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MA 11: Functional Antiferromagnetism

Time: Monday 15:00-18:45

MA 11.1 Mon 15:00 EB 202
Anisotropic magneto-transport properties in a short period
helical magnet — eRvora Nakano!, RINSUKE YamapAal, SEBAs-
TIAN Esser!, Masak1 GEN2, Akiko Kikkawa?, YAsuJiRo TAGUCHIZ,
Maurice CoLLiNG3, JAN MaseLL?3, Masasur Tokunaca®?, Ha-
JIME SacgavyaMa®, Hirovyukr Ousumi®, Yosuikazu Tanaka®, Taka-
HIsA ARIMAZ7, YosHINORI TokURAL:2:8 and Max HIRSCHBERGER!:2
— !Dep. of Applied Physics, University of Tokyo, Japan — 2RIKEN
CEMS, Japan — 3Inst. of Theoretical Solid State Physics, Karlsruhe
Institute of Technology, Germany — 4ISSP, University of Tokyo, Japan
— SInst. of Materials Structure Science, KEK, Japan — SRIKEN
SPring8, Japan — "Dep. of Advanced Materials Science, University
of Tokyo, Japan — 8Tokyo College, University of Tokyo, Japan

Antiferromagnetic materials have recently attracted considerable at-
tention due to their potential in future spintronic applications thanks
to numerous characteristic features: they are robust against external
magnetic field, produce no stray field, and display ultrafast dynamics.
Anisotropic magnetoresistance (AMR) effect is one way to electrically
read out spin textures of antiferromagnets. However, AMR has been
so far studied mainly on collinear magnets and its amplitude tends to
be small. In this presentation, we will show that partial Fermi sur-
face gapping through Ruderman-Kittel-Kasuya-Yosida (RKKY) inter-
actions can enlarge AMR in a short period helical magnet and show
some experimental results of a rare-earth-based target material.

MA 11.2 Mon 15:15 EB 202
Exchange spin-orbit coupling and unconventional p-wave
magnetism — eANNA Birk HELLENEs!, ToMmAS JuNGWIRTHZ3,
Jairo Sivoval:2) and Lior Smeikarb? — 1JGU Mainz — 2FZU

Prague — 3University of Nottingham

Relativistic spin-orbit coupling is a cornerstone in fundamental and
applied research, governing phenomena such as spin Hall effects and
topological insulators. The mechanism arises from the Dirac equa-
tion in non-centrosymmetric crystals and is typically confined to meV
scales unless introducing heavy elements. In this work, we unveil a pre-
viously overlooked mechanism based on a magnetic analog of p-wave
He-3 superfluidity that does not require heavy elements. Our mech-
anism shares the characteristic signature of spin-orbit coupling with
the Dirac approach — namely, antisymmetric, p-wave, time-reversal-
invariant spin polarization in the band structure. Unlike the relativis-
tic Dirac equation, our spin-orbit coupling emerges from the magnetic
exchange interaction in non-centrosymmetric crystals exhibiting a non-
collinear spin order. We predict giant spin splitting magnitudes on the
order of hundreds of meV in a realistic material candidate, namely
antiperovskite CezInN. Our findings open avenues for giant exchange
spin-orbit coupling phenomena in materials comprising abundant light
elements, with implications ranging from spintronics and nanoelectron-
ics to topological matter [1].
[1]: Hellenes, Jungwirth, Sinova, and Smejkal, arXiv:2309.01607.

MA 11.3 Mon 15:30 EB 202
Non-Volatile Spin-Orbit Torque Driven Antiferromagnetic
Memristor — eJoao Gobpinao!, Prabpeep Rout!, RusLan
SaLikHOVZ, OLav HELiwiG2:3, ZBYNEK SoBaN?, RUBEN OTX0A%,
KaMmiL OLeINik?, Tomas Junawirta®®, and Joere WuNDERLICH!+4
— 1University of Regensburg, Regensburg, Germany — 2Helmholtz-
Zentrum Dresden-Rossendorf, Dresden, Germany — S3Institute of
Physics, Chemnitz University of Technology, Chemnitz, Germany —
4Institute of Physics, ASCR, Prague, Czech Republic — PHitachi
Cambridge Labyoratory, Cambridge, United Kingdom — 6School of
Physics and Astronomy, University of Nottingham, United Kingdom

Magnetic data storage is based on the switching and detection of ener-
getically degenerate ferromagnetic ground states with reversed magne-
tization separated by a sufficiently high energy barrier to maintain the
long-term non-volatility of the stored data. Therefore, exploiting the
many advantages of zero net moment antiferromagnets (AFM) for fast
and energy-efficient magnetic storage will also rely on the realization
of switching and detecting stable AFM states with reversed magnetic
order. Here we show switching between non-volatile states with op-
posite Néel vector detections in a compensated out-of-plane synthetic
AFM. The manipulation of the AFM order is achieved by generating
relativistic effective spin-orbit fields and its detection via higher-order
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magneto-transport responses. Furthermore, besides the storing of bi-
nary ”0” or ”1” corresponding to two fully polarized magnetic states
with reversed Néel vectors, we also show that partial switching enables
the realization of non-volatile memristor type of devices.

MA 11.4 Mon 15:45 EB 202
Impact of growth conditions on magnetic anisotropy and
magnon Hanle effect in o-FezO3 — eMONIKA SCHEUFELELZ,
JANINE GUCKELHORN':2, MarTHiAs OPEL!, AxasHDEEP KAMRAS,
Hans HuesrLl24, RupoLr Gross!2?, StepuaN Geprics!, and
MATTHIAS ALTHAMMER'? — lWalther-Meifiner-Institut, BAdW,
Garching, Germany — 2TUM School of Natural Sciences, Physics De-
partment, TUM, Garching, Germany — 3IFIMAC and Departamento
de Fisica Teorica de la Materia Condensada, Universidad Auténoma
de Madrid, Madrid, Spain — #Munich Center for Quantum Science
and Technology, Munich, Germany

The antiferromagnetic insulator a-FeaOgz exhibits a spin-reorientation
transition (Morin transition) at Ty = 263 K — a feature often absent
in thin films. To tune Ty, we investigate the impact of different growth
conditions on the magnetic anisotropy in a-FezO3 films [1]. Unlike for
films deposited in a molecular oxygen atmosphere, we observe a finite
Ty for those grown in atomic oxygen even down to a thickness of 19 nm.
Furthermore, we observe a clear impact of the growth conditions on the
magnon Hanle effect, i.e. the precession of magnon pseudospin around
its equilibrium pseudofield in easy-plane antiferromagnets. The maxi-
mum magnon Hanle signal is significantly enhanced and the peak po-
sition shifted to lower magnetic field values for films grown in atomic
oxygen, suggesting changes in the magnetic anisotropy. This shows
that the growth conditions allow to fine-tune the magnetic anisotropy
in a-Fep O3 and thereby to engineer the magnon Hanle effect.

[1] M. Scheufele et al., APL Mater. 11, 091115 (2023).

MA 11.5 Mon 16:00 EB 202
Hexagonal MnTe with Antiferromagnetic Spin Splitting and
Hidden Rashba-Dresselhaus Interaction for Antiferromag-
netic Spintronics — SumaN RooJ, JayitaA CHAKRABORTY, AB-
HIJEET KuMAR, and eNIRMAL GANcULI — Department of Physics,

Indian Institute of Science Education and Research Bhopal, Bhauri,
Bhopal 462066, India

Hexagonal MnTe emerges as a critical component in designing mag-
netic quantum heterostructures, calling for a detailed study. After
finding a suitable combination of exchange-correlation functional and
corrections, our study within ab initio density functional theory uncov-
ers an insulating state with a preferred antiferromagnetic order. We
compute the exchange interaction strengths to estimate the antifer-
romagnetic ordering temperature via Monte Carlo calculations. Our
calculations and symmetry analysis reveal a large spin splitting in the
system due to the antiferromagnetic order without considering spin-
orbit interaction, except in the k;-ky plane. Critically examining the
band dispersion and spin textures obtained from our calculations and
comparing them with an insightful symmetry analysis and analytical
model, we confirm a combined Rashba-Dresselhaus interaction in the
kz-ky plane, around the K point of the system. Our results and in-
sights would help design heterostructures of MnTe for technological
applications.
https://doi.org/10.1002/apxr.202300050

MA 11.6 Mon 16:15 EB 202
Magnetization Dynamics in a-Fez O3 /NiFe Thin Film Bilayers

— eHassaN ArL-Hampol, Tobias WAGNERZ, PHILIPP SCHWENKE!,

GuTENBERG KENDZzO!, MisBaH YaqQooB!, MaxiMiLIAN DAUSEND!
bl 9 b

LAURA SCHEUER!, TaMarA AzeveEDpo!, ViTaLly 1. VasvyucHkal,
1

PuiLipp Pirro!, OLENA GowmoNay?, and MaTHias WEILER! —
IFachbereich Physik and Landesforschungszentrum OPTIMAS, RPTU
Kaiserslautern-Landau, 67663 Kaiserslautern, Germany — 2Institute

of Physics, JGU Mainz, 55099 Mainz, Germany

We experimentally investigate the magnetization dynamics in
exchange-coupled bilayers of a-FeaOs/NiggFeag (Py). a-Fe2Os is a
canted antiferromagnet with small magnetic moment along the c-axis
above the Morin temperature Ty;=~260 K. Below Ty, a-FeaO3 is a
collinear antiferromagnet with Néel vector along the c-axis [1-3]. We
deposit polycrystalline 10-nm Py thin films on a-Fea O3 crystals and
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measure the bilayer magnetization dynamics as a function of temper-
ature using broadband ferromagnetic resonance. We observe that the
coupling of dynamic a-Fe2O3 and Py moments depends on both: tem-
perature and crystalline orientation of a-Fe2Os3, resulting in qualita-
tively different dynamics than previously observed by us in Mna Au/Py
[4].

[1] D. Schroeer et al, Phys. Rev. Lett. 19, 632 (1967).

[2] G. Haigh et al, Philos. Mag. 2, 877-890 (1957).

[3] G. Rollmann et al, Phys. Rev. B 69, 165107 (2004).

[4] H. Al-Hamdo et al, Phys. Rev. Lett. 131, 046701 (2023).

MA 11.7 Mon 16:30 EB 202
Revealing the higher-order spin nature of the Hall ef-
fect in non-collinear antiferromagnet Mn3Ni0.35Cu0.65N
— eApiTHYA Rajan!, Tom G. Saunperson!, Fasian R. Lux!,
Donawook Go2, Hasan M. AspurLLar®, ArnaB Bose!, Upo
SCHINGENSCHOGL?, AURELIEN MANcHON?, YURry MokRrousov!:2,
and Marnias KrLiur! — !Institut fiir Physik, Johannes Gutenberg-
Universitdt Mainz, 55099 Mainz, Germany — 2Peter Griinberg Insti-
tut and Institute for Advanced Simulation, Forschungszentrum Jiilich,
52424 Jiilich, Germany — 3King Abdullah University of Science and
Technology (KAUST), Thuwal 23955-6900, Saudi Arabia — 4CINaM,

Aix-Marseille Université, CNRS, Marseille, France

We reveal [1] the complex origin of the anomalous Hall effect arising in
noncollinear antiferromagnets by performing Hall measurements with
fields applied in selected crystalline directions. Our coplanar magnetic
field geometry goes beyond the conventional perpendicular field ge-
ometry used for ferromagnets and allows us to suppress any magnetic
dipole contribution. We map the in-plane anomalous Hall contribution
and demonstrate a 120 © symmetry governed by the octupole moment
at high fields. At low fields we subsequently discover a surprising
topological Hall-like signature, and, from a combination of theoretical
techniques, we show that the spins can be recast into dipole, emer-
gent octupole and noncoplanar effective magnetic moments. These co-
existing orders enable magnetization dynamics unachievable in either
ferromagnetic or conventional collinear antiferromagnetic materials.
[1] A. Rajan, et al., arXiv:2304:10747 (2023)

15 min. break

MA 11.8 Mon 17:00 EB 202
Electronic structure of epitaxial CuFeSz thin films — e ANDERS
CHRISTIAN MATHISEN, RICHARD JUSTIN SCHENK, STEFANIE SUZANNE
BrinkMAN, XIN LianGg TaN, MarTHiAs HARTL, CHRISTOPH BRUNE,
and HENDRIK BENTMANN — Center for Quantum Spintronics, Depart-
ment of Physics, NTNU Trondheim, Norway

Chalcopyrite, CuFeSs, has over the years seen interest in many areas,
often due to its thermoelectric properties, and as a source of copper.
More recently, the material has gained attention as an antiferromag-
netic semiconductor with a high Néel temperature (Tn = 823 K).
CuFeSsy is a collinear antiferromagnet with alternating spin-polarized
planes along the c-direction of the body-centered tetragonal unit cell
(space group I42d, No. 122). This is especially useful in the field of
ultra-fast electronics, where the high-frequency spin dynamics and ro-
bustness against external magnetic fields plays an essential role. We
present epitaxial growth of CuFeSs thin films on Si(001) substrates
using molecular beam epitaxy (MBE). We probed the electronic struc-
ture of these films using laboratory-based photoelectron momentum
microscopy and soft X-ray angle-resolved photoemission spectroscopy
(ARPES). We compare the experimental findings to the results of ab
tnitio calculations based on density functional theory. Owur results
promote CuFeSy thin films as a candidate for device concepts in anti-
ferromagnetic spintronics.

MA 11.9 Mon 17:15 EB 202
The impact of local exchange coupling on spin-Hall effects
measurements in non-collinear antiferromagnets — e¢ROUVEN
DRrEYER!, JaMEs M. TavLor!, PieT Ursan!, Binoy K. HazraZ2,
StuarT S. P. ParRkIN?, and GEORG WOLTERSDORF!'2 — lInstitute
of Physics, Martin Luther University Halle-Wittenberg, 06120 Halle,
Germany — 2Max Planck Institute for Microstructure Physics, 06120
Halle, Germany

Non-collinear antiferromagnets (AFs) have been found to serve as an
efficient source of intrinsic spin Hall effect (SHE) relevant for spin-
tronic devices. However, the role of their chiral domain structure, and
the transmission of the resulting spin current across interfaces with

ferromagnets (FMs), remain open questions. Using a combination of
electrically-detected spin-torque ferromagnetic resonance (ST-FMR)
and optically-detected super-Nyquist-sampling magneto-optical Kerr
effect (SNS-MOKE) measurements, we investigate the SHE generated
by the non-collinear spin texture of MnsIr in heterostructures with
NiggFegpF. The enhanced damping due to interfacial exchange cou-
pling between the AF and FM complicates extraction of the spin Hall
angle (SHA) using ST-FMR. In contrast, SNS-MOKE studies allow for
a local detection of the SHA, and reveal modifications of the coupling-
induced anisotropy upon exposure to a combination of DC and RF
currents. These findings open a path to quantify the SHE generated
by an AF more accurately. Moreover, we demonstrate an efficient con-
trol mechanism for setting the exchange bias by exposing the AF to a
combination of small bias fields and current induced heating.

MA 11.10 Mon 17:30 EB 202
Cubic Mn3Ge thin films stabilized through epitaxial growth
as a candidate noncollinear antiferromagnet — eJaMES M
TavLor!, ANasTasios MaRrRkouU?, JacoB GavLes?, Yan Sun2, Do-
MINIK KRIEGNER?, WALTER ScHNELLE?, PETER WERNER!, CLAUDIA
FeLsER?, and STuarTr S P Parkin! — Max Planck Institute of
Microstructure Physics, Halle — 2Max Planck Institute for Chemical
Physics of Solids, Dresden

Metallic antiferromagnets with chiral spin textures induce Berry-
curvature-driven anomalous and spin Hall effects that arise from topo-
logical bandstructure features. Here we use epitaxial engineering to
stabilize thin films of Mn3Ge with a cubic phase. This cubic phase is
distinct from tetragonal ferrimagnetic and hexagonal noncollinear an-
tiferromagnetic structures with the same chemical composition. First-
principle calculations indicate that cubic Mn3zGe will preferentially
form an all-in/all-out triangular spin texture. We present evidence
for this noncollinear antiferromagnetism through magnetization and
magnetotransport measurements, finding a Néel temperature of 490 K.
Simulation of the resulting bandstructure suggests the presence of
Berry-curvature-generating features. These highlight cubic Mn3Ge as
a candidate material for topological antiferromagnetic spintronics.

MA 11.11 Mon 17:45 EB 202
Anisotropic magnetotransport enabled by low
try doped Hematite.
SmeskaLl:2, Jaro Sinoval:2, GerHArRD JakoB!, and MAaTHIAS
Kriur! — lInstitute of Physics, Johannes Gutenberg University
Mainz, Staudingerweg 7, 55128 Mainz, Germany. — ZInstitute of
Physics, Academy of Sciences of the Czech Republic, Czech Repub-
lic.

symme-

— eEpcarR GALINDEz-RuaLEs!, LiBor

This study investigates the origin of anisotropic magnetotransport
in doped hematite. Experimental evidence demonstrates hematite’s
unconventional nature, challenging traditional magnetic paradigms
and revealing distinct transport behaviors linked to altermagnetism.
Doped hematite exhibits transverse voltage phenomena, coinciding
with the spin-flop transition and featuring both odd and even compo-
nents with strong crystal orientation dependencies. Advanced trans-
port measurements reveal robust Hall conductivity contributions, de-
viating from expected symmetries in conventional antiferromagnets,
suggesting the presence of altermagnetism [1]. Notably, a significant
sign inversion in the Hall effect at a 45-degree orientation contradicts
anticipated symmetries, highlighting the role of altermagnetic proper-
ties [2]. These findings elucidate the link between altermagnetism and
crystal-direction-dependent transport, holding promising implications
for spintronics. This study presents conclusive evidence supporting al-
termagnetic symmetries as a contributing mechanism shaping crystal-
dependent magnetotransport in hematite. [1] L. Smejkal et al.,, PRX
12, 040501 (2022). [2] E. Galindez-Ruales et al., ArXiv:2310.16907
(2023).

MA 11.12 Mon 18:00 EB 202
Surface-symmetry-driven phenomena in magnetoelectric
Cry03 — eOLEKSANDR V. PyLypovskyil2, SopHiE F. WEBER?,
PavLo MakusHko!, Icor VEREMcHUK!, NicoLa A. SpaLpIN®, and
DENYs MakarRov! — 1Helmholtz-Zentrum Dresden-Rossendorf e.V.,
Institute of Ion Beam Physics and Materials Research, 01328 Dres-
den, Germany — 2Kyiv Academic University, 03142 Kyiv, Ukraine
— 3Materials Theory, ETH Ziirich, Wolfgang-Pauli-Strasse 27, 8093
Zirich, Switzerland

Antiferromagnetic (AFM) Crz0O3 is a unique collinear magnetoelec-
tric material at room temperature. The bulk properties stemming
from its magnetic symmetry render chromia of high interest for funda-
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mentals and applications [1]. Features of the chromia surface remain
much less explored. Here, we consider nominally compensated surfaces
(m and a planes) of CraO3 [2]. We show that they provide a sizeable
Dzyaloshinskii-Moriya interaction (DMI) determined by the surface
magnetic symmetry point group and quantify it to be about 1 mJ/m?
by means of ab initio and micromagnetic approaches. The DMI leads
to the development of nonzero surface magnetization M whose sign
is uniquely determined by the AFM state. The m and a planes of
Cra03 behave as the canted ferrimagnet and canted 4-sublattice anti-
ferromagnet, respectively. The coupling of M to the direction of the
Neéel vector is shown by magnetotransport measurements.
[1] P. Makushko et al., Nat. Comm. 13, 6745 (2022).
Pylypovskyi, S. F. Weber et al., ArXiv:2310.13438 (2023).

[2] O.V.

MA 11.13 Mon 18:15 EB 202
Bi-directional current-induced switching of insulating antifer-
romagnetic thin films — eCHRISTIN ScHMITT!, ADITHYA RAJANT,
GriscuA BENEKE!, ApiTya KuMaRr!, Tobias SPARMANN!, HENDRIK
MEeER!, BEaTRICE BEDNARZ!, RAFAEL RaMo0s?, MIGUEL ANGEL
NiNo3, MicHAEL ForrsTER®, Eu1 Sarron?, and MatHias Kriur!
— Mnstitute of Physics, Johannes Gutenberg-University Mainz, Ger-
many — 2Department of Applied Physics, The University of Tokyo,

Japan — 3ALBA Synchrotron Light Facility, Spain

Antiferromagnets (AFMs) have gained interest as active elements in
spintronic devices due to intrinsic dynamics in the THz range and
the absence of stray fields. Efficient electrical writing and reading
is necessary in terms of applications but challenging to realize. For
insulating AFMs different switching mechanisms based on spin-orbit
torques (SOTS) or thermomagnetoelastic effects have been put forward
[1,2]. Here, we focus on ultrathin CoO/Pt films, where SOTs should
be particularly pronounced. We observe that electrical pulses along
the same path can lead to an increase or decrease of the electrical
readout-signal, depending on the current density of the pulse. By pho-
toemission electron microscopy (PEEM) employing the x-ray magnetic

linear dichroism (XMLD) effect we shed light on this observation and
determine for which situations this is a sign of two competing switch-
ing mechanisms or a result of the way the electrical measurement is
conducted [3]|. [1] T. Moriyama, et al., Sci. Rep. 8, 14167 (2018). [2]
P. Zhang, et al., Phys. Rev. Lett. 123, 247206 (2019). [3] C.Schmitt,
et al., arXiv:2303.13308.

MA 11.14 Mon 18:30 EB 202
Mechanisms of current driven Néel vector reorientation in
MnzAu — eGuzMAN ORrRERO GAMEz!, Sonka REIMERs', Lukas
ODENBREIT!, YURAN N1u2, EvancerLos Gorias?, Maruias Kriuvt!,
and MARTIN JoURDAN! — lInstitut fiir Physik, Johannes Gutenberg-
Universitét, Staudinger Weg 7, 55128, Mainz, Germany — 2MAX IV
Laboratory, Lund, Sweden

Current pulse driven Néel vector reorientation in metallic antiferro-
magnets (AFM) is one of the most promising concepts in antiferro-
magnetic spintronics. We have shown that such reorientation can be
achieved in the metallic antiferromagnet MnaAu through two distinct
mechanisms [Rei2023]. The first mechanism is the bulk Neél spin
orbit torque, which originates from the unusual crystal structure of
MngAu in conjunction with strong spin-orbit coupling. The second
mechanism originates from magnetoelastic coupling associated with
current driven heating effects. In order to separate these two mecha-
nisms experimentally, we use different geometries to alter the current
path, thus changing the strain pattern. Additionally, we modify the
pulse duration to reduce the heating. We show that both effects are
present with the thermomagnetoelastic being dominant for longer pulse
lengths. We use XMLD-PEEM with in-situ current pulsing together
with AMR measurements to probe the reorientation of the Néel vector.

|Rei2023] Reimers, S., et al. Current-driven writing process in anti-
ferromagnetic Mng Au for memory applications. Nat. Commun. 14,
1861 (2023).



