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Michele Campisi 

(Quantum) Volume Entropy 

 

Motivated by the recent attention to the volume entropy (aka Gibbs entropy, aka Hertz 
entropy) in the context of many-body quantum physics (both for its role in in the ongoing 
debate on negative temperatures [1,2], and as well as for its role as a quantifier of 
irreversibility [3]), I will review its mathematical foundations [4-6], discuss its quantum 
version [7], and illustrate some of its properties [8-10]. 

 

[1] J Dunkel and S Hilbert, Nat. Phys.  10  67-72  (2014) 

[2] S Braun et al., Science  339  52-55  (2013) 

[3] N Rach, S Montangero and M Paternostro,  arXiv:1605.07476 (2016) 

[4] P. Hertz, Ann. Phys. (Leipzig)  338  225-274, 537-552  (1910) 

[5] M. Campisi, Stud. Hist. Phil. Mod. Phys.  36  275-290  (2005) 

[6] M. Campisi, Phys. Rev. E  91  052147  (2015) 

[7] M. Campisi, Stud. Hist. Phil. Mod. Phys. 39  181-194  (2008) 

[8] M. Campisi, Phys. Rev. E  78  051123  (2008) 

[9] D. G. Joshi and M. Campisi Eur. Phys. J. B  86  157  (2013) 

[10] M. Campisi, J.Phys. A: Math. Theor. 49 405002 (2016) 
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Wojciech De Roeck  

Stability and instability of many-body localization with respect to ergodic grains  

 

Many Body Localization (MBL) is a phenomenon where systems do not thermalize, 
without fine-tuning their dynamics to an integrable point. The extent of this phenomenon 
is very much debated right now.  I will describe our recent work on stability of MBL when 
connected to ergodic grains. These ergodic grains are Griffiths regions of small disorder 
in materials. Our theory describes on  a microsocopic level the spatial interface between 
a thermalizing and a localized material. In doing so, it maps the extent to which 
thermalizing systems are well-described by random matrix theory (cf the celebrated 
ETH Eigenstate Thermalization Hypothesis). We predict that in dimensions higher than 
1, MBL is unstable with respect to the ergodic grains. In dimension 1 however, there is a 
genuine MBL phase and we develop an RG picture for the transition.  

 

This talk is based on joint works with F Huveneers, D Luitz, M Mueller and T Thiery.  

______________________________________________________________________ 

  



[3] 
 

 
 
Barbara Drossel  

What statistical mechanics can teach us about the limits of quantum mechanics  

 

Usually, research into the foundations of statistical mechanics aims at deriving statistical 
mechanics from quantum mechanics, i.e., from a theory that is deterministic, linear, and 
invariant under time reversal. However, this leads to fundamental problems because it (i) 
requires a many-worlds (or related) interpretation of quantum mechanics, (ii) relies 
always on assumptions of statistical independence and "typicalness", which are foreign to 
a deterministic theory, (iii) postulates an entity that can never, even in principle be 
measured, namely a highly entangled wave function of a macroscopic number of 
particles.  

This talk argues therefore that rather than reconciling statistical physics with quantum 
mechanics one should use it to identify the limits of quantum mechanics. By considering 
how the theory of thermalized systems is done in practice, the talk will argue that all 
approaches presuppose in some form limits to deterministic time evolution and linear 
superposition. Examples range from molecular dynamics simulations to fluctuation-
dissipation theory.  Various indicators suggest that the length and time scales beyond 
which linear superposition and determinism break down in thermalized systems are the 
thermal wavelength of (quasi-)particles and the thermal time h/kT.  

______________________________________________________________________ 
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Jens Eisert  

Out of equilibrium dynamics and many-body localization  

 

The phenomenon of many-body localization received a lot of attention recently, both for 
its implications in condensed-matter physics of allowing systems to be an insulator even 
at non-zero temperature as well as - maybe most importantly - in the context of the 
foundations of quantum statistical mechanics, providing examples of systems showing 
the absence of thermalization following out-of-equilibrium dynamics. Still, it seems fair to 
say that many aspects of it are still unsatisfactorily understood.  

In this talk, we will start from an introduction into recent progress on thermalization of 
closed quantum systems [1,2,3]. We will discuss how under physically plausible 
assumptions, one may arrive at statements on time scales of equilibration [4]. We will 
then make the attempt to bring together several aspects of the phenomenology of many-
body localization, attaining new insights into the connections between seemingly 
unrelated features [5,6]. Ideas of entanglement area laws, Lieb-Robinson bounds, filter 
functions, approximately local constants of motion, transport, and tensor networks will 
feature strongly. We will discuss experimentally accessible witnesses of many-body 
localization in cold atomic quantum simulators that have the potential to clearly 
distinguish Anderson insulators from many-body localized models [7,8]. 

 

[1] Quantum many-body systems out of equilibrium, J. Eisert, M. Friesdorf, C. Gogolin, 
Nature Physics 11, 124 (2015).  

[2] Equilibration, thermalization, and the emergence of statistical mechanics in closed 
quantum systems, C. Gogolin, J. Eisert, Rep. Prog. Phys. 79, 056001 (2016).  

[3] Equilibration via Gaussification in fermionic lattice systems, M. Gluza, C. Krumnow, M. 
Friesdorf, C. Gogolin, J. Eisert, Phys. Rev. Lett. 117, 190602 (2016).  

[4] Time scales of equilibration under physically plausible assumptions, in preparation 
(2017).  

[5] Many-body localization implies that eigenvectors are matrix-product states, M. 
Friesdorf, A. H. Werner, W. Brown, V. B. Scholz, J. Eisert, Phys. Rev. Lett. 114, 170505 
(2015).  

[6] Local constants of motion imply information propagation, M. Friesdorf, A. H. Werner, 
M. Goihl, J. Eisert, W. Brown, New J. Phys. 17, 113054 (2015).  

[7] Experimentally accessible witnesses of many-body localization, M. Goihl, M. Friesdorf, 
A. H. Werner, W. Brown, J. Eisert, arXiv:1601.02666.  

[8] Experimentally exploring many-body localization, in preparation (2017).  

______________________________________________________________________ 

  



[5] 
 

 
 
Massimiliano Esposito  

Thermodynamics, information and conservation laws in stochastic 
thermodynamics and chemical reaction networks  

 

I will start by showing that in stochastic thermodynamics (ST) the minimal cost to produce 
a nonequilibrium state is given by the relative entropy between its nonequilibrium and 
equilibrium probability distribution. I will then show that an almost identical result holds for 
open chemical reaction networks (CRN) described by deterministic rate equations.  

In this case, a relative entropy for the (non-normalized) concentration distribution of the 
CRN must be considered. I will then proceed to show that the topology of the graph 
describing a system in ST or an open CRN plays a key role in determining, via 
conservation laws,  the thermodynamics forces controlling their steady-state dissipation. 
Fabian Essler Quantum disentangled liquid states and the half filled Hubbard model 
Eigenstates at finite energy densities in integrable models are not necessarily thermal. 
This permits the realization of exotic states of matter as stationary states after quantum 
quenches. I consider the question whether the recently proposed "quantum disentangled 
liquid", in which thermalized and non-thermalized degrees of freedom are postulated to 
co-exist in finite energy density eigenstates, could be realized in strong coupling limits of 
integrable and possibly even non-integrable models. I focus on the half-filled Hubbard 
model with strong repulsive interactions.  
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Fabian Essler 

Quantum disentangled liquid states and the half filled Hubbard model 

 

Eigenstates at finite energy densities in integrable models are not necessarily thermal. 
This permits the realization of exotic states of matter as stationary states after quantum 
quenches. I consider the question whether the recently proposed "quantum disentangled 
liquid", in which thermalized and non-thermalized degrees of freedom are postulated to 
co-exist in finite energy density eigenstates, could be realized in strong coupling limits of 
integrable and possibly even non-integrable models. I focus on the half-filled Hubbard 
model with strong repulsive interactions. 
_______________________________________________________________________ 
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Terry Farrelly 

Return to equilibrium on finite quantum lattice systems 

 

Thermal states are the bedrock of statistical physics. Nevertheless, when and how they 
actually arise in closed quantum systems is not fully understood. We will look at this 
question for systems with local Hamiltonians on finite quantum lattices. In a first step, 
we'll see that states with exponentially decaying correlations equilibrate after a quantum 
quench. Then we'll see that the equilibrium state is locally equivalent to a thermal state, 
provided that the free energy of the equilibrium state is sufficiently small and the thermal 
state has exponentially decaying correlations. As an application, we will look at a related 
important question: When are thermal states stable against noise? In other words, if we 
locally disturb a closed quantum system in a thermal state, will it return to thermal 
equilibrium? We will see that this occurs when the correlations in the thermal state are 
exponentially decaying. All of these results come with finite-size bounds, which are 
crucial for the growing field of quantum thermodynamics and other physical applications.  

_______________________________________________________________________ 
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Pierre Gaspard  

Scattering approach to the thermodynamics of quantum transport  

 

Scattering theory is complemented by recent results on full counting statistics, the 
multivariate fluctuation theorem for currents, and time asymmetry in temporal disorder 
characterized by the Connes-Narnhofer-Thirring entropy per unit time, in order to 
establish relationships with the thermodynamics of quantum transport. Fluctuations in the 
bosonic or fermionic currents flowing across an open system in contact with particle 
reservoirs are described by their cumulant generating function, which obeys the 
multivariate fluctuation theorem as the consequence of microreversibility. The 
thermodynamic entropy production for the scattering processes of noninteracting bosons 
and fermions in mesoscopic systems is shown to be related to the difference between the 
Connes-Narnhofer-Thirring entropy per unit time, characterizing temporal disorder in the 
motion of quantum particles, and the associated time-reversed coentropy per unit 
time.  A time asymmetry thus manifests itself in temporal disorder under nonequilibrium 
conditions. The results are illustrated for two-terminal mesoscopic circuits.  

[1] P. Gaspard, Scattering approach to the thermodynamics of quantum transport, New 
Journal of Physics 17 (2015) 045001.  

[2] P. Gaspard, Scattering theory and thermodynamics of quantum transport, Annalen 
der Physik (Berlin) 527 (2015) 663-683.  
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Jochen Gemmer  

Is the Jarzynski equation generically valid, even for strongly non-Gibbsian,  
pure initial quantum states?  

 

The Jarzynski relation addresses the  probability distributions of work required to 
drive  all kinds of processes. It is supposed to be valid even and especially arbitrarily far 
from equilibrium. Plenty of derivations have been presented, for the classical as well as 
for the quantum case. Pretty much all of them assume the entire system to start from a 
thermal Gibbs state. We present numerical investigations of quantum systems 
suggesting that the assumption of a  thermal initial state may be dispensable in many 
cases. Our numerical examples may be roughly described as spin-resonance 
experiments in which the spin is coupled to a larger system, playing the role of a bath. 
These baths are either spin systems or implemented as more or less random  
matrices.  

______________________________________________________________________ 
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Martin Holthaus  

Floquet condensates  

 

Although the concept of Bose-Einstein condensation (BEC) usually is applied to states of 
(or at least close to) thermal equilibrium, the fundamental Penrose-Onsager criterion for 
BEC of interacting particles [1] does not require that the system under consideration 
necessarily is in thermal equilibrium, nor even in a steady state. Might there be 
interesting physics of nonequilibrium condensates? This question is particularly pertinent 
in situations where an interacting Bose gas is driven by some (possibly strong) time-
periodic external force, such as ultracold atoms in time-periodically modulated traps: In 
such cases the Floquet theorem suggests the existence of a particular basis of time-
periodic states which carry {\em constant\/} occupations, despite the driving force. Could 
such a Floquet state be macroscopically occupied, i.e., are there ``Floquet 
condensates''?  

In this contribution these questions will be taken up in a hands-on manner. After 
reviewing some landmark experiments which clearly show that a macroscopic matter 
wave can be strongly driven without losing its coherence, I will introduce a (deceptively) 
simple model system which can be treated numerically without too much effort. This 
model indicates that the physics of Floquet condensates may be surprisingly rich: The 
condensate-carrying Floquet state may be unconnected to the ground state of the 
undriven system, and the coherence of the macroscopic wave function is endangered by 
the denseness of the quasienergy spectrum.  

 

[1] O. Penrose and L. Onsager, Bose-Einstein condensation and Liquid Helium,  
Phys. Rev.  104, 576 (1956)  
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Michael Kastner  

Noninvasive measurement of dynamic correlation functions  

 

Dynamic (2-time) correlation functions are useful quantities when characterizing the 
approach to equilibrium, for example in glassy dynamics. For quantum systems these 
correlation functions are in general complex quantities, and their experimental 
accessibility is complicated by measurement backaction. We prove that the real part of 
dynamical correlation functions is not affected by backaction, and hence can be obtained 
by projective measurements. To measure the imaginary part of dynamic correlation 
functions we introduce a protocol based on noninvasive measurements, which are 
achieved by weak ancilla-system couplings, thus reducing disturbances due to the early 
time measurements to a minimum. The deviation of the measured correlation functions 
from the theoretical, unitarily-evolved ones is quantified, and this allows us to optimize 
the parameters of the weak measurement protocol. Through these results, experimental 
measurement of dynamic correlations in nonequilibrium quantum systems becomes 
feasible. Implementations of the protocol in trapped ions and other experimental 
platforms are discussed. An outlook will be given on the measurement of out-of-time-
ordered correlation functions, which are of interest for quantifying the loss of memory of 
the initial state.  

______________________________________________________________________ 
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Stefan Kehrein  

Flow equation holography  

 

AdS/CFT correspondence and the holographic principle have inspired a new way of 
looking at interacting quantum field theories. A major challenge for a condensed matter 
theorist is that they only apply to a very special class of conformal gauge theories in a 
large-N limit. In this talk I will present a new approach that captures an important aspect 
of AdS/CFT correspondence for generic many-body Hamiltonians, namely the 
holographic formulation of entanglement entropies (Ryu-Takayanagi conjecture). I will 
illustrate this with some explicit calculations for fermionic systems in one and two 
dimensions.  

______________________________________________________________________ 
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Christian Maes  

What decides the direction of a current?  

 

Nonequilibria show currents that are maintained as the result of a steady driving. We ask 
here what decides their direction. It is not only the second law, or the positivity of the 
entropy production that decides; also non-dissipative aspects often matter and 
sometimes completely decide.  Similarly, the return to a nonequilibrium steady condition 
and the possible convergence to stable patterns is not entirely dissipative. Published in, 
Mathematics and Mechanics of Complex Systems (2016).  

______________________________________________________________________ 
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Kristel Michielsen  

Quantum annealing and quantum spin dynamics  

 

A quantum computer is a device that performs operations according to the rules of 
quantum theory. There are various types of quantum computers of which nowadays the 
two most important ones considered for practical realization are the circuit-model 
quantum computer and the quantum annealer. Practical realizations of circuit-model 
quantum computers are currently limited in size to about ten qubits while quantum 
annealers with more than 2000 qubits are commercially available. Quantum annealing is 
a paradigm to solve combinatorial optimization problems, featuring a discrete search 
space with many local minima, by a process using quantum fluctuations. We analyze the 
problem solving capability of a D-Wave 2X quantum annealer with more than 1000 qubits 
by comparing its performance with that of a simulated ideal quantum annealer. The ideal 
quantum annealer is modeled as a zero-temperature quantum system of interacting spin-
1/2 particles and its dynamics is emulated by solving the time-dependent Schrödinger 
equation. We study 2-satisfiability (2-SAT) problems with 8, 12 and 18 variables (or Ising 
spins in the physics language) that have a unique ground state, a small energy gap 
between the ground state and the first-excited state and a highly degenerate first-excited 
state. We report about a comparison of the frequencies for finding the ground state, as 
obtained with the D-Wave 2X and the simulated ideal quantum annealer. Our analysis 
indicates that the D-Wave 2X processor does not perform "ideal" quantum annealing and 
that more research is necessary to investigate the effects of e.g. temperature, 
imperfections etc.  

______________________________________________________________________ 
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Juan M. R. Parrondo  

What is heat? The case of quantum collisional reservoirs 

 

In the talk we discuss the definition of heat implicit in the Clausius relationship between 
heat, entropy and temperature. Then we will analyze the case of quantum collisional 
reservoirs, where a system interacts with small units in thermal equilibrium for short 
periods of time. We will see that the exchange of energy between the system and the unit 
must be considered as heat or work, depending on how the interaction is implemented. 
Moreover, this distinction is not just a matter of interpretation, but it has physical 
consequences as the ability of the setup to operate as a thermal machine.  

______________________________________________________________________ 
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Anatoli Polkovnikov  

Quantum chaos, ETH and their implications to thermodynamics  

 

In this talk I will discuss how postulates of the eigenstate thermalization hypothesis (ETH) 
allow one to prove various thermodynamic relations for individual eigenstates and 
determine leading finite size corrections. In particular, I will mention fluctuation theorems, 
fluctuation-dissipation relation, Einstein relations, Onsager relations, fundamental 
thermodynamic relations and more. I will also discuss connections of ETH, random 
matrix theory and typicality. Time permitting, I will mention some nontrivial applications of 
ETH to understanding non-equilibrium properties of many-body physics. This talk is 
largely based on the recent review: Adv. Phys. 65, 239 (2016)  

______________________________________________________________________ 
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Peter Reimann  

Typical temporal relaxation of isolated many-body systems  

 

We consider isolated many-body quantum systems which may or may not thermalize, 
i.e., expectation values approach an (approximately) steady long-time limit which may or 
may not agree with the microcanonical prediction of equilibrium statistical mechanics. A 
general analytical theory is worked out for the typical temporal relaxation behavior in both 
cases and is compared with various experimental and numerical findings.  

___________________________________________________________________ 
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Udo Seifert  

Stochastic thermodynamics and the cost of precision  

 

Stochastic thermodynamics provides a consistent framework for describing small driven 
systems in contact with a heat bath. Universal results like the fluctuation theorem or the 
Jarzynski relation are then easily proven [1]. After briefly recalling these basics, I will 
focus on our recent work concerning universal trade-offs between cost and precision in 
driven systems.  

First, the "thermodynamic uncertainty relation" relates the variance of any current with 
the rate of total entropy production [2]. Ramifications of this relation yield a bound on the 
whole large deviation function and a topology- and affinity- dependent version [3]. 
Applied to molecular motors, the relation provides a universal bound on the efficiency of 
any motor independent of the underlying mechano-chemical reaction scheme [4].  

Second, the stochastic thermodynamics of bipartite systems allows us to derive a 
second-law for an arbitrary sensor stating that the rate with which a sensor "learns" 
about a time-dependent external signal is necessarily smaller than the entropy 
production associated with maintaining the (biochemical) network that constitutes the 
sensor [5].  

 

[1] US, Rep. Prog. Phys. 75, 126001, 2012.  

[2] AC Barato and US, Phys. Rev. Lett. 114, 158101, 2015.  

[3] P Pietzonka, AC Barato, and US, Phys. Rev. E 93, 052145, 2016;  J. Phys. A 49, 
34LT01, 2016.  

[4] P Pietzonka, AC Barato, and US, J Stat Mech, 124004, 2016.  

[5] AC Barato, D Hartich, and US, New J. Phys. 16, 103024, 2014.  
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Tony Short  

Equilibration time for a small system interacting with a thermal bath  

 

We consider the equilibration time for a small quantum system interacting with a thermal 
bath (in a micro-canonical or randomly chosen state). We show that this timescale is 
essentially independent of the size of the bath, and hence much faster than previously 
known general bounds.  

______________________________________________________________________ 
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Robin Steinigeweg  

Dynamics of typical pure states in integrable quantum many-body systems  

 

The concept of typicality states that a single pure state can have the same properties as 
the full statistical ensemble. This concept is not restricted to specific states and applies 
to the overwhelming majority of all possible states, drawn at random from a high-
dimensional Hilbert space. In the cleanest realization, even a single eigenstate of the 
Hamiltonian may feature the properties of the full equilibrium density matrix, assumed in 
the well-known eigenstate thermalization hypothesis. The notion of property is manifold 
in this context and also refers to the expectation values of observables. Remarkably, 
typicality is not only a static concept and includes the dynamics of expectation values. 
Recently, it has become clear that typicality even provides the basis for powerful 
numerical approaches to the dynamics and thermalization of many-body quantum 
systems at nonzero temperatures. These approaches are in the center of my talk.  

I demonstrate that typicality allows for significant progress in the study of real-time 
relaxation. To this end, I review numerical work [1-3] on correlation functions of 
integrable systems. A comprehensive comparison with state-of-the-art methods verifies 
that typicality is satisfied in finite systems over a wide range of temperature. Moreover, 
without the restriction to small systems or short times, typicality sheds light on several 
long-standing questions. As important examples, I discuss the existence of current 
relaxation [1] and the emergence of diffusion [2,3] in isolated systems.  

 

[1] R. Steinigeweg, J. Gemmer, and W. Brenig, PRL 112, 120601 (2014).  

[2] R. Steinigeweg, F. Jin, D. Schmidtke, H. De Raedt, K. Michielsen, and J. Gemmer, 
PRB 95, 035155 (2017).  

[3] R. Steinigeweg, F. Jin, H. De Raedt, K. Michielsen, and J. Gemmer, 
arXiv:1702.00421 (2017).  
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Peter Talkner  

Thermodynamics of open systems beyond weak coupling  

 

Thermodynamics and statistical mechanics of open systems, which may strongly 
interact with their environment, are formulated in terms of a renormalized Hamiltonian 
known as Hamiltonian of mean force. We will first review the basic structure of this 
theory, which can equally be formulated for classical and quantum mechanical systems. 
In the following discussion we shall restrict ourselves to classical open systems and ask 
whether it is possible to transfer the thermodynamic relations from the level of averaged 
quantities to the more microscopic level of stochastic trajectories as presumed by 
theories known as "stochastic energetics" and "stochastic thermodynamics". A close 
analysis will reveal that this is possible. However, in order to find the Hamiltonian of 
mean force, which assigns an energy to any state of the open system, information about 
the total system is needed that cannot be obtained from the state of the open system at 
equilibrium or from the dynamics of the open system. A stochastic thermodynamic 
description from an exclusively intrinsic point of view therefore is not possible. Under the 
assumption that the Hamiltonian of mean force is given, a fluctuating internal energy 
and a fluctuating entropy can be assigned in a thermodynamically consistent way. While 
for a given Hamiltonian of mean force the choice of a uniquely defined fluctuating 
internal energy can be motivated in a plausible way the fluctuating entropy is virtually 
arbitrary. Guiding physical principles allowing to distinguish a physically meaningful 
theory out of a multitude of possible ones are lacking.  

______________________________________________________________________ 
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Hal Tasaki  

Efficient heat engines are powerless: Universal trade-off relation between current 
and dissipation  

 

For a general thermodynamic system described as a Markov process, we prove an 
inequality which shows that nonvanishing heat current inevitably induces dissipation. 
This leads to a trade-off relation between efficiency and power, with which we establish 
that a heat engine with nonvanishing power never attains the Carnot efficiency. Our 
theory applies to systems arbitrarily far from equilibrium, and does not assume any 
specific symmetry of the model. (The talk is based on joint works with Naoto Shiraishi 
and Keiji Saito.)  

______________________________________________________________________ 
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Masahito Ueda  

Gibbs paradox in mesoscopic systems  

 

The renowned Gibbs paradox actually has three distinct aspects concerning how to 
define the particle-number dependence of the entropy which is consistent with 
thermodynamics and statistical mechanics. We will argue that the inclusion of the factor 
1/N! in the thermodynamic entropy is equivalent to assuming the validity of the 
fluctuation theorem with absolute irreversibility for gas mixing.  

______________________________________________________________________ 
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Christian Van den Broeck  

Brownian duet: A novel tale of thermodynamic efficiency  

 

Thermodynamic machines come in many different guises: thermal and iso-thermal 
engines, operating periodically or in steady state, of macroscopic or microscopic scale. 
The efficiency and response properties of these machines have to be in agreement with 
the second law of thermodynamics and of its generalization - the so-called fluctuation 
theorem, see, e.g., [1] - in case of a small system.  

We introduce a new exactly solvable model, namely a Brownian particle subjected to a 
duo of periodic forces, that illustrates all the connections [2]. The results are reproduced 
experimentally, including the experimental verification of some recent predictions 
concerning efficiency [3] and stochastic efficiency [4].  

 

[1] Christian Van den Broeck and Massimiliano Esposito, Ensemble and trajectory 
thermodynamics: A brief introduction, Physica A 418, 6 (2014).  

[2] Karel Proesmans, Yannik Dreher, Momcilo Gavrilov, John Bechhoefer, and Christian 
Van den Broeck, Brownian duet: A novel tale of thermodynamic efficiency, Phys. Rev. 
X6, 041010 (2016).  

[3] Karel Proesmans, Bart Cleuren, and Christian Van den Broeck, Power-efficiency-
dissipation relations in linear thermodynamics, Phys. Rev. Lett. 116, 220601 (2016).  

[4] Gatien Verley, Tim Willaert, Christian Van den Broeck, and Massimiliano Esposito, 
The unlikely Carnot efficiency, Nat. Comm. 5 (2014).  
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Abstracts - Poster 
 
 

Fabio Anzà  

Observable Thermalisation 

 

To understand under which conditions thermodynamics emerges from the microscopic 
dynamics is the ultimate goal of statistical mechanics. A point of crucial importance is the 
definition of the notion of thermal equilibrium, which is usually given characterising the full 
quantum state of the system (Gibbs ensembles). Arguing that such notion can never be 
experimentally probed, in a many body quantum system, we propose a new way of 
describing thermal equilibrium, focused on observables rather than on the full state of the 
system. The relation with Gibbs ensembles is brought to light. Furthermore, we apply 
such a notion of equilibrium to a closed quantum systems and prove that there is always 
a class of observables which exhibits thermal equilibrium properties and we give a recipe 
to explicitly construct them. Eventually, we bring to light an intimate connection of such a 
principle with the Eigenstate Thermalisation Hypothesis.  

______________________________________________________________________ 
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Ben Niklas Balz 

Typical relaxation dynamics to equilibrium, thermal or non-thermal, of isolated 
many-body quantum systems 

 

In the recent past, typicality arguments were used extensively to corroborate that isolated 
quantum many-body systems equilibrate and that the associated steady state is naturally 
given by the microcanonical ensemble. These statements are usually derived making use 
of uniformly distributed unitary transformations (Haar measure) and therefore do not take 
conserved quantities into account. In the following we are going to present an adapted 
typicality technique, employ it to derive the corresponding relaxation dynamics and 
present numerical as well as experimental data in its support. 

_______________________________________________________________________ 

  



[27] 
 

 
 

Christian Bartsch 

Necessity of eigenstate thermalization for equilibration towards unique 
expectation values when starting from generic initial states 

 

We investigate dynamical equilibration of expectation values in closed quantum systems 
for realistic non-equilibrium initial states. Thereby we find that the corresponding long 
time expectation values depend on the initial expectation values if eigenstate 
thermalization is violated. An analytical expression for the deviation from the expected 
ensemble value is derived for small displacements from equilibrium. Additional numerics 
for magnetization and energy equilibration in an asymmetric anisotropic spin-1/2-ladder 
demonstrate that the analytical predictions persist beyond the limits of the theory. The 
results suggest eigenstate thermalization as physically necessary condition for initial 
state independent equilibration. 
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Dynamics of correlations in long-range quantum systems 

We study how and how fast correlations can spread in a quantum system abruptly driven 
out of equilibrium by a quantum quench. This protocol can be experimentally realized and 
it allow to address undamental questions concerning the quasi-locality principle in 
isolated quantum systems with both short- and long-range interactions. We focus on two 
different models describing, respectively, lattice bosons, and spins. Our study is based 
on a combined approach, based on one hand on accurate many-body numerical 
calculations and on the other hand on a quasi-particle microscopic theory. We find that, 
for sufficiently fast decaying interaction potential the propagation is ballistic and the Lieb-
Robinson bounds for long-range interactions are never attained. When the interactions 
are really long-range, the scenario is completely different in the two cases. In the bosonic 
system the locality is preserved and a ballistic propagation is still present while in the spin 
system an instantaneous propagation of correlations completely destroys locality. Using 
the microscopic point of view we can quantitatively describe all the different regimes, 
from instantaneous to ballistic, found in the spin model and we explain how locality is 
protected in the bosonic model leading to a ballistic propagation.  
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Equilibration via Gaussification in Fermionic Lattice Systems 

 

We present a result on the nonequilibrium dynamics causing equilibration and 
Gaussification of quadratic noninteracting fermionic Hamiltonians. Specifically, based on 
two basic assumptions—clustering of correlations in the initial state and the Hamiltonian 
exhibiting delocalizing transport—we prove that non-Gaussian initial states become 
locally indistinguishable from fermionic Gaussian states after a short and well controlled 
time. This relaxation dynamics is governed by a power-law independent of the system 
size. Our argument is general enough to allow for pure and mixed initial states, including 
thermal and ground states of interacting Hamiltonians on large classes of lattices as well 
as certain spin systems. The argument gives rise to rigorously proven instances of a 
convergence to a generalized Gibbs ensemble. Our results allow us to develop an 
intuition of equilibration that is expected to be more generally valid and relates to current 
experiments of cold atoms in optical lattices.  

Published in Phys. Rev. Lett. 117, 190602 (arXiv:1601.00671) 
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Refining the Second Law: Accessibility, Constraints, and Triangles 

 

Given an allowed set operations, the second law of thermodynamics addresses the 
feasibility of driving a system between two states A and B.  For instance, under 
isothermal conditions in the absence of work, B must have a lower Helmholtz free energy 
than A.  In this presentation, we approach this problem of “getting from A to B” for 
nonequilibrium dynamics through the notion of accessibility.  For the case of a classical 
three state system with limited control, we develop a method that gives a tight bound for 
the accessible region.  We explicitly construct this bound for a few specific sets of 
allowed controls and compare it to the predictions of the 2nd law. 
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Large Deviation implies First and Second Laws of Thermodynamics 

 

To reconstruct thermodynamics based on the microscopic laws is one of the most 
important unfulfilled goals of statistical physics. Here, we show that the first law and the 
second law for adiabatic processes are derived from an assumption that "probability 
distributions of energy in Gibbs states satisfy large deviation", which is widely accepted 
as a property of thermodynamic equilibrium states. We define an adiabatic transformation 
as a probabilistic mixture of the energy-preserving unitary transformations on the many-
body systems and the work storage. As the second law, we show that an adiabatic 
transformation from a set of Gibbs states to another set of Gibbs states is possible if and 
only if the regularized von Neumann entropy becomes large. As the first law, we show 
that the energy loss of the thermodynamic systems during the adiabatic transformation is 
stored in the work storage as "work," in the following meaning, (i) the energy of the work 
storage takes certain values macroscopically, in the initial state and the final state. (ii) the 
entropy of the work storage in the final state is macroscopically equal to the entropy of 
the initial state. As corollaries, our results give the principle of maximam work and the 
first law for the isothermal processes.  
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Stochastic thermodynamics of quantum maps applied to boundary driven  
quantum systems 

 

We study stochastic thermodynamic for a quantum system of interest whose dynamics 
are described by a completely positive trace preserving (CPTP) map due to its interaction 
with a thermal bath. We define CPTP maps with equilibrium as CPTP maps with an 
invariant state such that the entropy produced by the action of the map on the invariant 
state vanishes. Thermal maps are a subgroup of CPTP maps with equilibrium. For 
general maps (or maps with a non-equilibrium steady state), the thermodynamic 
quantities such as the entropy production or work performed on the system depends on 
the combined state of the system plus its environment. We show that these quantities 
can be written in term of system properties only for maps with equilibrium. The relations 
we obtain are valid for arbitrary strength of the coupling between the system and the 
thermal bath. The fluctuations of thermodynamic quantities are considered in the 
framework of a two-point measurement scheme. We show here some simplifications in 
work and entropy production fluctuation theorems for maps with equilibrium. We illustrate 
our results considering spin 1/2 chain systems and a single qubit in a thermodynamic 
cycle. 
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Emergence of spontaneous symmetry breaking in dissipate lattice systems 

 

A cornerstone of the theory of phase transitions is the observation that many-body 
systems exhibiting a spontaneous symmetry breaking in the thermodynamic limit 
generally show extensive fluctuations of an order parameter in large but finite systems. 
We introduce a dynamical analogue of such a theory. Specifically, we consider local 
dissipative dynamics preparing an equilibrium steady-state of quantum spins on a lattice 
exhibiting a discrete or continuous symmetry but with extensive fluctuations in a local 
order parameter. We show that for all such processes, there exist asymptotically 
stationary symmetry-breaking states, i.e., states that become stationary in the 
thermodynamic limit and give a finite value to the order parameter. We give results both 
for discrete and continuous symmetries and explicitly show how to construct the 
symmetry-breaking states. Our results show in a simple way that, in large systems, local 
dissipative dynamics satisfying detailed balance cannot uniquely and efficiently prepare 
states with extensive fluctuations with respect to local operators. 
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