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Kay Brandner:
Thermodynamic Uncertainty Relations for Coherent Transport.

Thermodynamic uncertainty relations (TURs) describe the trade-off between precision and
dissipation in nonequilibrium thermodynamic processes. Specifically, they provide universal lower
bounds on the overall rate of entropy production that depend only on the mean value and
fluctuations of a single current. Beyond their conceptual significance, TURs enable the inference of
bounds on physical quantities that are difficult to measure directly, such as the efficiency of
molecular motors or other types of mesoscopic machines.

Coherent conductors offer a versatile platform for exploring the impact of quantum effects on the
precision—dissipation trade-off. These systems can be described within a simple and transparent
theoretical framework based on the Landauer—Bittiker model of noninteracting transport carriers.
At the same time, they can be experimentally realized with a high degree of accuracy using
nanoscale structures at millikelvin temperatures, molecular junctions or ultracold atoms in tailored
trapping potentials.

In this talk, we consider general multi-terminal coherent conductors. As a reference, we first derive a
TUR that holds under the assumption that transport carriers behave as classical particles, but breaks
down in the quantum regime due to the Pauli exclusion principle. We then derive a generalized TUR
that accounts for this effect solely by changing the relative weight of fluctuations and dissipation.
This bound holds for any multi-terminal geometry and scattering potential, and arbitrarily far from
equilibrium. It can be saturated in two-terminal setups with a narrow, boxcar-shaped transmission
function and, like its classical counterpart, can be used to establish physically transparent trade-off
relations between the figures of merit of small-scale thermal machines such as thermoelectric heat
engines and refrigerators. Finally, we show that, at least in time-reversal-symmetric settings, our
generalized TUR for coherent transport follows from a more general thermodynamic constraint on
the large-deviation functions of particle currents, which bounds both typical and rare fluctuations.



Gabriele de Chiara

Thermodynamics and protection of quantum time crystals.

Time crystals constitute a nonequilibrium phase of matter characterized by the breaking of
time-translation symmetry in quantum many-body systems. In this work, | present a comprehensive
thermodynamic analysis of both continuous and discrete time-crystal models. Starting from a
microscopic description, | derive the corresponding master equation and evaluate key
thermodynamic quantities, including work, heat, and entropy production.

For continuous time crystals, these quantities display nonanalytic behavior across the
nonequilibrium phase transition, with maximal absorbed power and critical dynamical features
emerging at the transition point. In the discrete case, the analysis shows that environmental noise
inevitably leads to the decay of the time-crystalline signature. However, | demonstrate that a
periodic measurement protocol can counteract decoherence and sustain subharmonic oscillations
over extended timescales.

These results elucidate the thermodynamic properties and robustness of time-crystalline phases and
suggest viable strategies for stabilizing them in realistic experimental settings.

Eric Lutz
Combining energy efficiency and quantum advantage in cyclic machines.

Energy efficiency and quantum advantage are two important features of quantum devices. | will
present an experimental realization that combines both features in a quantum engine coupled to a
guantum battery that stores the produced work, using a single ion in a linear Paul trap. The quantum
nature of the device is first established by observing nonclassical work oscillations with the number
of cycles as verified by energy measurements of the battery. In addition, shortcut-to-adiabaticity
techniques are applied to suppress quantum friction and improve work production. While the
average energy cost of the shortcut protocol is only about 3%, the work output is enhanced by up to
approximately 33%, making the machine significantly more energy efficient. | will finally show that
the quantum engine consistently outperforms its classical counterpart in this regime

Katarzyna Macieszczak

One to many and many to one: relations between average and stochastic dynamics of open
guantum systems.

Quantum trajectories of a Markovian open quantum system arise from the back-action of
measurements performed in the environments with which the system interacts. While this
monitoring does not affect the average state of the system, it gives rise to the stochastic dynamics of
system states conditioned on random measurement outcomes. In this talk, | will characterise how
different counting measurements — corresponding to distinct representations of quantum jumps of
the same quantum master equation — can give rise to identical ensembles of quantum trajectories. |
will then exploit those results to show how weak unitary symmetries of the average dynamics can be
retained by the stochastic dynamics of quantum trajectories.



Mark Mitchison
Optimal time estimation at the nanoscale: frenetic and thermodynamic aspects.

The problem of optimal time estimation is as follows. An agent, who lacks a clock, observes a
sequence of random events. How can they use this data (together with some model of the
dynamics) to estimate the elapsed time with the highest accuracy and precision? This problem is
important, not only for unlucky castaways who have lost their watch, but also for the construction
and calibration of any clock or time standard. | will present a remarkably intuitive and elegant
solution to this problem for incoherent Markovian jump processes [1]. This result has consequences
beyond time estimation: it implies a tight bound on the fluctuations of arbitrary counting
observables in far-from-equilibrium systems, and can be used to detect the presence of hidden
states from observable data. | will also present the results of our recent experiment, where optimal
time estimation was performed by monitoring electrons tunnelling across a double quantum dot [2].
We measured two different sources of dissipation underlying this quantum clock’s operation: the
generation of ticks, and their readout as a classical signal. Our results show that the entropy
produced by the measurement process is the most important and fundamental thermodynamic cost
of timekeeping at the nanoscale.

[1] K. Prech et al., Phys. Rev. X 15, 031068 (2025)
[2] V. Wadhia et al., Phys. Rev. Lett. 135, 200407 (2025)

Izaak Neri
Trade-offs between speed, accuracy, and dissipation in first-passage problems of fluctuating currents

Abstract: First-passage problems of fluctuating currents provide a natural setup for studying trade-
off relations in stochastic thermodynamics. In this talk, | will present several first-passage trade-off
relations that have been derived in the literature. This overview will lead us to several interesting
concepts in stochastic thermodynamics, such as, the effective affinity of a current, stalling forces,
martingales associated with fluctuating currents, large deviations of first-passage times, optimal
currents, and first-passage time symmetries.

Juan MR Parrondo
Thermalization and local dissipation in collisional baths.

In this talk, | address whether thermalization is compatible with a local dissipator in spatially
extended systems that are locally coupled to a thermal bath. | introduce a dissipator based on a
repeated-interaction (collisional) scheme that is strictly local and leads to thermalization in certain
limits. However, the thermalization of quantum systems in contact with thermal baths remains an
open problem when the system’s energy spectrum is quasi-degenerate. In this regime, both the
secular approximation and collisional bath models fail, and the resulting evolution equations do not
guarantee exact thermalization.



Janine Splettst6Rer
Thermodynamic Bounds on Noise in Quantum Transport

In small-scale thermodynamic devices, fluctuations play an important role (in contrast to standard
classical thermodynamics). While close to equilibrium fluctuation-dissipation theorems prescribe
how the fluctuations are connected to the desired average output of a device, this is much more
difficult to identify far from equilibrium.

Interestingly, the thermodynamic properties of a process/system constrain fluctuations. This has
been studied in terms of thermodynamic and kinetic uncertainty relation - in particular in weakly
coupled open quantum systems. However, steady-state thermoelectric heat engines operate
typically far from equilibrium and the coupling to contacts can be strong.

In this presentation, | will show recent results from scattering theory, which is applicable for the
description of arbitrarily coupled coherent conductors as long as many-body interactions are weak. |
will start by introducing the so-called fluctuation-dissipation bounds, which constrain the charge-
current fluctuations by the dissipated power, both in steady-state [1], as well as in time-dependently
driven systems [2]. In contrast to the well-known fluctuation-dissipation theorem, these bounds are
particularly predictive for large temperature bias.

Furthermore, | will show that KUR-like constraints can be derived from scattering theory, where the
“activity”, which is well defined in weakly coupled systems, is replaced by activity-like transport
guantities [3,4].

Both of those approaches, in the weak-coupling limit, connect to transition rates, which in this case
can be directly connected to the noise. To go beyond the limits of either weak coupling or weak
interaction, | will present a third approach which directly constrains the behaviour of transition
probabilities/rates in the presence of large temperature biases [5].

[1] L. Tesser, M. Acciai, C. Spanslatt, I. Safi, J. Splettstoesser: Thermodynamic and energetic
constraints on transition probabilities of small-scale quantum systems. Phys. Rev. Res. 7, 023084
(2025)

[2] L. Tesser, J. Balduque, J. Splettstoesser: Fluctuation-dissipation bounds for time-dependently
driven conductors. arXiv:2509.07583 (2025)

[3] D. Palmquist, L. Tesser, J. Splettstoesser: Kinetic Uncertainty Relations for Quantum Transport.
Phys. Rev. Lett. 135, 166302 (2025)

[4] D. Palmquist, L. Tesser, J. Splettstoesser: Combining kinetic and thermodynamic uncertainty
relations in quantum transport. Quantum Sci. Technol. 10, 035059 (2025)

[5] L. Tesser, M. Acciai, C. Spanslatt, I. Safi, J. Splettstoesser: Thermodynamic and energetic
constraints on transition probabilities of small-scale quantum systems. Phys. Rev. Res. 7, 023084
(2025)



Contributed talks:

Simone Artini
Non-equilibrium thermodynamics of the quantum Brownian motion

Anomalous non-equilibrium currents arising from complete positivity. We rigorously analyze the
non-equilibrium thermodynamic behavior of various formulations of quantum Brownian motion
(QBM) using the framework of stochastic thermodynamics. While the widely used Caldeira-Leggett
master equation exhibits desirable thermodynamic features — such as the fulfilment of a detailed
balance — it fails to ensure complete positivity. In contrast, several completely positive and trace-
preserving (CPTP) extensions turn out to be thermodynamically controversial. We show that such
extensions introduce anomalous phase-space structures that violate detailed balance at the steady
state, leading to non-vanishing entropy production and effective non-equilibrium current of unclear
physical origins. Our results highlight a fundamental tension between quantum consistency and
thermodynamic equilibration in open quantum systems

Diana Alexandria Chisholm
Coherence-enhanced quantum collision-model thermal machines.

Despite successful formulations of thermodynamics in the quantum regime, the role of quantum
coherences in thermodynamic processes remains only partially understood, and a complete
framework that fully incorporates coherences is still lacking.

In this work, we analyse a quantum thermal machine based on a multi-bath collision model,
explicitly accounting for the work cost (or gain) associated with switching the interaction
Hamiltonian on and off during each system—bath collision.

We show that injecting coherences into the working medium can provide thermodynamic
advantages, including an enhancement of the extractable work from the baths.

Our results highlight how coherences can serve as a valuable thermodynamic resource and
underscore the need for a fully coherence-inclusive quantum thermodynamic theory.

Francesco Coghi
Kinetic and thermodynamic uncertainty relations for non-Markov self-interacting processes.

Self-interacting jump processes are non-Markovian stochastic systems in which transition rates
depend on the process’s own empirical occupation measure, generating a feedback between past
and future dynamics. I'll show that, despite this memory, current and density fluctuations obey a
level-2.5 large deviation principle. From this result, I'll derive kinetic and thermodynamic uncertainty
relations for time-integrated currents, revealing how self-interaction and feedback modify the
standard precision—dissipation bounds familiar from Markovian nonequilibrium systems.

The analysis is grounded on an exponential tilting construction, extended here to history-dependent
dynamics. The resulting uncertainty relations explicitly connect flux and current fluctuations to
dynamical activity and entropy production, and demonstrate how memory can either tighten or



relax uncertainty bounds depending on the feedback structure. These effects are illustrated using
minimal two/three-state models with feedback.

Elsa Danielsson
An autonomous feedback protocol: responding to temperature changes in energy converters.

Quantum heat engines convert heat to work and are described by quantum thermodynamics and
guantum transport. On the nanoscale, it can be particularly beneficial to utilize steady-state energy
conversion—a thermoelectric effect—to avoid moving parts that can be difficult to make or control.
However, the conditions around a nanoelectronic device can be highly variable. If a device is
designed to work optimally for a certain temperature, the actual effect might be significantly
lowered due to changes in temperature. In our project, we seek to remedy this by introducing an
autonomous feedback protocol. As the thermoelectric device, we consider a quantum point contact
as a conductor between two contacts called absorber and collector; in the absorber the temperature
varies, while in the collector the electrochemical potential varies. The feedback is implemented by
coupling a quantum dot to the latter, such that its average population is determined by the
distribution in the contact. The quantum dot is further capacitatively coupled to the quantum point
contact: when the dot is occupied, the potential landscape in the conductor is affected, in turn
affecting transport. The system thus reacts on the change of potential in the collector and adapts its
transmission properties accordingly—without external control.

The feedback protocol is applied to two device configurations: an open circuit and a closed circuit. In
the first case, the collector acts as a simple battery by building up charge over time. With the
feedback protocol, the charge build-up for a limited time is significantly higher than without
feedback. For the closed circuit, the two contacts are coupled together via a load in which we want
to maximize the power production. In this setup, the feedback responds to changes in temperature
in the absorber. Practically, the temperatures are distributed according to some probability
distribution, leading to a probability distribution of output powers over which the average power is
found. Also in this setup, the feedback protocol yields a higher average power output compared to
no feedback. With these results, we demonstrate a thermoelectric device which dynamically adapts
to changes in the contacts, increasing the output. Our findings show how to increase adaptability in
nanoelectronic devices, to further the pursuit toward applicable energy harvesters on the quantum
level and beyond.

Hugues Meyer
Weak-Memory Dynamics in Discrete Time.

Discrete dynamics arise naturally in systems with broken temporal translation symmetry and are
typically described by first-order recurrence relations representing classical or quantum Markov
chains. When memory effects induced by hidden degrees of freedom are relevant, however, higher-
order recursive evolution equations are generally required. In the case of linear dynamics, we
identify a weak-memory regime where such equations can be systematically mapped to a unique
first-order counterpart acting on the same state space. This allows then to derive faithful time-
homogeneous approximations that converge optimally fast to the true dynamics. We first present
our general results and their mathematical structure, and work out two examples showing how they
can be applied to stochastic Floquet dynamics under coarse-grained and quantum collisional models.



Kristian Olsen
Thermodynamic optimal control out of equilibrium: insights from active and driven systems.

Optimal control far from equilibrium raises intriguing questions in stochastic thermodynamics and
offers a route to design microscopic engines that operate out of equilibrium. We study
thermodynamically optimal protocols for a harmonically trapped particle driven by arbitrary time-
dependent forces, including those from active matter or external fields [1]. The resulting protocols
are able to harness non-equilibrium forces to extract a net work. We provide exact solutions for the
optimal protocol and associated work for arbitrary forces and protocol duration. We also derive a
quasistatic work bound that splits into three parts: an information-geometric term capturing energy
stored in an initial non-equilibrium state, the work extracted from time-averaged forces, and extra
work from fast dynamical modes. Finally, we analyze the energetic cost of adding boundary
constraints, giving insights into the cost of precision in these protocols. 1. Harnessing non-
equilibrium forces to optimize work extraction, Kristian Stglevik Olsen, Rémi Goerlich, Yael Roichman
and Hartmut Lowen, Nature Communications 16, 11031 (2025).

Elsen Tjhung
Control of active field theories at minimal dissipation.

Recent experimental advances allow us to manipulate many kinds of active systems with great
precision. These systems constantly consume energy and show collective behaviours that have no
counterpart in equilibrium systems. A major challenge is to understand how to control their material
properties by applying external perturbations. Traditional equilibrium thermodynamics cannot guide
this process, so a new framework is needed to systematically design and optimise control strategies
for active matter.

A key idea is to distinguish between protocol heat—the energy dissipated while the system is being
manipulated—and total heat, which also includes the dissipation that occurs after the protocol ends.
We show that the total heat typically has a global minimum for a certain optimal protocol duration.

Combining this framework with dynamic response theory, we apply it to an active model of phase
separation and find excellent agreement with direct numerical simulations.



Till Welker
Optimal Localisation against a Flow.

How much work does it cost for a propelled particle to stay localised near a stationary target,
defying thermal noise and a constant flow that would carry it away? We study the control of such a
particle in finite time and find optimal protocols for time-dependent propulsion speed and
diffusivity, without feedback. Accuracy, quantified via the mean squared deviation from the target,
and energetic cost turn out to be connected by a trade-off relation, which complements the one
between precision and cost known in stochastic thermodynamics. We show that accuracy better
than a certain threshold requires active driving, which comes at a cost that increases with accuracy.
The optimal protocols have discontinuous propulsion speed and diffusivity, switching between a
passive drift state with vanishing diffusivity and an active propulsion state. If the initial position is
fixed, an initial jump of the particle, enabled by a sudden burst of propulsion, can be optimal. This
study highlights how a time-dependent diffusivity enhances optimal control and sets benchmarks for
cost and accuracy of artificial self-propelled particles navigating noisy environments.



