaction equations for the 
spatially structured states), and compare these results with direct numerical simulations of 
ensembles of these interacting active particles. 
 
*We are so sad to report that Christian Van Den Broeck passed away on February of this year. 



Management of Complex Systems

Robert MacKay1

1 The University of Warwick, United Kingdom

For a complex dynamical system with many interdependent components
it may be infeasible to control the trajectory. In social contexts it could even
be inappropriate. It makes sense, however, to seek to control the probability
distribution for its spatiotemporal behaviour. I call this management of
complex systems.

After some motivating examples from the real world, Ill turn to a class
of toy examples, probabilistic cellular automata, and give some computer
demonstrations of them. They have two main regimes. In the exponentially
mixing regime there is a unique space-time phase (probability distribution
for spatiotemporal behaviour), it depends smoothly on parameters or time-
dependent forcing, and the effects of control decay exponentially with dis-
tance in space-time. In the strongly dependent regime, there may be more
than one space-time phase, including time-dependent ones, and control may
lead to a flip from one phase to another. This regime is much harder to
analyse mathematically but is probably the more relevant one for real-world
systems. I will sketch some tentative directions for research.

Keywords:complex systems, management, spatiotemporal probability



Mathematical models of gene regulation:
Biology drives new mathematics

Michael Mackey1, Tomas Gedeon2,
Antony Humphries1, Hans-Otto Walther3

1 McGill University, Canada
2 Montana State University, United States

3 Universitat Giessen, Germany

Simple bacterial gene regulatory motifs can be viewed from the perspec-
tive of dynamical systems theory, and mathematical models of these have
existed almost since the statement of the operon concept. In this talk I will
review the three basic types of these regulatory mechanisms and the underly-
ing dynamical systems concepts that apply in each case. In the latter part of
the talk I will discuss the exciting mathematical challenges that arise when
trying to make honest mathematical models of the underlying biology. These
include transcriptional and translational delays, and the fact that these de-
lays may be state dependent, as well as the interesting and often unsolved
problems of characterizing the noise inherent in bacterial dynamics. Sur-
prisingly, the inclusion of state dependent delays can have rather profound
effects on the possible dynamical behaviour and at this point in time it is
unclear how this is reflected in biological behaviourif at all.

Keywords: gene regulation, delay differential equation, bacterial operon
dynamics



On the origin of nonMaxwellians and
nonPlanckians

Christian Maes1

1 Katholieke Universiteit Leuven, Belgium

We combine the effects of localization and of diffusive acceleration to un-
derstand the possible origin of nonMaxwellian velocity distributions, e.g., in
space plasmas or in granular gases on a vibrating plate. Similarly, we conjec-
ture that observed deviations to the Planckian law in the cosmic microwave
background are due to similar effects. Interestingly, diffusive acceleration can
be formulated as an active diffusion in velocity space. Localization on the
other hand is the effect where some regions of phase space have small escape
rates. In all, the proposed mechanism provides examples of how frenetic as-
pects crucially influence the stationary occupation densities.

Keywords: frenesy, localization, active diffusion



Extreme Value Statistics for Random
Processes

Satya Majumdar1

1 Paris-Sud & CNRS, France

Extreme value statistics (EVS) concerns the study of the statistics of the
maximum or the minimum of a set of random variables. This is an impor-
tant problem for any time-series and has applications in climate, finance,
sports, all the way to physics of disordered systems where one is interested
in the statistics of the ground state energy. While the EVS of ‘uncorrelated’
variables is well understood, little is known for strongly correlated random
variables. Only recently this subject has gained much importance both in
statistical physics and in probability theory. In this talk, I will first review
the classical EVS for uncorrelated variables and discuss few examples of cor-
related variables, such as in random matrix theory, where analytical progress
can be made.



Wall-bounded flows: chaos, spatiotemporal chaos

and turbulence

Paul Manneville
Hydrodynamics Laboratory,

Ecole Polytechnique & CNRS, Palaiseau, France

April 23, 2019

Due to the absence of inertial linear instability modes at low shearing rates,
wall-bounded flows experience a direct transition from laminar flow to turbu-
lence at values of the Reynolds number where nontrivial nonlinear solutions
of the Navier–Stokes coexist with the trivial laminar regime. Recent advances
in this field will be reviewed. The problem has been seen to shift from dy-
namical systems theory relevant to coherent structures generated by Waleffe’s
self-sustainment process to statistical physics approaches advocated by Pomeau,
most appropriate to treat stochastic patterning and spatiotemporal chaos, with
emphasis on directed percolation, the paradigm of non-equilibrium phase tran-
sitions.

refs.: P.M., Transition to turbulence in wall-bounded flows: Where do we
stand? Bull. JSME 3 (2) 15-00684, 2016. Laminar-turbulent patterning in
transitional flows, Entropy 19, 316, 2017.



Statistical Physics of Ions in Narrow Biological Channels

1Peter V E McClintock, 1Miroslav Barabash, 2,3Olena Fedorenko, 1William A T Gibby,
1Carlo Guardiani, 1Igor Kaufman, 1,4Dmitri G Luchinsky,

2Stephen K Roberts, 1Aneta Stefanovska

1Department of Physics, Lancaster University, Lancaster LA1 4YB, UK
2Biomedical and Life Sciences, Lancaster University, Lancaster, LA1 4YQ, UK

3School of Life Sciences, University of Nottingham Medical School, Nottingham NG7 2UH
4SGT Inc., Greenbelt, MD, 20770, USA

Biological ion channels [1] are essential to life in all its forms. By enabling the selective transfer
of ions across lipid bilayers, they facilitate the establishment of intracellular media compatible
with the biochemical reactions essential for replication and metabolism. Consisting of natural
nanotubes through protein molecules embedded in the bilayer, they allow ions to flow in/out
down concentration gradients, involving Brownian motion under the influence of powerful elec-
trostatic forces. The permeation process is highly selective, e.g. in valence selectivity a calcium
channel selects Ca2+ over Na+ by up to 1000:1 even though the two ions are almost the same
size. This selectivity is known to be associated with fixed negative charge Qf in a narrow part
of the channel called the selectivity filter. Remarkably, many properties of ion channels can now
be understood [2] by analogy with the physics of quantum dots: e.g. Coulomb blockade oscilla-
tions in quantum dots correspond to the alternating conduction bands and stop bands seen for
ions in channels as Qf is varied – emergent phenomena, quite unexpected from known channel
structure. We present and discuss the first systematic tests [3] of the ICB picture based on
experimental, analytical and numerical investigations of the influences of Qf and the bulk ionic
concentrations on conduction and selectivity in the bacterial NaChBac channel and its mutants.
Site-directed mutagenesis and voltage clamp recordings are used to investigate its Na+/Ca2+

selectivity, divalent blockade and anomalous mole fraction effect (AMFE). We show that an en-
hanced ICB model can describe well both the main experimental observations (divalent blockade
and AMFE) and the results of Brownian dynamics simulations including the conduction bands
and concentration-dependent shifts of the Coulomb staircase of channel occupation. We take
account of multi-ion effects, the discreteness of the ionic energy levels, their occupation statis-
tics, and the density of states in the channel, and we consider a generalisation of the theory
to encompass selectivity between alike charges [4]. These results are not only extending the
understanding of ion channel selectivity but also promise applications to biomimetic nanotubes
and nanopores [5].

[1] J. Zheng and M. C. Trudeau (eds.), Handbook of Ion Channels, CRC Press, Boca Raton,
2015.
[2] I. Kh. Kaufman, P. V. E. McClintock, and R. S. Eisenberg, “Coulomb blockade model of
permeation and selectivity in biological ion channels”, New J. Phys. 17, 083021 (2015).
[3] I. Kh. Kaufman, O. A. Fedorenko, D. G. Luchinsky, W. A. T. Gibby, S. K. Roberts, P. V. E.
McClintock, and R. S. Eisenberg, “Ionic Coulomb blockade and anomalous mole fraction effect
in the NaChBac bacterial ion channel and its charge-varied mutants”, EPJ Nonlinear Biomed.
Phys. 5, 4 (2017).
[4] D. G. Luchinsky, W. A. T. Gibby, I. Kh. Kaufman, D. A. Timucin, P. V. E. McClin-
tock, “Statistical theory of selectivity and conductivity in biological channels”, arXiv preprint
arxiv:1604.05758 (2016).
[5] W. A. T. Gibby, M. Barabash, C. Guardiani, D. G. Luchinsky, P. V. E. McClintock, “The
role of noise in determining selective ionic conduction through nanopores”, IEEE 13th Nanotech-
nology Materials and Devices Conference (NMDC) ISBN 9781538610169 (2019).



ANOMALOUS DIFFUSION, ERGODICITY, AGEING, AND NON-GAUSSIANITY

Ralf Metzler, Institute of Physics & Astronomy, University of Potsdam, Germany

A surging amount of experimental and simulations studies reveals persistent
anomalous diffusion in the membranes and volume of living biological cells
as well as other complex fluids. This anomalous diffusion is observed
for micron-sized objects down to labelled single molecules such as green
fluorescent proteins.

In this talk I will present results from large scale computer simulations
and stochastic analysis of the motion of lipids and embedded proteins in
lipid bilayer model membranes, indicating that increased disorder leads
to longer and longer lasting anomalous diffusion. In particular, the motion
of lipids and proteins can become non-Gaussian. In the membranes of living
cells anomalous diffusion of embedded protein channels can last over several
hundreds of seconds.

Anomalous diffusion inside the volume of cells will be discussed, as well. In
particular, the emergence of non-Gaussian diffusion patterns for both Fickian
and non-Fickian diffusion will be addressed within the framework of diffusing
diffusivities.

The observed stochastic dynamics may be ergodic or not, depending on the
exact physical mechanisms governing the motion of the test particle. The
talk will discuss how non-ergodic behaviour needs to be taken into account
when interpreting data from stochastic systems. In addition effects of ageing
will be explained.



Absolute Negative Mobility: can it take place
in thermal equilibrium?

David Mukamel1

1 Weizmann Institute of Science, Israel

Absolute Negative Mobility (ANM) is a phenomenon whereby current in
a stationary system is produces in a direction opposite to the driving field.
Nave argument suggests that ANM cannot take place in systems in thermal
equilibrium as this could lead to a violation of the second law of thermo-
dynamics. Thus numerous previous theoretical and experimental studies of
ANM have dealt with the response to a driving field in nonequilibrium steady
states. In this talk a simple lattice model of a driven tracer is introduced
and demonstrated to exhibit ANM in equilibrium, with no violation of the
basic laws of thermodynamics. The limits of validity of the nave argument
are elucidated and the entropy production which accompany the motion of
the tracer is calculated [1].

[1] J. Cividini, H. A. Posch and D. Mukamel J. Phys. A 51, 085001 (2018)



Enhancing power grid synchronization and
stability through time delayed feedback control

Halgurd Taher1, Simona Olmi1,
Eckehard Schoell2

1 Inria Sophia Antipolis Mediterranee Research Centre, France
2 Institut fuer Theoretische Physik, Technische Universitaet

Berlin, Germany

We study the synchronization and stability of power grids within the Ku-
ramoto phase oscillator model with inertia with a bimodal frequency distri-
bution representing the generators and the loads. We identify critical nodes
through solitary frequency deviations and Lyapunov vectors corresponding
to unstable Lyapunov exponents. To cure dangerous deviations from syn-
chronization we propose time-delayed feedback control, which is an efficient
control concept in nonlinear dynamic systems. Different control strategies
are tested and compared with respect to the minimum number of controlled
nodes required to achieve synchronization and Lyapunov stability. As a proof
of principle, this fast-acting control method is demonstrated using a model
of the German power transmission grid.

Keywords: nonlinear complex networks, synchronization, time-delayed feed-
back control



Micro-reversibility and thermalization in
classical and quantum systems

Juan Parrondo1

1 Universidad Complutense de Madrid, Spain

Micro-reversibility, that is, the time reversal symmetry exhibited by mi-
croscopic dynamics, plays a central role in thermodynamics and statistical
mechanics. It is used to prove fundamental results such as Onsager recip-
rocal relations or fluctuation theorems. Micro-reversibility can also be used
to derive a master equation for a system in contact with a thermal bath.
However, a number of problems arise when trying to apply this derivation
to classical and quantum collisional baths. In the talk, we will review these
problems and show that they can be solved with a precise formulation of
micro-reversibility and its relation with the Liouville’s theorem.

Keywords: micro-reversibility, thermalization, collisional baths, Liouville’s
theorem



Renewable Energies: Turbulent Dynamics and
Impact on Grid Stability

Joachim Peinke1, Hauke Hähne1,
Katrin Schmietendorf1, Oliver Kamps2

1 University of Oldenburg, ForWind & Inst. of Physics,
Germany% 2 University Muenster, Germany

Wind and solar energy are driven by turbulent systems, most importantly
wind and clouds. To maintain stable grid situations, a deep knowledge on
the dynamics of such renewable resources as well as on forecasting their
availability is indispensable. From the perspective of dynamical systems,
the power grid is driven by different sub-systems on various time scales. In
this talk, particular attention will be paid to the short time dynamics: In
the current European power grid, second and sub-second fluctuations are
equilibrated by the inertia of the rotating machines. As these are replaced
successively by renewable energies, new instabilities and power quality issues
may emerge. We characterize the volatility of wind as well as solar power
in terms of multi-point statistics, derive a short-term forecast and discuss
impacts of such volatile resources on power grid frequency dynamics.

Keywords: wind energy, power grid, stability



A perfect spring

Karel Proesmans1

1 Uhasselt, Belgium

We introduce a new class of transfer matrices whose largest eigenvalue is
determined by a simple explicit algebraic equation. As an application, we
construct a perfect spring, namely a polymer with non-Gaussian, exponen-
tially distributed sub-units which nevertheless remains harmonic until it is
fully stretched. Furthermore, we discuss the phase-transitions in this class of
systems.

Keywords: Perfect spring, phase-transitions



Geometrical phase transitions in the energy
landscape of simple glassy and inference

models

Valentina Ros1

1 Ecole Normale Superieure, Paris, France

Understanding the statistical properties of complex landscapes in high-
dimensional spaces is becoming a central problem in a variety of different
contexts, from glassy systems to computer science and machine learning,
ecology and biology. Among these properties, an important role is played
by the statistics of the number of stationary points, which is relevant in
determining the evolution of local dynamics within the landscape. In this
talk, I will discuss simple models which capture the competition between a
deterministic signal term and a noisy contribution, and describe the geomet-
rical transitions that occur in the structure of the associated landscape when
the strength of the signal increases. I will comment on implications for the
problem of tensor denoising (i.e, the problem of recovering a spike when it is
submitted to a tensor of Gaussian noise) and on the impact of the geometri-
cal transitions in the dynamical exploration of the landscape.

Keywords: Complex systems, Inference, High-dimensional rugged land-
scapes



Power Grids as Dynamical Systems: Recent
Progress and a Data-Driven Approach using

Superstatistics

Benjamin Schäfer1

1 TU Dresden, Germany

The Paris conference 2015 set a path to limit climate change to “well
below 2°C”. To reach this goal, integrating renewable energy sources into
the electrical power grid is essential but poses an enormous challenge to
the existing system, demanding new conceptional approaches. In this talk, I
outline some pressing challenges to the power grid, highlighting how methods
from Mathematics and Physics can potentially support the energy transition.
In particular, I present our latest research on power grid fluctuations and how
they threaten robust grid operation. For our analysis, we collected frequency
recordings from power grids in North America, Europe and Japan, noticing
significant deviations from Gaussianity. We developed a coarse framework
to analytically characterize the impact of arbitrary noise distributions as
well as a superstatistical approach. Overall, we identified energy trading
as a significant contribution to today’s frequency fluctuation and effective
damping of the grid as a controlling factor enabling reduction of fluctuation
risks.

Keywords: Complex Systems, Networks, Energy, Sustainability, Statistics



Geometric renormalization unravels
self-similarity of the multiscale human

connectome

M. Ángeles Serrano1

1 Departament de F́ısica de la Matèria Condensada,
Universitat de Barcelona, Spain

The renormalization group allows a systematic investigation of physi-
cal systems at different resolutions. However, the small-world property of
complex networks complicates renormalization by introducing correlations
between coexisting length scales. A geometric description of networks offers
now a powerful framework where distances in a hidden metric space can be
defined and used to formulate a geometric renormalization (GR) transforma-
tion. The application of GR to real networks unfolds them into a multilayer
shell that shows geometric scaling and statistical self-similarity, and enables
multiscale navigation and the production of high-fidelity downscaled network
replicas. Interestingly, self-similarity of the GR multiscale shell also holds
for human brain connectomes, in agreement with the self-similarity observed
when the resolution length is progressively decreased by hierarchical coarse-
graining of anatomical regions. Our results suggest that the same principles
organize connectivity between brain regions at different length scales. The
implications are varied and can affect fundamental debates, like whether the
brain is working near a critical point, and lead to applications including
advanced tools to simplify the digital reconstruction and simulation of the
brain.

Keywords: complex networks, renormalization, self-similarity, brain



Aging in the voter model
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The voter model has become a paradigm in non-equilibrium statistical me-
chanics. In its simplest version, a value of a binary state variable +/-1 is assigned
to each one of N nodes of a network. These values then evolve by a random copy-
ing mechanism. While the model always reaches consensus (all nodes sharing
the same state value) in a finite population, the behavior in the thermodynamic
limit depends on the effective dimensionality of the network. We consider the
voter model with the addition of ”aging”, a mechanism by which the probability
to switch to a different state depends on the time a node has spent in its present
state. This non-Markovianity feature is known to arise in many reals systems,
specially in those where humans interact with each other. However, the mathe-
matical techniques to analyze these systems are not so well-established as those
for Markovian dynamics. In this talk I will describe the phenomenology of the
voter model including aging as well as a mathematical treatment that is able to
predict, amongst other things, the dynamical exponents of the approach to the
ordered state.



Statistical testing approach for anomalous
diffusion classification

Aleksander Weron1

1 Wroclaw Uniwersity of Science and Technology, Poland

G protein-coupled receptors transmit their signals to the cell interior via
interacting with G proteins. Taking advantage of recent single particle track-
ing data (about 2200 trajectories), here we compare the popular standard
mean squared displacement (MSD) method with a statistical testing hypoth-
esis procedure for three testing statistics and for two particle types: G pro-
teins and receptors coupled with them. Each method results in different
classifications. The standard MSD method as a summary statistics often in-
correctly rejects free diffusion. For this reason, more rigorous statistical tests
are analyzed here in detail. We show that the test approach is statistically
more robust than the standard MSD method in that instead of arbitrarily
setting cutoff parameters one has to choose a significance level which is well
controlled (among a series of advantages).

Keywords: single particle tracking data anomalous diffusion classification
G proteins coupled receptors


	Invited, prize winner and board member talks 
	(in alphabetic order)


