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MA 21.1 Tue 14:00 HSZ/0004
Real-Time Modeling of Skyrmion Dynamics in Arbitrary
2D Spatially Dependent Pinning Potential Landscapes —
eSiMoN M. FrROHLICH, TOBIAS SPARMANN, MAARTEN A. BREMS, JAN
RoTHORL, FABIAN KAMMERBAUER, KLAUS RAAB, SACHIN KRISHNIA,
Matnias KrLAul, and PETER VIRNAU — Institute of Physics, Johannes
Gutenberg University Mainz

We investigate how non-flat pinning landscapes influence skyrmion dy-
namics and develop a quantitative framework that links experimental
measurements to predictive simulations. Using real-time magneto-
optical Kerr microscopy, we track skyrmion hopping and dynamics
in a magnetic thin-film system and extract dwell times and transi-
tion statistics across pinning sites. This data is used to construct
parameters for a coarse-grained Thiele model, for which we introduce
a two-stage parameter identification procedure that directly maps ex-
perimental observables onto simulation units. This calibration resolves
a key barrier to quantitative quasiparticle-level modeling by enabling
reconstruction of pinning energies not directly accessible on experi-
mental timescales. We validate the resulting simulation framework by
predicting the density dependence of skyrmion diffusion and confirming
it through long-time measurements. The approach provides a robust,
simulation-ready description of the pinning landscape and establishes a
pathway for predictive in-silico exploration of skyrmion dynamics and
device concepts on experimentally relevant time and length scales.

MA 21.2 Tue 14:15 HSZ/0004
Theoretical study on excitation in anti-Skyrmion lattice —
oL AszL6 UbDvVARDI, MATYAs TOROK, and LAszLO SzUNYOGH — De-
partment of Theoretical Physics, Budapest University of Technology
and Economic

Magnetic Skyrmions exhibit intriguing and novel phenomena due to
their topologically non-trivial spin textures. Their exceptional stabil-
ity makes them possible candidates for information carriers for future
spintronic devices.

We have determined the parameters appearing in a classical spin
model from first principle for PtgsIrgs/Pd(111) overlayer. Optimizing
the energy of the spin model several local minima have been identi-
fied as a Skyrmion with various topological charges. We demonstrate
that the frustration of the isotropic exchange interactions is respon-
sible for the creation of these various types of skyrmionic structures.
Our study is focused on objects with topological charge of Q=1 anti-
Skyrmion. Anti-skyrmions exhibit attractive inter-particle interaction
and they have tendency to form clusters or skyrmionic lattice. The
excitation spectrum of an anti-skyrmon lattice with various external
magnetic field has been calculated. The low energy excitation respon-
sible for the low temperature behavior of the system shows similarities
to nematic liquid crystals.

MA 21.3 Tue 14:30 HSZ/0004
Skyrmion topological Hall effect in Ta/CoFeB/MgO at room
temperature detected with Kerr microscopy — eHAUKE LARs
HeveN!, MicHAEL VocEL?, FLorIAN GossiNg?, JakoB WaLowski?,
JerFREY McoCorp?, and MARkUS MUONzENBERG! — llnstitute of
Physics, University Greifswald, Germany — Z2Institute of Materials
Science, Nanoscale Magnetic Materials and Magnetic Domains, CAU

Kiel, Germany

The topological Hall effect is interesting for characterizing materials
and their non-trivial spin structures. It arises from spin textures with
a finite topological charge, such as skyrmions. In this work, we mea-
sured the topological Hall effect originating from topologically pro-
tected skyrmions in Ta/CoFeB/MgO single-layer films. Since the small
topological Hall contribution appears on top of the dominating anoma-
lous Hall effect, its direct detection in this material system is challeng-
ing. Electrical Hall effect measurements contain both effects and to
separate these, Kerr-microscopy (MOKE) measurements are carried
out simultaneously to Hall effect measurements. We further verify the
results with thermal and electrical transport measurements to calcu-
late a topological quantity that contains the topological Nernst and
Hall effect respectively. Those measurements are conducted using the
experimental scheme introduced in [1].

[1] R. Schlitz et al. All Electrical Access to Topological Transport
Features in Mn1.8PtSn Films. Nano Letters, 19(4):2366-2370, March
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2019.

MA 21.4 Tue 14:45 HSZ/0004

Optimization of magnetic skyrmion diffusion in thin films —
eALEN Joun!:2, MARIA ANDROMACHI SYSKAKI!, JURGEN LANGER!,
GERHARD JakoB2, and Marnias Kriui?> — !Singulus Technologies
AG, 63796 Kahl am Main, Germany — 2Institute of Physics, Johannes

Gutenberg University Mainz, 55128 Mainz, Germany

Topological magnetic solitons, particularly skyrmions, have garnered
significant interest for their potential in unconventional computing and
sensing applications. In this work, we outline an optimized fabri-
cation strategy for generating and stabilizing low-pinning magnetic
skyrmions in magnetic thin films using magnetron sputtering. We
focus on Ta/CoFeB/MgO heterostructures with perpendicular mag-
netic anisotropy and systematically vary key deposition parameters
including sputter power and Ar pressure to optimize skyrmion forma-
tion. Furthermore, we incorporate an ultrathin Ta dusting layer at the
CoFeB/MgO interface to precisely tune the interfacial anisotropy. This
combined approach enables the realization of ultralow-pinning thin-
film systems that reliably host room-temperature, thermally diffusing
skyrmions. Such samples represent a promising platform for emerging
applications in unconventional computing paradigms, including reser-
voir computing[1].
[1] J. Zazvorka et al., Nat. Nanotechnol. 14, 658 (2019)

MA 21.5 Tue 15:00 HSZ/0004
Impact of higher-order exchange on the lifetime of
skyrmions and antiskyrmions — HENDRIK SCHRAUTZER!, MORITZ
GoERZEN23, eBJARNE BEYER?, PaveEL BessaraBl'?, SoumyaisyoTi
HaLpar3, and STeEraN HEINzE3® — !Science Institute and Fac-
ulty of Physical Sciences, University of Iceland, Reykjavik, Iceland
— 2CEMES, Université de Toulouse, CNRS, Toulouse, France —
3Institute of Theoretical Physics and Astrophysics, University of Kiel,
Germany — “Department of Physics and Electrical Engineering, Lin-
naeus University, Kalmar, Sweden — °Kiel Nano, Surface, and Inter-
face Science (KiNSIS), University of Kiel, Germany

Reliable control of skyrmion lifetime is essential for realizing spintronic
devices, yet the role of higher-order interactions (HOI) — which can lead
to skyrmion stabilization — remains largely unexplored. Here we cal-
culate lifetimes of isolated skyrmions and antiskyrmions at transition-
metal interfaces based on an atomistic spin model that includes fourth-
order exchange [1]. Within harmonic transition-state theory, we eval-
uate both energetic and entropic contributions and find substantially
enhanced lifetimes when HOI are included. The four-spin four-site
interaction raises the energy barrier and lowers the curvature of the
energy landscape in the vicinity of the collapse saddle point, increas-
ing the pre-exponential factor of the arrhenius Law. Further HOI
allow thermally stable skyrmions and antiskyrmions even in absence
of Dzyaloshinskii-Moriya interaction, interesting in the context of 2D
van der Waals magnets lacking inversion symmetry.

[1] H. Schrautzer et al., arxiv:2511.05278 (2025).

MA 21.6 Tue 15:15 HSZ/0004
Real-time observation of topological defect dynamics medi-
ating two-dimensional skyrmion lattice melting — RAPHAEL
GRUBER!, eEDOARDO MANGINI!, MARIA-ANDROMACHI SYSKAKI!,
ELizaBETH JEFREMOvVAs!, SacHIN KRrisunial, AsLe SupBg?, PETER
VirNAU2, and Matuias KrLiur! — !Institute of Physics, Johannes
Gutenberg University, Staudingerweg 7, Mainz, Germany — 2Center
for Quantum Spintronics, Department of Physics, Norwegian Univer-
sity of Science and Technology, Trondheim, Norway

Magnetic skyrmions, topologically non-trivial chiral magnetic quasi-
particles, can be stabilized in magnetic thin-film stacks [1]. By precisely
controlling the externally applied in-plane and out-of-plane magnetic
fields, two-dimensional dense arrays of skyrmions—so-called skyrmion
lattices—can be formed [2]|. Through suitable geometrical confinement,
both orientational and translational order can be induced in these lat-
tices. Such systems provide experimental insight into the dynamics of
phase transitions in two-dimensional particle systems.

In this work, we show a two-step topological lattice-melting experi-
ment, in which phase transitions are triggered in a skyrmion lattice
by tuning the skyrmion size. The Kerr microscopy setup, in conjunc-
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tion with machine learning approaches, enables real-time tracking of [1] K. Everschor-Sitte et al., J. Appl. Phys. 124, 24, 2018
skyrmions, allowing us to investigate the emergence and dynamics of [2] J. Zazvorka et al., Adv. Funct. Mater. 30, 46, 2020
topological lattice defects throughout the phase transitions [3]. [3] R. Gruber et al., Nat. Nanotechnol. 20, 10, 2025



