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Invited Talk SYSD 1.1 Mon 9:30 HSZ/0002
Stochastic-Calculus Approach to Non-equilibrium Statistical
Physics — eCar DieBaLL — Max Planck Institute of Multidisci-
plinary Sciences, Gottingen, Germany

Truly understanding living matter requires understanding physical
processes far from thermodynamic equilibrium on the level of indi-
vidual molecules. While single-molecule experiments can probe in-
dividual stochastic trajectories, the strong influence of thermal noise
and limited number of repetitions pose significant challenges. Here, we
address these challenges using the mathematical framework of stochas-
tic calculus. This approach yields important insights into fluctuations
of time-averaged densities and currents, which are central observables
in non-equilibrium stochastic thermodynamics [1]. Building on these
methodological advances, we provide a new route to derive thermo-
dynamic uncertainty relations that link observed currents to the dis-
tance to equilibrium, quantified via entropy production [2]|. Strikingly,
this new derivation generalizes to trade-off relations beyond thermo-
dynamic uncertainty relations, enabling thermodynamic inequalities
for bulk observables and dynamics with inertia [3]. Furthermore, we
employ the stochastic framework to theoretically predict and experi-
mentally confirm an asymmetry between heating and cooling dynamics
far from equilibrium [4].

[1] C. Dieball, A. Godec, Phys. Rev. Lett. 129, 140601 (2022)

[2] C. Dieball, A. Godec, Phys. Rev. Lett. 130, 087101 (2023)

[3] C. Dieball, A. Godec, Phys. Rev. Lett. 133, 067101 (2024)

[4] M. Ibaifiez, C. Dieball, et al., Nat. Phys. 20, 135 (2024)

Invited Talk SYSD 1.2 Mon 10:00 HSZ,/0002
Nonuniform magnetic spin textures for sensing, storage and
computing applications — eSABRI KorALTAN — Insitute of Ap-
plied Physics, TU Wien, Vienna, Austria

Spintronic materials underpin many modern technologies, from hard-
disk drives to magnetic sensors. While these applications tradition-
ally rely on uniform magnetization states, recent advances focus on
nonuniform magnetic textures such as vortices, and skyrmions. In my
doctoral thesis, I explored such textures for sensing, storage, and com-
puting applications [1].

The first part of my talk covers the discovery and characteriza-
tion of spin textures with arbitrary topological charge in ferromag-
netic [Co/Ni] multilayers [2]. Using simulations and experiments, we
demonstrate coexisting higher-order skyrmions and antiskyrmions and
uncover their distinct dynamics under spin-transfer torques.

The second part presents a three-dimensional magnetic-field sen-
sor with a wide linear range and intrinsic offset cancellation, enabled
by spin-orbit torque symmetry in a [W/CoFeB/MgO]*10 multilayer
that stabilizes stripe domains and skyrmions [3]. I will show, through
experiment and micromagnetics, how spin-orbit torques reshape the
magnetic state at high current densities to achieve full 3D sensing,
with topological transitions detected electrically via the anomalous
Hall effect.

[1]SK (2025), PhD Thesis, doi:10.25365/THESIS.77909;[2] MH, SK
et al., Nat. Phys. 20 (2024) 615%622;[3] SK et al., arXiv:2403.16725
(2024).

Invited Talk SYSD 1.3 Mon 10:30 HSZ/0002
Anomalous Quantum Oscillations beyond Onsager’s Fermi
Surface Paradigm — eVALENTIN LEEB — University of Zurich —
Technical University of Munich

Quantum oscillation measurements are the most precise method for de-
termining Fermi surface properties in bulk three-dimensional metals,
owing to Onsager’s relation, which connects the oscillation frequency
to an extremal cross-section of the Fermi surface. This canonical,
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semiclassical theory of quantum oscillations has been remarkably suc-
cessful in unearthing electronic properties of metals for over 75 years.
However, with the emergence of modern quantum materials and ad-
vancements in experimental sensitivity, breakdowns of the semiclas-
sical theory have recently come to light. In this talk, I demonstrate
that additional quantum oscillation frequencies - breaking Onsager’s
relation - emerge generically in multiband metals. These anomalous
frequencies, referred to as non-Onsager oscillations, are induced by im-
purities, scattering from fluctuations, or weak and strong electronic in-
teractions. Using a combination of analytic theory, numeric modeling,
and experimental verification, I establish them as fundamental features
of quantum oscillation spectra. Properly identifying non-Onsager os-
cillations is essential for accurately reconstructing the Fermi surface.
Moreover, these frequencies encode rich information about underlying
material properties beyond the scope of the semiclassical theory. The
results, presented here, refine our understanding of quantum oscilla-
tions in complex materials and open new avenues for probing electronic
correlations, emergent phenomena, and unconventional metallic states.

Invited Talk SYSD 1.4 Mon 11:00 HSZ/0002
Coherent Control Schemes for Semiconductor Quantum Sys-
tems — eEva ScHOLL — PhoQS Institute, CeOPP, and Department
of Physics, Paderborn University, Paderborn, Germany — Institute
of Semiconductor and Solid State Physics, Johannes Kepler Univer-
sity, Linz, Austria — Institute for Integrated Circuits and Quantum
Computing, Johannes Kepler University, Linz, Austria

Single photons are fundamental building blocks for advancing quantum
technologies. Therefore, quantum light sources that simultaneously
exhibit properties such as high single-photon purity, indistinguishabil-
ity, and entanglement fidelity are essential. Semiconductor quantum
dots (QDs) are promising candidates that already meet many of these
requirements. In this talk, I will provide a deeper understanding of
the underlying quantum-level schemes and reveal an intrinsic limit on
indistinguishability for photons arising from a radiative cascade. To
address this, we studied QDs under s-shell resonant excitation and two-
photon excitation (TPE), and introduced a novel excitation technique
combining TPE with stimulation of the first transition. This method
can overcome the previously mentioned limit on indistinguishability.

Invited Talk SYSD 1.5 Mon 11:30 HSZ/0002
On stochastic thermodynamics under incomplete informa-
tion: Thermodynamic inference from Markovian events —
eJANN VAN DER MEER — Department of Physics No. 1, Graduate
School of Science, Kyoto University, Kyoto 606-8502, Japan

Stochastic thermodynamics provides the framework for analyzing ther-
modynamic quantities along individual trajectories of small but fully
observable systems. If, however, the observable dynamics is coarse-
grained, i.e., does not capture all relevant degrees of freedom, the
principles of stochastic thermodynamics generally cannot be applied
directly. With access to some observables, preeminent results in the
field (e.g. the thermodynamic uncertainty relation) often establish
lower bounds on the average entropy production in terms of such ob-
servables.

However, there is no reason why attention should be limited to
bounds on the averaged entropy production only. In my talk, I
present the concept of a fluctuating entropy production on the coarse-
grained level, which contains more information than about averages
only, thereby allowing us to, e.g., estimate the strength of driving
forces and localize entropy production spatially and temporally. From
a theoretical point of view, these results rely on the identification of
Markovian events, a systematic way of describing the dynamics and
thermodynamics of a variety of possible coarse-grained dynamics in
terms of semi-Markov processes.



