Dresden 2026 — MA

Friday

MA 58: Computational Magnetism Il

Time: Friday 9:30-12:45

MA 58.1 Fri 9:30 POT/0151
Prototype for Magnetic Multiscale Modelling Suite (MaM-

MoS) — eHans Fanconr!, SamuerL RJ Horr!, MarTIN Lang!,

SWAPNEEL PaTHAK!, ANDREA PETROCCHI!, WILFRIED HORTSCHITZZ,
SaNTA PiLe?, ALena Visuina®, M Nur Hasan3, GEorcia A
MarcHANT?, TiMmoTEO CoLNacHI?, CHRISTINA WINKLER?, JONAS
WINKLER®?, Nora DEMPSEY®, THomas G Woobpcock®, ANDREAS
Marek?, Heike C Herper®, and THOMAS ScHREFL? — I1MPSD,
Hamburg, Germany — 2UWK, Krems, Austria — 3Uppsala Univer-
sity, Sweden — *MPCDF, Garching, Germany — SIFW, Dresden,

Germany — SInstitute Neel, Grenoble, France

Magnetic materials require multiscale modelling across electronic,
atomistic, micromagnetic and device levels. MaMMoS provides a uni-
fied Python framework that links these steps and avoids manual data
translation. Based on ground-state magnetic parameters from DFT
databases, it computes their temperature dependence using atomistic
spin-dynamics, and passes them directly to micromagnetic solvers for
modelling hysteresis and switching. Common analysis tools (e.g., co-
ercivity, remanence) are included, and benchmarking and optimisation
are possible. Planned extensions include machine-learning based mod-
ules to replace simulations with faster, approximate estimates. We
present the current prototype to attract early adopters and invite com-
munity feedback.

Acknowledgements: This work is supported by the European
Union’s Horizon Europe research and innovation programme under
grant agreement No. 101135546 (MaMMoS).

MA 58.2 Fri 9:45 POT/0151
A Fourier-Space Approach to Physics-Informed Magnetiza-
tion Reconstruction from Nitrogen-Vacancy Measurements
— ®ALEXANDER SETESCAK!, FLORIAN BRUCKNER!, DIETER SUEss!,
Younc-Gwan Cuoi?3, HAypEN BINGER?, LoTTE BoER?, CLAIRE
DonNELLY?, Url VooL?, and CrLaas ABERT! — !University of Vi-
enna, Vienna, Austria — 2Max Planck Institute for the Chemical
Physics of Solids, Dresden, Germany — 3University of Ulsan, Ulsan,

Republic of Korea

Reconstructing complex magnetization textures from nitrogen-vacancy
(NV) magnetometry stray-field measurements presents a challenging
inverse problem. In this work, we introduce a physics-informed method
that addresses this by incorporating the full micromagnetic energy di-
rectly into the variational formulation.

Built on a PyTorch backend, our forward model integrates an auto-
differentiable micromagnetic framework with FFT-based stray-field
calculations and Fourier-space upward continuation. This enables ef-
ficient gradient-based optimization via the adjoint method and allows
the sensor-sample distance to be treated as an optimization parameter.
By doing so, we eliminate the experimental uncertainty arising from
unknown NV implantation depths and surface oxidation layers.

Validation on synthetic data demonstrates high-fidelity reconstruc-
tion of spin textures and precise sensor height estimation. Further-
more, when applied to experimental NV measurements of the van der
Waals magnet Fez_xGaTez, the framework reconstructs skyrmion bub-
bles that are consistent with theoretical micromagnetic behavior.

MA 58.3 Fri 10:00 POT/0151
First principals calculation of current-induced spin-
transfer and spin-orbit torques — eTamAs VEBER!, LAszLO
OroszLANY D2 ZorTAn Taskov!h3 MARCELL Stpos!, and BRANISLAV
K. Nikoric* — 'Eétvos Lorand University, Budapest, Hungary —
2Wigner Research Centre for Physics, Budapest, Hungary — 3HUN-
REN Centre for Energy Research, Budapest, Hungary — *University

of Delaware, USA

The study of two dimensional magnetic materials - especially those pos-
sessing strong spin-orbit coupling - has great promise both in terms of
providing new theoretical discoveries, as well as practical applications
like smaller and more energy efficient magnetoresistive RAM (MRAM)
technologies. The theoretical study of such systems has been well-
established in recent decades. However, no single ecosystem exists in
which all the simulation and post-processing steps can be performed
in a cohesive way. We aim to fill this gap by providing a chain of cross-
compatible software for this purpose - and where it is possible, do this
in the form of open-source libraries. In this work we lay out such

Location: POT/0151

an implementation for obtaining current-induced spin torques - like
spin-transfer torque (STT) and spin-orbit torque (SOT) - in the linear
response regime from ab initio results. We demonstrate this method
on a set of magnetic two dimensional few-layer materials, comparing
our results with the literature.

MA 58.4 Fri 10:15 POT/0151
Multi-spin Hamiltonians from symmetry considerations —
oLEVENTE R6zsa — HUN-REN Wigner Research Centre for Physics,
Budapest, Hungary — Budapest University of Technology and Eco-
nomics, Budapest, Hungary

Spin Hamiltonians are central to modeling magnetic materials. These
Hamiltonians must reflect the symmetry of the underlying crystal [1].
Going beyond the most extensively studied two-spin interaction terms,
for example the introduction of the isotropic biquadratic exchange in-
teraction, has proven successful in describing special types of magnetic
ordering in classical and quantum magnets. Four-spin generalizations
of the anisotropic Dzyaloshinsky-Moriya interaction have also been
proposed [2,3].

Here, we present a general formalism for deriving symmetry-adapted
multi-spin interactions up to arbitrary order in the spin Hamiltonian.
This method provides an alternative to perturbative expansions [2]
which become difficult to tract as the number of spins and the com-
plexity of the interactions increases. We identify all possible inter-
action terms containing four spins, and describe their transformation
properties under rotations. We propose procedures for deriving these
interactions from first-principles calculations, and for calculating the
magnetic ground states stabilized by them.

[1] J. Bouaziz et al., Phys. Rev. B 112, 014406 (2025). [2]| S. Brinker
et al., New J. Phys. 21, 083015 (2019). [3] A. Laszloffy, L. Rozsa et
al., Phys. Rev. B 99, 184430 (2019).

MA 58.5 Fri 10:30 POT/0151
Above-Room-Temperature Magnetism in the Fe3GeTe2 and

Fe3GaTe2 monolayer — eANjaLl JyorHi Buasu!, BENDEGUZ

NvAri!, LAszLé OROszZLANY2, LAszLé Ubpvarpil, and LAszLo
Szunvyocu! — Department of Theoretical Physics, Budapest Uni-
versity of Technology and Economics, Budafoki ut 8., HU-1111 Bu-
dapest, Hungary — 2Department of Physics of Complex Systems,

Eo6tvos Lorand University, 1117 Budapest, Hungary

Room-temperature ferromagnetism that remains robust at the
nanoscale is a key requirement for next-generation spintronic and in-
formation storage technologies. Using density-functional methods, we
investigate monolayers of the van der Waals magnets Fe3GeTe2 and
Fe3GaTe2, both of which exhibit magnetic ordering under ambient con-
ditions. We compute the magnetic interaction parameters using the
LKAG torque formalism as well as the spin-cluster expansion com-
bined with the relativistic disordered local moment formalism. Special
emphasis is placed on how these interactions vary with the Hubbard
parameter U, which controls electron-electron correlations within the
DFT+U framework. We then estimate the energetically favored mag-
netic structure by evaluating the Fourier transform of the tensorial
coupling matrices. The order-disorder transition temperatures are ob-
tained from large-scale Monte Carlo simulations, and we find that the
simulated transition temperatures depend sensitively on the value of
U.

MA 58.6 Fri 10:45 POT/0151
Micro and macroscopic quantum details of complex spin-
textures — eWENHAN CHEN!2, SANGEETA SHARMA!3, and JoHN
Kay DeEwnURsT? — !Max-Born-Institut (MBI) im Forschungsver-
bund Berlin e.V,Max-Born-Str 2A, Berlin — 2Max-Planck-Institut fiir
Mikrostrukturphysik, Halle (saale) — 2Freie Universitét Berlin, Berlin

Studying large-scale systems from first principles remains challenging
because conventional DFT becomes prohibitively expensive. The re-
cently proposed ultra-long-range DFT (ULR-DFT) aims to address
this systematically while retaining full quantum-mechanical detail.

In our preliminary work, ULR-DFT successfully reproduces
micrometre-scale ferromagnetic domains and domain walls, while also
providing quantum-level information such as band structures and re-
sponse functions. Applied to B20 chiral magnets, it captures helical
states and skyrmion textures in agreement with experiments. Over-
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all, ULR-DFT is promising for both fundamental research and device
modelling, including band-structure engineering for spintronic appli-
cations.

15 min break

MA 58.7 Fri 11:15 POT/0151
Automated Defect Detection in Magnetic Imaging Data
Using Latent Measures and U-Net Segmentation — eRoss
KnaPMaN®2, NasiMm Bazazzapen'3, KuBra KaLkan!, ATREvA
Masumpar!, and KARIN EVERSCHOR-SITTE! — !Faculty of Physics
and Center for Nanointegration Duisburg-Essen (CENIDE), University
of Duisburg-Essen, 47057 Duisburg, Germany — 2Institute of Mechan-
ics, Faculty of Engineering, University of Duisburg-Essen, 45141 Essen,
Germany — 3Radiology Department, Massachusetts General Hospital,
175 Cambridge St., Boston, MA 02114, USA

Detecting and characterising local inhomogeneities is essential for un-
derstanding and optimising magnetic materials. We present an auto-
mated framework that combines physics-based latent measures with
deep convolutional segmentation for robust defect identification in
magnetic imaging data. Time-resolved micromagnetic simulations
with randomly distributed defects are used to compute three per-
pixel descriptors: temporal mean, temporal standard deviation, and
a latent-entropy measure that quantifies local dynamical complexity
[1,2]. Each measure serves as input to a U-Net architecture trained for
pixel-level segmentation of defect regions. Performance is evaluated
under additive and multiplicative noise to test robustness. This ap-
proach demonstrates how integrating physics-motivated feature con-
struction with deep learning enables reliable automated analysis of
magnetic textures and defect landscapes in simulation and experiment.
[1] Horenko, I. et al., Comm. App. Math. and Comp. Sci 16, 267
(2021). [2] Rodrigues, D. R. et al., iScience 24, 102171 (2021).

MA 58.8 Fri 11:30 POT/0151
Dynamical mean-field theory for spin systems at finite tem-
perature: cluster extension — ePrzEmMysLaw BIENIEK!, TiMO
GRrAsser?, and GoTz Unric! — !'Condensed Matter Theory, TU
Dortmund University, Otto-Hahn-Str. 4, 44227 Dortmund, Germany
— 2Institute of Molecular Physical Science, ETH Ziirich, Vladimir-

Prelog-Weg 1-5/10, 8093 Ziirich, Switzerland

Dynamical mean-field theory (DMFT) is an established numerical
technique for approximately solving fermionic many-body problems.
It maps the full quantum system to an impurity problem and uses a
self-consistency condition to connect back to expectation values of the
original model. In recent years, a method inspired by DMFT applicable
to spin systems (spinDMFT) was developed. It is in agreement with
numerical techniques and has already proven successful in explaining
nuclear magnetic resonance experiments. However, it was derived only
in the case of infinite temperature.

Based on spinDMFT, we develop a dynamical mean-field theory for
spin systems at finite temperatures. The algorithm computes spin cor-
relations in imaginary time. It maps the spin system to a single-site
problem with a time-dependent mean field and uses a self-consistency
condition to connect the values of the mean-field to quantum expec-
tation values. The single-site approach is extended to a cluster algo-
rithm, allowing for the computation of nonlocal expectation values.
We benchmark the algorithm by comparing the resulting correlations
with numerical approaches. We discuss the potential applications of
the method and possible extensions.

MA 58.9 Fri 11:45 POT/0151
A Computational Framework for Bare and Interacting Lon-
gitudinal Susceptibility in Magnetic Materials — eRoHIT
PatHAK!, VLADISLAV Borisov!:2, MikHAIL 1. KATsNELsON?3, ANNA
DeLiN*5, and OLLE Eriksson’2 — 'Uppsala University, Sweden —
2Wallenberg Initiative Materials Science for Sustainability, Uppsala,
Sweden — 3Radboud University, Netherlands — KTH Royal Insti-
tute of Technology, Sweden — ®Wallenberg Initiative Materials Science
for Sustainability, Stockholm, Sweden

We present a computational framework for calculating the non-
interacting and interacting spin susceptibilities in magnetic materials
using the Relativistic Spin-Polarized Toolkit (RSPt) [1]. The ground-
state electronic structure is obtained from self-consistent DFT calcula-
tions, followed by the computation of site-resolved Matsubara Green’s
functions, whose convolution yields the bare susceptibility. The inter-
acting x*? is evaluated by solving the ADA-TDDFT Dyson equation

K = (1 — XU)~1X, based on previously developed theory [2]. Appli-
cations to bce Cr, BaFezAsa, and FeSe show that the calculated x(q)
peaks reproduce the known magnetic ordering vectors. This frame-
work enables systematic exploration of spin-density-wave phenomena
in correlated electron systems.

[1] J. M. Wills, M. Alouani, P. Andersson, A. Delin, O. Eriksson, and
O. Grechnyev, Full-Potential Electronic Structure Method (Springer,
2010).

[2] M. I. Katsnelson and A. I. Lichtenstein, J. Phys.: Condens. Mat-
ter 16, 7439 (2004).

MA 58.10 Fri 12:00 POT/0151

Proximity-Induced Magnetic Phases in CrI3 Monolay-
ers Coupled to Transition-Metal Dichalcogenide Monolayer
— eZorLraNn Taskov!, LaszLo ORroszLANY!, AMADOR GARCIA
FueNTE?, JAIME FERRER?, JAROSLAV FaBIAN®, and DaNIEL Pozsar?!
— 1Eotvos Lorand University, Budapest, Hungary — 2University of
Oviedo, Oviedo, Spain — 3 University of Regensburg, Regensburg, Ger-
many

We investigate the emergence of altered magnetic phases in a CrI3
monolayer induced by proximity effects with WTe2. Using density
functional theory (DFT) calculations within the SIESTA framework,
we analyze the magnetic properties via a novel approach for extract-
ing the magnetic exchange interaction and onsite anisotropy tensors
in extended Heisenberg spin models, explicitly incorporating rela-
tivistic effects. This method, based on the Liechtenstein-Katsnelson-
AntropovGubanov torque formalism, evaluates energy variations upon
infinitesimal spin rotations. Our results provide insight into how a 2D
magnet is influenced when coupled to a material with strong spin-orbit
coupling. Additionally, we explore the impact of varying twist angles,
considering the incommensurability of the CrI3 and WTe2 unit cells.

MA 58.11 Fri 12:15 POT/0151
Acoustic Wave Group Velocity under Magnetic Field —
eDomiNik LeGuT!?, Ieveeniia Kornienko!, and PaBrLo Nieves®
— 1IT4Innovations, VSB-TU Ostrava, Ostrava, Czechia — 2Charles
University, Prague, Czechia — 3University of Oviedo, Oviedo, Spain

Recently, we derived a spin-lattice model for ferromagnetic cubic crys-
tals[1]. Then we analyzed the effect of the magneto-elasticity on the
group velocities for high symmetry directions|2]. Here we present a dif-
ferent approach to determine the group velocity of the acoustic waves
in any crystals and under the effects an external magnetic field for
cubic and hexagonal symmetry. The group velocity is obtained by cal-
culating Christoffel matrix elements and their partial derivative with
respect to the phase velocity direction, and inserting them in an an-
alytical expression for the group velocity. The effect of that external
magnetic field is computed through the induced effective corrections
to the elastic tensor which depend on the magnetic susceptibility ten-
sor and the magnetoelastic constants. We present examples of dry
sandstone, cubic CoPt and hcp Co to show complex landscapes of
fractional change in group velocity as a function of ray direction, as
well as a field dependence consistent with the Simon effect[3]. We have
developed web-based applications where these effects can be analyzed
and visualized in 3D[4].

[1] P. Nieves et al.: Phys. Rev. B 103, 094437 (2021)

[2] P. Nieves et al.: Phys. Rev. B 105, 134430 (2022)

[3] I. Korniienko, et al.: Results in Physics, 73, 108264 (2025)

[4] P. Nieves et al.:, SoftwareX 33, 102472 (2026)

MA 58.12 Fri 12:30 POT/0151
machine learning prediction of magnetic ordering in chiral
induced multiferroic hybrid MOFs — eGAYATHRI PALANICHAMY,
BipLaB SaANyaL, and JoNAs FranssoN — Materials Theory Division,
Angstrom Laborartory, Uppsala Univesity, Sweden

Chiral hybrid metal organic frameworks with Ruddlesden Popper type
halide layers provide a versatile platform for engineering multiferroicity
by combining molecular chirality with transition metal magnetism. In
this work, we develop a machine learning framework to identify mul-
tiferroic candidates in systems where chiral A-site organic molecules
break inversion symmetry to induce ferroelectricity, while B-site tran-
sition metal centers govern magnetic ordering. First principles cal-
culations confirm that the chiral distortion stabilizes a spontaneous
polarization, and selected compositions exhibit coexisting ferroelec-
tricity and ferromagnetism. To efficiently explore this large chemi-
cal and structural space, we construct feature descriptors capturing
molecular chirality, distortion modes, metal ligand coordination met-
rics, and octahedral connectivity. Random Forest and Deep Neural
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Network models are trained to classify magnetic ground states (FM, Popper candidates with potential multiferroic behavior. This work
AFM A, AFM C, AFM G) and achieve an R* score of 0.94, enabling establishes a data driven strategy toward building a chiral magnetic
reliable prediction of magnetic ordering across diverse chiral MOFs. MOF repository, providing design principles for future spintronic and
Our approach also identifies previously unexplored chiral Ruddlesden multifunctional materials.



