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MA 29: Skyrmions Il

Time: Wednesday 15:00-18:45

MA 29.1 Wed 15:00 H20
Emergent electromagnetic inductance of interface skyrmions
in SrRuO3/SrIrO3 bilayers — eLubpwic SCHEUCHENPFLUG!, SE-
BASTIAN Esser?, RoBerT GRUHL!, Max HIRSCHBERGER?3, and
PuiLipp GEGENWART! — 1 Universitdt Augsburg, Lehrstuhl fiir Ex-
perimentalphysik VI — 2Department of Applied Physics, University
of Tokyo, Japan — S3RIKEN Center for Emergent Matter Science,
Japan

Emergent electromagnetic induction (EEMI) by current-driven spin
dynamics was proposed and observed in the spin helix magnet
GdsRugAli2 [1], where the (current-nonlinear) imaginary impedance
at kHz frequency was associated with the motion of helical spin struc-
tures. To explore the possibility of EEMI arising from current-driven
skyrmion dynamics, we fabricated and microstructured epitaxial thin
film bilayers of ferromagnetic SrRuO3 and paramagnetic SrlrOsz on
SrTiO3z. This bilayer system is known to host DMI-stabilized Néel-
skyrmions, indicated by the topological Hall-effect (THE) [2]. We re-
produce the THE signatures and observe an accompanying large and
current-linear imaginary impedance at low temperatures over broad
current density and frequency ranges, signaling the EEMI from the
low-energy dynamics of pinned interface skyrmions.

[1] Naoto Nagaosa, Jpn. J. Appl. Phys. 58, 120909 (2019), Yokouchi
et al., Nature 586, 232 (2020).

[2] J. Matsuno et al., Science Adv. 2, €1600304 (2016), S. Esser et al.,
Phys. Rev. B 103, 214430 (2021).

MA 29.2 Wed 15:15 H20
Surface acoustic wave based movement of skyrmions —
ePHILIPP SCHWENKE, EPHRAIM SPINDLER, VITALIY VASYUCHKA,
PuiLipp PIRRO, ABBAss HAMADEH, and MaTHiAsS WEILER — Fach-
bereich Physik and Landesforschungszentrum OPTIMAS, Rheinland-
Pfalzische Technische Universitat Kaiserslautern-Landau, 67663
Kaiserslautern, Germany

Magnetic skyrmions have significant potential for utilization in spin-
tronic devices, primarily due to their stability and the ability to be
manipulated by electric currents. However, when a current is applied,
the skyrmions do not move in a direction parallel to the current flow
due to the skyrmion Hall effect [1]. Consequently, the precise control
of their movement is challenging. Recently, it has been demonstrated
that a skyrmion can be moved using a surface acoustic wave (SAW)
[2]. Here, we propose an alternative scheme for acoustic manipulation
of magnetic skyrmions. Our approach is based on exploiting skyrmion
pinning and non-sinusoidal SAWs. To demonstrate feasibility of our
approach, we performed micromagnetic simulations using Mumax in a
realistic pinning energy landscape.

[1] G.Chen et. al, Nature Phys. 13, 112-113 (2017)

[2] Y.Yang et. al, Nat. Commun. 15, 1018 (2024)

MA 29.3 Wed 15:30 H20
Quantum skyrmions and antiskyrmions in monoaxial chiral
magnets — eSTEFAN Li1s¢Ak, ANDREAS HALLER, ANDREAS MICHELS,
TaoMas L. ScaMiDT, and ViapysLav KucHKIN — Department of
Physics and Materials Science, University of Luxembourg

Classical monoaxial chiral magnets represent a unique magnetic system
that allows for the stabilization of both skyrmions and antiskyrmions of
equal energy. Unlike a similar situation in frustrated magnets, the en-
ergy landscape here is much simpler, consisting of four states: the sat-
urated ferromagnetic state, spin-spiral, skyrmion, and antiskyrmion.
This simplicity makes such systems interesting for potential applica-
tions that rely on manipulating these states. We study the quantum
analog of the already established classical theory by investigating the
low-excitation spectra of a spin-1/2 quantum Heisenberg model with
monoaxial Dzyaloshinskii-Moriya interaction. We establish that such
a model supports the existence of skyrmion and antiskyrmion states of
equal energy using the density matrix renormalization group method
(DMRG). This degeneracy allows for the existence of a mesoscopic
Schrédinger cat state exhibiting properties of both skyrmion and an-
tiskyrmion. To characterize this superposition, we calculate two-point
correlation functions, which can be measured in neutron scattering
experiments. Finally, we introduce a perturbation in the form of a
magnetic field gradient to induce a non-trivial time evolution of the
superposition state. We study this time evolution both using a numer-

Location: H20

ical variational approach and the collective coordinates method.

MA 29.4 Wed 15:45 H20
Magnetometry on the low-temperature skyrmion state in
Cuy08e03 — CHRISTIAN OBERLEITNER!, eLukas HrmpL!', Jo-
HANNES FRIEDRICH!, ANDREAS Bauer!:2, DEnis MerTUs!:3, HEL-
MUT BERGER?, and CHRISTIAN PFLEIDERER!2:3 — 1 Physik-Dep., TU
Munich, D-85748 Garching — 2ZQE, TU Munich, D-85748 Garching
— 3MLZ, TU Munich, D-85747 Garching — *Inst. de Phys., EPFL,
CH-1015 Lausanne

In cubic chiral magnets, skyrmion lattice states emerge near the mag-
netic ordering temperature, stabilized by thermal fluctuations [1]. Re-
cently, a distinct low-temperature skyrmion state (LTS) was observed
in Cuz0SeOs3 for magnetic fields along the (100) axes, emphasizing
the role of cubic anisotropies [2, 3]. Nucleation of this state at low
temperatures requires an intermediate phase, the tilted conical phase,
and has been studied mainly along major crystallographic axes [4].

Here, we examine the nucleation dynamics of the LTS under field
rotation away from high-symmetry directions. Magnetization and ac
susceptibility measurements on spherical and cuboid samples reveal
key geometry effects. Spherical samples, with uniform internal field
distributions, show significant spontaneous LTS nucleation. In con-
trast, cuboid samples, with inhomogeneous internal fields, need exter-
nal field pumping to achieve substantial LTS populations|5].

[1]: S. Miihlbauer et al., Science, 323 (2009) 915-919 [2]: S. Seki et
al., Phys. Rev. B, 85 (2012) 220406(R) [3]: A. Chacon et al., Nat.
Phys., 14 (2018) 936-941 [4]: M. Halder et al., Phys Rev., B 98 (2018)
144429 [5]: A. Ageel et al., Phys. Rev. Lett., 126 (2021) 017202

MA 29.5 Wed 16:00 H20
Edge dislocations in helimagnets as mobile topological defects
— eMaurice CoLLING!, MANUEL ZauN!2, JaAN MaseLL?, and DEN-
Nis MErER! — INTNU Norwegian University of Science and Technol-
ogy, Trondheim, Norway — 2University of Augsburg (UniA), Augs-
burg, Germany — 3Karlsruhe Institute of Technology (KIT), Karl-
sruhe, Germany

Magnetic topological solitons, such as skyrmions and hopfions, rep-
resent fertile ground for emergent physical properties with potential
applications in spintronics and unconventional computing. In my talk,
I will present magnetic edge dislocations as intriguing nano-sized topo-
logical textures, which can serve as mobile information carriers. Edge
dislocations naturally arise in the helimagnetic background of the B20-
type material FeGe, which we study as a model system. Using micro-
magnetic simulations, we demonstrate how isolated dislocations can be
initialized in a track-like geometry and how their movement can be con-
trolled using spin-polarized currents and magnetic fields. Furthermore,
we show how pinning sites can be introduced to achieve 'stop-and-go’
motion, allowing to translate events (e.g. magnetic field or current
pulses) into positional information. One key difference between dislo-
cations and other topological solitons is their relaxation motion which
is driven by the system’s intrinsic tendency to revert toward the he-
limagnetic ground state. This feature makes them interesting candi-
dates for sensing and computing applications and low-energy device
technologies in general.

MA 29.6 Wed 16:15 H20
Cubic magnetic anisotropy in B20 magnets: Interplay of
anisotropy and magnetic order in Fe;_,;Co;Si — eGILLES
GODECKE, JuLius GREFE, STEFAN SULLow, and DIRk MENZEL —
Insitut fiir Physik der Kondensierten Materie, TU Braunschweig, D-
38106 Braunschweig, Germany

The itinerant systems MnSi and Fej_;Co,Si are prominent members
among the chiral B20 helimagnets. They are known to host chiral spin
structures and magnetic skyrmions as a result from the competition
of various magnetic interactions, one of which is magnetic anisotropy.
Recently, a secondary skyrmion phase governed by cubic anisotropy
was identified in the compound Cuz0SeOgs [1] raising the question
wether such a phase also exists in MnSi and Fej_,Co4Si. To aid the
search for this phase, a better understanding of the cubic anisotropy
in these systems would be beneficial.

Here, we report on the quantitative measurement of the cubic mag-
netocrystalline anisotropy constants in MnSi and Fe;_;Co,Si (0.08 <
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z < 0.70) single crystals. Our work presents a systematic study re-
garding the cubic anisotropy at 7' = 5K and T' = 10K by means of
angle-resolved SQUID magnetization measurements. We observe that
the cubic anisotropy is generally weaker than in familiar compounds
and more pronounced in MnSi than in Fe;_;Co,Si. For Fe;_,Co,Si
the anisotropy gains at low Co-concentrations with increasing z, van-
ishes for x = 0.50, and is then finite for high z.

[1] A. Chacon et al., Nature Physics 14, 936-941 (2018)

MA 29.7 Wed 16:30 H20

Imaging Topological Defect Dynamics Mediating 2D
Skyrmion Lattice Melting — eRapHAEL GRUBER!, JaN
RoruorL!, Simmon Fronricu!, MAARTEN BRrewms!, FaBian
KAMMERBAUER!, MARIA-ANDROMACHI ~ SYSKAKI!, ELIZABETH

T T
MARTIN JEFREMOvVAS!, SacHIiN Krisunial, AsLe Subsg?, PETER

VirNAUL, and MsTHias Kriur! — lInstitute of Physics, JGU Mainz
— 2QuSpin, NTNU Trondheim

Two-dimensional (2D) phase transitions are mediated by topological
defects, as predicted by KTHNY theory. Using real-time Kerr mi-
croscopy, we image the two-step melting of a 2D skyrmion lattice with
high spatial and temporal resolution. Skyrmions in low-pinning thin-
film systems offer tunability of their size and effective temperature
[2,3], allowing us to controllably drive the phase transitions.

Our results reveal the emergence of an intermediate hexatic phase
and identify topological defects as the key feature of the melting. We
provide new insight into 2D melting dynamics and measure a dislo-
cation diffusion coefficient orders of magnitude higher than skyrmion
diffusion. This work highlights skyrmions as a versatile platform for
studying phase behavior in 2D systems

[1] Kosterlitz & Thouless, J. Phys. C: Solid State Phys. 5, L124
(1972). [2] Zazvorka et al., Nat. Nanotechnol. 14, 658-661 (2019). [3]
Gruber et al., Adv. Mater. 35, 2208922 (2023).

15 min. break

MA 29.8 Wed 17:00 H20

Imaging Topological Defect Dynamics Mediating 2D
Skyrmion Lattice Melting — MaARTEN A. Brewms!, ToBbias
SPARMANN!, eSmmoN M. Fronrica!, Leonie-C. Danvy!, Jan
RoTHORL!, FABIAN KAMMERBAUER!, ELIZABETH M. JEFREMOVAS!,
ODED Faraco?, MaTHiAs KLAUuT!, and PETER VIRnaU! — Institute
of Physics, Johannes Gutenberg University Mainz, 55099 Mainz, Ger
many — 2Biomedical Engineering Department, Ben Gurion University
of the Negev, Be’er Sheva 84105, Israel

We demonstrate fully quantitative Thiele model simulations of mag-
netic skyrmion dynamics on previously unattainable experimentally
relevant large length and time scales by ascertaining the key missing
parameters needed to calibrate the experimental and simulation time
scales and current-induced forces. Our work allows us to determine
complete spatial pinning energy landscapes that enable quantification
of experimental studies of diffusion in arbitrary potentials within the
Lifson-Jackson framework. Our method enables us to ascertain the
time scales, and by isolating the effect of ultra-low current density
(order 108 A/m?) generated torques we directly infer the total force
acting on the skyrmion for a quantitative modelling. [2]

[1] S. Lifson and J. L. Jackson, J. Chem. Phys. 36, 2410 (1962). [2]
M. A. Brems et al., Phys. Rev. Lett., (2024) (accepted for publication)

MA 29.9 Wed 17:15 H20

The dynamics of skyrmion shrinking — eFREDERIK AUSTRUP!,

WoLrcaNg HAusLER?, MicHAEL Laul, and MicHAEL THORWART! —
1. Institut fiir Theoretische Physik, Universitit Hamburg — 2Institut

fiir Physik, Universitdt Augsburg

When magnetic skyrmions decay, their size in real space decreases in
a finite time before they eventually collapse. We derive a continuum
model to describe the shrinking behavior of skyrmions before they
collapse. Using the Landau-Lifshitz-Gilbert equation and the time
derivative of the vectorfield, we find a set of coupled nonlinear ordi-
nary differential equation for the time dependent skyrmion radius and
helicity. In particular, we use a triangular-shaped skyrmion profile of
its polar angle. Contrary to the commonly expected simple exponen-
tial decrease in size, we reveal a more complicated time dependence,
where the time-dependent radius crosses over from an exponential de-
cay towards a square root decrease, ~ (t — t.)'/2, near a critical time
te at which it collapses. This critical time is found to depend loga-
rithmically on the lattice constant. Additionally, we present studies

examining the interplay between the shrinking and a transformation
through different skyrmion configurations, depending on the various
system parameters. The findings are accompanied by numerical stud-
ies, supporting the predictions from the theoretical continuum model.

MA 29.10 Wed 17:30 H20
Effects of chiral polypeptides on skyrmion stability and
skyrmion diffusion — FaBiaN KAMMERBAUER!, YAEL KaponZ,
eTuro Barranp!, Suira YocuErLs?, Sacuin Krisunial, Yossi
Parrier?, and Maruias Krivr! — lInstitut fiir Physik, Johannes-
Gutenberg-Universitat Mainz, 55099 Mainz, Germany — 2Institute
of Applied Physics, Faculty of Sciences, The Hebrew University of

Jerusalem, Jerusalem 9190401, Israel

CISS, chirality-induced spin selectivity is a phenomenon that has raised
significant interest due to the large spin polarizations generated by or-
ganic molecules and other effects such as magnetic switching of fer-
romagnets induced by chiral molecules [1]. In hybrid systems, these
chiral molecules have been observed to influence magnetic properties
such as changes in the magnetization [2|. In this study, we investi-
gate how chiral molecules of a-helix polyalanine interact with chiral
spin structures, namely magnetic skyrmions, which are stabilized in
ferromagnetic/heavy metal multilayers due to Dzyaloshinskii-Moriya
interaction [3]. Using magneto-optic Kerr effect imaging, we show that
chiral polypeptides can influence the stability of skyrmions by modify-
ing the ranges of temperature and applied magnetic field in which they
are stable. We also show that the chiral molecules affect the skyrmion
dynamics, in particular the thermal diffusion of the skyrmions [4].

[1] R. Naaman et al. Nat. Rev. Chem. 3, 250 (2019)

[2] Y. Kapon et al. J. Chem. Phys. 159, 064701 (2023)

[3] K. Everschor-Sitte et al. J. Appl. Phys. 124, 240901 (2018)

[4] Y. Kapon et al. (under review)

MA 29.11 Wed 17:45 H20
Interactions between Skyrmions with various topological
charges — eLAszL6 UbpvArDI and MATYAs TOROK — Department
of Theoretical Physics, Budapest University of Technology and Eco-
nomics, Budapest, Hungary
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 a FePd bilayer on Ir(111) and
PtosIrgs /Pd(111) overlayer. Optimizing the energy of the spin model
several local minima have been identified as a Skyrmion with vari-
ous topological charges. We demonstrate that the frustration of the
isotropic exchange interactions is responsible for the creation of these
various types of skyrmionic structures. We focused on objects with
topological charge of Q=-1 (Skyrmion) and Q=1 (anti Skyrmion) and
explored the interactions between them. We found that although the
interaction between Skyrmions with Q=-1 is always repulsive it has
attractive part between anti Skyrmions. The excitation of an isolated
Skyrmion and a lattice has been also investigated.

MA 29.12 Wed 18:00 H20
RC circuit based on magnetic skyrmions — eIsmMAEL RIBEIRO
DE Assis, INGRID MERTIG, and BORGE GOBEL — Institut fiir Physik,
Martin-Luther-Universitat Halle-Wittenberg

Skyrmions are nano-sized magnetic whirls attractive for spintronic ap-
plications due to their innate stability. They can emulate the char-
acteristic behavior of various spintronic and electronic devices such
as spin-torque nano-oscillators, artificial neurons and synapses, logic
devices, diodes, and ratchets. Here, we show that skyrmions can em-
ulate the physics of an RC circuit*the fundamental electric circuit
composed of a resistor and a capacitor*on the nanosecond time scale.
The equation of motion of a current-driven skyrmion in a quadratic en-
ergy landscape is mathematically equivalent to the differential equation
characterizing an RC circuit: the applied current resembles the applied
input voltage, and the skyrmion position resembles the output voltage
at the capacitor. These predictions are confirmed via micromagnetic
simulations. We show that such a skyrmion system reproduces the
characteristic exponential voltage decay upon charging and discharg-
ing the capacitor under constant input. Furthermore, it mimics the
low-pass filter behavior of RC circuits by filtering high-frequencies in
periodic input signals. Since RC circuits are mathematically equiva-
lent to the Leaky-Integrate-Fire (LIF) model widely used to describe
biological neurons, our device concept can also be regarded as a perfect
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artificial LIF neuron.

MA 29.13 Wed 18:15 H20
Intrinsic non-reciprocity in skyrmion dynamics in syn-
thetic antiferromagnet — eMona BuukTal, Takaaki Domu!,

FABIAN KAMMERBAUER!, MARIA-ANDROMACHI Syskakil?, Duc

MiNHE Tran!, MarkUs WEIGAND?, SEBASTIAN WINTZ3, SIMONE
Finizio?, Jorc RaaBe?, RoBerT FROMTER!, and MarHias KrLAur!
— nstitut fiir Physik, Johannes Gutenberg-Universitit Mainz,
Staudingerweg 7, 55128 Mainz, Germany — 2Singulus Technologies
AG, 63796 Kahl am Main, Germany. — 3Helmholtz-Zentrum Berlin
fiir Materialien und Energie GmbH, 14109 Berlin, Germany — *Paul
Scherrer Institut, Swiss Light Source, Forschungsstrasse 111 5232 PSI
Villigen, Switzerland.

In this work, we investigate the dynamics of isolated AFM skyrmion
tubes in synthetic antiferromagnetic (SyAFM) multilayers composed of
30-50 ferromagnetic (FM) layers, antiferromagnetically coupled via the
interlayer exchange interaction. Using element-specific time-resolved
scanning transmission X-ray microscopy (STXM), we demonstrate the
current-induced dynamics of the resulting AFM skyrmions. In un-
compensated SyAFM, we observe a current-polarity-dependent, non-
reciprocal skyrmion Hall effect of individual AFM skyrmions, arising
from the unique intrinsic properties of the hybrid chiral skyrmion tubes
in the flow regime. This nonreciprocity can be tuned by the degree of
magnetic compensation and vanishes in highly compensated SyAFM
[1]. References [1] T. Dohi, M. Bhukta, et al., Observation of a non-
reciprocal skyrmion Hall effect of hybrid chiral skyrmion tubes in syn-
thetic antiferromagnetic multilayers,arxiv (2024).

MA 29.14 Wed 18:30 H20
Hybrid magnonic crystal based on skyrmions — eKRzYszTOF
SzuLc!?2, MarEUsz ZELENTZ, and Macies Krawczyk? — nstitute
of Molecular Physics, Polish Academy of Sciences, Poznan, Poland —
2ISQI, Faculty of Physics and Astronomy, Adam Mickiewicz Univer-
sity, Poznan, Poland

We study a hybrid magnonic crystal consisting of a Py waveguide
over which the periodic chain of Co/Pt dots is placed [K. Szulc et
al. arXiv:2404.10493|. In the dots, the Dzyaloshinskii-Moriya interac-
tion is present, thus it is possible to stabilize the single-domain state
and the skyrmion state. We show that the dispersion relation changes
with the change of the magnetization configuration of the dot. The
sizes of bandgaps significantly differ in these systems. Due to different
character of excitation of the both states, the system with skyrmions
in dots can interact with the waveguide at lower frequencies or even
be excited below the frequencies of the waveguide. Furthermore, I
show that one part of the skyrmion modes hybridize with the waveg-
uide modes, sometimes inducing additional band gaps in the spectrum,
while the second part does not interact, forming bound states. Such
a system of waveguide coupled to the chain of dots forms a reconfig-
urable spin-wave platform which can be used in spin-wave filtering and
artificial neural networks.

This work was supported by the National Science Centre, Poland,
grant no. UMO-2021/41/N/ST3/04478 and EU Research and Inno-
vation Programme Horizon Europe (HORIZON-CL4-2021-DIGITAL-
EMERGING-01) under grant agreement no. 101070347 (MANNGA).



