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Overview of Invited Talks and Sessions
(Lecture halls H33, H37, H38, H39, H48, H52, and H53; Poster C and E)
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Three-dimensional solitons in magnetism, nuclei and particle physics —
ePAUL SUTCLIFFE

Simulations of particlelike states in three-dimensional magnets: chiral
skyrmions, bobbers and hopfions — eFILIPP N. RYBAKOV

Quantitative measurements of three dimensional magnetic textures us-
ing off-axis electron holography — eANDRAS KoOVACS, NIKOLAI KISELEV,
JAN CARON, THIBAUD DENNEULIN, FENGSHAN ZHENG, DONGSHENG SONG,
STEFAN BLUGEL, RAFAL E DUNIN-BORKOWSKI

Three-dimensional nanomagnetism: Present and future — eAMALIO
FERNANDEZ-PACHECO

Revealing magnetic configurations with X-ray magnetic nanotomogra-
phy — eVALERIO SCAGNOLI

The Surface Spin Flop in Synthetic Antiferromagnets with Perpendic-
ular Magnetic Anisotropy — eBENNY BOHM, NIKOLAI KISELEV, DARIUS
Pour, LORENZO FALLARINO, LEOPOLD KOCH, BERND RELLINGHAUS, KOR-
NELIUS NIELSCH, OLAV HELLWIG

Microstructure optimization for rare-earth efficient permanent magnets
— oTHOMAS SCHREFL, JOHANN FISCHBACHER, ALEXANDER KOVACS, LUKAS
Ex1, KAzuvyA YOKOTA, TETSUYA SHOJI

Advanced methods for the development of high performance hard and
soft magnetic materials — eDAGMAR GOLL, GERHARD SCHNEIDER
Compositionally graded films as model systems to study magnetic ma-
terials for energy applications — eNORA DEMPSEY

Dissecting the magneto-structural transformation in materials with
first-order field-induced transitions — eKKONSTANTIN SKOKOV
Magnetoelectric Inversion of Domain Patterns — eNaAEMI LEO, VERA
CAROLUS, JONATHAN WHITE, MICHEL KENZELMANN, MATTHIAS HUDL,
PIERRE TOLEDANO, TAKASHI HONDA, TSuvoOsHI KIMURA, SERGEY IVANOV,
MAaTtTHIAS WEIL, THOMAS LOTTERMOSER, DENNIS MEIER, MANFRED FIEBIG
Magnetism in biomedicine: basics and applications — eKANNAN KRISH-

NAN

Spin-dynamics of a magnetic nanoparticle chain. — eMICHAEL WINKL-
HOFER

Magnetic materials for biodetection — eGALINA V. KURLYANDSKAYA,
ALEXANDER P. SAFRONOV

From synthetic to biological magnetic microswimmers — eDAMIEN
FAIVRE

Reservoir Computing with Random Skyrmion Fabrics — eDANIELE
PINNA, GEORGE BOURIANOFF, KARIN EVERSCHOR-SITTE

Magnon Transport and Magnonic Topological Insulators — eDANIEL
Loss

Implementation of the Stimulated-Raman-Adiabatic-Passage mecha-
nism in magnonics — eBURKARD HILLEBRANDS
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17:15-17:45

17:45-18:15
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10:30-11:00

11:00-11:30

H38

H38

H38

H38
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Spintronics at interfaces of insulators and non-magnetic metals -
magnon Bose-Einstein condensation and induced superconductivity —
eNIKLAS ROHLING, EIRIK LOHAUGEN FJAERBU, ARNE BRATAAS

Magnon Transport and Dynamics in Magnetic Insulator — eJING LIU
Tunable long distance spin transport in antiferromagnetic insulators —
eMATHIAS KLAUI

Magnetic nanomembranes: From flexible magnetoelectronics to re-
motely controlled microrobotics — ¢OLIVER G. SCHMIDT
Curvature-induced chiral effects in nanomagnets — e OLEKSANDR PYLY-
POVSKYI

Chiral magnetoresistance in curved and noncurved geometries —
ePIETRO GAMBARDELLA

Domain Wall Dynamics in Curved Geometries — e¢ROBERT M. REEVE,
MOHAMAD-ASSAAD MAwASS, KORNEL RICHTER, ANDRE BISIG, BENJAMIN
KRUGER, MARKUS WEIGAND, HERMANN STOLL, ANDREA KRONE, FLORIAN
KRONAST, GISELA SCHUTZ, MATHIAS KLAUI

Invited talks of the joint Symposium SKM Dissertation-Prize 2019
See SYSD for the full program of the symposium.

SYSD 1.1
SYSD 1.2
SYSD 1.3
SYSD 1.4
SYSD 1.5
SYSD 1.6

SYSD 1.7

Mon
Mon
Mon
Mon
Mon
Mon

Mon

9:30- 9:50
9:50-10:10
10:10-10:30
10:30-10:50
10:50-11:10
11:10-11:30

11:30-11:50

H2
H2
H2
H2
H2
H2

H2

Synchronization and Waves in Confined Complex Active Media — eJAN
FREDERIK TOTZ

Spin scattering of topologically protected electrons at defects — ePHILIPP
RUSSMANN

Beyond the molecular movie: Revealing the microscopic processes be-
hind photo-induced phase transitions — e¢CHRIS W. NICHOLSON
Thermodynamic bounds on current fluctuations — ePATRICK PIETZONKA
Lightwave-driven quasiparticle acceleration — eFABIAN LANGER
Ultrafast plasmon-driven point-projection electron microscopy — eJAN
VOGELSANG

Helimagnets, sand patterns and fingerprints linked by topology —
ePEGGY SCHONHERR

Invited talks of the joint Symposium Geometry, Topology, and Condensed Matter
See SYGT for the full program of the symposium.

SYGT 1.1
SYGT 1.2
SYGT 1.3
SYGT 1.4

SYGT 1.5

Tue
Tue
Tue
Tue

Tue

9:30-10:00
10:00-10:30
10:30-11:00
11:15-11:45

11:45-12:15

H1
H1
H1
H1

H1

Thermal Properties of Vortices on Curved Surfaces — ¢JOSE LORENZANA
Curvature—induced effects in manomagnets — eDENIS SHEKA
Magnetization configurations and reversal of individual ferromagnetic
nanotubes — eMARTINO POGGIO

An experimental perspective on topology and nanoelectronics in
graphene and related 2D materials. — eIvAN J. VERA-MARUN

Roles of the curvature in two-dimensional nematic films — ¢GAETANO
NAPOLI

Invited talks of the joint Symposium Hydrodynamic Electronics: Transport in ultra-pure Quan-

tum Systems
See SYHE for the full program of the symposium.

SYHE 1.1
SYHE 1.2
SYHE 1.3

SYHE 1.4
SYHE 1.5

Wed
Wed
Wed

Wed
Wed

9:30-10:00
10:00-10:30
10:30-11:00

11:15-11:45
11:45-12:15

H1
H1
H1

H1
H1

Hydrodynamic theory of dissipative magnetophonons — eSEAN HART-
NOLL

Unconventional transport in mesostructures of ultra-pure delafossite
metals — e ANDREW MACKENZIE

Topological Materials with liquid electrons — ¢CLAUDIA FELSER
Hydrodynamic approach to electronic transport — eBORIS NAROZHNY
Electron hydrodynamics in graphene: introduction and status — eDENIS
BANDURIN



Regensburg 2019 — MA Overview

Invited talks of the joint Symposium Interaction Effects and Correlations in twodimensional

Systems - New Challenges for Theory
See SYTS for the full program of the symposium.

SYTS 1.1 Wed 15:00-15:30 H1 Spectra of layered semiconductors from many-body perturbation theory
— oMICHAEL ROHLFING

SYTS 1.2 Wed 15:30-16:00 H1 Dark exciton dynamics in 2D materials — eERMIN MALIC

SYTS 1.3 Wed 16:00-16:30 H1 Excitons versus electron-hole plasma in monolayer transition metal
dichalcogenide semiconductors — e ALEXANDER STEINHOFF

SYTS 1.4 Wed 16:45-17:15 H1 Theory of near K-point optical properties of TMDC multilayers —
o TINEKE STROUCKEN

SYTS 1.5 Wed 17:15-17:45 H1 High-throughput modeling and discovery of novel 2D materials —
oKRISTIAN THYGESEN

Invited talks of the joint Symposium Czech Republic as Guest of Honor
See SYCZ for the full program of the symposium.

SYCZ 1.1 Thu  9:30-10:00 H4 Crystal symmetries and transport phenomena in antiferromagnets —
o TOMAS JUNGWIRTH

SYCZ 1.2 Thu 10:00-10:30 H4  Terahertz subcycle charge and spin control — eRUPERT HUBER

SYCZ 1.3 Thu 10:30-11:00 H4 1D molecular system on surfaces — ePAVEL JELINEK

SYCZ 1.4 Thu 11:15-11:45 H4 Tunneling microscopy on insulators provides access to out-of-
equilibrium charge states — ¢JASCHA REPP

SYCZ 1.5 Thu 11:45-12:15 H4 Occam’s razor and complex networks from brain to climate — e JAROSLAV
HLINKA

SYCZ 1.6 Thu 12:15-12:45 H4 Long range temporal correlations in complex systems — ¢ HOLGER KANTZ

Invited talks of the joint Symposium Interactions and Spin in 2D Heterostructures
See SYIS for the full program of the symposium.

SYIS 1.1 Thu 15:00-15:30 H1 Magic Angle Graphene: a New Platform for Strongly Correlated Physics
— oPABLO JARILLO-HERRERO

SYIS 1.2 Thu 15:30-16:00 H1 Bilayer Graphene Quantum Devices — eKLAUS ENSSLIN

SYIS 1.3 Thu 16:00-16:30 H1 Light-Matter interaction in van der Waals heterostructures — eTOBIAS
Korn

SYIS1.4 Thu 16:45-17:15 H1 Spin transport in Van der Waals materials and heterostructures — eBART
VAN WEES

SYIS1.5 Thu 17:15-17:45 H1 Flipping the valley in graphene quantum dots — eMARKUS MORGENSTERN

Invited talks of the joint Symposium Identifying Optimal Physical Implementations for beyond

von Neumann Computing Concepts
See SYCC for the full program of the symposium.

SYCC 1.1 Fri 9:30-10:00 H1 On the Link Between Energy and Information for the Design of Neuro-
morphic Systems — eNARAYAN SRINIVASA

SYCC 1.2 Fri 10:00-10:30 H1 Encoding neural and synaptic functionalities in electron spin: A pathway
to efficient neuromorphic computing — eKAUSHIK ROy

SYCC 1.3 Fri 10:30-11:00 H1 Neuromorphic computing with spintronic nano-oscillators — ePHILIPPE
TALATCHIAN

SYCC 1.4 Fri 11:15-11:45 H1  Artifcial Intelligence and beyond von Neumann architectures, a mutual
opportunity — eMIRKO PREZIOSO

SYCC 1.5 Fri 11:45-12:15 H1 Brain-inspired approaches in ultrafast magnetism — ¢JOHAN H. MENTINK

Sessions

MA 1.1-1.13 Mon  9:30-13:00  Theater Topological Insulators (joint session TT/MA)
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MA 2.1-2.14
MA 3.1-3.9
MA 4.1-4.14

MA 5.1-5.14

MA 6.1-6.14
MA 7.1-7.15
MA 8.1-8.14
MA 9.1-9.8

MA 10.1-10.13
MA 11.1-11.7

MA 12.1-12.5
MA 13.1-13.13
MA 14.1-14.4
MA 15.1-15.86
MA 16.1-16.10
MA 17.1-17.3
MA 18.1-18.8
MA 19.1-19.8
MA 20.1-20.6

MA 21.1-21.6
MA 22.1-22.7
MA 23.1-23.7
MA 24.1-24.6

MA 25.1-25.11
MA 26.1-26.13
MA 27.1-274

MA 28.1-28.8

MA 29.1-29.4
MA 30.1-30.4
MA 31.1-314
MA 32.1-324
MA 33.1-33.7

MA 34.1-34.14
MA 35.1-35.8
MA 36.1-36.12
MA 37.1-37.8
MA 38.1-38.7
MA 39.1-39.1
MA 40.1-40.13

MA 41.1-41.14
MA 42.1-42.7
MA 43.1-43.7
MA 44.1-44.6
MA 45.1-45.9
MA 46.1-46.7
MA 47.1-47.6
MA 48.1-48.10
MA 49.1-49.11
MA 50.1-50.9

MA 51.1-51.70
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Mon
Mon

Mon

Mon
Mon
Mon
Mon

Mon
Mon

Mon
Tue
Tue
Tue
Tue
Tue
Tue
Tue
Tue

Tue
Tue
Tue
Tue
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Wed
Wed

Wed

Wed
Wed
Wed
Wed
Wed

Wed
Wed
Wed
Wed
Wed
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Thu

Thu
Thu
Thu
Thu
Thu
Thu
Thu
Thu
Thu
Thu

Thu

9:30-13:15
9:30-13:15
9:30-13:15

9:30-13:15

15:00-18:45
15:00-19:15
15:00-18:45
15:00-17:00

15:00-18:30
15:45-18:45

17:15-18:30

9:30-13:00

9:30-11:30
10:00-13:00
10:30-13:00
11:30-12:30
14:00-16:00
14:00-16:00
14:00-15:45

14:00-15:30
14:00-15:45
14:00-15:45
14:15-15:45

9:30-12:30
9:30-13:00
9:30-12:40

9:30-11:30

9:30-10:30
10:45-11:45
11:45-12:45
12:00-13:00
15:00-18:15

15:00-19:00
15:00-17:00
15:00-18:15
15:45-19:15
17:15-19:00

9:30-10:15

9:30-13:00

9:30-13:15
9:30-12:30
9:30-11:15
9:30-11:00
10:30-13:00
11:30-13:15
11:30-13:00
15:00-17:45
15:00-18:00
15:00-17:45

15:00-18:00

H37
H38
H52

H53

Theater
H37
H52
H53

Poster D
H38

H53
Theater
H48
Poster E
H37

H48
Theater
H23

H37

H38
H52
H53
H46

H22
H37
H38

H52

H53
H53
H52
H53
H2

H37
H52
H53
H38
H52
H15
Theater

H37
H38
Hb52
H53
H1b5
H52
H53
H2

H1b5
H24

Poster C

Ultrafast magnetization effects and magnetization dynamics
Focus Session: Novel 3D magnetic spin textures

Topological insulators and spin-dependent transport phenom-
ena

Surface magnetism and magnetic coupling phenomena (joint
session MA /O/TT)

Frustrated Magnets - Spin Liquids (joint session TT/MA)
Magnetic Textures: Statics and Imaging I

Magnonics

Cooperative phenomena: Spin structures and magnetic phase
transitions

Poster Session: Topological Topics (joint session TT/MA)
Focus Session: Magnetic materials for energy efficient appli-
cations

Spincaloric transport

Frustrated Magnets - General 1 (joint session TT/MA)
INNOMAG e.V. Dissertationspreis 2019 / Ph.D. Thesis Prize
Magnetism Poster A

Surface Magnetism (joint session O/MA)

INNOMAG e.V. Diplom-/Master Prize 2019

Frustrated Magnets - General 2 (joint session TT/MA)
Spintronics (joint session TT/MA /DY)

Multiferroics and Magnetoelectric coupling I (joint session
MA /KFM)

Magnetic textures: Transport and dynamics I

Terahertz spintronics

Soft and hard permanent bulk magnets

Miscellaneous: Biomaterials, Magnetic Shape Memory Al-
loys, Sensors and Actuators (joint session MM /MA)
Topological Semimetals - Theory (joint session TT/MA)
Spin dynamics and transport

PhD Focus Session: Biogenic spin phenomena (joint session
MA /AKjDPG)

Bio- and molecular magnetism including biomedical applica-
tions

Quantum information systems

Magnetic instrumentation and characterization

Spin dynamics: Magnetic relaxation and Gilbert damping
Magnetic recording, sensors and other devices

Focus Session: Topology in 3D Reciprocal Space: Beyond
Dirac and Weyl Quasiparticles (joint session TT/MA)
Magnetic textures: Transport and dynamics II

Caloric effects in ferromagnetic materials

Spin transport

Focus Session: Insulator Spintronics

Spin hall effects

Overview Talk: Christopher Lutz (joint session O/MA)
Frustrated Magnets - Strong Spin-Orbit Coupling (joint ses-
sion TT/MA)

Magnetic Textures: Statics and Imaging II

Focus Session: Curvilinear magnetism

Micro- and nanostructured magnetic materials

Magnetic imaging (Experimental techniques)

Focus Session: Spins on Surfaces I (joint session O/MA)
Magnetic particles and clusters

Magnetic anisotropy in thin films

Topological Semimetals - Experiment (joint session TT/MA)
Focus Session: Spins on Surfaces II (joint session O/MA)
Topology and Symmetry-Protected Materials (joint session
O/MA/TT)

Magnetism Poster B
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MA 52 Thu

MA 53.1-53.12  Fri
MA 54.1-54.11  Fri
MA 55.1-55.14  Fri
MA 56.1-56.9  Fri

MA 57.1-57.9  Fri

18:00-19:00
9:30-12:45
9:30-12:30
9:30-13:15
9:30-11:45

10:30-13:00

H48
H33
H37
H38
H39

H24

Annual General Meeting of the M A division

Magnetic Heuslers, half-metals and oxides

Magnetic textures: Transport and dynamics I1I

Electron theory and micromagnetism

Multiferroics and Magnetoelectric coupling IT (joint session
MA /KFM)

Focus Session: Spins on Surfaces III (joint session O/MA)

Annual General Meeting of the Magnetism Division

Thursday 18:00-19:00 H48
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MA 1: Topological Insulators (joint session TT/MA)

Time: Monday 9:30-13:00

MA 1.1 Mon 9:30 Theater
Coexistence of trivial and topological edge states in two-
dimensional topological insulators — T. L. vaN DEN Brrcl?2,
M. R. Cawo®?, and eD. Bercioux!* — 1Donostia International
Physics Center, Paseo Manuel de Lardizbal 4, E-20018 San Se-
bastian, Spain — 2Centro de Fisica de Materiales (CFM-MPC) Cen-
tro Mixto CSIC-UPV/EHU,E-20018 Donostia-San Sebastian, Spain
— 3CIC nanoGUNE, 20018 Donostia — San Sebastidn, Spain —
4IKERBASQUE, Basque Foundation of Science, 48011 Bilbao, Spain

In this work, we show how the coexistence of trivial and topologi-
cal edge states for the case of two-dimensional topological insulators
(2DTIs) can occur in two different scenarios. In one case, we consider a
space modulation of the gap parameter from topological to trivial. This
scenario results in the so-called Volkov-Pankratov states (VPSs) [1]. In
a second case, we consider the modulation of the chemical potential
in an inverted gap 2DTI, similar to the traditional band pinning of
semiconductors [2]. Also within this method, we obtain trivial edge
states similar to the VPSs. In both cases, the trivial states lead to
an enhancement of the edge conductance over the nominal maximum
values of 2e2/h expected in the presence of topological edge states.
We propose several experiments that could demonstrate the presence
of such trivial states in 2DT1Is.

[1] B.A. Volkov & O.A. Pankratov, JETP Lett. 42, 178 (1985).

[2] R. T. Tung, Appl. Phys. Rev. 1, 011304 (2014).

MA 1.2 Mon 9:45 Theater
An anomalous higher-order topological insulator — eSELMA
Franca — Institute for Theoretical Solid State Physics, IFW Dres-
den, 01171 Dresden, Germany

Topological multipole insulators are a class of higher order topological
insulators (HOTTI) in which robust fractional corner charges appear due
to a quantized electric multipole moment of the bulk. This bulk-corner
correspondence has been expressed in terms of a topological invariant
computed using the eigenstates of the Wilson loop operator, a so called
“nested Wilson loop” procedure. We show that, similar to the unitary
Floquet operator describing periodically driven systems, the unitary
Wilson loop operator can realize “anomalous” phases, that are topo-
logically non-trivial despite having a trivial topological invariant. We
introduce a concrete example of an anomalous HOTI, which has a
quantized bulk quadrupole moment and fractional corner charges, but
a vanishing nested Wilson loop index. A new invariant able to capture
the topology of this phase is then constructed. Our work shows that
anomalous topological phases, previously thought to be unique to pe-
riodically driven systems, can occur and be used to understand purely
time-independent HOTTs.

MA 1.3 Mon 10:00 Theater
Quantum Phase Transitions between Z, X Z, Symme-
try Protected Topological Phases — eJuLiaN Biso!, RUBEN
VERRESEND2, and FrRANK PoLLMANN! — lTechnische Universitit
Miinchen — 2Max-Planck-Institut fiir komplexe Systeme, Dresden

Symmetry protected topological (SPT) phases are phases of matter
without local order parameters. Instead, they are characterized by how
a global symmetry G acts projectively on the edges. The projective
transformations at the boundaries are in turn classified by the second
cohomology group H2 (G,U(1)). Given this classification scheme, we
can construct so called ,fixed-point“ models describing the universal
features of these phases. For G = Z,, X Zn,, there are n — 1 non-trivial
SPT phases and hence n — 1 ,fixed-point* models. For n < 4, it has
been proven that the corresponding ,fixed-point“ models have direct
transitions between adjacent phases. For n > 5, however, the expec-
tation was that there are intermediate gapless phases instead of direct
transitions. Contrary to this expectation, we use local symmetries to
construct a path, proving that there are indeed direct transitions in
cases, where n is divisible by 2, 3 or 4. We numerically confirm these
arguments and show that these transitions are not fine-tuned.

MA 1.4 Mon 10:15 Theater
Quasiparticle interference and spin momentum locking of
topological insulator surface states — eHENRY Lecc!, WoUTER
Jorig?, Timmo KnispEL?, Nick BORGWARDT?, ZHIWEI WANG2,

Markus GRUNINGER?, YoicHi ANDO2?, THomAs MicHELY?, and

Location: Theater

CARSTEN Busse? — llnstitut fiir Theoretische Physik, Universitit
zu Ko6ln, Germany — 2I1. Physikalisches Institut, Universitit zu Kéln,
Germany

In a normal Schrédinger material, with quadratic dispersion, the
Fourier-transform of an STM quasi-particle interference (QPI) image
is strongly enhanced close to momenta corresponding to 2kpr back-
scattering. In constrast, the surface states of 3D topological insulators
are protected from back-scattering due to spin-momentum locking and
this protection suppresses the otherwise divergent QPI signal at 2kp.

Performing a self-consistent T-matrix calculation for several differ-
ent scattering potentials, we demonstrate that spin-momentum locking
leads to only a smooth dependence of QPI intensity as function of mo-
mentum, in particular no sharp features occur close to 2kp.

Our theory will be quantatively compared to measurements on com-
pensated BiSbTeSe> allowing us to perform a detailed and precise char-
acterisation of the topological insulator surface by extracting the full
dispersion, scattering rates, and screening length of charged impuri-
ties. Intriguingly the experimental QPI intensity close to 2kpr shows
a slight deviation from that expected due to perfect protection from
backscattering, we will discuss the potential scattering mechanism that
results in this effect.

MA 1.5 Mon 10:30 Theater
Topological insulator - ferrimagnet interface: BixTesz on
FesO,; — eVanpa M. PErERA!, CuH-Nan Wul2, CAaRriaD
KnigaT!3, SimoNE G. ALTENDORF!, and Liu Hao Tienc! — 'Max
Planck Institute for Chemical Physics of Solids, Dresden, Germany
— 2Department of Physics, National Tsing Hua University, Hsinchu,
Taiwan — 3University of British Columbia, Vancouver, Canada

Breaking the time reversal symmetry (TRS) of a topological insulator
(TI) can lead to exotic phenomena such as the quantum anomalous
Hall effect. In order to break the TRS, one can dope the system with
transition metal elements. An alternative way to introduce magnetic
order is to interface the TI with a magnetic layer, for instance a ferri-
magnetic insulator (FI), making use of the proximity effect. This ap-
proach can be more advantageous, since it avoids the non-uniformity
and disorder of the doping process. Here we present the study on the
growth of TI/FI heterostructures, namely BizTes/FezOy4, making use
of our expertise in growing high quality thin films of these materials
[1,2]. The preparation of the films by molecular beam epitaxy and their
in-situ structural and spectroscopic characterization will be discussed.
We were able to achieve a good quality interface, indicated by the min-
imal chemical reaction observed by X-ray photoelectron spectroscopy.
Furthermore, angle-resolved photoemission spectroscopy indicates the
presence of a sharp Dirac cone and the consequent preservation of the
top topological surface states of the TI layer.

[1] K. Hoefer et al. PNAS, 111(42), 14979 (2014)

[2] X.H. Liu et al., Phys. Rev. B 90, 125142 (2014)

MA 1.6 Mon 10:45 Theater
Transport properties of MBE grown BixTes on Fe3O4 thin
film heterostructure — eCui-NaN Wul:2, VaANpDA M. PEREIRAL,
Cariap Kniguat!3, Simone G. AvTeENDORF!, MincuwEl Hong?,
Jurinal Kwo?, and Lv Hao Tienc! — 'MPI CPfS, Dresden, Ger-
many — 2Dept. of Phys., NTHU, Hsinchu, Taiwan — 3UBC, Vancou-

ver, Canada — %Dept. of Phys., NTU, Taipei, Taiwan

Quantum anomalous Hall effect (QAHE) is expected to be observed
when magnetic ordering is introduced in a topological insulator (TI)
system. This effect is due to time reversal symmetry breaking and can
be experimentally achieved by doping transition metals into the TT or
by using the magnetic proximity effect (MPE) in TI/ferromagnetic in-
sulator (FI) heterostructures to magnetize the topological surface state
(TSS) at the interface. The MPE in TI/FIs has the advantage of less
defects in the TI, and it might have a higher T, to exhibit the QAHE.
However, the QAHE has not yet been experimentally observed for
TI/FI heterostructures. We have successfully grown heterostructures
of BigTes /FezO4 thin films by molecular beam epitaxy with minimum
chemical reaction at the interface which is crucial for the short ranged
MPE. In order to study the MPE induced gap opening of the TSSs,
we conducted electrical transport measurements. The temperature de-
pendent resistance shows a sharp Verwey transition of Fe3Oy4 at 122K
indicating very good quality of the FI layer. From magnetoresistance
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measurement at low temperature, we observed the suppression of the
weak antilocalization in the TI layer, indicating a T'SS gap opening by
the MPE.

MA 1.7 Mon 11:00 Theater
Towards Topological Quasi-Freestanding Stanene via Sub-

strate Engineering — ePHiLIPP Eck!, DomENIco D1 SANTE!,

MAXIMILIAN BAUERNFEINDZ, Marius WiLL?, RoNNy THOMALE!,
Jore ScuArER?, RALPH CLaEssEN?, and GIORGIO SANGIOVANNI!
— lInstitut fiir Theoretische Physik und Astrophysik, Universitit
Wiirzburg, D-97074 Wiirzburg — 2Physikalisches Institut and Ront-
gen Research Center for Complex Material Systems, Universitdt

Wiirzburg, D-97074 Wiirzburg

Although two-dimensional (2D) Kane-Mele-type group-IV (C-, Si-, Ge-
, Sn-) honeycomb lattices have been successfully grown on a vast
number of substrates, strain, deformation and/or hybridization of-
ten destroy their topological properties. Utilizing heavy atoms (Sn,
Pb) increases the SOC strength and stabilizes the non-trivial phase
but comes at the prize of low-buckled structurally unstable monolay-
ers. Here we present a systematic density functional study of stanene
(Sn) on group-III and -V adatom buffered SiC(0001) and shed light
on the buffer-stanene interaction physics by investigating the impact
of covalent and Van-der-Waals-type bonding on the topological phase
of stanene and its structural stability. We find for some buffer lay-
ers weakly interacting configurations which preserve the freestanding
stanene geometry and its non-trivial phase while rendering the low-
buckled structure stable. The theoretical study is supported by exper-
imental data on an Al buffer.

[1)] D. Di Sante et al., arXiv:1807.09006

15 min. break.

MA 1.8 Mon 11:30 Theater
VLS-Growth and characterization of bulk-insulating topolog-
ical insulator nanowires — eFELIXx MUNNING!, OLIVER BrREUNIG!,
Zuiwer Wanc!, MEencMmeENG Barl, STeran Rorrsce?, KLaus
MegerHoLz2, Tuomas FiscHER3, Sanjay Marnur®, and YoicHi
Anpo! — 1Physics Institute IT, University of Cologne — 2Institute of
Physical Chemistry, University of Cologne — 3Institute of Inorganic

Chemistry, University of Cologne, Germany

We report on the growth of BigTexSe3_x and BixSba_xTe3 nanowires
and their characterization in terms of morphology, material compo-
sition and electronic transport at low temperatures. Growth is per-
formed using the vapour-liquid-solid (VLS) method on Si/SiO2 sub-
strates decorated with 20-nm Au nanoparticles. Growth parameters
such as temperature distribution, mass and ratio of source materials,
inert gas flow, pressure and growth time are optimized and the results
are examined using scanning and transmission electron microscopy
(SEM, TEM) and electron dispersive X-ray spectroscopy (EDX). De-
vices featuring ohmic contacts to the nanowires are fabricated us-
ing electron-beam lithography. Subsequently, the electronic transport
properties of the nanowires are measured for their dependencies on
temperature, magnetic field and electrostatic gating at temperatures
down to 1.7 K.

MA 1.9 Mon 11:45 Theater
Crossed Andreev reflection in Superconductor-TI nanowire
junctions — eMicHAEL BarrH, JacoB Fuchs, CosiMo Gorini, and
Kraus RicHTER — Institut fiir Theoretische Physik, Universitit Re-
gensburg, Germany

Topological Insulators (TIs) are materials with an ordinary bulk band
gap and metallic surface/edge states. The latter are helical, meaning
that we have spin-momentum-locking, and they are topologically pro-
tected by time-reversal symmetry [1]. Topologically non-trivial super-
conducting states can be obtained by putting a T1 in close proximity to
a normal superconductor. This kind of system is characterized by mod-
ifications of phenomena such as crossed Andreev reflection [2], which
for example can be fully suppressed in 2-dimensional TIs [3]. We con-
sider instead a hybrid 3-dimensional TI - superconductor T-junction,
where crossed Andreev reflection is in principle tunable via external
magnetic fields. This is confirmed by our 3D numerical simulations
for T-junctions, showing clear signatures of tunable crossed-Andreev
reflection.

[1] X.-L. Qi and S.-C. Zhang, Rev. Mod. Phys. 83, 1057 (2011)

[2] G. Falci, D. Feinberg, and F. W. J. Hekking, EPL 54, 255 (2001)
[3] P. Adroguer et al., Phys. Rev. B 82, 081303 (2010)

MA 1.10 Mon 12:00 Theater
Coulomb Blockade in Topological Insulator Quantum Dots —
Kraus RicHTER, CosiMo GoRINI, RAPHAEL K0OzZLOVSKY, @ ANSGAR
GraF, and ANDREAS HackL — Universitat Regensburg, Institut fiir
Theoretische Physik, 93053 Regensburg

Three-dimensional topological insulator (3DTI) nanowires host topo-
logically non-trivial surface states wrapped around an insulating bulk.
We model these states by two-dimensional effective Dirac Hamiltoni-
ans. A coaxial magnetic field is known to produce Aharonov-Bohm
(AB) type oscillations in the conductance. The corresponding AB
phase and a Berry phase originating from spin-momentum locking
affect the angular momentum wave number. We investigate 3DTI
nanowires where additionally the longitudinal wave number gets quan-
tized by size confinement, such that a ’3DTI quantum dot’ exhibiting
a fully discrete energy spectrum is obtained. Such confinement is not
possible by electrostatic means (Klein tunneling) but can be achieved
via the interplay between non-trivial geometry (shaped nanowire) and
a homogeneous coaxial magnetic field. We are looking for signatures
of Berry phase and Dirac states in the single-electron transport regime
(in particular in the Coulomb diamonds) of such a 3DTI quantum dot.

MA 1.11 Mon 12:15 Theater
On-demand thermoelectric generation of equal-spin Cooper
pairs — eFrLIXx KriDEL!, PaBLO BURSET?, Sun-Yoncg Hwana3,
BioRN SoTHMANNS, and BiORN TRAUZETTEL! — lInstitute for The-
oretical Physics and Astrophysics, University of Wiirzburg, D-97074
Wiirzburg, Germany — 2Department of Applied Physics, Aalto Uni-
versity, 00076 Aalto, Finland — S3Theoretische Physik, Universitét
Duisburg-Essen and CENIDE, D-47048 Duisburg, Germany

A central goal for the application of superconductors in spintronics is
the on-demand generation of spin-polarized supercurrents or, analo-
gously, of equal-spin Cooper pairs. Most proposals rely on a careful
manipulation of magnetic materials to electrically generate equal-spin
Cooper pairs in ferromagnet (F)-superconductor (S) hybrid junctions.

Here, we propose a quantum heat engine that utilizes the helicity of
the edge states of a quantum spin Hall insulator instead, where nonlo-
cal transport necessarily takes place through equal-spin channels. We
demonstrate that a temperature bias applied to an S-F-S junction can
drive a nonlocal polarized supercurrent, while the normal contribution
from electron tunneling is suppressed. Remarkably, the relative phase
between the superconductors serves as a switch to turn the thermoelec-
tric current on and off, allowing for the creation of equal-spin Cooper
pairs on demand.

MA 1.12 Mon 12:30 Theater
in topological 2D materials — eLuca
vVannuccr!, NicoLa Marzari?, and KrisTiaN S. THYGESEN! —
LCAMD, Technical University of Denmark, 2800 Kongens Lyngby,
Denmark — 2THEOS, Ecole Polytechnique Fédérale de Lausanne,

1015 Lausanne, Switzerland

Edge plasmons

We discuss topologically-protected collective excitations in 1D systems
formed at the edge of novel 2D materials, combining both theoreti-
cal models and first-principles simulations. With the help of newly-
developed computational 2D materials databases [1, 2|, containing
thousands of 2D materials and forming the ideal starting point for
the investigation of unexplored topological materials, we focus both on
known quantum spin Hall systems and new interesting candidates [3].
We then explore the electronic and plasmonic band structures in dif-
ferent nanoribbon geometries, highlighting the emergence of plasmonic
excitations from the inspection of the dielectric function and discussing
the influence of topological protection on their properties. This topo-
logical plasmonics [4] may lead to several important applications in
the context of opto-electronics, where the coupling of electromagnetic
fields to collective edge excitations of topological 2D materials could
pave the way to new and innovative recipes for transmitting informa-
tion in a robust, protected way.

[1] N. Mounet et al., Nat Nanotechnol. 13, 246 (2018)

[2] S. Haastrup et al., 2D Mater. 5, 042002 (2018)

[3] A. Marrazzo et al., Phys. Rev. Lett. 120, 117701 (2018)

[4] D. Jin et al., Phys. Rev. Lett. 118, 245301 (2017)

MA 1.13 Mon 12:45 Theater
Topological Devil’s staircase in atomic two-leg ladders — Si-
MONE BARBARINO!2, DaviDE Rossini®, eMarTeEO Rizzi?, Rosario
Fazio®%, GruserpE E. SanToro'®7, and MARcCELLO DaLMonTE!?
— 1SISSA, Trieste, Italy — 2Technische Universitit Dresden, Ger-
many — 3Universita di Pisa and INFN, Italy — *Johannes Gutenberg-
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Universitit, Mainz, Germany — °ICTP, Trieste, Italy — SNEST, SNS
& Istituto Nanoscienze-CNR, Pisa, Italy — 7“CNR-IOM Democritos,
Trieste, Italy

We show that a hierarchy of symmetry-protected topological (SPT)
phases in 1D —a topological Devil’s staircase — can emerge at frac-
tional filling fractions in interacting systems, whose single-particle
band structure describes a (crystalline) topological insulator. Focusing
on a specific example in the BDI class, we present a field-theoretical
argument based on bosonization that indicates how the system phase
diagram, as a function of the filling fraction, hosts a series of density

waves. Subsequently, based on a numerical investigation of spectral
properties, Wilczek-Zee phases, and entanglement spectra, we show
that these phases can support SPT order. In sharp contrast to the
non-interacting limit, these topological density waves do not follow
the boundary-edge correspondence, as their edge modes are gapped.
‘We then discuss how these results are immediately applicable to mod-
els in the AIII class, and to crystalline topological insulators protected
by inversion symmetry. Our findings are immediately relevant to cold
atom experiments with alkaline-earth atoms in optical lattices, where
the band structure properties we exploit have been recently realized.

MA 2: Ultrafast magnetization effects and magnetization dynamics

Time: Monday 9:30-13:15

MA 2.1 Mon 9:30 H37
Ultrafast electron dynamics in the first-order phase transi-
tion of FeRh — eFEDERICO PrREssaccol!, DMyTRO KUTNYAKHOVZ,
VosrecH UHLIR?, JoN ANDER ARREGI®, MICHAEL HEBERZ,
STEINN AGusTssoN?, DAVIDE SANGALLI®, ANDREA MARINI®, MAT-
TEO GATTI®?, GUENTER BRENNERZ, DMITRY VasiLyEv?, FausTo
SiroTTI®, and WiLrFriED WURrTH!2 — 1CFEL, Universitat Hamburg,
Germany — 2DESY,Hamburg, Germany — 3CEITEC BUT, Czech
Republic — *JGU Mainz, Germany — 5CNR-ISM,Roma, Italy —
6Ecole Polytechnique, CNRS, France — ”European Theoretical Spec-

troscopy Facility (ETSF)

Time resolved photo-electron spectroscopy is one of the most powerful
techniques to directly investigate the role of the electronic structure in
phenomena such as superconductivity, and magnetization dynamics.
It greatly benefits from recent developments of high repetition rate
Free Electron Lasers (FLASH at DESY Hamburg) and advances in
electron detectors such as momentum microscopes. Here we present a
time-resolved study carried out at FLASH of the metamagnetic phase
transition induced by laser excitation in FeRh with femtosecond res-
olution. We monitor the changes in the valence band related to the
phase transition which at equilibrium takes place at 400 K from an an-
tiferromagnetic to a ferromagnetic phase. The dynamics show a sub-
picosecond transition of the electronic structure to the FM, pointing
to a primary role of the electronic system in triggering the magnetic
phase transition. Ab-initio calculation of the non-equilibrium elec-
tronic structure show good agreement with the observed phenomena.

MA 2.2 Mon 9:45 H37
Ultrafast Demagnetization by Extreme Ultraviolet Light

— eoLEONARD MULLERY3, ANDRE PHuiLiPPI-KoBs!, MacnNus
2

H. BernTsEN?, WoiciecH Roseker!, Marraias Riepp!, Kal
b b bl

BacscHIk!, JocHEN WAGNER®, RoBERT FROMTER®, MiLrcHO B.
DanatLov?, FLavio Caporonpr?, EMANUELE PEDERsOLI*, MICHELE
MANFREDDAY, Mava Kiskinova?, MicHAL STRANSkYS, VLADIMIR
P. Lippb®, BEata Ziasal:5, Hans PeTER OEPEN3, and GERHARD
GroBELD3 — !Deutsches Elektronen Synchrotron, Hamburg, Ger-
many — 2KTH Royal Institute of Tecchnology, Kista, Sweden —
3Universitit Hamburg, Hamburg, Germany — *Elettra-Sincrotrone
Trieste, Basovizza, Italy — 5Center for Free-Electron Laser Science,
Hamburg, Germany — %Academy of Science of the Czech Republic,
Prague, Czech Republic

One of the most intriguing topics within research on magnetism, ultra-
fast demagnetization [1], has greatly benefited from the advent of free-
electron Lasers (FEL). Following a previous campaign [2], we report on
a breakdown of the magnetic scattering cross section in Co/Pt multi-
layers for extreme ultraviolet (XUV) fluences > 1mJ/cm? defining the
threshold fluence for FEL experiments where the FEL is meant to be
a non-invasive probe. XUV-induced demagnetization is identified to
be the major mechanism behind the breakdown. Besides revealing the
existence of ultrafast demagnetization in the XUV regime, our results
demonstrate that it proceeds much faster than the demagnetization
when using IR radiation. [1] Phys. Rev. Lett. 76, 4250 (1996), 2]
Phys. Rev. Lett. 110, 234801 (2013).

MA 2.3 Mon 10:00 H37
Magnetization dynamics due to femtosecond spin current
pulses — oKaAREL Carval, PaveL BaLiz!, ULRIKE RITZMANNZ,
PaBLo MaLpoNaDO?, and PETER M. OPPENEERZ — 1Charles Uni-

versity, DCMP, Ke Karlovu 5, CZ-12116, Prague, Czech Republic —

Location: H37

2Uppsala University, PO Box 516, 75120 Uppsala, Sweden

Ultrafast demagnetization induced by femtosecond lasers is accompa-
nied by spin current pulses, which arise and decay on timescales un-
precedent in spintronics. These originate from migration of nonequi-
librium hot charge carriers in a magnetic layer excited to bands with
higher mobilities by a laser [1]. These spin currents may exert torque
on adjacent perpendicularly oriented magnetic layers [2]. First we cal-
culate this torque, and model the magnetization dynamics described
by the Landau-Lifshitz-Gilbert equation within macrospin appproach.
We also find an optimal thickness of the excited layer that maximizes
the torque [3].

Since the perturbation of magnetization is localized on the scale of
several nm [4], we also perform a more accurate atomistic spin dynam-
ics simulations to study the magnon dynamics induced by the spin
current. In particular we investigate the induced magnon population,
its subsequent temporal evolution on ps timescale, and the formation
of standing waves in confined systems.

[1] M. Battiato, K. Carva, P.M. Oppeneer, PRL 105, 027203 (2010)

[2] A.J. Schellekens et al., Nat. Comm. 5, 4333 (2014)

[3] P. Balaz et al., J. Phys.: Cond. Matter 30, 115801 (2018)

[4] I. Razdolski et al., Nat. Comm. 8, 15007 (2017)

MA 2.4 Mon 10:15 H37

Dynamics of laser-excited nickel: an ultrafast look at the

lattice side — DANIELA ZAHN!, eTHOMAS VASILEIADIS!, Tim
BurcHer?, YiNngPENG Qi', HELENE SEILER!, JAN VORBERGERZ,
and RaLpa ERNSTORFER! — !Fritz-Haber-Institut der Max-Planck-

Gesellschaft, Faradayweg 4-6, 14195 Berlin, Germany — 2Helmholtz-
Zentrum Dresden-Rossendorf, Bautzner Landstrafte 400, 01328 Dres-
den, Germany

The behavior of ferromagnets after laser excitation is governed by the
interplay of electrons, lattice and spins. In the case of 3d-ferromagnets,
strong coupling between electrons and spins leads to ultrafast demag-
netization on the femtosecond time scale [1]. Since the lattice drains
energy from the electrons on similar timescales, it plays an important
role in the magnetization dynamics. A method to study the lattice
response directly is femtosecond electron diffraction (FED) [2]. We
present FED results on nickel for a variety of excitation conditions.
We compare the experimental data with ab-initio calculations of the
spin-polarized electron-phonon coupling in combination with a two-
temperature model. We find that the experimental results can only be
described by the model if energy transfer to the spin system is taken
into account.

[1] Beaurepaire et al., PRL 76, 4250 (1996).
[2] Waldecker et al., JAP 117, 044903 (2015).

MA 2.5 Mon 10:30 H37
Induced vs. intrinsic magnetic moments in ultrafast mag-
netization dynamics — eSiMoN HAuser!, Moritz HorHERRDZ,
SIMONE MORETTI®, NaTALIIA SAFONovA?, HENRY KAPTEYN®, MAR-
GARET MURNANE®, Mirko CINCHETTI®, DANIEL STEIL?, STEFAN
MaTHI1AS”, BENJAMIN STADTMULLERY'2, MANFRED ALBRECHT?, UL-
ricH Nowak3, and MARTIN AESCHLIMANN!' — Technische Univer-
sitit Kaiserslautern, Kaiserslautern, Germany — 2Graduate School
Materials Science in Mainz, Mainz, Germany — 3Universitit Kon-
stanz, Konstanz, Germany — “*University of Augsburg, Augsburg,
Germany — 2University of Colorado, Boulder, USA — STechnische
Universitit Dortmund, Dortmund, Germany — 7Georg-August-
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Universitdt Gottingen, Gottingen, Germany

Technologically important ferromagnetic alloys consisting of several
magnetic sublattices exhibit often both intrinsic and induced magnetic
moments. Here, we study the ultrafast response of the element-specific
magnetization dynamics for thin film systems based on purely intrinsic
(CoFeB) and partially induced (FePt) magnetic moments using HHG-
TMOKE as an element-sensitive probe. In FePt, on the one hand, we
observe an identical normalized transient magnetization for Fe and Pt
throughout both the ultrafast demagnetization and the subsequent re-
magnetization. On the other hand, Co and Fe show a clear difference in
the asymptotic limit of the remagnetization process in CoFeB. This ob-
servation is supported by calculations for the temperature-dependent
behavior of the equilibrium magnetization using a dynamic spin model
[1]. [1] Phys. Rev. B 98, 174419 (2018)

MA 2.6 Mon 10:45 H37
Theory of ultrafast demagnetization in noncollinear spin
valves — oPavEL BaLAz!'2, KAREL CARvA', MACIE] ZWIERZYCKI®,
Dowminik LEcuT?, PABLO MALDONADO?, and PETER M. OPPENEER*
— 1Charles University, Faculty of Mathematics and Physics, Depart-
ment of Condensed Matter Physics, Ke Karlovu 5, CZ 121 16 Prague,
Czech Republic — 2IT4Innovations Center, VSB Technical Univer-
sity of Ostrava, 17. listopadu 15, CZ 708 33 Ostrava-Poruba, Czech
Republic — 3Institute of Molecular Physics, Polish Academy of Sci-
ences, Smoluchowskiego 17, 60-179 Poznaii, Poland — *Department of
Physics and Astronomy, Uppsala University, Box 516, SE-75120 Upp-
sala, Sweden

When a sample made of conducting metal is exposed to a femtosecond
laser pulse, ultrafast demagnetization of the sample can be observed.
One of the possible mechanisms is superdiffusive spin-dependent trans-
port [1] of hot electrons excited by laser from the localized d band to
the s one above the Fermi level. Here, we generalize this model for the
case of a magnetic multilayer with noncollinear magnetizations. The
spin-dependent transport through the interfaces between the layers
is described by energy-dependent reflections and transmissions taking
into account spin mixing. It is shown that laser-induced demagnetiza-
tion of the multilayer depends on the magnetic configuration. More-
over, the angular dependence of spin transfer torque [2] acting on the
magnetizations is estimated. [1] M. Battiato, et al., Phys. Rev. Lett.
105, 027203 (2010). [2] P. Balaz et al., J. Phys.: Cond. Matter 30,
115801 (2018).

MA 2.7 Mon 11:00 H37
tuning femtoseconds magnetization dynamics of FePt by
Mn doping — eYuTinGg Liu!', UTeE BierBrAUER!, CiNJA SEICKZ,
MoriTz HorHERR!, NATALIIA SAFONOVAS, MANFRED ALBRECHTS,
DaNIEL STEIL', BENJAMIN STADTMULLER!, STEFAN MaTHIASZ, and
MARTIN AESCHLIMANN! — 1Department of Physics and Research Cen-
ter OPTIMAS, University of Kaiserslautern, Germany — 2Institute of
Physics, University of Gottingen, Germany — 3Institute of Physics,
University of Augsburg, Germany

Understanding the ultrafast response of magnetic materials after in-
teraction of fs light pulses provides abundant topics for fundamental
science, as well as new opportunities for ultrafast manipulation of mag-
netization in storage devices. In this work, the ultrafast magnetization
dynamics of Mn doped FePt prepared by a rapid thermal annealing
(RTA) process have been studied by employing the magneto optical
Kerr effect using visible as well as fs-XUV radiation. The speed of
demagnetization and degree of quenching can be tailored by Mn dop-
ing. In particular, we find a local minimum of the demagnetization
time constant with increasing strength of the optical excitation, i.e.,
with increasing laser fluence, leading to an unusual camel-like demag-
netization vs. quenching curve in this material system. These results
provide a prominent example in which way the implantation of mag-
netic impurity atoms into a magnetic host material can severely alter
and manipulate the ultrafast magnetization dynamics of complex ma-
terials.

15 min. break

MA 2.8 Mon 11:30 H37
Ultrafast terahertz-driven spin switching in an antiferromag-
net — eSTEFAN SCHLAUDERER!, CHRISTOPH LANGE!, SEBASTIAN
Baierr!, Tnomas Esner!, Curistorn P. ScuMmip!, Anarory K.
ZvEzDIN?3 | ALEXEY V. KMEL®5, RosTisLav V. MIKHAYLOVSKIY?,

and Ruperr HUBER! — !Department of Physics, University of Re-

gensburg, 93053 Regensburg, Germany — 2Prokhorov General Physics
Institute and P.N. Lebedev Physical Institute of the Russian Academy
of Sciences, Moscow 119991, Russia — 3Moscow Institute of Physics
and Technology (State University), Dolgoprudny 141700, Russia —
4Moscow Technological University (MIREA), Moscow 119454, Russia
— 5Radboud University, Institute for Molecules and Materials, Ni-
jmegen 6525 AJ, The Netherlands

Switching magnetization with maximal speed and minimal energy loss
is essential for future information processing and data storage. Here,
we use intense THz pulses with meV photon energies to switch elec-
tron spins between two states separated by a potential barrier, in the
fastest and least dissipative way, and we reveal the corresponding tem-
poral and spectral fingerprint. This goal is achieved by coupling the
locally enhanced THz electric field of custom-tailored antennas with
antiferromagnetic TmFeO3. Within their duration of 1 ps, single-cycle
THz pulses abruptly change the magnetic anisotropy and trigger a
large-amplitude ballistic spin motion. A characteristic phase flip, an
asymmetric splitting of the magnon resonance, and a long-lived offset
of the Faraday signal hallmark coherent spin switching into adjacent
potential minima.

MA 2.9 Mon 11:45 H37
Uncovering the magnetic origin of the contractive stress
in laser-excited FePt by ultrafast X-ray diffraction —
e ALEXANDER VON REPPERT!, JAN-ETIENNE PUDELL!, STEFFEN
ZEUscHNERDZ, Lisa WiLLic!, MarThias RossLE2, Marc HErzog!,
FaBIAN Ganss®, Orav HeLowic®?4, and Marias BARGHEER!:2
Hnstitut fiir Physik und Astronomie, Universitit Potsdam, Potsdam,
Germany — 2Helmholtz-Zentrum Berlin, Berlin, Germany — 3Institut
fiir Physik, Technische Universitdt Chemnitz, Chemnitz, Germany —
4Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany

Here we present a systematic study of the previously observed con-
traction of laser-excited granular FePt by ultrafast X-ray diffraction.
Double-pulse excitation experiments show that the contractive stress
is suppressed when the FePt is transiently demagnetized and it recov-
ers as the magnetization reestablishes. The saturation of the observed
contraction in a fluence study and the timescale for the remagneti-
zation in time-resolved MOKE measurements corroborate this find-
ing. The comparison between the lattice response of continuous and
granular FePt films shows that the in-plane geometry of the sample
is crucial for the observed lattice dynamics, although we can exclude
the anisotropic phonon and electron expansion coefficients as the only
origin of the out-of-plane contraction. In this work we demonstrate
how double-pulse excitation experiments can disentangle competing
mechanisms at phase transitions, which are difficult to access.

MA 2.10 Mon 12:00 H37
Electron dynamics driving ultrafast magnetization dynamics
in alloys — eSEBASTIAN T. WEBER!, BENJAMIN STADTMULLERDZ,
Moritz Horuerr!"?2, MARTIN AESCHLIMANN', and BAERBEL
ReTHFELD! — !Department of Physics and Research Center Opti-
mas, TU Kaiserslautern, Erwin-Schroedinger-Strasse 46, 67663 Kaiser-
slautern, Germany — 2Graduate School Materials Science in Mainz,
Staudinger Weg 9, 55128 Mainz, Germany

Irradiating ferromagnetic films with an ultrashort laser pulse leads to
a quenching of the magnetization on a subpicosecond timescale [1].
Our spin-resolved Boltzmann description allows to describe the out-
of-equilibrium electrons and their microscopic collision processes [2].

Recent experiments in an exchange coupled ferromagnetic Fe-Ni
alloy (Permalloy) have revealed element-specific dynamics right after
the optical excitation [3]. To reveal the mechanisms responsible, we
have set up a model to trace the spin-resolved electron dynamics in
dependence on both magnetic sublattices of the alloy. Our results
show the influence of the involved coupling mechanisms on the differ-
ent relaxation processes.

[1] E. Beaurepaire et al., PRL 76, 4250 (1996)
[2] B. Y. Mueller et al., PRL 111, 167204 (2013)
[3] S. Mathias et al., PNAS 109, 4792 (2012)

MA 2.11 Mon 12:15 H37
Stroboscopic imaging using Lorentz TEM at radio frequen-
cies — eJouN H. GAIpA, MARCEL MOLLER, SASCHA SCHAFER, and
Craus RopeERs — 4th Physical Institute, Georg-August-University,
Gottingen, Germany

Lorentz microscopy is a widely applied technique for the nanoscale
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mapping of magnetization structures. Its time-resolved implementa- caNne HoBNErR!, and CHUN Li2 — !Department of Physics and
tion offers fascinating prospects for a spatiotemporal imaging of ultra- Research Center OPTIMAS, Technische Universitidt Kaiserslautern,
fast magnetism. Kaiserslautern, Germany — 2Northwestern Polytechnical University,

The Gottingen Ultrafast Transmission Electron Microscope
(UTEM) is a recently developed instrument to study ultrafast struc-
tural, electronic and spin dynamics, driven by optical pump pulses or
radiofrequency currents [1].

In this contribution, we present stroboscopic Lorentz microscopy
with photoelectron pulses at high MHz-repetition rates. We use a
permalloy (NiggFe2g) nanoisland as a model system to benchmark the
new instrument by mapping time-resolved current-driven vortex gyra-
tion. The trajectory of the vortex core is tracked with a high precision
of better than 3 nm, which allows us to identify subtle deviations from
an idealized gyrotropic motion. Systematic deformations of the ellip-
tical orbit and a changing angular velocity indicate the influence of
pinning centers on the trajectory. Our method can help in the design
of nanoscale magnetic materials by time-resolved imaging of the dy-
namics of magnetic quasiparticles such as vortices or skyrmions with
high spatial and temporal resolutions.

[1] A. Feist et al., Ultramicroscopy 176 (2016)

MA 2.12 Mon 12:30 H37
Linking spectroscopy calculations with the underlying time-
dependent DFT electronic structure — eVoicu PorEescu,
SERGIY MANKOVSKIY, JURGEN BRAUN, ALBERTO MARMODORO, and
Huerr EBERT — Department Chemie, Ludwig Maximilian Univer-
sity, Munich, Germany

Recent developments in time-dependent density functional theory
(TD-DFT) paved the way towards investigating and quantitatively in-
terpreting, on ab initio level, the ultrafast demagnetisation processes
in ferromagnetic systems caused by a strong laser pulse [1]. These
time-dependent phenomena can in principle be monitored by stan-
dard spectroscopic techniques such as angle-resolved photoemission
(ARPES) and/or magnetic circular X-ray dichroism (MCXD), with
the latter having the additional advantage of being element-specific.
The present contribution tries to answer the question how much of
information, and how accurately, do such spectroscopy experiments
actually convey? We do this by calculating, within the framework
of the spin-polarised relativistic Korringa-Kohn-Rostoker method, the
ARPES and MCXD spectra for several transition metals employing
the self-consistently determined TD-DFT potentials. We make a side-
by-side comparison between the theoretically determined spectra and
the time evolution of the underlying electronic structure and find that,
while correctly reproducing the qualitative trends, quantitative estima-
tions based on the MCXD sum rules have a limited range of validity.

[1] K. Krieger et al., J. Chem. Theory Comput. 11, 4870 (2015)

MA 2.13 Mon 12:45 H37

Long-distance ultrafast spin transfer processes through car-
bon chain structure — eJinc Liul, Georclos Lerkipist, WoLF-

Xi’an, China

Ultrafast spin flip and transfer processes between near magnetic centers
have already been theoretically demonstrated on various realistic, or
even synthesized molecular systems [1]. Motivated by the delicate spin
interaction between the encapsulated magnetic atoms and the atoms
of the cage of endohedral fullerenes [2,3] as well as the calculability of
such large structures with high precision quantum chemical methods,
we use C atoms as spin channels to optically transfer the spin over
distances comparable to the actual CMOS scale.

First we transfer the spin across a finite 2D graphene sheet, on which
we induce spin localization by attaching two Ni atoms on opposite
sites. However, our to-date record distance of 4.428 nm is achieved
over a 40-atom-long zig-zag carbon chain, again with two Ni attached.
The spins of the two Ni atoms couple due the combination of local
and global symmetry, with the nonlinear geometry of the chain (which
gives rise to what we term dynamical Goodenough-Kanamori rules).
The processes typically finish within 600 fs.

[1] D. Dutta, et al., Phys. Rev. B 97, 224404 (2018).

[2] C. Li, et al., Carbon 87, 153 (2015).

[3] C. Li, et al., Phys. Chem. Chem. Phys. 19, 673 (2017).

MA 2.14 Mon 13:00 H37
Effect of ultrashort laser pulse on the magnetic and chemi-
cal state of individual Co nanoparticles probed by X-PEEM
— eTariaNa M. SAavcHENKO, MICHELE Buzzi, JAIANTH VIJAYAKU-
MAR, MARTIN TimM, Lupovic HowaLDp, DaviDb BRACHER, CARLOS
A. F. Vaz, FritHioF NoLTING, and ARMIN KLEIBERT — Swiss Light
Source, Paul Scherrer Institut, CH-5232 Villigen, Switzerland

The discovery of all-optical switching (AOS) in ferrimagnetic alloys
such as FeGdCo using ultrashort laser pulses has stimulated immense
activities in the field of magnetism. More recently, AOS was also
observed in 3d transition metal thin film systems. In this work, we
combine X-ray photoemission electron microscopy (X-PEEM) with X-
ray magnetic circular dichroism (XMCD) and X-ray absorption spec-
troscopy (XAS) to observe the response of the magnetization and the
chemical state of individual and well separated Co nanoparticles with
sizes between 8 and 25 nm deposited on silicon wafers upon excitation
with single 50 fs laser pulses with a wavelength of 800 nm. We find that
the laser pulses with fluences up to about 7 mJ/cm2 have no noticeable
effect on the magnetic state of the particles, irrespective of the laser po-
larization. At higher fluences, we find that the nanoparticles undergo
a chemical reaction with the Si substrate and lose magnetic contrast.
Calculations indicate that Rayleigh scattering significantly reduces the
number of absorbed photons in a nanoparticle due to the large wave-
length relative to its diameter. Thus, much higher laser fluences as
compared to thin films together with laser transparent substrates are
required to achieve all-optical switching in individual nanoparticles.

MA 3: Focus Session: Novel 3D magnetic spin textures

Theoretical modelling, synthesis and experimental characterization

Time: Monday 9:30-13:15

Invited Talk MA 3.1 Mon 9:30 H38
Three-dimensional solitons in magnetism, nuclei and particle
physics — ePAuL SUTCLIFFE — Durham University, Durham, UK.

Magnetic Skyrmions are two-dimensional topological solitons that are
analogous to the three-dimensional Skyrmions introduced by Skyrme
in the context of high energy particle physics. I shall discuss the simi-
larities and differences between these two kinds of Skyrmions, together
with recent progress on using three-dimensional Skyrmions to describe
nuclei. Finally, I shall discuss the possibility of three-dimensional topo-
logical solitons in magnetism, called Hopfions, and explain their rela-
tion to both types of Skyrmion.

Invited Talk MA 3.2 Mon 10:00 H38
Simulations of particlelike states in three-dimensional mag-
nets: chiral skyrmions, bobbers and hopfions — eFiLipp N.
RyBakov — KTH-Royal Institute of Technology, Stockholm, Sweden

Magnetization vector field of skyrmions in the crystals of chiral mag-
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Location: H38

nets look like vortex strings passing through the sample. Skyrmions
exhibit particlelike properties and are free to move in the film plane
and interact each other as ordinary particles [1]. As the size of the
sample grows, skyrmion strings become longer as they are bounded by
surfaces. Because of that, they cannot be considered wholly localized
in three dimensions (3D). The situation is different for chiral bob-
bers which represent spin textures entirely localized in 3D and located
on the surfaces of volumetric samples or films [2]. They behave like
particles, but similar to skyrmions their mobility is restricted to two
dimensions because the surface is two-dimensional. The progress in the
theory of magnetic solitons, advanced computer simulations together
with the development of various experimental techniques providing a
full reconstruction of 3D spin textures in crystals allow one to hope for
the discovery of truly 3D and intrinsically stable particles which can
move in any spatial direction. Such 3D topological solitons are known
as hopfions [3].

I will present an overview of recent progress in micromagnetic sim-
ulations of all the above solitons.



Regensburg 2019 — MA

Monday

[1] H. Du et al., PRL 120, 197203 (2018).
[2] F. Zheng et al., Nat. Nanotechnol. 13, 451 (2018).
[3] http://hopfion.com

MA 3.3 Mon 10:30 H38
Interplay of chirality and spin-orbit coupling in the anoma-
lous Hall effect of non-collinear magnets — eFaBIAN R. Lux!,
MarTHias Rebpies!, Frank Fremuta!, STEFAN BLUGEL!, and
Yurry Mokrousov!h2 — 1Peter Griinberg Institut and Institute for
Advanced Simulation, Forschungszentrum Jiilich and JARA, 52425
Jiilich, Germany — 2Institute of Physics, Johannes Gutenberg Uni-
versity Mainz, 55099 Mainz, Germany

We discuss the emergence of a novel anomalous Hall effect, which is
driven by the interplay of spin-orbit coupling and the presence of a
non-collinear magnetic structure. The predicted effect is linear in the
real-space gradients of the underlying magnetic texture and therefore
chiral in nature. Within a semiclassical language, therefore, its origin is
neither the emergent field which is responsible for the topological Hall
effect, nor is it the pure momentum-space Berry curvature. Rather,
it is the same effective magnetic field that is responsible for the emer-
gence of a chiral contribution to the orbital magnetization [1]. This
direction opens up new perspectives for the all-electrical detection of
non-collinear magnetic structures such as skyrmions, hopfions and chi-
ral bobbers [2].

[1] F. R. Lux et al., Communications Physics 1, 60 (2018)
[2] M. Redies et al., arXiv:1811.01584 (2018)

Invited Talk MA 3.4 Mon 10:45 H38
Quantitative measurements of three dimensional magnetic
textures using off-axis electron holography — eANDRAS
KovAcs!, Nikorar KiseLEvZ, JaN CaroN', THIBAUD DENNEULIN',
FENGSHAN ZHENG!, DoncsHENG Sonc!, STeEraNn BLucer?, and
RaraL E Dunin-Borkowski! — 1Ernst Ruska-Centre for Mi-
croscopy and Spectroscopy with Electrons, Peter Griinberg Institute,
Forschungszentrum Jiilich, Germany — ?Peter Griinberg Institute and
Institute for Advanced Simulation, Forschungszentrum Jilich, Ger-

many

Nanoscale particle-like magnetization textures, such as skyrmion [1],
chiral bobbers [2], and magnetic hopfions have generated considerable
interest, both because of their fundamental physical properties and
because they are candidates for future energy efficient recording and
storage applications. However, measurements of their magnetic prop-
erties and magnetic imaging are challenging as a result of their small
dimensions and three-dimensional magnetic field distributions. We
use off-axis electron holography [3] in an aberration-corrected TEM to
record electron optical phase images of chiral bobbers, Bloch- and Néel-
type skyrmions. The phase images are analysed using a model-based
iterative reconstruction algorithm to determine the magnetic moment
distribution in each sample. Prospects for characterising more com-
plex magnetic textures are discussed. [1] A. Kovacs et al, APL 111,
192410 (2017) [2] F. Zheng et al, Nat. Nanotech. 13, 451 (2018) [3] A.
Kovacs and R.E. Dunin-Borkowski, Handbook of Magnetic Materials,
vol. 27, p.59-153 (Ed. E.Brueck, Elsevier), 2018

15 min. break

Invited Talk MA 3.5 Mon 11:30 H38
Three-dimensional nanomagnetism: Present and future —
eAMAaLIO FERNANDEzZ-PAcHECO — School of Physics and Astron-
omy, University of Glasgow, G12 8SU, Scotland, United Kingdom —
Cavendish Laboratory, University of Cambridge, CB3 OHE, United
Kingdom

Three-dimensional nanomagnetism is a new and exciting area of re-
search focused on investigating nanomagnets that extend beyond the
standard planar configuration. In these systems, with unconventional
geometries and spin interactions, new physical effects emerge, with in-
terlinked geometry, topology and chirality, paving the way to novel
devices with functionalities beyond the substrate plane. However, the
leap to 3D is complex, demanding for new fabrication and characteri-
sation tools.

In this talk, I will review recent progress in this area, particularly
on results of my group and collaborators. These include the devel-
opment of ”3D nano-printing” processes for advanced nanofabrication,
which have allowed us to carry out pioneering experiments where mag-
netic information in the form of domain walls can be injected into 3D
Permalloy nanowires. In these systems, the use of soft X-Ray mag-
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netic microscopy techniques enables the reconstruction of their mag-
netic configuration in great detail. The extension to 3D also includes
multilayered systems, where the interlayer Dzyaloshinskii-Moriya in-
teraction opens a new route to create 3D spin chiral textures.

MA 3.6 Mon 12:00 H38
Magnetic ground states of perfect Py nanotubes and rings
— eELIsABETH JosTEN!, ANDRAs KovAcs!, FELIX OERTEL?, ARTUR
Gravic®, THoMAs JANSEN', TREVOR P. ALMEIDA?, ATTILA KAKAY®,
TeERESA WEsSELS!, MANUEL LANGER3, JOrRG RaaBe3, DANIEL E.
BorcLEr!, Katia HorLicn?, and RaraL E. DuNiN-Borkowski! —
1Forschungszentrum Jiilich, Jiilich, Germany — 2Helmholtz-Zentrum
Berlin for Materials and Energy, Berlin, Germany — 3Paul Scherrer In-
stitut, Villigen PSI, Switzerland. — 4University of Glasgow, Glasgow,
United Kingdom — 3Helmholtz-Zentrum Dresden-Rossendorf, Dres-
den, Germany

Magnetic nanotubes (MNTs) have unique static and dynamic magnetic
properties due to their size, aspect ratio, curvature and hollow struc-
ture. It is important to optimize the magnetic ground states of such
3D curved nano-objects for their successful implementation in novel
devices. Recently, the synthesis of MNTs with perfectly circular cross-
sections was achieved. The MNTs were fabricated by coating a carbon
core template with a magnetron-sputtered permalloy (Py) shell. Here,
we focus on the characterization of magnetic states in individual Py
nanotubes and their cross-sections, which take the form of magnetic
rings (MRs). The MRs were prepared by slicing individual MNTs us-
ing focused ion beam milling. For the investigation, we make use of
scanning transmission X-ray microscopy and off-axis electron hologra-
phy performed in a transmission electron microscope. The MRs are
found to support novel magnetic states such as double vortices.

Invited Talk MA 3.7 Mon 12:15 H38
Revealing magnetic configurations with X-ray magnetic nan-
otomography — eVALERIO ScaGgNoLl — Laboratory for Mesoscopic
Systems, Department of Materials, ETH Zurich, 8093 Zurich, Switzer-
land — Laboratory for Multiscale Materials Experiments, Paul Scher-
rer Institute, 5232 Villigen PSI, Switzerland

Three dimensional magnetic systems hold the promise to provide new
functionality associated with greater degrees of freedom. Over the
last years we have worked towards developing methods to fabricate
and characterise three dimensional magnetic structures. Specifically,
we have fabricated an artificial magnetic In order to determine the
magnetic configuration in such three dimensional systems, we have
combined X-ray magnetic imaging with a new iterative reconstruction
algorithm to achieve X-ray magnetic tomography [1,2,3]. In a first
demonstration, we determine the three dimensional magnetic nanos-
tructure within the bulk of a soft GdCo2 magnetic micropillar, ob-
serving a complex magnetic configuration consisting of vortices and
antivortices that form cross-tie and vortex walls. By determining the
magnetic structure surrounding singularity points found at the inter-
sections of these magnetic structures we have identified the presence
of Bloch points of different types [3]. X-ray magnetic nanotomography
will enable to unravel complex three dimensional magnetic structures
for a range of magnetic systems with high spatial resolution [4].

[1] C. Donnelly et al., PRL 114, 115501 (2015) [2] C. Donnelly et al.,
PRB 94, 064421 (2016) [3| C. Donnelly et al., Nature 547, 328 (2017)
[4] C. Donnelly et al., New J. Phys. 20, 083009 (2018).

MA 3.8 Mon 12:45 H38
Mesoscale Dzyaloshinskii-Moriya interaction: geometrical
tailoring of the magnetochirality — eOLEksi1 Vorkov!, De-
Nis SHEkA2, YUrr Gamiper?, VoropymyrR Kraveruk3#4, Ut-
rRicH ROssLErR?, JURGEN FassBENDER', and DENys Makarov! —
'Helmholtz-Zentrum Dresden-Rossendorf e.V., Dresden, Germany
— 2Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
— 3Bogolyubov Institute for Theoretical Physics of the National
Academy of Sciences of Ukraine, Kyiv, Ukraine — “Leibniz-Institut
fiir Festkorper- und Werkstoffforschung (IFW Dresden), Dresden, Ger-
many

Magnetic crystals with broken chiral symmetry possess intrinsic spin-
orbit driven Dzyaloshinskii-Moriya interaction (DMI). Geometrically
broken symmetry in curvilinear magnetic systems also leads to the
appearance of extrinsic to the crystal exchange driven effective DMI
[1,2]. The interplay between the intrinsic and geometrical-induced
DMI paves the way to a mesoscale DMI, whose symmetry and strength
depend on the geometrical and material parameters [3]. We demon-
strate this approach on the example of a helix with intrinsic DMI.
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Adjusting the helical geometry allows to create new artificial chiral
nanostructures with defined properties from standard magnetic ma-
terials. For instance, we propose a novel approach towards artificial
magnetoelectric materials, whose state is controlled by means of the
geometry.

[1] Y. Gaididei et. al, Phys. Rev. Lett. 112, 257203 (2014).

[2] R. Streubel et. al, J. Phys. D: Applied Physics 49, 363001 (2016).

[3] O. Volkov et. al, Scientific Reports 8, 866 (2018).

MA 3.9 Mon 13:00 H38
Prediction of a novel chiral magnetic interaction originating
from the coupling of spin and topological orbital moment in
B20 compounds — eS. GryTsiuk, M. HorrmaNN, J.-P. HANKE,
G. BIHLMAYER, Y. Mokrousov, and S. BLUGEL — Peter Griinberg
Institut and Institute for Advanced Simulation, Forschungszentrum
Jiilich and JARA, 52425 Jiilich, Germany

It is believed that the complex magnetic structure of B20 materials,

such as FeGe and MnGe, can be explained exclusively in terms of the
Heisenberg exchange and antisymmetric Dzyaloshinskii-Moriya (DM)
interaction. We demonstrate that this assumption is wrong. We dis-
covered that the spin-spin interactions in MnGe are strongly influenced
by the Berry phase effect of carriers hopping in a nontrivial spin back-
ground. We show that without SOI the non-coplanar magnetic struc-
ture in B20 materials gives rise to a topological orbital moment [1-2].
Moreover, we reveal that in case of MnGe the spin-orbit coupling be-
tween the local spins and topological orbital moment dominates over
DMI in favoring a magnetic state of certain chirality even without ex-
ternal magnetic field. Together with the biquadratic coupling, that
we found important in B20 compounds, we speculate that the corre-
sponding novel chiral magnetic interaction can be a key element in
resolving the puzzle of the complex 3D magnetic state of MnGe, and
suggest that it can present a platform for realizing new classes of chiral
magnetic materials and textures.

[1] M. Hoffmann, at. el., Phys. Rev. B 92, 020401(R) (2015).

[2] J.-P. Hanke, at. el., Sci. Rep. 7, 41078 (2017)

MA 4: Topological insulators and spin-dependent transport phenomena

Time: Monday 9:30-13:15

MA 4.1 Mon 9:30 H52
Properties of Majorana Fermions in a Planar Josephson Junc-
tion — eAmpAN WasTiaux and FaLko PiENTKA — Max-Planck In-
stitute for the Physics of Complex Systems, Dresden

As topologically protected quasi-particles, Majorana fermions are of
great interest for the future of quantum information. The most promis-
ing experimental platform for Majorana states is based on heterostruc-
tures of superconductors and semiconductor nanowires in a magnetic
field. In Ref. [1], an alternative platform based on a 2D Josephson
junction in a 2d semiconductor with spin-orbit coupling has been pro-
posed. The topological phase can be controlled by an in-plane mag-
netic field and the phase difference across the junction. Motivated
by recent experimental progress [2|, we investigate properties of the
topological phase and Majorana states in this platform.

MA 4.2 Mon 9:45 H52
Laser induced DC photocurrents in 3D topological insula-
tors Hall bar and nanowire devices — eNINa MEYER!, THOMAS
Scuumann!, Eva ScHMORANZEROVAZ, KEVIN GEISHENDORF®, GRE-
coR MussLER?, JakoB WaLowski!', PETR NEMEC?, ANDY THOMASS,
KorneLius  NieLscu?, DeTLEV GROUTZMACHER?, and MaRkus
MtNzZENBERG! — !Institute of Physics, University of Greifswald,
Greifswald, Germany — 2Faculty of Mathematics and Physics, Charles
University, Prague, Czech Republic — 3IFW Dresden, Institute for
Metallic Materials, Dresden, Germany — #Inst. for Semiconductor
Nanoelectronics, PGI-9, Forschungszentrum Jilich, Germany

It has been demonstrated experimentally that spin-polarized currents
can be generated by illuminating a topological insulator (TT) with cir-
cularly polarized light [1]. In this talk, we will sum up our results
for (Bi, Sb)2Tes thin films Hall bar structures and BizSes core-shell
nanowires. During the photocurrent measurements, the laser light
polarisation is changed at every laser spot position. Due to the polar-
isation dependence, the different contribution to the photocurrent are
separated and displayed as spatially resolved 2D maps. For the Hall
bar structure a lateral accumulation of spin polarization at the TIs
edges due to the spin Nernst effect is found [2]. For the nanowires, the
interaction between nanowire and Au contact due to the Schotky effect
and a constant spin polarized current far off the contacts is found.

[1] J.W. Mclver et al., Nature Nanotechnology 7, 96-100 (2012)

[2] T. Schumann et al., arXiv:1810.12799 (submitted)

MA 4.3 Mon 10:00 H52
Characterization of topological band structure features away
from the Fermi level via the anomalous Nernst effect —
eJoNATHAN Noky, JOoHANNES GootTH, CLAUDIA FELSER, and YAN
Sun — Max Planck Institute for Chemical Physics of Solids, Dresden,
Deutschland

Resolving the structure of energy bands in transport experiments is
a major challenge in condensed matter physics and material science.
Sometimes, however, when traditional electrical measurements only
provide very small signals, it has been proven beneficial to employ
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thermoelectric measurements which are sensitive to the first derivative
of the electrical property with respect to energy, rather than to its
value itself. Due to the large interest in topological effects these days,
it is important to identify a similar concept for detecting the Berry
curvature (BC) in a band structure. The BC can be created by dif-
ferent mechanisms like Weyl points or the gapping of nodal lines due
to symmetry breaking. Nowadays, the common way to access the BC
directly via measurements is the anomalous Hall effect, but the corre-
sponding signal can be too small to be detected when the topological
features of the band structure lie too far off the Fermi level.

We investigate the strong BC due to nodal line gappings in regular
Heusler compounds for different positions of the Fermi level. From
this we derive a way to resolve topological band structure features
which are elusive to see in anomalous Hall measurements utilizing the
anomalous Nernst effect.

MA 4.4 Mon 10:15 Hb52
The Z> topology of bismuth — eIRENE AGUILERA, CHRISTOPH
FriepricH, GusTav BIHLMAYER, and STEFAN BLUGEL — Peter Griin-

berg Institut and Institute for Advanced Simulation, Forschungszen-
trum Jiilich and JARA, 52425 Jiilich, Germany

The Z3 topology of bulk and thin films of pure bismuth has been a
matter of debate in the last few years. Whereas all first-principles
calculations with different levels of sophistication predict a trivial Z2
invariant, a couple of photoemission experiments display surface states
that look non-trivial. The discrepancies between theory and experi-
ment were originally attributed to the failure of density functional the-
ory (DFT) in the prediction of band gaps, because the topological or
trivial character of Bi depends only on the “sign” of the tiny (~15 meV)
direct band gap at the L point. In [1] we showed that quasiparticle
self-consistent GW (QSGW) calculations support the trivial charac-
ter. These are, to date, the most accurate calculations for bulk Bi
in the literature. However, this did not explain the discrepancy with
experiments. In this talk, I will explain, based on QSGW calculations,
why the apparent contradiction between theory and experiment is, as
a matter of fact, no contradiction, and that the “topologically-looking”
experimental surface states are actually compatible with a trivial Z2
invariant. We note that we focus on the Z3 topological character only
and not on the high-order topology, recently predicted for Bi.

[1] I. Aguilera et al., Phys. Rev. B 91, 125129 (2015).

Financial support from the Virtual Institute for Topological Insula-
tors of the Helmholtz Association.

MA 4.5 Mon 10:30 H52
Transport and scanning tunneling microscopy study on lay-
ered Dirac material EuMnBi2 — eXmncrLu Qurl2, QiNnayu
He!2, Craus MouLe!, JURGEN Nuss!, Linui Zuou!, and Hipe-
NoRI Takacrh2:3 — IMax Planck Institute for Solid State Research,
Stuttgart, Germany — 2Institute for Functional Matter and Quan-
tum Technologies, University of Stuttgart, Germany — 3Department
of Physics, University of Tokyo, Japan

The interplay of correlation and topology could give rise to novel
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properties. In this presentation we report our investigation of a lay-
ered magnetic Dirac material EuMnBi2, by using transport and STM.
EuMnBi2 exhibits rich magnetic textures, by controlling which distinct
electronic structures are accessible. Antiferromagnetically ordered Eu
ions decouple the Bi layers which host Dirac fermions, leading to the
emergence of multilayer Quantum Hall effect as revealed by our trans-
port data. The application of an external magnetic field drives the
material into different states. The STM reveals well defined steps af-
ter low temperature cleavage. Local spectroscopy finds features derived
from Bi, in good agreement with band structure calculations.

MA 4.6 Mon 10:45 H52
First-principles study of electrical transport with phonons
and magnons — eDaviD WAGENKNECHT!'2, DoMmINIK LEGUTZ,
KaRrgL Carval, and ILja Turek! — !Department of Condensed Mat-
ter Physics, Faculty of Mathematics and Physics, Charles University,
Czechia — 2IT4Innovations & Nanotechnology Centre, VSB-Technical

University of Ostrava, Czechia

We will present first-principles calculations of magnetic materials with
a combined influence of chemical disorder (impurities) and finite-
temperature effects (phonons and spin fluctuations). The alloy analogy
model (AAM) within the fully relativistic tight-binding linear muffin-
tin orbital (TB-LMTO) method and the coherent potential approxi-
mation (CPA) was successfully used to describe transition metals and
simple alloys [1, 2], an effect of spin disorder in the Earth’s core [3],
and spin-resolved conductivities in half-metallic half-Heusler NiMnSh
[4]. Special attention will be paid to a comparison of phenomenolog-
ical methods (Debye theory or fitting experimental data) and proper
ab initio calculations. For systems, where the former ones may be
used, computational effort may be greatly reduced. Our efficient AAM
within TB-LMTO method with the CPA can describe even complex
structures such as multi-sublattice magnetic materials where the prop-
erly described disorder is essential for, e.g., a spin polarization of the
electrical current.

[1] D. Wagenknecht et al. T-MAG 53 11 (2017); [2] D. Wagenknecht
et al. Proc. SPIE 10357, 103572W (2017); [3] V. Drchal et al. PRB 96,
024432 (2017); [4] D. Wagenknecht et al. JMMM 747, 517-521 (2019)

MA 4.7 Mon 11:00 H52
Spin Hall magnetoresistance in metals on antiferromag-
netic a-Cro03 — eToBias Kosus!, Asser Ersavep!, RICHARD
ScHLITZZ, JURGEN FAsSBENDER!, SEBASTIAN GONNENWEINZ, and
DeNys MakarRov! — lHelmholtz-Zentrum Dresden-Rossendorf, In-
stitute of Ion Beam Physics and Materials Research, Dresden, Ger-

many — 2TU Dresden, Dresden, Germany

Spin Hall magnetoresistance (SMR) is a crucial phenomenon for insu-
lator spintronics as it enables regular metals to be used to drive and
sense magnetic effects in the insulators. While the effect has been
thoroughly studied for ferrimagnetic insulators [1], antiferromagnetic
[2] and paramagnetic insulators are interesting materials for future
spintronics applications.

We present a thorough study of both longitudinal and transverse
magnetotransport signatures of the spin Hall magnetoresistance, for
various metals on Cr20O3. We monitor the system above and beyond
the Neéel temperature - in the antiferromagnetic and paramagnetic
phases. The magnetotransport effects are generally larger in the para-
magnetic phase, highlighting the potential importance of paramagnets
for spintronic applications.

Several inconsistencies with established SMR theory are reported
and we offer different explanations taking into account the paramag-
netic nature of the material.

[1] H. Nakayama et al., Phys. Phys. Lett. 110, 206601 (2013)

[2] R. Schlitz et al., Appl. Phys. Lett. 112, 132401 (2018).

15 min. break

MA 4.8 Mon 11:30 H52
Magnonic Weyl states in CuzO0SeO3 — eL. Zuanc!, Y. A
ONYKIENKOZ, P.M. Bunr!, Y. V Tymosuenko?, P. CErRMAKS 4, A.
ScHNEIDEWIND3, S. BLUGEL!, D.S. INosovZ, and Y. Mokrousov!:®
— 'PGI and IAS, FZ Jilich and JARA, 52425 Jiilich, Germany
— 2IFMP, TU Dresden, D-01069 Dresden, Germany — 3JCNS, FZ
Jilich GmbH, Outstation at Heinz MLZ, Lichtenbergstrafe 1, D-85747
Garching, Germany — “*Charles University, Faculty of Mathemat-
ics and Physics, Ke Karlovu 5, 121 16, Praha, Czech Republic —
5Institute of Physics, JGU Mainz, 55099 Mainz, Germany
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The multiferroic ferrimagnet CuzOSeO3 with a chiral crystal structure
has recently attracted significant attention due to the emergence of a
skyrmion order in this material [1]. Here the topological properties
of its magnon excitations were investigated by linear spin-wave the-
ory and inelastic neutron scattering. Considering only the Heisenberg
exchange interactions, two Weyl points are observed at high symme-
try points with topological charges £2. Each Weyl point splits into
two as the symmetry of the system is further reduced, if in addition
the nearest neighbor Dzyaloshinsky-Moriya interaction is taken into
consideration, which is decisive for obtaining an accurate fit to the
experiment results. The predicted topological properties are verified
by surface state and Chern number analysis. In addition, we predict
that a sizeable thermal Hall conductivity can be associated with the
emergence of the Weyl points, the position of which can be tuned by
changing the crystal symmetry of the material. [1] Portnichenko, P.
Y. et al., Nat. Commun. 7, 10725 (2016)

MA 4.9 Mon 11:45 H52
Symmetry aspects of spin-filtering in molecular junctions:
hybridization and quantum interference effects — eDoNczHE
L1t and ALEXANDER SMocUNOV2 — 1Department of Physics, Univer-
sity of Konstanz, D-78457 Konstanz, Germany — 2Service de Physique
de I’Etat Condensé, CEA, CNRS, Université Paris-Saclay, CEA Saclay,
Gif-sur-Yvette F-91191, France

Control and manipulation of electric current and especially its degree
of spin polarization across single molecules is currently of great interest
in the field of molecular spintronics. Using state-of-the-art ab initio
transport calculations, we explore one of possible strategies based on
the modification of nanojunction symmetry which can be realized, for
example, by a mechanical strain. Such modification can activate new
molecular orbitals which were inactive before due to their orbital mis-
match with electrode’s conduction states. This can result in several
important consequences such as: i) a significant suppression of the
majority spin conductance was found in low symmetry configurations
due to quantum interference effects seen as Fano-like features in elec-
tron transmission functions and ii) strongly enhanced conductance of
minority spin due to increased molecule-metal hybridization when the
symmetry is lowered. We illustrate the idea on two basic molecular
junctions: Ni/Benzene/Ni (perpendicular vs tilted orientations) and
Ni/Si chain/Ni (zigzag vs linear chains). We believe that our results
may offer new potential route for creating molecular devices with a
large on/off spin polarization via quantum interference effects.

MA 4.10 Mon 12:00 H52
Reconfigurable spin tunnel diode based on stacked two-
dimensional materials — eERrsoy SasiocLu!, STEFAN BLUGEL?,
and INGrRID MERTIG! — lInstitute of Physics, Martin Luther Univer-
sity Halle-Wittenberg, 06099 Halle (Saale) Germany — 2Peter Griin-

berg Institut, Forschungszentrum Jiilich, 52425 Jiilich, Germany

Tunnel diodes and transistors are considered as one of the most promis-
ing candidates for the future high-speed, low-power nanoelectronic de-
vices due to their predicted ultra-high frequency operation in the THz
range. Recently we proposed a reconfigurable spin tunnel diode and
transistor concept using spin gapless semiconductors (SGSs) and half
metallic magnets (HMMs) [1]. The two-terminal spin tunnel diode is
comprised of a SGS electrode and a HMM electrode separated by a thin
insulating tunnel barrier and allows electrical current to pass either in
one direction or in other direction depending of the relative orienta-
tion of the magnetization direction of the electrodes. Two-dimensional
stacked van der Waals materials, which form high-quality heteroint-
erfaces due to absence of dangling bonds, offer a unique platform for
realization of such a spin diode concept. By employing the nonequilib-
rium Green’s function method combined with density functional the-
ory we demonstrate the reconfigurable rectification characteristics of
the spin tunnel diode based on two-dimensional stacked transition-
metal dichalcogenides and dihalides. Funding by the European Union
(EFRE) is greatly acknowledged.

[1] Ersoy Sasioglu and Stefan Bliigel, (2017), PCT Patent No. WO
2017076763(A1).

MA 4.11 Mon 12:15 H52
Nonmagnet-Barrier Interface Drives Tunnelling Anisotropic
Magnetoresistance — ePHILIPP Risius, CARSTEN MAHR, MICHAEL
CzerRNER, and CHRISTIAN HEILIGER — Institut fiir theoretische
Physik, Justus-Liebig-Universitat Gieflen, Giefien

Tunnel junctions with a single ferromagnetic layer (semi-magnetic tun-
nel junction, SMTJ) may show magnetoresistance if spin-orbit inter-
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action (SOI) is present in the ferromagnetic layer. This effect is called
tunneling anisotropic magnetoresistance (TAMR). SMTJs employing
a thin iron layer, magnesium oxide as tunnel barrier, and vanadium as
leads (V|Fe|MgO|V) show TAMR and an appreciable spin-orbit torque
at room temperature [1]. We investigate the origins of TAMR by cal-
culating the transport across SMTJs from first principles, and investi-
gate the effect of disorder at the Fe|V interface. For this, we utilized
a fully relativistic Korringa-Kohn-Rostoker non-equilibrium Green’s
function method including the coherent potential approximation and
vertex corrections [2]. We recovered the k-resolved transmission and
temperature-dependent TAMR ratio. Crucially, we show that the ef-
fect depends on a subtle interplay of the interfaces on both sides of
the tunnel barrier, and that the magnitude of SOI at the ferromagnet-
insulator interface can even be secondary to the choice of materials.

[1] S. Miwa, J. Fujimoto, P. Risius et al., Phys. Rev. X 7(3), 031018
(2017).

[2] C. Franz, M. Czerner and C. Heiliger, J. Phys. Condens. Matter
25, 425301 (2013).

MA 4.12 Mon 12:30 H52
Current induced Néel-order switching in antiferromagnetic
CuMnAs deposited by magnetron sputtering — eTRISTAN
MaAtaLLA-WAGNER, MATTHIAS RATH, JAN-MICHAEL SCHMALHORST,
GUNTER REIss, and MARKUS MEINERT — Center for Spinelectronic
Materials and Devices, Bielefeld University, Germany

Antiferromagnets which fulfill certain symmetry properties allow for
an intrinsic relativistic Néel-order spin-orbit torque (NSOT) driven by
an electrical current [1]. The antiferromagnetically coupled sublattices
of tetragonal CuMnAs are inversion partners and, thus, can experi-
ence a NSOT which can reorient the Néel-vector L perpendicular to
the applied charge current [2|. Therefore, this material is suitable to
manufacture novel antiferromagnetic memory devices that are extraor-
dinarily robust against external influences [3|. Here, we report on our
experiments on the electrical switching of the Néel-order using short
current pulses in highly oriented films of CuMnAs, deposited using
dc-magnetron sputtering. The dependence of the switching efficiency
on the sample temperature, current density and pulse width is exam-
ined. Our findings corroborate the hypothesis of a thermally activated
switching of L in sputtered CuMnAs, similar to the switching of sput-
tered MnoAu [4].
[1] J. Zelezny et al., Phys. Rev. Lett. 113, 157201 (2014)

[2] P. Wadley et al., Science 351, 587 (2016)
[3] T. Jungwirth et al., Nat. Nanotechn. 11, 231 (2016)
[4] M. Meinert et al., Phys. Rev. Applied 9, 064040 (2018)

MA 4.13 Mon 12:45 H52
Multifunctional Antiperovskites driven by Strong Magne-
tostructural Coupling — eHARrIsH KUMAR SINGH, ILIAS SAMATH-
RAKIS, NUNO ForrunaTO, and HONGBIN ZHANG — Institute of Mate-
rials Science, TU Darmstadt, Otto-Berndt-Strafte 3, 64287 Darmstadt,
Germany

Magnetic antiperovskites (APVs) show various stable magnetic order-
ing and among which noncollinear antiferromagnetic (AFM) states dis-
play many intriguing magnetic properties such as barocaloric, piezo-
magnetic, etc. In this work, we performed density functional the-
ory calculations to evaluate the magnetic ground state, magnetocys-
talline anisotropy energy, piezomagnetic effect (PME), and intrinsic
anomalous Hall conductivity (IAHC) of 57 APVs with chemical for-
mula M3XZ (M= Cr, Mn, Fe, Co and Ni, Z= C and N). It is found
that 20 compounds have noncollinear AFM state. By imposing 1% ten-
sile and compressive biaxial strain, large piezomagnetic and piezospin-
tronic effects are observed. For instance with 1% strain, the IAHC of
Cr3PtN increased by 251 S/cm and Cr3IrN shows a strong PME with
net magnetization of 0.21 uB/f.u. Detailed analysis on the electronic
structure and lattice properties reveal that the underlying driving force
can be attributed to strong magnetostructural coupling.

MA 4.14 Mon 13:00 H52
Origin of anomalous Hall effect in magnetic antiperovskites —
elLias SAMATHRAKIS, HARIsH KuMAR SiNGH, and HONGBIN ZHANG
— Theory of Magnetic Materials, TU Darmstadt, Darmstadt, Ger-
many

Antiferromagnet materials have recently become a hot research topic
for spintronic applications. Being a special class of antiferromagnets,
noncollinear magnets have also attracted a lot interest. In this work,
we investigated how to induce finite anomalous Hall conductivity in
antiperovskite Mn3zGaN and MngNiN by tuning the magnetization di-
rection between the I's; and I'y4 configurations, as well as by applying
biaxial strain. The origin of the resulting anomalous Hall conductiv-
ity is elucidated by analyzing the electronic structure in detail. It is
observed that the spatial position and the energy splitting of the Weyl
points give rise to the non-vanishing conductivity values.

MA 5: Surface magnetism and magnetic coupling phenomena (joint session MA/O/TT)

Time: Monday 9:30-13:15

MA 5.1 Mon 9:30 H53
Magneto-Seebeck Tunneling on the Atomic Scale — Cobpy
FRIESEN, eHERMANN OSTERHAGE, JOHANNES FRIEDLEIN, ANIKA
SCHLENHOFF, ROLAND WIESENDANGER, and STEFAN KRAUSE — De-
partment of Physics, University of Hamburg, Germany

The tunneling of spin-polarized electrons in a magnetic tunnel junc-
tion driven by a temperature gradient is a fundamental process for
the thermal control of electron spin transport. As we have shown
recently, scanning Seebeck tunneling microscopy is a technique that
enables spin-averaged thermopower measurements in a metal-vacuum-
metal tunnel junction with atomic-scale lateral resolution [1]. Using a
magnetic tip and sample allows for the experimental investigation of
the details of the magneto-Seebeck tunneling, with vacuum serving as
the tunneling barrier. Heating the tip with a laser and measuring the
thermopower of the junction while scanning across the spin texture
of the sample leads to spin-resolved Seebeck coefficients that can be
determined and mapped with atomic-scale lateral resolution [2].

The experiments on Fe/W(110) and Fe/Ir(111) will be presented and
discussed in terms of spin-averaged, magneto-Seebeck and anisotropic
magneto-Seebeck thermopower in an ideal single atom tunnel junc-
tion. Based on the experimental findings we propose a spin detector
for spintronics applications that is solely driven by waste heat, utilizing
magneto-Seebeck tunneling to convert spin information into a voltage
that can be used for further data processing.

[1] C. Friesen et al., J. Phys. D: Appl. Phys. 51, 324001 (2018).
[2] C. Friesen et al., Science (accepted).

MA 5.2 Mon 9:45 H53
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Location: H53

Tunable spin-superconductor coupling of spin 1/2 molecules
— eLutat Maravorrih2:3, MarTeo BriganTi*, Max Hinzel?23,
Gruria SErRraNO?, IRENE CimaTTI*, GREGORY McMURTIE!2:3 | ED-
wiGkE OTERO®, PuiLIPPE OHRESSER?, FEDERICO ToTTi%, Mar-
TEO MANNINT?, RoBERTA SEsson*, and SEBasTiAN Lorn':23 —
Hnstitute for Functional Matter and Quantum Technologies, Uni-
versity of Stuttgart, Stuttgart, Germany — 2Max Planck Institute
for the Structure and Dynamics of Matter, Hamburg, Germany —
3Max Planck Institute for Solid State Research, Stuttgart, Germany
— 4Universita degli Studi di Firenze, Sesto Fiorentino (Firenze), Italy

— 5Synchrotron SOLEIL, Gif-sur-Yvette, France

Assemblies of magnetic molecules with long coherence time are being
investigated as quantum bits that may be embedded in superconduct-
ing resonators [1]. Bringing the spin center into contact with the su-
perconducting surface maximizes coupling to the resonator but may
also reduce the spin’s coherence time by increased scattering of quasi-
particles. Here we report the capability to tune the exchange coupling
of spin 1/2 vanadyl phthalocyanine molecules (VOPc) with a Pb super-
conducting surface. This system offers a fully tunable spin supercon-
ductor coupling from uncoupled spin to strongly coupled, screened spin
[2]. These findings highlight the possibility to scale superconducting
resonator experiments down to single molecule sensitivity.
[1] M. D. Jenkins, et al., Dalt. Trans. 2016, 45, 16682.

[2] L. Malavolti, et al., Nano Letters DOI: 10.1021/acs.nanolett.8b03921

MA 5.3 Mon 10:00 H53

Reduced magnetic moment in polycrystalline Co thin films
— oSABINE PTTER!, AMIR SYED Monp!, ARTUR GLAVIC?, STEFAN
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MatTtavcH!, and THOMAs BRUCKEL? — !Forschungszentrum Jiilich
GmbH, Jilich Centre for Neutron Science at MLZ, Garching, Germany
— 2Laboratory for Neutron Scattering and Imaging, Paul Scherrer In-
stitut, Villigen PSI, Switzerland — 3Forschungszentrum Jiilich GmbH,
Jiilich Centre for Neutron Science (JCNS) and Peter Griinberg Insti-
tute (PGI): JCNS-2, PGI-4: Quantum Materials and Collective Phe-

nomena, Jiilich, Germany

The variation of the magnetic moment with dimensionality of magnetic
materials, i. e. from atoms to bulk, is a longtime studied issue. For
thin films, a constant magnetic moment is often assumed in modelling,
however, intermixing and surface roughness may also have an impact.

With the help of polarised neutron reflectometry (PNR) we study
the magnetic moment of polycrystalline Co/20 nm Pt/MgO(001). The
samples were grown by molecular beam epitaxy and subsequently mea-
sured with PNR at room temperature and in saturation in UHV.

Our results reveal the vertical depth profile of the magnetic moment
of the Co films. In fact, the magnetisation is not constant but smeared
out at the edges, due to roughness. Measurements at different film
thicknesses reveal the evolution of the magnetic moment which is sep-
arated in a bulk and a surface contribution and discussed with respect
to published results.

This project has received funding from the EU’s H2020 research and
innovation programme under grant agreement n. 654360.

MA 5.4 Mon 10:15 H53
Investigation of the structural and magnetic properties of
self-organized MnO; chains on Pt(001) — eCHonG-HEEON
Park, MARTIN ScumIiTT, MATTHIAS VOoGT, and MATTHIAS BODE
— Physikalisches Institut, Experimentelle Physik II, Universitit
Wiirzburg, Am Hubland, Wiirzburg, Germany

Recently, the self organized growth of 3d transition metal oxide (TMO)
chains on Ir(001) and Pt(001) was investigated by STM, LEED, and
DFT calculations [1,2]. Along with the structural (3 x 1) phase of
the MnOs2 chains, antiferromagnetic (AFM) coupling on Ir(001) was
predicted along and between adjacent chains. In this study, we inves-
tigate the structural and magnetic properties of self-organized MnOg
chains, grown on Pt(001), with low temperature spin-polarized scan-
ning tunneling microscopy (SP-STM). Similar to Ir(001), we observe a
perfectly ordered (3x1) structural phase with an inter-chain periodic-
ity of 3apt. When these chains are scanned with either an in-plane or
out-of-plane polarized tip (Cr-coated W tip), we observe a spin struc-
ture that can be modeled by a (15 x 2) magnetic unit cell. It is formed
by AFM coupling along the MnOg chains and 72° spin spiraling across
the chains.

[1] P. Ferstl, et. al., Phys. Rev. B. 96, 085407 (2017)

[2] P. Ferstl, et. al., Phys. Rev. Lett. 120, 089901 (2018)

MA 5.5 Mon 10:30 H53
Coexistence of RW-AFM and 3Q state in the Mn/Re(0001)
monolayer investigated with SP-STM — eJONAS SPETHMANN,
JoNAs SASSMANNSHAUSEN, ANDRE KUBETzZKA, ROLAND WIESENDAN-
GER, and KIRSTEN VON BERGMANN — Institut fiir Nanostruktur- und
Festkorperphysik, Hamburg

Exciting new physics is predicted to arise at the interface of non-
collinear magnetic and superconducting materials. In order to study
this subject, promising model systems need to be found. Therefore,
we investigated the growth and the magnetism of a monolayer of Mn
on Re(0001) using spin-polarized scanning tunneling microscopy.

Re becomes superconducting below a critical temperature of 1.69
K, which is a temperature well accessible with modern cryogenics. Mn
typically prefers an antiferromagnetic order. If it is forced into a hexag-
onal atomic lattice, like the (0001) surface of Re, complex magnetic
structures might arise due to geometric frustration. Furthermore, it
is known that differently stacked monolayers of the same material can
show different magnetic ground states. By adding Co to the Re surface
prior to the Mn deposition, we managed to grow the Mn in two different
stackings. We show that the fcc stacking exhibits a row-wise antifer-
romagnetic state with three symmetry-equivalent rotational domains.
The hcp-stacked area shows a magnetic texture that is compatible with
a so-called 3Q state [1], which is a non-collinear state with four spins
in the unit cell that have an angle of 109.4° between each other.

[1] Ph. Kurz, G. Bihlmayer, K. Hirai, and S. Bliigel. Phys. Rev.
Lett., 86:1106-1109, Feb 2001.

MA 5.6 Mon 10:45 H53

Zero field sub-10 nm skyrmions and antiskyrmions in ultra-
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thin Co films — eSEBASTIAN MEYER!, STEPHAN VON MALOTTKI?,

Marco PERINI?, ANDRE KuBETzKA2, ROLAND WIESENDANGERZ,
KIRSTEN VON BERGMANNZ, and STEFAN HEINZE! — Institut fiir The-
oretische Physik und Astrophysik, Christian-Albrechts-Universitat zu
Kiel — 2Department of Physics, University of Hamburg

Non-collinear spin structures such as skyrmions are being intensively
studied due to their promise for spintronic devices [1]. For applica-
tions it is envisioned to use isolated skyrmions with diameters below
10 nm that are stable at zero magnetic field [2]. Here, we use density
functional theory and atomistic spin dynamics simulations [3] to show
how we can stabilize magnetic skyrmions and antiskyrmions in ultra-
thin Co films in zero external magnetic field. In contrast to Co being
a ferromagnetic material with a strong exchange stiffness we obtain
very large frustration effects in the magnetic interactions of ultrathin
Co films which imperatively requires an atomistic spin model. We find
that the frustration enhances the energy barriers for skyrmions and
antiskyrmions against collapse into the ferromagnetic ground state.
[1] A. Fert, V. Cros, and J. Sampaio, Nat. Nanotech. 8, 152 (2013)
[2] A. Fert, N. Reyren, and V. Cros, Nat. Rev. Mater. 2, 17031 (2017)
[3] S. Haldar, et al., Phys. Rev. B 98, 060413 (2018)

MA 5.7 Mon 11:00 H53

Scanning Seebeck Tunneling Microscopy — Coby FRIESEN,
HERMANN OSTERHAGE, JOHANNES FRIEDLEIN, ANIKA SCHLENHOFF,
RorLaND WIESENDANGER, and eSTEFAN KRAUSE — Department of

Physics, University of Hamburg, Germany

The field of spin caloritronics is specifically concerned with effects that
arise in the presence of a temperature gradient, and their effect on spin-
dependent electronic transport. The advent of increasingly detailed
techniques for nano-scale fabrication, measurement, and manipulation
have led to an improved understanding of spin caloritronic effects, and
their potential uses in engineering sensors and devices at all size scales,
e.g. waste-heat recycling and efficient computing.

Within this field, the thermally induced Seebeck tunneling of elec-
trons is a fundamental effect. In our experiments, it is studied in
a metal-vacuum-metal junction using scanning tunneling microscopy
(STM). Selective heating of the tip with a laser generates a well-defined
temperature difference at the tunnel junction. The thermovoltage be-
tween the tip and the sample is measured with atomic-scale lateral res-
olution and related to the band structure of the junction, as revealed
by local tunneling spectroscopy. Tunnel current rectification experi-
ments in compensated conditions allow for a direct measurement of
the Seebeck coefficient without the need for tip heating, thereby re-
alizing Seebeck mapping on the atomic scale. The STM studies will
be presented and discussed in terms of thermally induced tunneling
across a single-atom ideal vacuum barrier.

C. Friesen et al., J. Phys. D: Appl. Phys. 51, 324001 (2018).

15 min. break

MA 5.8 Mon 11:30 H53
Ab initio simulations of 2D-materials interacting with mag-
netic clusters and surfaces — eNICOLAE ATODIRESEI, VASILE
Cactuc, and STEFAN BLUGEL — Peter Griinberg Institut (PGI-1) and
Institute for Advanced Simulation (IAS-1), Forschungszentrum Jiilich,
Germany

Using density functional theory calculations we elucidate how the sub-
tle interplay between the electrostatic, the weak van der Waals and the
strong chemical interactions determines the geometric, electronic and
magnetic structure of hybrid systems formed by magnetic substrates
and atomic clusters with 2D materials as transition metal dichalco-
genites (TMDs) monolayers and graphene (Gr). More precisely, the
interaction between 2D and magnetic materials (i.e. surfaces, atomic
clusters) shapes the (i) spin-polarization, (ii) magnetic exchange cou-
plings, (iii) magnetic moments and (iv) their orientation of the hybrid
systems. This work has been supported by the Deutsche Forschungs-
gemeinschaft (DFG, German Research Foundation) - Project number
277146847 - CRC 1238 (CO01).

[1] R. Brede et al., Nature Nanotech. 9, 1018 (2014).

[2] F. Huttmann et al., Phys. Rev. Lett. 115, 236101 (2015).

[3] F. Huttmann et al., Phys. Rev. B 95, 075427 (2017).

[4] V. Caciuc et al., Phys. Rev. Mat. 2, 084001 (2018).

MA 5.9 Mon 11:45 H53
Electronic and magnetic structure of monolayer and double
layer GdFe/W (100) surface alloy — eVikas KasHiD, GusTav
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BIHLMAYER, and STEFAN BLUGEL — Peter Griinberg Institut and In-
stitute for Advanced Simulation, Forschungszentrum Jiilich and JARA,
52425 Jiilich, Germany

The rare earth-transition metal alloy films are attractive materials for
high density mageto-optic storage due to their magnetic recording and
magneto-optical anisotropy. We investigate by virtue of spin density
functional theory (DFT) as realized in the FLEUR code [1], the struc-
tural and magnetic properties of the monolayer and double layer film of
GdFe on the W(100) substrate in ¢(2 X 2) unit cell, where highly local-
ized Gd-4f orbitals are treated within GGA+U method. Gd buckles
outward by 0.96 A and 0.88 A with respect to Fe atoms in the mono-
layer and double layer surfaces, respectively. The calculated monolayer
and double layer GdFe/W (100) exhibits a checkerboard antiferromag-
netic ground state configurations between Fe and Gd atoms. The Fe
atoms in the double layer GdFe/W(100) exhibit large magnetic mo-
ment of 2.30 up, larger than that of 1.45 up in the monolayer film. The
easy axes for the spin quantization arising from spin-orbit coupling in
both the surfaces lie in the surface plane and along the diagonal of
¢(2 x 2) cell with the magneto-crystalline anisotropy energy larger for
the double layer than for the monolayer.

We acknowledge discussions with Prof. Alexander Ako Khajetoorians.
[1] www.flapw.de

MA 5.10 Mon 12:00 H53

Nonlocal electron correlations in an itinerant ferromag-

net — oCurisTiAN Tuscue!2, MarTIN Errcurn®, ViTaLly
FEYER!, ALEXANDER KRASYUK®, CARSTEN WIEMANNY, JURGEN
Henk?, Craus M. Scuneiperb2, and JUreeEN Kirscuner®? —

IForschungszentrum Jiilich GmbH, Peter Griinberg Institut (PGI-6),
Jiilich — 2Fakultét fiir Physik, Universitat Duisburg-Essen, Duisburg
— 3Max-Planck-Institut fiir Mikrostrukturphysik, Halle — 4Martin-
Luther-Universitiat Halle-Wittenberg, Halle

A fundamental concept in solid state physics describes the electrons
in a solid by the relation of the energy E vs. the crystal momentum
k in a band structure of independent quasi particles. However, even
for the most simple elemental ferromagnets, electron correlations are
prevalent, requiring descriptions of their electronic structure beyond
this simple single-electron picture. Our comprehensive measurements
of the spectral-function by spin-resolved momentum microscopy show
that in itinerant ferromagnets like cobalt these electron correlations are
of nonlocal origin. This manifests in a complex self-energy X, (E, k)
that disperses as function of spin o, energy E, and momentum k.
Combining the experiments with one-step photoemission calculations,
we quantify the dispersion of the self-energy over the whole Brillouin
zone [1]. The observation of nonlocal electron correlations in cobalt
substantially affects our understanding of electron interactions, and
makes itinerant ferromagnets a paradigmatic test case for the inter-
play between band structure, magnetism, and correlations.
[1] C. Tusche et al., Nat. Commun. 9, 3727 (2018)

MA 5.11 Mon 12:15 H53
Magnetic coupling of ferromagnetic SrRuO3 epitaxial layers
separated by ultrathin spacers with large spin-orbit coupling
— oLENA Wysocki!, MicHAEL Ziese?, LiNn Yanc!l, Jore ScuOPF!,
RoLF VERSTEEG!, ANDRAs Kovics?, Ler Jin3, FeLix GUNKEL?,
ReciNA Dirtmann?, Paur H.M. vaN LoosprecHT!, and IONELA
LiNDFORs-VREJOIUL — 1 University of Cologne, Institute of Physics II,
Germany — 2Felix Bloch Institute for Solid State Physics, University
of Leipzig, Germany — 3Forschungszentrum Jiilich, PGI-5, Germany

— “Forschungszentrum Jiilich, PGI-7, Germany

SrRuOs, a 4d ferromagnet exhibiting several Weyl nodes in proxim-
ity of the Fermi level, offers a rich playground to tailor its physical
properties in epitaxial heterostructures and superlattices. Interfacing
SrRuOg3 with large spin-orbit coupling perovskite oxides, as SrIrOs,
results in intriguing physical phenomena like pronounced anomalies in
the Hall resistivity, attributed either to the existence of Néel type
skyrmions or to modifications of the Berry curvature of electronic
bands with non-trivial topology. The nature of the coupling between
the magnetic layers in such superlattices is an important component
influencing the global multilayer properties. We present the investi-
gation of the magnetic coupling between ferromagnetic SrRuO3 layers
separated by ultrathin spacers of perovskite oxides exhibiting strong
spin-orbit couplingm . The type and strength of the magnetic interlayer
coupling was determined by major and minor magnetization measure-
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ments for various spacer geometries.
[1] L. Wysocki et al., Appl. Phys. Lett. 113, 192402 (2018)

MA 5.12 Mon 12:30 H53
Charge-transfer driven ferromagnetism in a disordered three-
dimensional 3d-5d spin system — ePuiLIPP KoMISSINSKIY!,
SUPRATIK DascupTal, Iya Rapurov!, ANDREI RocALEVZ, FABRICE
WiLHELM?, MARTON MAJor!, and LAMBERT ALFF! — llnstitute of
Materials Science, Technische Universitdt Darmstadt, Alarich-Weiss-
Strafie 2, 64287 Darmstadt, Germany — 2European Synchrotron Ra-
diation Facility, 71 Avenue des Martyrs, 38000 Grenoble, France

A three-dimensional disordered spin system consisting of the 3d tran-
sitional metal ion Mn*t with strong electronic correlations and the
heavy 5d transition metal ion Ir**+ with large spin-orbit coupling has
been investigated in form of a perovskite thin film. The studied com-
pound of the composition SrMng 5Irg.503 does not exist as bulk or
single crystal, but can be stabilized by epitaxy as fully disordered
double perovskite thin film onto SrTiOs single-crystal substrate us-
ing pulsed laser deposition. As measured by X-ray circular dichroism,
the ground state of this material is ferromagnetic with both, Mn and
Ir, spins aligned in parallel. This unusual ground state can be qualita-
tively explained by charge-transfer driven magnetic exchange involving
the effective J = 1/2 state of Ir. Due to the coexistence of compet-
ing magnetic interactions and randomness in the system, spin-glass
features are observed at low temperatures.

MA 5.13 Mon 12:45 H53
Thickness independent magnetism of the magnetic MAX
phase films (Crp.5Mng.5)2GaC — eluLiia P. NovoseLoval, An-
prEJS PETRUHINSZ, ULF WiepwaLDp!, JonaNNA RoseEN?, MICHAEL
FarLE!, and RusLan SaLikHov! — 1Faculty of Physics and Center for
Nanointegration (CENIDE), University of Duisburg-Essen, Duisburg,
Germany — 2Department of Physics, Linképing University, Linképing,
Sweden

Atomically laminated magnetic MAX phases M,+1AX, (n = 1, 2,
3) have attracted interest as novel materials exhibiting both ce-
ramic and metallic properties. Here 12.5 to 156 nm thick films
(Crp.5Mnyg.5)2GaC were investigated by ferromagnetic resonance, elec-
tron scanning microscopy and magnetometry. The X-ray diffraction
reveals a high crystalline quality and phase purity. Magnetocrystalline
anisotropy energy density of 140 mT as well as magnetization of 240
kA/m are found to not depend on thickness. All films are environ-
mentally stable without a change of magnetic properties for more than
one year at ambient conditions and without any protection layer. Such
independence on thickness combined with the chemical stability makes
the (Crg.5Mng.5)2GaC films attractive for various applications such as
spintronic devices or corrosion resistant magnetic sensors. This work
is supported by DFG, Grant SA 3095/2-1 and DAAD Doctoral Pro-
grammes in Germany,57214224. [1] M. W. Barsoum, Prog. Solid State
Chem. 28, 201 (2000).[2] A. Petruhins, et al. Journal of Mat. Sci. 50-
13, 4495 (2015).[3] R. Salikhov, et al. Mat. Res, Lett. 3-3, 156-160
(2015).[4] I. P. Novoselova, Sci. Reports 8, 2637 (2018).

MA 5.14 Mon 13:00 H53
The polar distortion and its relation to magnetic or-
der in multiferroic HoMnO3 oNazarReT ORrTiz!, Yoav
WiLLIAM WINDSOR2, JOSE RENATO LINARES MARDEGANY, CHRISTOF
ScuNEIDER!, GarRETH NisBET?, and Urs Staus! — !Paul Scherrer
Institute, Swiss Light Source, Switzerland — 2Fritz Haber Institut der
Max Planck Gesellschaft, Germany, — 3Diamond Light Source, United
Kingdom
The orthorhombic (Pbnm) HoMnO3 is of particular interest due to its
high magnetically-induced polarization values (P) and magnetoelectric
coupling strength. The mechanism behind this involves high magnetic
frustration, which results in a magnetic order that creates a distortion
in the crystal lattice. This distortion breaks inversion symmetry and
creates a macroscopic electric polarization P along the a-axis.

We investigated the atomic distortion to identify the broken sym-
metry of Pbnm in thin films of HoMnO3 at low temperature and the
relation between the magnetic order of Ho and the structural distor-
tion. Forbidden reflections for Pbnm has been observed, showing that
the distortion does not exclusively affect to the atomic position along
the polar axis, it also moves atoms along other directions. Moreover,
studying reflections with component along the polar axis we observe
the polar distortion directly, visualized by the difference diffraction
intensity from opposite domains.
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MA 6: Frustrated Magnets - Spin Liquids (joint session TT/MA)

Time: Monday 15:00-18:45

MA 6.1 Mon 15:00 Theater
Designer spin liquids — eNic SHannon:2, HaN Yan2, OwWEN
BenTon3, and Lupovic JauBerr? — 1TUM, Garching, Germany —
20IST, Okianwa, Japan — SRIKEN, Wakoshi, Japan — 4Universite
Bordeaux, Bordeaux, France

The pyrochlore lattice has proved a rich source of spin liquids, both
in theory, and in the experiment. The best known examples are “spin
ices” such as Dy2Ti2O7, which offer a concrete realisation of a U(1)
lattice gauge theory, complete with magnetic monopole excitations.
However many other spin liquid-materials are known, with many dif-
ferent types of phenomenology, motivating the question “what else is
out there 7”

In this talk we show how a variety of different spin liquids on the
pyrochlore lattice can be generated systematically, by exploiting the
degeneracies which arise where different forms of order meet. As exam-
ples we present the tensor spin liquid found in models of pyrochlores
with anisotropic exchange interactions [1]; the nematic spin liquid
found in frustrated quantum spin ice [2,3]; and a rank-2 U(1) spin
liquid found by perturbing a simple Heisenberg antiferromagnet [4].
In all cases, the predictions of the relevant gauge theory are compared
with the results of Monte Carlo simulation. The relevance of these
results to experiments on pyrochlore magnets, including Tbh2Ti2O7, is
also discussed.

[1] O. Benton et al., Nat. Commun. 7, 11572 (2016)

[2] M. Taillefumier et al., Phys. Rev. X 7, 041057 (2017)
[3] O. Benton et al., Phys. Rev. Lett. 121, 067201 (2018)
[4] H. Yan et al., preprint.

MA 6.2 Mon 15:15 Theater
MIEZE spectroscopy of spin dynamics and crystal field exci-
tations in TbyTizO7 — e ANDREAS WENDL!, STEFFEN SAUBERT!?,
CHRISTIAN Franz?, OrLarF SorrwepeLl?, Jonanna JocHum2,
PRABHAKARAN DHARMALINGAM®?, ANDREW BooTHrROYD?, and
CHRISTIAN PFLEIDERER! — 1Technische Universitdt Miinchen, Garch-
ing, Germany — 2Heinz Maier-Leibnitz Zentrum (MLZ), Garching,
Germany — 3Clarendon Laboratory, University of Oxford, United
Kingdom — #Technische Universitit Darmstadt, Darmstadt, Germany

— 5Bayerisches Geoinstitut, Bayreuth, Germany

The nature of the spin liquid ground state in the cubic rare earth py-
rochlore oxide Tb2TizO7 has been attracting great interest for many
years, where recent studies suggest a prominent role of magneto-elastic
crystal field - phonon interactions [1,2]. We present measurements of
the spin dynamics of ThoTi2O7 by means of the Modulation of IntEn-
sity by Zero Effort technique (MIEZE) [3], representing an implemen-
tation of high-resolution neutron spin echo suitable for depolarizing
sample conditions. Our data of the intermediate scattering function
cover time-scales of over seven orders of magnitude between 1fs and
1 ns, corresponding to an energy spectrum from the meV to neV regime.
We find strong paramagnetic fluctuations as well as crystal field tran-
sitions at elevated temperatures, shedding new light on the low-lying
spin dynamics.

[1] Constable et al., Phys. Rev. B, 95, 020415(R) (2017)

[2] Fennell et al. Phys. Rev. Lett., 112, 017203 (2014)

[3] Franz and Schréder, J. Large-Scale Res. Facil. JLSRF 1, 14 (2015)

MA 6.3 Mon 15:30 Theater
Magnetisation Avalanches in Classical Spin Ice Dy2Ti>xO7
— oM. Kuemnans!, C. DuviNage!, D. PRABHAKARANZ, A.
T. Boornroyp?, and C. PrLEIDERER' — !Physik-Department,
Technische Universitdt Miinchen, D-85748 Garching, Germany —
2Department of Physics, University of Oxford, Clarendon Laboratory,

Parks Road, Oxford, OX1 3PU, United Kingdom

Spin ice attracts great interest as a state in which emergent fractional-
ized excitations and magnetic-field induced topological forms of order
may occur [1]. We report vibrating coil magnetometry down to mK
temperatures [2,3] of Dy2TiaO7, addressing the evidence of putative
magnetisation avalanches in the spin-frozen state which depend sen-
sitively in number and size on the magnetic field ramp rate, sample
shape and quality. These avalanches have been interpreted in terms of
magnetic monopole dynamics [4].

[1] Castelnovo et al., Nature 451, 7174 (2008)

[2] Krey et al., PRL 108, 257204 (2012)

1

17

Location: Theater

3] Legl et al., PRL 109, 047201 (2012)
[4] Slobinsky et al., PRL 105, 267205 (2010)

MA 6.4 Mon 15:45 Theater
Magnetization beyond the Ising limit of Ho2Ti2Or
oL. OpHERDEN!, T. HERRMANNSDORFER'!, M. Unrarz!, D. I
Gorsunov!, A. Mivara?, O. Porrucarr?, 1. Isun®, T. Suzuki3,
and J. Wosnitzal** — THochfeld-Magnetlabor Dresden (HLD-
EMFL), HZDR, Dresden, Germany — 2Laboratoire National des
Champs Magnetiques Intenses (LNCMI-EMFL), Toulouse, France —
3Department of Quantum Matter, AdSM, Hiroshima University, Japan
— 4Institut fiir Festkorper- und Materialphysik, TU Dresden, Ger-
many

‘We report that the local Ising anisotropy in pyrochlore oxides — the
crucial requirement for realizing the spin-ice state — can be broken by
means of high magnetic fields. For the case of the well-established
classical spin-ice compound Ho2TizO7 the magnetization exceeds the
angle-dependent saturation value of the Ising limit using ultra-high
fields up to 120 T. However, even under such extreme magnetic fields
full saturation cannot be achieved. Crystal-electric-field calculations
can account for the measured magnetization dependence and reveal
that a level crossing for two of the four ion positions leads to magne-
tization steps at 55 and 100 T. In addition, we show that by using a
field-sweep rate in the range of the spin-relaxation time, the dynamics
of the spin system can be probed. Exclusively at 25 ns/T a novel peak
of the susceptibility appears around 2 T. We argue, this signals the
cross-over between spin-ice and polarized correlations.

MA 6.5 Mon 16:00 Theater
The Quantum Life of Worms: Quantum Spin Ice in a
[100] Magnetic Field — eOLrca Sikoral, KarLo PEnc?, FRANK
PorLLMann®, Ying-JER Kao?, and Nic Smannon® — lInstitute of
Nuclear Physics, Polish Academy of Sciences, ul. Radzikowskiego 152,
PL-31342 Krakéw, Poland — 2Wigner Research Centre for Physics,
H-1525 Budapest, POB 49, Hungary — 3Physics Department, Tech-
nical University Munich, 85748 Garching, Germany — 4Department
of Physics, National Taiwan University, Taipei 10617, Taiwan —
50Okinawa Institute for Science and Technology Graduate University,
Onna, Okinawa, 904-0495 Japan

Quantum spin ice in a magnetic field exhibits rich physics, with many
open questions about possible ordered and spin-liquid states. Here we
consider the case of strong [100] magnetic field, and study excitations
about the maximally—polarized spin—ice state, within a model with
short—range interactions. In this approach a single string of flipped
spins — a “worm” — can be mapped onto an S = 1/2 XXZ chain.
This mapping provides a complete understanding of a single string,
exhibiting different properties in the gapped (confined) and gapless
(extended) phase of the XXZ model. We further investigate the inter-
action between strings, using both an effective model, and large—scale
variational and Green’s function Monte Carlo methods previously ap-
plied to quantum spin ice in zero field [1].

[1] N. Shannon, O. Sikora, F. Pollmann, K. Penc and P. Fulde, Phys.
Rev. Lett. 108, 067204 (2012).

MA 6.6 Mon 16:15 Theater
Investigation of the Thermodynamic Properties of Insulating
Pr-based Pyrochlores — eJ. GrRoONEMANN'2, T. GOTTSCHALL!,
E.L. Green', H.D. Znuou®, A. Istam?, B. Lake®?, and
J. Wosnitzal'?2 — Hochfeld-Magnetlabor Dresden (HLD-EMFL),
HZDR, Dresden, Germany — 2Institut fiir Festkérper- und Materi-
alphysik, TU Dresden, Germany — 3Univ. of Tennessee, Knoxville,
USA — “Helmholtz-Zentrum Berlin, Germany — °Institut fiir Fes-
tkorperphysik, TU Berlin, Germany
Geometrically frustrated pyrochlores exhibit novel properties at low
temperatures and are well-known spin-liquid candidates. In the in-
sulating compounds PraSnzO7 and ProHf2O7 the orientation of the
spins of the Pr3* ions on corner-sharing tetrahedrons show dynamics
beyond the spin-ice state [1]. Due to the small magnetic moment of the
Pr3+ ion, generating only a small dipolar interaction, transverse fluc-
tuations may have a significant influence. The spin dynamics in these
materials remains unfrozen to lowest temperatures and the possibility
of quantum fluctuations makes them quantum spin-liquid candidates
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[2], which are expected to host a variety of emergent electrodynamic
phenomena in analogy to magnetic monopoles in spin-ice. To probe
the nature of the low-temperature ground state and the changes in the
entropy, specific heat was measured down to 450 mK and up to 13 T.
[1] H. D. Zhou. et al., Phys. Rev. Lett. 101, 227204 (2008)

[2] R. Sibille et al., Phys. Rev. B 94, 024436 (2016)

MA 6.7 Mon 16:30 Theater
Giant magneto-elastic effect in d? pyrochlores and the forma-
tion of a spin-lattice liquid — e ANDREW SMERALD! and GEORGE
JackeLih?2 — 1Max Planck Institut fiir Festkorperforschung, Heisen-
bergstrafe 1, D-70569 Stuttgart — 2Insitute for Functional Matter
and Quantum Technologies, University of Stuttgart, Pfaffenwaldring
57, D-70569 Stuttgart

We discuss the idea of a giant magneto-elastic effect in frustrated mag-
nets, and suggest that this may provide a good way to understand d?
pyrochlore systems such as YoMo2O7. We define magneto-elastic cou-
pling as “giant” when it selects low-temperature spin configurations
that are completely unexpected from the point of view of a pure spin
model. This can be contrasted with the more usual case in which
magneto-elastic coupling selects one or more of the otherwise exten-
sively degenerate ground states of a frustrated magnet. In the case of
Y2Mo207 we propose that this mechanism results in a classical spin-
lattice liquid at intermediate temperatures, in which spin and lattice
degrees of freedom are intimately coupled together.

15 min. break.

MA 6.8 Mon 17:00 Theater
Intermultiplet transitions and long-range order in Sm-
based pyrochlores — ¢ViviaNE PEganua-ANTONIO!, ERXT FENG!,
DEvasHIBHAT ADRoJAZ, FaBlo ORLANDIZ, X140 SUN?, Yix1 Sul, and
TuoMmas BrockeL® — 1Jiilich Centre for Neutron Science (JCNS)
at Heinz Maier-Leibnitz Zentrum (MLZ), Forschungszentrum Jiilich
GmbH, Garching, Germany — Z2ISIS Facility, Rutherford Apple-
ton Laboratory, Chilton, Didcot, United Kingdom — 3Jiilich Cen-
tre for Neutron Science (JCNS) and Peter Griinberg Institut (PGI),
Forschungszentrum Jilich GmbH, Jilich, Germany

We present bulk and neutron scattering measurements performed on
the isotopically enriched 1549myTioO7 and 154SmySnsO7 samples.
Both compounds display sharp heat capacity anomalies, at 350 mK
and 440 mK, respectively. Inelastic neutron scattering measurements
are employed to solve the crystalline electric field (CEF) excitations
scheme, which includes transitions between the ground and first ex-
cited J multiplets of the Sm3t ion. To further validate those results,
the single-ion magnetic susceptibility of the compounds is calculated
and compared with the experimental dc-susceptibility measured in low
applied magnetic fields. It is demonstrated that the inclusion of inter-
multiplet transitions in the CEF analysis is fundamental to the under-
standing of the intermediate and, more importantly, low temperature
magnetic behaviour of the Sm-based pyrochlores. Finally, the heat ca-
pacity anomaly is shown to correspond to the onset of an all-in-all-out
long-range order in the stannate sample, while in the titanate a dipolar
long-range order can be only indirectly inferred.

MA 6.9 Mon 17:15 Theater
Field-induced magnetic transitions in the Yb- based J.g =
triangular lattice antiferromagnet NaYbOs; — eKizHAKE

2

MarayiL RansitH KuMar!, DARYNA DMYTRIEVAZ, SEUNGHYUN
Kumm!, Jorc SicueLscumipT!, HirosHr Yasvokal, HANNES
KunNe?, and MicHAEL Baenitz! — Max Planck Institute for

Chemical Physics of Solids, 01187 Dresden, Germany — 2Hochfeld-
Magnetlabor Dresden (HLD-EMFL), HZDR, D-01314 Dresden, Ger-
many

Spin-% triangular lattice antiferromagnets (TLAF) are one of the ac-
tive fields of research in condensed matter physics. The Yb3t- based
delafossite NaYbOg2 provides an ideal Jog = % triangular lattice mo-
tif with spin-orbit entanglement. We have synthesized the phase pure
polycrystalline NaYbOg material and investigated the ground state
properties. At zero field, NaYbOg exhibits no sign of magnetic long-
range order down to 0.35 K, which proposes a spin liquid like ground
state with strong persisting quantum fluctuations. In external mag-
netic fields above 2 T, it yields field-induced ordered phases. We in-
vestigated the magnetic properties in detail by magnetization, specific
heat, nuclear magnetic resonance (NMR), and electron spin resonance
(ESR) experiments down to 0.35 K. The results are discussed within

18

the extended XXZ model for bond-dependent exchange interactions on
planar triangles.

MA 6.10 Mon 17:30 Theater
Spin orbit entangled planar J = 1/2 triangular lattice magnet
NaYbS;: from a putative spin liquid to field induced mag-

netic order — oM. BaeniTz!, K.M. RanyiTH!, PH. SCHLENDERZ,

J. SicueLscumipT!, B. Scumipt!, H. Yasuokal, A.P. MACKENZIE!,
and TH. DoEerT? — MPI for Chemical Physics of Solids, D-01187
Dresden, Germany — 2TU Dresden, Department of Chemistry and

Food Chemistry, D-01062 Dresden, Germany

Spin orbit coupling (SOC) brought significant progress to the field of
quantum spin liquids (QSLs). Having strong spin orbit entanglement
promote Yb-based magnets to ideal prime candidates for QSLs and
as such NaYbSy is a unique model system for planar spin 1/2 trian-
gular lattice magnetism (TLM). In contrast to YbMgGaOy4 [1], which
shares the same space group (R-3m) and highlighted as first SOC-
TLM-QSL, NaYbSsalacks inherent lattice distortions and Yb resides
on a unique centrosymmetric position in the YbSg octahedron. Our
comprehensive single crystal study combines bulk- and local- probes
and identifies NaYbS2 as a new spin orbit entangled TLM and puta-
tive QSL hosted on a perfect triangular lattice [2]. The application
of fields along the (a,b)-plane introduces magnetic order, whereas for
fields in the c-direction the system remains unaffected. We present
magnetization, specific heat and NMR data down to 300 mK for both
directions.

[1] J.A.M. Paddison et al., Nat. Phys. 13, 112 (2017)

[2] M. Baenitz et al.c arXiv:1809.01947 (2018)

MA 6.11 Mon 17:45 Theater
Frustrated Ising magnetism of TmMgGaO,4 — YUESHENG Li,
e ALEXANDER A. TsIRLIN, and PHIiLIPP GEGENWART — EP VI, EKM,
University of Augsburg, Germany

Motivated by the interesting spin-liquid physics of the triangular an-
tiferromagnet YbMgGaOy4, we studied its Tm-based analog. Unlike
Yb3+, Tm3+ is a non-Kramers ion that would normally feature non-
magnetic singlet as the crystal-field ground state. However, random
crystal electric field (CEF) caused by the random distribution of Mg
and Ga in the structure mixes two lowest-lying CEF singlets into a
quasidoublet that gives rise to Ising-like pseudospins with g ~ 13.2
and g, ~ 0. Low-temperature thermodynamic measurements indicate
three field-induced phase transitions that can be broadly understood
within the J§* — J3* Ising model on the triangular lattice, albeit with
a distribution of the critical fields and underlying exchange couplings.
Interestingly, only one ordered state, the %—plateau below 2.5 T, shows
long-range order confirmed by neutron diffraction, whereas other or-
dered states expected in the J§* —J5# triangular Ising antiferromagnet
seem to be only short-range in nature. Moreover, no zero-point entropy
is observed.

MA 6.12 Mon 18:00 Theater
Low-energy spin excitations in the triangular-lattice quantum
spin liquid candidate YbMgGaO,4 — ¢ YUESHENG LI, ALEXANDER
TsirLIN, and PHIiLIPP GEGENWART — Experimental Physics VI, Cen-
ter for Electronic Correlations and Magnetism, University of Augsburg,
86159 Augsburg, Germany

YbMgGaO4 was first proposed as a perfect triangular-lattice rare-earth
quantum spin liquid (QSL) candidate in 2015. After that, several sce-
narios, such as the spin-liquid mimicry, valence bond (VB) glass, and
spin-glass, were reported in the presence of the site-mixing disorder be-
tween nonmagnetic Mg?® and Ga3T. Here, we critically test these sce-
narios by probing the low-energy spin excitations of YbMgGaO4 based
on the low-T" magnetization and triple-axis inelastic neutron scatter-
ing (INS) experiments. Our magnetization data measured down to
40 mK speak against any conventional freezing and reinstate YbMg-
GaO4 as a QSL candidate. The low-energy (E < Jy ~ 0.2 meV) part
of the INS continuum presents at low temperatures, but completely
disappears upon warming the system above T' > Jo/kp. In contrast
to the high-energy part at £ > Jp that is rooted in the breaking of
nearest-neighbor VBs and persists to temperatures well above Jo/kp,
the low-energy one originates from the rearrangement of the valence
bonds and thus from the propagation of unpaired spins. We further ex-
tend this picture to herbertsmithite, the QSL candidate on the kagome
lattice, and argue that such a hierarchy of magnetic excitations may
be a universal feature of QSLs.

MA 6.13 Mon 18:15 Theater
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Randomness in the quantum spin liquid candidate k-
(BEDT-TTF)2Cu3(CN)3 investigated by artificial distortion
of the triangular lattice — eYoHEI SaiTo!, ANDREJ PusTocow?!,

RoranDp RossLuuBeR!, MiriaM ALonso!, MaxiM WEeNzeL!, ANJA

LonLe!, MARTIN DRresseL!, TaAkAAKI MINAMIDATEZ, NORIAKI
Marsunaca?, KazusHiGE Nomura?, and ArsusHl KawamoTo?
— 11, Physikalisches Inst., Universitit Stuttgart, Germany —

2Department of Physics, Hokkaido University, Sappro, Japan

The organic-molecular solid k-(BEDT-TTF)2Cu2(CN)3 is recognized
as a quantum spin liquid candidate as it does not show magnetic or-
dering regardless of the large magnetic interactions. There is a debate
about the importance of spin frustration on the triangular lattice and
inherent randomness in the crystals. Does a suppression of geometrical
frustration change the magnetic properties? To clarify that, we arti-
ficially distorted triangular lattices of k-(BEDT-TTF)2Cu2(CN)s by
donor molecular substitution that modifies exchange interactions. As
a result, geometrical frustration is suppressed locally. We performed
electric conductivity, dielectric spectroscopy, infrared spectroscopy,
and 13C NMR measurements. Comparing results of non-substituted
and substituted samples, we found that their magnetic fluctuation was
the same as opposed to the remarkable impurity substitution effect
of the conductivity. Thus, the electronic state of the (CN)s salt is al-
ready disordered even in the non-substituted sample, and that not only
the ideal geometrical frustration but also the disorder effect should be
considered.

MA 6.14 Mon 18:30 Theater

Thermal expansion studies on the spin-liquid candidate sys-
tem x-(BEDT-TTF)3Ag>(CN); — oS. Harrmann!, E. Gati?,
Y. Yosuma3, G. Sarro?, and M. Lancg! — Physikalisches Institut,
SFB/TR 49, Goethe-Uni Frankfurt, Germany — 2Ames Laboratory,
Towa State University, USA — 3Division of Chemistry, Kyoto Uni-
versity, Japan — *Toyota Physical and Chemical Research Institute,
Nagakute, Japan

The search for the realization of a quantum spin-liquid (QSL) is a
major concern for condensed matter physicists since its proposal in
1973. The entangled QSL state lacks magnetic ordering down to low-
est temperatures where spins continue to fluctuate even at 7T = 0 K
[1]. One way to experimentally realize a QSL is magnetic frustration
of geometric origin, inherent to the quasi-2D triangular lattice of the
organic charge-transfer salts k-(BEDT-TTF)2 X, known as weak Mott
insulators. We present results of ultra-high-resolution thermal expan-
sion measurements on the newly-synthesized QSL-candidate system X
= Agz(CN)3. Our main finding includes pronounced broad extrema in
the thermal expansion coefficient at T' ~ 18 K along all three crystal-
lographic directions which we assign to the effect of strong electronic
correlations. The observed anomalies are qualitatively consistent with
theoretical results based on the Hubbard model on a triangular lattice
[2]. The directional anisotropy of the anomalies implies a ratio of the
hopping integrals ¢’/t < 1.

[1] Balents, Nature 2010

[2] Kokalj, McKenzie, PRB 2015

MA 7: Magnetic Textures: Statics and Imaging |

Time: Monday 15:00-19:15

Invited Talk MA 7.1 Mon 15:00 H37
The Surface Spin Flop in Synthetic Antiferromagnets
with Perpendicular Magnetic Anisotropy — eBENNY Boum!,
Nikoral KiseLev?, Darius PonL3, LoORENzZO FALLARINO?,
LeopoLp Kocu!, BERND RELLINGHAUS3, KorNELIUs NieLscH®,
and Orav Herwwich* — 1Chemnitz University of Technology —
2Forschungszentrum Jiilich and JARA — 3TU Dresden — *Helmholtz-

Zentrum Dresden-Rossendorf — 5IFW Dresden

The talk will provide an introduction to the basic mechanism of the
surface spin flop, a transition predicted theoretically for layered an-
tiferromagnets 50 years ago by Mills et. al.[1]. We will present the
experimental confirmation that this transition exists also in the case
of out-of-plane magnetic anisotropy in addition to the in-plane case
studied already earlier [2]. While the in-plane case requires single
crystal substrates to create a uniaxial in-plane anisotropy, our out-of-
plane easy axis system based on a magnetic multilayer system provides
such a uniaxial anisotropy naturally and can thus be easily prepared
on amorphous surfaces. Furthermore, we reveal a pathway to stabi-
lize the surface spin flop state, usually only obtained for high external
fields of about 0.5 T, also at remanence. Overall, our results make
the out-of-plane surface spin flop state accessible for further studies
without the requirement of single crystal substrates or external fields,
thus opening up the possibility of dynamic studies as well as an easy
integration into more complex structures.

[1] D. L. Mills, Phys. Rev. Lett. 20, 1968, p. 18-21

[2] R. W. Wang et al., Phys. Rev. Lett. 72, 1994, p. 920-923

MA 7.2 Mon 15:30 H37
Magnetic exchange interaction at the Fe/Ir(111) interface —
oSERGEY TSURKAN and KHALIL ZAKERI Lorl — Heisenberg Spin-
dynamics Group, Physikalisches Institut, Karlsruhe Institute of Tech-
nology, Wolfgang-Gaede-Str. 1, D-76131 Karlsruhe, Germany

The magnetic ground state of the Fe monolayer on Ir(111) has been
observed to be a spontaneous skyrmion lattice. The formation of
such an exotic ground state is attributed to the interplay between
the Heisenberg exchange, four spin and Dzyaloshinskii-Moriya inter-
action [1]. However, these fundamental magnetic interactions in this
system have not been measured quantitatively. In order to quantify
these interactions we performed spin-polarized high resolution electron
energy-loss spectroscopy experiments on a trilayer structure consisting
of Co/Co/Fe epitaxially grown on Ir(111). By probing the magnon
dispersion relation across the surface Brillouin zone we quantified the
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interfacial exchange interaction at the Fe/Ir(111) interface. Our results
indicate that the Heisenberg exchange interaction in the interface Fe
layer is very weak and exhibits a rather complex pattern. Such a weak
exchange interaction in the presence of the Dzyaloshinskii-Moriya in-
teraction would allow for the formation of the skyrmionic ground state.
[1] S. Heinze, et al., Nature Physics 7, 713 (2011).

The work has been supported by the Deutsche Forschungsgemeinschaft
(DFG) through the Heisenberg Programme ZA 902/3-1 and the DFG
grant ZA 902/4-1.

MA 7.3 Mon 15:45 H37
Diversity of magnetic phases occuring in perpendicu-
lar synthetic antiferromagnets — eLrorpoLp Kocu!, Fapian
Samap!, BEnny Bonm!, SvEN STiENeN?, PiErRrRE PupweLL!, and
Orav HevLowicl2 — 1Technische Universitdt Chemnitz, Reichen-
hainer Strafe 70, 09126 Chemnitz — 2Helmholtz-Zentrum Dresden-
Rossendorf, Bautzner Landstrafte 400, 01328 Dresden

Magnetic domain formation in synthetic antiferromagnets (SAF) con-
sisting of layered thin films with perpendicular magnetic anisotropy
and thin non-magnetic interlayers is determined by magnetic energies
like interlayer exchange, interfacial anisotropy and demagnetization.
The competitive character of the energies leads to a variety of stable
magnetic configurations with characteristic domain patterns. We show
that the energies depend on specific system parameters like films thick-
nesses or number of repeats and can therefore be easily controlled via
the design of the multilayer. Furthermore, we show that also ex-situ
manipulation like (focused) ion beam irradiation leads to a transition
of the magnetic phases which provides a possibility to create lateral
heterogeneous magnetic nanostructures.

Since the domain structures are highly reproducible and even com-
patible with amorphous substrates, the presented SAFs are suitable
for a wide variety of applications.

MA 7.4 Mon 16:00 H37
Boundary-Driven Twist States in Systems with Broken Spa-
tial Inversion Symmetry — eKARIN EVERSCHOR-SITTE — Insti-
tute of Physics, Johannes Gutenberg-University Mainz

In the quest for miniaturising magnetic devices, the effects of bound-
aries and surfaces become increasingly important. Bulk properties
are modified or even dominated by the properties of the surface of
the sample. We derive the general micromagnetic boundary condition
for ferromagnetic systems with broken inversion symmetry. Based on
these we predict novel boundary-induced twist states in ferromagnetic
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systems with Dzyaloshinskii-Moriya interaction.[1] We show that these
new spin structures can even be purely boundary-induced. Further-
more, they can significantly influence the ferromagnetic bulk state as
well as magnetic textures such as domain walls and skyrmions in thin
films[2] which might lead to observable effects in transport measure-
ments.

[1] Hals, Everschor-Sitte, PRL 119, 127203 (2017)

[2] Mulkers et al., PRB 98, 064429 (2018)

MA 7.5 Mon 16:15 H37
Metamagnetic texture in a polar antiferromagnet — eDMITRY
A. Sokorov!, ULricH RossLErR?, Naokl Kikucawa®, ROBERT
Cusrrt?, ANDREw P. Mackenzie!, Toni Herm!, and Kurr
KuMMER® — 'MPI CPfS, Dresden, Germany — 2IFW, Dresden, Ger-
many — S3National Institute for Materials Science, Tsukuba, Japan
— 4Institut Laue-Langevin, Grenoble, France — SESRF, Grenoble,

France

We report a new type of mixed state between antiferromagnetism and
ferromagnetism, which can be created in certain acentric materials. In
the Small-Angle Neutron Scattering (SANS) experiments we observe
a field-driven spin-state in the layered antiferromagnet Ca3Ru207,
which is modulated on a scale between 8 and 20 nm and has both
antiferromagnetic and ferromagnetic parts [1]. We call this state a
metamagnetic texture and explain its appearance by the chiral twist-
ing effects of the asymmetric Dzyaloshinskii-Moriya (DM) exchange.
The observation can be understood as an extraordinary coexistence,
in one thermodynamic state, of spin-orders belonging to different sym-
metries.

[1] Metamagnetic texture in a polar antiferromagnet, D. A. Sokolov
et al., arXiv:1810.06247.

MA 7.6 Mon 16:30 H37

Investigation of focused ion beam irradiation induced mag-
netic spin textures in synthetic antiferromagnets — eFaBIAN
Samap’?, Leoporbp Kocu!, Sr1 Sar Puant KANTH AREKAPUDI!,
and Orav HeLowic!:?2 — !Institute of Physics, Chemnitz University
of Technology, Germany — 2Institute for ITon Beam Physics and Ma-

terials Research, Helmholtz-Zentrum Dresden-Rossendorf, Germany

We study synthetic antiferromagnets (AF) consisting of ferromag-
netic (FM) multilayers that are antiferromagnetically-coupled via non-
magnetic interlayers [1]. They possess various remarkable properties,
such as very high domain wall velocities [2] and an absence of stray
fields, making them interesting for possible future data storage ap-
plications. It was shown previously that the energy balance of those
systems can be tuned by increasing the FM layer thickness, yielding a
dipolar energy driven phase transition to a FM ground state [1].

In contrast, in our current work we use focused ion beam irradiation
to locally change the energy balance between AF interlayer exchange
and dipolar energy, using different ion beam energies and fluences.
Therefore, we are able to create a rich variety of laterally coexisting
magnetic phases and spin textures in different confinements. Detailed
investigations of their interactions as well as their field reversal be-
havior are performed via in-field high-resolution magnetic force mi-
Croscopy.

[1] Hellwig et al., J. Magn. Magn. Mater. 319, 13-55 (2007).

[2] Yang et al., Nat. Nanotechnol. 10, 221-226 (2015).

MA 7.7 Mon 16:45 H37

Magnetic bimerons as skyrmion analogues in in-plane mag-
nets — eBORGE GOBEL!, ALEXANDER Mook?, JURGEN HENK?Z,
IngrRID MERTIGH2, and OLEG A. TrRETIAKOVS? — IMax-Planck-
Institut fiir Mikrostrukturphysik, D-06120 Halle (Saale), Germany —
2Institut fiir Physik, Martin-Luther-Universitat Halle-Wittenberg, D-
06099 Halle (Saale), Germany — 3Institute for Materials Research and
Center for Science and Innovation in Spintronics, Tohoku University,
Sendai 980-8577, Japan — %School of Physics, The University of New
South Wales, Sydney 2052, Australia

A magnetic bimeron [1] is a pair of two merons and can be under-
stood as the in-plane magnetized version of a skyrmion. Here [2]
we theoretically predict the existence of single magnetic bimerons as
well as bimeron crystals, and compare the emergent electrodynamics
of bimerons with their skyrmion analogues. We show that bimeron
crystals can be stabilized in frustrated magnets and analyze what
crystal structure can stabilize bimerons or bimeron crystals via the
Dzyaloshinskii-Moriya interaction. We point out that bimeron crys-
tals, in contrast to skyrmion crystals, allow for the detection of a pure
topological Hall effect. By means of micromagnetic simulations, we
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show that bimerons can be used as bits of information in in-plane mag-
netized racetrack devices, where they allow for current-driven motion
for torque orientations that leave skyrmions in out-of-plane magnets
stationary.

[1] Y. Kharkov, et al., Phys. Rev. Lett. 119, 207201 (2017)

[2] B. Gébel, et al., arXiv: 1811.07068 (2018)

15 min. break

MA 7.8 Mon 17:15 H37
THz and SANS study of magnons in BiFeO3 — eDANIEL
GERGELY Farkas!, Divip SzaLLer!2, IsTvaAN KEzsmARKI!3, LAUR
Peepu?, JouaN Virok*, Urmas Nacer?, Toomas Ré6m?, and
SANDOR BorpAcs! — !Department of Physics, BUTE, Hungary —
2Institute of Solid State Physics, TU Wien, Austria — 3Experimental
Physics V., UA, Augsburg, Germany — *NICPB, Tallinn, Estonia

Multiferroic materials with coexisting and strongly coupled magnetic
and ferroelectric orders have attracted much interest due to the novel
phenomena they possess, such as magnetoelectric effect [1] and direc-
tional dichroism [2]. Among these compounds BiFeO3 has received
special attention as it is one of the few known room-temperature mul-
tiferroics [3]. Previously we showed by using THz spectroscopy that in
contrast to the theoretical models the (111) plane of BiFeO3 is almost
isotropic and the magnetic field dependence of the excitation frequen-
cies have hysteresis. With small angle neutron scattering (SANS) mea-
surements we determined the low temperature behavior of the mag-
netic domains in external magnetic fields [4], which helped in the in-
terpretation of the THz data. The improved picture of the magnetic
domains supports all THz results including the isotropic (111) plane,
selection rules and hysteresis of the mode frequencies. References: [1]
M. Tokunaga, et al., Nat. Commun. 6, 5878 (2015). [2]| I. Kézsmarki,
et al., Phys. Rev. Lett. 106, 057403 (2011). [3] J. Moreau, et al., J.
Phys. Chem. Solids 32, 1315 (1971). [4] S. Bordacs, et al., Phys. Rev.
Lett. 120, 147203 (2018).

MA 7.9 Mon 17:30 H37
LTEM and DPC measurements on room temperature mag-
netic skyrmions in Pt/Co/W multilayers — oS. PorraTn?, T.
Lint, H. Liv2, Y. Zuanc?, B. Ji', N. Ler!, J. J. Yun®, L. Xi%, D.
Z.YanG®, Z. Xing!, Z. L. Wane!, L. Sun?,Y. Z. Wu2, L. F. YIn2,
W. B. Wanc2, J. SueEN?, J. Zweck?, C. H. Back®, Y. G. Znanc?,
and Q. S. Znao! — 'Beihang University, Beijing 100191, China —
2Fudan University, Shanghai 200433, China — 3Universitat Regens-
burg, Regensburg 93040, Germany — “Chinese Academy of Sciences,
Beijing 100190, China — ®School of Physical Science and Technology,
Lanzhou University, Lanzhou 730000, China — STechnische Univer-
sitdt Miinchen, Garching 85748, Germany

In this work, measurements on Pt/Co/W multilayer systems using
Transmission Electron Microscopy (TEM) in Lorentz (LTEM) and Dif-
ferential Phase Contrast (DPC) mode are reported. In LTEM, the
contrast mechanism of the Neel-type skyrmions is analyzed and used
to estimate the skyrmion size with LTEM image contrast simulations.
Phase diagrams are recorded showing the wide range of the skyrmion
phase pocket in temperature. History dependent phase diagrams re-
veal that the thermodynamical existence of the observed skyrmions is
rather allowed by the topological remnants of the stripe domains, than
by a real thermodynamic phase. Further it is shown how DPC can be
used to measure the skyrmion size in-focus.

MA 7.10 Mon 17:45 H37
Multi-k spin textures in the complex magnetic phase
diagram of rare-earth copper compounds — eWOLFGANG
SimeTH!, MAREIN RAHN?, ANDREAS BAUER!, RoOBERT GEORGII3,

MatTHiAS GUTMANNT, Viapmmik Hutanu®, Pascan MANUEL?,

MARTIN MEVEN®, SEBASTIAN MUHLBAUER®, KIRILL NEMKOVSKI?,
BacuiR OuLappiar®, KareL ProkEes®, Tobias ScHRADER®?, and
CHRISTIAN PFLEIDERER! — !Technische Universitdt Miinchen —
2Los Alamos National Laboratory — 3Forschungs-Neutronenquelle
Heinz Maier-Leibnitz (FRM II) — “Forschungszentrum Jiilich —
5Helmholtz-Zentrum Berlin — SInstitut Laue-Langevin — 7ISIS neu-
tron and muon source

The rare-earth intermetallics RCu (R = Ho, Tm, Er) condense in the
centrosymmetric CsCl-structure. As a consequence of several compet-
ing interactions (itinerant, indirect exchange, quadrupolar interactions
as well as crystal electric fields), a rich magnetic phase diagram with
a multitude of phase pockets unfolds. In these phases, the localized 4f
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magnetic moments exhibit complex arrangements as magnetic ground
states. For a proper determination of these structures, several neu-
tron techniques were combined. Both as a function of temperature
and field the compounds undergo phase transitions between several
antiferromagnetic multi-k states. The textures we identified are highly
non-collinear and exhibit modulations with a large wavelength in the
range of nanometres.

MA 7.11 Mon 18:00 H37
Chiral Magnetic Skyrmions with Arbitrary Topological
Charge — Fiipp N. RyBakov! and eNikorLar N. KiseLEvZ —
IDepartment of Physics, KTH-Royal Institute of Technology, SE-10691
Stockholm, Sweden — 2Peter Griinberg Institut and Institute for Ad-
vanced Simulation, Forschungszentrum Jiilich and JARA, D-52425
Jilich, Germany

In many work related to study of magnetic skyrmions one can find
the statement that in a conventional model of a chiral magnet the
coexistence of stable skyrmion solutions with Q=*1 and Q= 1 is im-
possible. In this presentation we show that in fact a conventional
model of chiral ferro- and antiferromagnets possesses an infinite num-
ber of skyrmion solutions with different value and sign of topologi-
cal charge [1]. We provide a detailed description of the diverse mor-
phology of new skyrmions and the corresponding energy dependen-
cies of skyrmions with respect to their topological charge. Because
the considered model is general it is expected that predicted phe-
nomenon may occur in various compaunds including atomic layers,
e.g., PdFe/Ir(111), rhombohedral GaV4Sg semiconductor, B20-type
alloys as Mnj_,Fe;Ge, Mnj_.Fe;Si, Fej_;CozSi, Cuz0SeO3s, acen-
tric tetragonal Heusler compounds.

[1] F. N. Rybakov, N. S. Kiselev, Chiral Magnetic Skyrmions with
Arbitrary Topological Charge, arXiv:1806.00782

MA 7.12 Mon 18:15 H37
Entropic stabilization of magnetic skyrmions in ultrathin
films — eSTEPHAN VON MALOTTKI!, PAVEL F. BESSARABZ, SOUMYA-
Jyort HALDAR', ANNA DELIN3, and STEFAN HEINzZE! — !Institute of
Theoretical Physics and Astrophysics, University of Kiel — 2School
of Engineering and Natural Sciences - Science Institute, University
of Iceland — 3Department of Applied Physics, School of Engineering
Sciences, KTH, Kista

We show that thermal stability of magnetic skyrmions can be strongly
affected by entropic effects [1]. The lifetimes of isolated skyrmions in
atomic Pd/Fe bilayers on Ir(111) and on Rh(111) are calculated in the
framework of harmonic transition state theory based on an atomistic
spin model parametrized from density functional theory. Depending
on the system the attempt frequency for skyrmion collapse can change
by up to nine orders of magnitude with the strength of the applied
magnetic field. We demonstrate that this effect is due to a drastic
change of entropy with skyrmion radius which opens a novel route to-
wards stabilizing sub-10 nm skyrmions at room temperature.

[1] von Malottki et al., arXiv:1811.12067

MA 7.13 Mon 18:30 H37
Electrically controllable magnetic switching and soliton mo-
tion in insulating magnetic garnets with perpendicular mag-
netic anisotropy — eANDREw Rossb2, SuiLer Ding!23, Sven
Becker!, YuicHiro Kurokawal'4, SuruTi GupTa2, JINBO YANG3,
RomaIN LeBRUN!, GERHARD JakoB!:2, and Maruias Kravrl:25 —
1Johannes Gutenberg University, Mainz, Germany — 2Staudinger
Weg 7 — 3Peking University, China — #Kyushu University, Japan
— 5QuSpin, Center for Quantum Spintronics, Norwegian University
of Science and Technology, Norway

Insulating rare earth iron garnets (RIG), with low Gilbert damp-
ing, low pinning, and magnetic and angular momentum compensation
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points, show great promise for the field of spintronics[l]. Here we
grow high quality TmIG (T'm3Fes5012)films by pulsed laser deposi-
tion. Over a range of thicknesses, perpendicular magnetic anisotropy
is observed, tailored by lattice strain between film and substrate. Uti-
lizing the (inverse) spin Hall effect in a neighboring heavy metal layer,
electrical detection and control of the magnetic state is successfully
achieved for low current densities. We investigate the switching of
TmlG films as a function of in-plane and out of plane magnetic fields,
highlighting a thickness dependence to the efficiency of the interfacial
spin orbit torques in such an insulating system. [1] C. O. Avci et al,
Nature Materials, 16 (2017)

MA 7.14 Mon 18:45 H37

Robust modulated magnetic phases in lacunar spinel
GaMosSs — eApiAm Butykar!, DAviD SzALLER2?, LAszLO
Barocn!, LAszL6 Ferenc Kiss®, Lisa DeEBEER-ScuMmITT?, HI-

ROYUKI NAKAMURA®, SANDOR BorpAcs?!, and IsTvAN KEzsmMARK1!/6

— Department of Physics, Budapest University of Technology and
Economics — 2Institute of Solid State Physics, Vienna University
of Technology — 3Department of Experimental Solid State Physics,
Wigner-MTA Research Centre for Physics — #Oak Ridge National
Laboratory — 5Department of Materials Science and Engineering, Ky-
oto University — ®Center for Electronic Correlations and Magnetism,
University of Augsburg

Two members of the lacunar spinel crystal family, GaV4Sg and
GaVySeg, featuring a polar symmetry, have been reported to host
Néel-type skyrmions [1,2]. Here, we present a provisional magnetic
phase diagram for the 4d cluster magnet GaMo4Sg, based on the com-
bination of magnetization and small-angle neutron scattering experi-
ments. GaMoySg is isostructural with the two other lacunar spinels,
but exhibits a markedly stronger spin-orbit interaction. As a result,
the periodicity of the magnetic modulations is found to be two times
smaller, ~ 10 nm, whereas the modulated magnetic phases extend from
the Curie-temperature down to the lowest temperatures and show an
extreme robustness against external fields up to 1.5-2T.

[1] I. Kézsméarki et al., Nat. Mat., 14, 1116, (2015). [2] S. Bordéacs
et al., Sci. Rep., 7, 7584, (2017).

MA 7.15 Mon 19:00 H37
Magnetic force microscopy investigation of spin textures in

the ferromagnetic semimetal Fe3Sny — e MARKUS ALTTHALER!,

DennNis MEIER?, MoHAMMED KasseEm®, ViabpiMIR TSURKAN!,
STEPHAN KRoHNs!, and IsTvAN KEzsMARKI' — !Experimentalphysik
V, EKM, Universitdt Augsburg, 86135 Augsburg — 2Department of
Materials Science and Engineering, Norwegian University of Science
and Technology (NTNU), Trondheim, Norway — S3Department of

Physics, Assiut University, Assiut 71516, Egypt

Recently, FesSna has been reported to exhibit a giant anomalous Hall
effect [1] as well as a topological electronic structure [2] and to host
magnetic skyrmions [3|. Z. Hou et al. [3] suggested that both uniaxial
magnetic anisotropy and frustration due to the Kagome lattice play
a significant role in the formation of skyrmions at room temperature
in this compound. Our goal was to specify in more details the driv-
ing force of skyrmion formation, namely whether exchange frustration
or uniaxial anisotropy competing with long-range dipolar interactions
stabilize the skyrmions. In contrast to former observations of magnetic
spirals and skyrmions in sub-micron thin lamellas, on the surface of
bulk crystals we did not find such modulated structures, instead a den-
drite pattern with fascinating magnetic field evolution was observed.
The fact that the stability of skyrmions is restricted to thin lamellas
implies that the uniaxial anisotropy competing with dipolar interac-
tions is the main drive of skyrmion formation in FezSns.

[1] L. Ye et al., Nature 555 (2018), 638; [2] J.-X. Yin et al., Nature
562 (2018), 91; 3] Z. Hou et al., Adv. Mater. (2017), 1701144
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MA 8: Magnonics

Time: Monday 15:00-18:45

MA 8.1 Mon 15:00 H52
Integrated magnonic half-adder — ¢Q1 Wanc!, RomAN VERBAZ,
Tuomas Bricuer!, PuiLipp Pirro!, and AnpDRu CHUMAK! —
1Fachbereich Physik, Technische Universitit Kaiserslautern, Kaiser-

slautern, Germany — 2Institute of Magnetism, Kyiv 03680, Ukraine

Spin waves and their quanta, magnons, open up a promising branch
of high-speed and low-power information processing. Several impor-
tant milestones were achieved recently in the realization of separate
magnonic data processing units. Nevertheless, the realization of an
integrated magnonic circuit consisting of at least two logic gates and
suitable for further integration is still an unresolved challenge. Here
we demonstrate such an integrated circuit. We show a magnonic half-
adder using micromagnetic simulations. The magnonic half-adder has
a strikingly simple design, consisting of two components only. The
first one is a linear directional coupler that combines two inputs in a
planar fashion. The second one is a nonlinear directional coupler in
which the coupling strength is strongly dependent on the input power
and which perform simultaneously a XOR and an AND logic opera-
tion. All information is carried and controlled exclusively by magnons
in the circuit.

MA 8.2 Mon 15:15 H52
Efficient Magnonic Spin Transport in Insulating Antiferro-
magnetic Thin Films — eANDrREwW Ross!?, RoMAIN LEBRUN!,
Scort BeEnDER®?, JoEL CRAMER!2, Asar Kav? Davip ELLis?,
DanieL. Grave?, LorENzo BALDRATI!, ALIREZA QAIUMZEDAH®,
ARNE Brataas®, Anvar RotuscuiLb?, REmMBerT Duing3:56 and
Mataias Kriuil'2:5 — 1Johannes Gutenberg University Mainz,
Germany — 2Graduate School of Excellence MAINZ, Germany —
3Utrecht University, The Netherlands — “Technion-Israel Institute
of Technology, Israel — 5QuSpin, Norwegian University of Science
and Technology, Norway — SEindhoven University of Technology, The
Netherlands

Antiferromagnet (AF) insulators benefit from unparalleled stability
in external fields, magnetisation dynamics at THz frequencies, a lack
of stray fields and have been shown to exhibit low Gilbert damp-
ing, which enables efficient long-range propagation of magnons|1] as
recently demonstrated|2]. Here we investigate the underlying mecha-
nisms behind magnon transport in AF thin films. We find that efficient
spin transport is possible across pm distances in nm thick thin films,
contrary to previous studies reporting only nm spin-diffusion lengths
in AF thin films[3]. By XMLD imaging of the AF domains we demon-
strate the role of magnetic correlation in the propagation of magnons.
We achieve efficient control over the AF system and establish the pos-
sibility to propagate long-distance spin-waves in AF thin films. [1]
Chumak et al., Nature Phys. 11, 6 (2015), [2] Lebrun et al., Nature
561 (2018), [3] Cramer et al., J. Phys. D: Appl. Phys. 51, 14 (2018)

MA 8.3 Mon 15:30 H52
Phase-resolved imaging of non-linear spin-wave excitation at
low magnetic bias field — eRoUVEN DREYER, LEA APEL, NIKLAS
LieBiNng, and GEOrRG WOLTERSDORF — Martin Luther University
Halle-Wittenberg, Institute of Physics, Von-Danckelmann-Platz 3,
06120 Halle (Saale), Germany

Recently it was shown that the prediction of the non-linear spin-wave
excitation in the framework of Suhl instability processes is not ade-
quate at low magnetic bias fields. In particular, it was shown by spa-
tially averaged and time-resolved x-ray ferromagnetic resonance spec-
troscopy that in the low field regime non-linear spin waves are excited
parametrically at 3/2 of the excitation frequency [1].

Here we demonstrate the 3/2 w non-linear spin-wave (NLSW) ex-
citation in NiggFe2p microstructures using time-resolved table-top
magneto-optical microscopy. We have developed a novel variant of
scanning magneto-optical microscopy which we term super-Nyquist
sampling microscopy (SNS-MOKE) [2|. This technique allows for
phase-resolved imaging of the sample at arbitrary frequencies. In this
way we detect the parametrically excited NLSWs at 3/2 w of the exci-
tation frequency in space and time directly. The corresponding wave
vectors obtained from the two dimensional Fourier transformation of
the observed spin-wave pattern at 3/2 w and higher harmonics are in
agreement with the theoretical predictions from Bauer et al. [1].

[1] H. G. Bauer et al., Nat. Commun. 6:8274 (2015)
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[2] R. Dreyer et al., arXiv:1803.04943 |cond-mat.mes-hall| (2018)

MA 8.4 Mon 15:45 H52
Magnon Bose-Einstein condensation in a wide temperature
range — eLLAURA MIHALCEANU, DMYTRO A. Bozuko, VitaLiy I.
VASYUCHKA, ALEXANDER A. SERGA, and BURKARD HILLEBRANDS —
Fachbereich Physik and Landesforschungszentrum OPTIMAS, Tech-
nische Universitat Kaiserslautern, 67663 Kaiserslautern, Germany

Today, magnon Bose-Einstein condensates (BEC) and supercur-
rents are experimentally confirmed phenomena, which exist on a
macroscopic scale in parametrically driven spin systems at room-
temperature. Allowing for a charge-free information transport and
being, thus, free from ohmic heating these macroscopic quantum
phenomena pave the path towards more efficient computing tech-
nologies.  Specifically, they possess the potential for low power
consumption information transfer and processing of phase-encoded
data by nanometer-sized devices at GHz and THz frequencies.
Temperature-dependent experiments provide valuable information
about the magnon BEC as its lifetime, threshold, and coherency. Prior,
we studied the relaxation behavior of parametrically injected magnons
with wavenumbers ranging up to 6 x 10° rad cm~?! from 20K to 340K
by means of the conventional microwave technique. Here, we incorpo-
rate the Brillouin Light Scattering (BLS) spectroscopy via the direct
detection of condensed magnons at the bottom of the spin-wave spec-
trum. This allows us to investigate the magnon BEC formation, as well
as magnon supercurrents in a wide range of temperatures. By com-
paring the microwave results with those of the BLS measurements, we
reveal a correlation between the damping of the parametric magnons
and the BEC formation.

MA 8.5 Mon 16:00 H52

Second sound in magnon Bose-Einstein condensate —
eHAaLYNA YUu. MusuENKO-SHMAROVAL, DMYTRO A. Bozukol,
ALeExaNDER J.E. KRreiL!, ALEXaNnDER A. SErRcal, ANNA

PomyaLov?, Victor S. L’vov?, and BUrRkARD HILLEBRANDs!

1Fachbereich Physik and Landesforschungszentrum OPTIMAS, Tech-
nische Universitat Kaiserslautern, 67663 Kaiserslautern, Germany —
2Department of Chemical and Biological Physics, Weizmann Institute
of Science, Rehovot 76100, Israel

A macroscopic collective motion of a quantum condensate is commonly
associated with phenomena such as superconductivity and superfluid-
ity, often generalized by the term supercurrent. A quantum condensate
supports also another type of motion — second sound. Second sound
can be considered as a flow of elementary excitations of various types,
which can propagate in a continuous medium with an almost linear
dispersion law in the long-wavelength limit. Here, this refers to Bo-
goliubov waves with oscillations of both the amplitude and the phase
of the Bose-Einstein Condensate’s (BEC) wave function. We discov-
ered a Bogoliubov wave, magnon second sound, in a magnon BEC
prepared by microwave parametric pumping in a room-temperature
yttrium iron garnet film. Furthermore, we demonstrate a transition
from the supercurrent-type to the second-sound-type motion of the
magnon BEC. Financial support from the ERC Advanced Grant "Su-
perMagnonics" is acknowledged.

MA 8.6 Mon 16:15 H52
Free standing 3D yttrium iron garnet nanobridges with
very low Gilbert damping fabricated by room temperature
laser deposition. — ePuiLip TREMPLER!, CurisTorH HAUSER!,
PHiLiPP GEYER!, RouvEN DREYER!, FRANK HEYROTHZ, and GEORG
ScumipT!? — nstitut fiir Physik, Martin-Luther-Universitit Halle-
Wittenberg, Germany — 2Interdisziplinires Zentrum fiir Materialwis-
senschaften, MLU Halle-Wittenberg, Germany

We have fabricated YIG nanobridges by electron beam lithography
and room temperature laser deposition with subsequent recrystalliza-
tion [1]. The structures are monocrystalline except for a single defect
in the center of the span. In ferromagnetic resonance the linewidth
is 140 *T at 8 GHz and the Gilbert damping can be as low as 2x10-
4. Investigations with spatially and time resolved magneto-optic Kerr
effect (TR-MOKE) show various resonant magnon modes in the 3D
nanobridges. Additionally inductively detected FMR was performed
on single YIG bridges confirming the low damping which is in the
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range typically known for high quality PLD grown YIG thin films.
This makes these YIG bridges perfect candidates for more complex
spintronic devices where coupling of magnons and mechanical oscilla-
tions is utilized [2]. By coupling these excitations to Qubits the struc-
tures may ultimately be used in transmons for quantum information
processing [3].

[1] Heyroth, F., et al., arXiv:1802.03176 (2018)

[2] Tabuchi, Yutaka, et al, Phys. Rev. Lett. 113.8 (2014)

[3] Zhang, Xufeng, et al., Phys. Rev. Lett. 113.15 (2014)

MA 8.7 Mon 16:30 Hb52
Construction and investigation of spin wave lenses
ePuiLiPP GEYER!, RouveN DrevYER!, and Georc Scumiprl? —
nstitut fiir Physik, Martin-Luther-Universitat Halle-Wittenberg,
Von-Danckelmann-Platz 3, 06120 Halle (Saale), Germany
2Interdisziplinires Zentrum fiir Materialwissenschaften, Martin-
Luther-Universitdt Halle-Wittenberg, Nanotechnikum Weinberg,
06120 Halle (Saale), Germany

Magnonics is a promising field to realize low energy information trans-
mission and processing, just by excitation of the spin lattice and not
by moving electrons. It has been shown experimentally, that spin
waves passing through a lateral thickness variation in a magnetic thin
film obey snell’s law [1]. So, a controlled change of the dispersion pa-
rameters like film thickness or magnetic field can be used to focus a
plane spin wave [2]. We present two different types of spin wave lenses
that are realized by lateral patterning of thin film Yttrium-Iron-Garnet
(YIG) fabricated by room temperature pulsed laser deposition and sub-
sequent annealing [3]. Both types of lenses are designed for spin waves
in Damon-Eshbach geometry. We investigate their functionality by
micromagnetic simulations with mumax3 [4] and experimentally with
spatially and time resolved magneto-optical Kerr effect (TR-MOKE)
and ferromagnetic resonance (FMR) measurements.

[1] J. Stigloher et al., Phys. Rev. Lett. 117, 037204 (2016) [2]
J. Toedt et al., Scientific Reports 6, 33169 (2016) [3] C. Hauser et
al., Scientific Reports 6, 20827 (2016) [4] A. Vansteenkiste et al., AIP
Advances 4, 107133 (2014)

MA 8.8 Mon 16:45 H52
Unidirectional spin wave propagation in a magnetic bi-
layer system — eMoriTz GEILEN!, Marias GRrassi?, MORTEZA
MounseNI', Yves Henry2, THomas BRrAcHER!, DaMIEN Louls?,
MicHEL HEHN3, MATTHIEU BAILLEUL?, BURKARD HILLEBRANDS!,
and PuiLipp  Pirro! IFachbereich Physik and Landes-
forschungszentrum OPTIMAS, Technische Universitit Kaiserslautern,
Germany — 2Institut de Physique et Chimie des Matériaux de Stras-
bourg, CNRS and Université de Strasbourg, Strasbourg, France —
3Institut Jean Lamour, Université de Lorraine, UMR 7198 CNRS,

54506 Vandoeuvre-lés-Nancy, France

We present the realization of a magnonic diode based on a magnetic
bilayer system, which allows spin wave propagation effectively only in
one direction. Spin waves traveling perpendicular to the static magne-
tization intrinsically show a non-reciprocal propagation. But as long as
both surfaces of the film are equal and the film itself has homogenous
material parameters across its thickness, the frequencies of counter-
propagating spin waves are degenerate. This symmetry is broken in a
magnetic bilayer system leading to a frequency shift between counter-
propagating spin waves with the same wavelength, while leaving the
good propagation characteristics of the materials unharmed. This
non-reciprocal behaviour is studied in a CoFeB/Py bilayer film us-
ing wave-vector resolved Brillouin light scattering spectroscopy (BLS)
and micromagnetic simulations. The spin wave propagation in the
microstructured device is measured using BLS microscopy. It reveals
unidirectional spin-wave propagation in a wide frequency range.

15 min. break

MA 8.9 Mon 17:15 H52
Magnonic crystals on atomic length scales — Huajun QIiN'»2,
SERGEY TsSURKAN!, ARTHUR ErRNsT3?, and eKHALIL ZAKERI Lori!
— 1Heisenberg Spin-dynamics Group, Physikalisches Institut, Karl-
sruhe Institute of Technology, Wolfgang-Gaede-Str. 1, D-76131 Karl-
sruhe, Germany — 2NanoSpin, Department of Applied Physics, Aalto
University School of Science, FI-00076 Aalto, Finland — 3Institute for
Theroretical Physics, Johannes Kepler University,Altenberger Str. 69,
4040 Linz, Austria — *Max-Planck-Institut fiir Mikrostrukturphysik,
Weinberg 2, D-06120 Halle, Germany
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We discuss the possibility of designing atomic-scale magnonic crys-
tals for operation in terahertz regime. Utilizing spin-polarized high-
resolution electron energy-loss spectroscopy we investigate ferromag-
netic multilayers composed of alternating layers of Fe and Co grown on
different substrates. We show that in such atomically designed mul-
tilayers one can efficiently excite different magnon modes associated
with the quantum confinement in the third dimension i.e., the direc-
tion perpendicular to the layers. We demonstrate experimentally that
the magnonic band structure in these materials exhibits bands of al-
lowed magnon states as well as forbidden gaps. The band structure
can be tuned by changing the materials combination and the num-
ber of atomic layers. The work has been supported by the Deutsche
Forschungsgemeinschaft (DFG) through the Heisenberg Programme
ZA 902/3-1 and the DFG grant ZA 902/4-1.

MA 8.10 Mon 17:30 H52
Spin waves in disordered film and bulk samples — PawEgL
Buczek!, eMaRrTIN HorrFMmManNn?, WuLF WULFHEKEL®, KHALIL
7ZAKERI?, and ARTHUR ErRNsT2:® — 1Fakultéit Technik und Informatik,
Hochschule fiir Angewandte Wissenschaften Hamburg, Germany —
2Institute for Theoretical Physics, Johannes Kepler University Linz,
Austria — 3Physikalisches Institut, Karlsruhe Institute of Technol-
ogy, Germany — “Heisenberg Spin-dynamics Group, Physikalisches
Institut, Karlsruhe Institute of Technology, Germany — 5Max Planck
Institute of Microstructure Physics, Halle, Germany

In many studied materials and mixed compounds, the magnetic re-
sponse and in particular the energy spectrum of magnons will be
strongly influenced by different kinds of disorder. Thin films might
consist of islands or alloys might form solid solutions. Hence, we need
to take into account disorder as well, in order to describe magnons
theoretically. We will present briefly the underlying theory of our
two complementary approaches based on a Heisenberg model. The
included effective interaction between magnetic moments entering the
Heisenberg model can be obtained from first-principles using a self-
consistent Green function method within the density functional the-
ory. We demonstrate the application of both methods on experimen-
tally relevant material systems: 3ML Co/Cu(001), 1ML Fe/Pd(001),
and Fe-Co alloys. Taking into account the disorder improves a lot the
agreement between the spin-polarized electron energy loss spectroscopy
measurements and the theoretical results.

MA 8.11 Mon 17:45 H52
Frequency multiplication in ferromagnetic layers detected by
diamond nitrogen-vacancy centers — eCHRIS KORNER, NIKLAS
LieBING, RoUuvEN DREYER, and GEORG WOLTERSDORF — Martin
Luther University Halle-Wittenberg

We demonstrate that inhomogenous magnetic properties can lead to
frequency multiplication effects. Close to ferromagnetic resonance, this
effect locally generates high harmonics of the magnetic driving field. In
the experiment, we detect multiple harmonics as well as parametric ex-
citations in thin ferromagnetic layers via scanning time-resolved Kerr
microscopy (MOKE) [1]. The spatial frequencies of the response of the
magnetic system increases at higher harmonics up to the diffraction-
limited resolution of the microscope. Nitrogen-vacancy defect centers
(N'V-centers) in diamond can be used as local probe of magnetic fields.
Here we employ a double-resonant optical detection of magnetic res-
onance (ODMR) in NV-centers in the vicinity of the ferromagnetic
layer [2]. The NV-centers represent a highly localized probe for the
dynamic magnetic fields produced by the precessing magnetization in
the adjacent ferromagnet. By this means, it is possible to locally detect
rf-magnetic fields with spatial frequencies beyond the optical diffrac-
tion limit of MOKE. We use this method to detect up to the 20th
harmonic of the magnetic excitation frequency in Permalloy at low
bias fields and frequencies (as low as 100 MHz) as well as parametric
excitations at large driving amplitudes.
[1] R. Dreyer et al. arXiv:1803.04943 [cond-mat.mes-hall] (2018)
[2] C. S. Wolfe et al. ArXiv 1512.05418v2 (2016)

MA 8.12 Mon 18:00 H52
Propagating magnetic droplet solitons as moveable nano-
scale spin-wave sources eMoORTEZA MouseENI}, THOMAS
BrAcHER!, Q1 WanG!, MaJjip Mousent?, BURKARD HILLEBRANDS!,
and PuiLipp  Pirro! — 1Fachbereich Physik and Landes-
forschungszentrum OPTIMAS, Technische Universitat Kaiserslautern,
67663 Kaiserslautern, Germany. — 2Faculty of Physics, Shahid Be-
heshti University, Evin, Tehran 19839, Iran

Magnetic droplet solitons are strongly nonlinear magnetic nano-objects
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which can be formed in spin torque nano-oscillators with large perpen-
dicular magnetic anisotropies. The droplet is a localized magnetody-
namical soliton which can only be stabilized in the presence of the
applied spin transfer torque. However, a propagating droplet can be
an attractive information carrier since it can transport energy and mo-
mentum at the same time. Here, we propose a simple way to launch
droplets in an inhomogeneous waveguide. We use the drift motion
of a droplet and we show that in a system with broken translational
symmetry, the droplet acquires momentum and starts to propagate.
By using numerical simulations, we find that the droplet velocity is
tunable via the strength of the broken symmetry and the size of the
nano-contact. In addition, we demonstrate that the launched droplet
can propagate up to several micrometers in a realistic system with rea-
sonable damping. Finally, we demonstrate how a blowing droplet de-
livers its momentum to a highly non-reciprocal spin-wave burst. Such
a propagating droplet can be used as a moveable spin-wave source in
nano-scale magnonic networks.

MA 8.13 Mon 18:15 H52

Control and stimulation of three-magnon scattering in a

magnetic vortex — eLukas KORBER!'2, KATRIN SCHULTHEIss!,
Tosias HurLal®, Roman VERBA?, Toni Hacur!, and HeLmuT
ScuurrHEIss}'2 — Helmholtz-Zentrum Dresden - Rossendorf, Insti-

tute of Ion Beam Physics and Materials Research, Bautzner Landstrafse
400, 01328 Dresden, Germany — 2Technische Universitit Dresden,
01062 Dresden, Germany — 3Technische Universitit Chemnitz, 09111
Chemnitz, Germany — “4Institute of Magnetism, National Academy of
Sciences of Ukraine, Kyiv 03680, Ukraine

When applying a large enough RF field amplitude, spin waves in a
magnetic vortex disk can be forced to decay into two other spin waves

via three-magnon scattering. These scattering processes obey certain
selection rules. Here, we show that three-magnon scattering in such
a system can be stimulated below the usual instability threshold. We
further present how this may be integrated into magnonic conduits by
coupling the vortex to a adjacent magnon waveguide. The authors
acknowledge financial support from the Deutsche Forschungsgemein-
schaft within programme SCHU 2922/1-1.

MA 8.14 Mon 18:30 H52
Temporal evolution of magnon-magnonen interactions in a
magnetic vortex — eTosias Hural, KATRIN ScuuLTHEISs!, LUkAs
KORrRBER!2, FRANZISKA WEHRMANN!, Kar WaceNER!, and HELMUT
ScuurrhElssb2 — Helmholtz-Zentrum Dresden-Rossendorf, 01328
Dresden, Germany — 2Technische Universitat Dresden, 01062 Dres-
den, Germany

Brillouin light scattering microscopy measurements on a Permalloy
disk magnetized in the vortex state are presented. By applying a ho-
mogenous out-of-plane AC field with sufficiently large amplitudes it is
possible to drive the spin waves in the nonlinear regime and initiate
three- and four-magnon scattering processes.

Time resolved BLS microscopy is used to show that these pumping
conditions cause cascades of different types of magnon-magnon inter-
actions. It is shown, that the temporal transition of different scattering
mechanisms can be tuned by the excitation frequency and amplitude.

Further, an experimental approach to determine the coupling be-
tween directly excited magnons and magnons excited via nonlinear
scattering is presented. To rule out unknown parameters like lifetime
and thermal population, tr-BLS measurements with two RF sources
where performed.

MA 9: Cooperative phenomena: Spin structures and magnetic phase transitions

Time: Monday 15:00-17:00

MA 9.1 Mon 15:00 H53
Linearly coordinated Ni in the two-dimensional quantum
magnet KoNiO; — eTaNiTA J. BALLE, LAURIN BRUNNER, ALEXAN-
DER A. TsIRLIN, and ANTON JEscHE — EP VI, Center for Electronic
Correlations and Magnetism, Augsburg University, 86135 Augsburg,
Germany

A huge magnetic anisotropy and the highest known coercivity field
of more than 11T are observed in Liz[Lij—,Fe;|N, one of the scarce
rare-earth free hard magnets. In this compound an unquenched orbital
moment is manifested, enabled by the perfect linear, twofold coordina-
tion of iron between nitrogen, that gives rise to these properties [1]. In
order to investigate the limits in exploiting this geometrical motive to
achieve stable magnetic moments, we investigated similar compounds
[2]. We will discuss the magnetic properties of a new member of this
K2NiOg that contains nickel in linear, twofold coordination
between oxygen.

Field- and temperature dependent measurements of the Magnetiza-
tion were performed, complemented by heat capacity data. Density
functional theory revealed moderately enhanced orbital contributions
to the magnetic moment of nickel. The magnetic susceptibility was
calculated in a Heisenberg model and is in reasonable agreement with
experiment.

[1] A. Jesche et al.
10.1038 /ncomms4333 (2014)

[2] P. Hohn, TJB et al. Inorganics 4, 42 (2016)

series:

Nat. 5:3333. doi:

Commun.

MA 9.2 Mon 15:15 H53
Structural and magnetic properties of the compounds of the
series Mns_;Fe,Siz (x=1,2,3) — eMoOHAMMED AIT HADDOUCH,
JOra Voiat, NicorLo VioLini, KAREN FRIESE, JORG PERssoN, and
Tuomas BrUckEL — Jiilich Centre for Neutron Science-2/Peter Griin-
berg Institut-4, Forschungszentrum Jiilich GmbH, 52425 Jiilich, Ger-
many

The magnetic and the structural properties of the members of the
Mnj_ ;Fe, Sis series with x=1,2,3 are investigated macroscopically and
with diffraction methods to reexamine their structural and magnetic
phase diagram using single crystalline specimen. Similar to the parent
compound MnjsSis, the compounds with x=1, 2, exhibit two antifer-
romagnetic phase transitions AF1 and AF2. In MnsSi3 an inverse
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magneto-caloric effect is related to the transition from AF1— AF2.
The inverse magnetocaloric effect has been assigned to a transition
from a spin wave excitation spectrum to a fluctuation dominated ex-
citation spectrum when the magnetic structure is changed by applica-
tion of an external magnetic field [1]. We are now interested in the
changes of the magnetic structure if Mn is replaced by Fe. We present
the similarities and differences when compared to the undoped parent
compound and try to explain the transition from the AF structure
found for low Fe content to an FM structure found at large Fe(x > 3)
content.

[1] N. Biniskos et al, PHYS REV LET 120,257205 (2018)

MA 9.3 Mon 15:30 H53
Weak ferromagnetism in Mn3X (X=Sn, Ge, Ga) compounds
— eBENDEGUz NvYARI', ANDRAS DEAkD2, JEROME Jackson3, and
LAszL6 Szunyocu!:2 — 1Budapest University of Technology and Eco-
nomics, Budapest, Hungary — 2MTA-BME Condensed Matter Re-
search Group, Budapest, Hungary — 3STFC Scientific Computing
Department, Warrington, UK

The intermetallic compounds MnzX (X=Sn, Ge, Ga) in hexagonal
crystal structure show complex magnetic behavior. Neutron diffrac-
tion [1] and theoretical [2,3] studies reveal that these compounds have
a triangular spin configuration displaying weak ferromagnetic defor-
mation. In this work, we investigate theoretically the noncollinear
magnetic structures of these compounds. Spin model parameters are
obtained by using a spin-cluster expansion (SCE) technique. A model
based on three magnetic sublattices allows both a group theoretical
analysis and also a quantitative description of weak ferromagnetism.
We also perform unconstrained and constrained LSDA calculations,
where we focused on exploring the effect of spin-orbit coupling and
induced moments. In case of Mn3Sn, neutron diffraction experiments
also reveal a helical modulation of the weak-ferromagnetic state along
the z-axis not yet explained theoretically. We present detailed investi-
gations on how these helical states appear in the isotropic Heisenberg
model.

[1] S. Tomiyoshi et al., J. Magn. Mater. 54-57, 1001 (1986)

[2] L. M. Sandratskii and J. Kiibler, Phys. Rev. Lett. 76, 4963
(1996)

[3] D. Zhang et al. J. Phys.: Condens. Matter 25 (2013)
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MA 9.4 Mon 15:45 H53

Electronic properties and spin waves of Mn5Si3 from first
principles — eFLAvVIANO JosE pos SanTos!, NikoLaos Biniskos?:3,
MANUEL pos SanTos Dias!, KArRIN ScumaLzL?, STEFAN BLUGEL!,
STEPHANE RavyMonD?3, and SaMirR Lounis! — !Peter Griinberg In-
stitut & Institute for Advanced Simulation, Forschungszentrum Jilich
& JARA, Jiilich, Germany — 2Jiilich Centre for Neutron Science,
Forschungszentrum Jiilich, Outstation at ILL, Grenoble, France —
3Université Grenoble Alpes, CEA, INAC, MEM, Grenoble, France

Mnb58Si3 is an antiferromagnet hosting rich physics, such as the inverse
magnetocaloric effect [1] and a large anomalous Hall effect [2]. How-
ever, many questions remain unanswered [3-4], such as why some Mn
magnetic moments vanish in its collinear phase, what is the role of
spin fluctuations and what is the minimal magnetic model hamilto-
nian. We tackle some of these problems with DFT calculations using
the full-potential Korringa-Kohn-Rostoker method including spin-orbit
coupling. We investigated the electronic and magnetic properties of the
system in different magnetic phases, also determining the magnetic ex-
change interactions and the magnetocrystalline anisotropy. We used
a scheme for spin waves in noncollinear magnets [5] to compute the
spin-wave energies as a function of the external magnetic field. Our
theoretical results, with a single free parameter, are in good agreement
with experimental data from neutron scattering. — [1] Biniskos et al.,
PRL 120, 257205(2018). [2] Siirgers et al., Sci. Rep. 7, 42982(2017).
[3] Silva et al., JPCM 14, 8707(2002). [4] Gottschilch et al., J. Mater.
Chem. 22, 15275(2012). [5] Dos Santos et al., PRB 97, 024431(2018).

MA 9.5 Mon 16:00 H53
Photo-induced excitation and its relaxation in the magnetic
and polaronic microstructure of a manganite studied by
Ehrenfest dynamics — eSANGEETA RAJPUROHIT!, MICHAEL TEN
Brink!-2, and PETER BLocHLY2 — lInstitute for Theoretical Physics,
Technical University Clausthal, Germany — 2Institute for Theoretical
Physics, Universitat Gottingen, Germany

With several recent experimental observations of the long-lived excited
states, manganites are seen as promising candidates for the future en-
ergy devices. The theoretical understanding of relaxation process in
the strongly correlated manganites by investigating the interplay of
the charge, spin and lattice degrees is of great interest. A microscopic
model, extracted from the first-principles calculations, is proposed to
analyse the electronic, atomic and magnetic microstructure of the man-
ganites. The model is used within the framework of the Ehrenfest-like
dynamics to study the evolution of the photo-excited system. The
time-dependent Schrodinger equation is adopted for the evolution of
the electron wave functions and spin degree of freedom while the atoms
are treated classically. The relaxation timescale and pathway in the
photo-excited Prg.5Cag.5MnOs3, notably, depend on the light-pulse in-
tensity. In the weak intensity case, the electronic sub-system relaxes
through an ultrafast lattice-assisted conical intersection process. The
spin dynamics on the sub-picosecond timescale plays a crucial role,
besides lattice dynamics, if the system is subjected to a high-intensity
light pulse. Interestingly, a new long-lived excited-state, exhibiting
phase-separation, emerges at an intermediate light-pulse intensity.

MA 9.6 Mon 16:15 H53

Magnetic properties of novel Rare-Earth Molybdenum ox-

ides — eKseniia Denisoval:23, Anna SHLyaAkHTINA?, MAHMOUD
ABDEL-HAFIEZ®?, Maxim Avbeev®, Perer LeMMENsZ3, Orca
Vorkoval, and ALEXANDER VasiLiEv! — 1Dept. of Phys., MSU,

Moscow, Russia — 2IPKM, TU-BS, Braunschweig, Germany —
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SLENA, TU-BS, Braunschweig, Germany — *SICP, Moscow, Rus-
sia — SCHPSTAR, Beijing, China — 8ANSTO, Bragg Inst., NSW,
Australia

Compounds with the general formula LngMoOq5_4 attract attention
as they contain both transition and rare-earth elements. Heavy rare-
earth molybdenum oxides may crystallize in two different defect fluo-
rite structures, i.e., cubic and rhombohedral ones [1,2]. The systematic
experimental study of these series reveals that LngMoOq5_s in both
structural modifications exhibit magnetism largely influenced by devi-
ation from stoichiometry [3]. Supported by DFG-LE967/16-1, NUST
"MISiS" Grant No. K2-2017-084 and RFBR project 16-03-00463a. [1]
Schildhammer, et al., Chem. Mater. 28, 7487 (2016). [2] Shlyakhtina,
et al., J. Mater. Chem. A 5, 7618 (2017). [3] Denisova, et al., J. Alloys
and Comp. 778, 756 (2019).

MA 9.7 Mon 16:30 H53
Competition between Kondo and Kitaev Physics in a frus-
trated impurity coupled to a fermionic bath — eTATHAGATA
CunowpHURY, RALF Burra, and AcHiM Roscu — University of
Cologne, Germany

Geometrically frustrated quantum impurities coupled to metallic leads
have been shown to exhibit rich behavior with a quantum phase transi-
tion separating Kondo screened and local moment phases. Frustration
in the quantum impurity can alternatively be introduced via Kitaev-
couplings between different spins of the impurity cluster. We use the
Numerical Renormalization Group (NRG) to study a range of systems
where the quantum impurity comprising of a Kitaev cluster is coupled
to a bath of non-interacting fermions. We characterize the ground
state and intermediate unstable fixed points of the system in terms of
the plaquette fluxes and determine the temperature dependence of the
various crossover scales of the model. We also show that the model
can be mapped at low temperatures to an effective two-impurity Kondo
model.

MA 9.8 Mon 16:45 H53
Magnetism and magneto-elastic coupling in LiFePO4, — Jo-
HANNES WERNER!, SVEN SAUERLAND!, CHANGHYUN Kool, MaH-
MouD ABDEL-Hariez!2, CurisTorH NEEF!, SERGEI ZvyacIN®, and
eRUDIGER KLINGELER! — !Kirchhoff Institute of Physics, Heidelberg
University, Heidelberg, Germany — 2Physikalisches Institut, Goethe
Universitét, Frankfurt a.M., Germany — 3High Magnetic Field Labo-
ratory, Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany

We report thermal expansion, magnetostriction, specific heat, static
and pulsed-field magnetisation, and antiferromagnetic resonance stud-
ies on single-crystalline LiFePOy4 [1]. The evolution of long-range an-
tiferromagnetic order at Ty = 50.1(5) K which is associated with a
significant magnetoelectric effect [2]| features pronounced anomalies in
the thermal expansion coefficients. Uniaxial pressure effects are pos-
itive for pressure along the a- and b-axes and only very small for p..
This behaviour as well as anomalies in « appearing upon further cool-
ing are discussed considering coupling of spin, structure, and dielectric
properties. The magnetic phase diagram is mapped out. It features a
spin-flop transition at B||b = 32 T. Pulsed-field ESR experiments show
closing of the AFM gap at Bgg. The AFM resonance modes are well
described by a mean-field model employing orthorhombic anisotropy,
DM interaction, and the excitation gap inferred from recent neutron
data [3].

[1] C. Neef et al., J. Cryst. Growth 462, 50 (2017)

[2] R. Toft-Petersen et al., Phys. Rev. B 92, 024404 (2015)

[3] Y. Yiu et al., Phys. Rev. B 95, 104409 (2017)
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MA 10: Poster Session: Topological Topics (joint session TT/MA)

Time: Monday 15:00-18:30

MA 10.1 Mon 15:00 Poster D
Helical edge state interferometry in a quantum spin Hall in-
sulator — eRAuL STUHLER, ANDRE KowaLEwWsKI, FELIX REIs, Jo-
HANNES WEIs, JORG SCHAFER, and RaLrPH CLAESSEN — Physikalis-
ches Institut (EP4) der Universitdt Wiirzburg, 97074 Wiirzburg, Ger-

many

Since the discovery of the quantum spin Hall (QSH) effect, two-
dimensional topological insulators (2D-TI) have constituted a promis-
ing system for spintronics and ballistic electronic transport. The lat-
ter property of 2D-TIs is based on exceptional quantum coherence of
helical edge state electrons in the absence of time-reversal symmetry
breaking. Notwithstanding, quantum interference between helical edge
state electrons becomes relevant when a multitude of helical edge state
pairs are being brought into direct proximity in a nano-constriction.
Here we present the realization of a helical edge state nano-constriction
embedded in the high-temperature 2D-TI bismuthene [1], formed by
an anti-phase domain boundary of limited extent. Via STS, we prove
quantum interference between counter propagating helical electrons
and make use of an analogy to a Fabry-Pérot electronic resonator.
Such interplay between quantum coherence and interference might be
further exploited, e.g., as a controllable charge and spin current switch
operated with gate voltages instead of magnetic fields [2].

[1] F. Reis et al., Science 357, 287-290, (2017)

[2] P. Sternativo, F. Dolcini, Phys. Rev. B 89, 035415 (2014).

MA 10.2 Mon 15:00 Poster D
Potassium-Induced n-Doping of the High-Temperature
Quantum Spin Hall System Bismuthene on SiC(0001) —
eJonanNEs WEIs, ANDRE KowaLEwsKI, FELIX REIS, RAUL STUHLER,
FELIX SPRIESTERSBACH, LENART DupY, VicTorR ROGALEV, JORG
ScHAFER, and RaLPH CLAESSEN — Physikalisches Institut und Ront-
gen Center for Complex Material Systems, Universitdt Wiirzburg, D-
97074 Wiirzburg, Germany

Bismuthene, a monolayer of Bi-atoms bonded onto a SiC(0001) sub-
strate in a honeycomb lattice, has recently been experimentally realized
[1]. This 2D system has a large band gap of approx. 0.8 €V and is a
most promising candidate for the realization of the quantum spin Hall
effect at room-temperature. Theoretical tight-binding and DFT calcu-
lations consistently predict the existance of helical edge states forming
Dirac branches. While Reis et al. [1] showed proof for 1D metallic
edge states spanning the 2D bulk band gap by means of STM and
STS, up to date a direct experimental observation of the linear elec-
tron dispersion has not been reported and ARPES would be highly
desirable.

One major obstacle here is the Fermi level being too close to the 2D
bulk valence band maximum. Here we present the adsorption of potas-
sium as a tool to shift the Fermi level above the predicted Dirac point
in a controlled way. The effect of the dopant has been investigated
both on an atomic level by STM and STS and spacially integraged by
ARPES.

[1] F. Reis et al., Science 357,287-290 (2017)

MA 10.3 Mon 15:00 Poster D
Electronic correlation effects on double Dirac semimetals —
eNikLAs WaaNER!, DomMmeNIco D1 SanTe!, Sercio Crucui?, and
GIoraIo SANGIOVANNI! — lInstitut fuer Theoretische Physik und
Astrophysik, Universitaet Wuerzburg, Germany — 2Department of
Physical and Chemical Sciences, University of L’Aquila, Italy

Particles without a high-energy analog, namely special multiple-
degeneracy points in the electronic bandstructure of solids protected by
fundamental symmetries of the underlying lattice, have been recently
postulated in condensed matter physics [1]. A particularly interest-
ing example is that of space groups Nr. 130 and 135, whose Brillouin
zones host double Dirac points at high-symmetry points [2]. We study
tight-binding models for these two space groups and look at the in-
fluence of electronic correlation on the eightfold degeneracies at the
touching points of their valence and conduction bands. To this aim,
we use methods ranging from simple approaches like the Hubbard-I
and Hubbard-III approximations, to more sophisticated ones includ-
ing DMFT and cluster extensions thereof [3].

[1] B. Bradlyn, et al., Science 353, aaf5037 (2016)

[2] B. Wieder, et al., PRL 116, 186402 (2016)
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[3] D. Di Sante, et al., PRB 96, 121106(R) (2017)

MA 10.4 Mon 15:00 Poster D
Bychkov-Rashba Spin-Orbit Coupling Effects in a Multi-
Band Tight-Binding Model of Graphene — ¢THORBEN SCHMI-
RANDER, MARTA PRADA, and DANIELA PFANNKUCHE — I. Institut fiir
theoretische Physik - Universitdt Hamburg, Hamburg, Deutschland

The description of Dirac electrons in the band structure of graphene
is commonly performed using effective tight binding models [1]. These
effective models use single-orbital Hamiltonians with modified hopping
parameters in order to account for the influence of the higher energy
orbitals in graphene. We go beyond such effective models by including
d-orbitals in an atomistic tight-binding model. The inclusion of the
Bychkov-Rashba spin-orbit coupling splits each of the two Dirac cones
into four distinct ones [2]. When considering a finite graphene sample,
edge states occur, which cross the band gap and connect the Dirac
cones at the K and K’ point. These edge states are the key to the
topological properties of graphene. The crossing of the edge states un-
der the influence of Bychkov-Rashba spin-orbit coupling is examined
by computing the winding number around each of the cones.

[1] van Miert, G., Juricic, V. and Morais Smith, C. Phys. Rev. B 90,
195414 (2014)

[2] van Gelderen, R. and Morais Smith, C., Phys. Rev. B 81, 125435
(2010)

MA 10.5 Mon 15:00 Poster D
Surface currents in Weyl semimetal nanowires — ePATRICK
GROssING, DaANIEL HERNANGOMEZ-PEREZ, and FERDINAND EVERS
— Institute of Theoretical Physics, Regensburg University, D-93053
Regensburg (Germany)

We investigate the transport properties of thin wires made of a Weyl
semimetal within the framework of a tight-binding model. Our focus
is on bias induced surface currents in materials where time-reversal
symmetry is broken because of magnetisation [1, 2]. Depending on the
crystallographic growth direction, the current flow exhibits different
patterns; in particular, large transverse (wrapping) currents can be
observed. We perform a careful finite size analysis that reveals,. e. g.,
the interplay between quantum size effects and the Fermi arcs, which
are a hallmark of the topological nature of the material [3, 4].

[1] P. Baireuther et al., New J. Phys. 18, 045009 (2016)

[2] A. Igarashi et al., Phys. Rev. B 95, 195306 (2017)

[3] F. D. M. Haldane, arXiv:1401.0529 (2014)

[4] Y. Chen et al., Phys. Rev. B 88, 125110 (2013)

MA 10.6 Mon 15:00 Poster D
Anomaly transport ingraphene and Weyl semimetals —
eKrAUus MORAWETZ Miinster University of Applied Sci-
ences,Stegerwaldstrasse 39, 48565 Steinfurt, Germany — International
Institute of Physics- UFRN,Campus Universitario Lagoa nova,59078-
970 Natal, Brazil

Based on the quantum kinetic equations for systems with SU(2) struc-
ture, regularization-free density and pseudospin currents are calculated
in Graphene and Weyl-systems realized as the infinite-mass limit of
electrons with quadratic dispersion and a proper spin-orbit coupling.
Correspondingly the currents possess no quasiparticle part but only
anomalous parts. The intraband and interband conductivities are dis-
cussed. The optical conductivity agrees well with the experimental val-
ues using screened impurity scattering and an effective Zeeman field.
The universal value of Hall conductivity is shown to be modified due to
the Zeeman field. The chiral anomalous terms are shown to be deriv-
able from a conserving transport theory and their usually believed
origin is questioned.

[1] arXiv:1809.01547, arXiv:1806.06214, Phys. Rev. B 94 (2016)
165415, Phys. Rev. B 92 (2015) 245425, errata: Phys. Rev. B 93
(2016) 239904(E), Phys. Rev. B 92 (2015) 245426

MA 10.7 Mon 15:00 Poster D
Edge currents as a probe of the strongly spin-polarized
topological noncentrosymmetric superconductors oM.
Bmeranc!2, M.H. Zare3, H. Yavari?, P. THALMEIER?, and
A. AxBari"® — lAsia Pacific Center for Theoretical Physics,
POSTECH, Pohang, Korea — 2Department of Physics, University of
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Isfahan, Isfahan, Iran — 3Department of Physics, Faculty of Science,
Qom University of Technology, Qom, Iran — #Max Planck Institute
for Chemical Physics of Solids, Dresden, Germany — 5Department of
Physics, POSTECH, Pohang, Korea

Recently the influence of antisymmetric spin-orbit coupling has been
studied in novel topological superconductors such as half-Heusler com-
pounds and artificial heterostructures. We investigate the effect of
Rashba and/or Dresselhaus spin-orbit couplings on the band structure
and topological properties of a two-dimensional noncentrosymmetric
superconductor. For this goal, the topological helical edge modes are
analyzed for different spin-orbit couplings as well as for several super-
conducting pairing symmetries. To explore the transport properties,
we examine the response of the spin-polarized edge states to an ex-
change field in a superconductor-ferromagnet heterostructure. The
broken chiral symmetry causes the unidirectional currents at opposite
edges|1].

[1] M. Biderang et al., Phys. Rev. B 98, 014524 (2018)

MA 10.8 Mon 15:00 Poster D
Decoherence of Majorana edge modes under adiabatic drives
— oZ1nAao Gao, YuvaL VINKLER-AVIV, and AcHiM RoscH — Insti-
tute for Theoretical Physics, University of Cologne, D-50937 Cologne,
Germany

We study how Majorana edge modes behave under adiabatic movement
in the presence of disorder, interactions and thermal fluctuations. In
a 1D Kitaev chain, zero-energy Majorana bound states are formed at
the edges of the topological region. Such Majorana edge modes are ro-
bust due to protection by an energy gap and their spatial separation.
Therefore they can effectively encode a qubit, and are believed to be
useful for quantum computation. By controlling the chemical potential
we have the ability to adiabatically move these Majorana edge modes.
However, during this process, disorder, interactions and thermal fluc-
tuations can be harmful to the fidelity of the Majorana qubit. We
numerically calculate the time-evolution of a Majorana qubit in such
a setup in order to measure the decoherence from different sources,
applying approximations based on exploiting the adiabatic nature of
the movement and the protection by the gap.

MA 10.9 Mon 15:00 Poster D
Anyonic statistics of quantum impurities in two dimensions
— oENDERALP YAKABOYLU and MIKHAIL LEMEsSHKO — IST Austria
(Institute of Science and Technology Austria)

We demonstrate that identical impurities immersed in a two-
dimensional many-particle bath can be viewed as flux-tube-charged-
particle composites described by fractional statistics. In particular, we
find that the bath manifests itself as an external magnetic flux tube
with respect to the impurities, and hence the time-reversal symmetry
is broken for the effective Hamiltonian describing the impurities. The
emerging flux tube acts as a statistical gauge field after a certain crit-
ical coupling. This critical coupling corresponds to the intersection
point between the quasiparticle state and the phonon wing, where the
angular momentum is transferred from the impurity to the bath. This
amounts to a novel configuration with emerging anyons. The proposed
setup paves the way to realizing anyons using electrons interacting with
superfluid helium or lattice phonons, as well as using atomic impurities
in ultracold gases [1].

[1] E. Yakaboylu and M. Lemeshko, Phys. Rev. B 98, 045402 (2018)

MA 10.10 Mon 15:00 Poster D
Truncation of lattice fractional quantum Hall Hamiltonians
derived from CFT — eSrivarsa N. S!, DiLLip NaNDY2, and ANNE
E. B. NieLsEn® — MPIPKS, Dresden, Germany — 2Aarhus Univer-
sity, Aarhus, Denmark — 3MPIPKS, Dresden, Germany

Conformal field theory has recently been applied to derive few-body
Hamiltonians whose ground states are lattice versions of fractional
quantum Hall states. The exact lattice models involve interactions over
long distances, which is difficult to realize in experiments. It seems,
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however, that such long-range interactions should not be necessary, as
the correlations decay exponentially in the bulk. This poses the ques-
tion, whether the Hamiltonians can be truncated to contain only local
interactions without changing the physics of the ground state. Previ-
ous studies have in a couple of cases with particularly much symmetry
obtained such local Hamiltonians by a combination of guesswork and
numerical optimization. Here, we propose a different strategy to con-
struct truncated Hamiltonians, which does not rely on optimization,
and which can be applied independent of the choice of lattice. We
test the approach on models with bosonic Laughlin-like ground states
and find that the overlaps per site between the states constructed from
conformal field theory and the ground states of the truncated models
are higher than 0.98 for all the studied lattices.

MA 10.11 Mon 15:00 Poster D
Effects of topological line defects on two-dimensional elec-
tronic transport — eNico BassLEr and Kar ScHMIDT — Insti-
tut fiir Theoretische Physik I, Universitat Erlangen-Niirnberg, Staudt-
strafse 7, 91058 Erlangen, Germany

We investigate the effect of topological line defects on the transport
properties of two-dimensional electronic systems. Experimentally, this
is mostly motivated by bilayer graphene which is known to host a su-
perstructure of line defects separating AB- and BA-stacking domains.
More concretely, we study microscopically specific arrangements of
such line defects by calculating the conductance, local densities, and
topological invariants using an effective one-particle description for bi-
layer graphene in a magnetic field. In addition, we compare our find-
ings to the well-known Haldane model on the honeycomb lattice, which
is exactly solvable in the absence of line defects and displays a topo-
logically non-trivial band structure.

MA 10.12 Mon 15:00 Poster D
Robustness of Haah’s code in a magnetic field — eMATTHIAS
WarLTHER and Kar PHiLLip ScuMmiDT — Institut fiir Theoretische
Physik I FAU Erlangen-Nirnberg, Erlangen, Deutschland

Haah’s cubic code is an exactly solvable three-dimensional quantum
spin model realizing topological fracton order. It is a promising candi-
date for self correcting quantum memory due to its macroscopic energy
barrier between different ground states. Here we analyse the quantum
robustness of this topological fracton order in a homogeneous mag-
netic field at zero temperature. Technically, this is achieved by ap-
plying the method of perturbative continuous unitary transformations
and a mean-field approach. In all cases studied, we find strong first-
order phase transitions separating the topological fracton phase and
the polarized phase.

MA 10.13 Mon 15:00 Poster D
Quantum phase transitions to topological Haldane phases
in spin-one chains studied by linked-cluster expansions —
ePATRICK ADELHARDT!, JUuLIAN GRITscH!, MARvIN HILLEZ, DAVID
AnseLM Reiss!, and Kar PuiLLip Scumipt! — lInstitute for Theo-
retical Physics, FAU Erlangen-Niirnberg, Germany — 2Lehrstuhl fiir
Theoretische Physik 1, TU Dortmund, Germany

We use linked-cluster expansions to analyze the quantum phase tran-
sitions between symmetry-unbroken trivial and topological Haldane
phases in two different spin-one chains. The first model is the spin-
one Heisenberg chain in the presence of a single-ion anisotropy, while
the second one is the dimerized spin-one Heisenberg chain. For both
models, we determine the ground-state energy and the one-particle gap
inside the nontopological phase as a high-order series using perturba-
tive continuous unitary transformations. Extrapolations of the gap
series are applied to locate the quantum critical point and to extract
the associated critical exponent. We find that this approach works un-
satisfactorily for the anisotropic chain, since the quality of the extrapo-
lation appears insufficient due to the large correlation length exponent.
In contrast, extrapolation schemes display very good convergence for
the gap closing in the case of the dimerized spin-one Heisenberg chain.
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MA 11: Focus Session: Magnetic materials for energy efficient applications

Time: Monday 15:45-18:45

Invited Talk MA 11.1 Mon 15:45 H38

Microstructure optimization for rare-earth efficient perma-
nent magnets — eTHOMAS ScHREFL!, JOHANN FIScHBACHER!,
ALEXANDER Kovacs!, Lukas ExiL?, Kazuvya YokoTal:3, and TET-
suva Suos® — !Danube University Krems, Austria — 2Wolfgang
Pauli Institute, c/o University of Vienna, Austria — 3Toyota Motor

Corporation, Japan

Permanent magnets are widely used in modern society including con-
sumer electronics, transport, and power generation. The key figures
of merit, coercive field and energy density product, depend on the in-
terplay between the intrinsic magnetic properties and the microstruc-
ture. We use synthetically generated grain structures to model the
influence of grain morphology and grain boundary phases on coerciv-
ity. By computing the lowest saddle point for magnetization switching
we find the weakest point in the structure, where magnetization re-
versal starts. We apply machine learning to quantify the reduction of
coercivity caused by different microstructural features. Again, regions
where the local coercive field is much lower than the average can be
identified. Our results suggest that adding heavy rare-earth elements
through grain boundary diffusion to these specific regions only will be
sufficient to increase coercivity. Thus, the magnet’s performance and
temperature stability may be improved with a minimum amount of
heavy rare-earth elements. Examples will be given for Nd2Fe14B and
SmFe;1Ti based magnets.

Work supported by Toyota Motor Corporation and the Austrian
Science Fund (grant no F41, P31140).

Invited Talk MA 11.2 Mon 16:15 H38
Advanced methods for the development of high performance
hard and soft magnetic materials — eDacMArR GoLL and GER-
HARD SCHNEIDER — Aalen University, Materials Research Institute,
Beethovenstr. 1, 73430 Aalen, Germany

Higher efficiency in electro mobility requires high performance and eco-
nomic motor concepts. Recent progresses in the development of hard
and soft magnetic materials and their production processes offer new
possibilities to further improve electric energy converters. For perma-
nent magnets remaining challenges are the dependence on critical rare
earth elements and the limited possibility to optimize the microstruc-
ture to approach theoretical predictions of micromagnetism. Equally
important is the minimization of magnetic losses in soft magnetic cores.
Innovative synthesis processes like high-throughput experiments and
additive manufacturing by laser powder bed fusion offer new degrees
of flexibility. These allow optimized alloy compositions and microstruc-
tures as well as novel topological structures and multilayer composites.
Selected examples for different hard and soft magnetic prototypes and
their performance will be presented.

MA 11.3 Mon 16:45 H38

Microscopic insights into the disorder induced phase tran-

sition in FeRh thin films — eBENEDIKT EcGERT!, ALEXAN-
DER ScHMEINK?®, Kay PoTzger?, JURGEN LINDNER?, JURGEN
FassBENDER?3, KATHARINA OLLEFs!, WERNER KrUNE!, RANTEJ

Bari?, and Heiko WENDE! — 1 Faculty of Physics and CENIDE, Uni-
versity of Duisburg-Essen, Germany — 2Helmholtz-Zentrum Dresden-
Rossendorf, Germany — 3Dresden University of Technology, Germany

By employing 57Fe conversion electron Méssbauer spectroscopy, we
qualitatively determined the changes of the microscopic Fe moment
of chemical disordered epitaxial B2-FeRh(001) thin films, where the
chemical disorder has been induced by ion irradiation with Ne®. Apart
from the initial magnetic splitting at 25.4 T an additional sextet contri-
bution arises with an hyperfine field of 27.4T. A comparison between
the structural disorder and the temperature induced phase transition
shows a similar change of the 57Fe hyperfine field as a function of the
macroscopic magnetisation. This gives an indirect indication, that the
metamagnetic phase transition proceeds via a defect-driven domain nu-
cleation of ferromagnetic domains in the antiferromagnetic matrix, as
it was suggested based on XPEEM and nano-XRD measurements along
the phase transition [1]. We would like to thank the Ion Beam Center
at Helmholtz-Zentrum Dresden-Rossendorf for providing the necessary
facilities and acknowledge the financial support by DFG (WE2623/17-
1).

[1] D. Keavney et al. Scientific Reports 8 1778 (2018)
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Location: H38

15 min. break

Invited Talk MA 114 Mon 17:15 H38
Compositionally graded films as model systems to study mag-
netic materials for energy applications — eNora DEMPSEY —
Univ. Grenoble Alpes, CNRS/UGA, Grenoble INP, Institut Néel,
Grenoble, France

Combinatorial thin film studies are being used for the screening and
optimization of a range of functional materials [1]. The basic idea
is to produce compositionally graded films, to allow high through-
put screening of materials properties as a function of composition, as
well as other processing parameters such as deposition temperature
and post-deposition annealing. In this talk I will present studies of
compositionally graded films of two types of magnetic materials of in-
terest for energy applications, namely hard magnetic materials and
magnetocaloric materials. Films were produced by sputtering asym-
metric targets. Composition variations were characterised using EDX
mapping while structural and magnetic characterisation was performed
with SEM, XRD and magnetometry. A scanning polar MOKE set-up
incorporating a bipolar pulsed magnetic field system capable of apply-
ing fields of up to 10 T was specifically developed for high throughput
magnetic characterisation of these compositionally graded films [2].
The relationship between processing parameters and structural and
magnetic properties will be presented.

[1] M. L. Green, I. Takeuchi, and J. Hattrick-Simpers, J. Appl. Phys.
113 (2013) 231101 [2] A. Dias, Gabriel Gomez, Dominique Givord, et
al., AIP ADVANCES 7 (2017) 056227

Invited Talk MA 11.5 Mon 17:45 H38
Dissecting the magneto-structural transformation in mate-
rials with first-order field-induced transitions — eKKoNSTANTIN
Skokov — Technische Universitdt Darmstadt, 64287 Darmstadt, Ger-
many

We report on a detailed study of the evolution occurring in the mag-
netic, electronic and structural subsystems of FeRh, La(FeSi)13, MnAs
and Heuslers alloys, when the materials pass through a first-order field-
induced transition. We have built a unique experimental setup which
allows us to investigate the correlation between changes occurring in
magnetization, magnetostriction, resistivity and the resulting magne-
tocaloric effect (MCE). The field-induced transitions from antiferro-
magnetic/paramagnetic to ferromagnetic states do not complete in
one single step, as is commonly assumed. In fact, there are some
well-distinguished and system dependent stages of the transition. In
some stages the increase of magnetization and resulting MCE is the
consequence of transformations taking place mainly in electronic sub-
systems containing carrying magnetic moment itinerant 3d electrons.
In other stages the transformation in the electronic and magnetic sub-
systems is the result of lattice expansion/contraction. We demonstrate
that it is possible to lock the sample in the intermediate state when the
lattice parameters relate to the antiferromagnetic/paramagnetic state
and the electronic structure and magnetization relate to the ferromag-
netic state.

The work was supported by funding from the European Research
Council (ERC), grant no. 743116 - project Cool Innov

MA 11.6 Mon 18:15 H38
Design of control field pulses to efficiently induce mag-
netic transitions oPavEL F. BrssaraB'? and GRzEGORz
Kwiarkowski'3 — University of Iceland, Reykjavik, Iceland —
2ITMO University, St. Petersburg, Russia — 3Immanuel Kant Baltic
Federal Uni- versity, Kaliningrad, Russia

Control of magnetization switching is of critical importance for the de-
velopment of novel, energy efficient magnetic memory devices. Tran-
sitions between stable magnetic states can follow various pathways
which are not equivalent in terms of efficiency and required time. In
this study, we propose a general theoretical approach to design exter-
nal field pulses for efficient switching between magnetic states. The
approach involves calculation of a minimum energy path (MEP) for
desired magnetic transition and systematic identification of the tem-
poral and spatial shape of the pulse needed to drive the system along
the MEP.

The approach is applied to the magnetization switching in the
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atomically-thin Fe nanowires on CuzN surface, a system that has pre-
viously been studied extensively in the laboratory [1]. Short nanowires
reverse their magnetization via coherent rotation which is induced by
applying a uniform magnetic field. Transitions in longer chains in-
volve nucleation and propagation of transient domain walls, for which
a localized, time-dependent pulse needs to be applied. Our results
demonstrate that efficient switching pulses can be predicted from first
principles, contributing to the development of low-power technologies.
[1] A. Spinelli et al., Nature Mater. 13, 782 (2014).

MA 11.7 Mon 18:30 H38
Computational Design of Heusler Alloys for Energy Applica-
tions — eNuNo M. ForruNaTO, QIANG GAO, INGO OPAHLE, OLIVER
GutrTFLEISCH, and HONGBIN ZHANG — Institute of Materials, TU
Darmstadt, Darmstadt, Germany

Heusler alloys are multi-functional materials with a wide range of po-
tential applications, among them permanent magnets and magnetic
refrigeration, which are relevant for energy efficient industrial and com-

mercial processes.

A great deal of experimental effort has been put into exploiting the
Heusler family’s large number of possible compositions and substitu-
tional disorder. To accelerate this search we perform a high-throughput
Density Functional Theory screening of material properties of stochio-
metric all-d-metal based Heuslers and MM’X (M=metal, X= main
group) hexagonal/orthorhombic compounds [2], looking at the stabil-
ity of the martensite and austenite phases.

Further, permanent magnet relevant properties like tetragonality,
magnetic anisotropy energy, saturation magnetization and Curie tem-
perature are calculated. We found 192 stable all-d-metal Heusler alloys
where the martensite is the lower energy phase, of which 44 are also
stable in the austenite. To elucidate the feasibility of these compounds
as magnetocaloric materials we look at the Bain path, magneto-volume
coupling [2], mechanical stability and interplay of magnetic and struc-
tural transition temperatures estimates.

[1] . A. Taubel et al., J. Phys. D: Appl. Phys 51, 464005 (2017);

[2] . J.D. Bocarsly, et al., Chem. Mater. 29, 1613 (2017);

MA 12: Spincaloric transport

Time: Monday 17:15-18:30

MA 12.1 Mon 17:15 H53
Magneto-thermoelectronic properties of Weyl semimetal
Co2MnGa thin films — eH. ReicuLoval, R. Scuuirz!, S.
Beckert!, P. Swekis 2, A. Markou?, Y. C. Cuenc?, D.
KrIEGNER?, S. FaBreTTI', G. H. Parx®%, A. NiEmann®, S.
SupHEENDRA®, A. Tuomas?, K. NieLscu®?4, C. FeLser?, and S.
GoENNENWEIN! — !Institut fiir Festkorper- und Materialphysik, Tech-
nische Universitit Dresden, Germany — 2MPI CPfS, Dresden, Ger-
many — SIFW Dresden, Institute for Metallic Materials, Germany —
4Technische Universitit Dresden, Institute of Materials Science, Ger-
many

The non-trivial topology of the band structure of Weyl semimetals
leads to unexpected magneto-thermoelectronic transport phenomena.
A promising Weyl semimetal is the ferromagnetic Heusler compound
CoaMnGa with the Fermi energy in the vicinity of the Weyl nodes.
Here we report the observation of a record large anomalous Nernst
coefficent -2V /K in CooMnGa thin films [1]. We will discuss the pro-
cedure for the quantitative determination of the thermal gradient and
address potential artifacts potentially impacting the anomalous Nernst
coefficient. Comparing the magnitude of the anomalous Nernst coef-
ficient in CosMnGa films of different thickness, we conclude that the
microscopic origin of the anomalous Nernst effect in CogMnGa is com-
plex and contains contributions from the intrinsic Berry phase and
surface states. [1] Reichlova et al., APL 113, 212405 (2018)

MA 12.2 Mon 17:30 H53
Spin Seebeck Effect in Noncollinear Antiferromagnets —
eRoBIN R. NEUMANN!, ALEXANDER Mook!, JorcEN HEeNk!, and
INGRID MERTIG2 — Mnstitut fiir Physik, Martin-Luther-Universitét,
D-06120 Halle — 2Max-Planck-Institut fiir Mikrostrukturphysik, D-
06120 Halle

Applying a temperature gradient to a magnetic insulator results in a
magnonic spin current response, a phenomenon that goes under the
name “spin Seebeck effect” (SSE). To date the SSE has been measured
in ferromagnets/ferrimagnets [1] or in collinear antiferromagnets in an
external magnetic field [2]. However in zero field the SSE vanishes in
collinear antiferromagnets [2] whereas noncollinear antiferromagnets
exhibit a SSE, which we demonstrate theoretically by reference to the
kagome antiferromagnet potassium iron jarosite. Our findings suggest
to replace ferromagnets by antiferromagnets as the spin-active parts
of next-generation spincaloritronic devices.

[1] Uchida et al., Nat. Materials 9, 894-897 (2010).
[2] Wu et al., PRL 116, 097204 (2016).

MA 12.3 Mon 17:45 H53
Anomalous Nernst effect in magnetic tunnel junctions: A
concept for direction dependent temperature sensing — UL-
RIKE MARTENs!, TorsTEN HUEBNER2?, HENNING ULRICHS®, OLIVER
RemEeR?, Timo KuscHeL?, RoNNIE TaMmMmiNGg?, Cuia-LiN CHANG?,
RaaNAN Tosey?, Anpy THOMAS®, MARKUS MUNZENBERG!, and

eJakoB WaLowski! — Universitit Greifswald, Greifswald, Germany
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Location: H53

— 2Bielefeld University, Bielefeld, Germany — 3Universitat Gottin-
gen, Gottingen, Germany — *University of Groningen, Groningen,
The Netherlands — SIFW Dresden, Institute for Metallic Materials,
Dresden, Germany

CoFeB/MgO based magnetic tunnel junctions (MTJs) exhibit a large
tunnel magnetoresistence effect due to a high spin polarization given
by the material combination. This enables information storage based
on the magnetization state. Replacing the voltage as a driving force
for the spin polarized currents by temperature gradients opens up new
functionalities for these devices. By applying a homogeneous tempera-
ture gradient across the tunnel barrier, the tunneling magneto-Seebeck
effect (TMS) can be used as a readout method, because the generated
voltage is magnetization dependent. Inhomogeneous temperature gra-
dients generate additional thermomagnetic effects, which have an im-
pact on the TMS. Those effects, e.g. the anomalous Nernst effect
(ANE), can be extracted by systematically changing the temperature
gradient direction and measuring the TMS. We demonstrate, that an-
alyzing the ANE with respect to the temperature gradient directions,
allows for direction dependent temperature sensing.

MA 124 Mon 18:00 H53
Thermal Hall Effect in Noncollinear Coplanar Insulating An-
tiferromagnets — eALEXANDER Mook!, JUrRGEN HENk!, and IN-
GRID MERTIG!? — lInstitut fiir Physik, Martin-Luther-Universitét,
D-06120 Halle — 2Max-Planck-Institut fiir Mikrostrukturphysik, D-
06120 Halle

Recently, it was predicted and demonstrated that antiferromagnets can
exhibit an anomalous Hall effect [1], which was traditionally ascribed to
ferromagnets. Here, we show that insulating antiferromagnets can ex-
hibit a thermal Hall effect due to their collective magnetic excitations,
magnons. The two necessary requirements for the existence of this Hall
effect are: (i) the breaking of an effective time-reversal symmetry and
(i) a magnetic point group compatible with ferromagnetism. Since the
latter does not imply the actual presence of ferromagnetism, antiferro-
magnets with sufficiently low symmetry may meet both requirements.
Such antiferromagnets are realized, for example, on the kagome lattice
in the inverse vector chiral magnetic phase, as it occurs approximately
in cadmium kapellasite [2].

[1] Chen et al., PRL 112, 017205 (2014); Kiibler, Felser, EPL, 108,
67001 (2014); Ajaya et al., Science Advances 2, €1501870 (2016).
[2] Okuma et al., PRB 95, 094427 (2017).

MA 12.5 Mon 18:15 H53
Impact of magnetic moment and anisotropy of Coj;_xFex
thin films on the magnetic proximity effect of Pt — Pana-
crota BouaiarioTi', OrEsTis MaNos!, OLca KuscHEL?, JoAcHIM
WoLLscHLAGER?, MARTIN ToLkIEHN3, Sonia Francouar3, and
eTmmo KuscHEL! — !Center for Spinelectronic Materials and De-
vices, Bielefeld University, Germany — 2Center of Physics and Chem-
istry of New Materials, Osnabriick University, Germany — 2Deutsches
Elektronen-Synchrotron DESY, Hamburg, Germany
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We have investigated the magnetic proximity effect in Pt depending on
the magnetic moment and anisotropy of adjacent metallic ferromag-
netic films by x-ray resonant magnetic reflectivity at the Pt absorption
edge (11565 eV) [1]. For Pt on different ferromagnetic metals such as
Nii_xFex [2] and Coi_xFex [3], we observe a linear dependence be-
tween the Pt magnetic moment and the moment of the adjacent ferro-
magnet. The largest Pt magnetic moment of (0.7240.03) pup per spin
polarized Pt atom has been detected in Pt/Cog.33Feq.¢7 [3]. In addi-
tion, the Pt magnetic moment clearly follows the magnetic anisotropy

of the ferromagnet below. This has been studied for Pt on Fe(001)
and on Cog.5Feq.5(001) with 45° rotated fourfold magnetocrystalline
anisotropy as checked by magnetooptic Kerr effect [3]. In future work,
the interplay of spin caloritronic and thermoelectric effects in these
all-metallic bilayers will be explored.

[1] T. Kuschel et al., Phys. Rev. Lett. 115, 097401 (2015)

[2] C. Klewe et al., Phys. Rev. B 93, 214440 (2016)

[3] P. Bougiatioti et al., arXiv:1807.09032

MA 13: Frustrated Magnets - General 1 (joint session TT/MA)

Time: Tuesday 9:30-13:00

MA 13.1 Tue 9:30 Theater
Ground state properties of the sawtooth chain — e ALEXANDROS
MEeTaviTsiapis and WoLFRAM BRENIG — Institute for Theoretical
Physics, TU Braunschweig, 38106 Braunschweig, Germany

Recent experimental and theoretical studies on the natural mineral
Atacamite [CuzCl(OH)3| have revealed that it might be one of the few
true cases where a sawtooth chain, a minimal one-dimensional frus-
trated system, is materialized. Prompted by these recent results, we
revisit the low energy properties of the sawtooth chain presenting a
comprehensive theoretical study of its ground state properties using
numerical techniques (full diagonalization, Lanczos, and matrix prod-
uct states), as well as analytical field theory calculations.

MA 13.2 Tue 9:45 Theater

Magnetization plateau in the frustrated quantum sawtooth
chain atacamite, CuCI(OH)3; — eLroniE Hrinze!, Xiaxin
Ding2, VIVIEN ZaAPF?, FRANZISKA WEICKERT?, MARCELO JAIMEZ,
GaBL BasTiEN3, ANja U.B. WoLTER?, MANFRED REEHUIS?, JENS-
Uwe Horrmann?, RaLr FEyERHERM?, DiIRk MEeNzEL!, KirRILY C.
RuLe®, and STEFAN StiLLow! — TPKM, TU Braunschweig, Braun-
schweig, Germany — 2NHMFL, Los Alamos, USA — 3IFW Dresden,
Dresden, Germany — 4HZB, Berlin, Germany — 5ANSTO, Kirrawee,
Australia

The frustrated nature of the quantum magnet atacamite, Cua C1(OH)3,
is displayed by its magnetic properties [1]. Band structure calculations
[2] suggest that the magnetic coupling scheme can essentially be under-
stood in terms of a quantum sawtooth chain with a dominant coupling
along the chain of about J; ~ 100K, and a secondary coupling about
Ja ~ 30K.

Here, we present new insights into the magnetic phase diagram of
atacamite. We discuss the long-range ordered magnetic ground state
below TN = 8.6 K and present high field magnetization data revealing
a 1/2-magnetization plateau. Magnetic saturation is estimated to be
attained in fields between 75 to 80 T.

[1] L. Heinze, et al., Physica B 536, 377 (2018)
[2] H. O. Jeschke and R. Valenti, private communication.

MA 13.3 Tue 10:00 Theater
Phase diagram of the pseudo-Kagome francisite
Cu3Bi(Se03)202Cl studied by high-resolution dilatometry
— oSVEN SpACHMANN!, LiraN Wanc!, ALEXANDER VasILIEVZ, and
RuDIGER KLINGELER! — 'Kirchhoff Institute for Physics, Heidelberg,
Germany — 2Lomonosov Moscow State University, Moscow, Russia

Single  crystals of the layered Kagome-like francisite
Cu3Bi(Se03)202Cl have been studied by high-resolution thermal
expansion and magnetostriction as well as by bulk magnetization
measurements. At B = 0 T, in addition to a well-known structural
phase transition at 7y = 120 K, long range antiferromagnetic order
of the ferromagnetically coupled layers develops around T = 26.4 K.
The ordering is associated with pronounced anomalies in the uniaxial
thermal expansion coefficients. Magnetic fields yield a suppression of
Tn. In plane, a sign change of the uniaxial pressure dependencies (at
B > 2 T for B||a) signals a change in the nature of the phase transition.
At T = 2 K, metamagnetic transitions are observed for B parallel to
the (in-plane) a-, b-, and (out-of-plane) c-axes at Bc = 5.4 T, 1.6 T,
and 0.9 T, respectively. The transitions are associated with sharp mag-
netization jumps. The magnetic phase diagram for all three crystal
axes is constructed and discussed.

MA 13.4 Tue 10:15 Theater
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Magnetic excitations in the correlated paramagnetic state of
the frustrated quantum antiferromagnet Csp;CuCly — eBERND
WoLr, PauL EiBiscH, LaArs PosTuLkA, FrRANZ RITTER, CORNELIUS
KRELLNER, and MIcHAEL LaANG — Physikalisches Institut, Goethe
Universitat, SFB/TR49, D-60438 Frankfurt (M)

We present a magnetoelastic investigation of the frustrated triangular-
lattice S = 1/2 antiferromagnet Cs2CuCly by studying the longitudinal
modes c11, c22 and c33. The measurements were performed in mag-
netic fields up to 10 T and down to 0.032 K to cover the the long range
order and the spin-liquid regime. At the lowest temperatures of our
experiment the field dependence of the c33 mode can be well described
using a Landau free energy model which combines the elastic constant
with the magnetic susceptibility data, measured independently. From
fits to the experimental c3z3 data we obtain a very small magnetoe-
lastic coupling constant G/kp = 2.8 K for CsaCuCly consistent with
the results of susceptibility measurements under hydrostatic pressure.
Remarkably, we find that the classical approach provides an excellent
description of the data at lowest temperatures, i.e., close to the puta-
tive quantum critical point at B = 8.5 T of this material. However,
at somewhat higher temperatures, there are deviations between the
experimental data and the theoretical curves. At these temperatures
we also observe anomalies in the ultrasonic attenuation o and x”/, the
imaginary part of the magnetic susceptibility. We discuss these losses
with respect to the peculiarities of the magnetic excitation spectrum
for this low dimensional spin system.

MA 13.5 Tue 10:30 Theater
Thermodynamics of the 2D S 1/2 Shastry-Sutherland
Model and SrCuz(BO3)2 — ALEXANDER WIETEK!, PHILIPPE
CorBoz?, FrEpERIC MiLa®, BRucE NorRMAND?, STEFAN WESSEL®,
and e ANDREAS HONECKER® — 1Center for Computational Quantum
Physics, Flatiron Institute, New York, USA — 2Institute for Theo-
retical Physics and Delta Institute for Theoretical Physics, University
of Amsterdam, The Netherlands — 3Institute of Physics, Ecole Poly-
technique Fédérale de Lausanne (EPFL), Switzerland — *Laboratory
for Neutron Scattering and Imaging, Paul Scherrer Institute, Switzer-
land — SInstitut fiir Theoretische Festkérperphysik, RWTH Aachen
University, Germany — Laboratoire de Physique Théorique et Mod-
élisation, Université de Cergy-Pontoise, France

Reliable computation of the low-temperature thermodynamic proper-
ties of highly frustrated quantum magnets such as the 2D S = 1/2
Shastry-Sutherland model is a considerable challenge. Notwithstand-
ing recent progress with QMC simulations in the dimer basis, the pa-
rameter regime relevant to SrCuz(BO3s)2 has remained inaccessible
[1]. Here we present accurate results obtained from two other meth-
ods, namely Thermal Pure Quantum (TPQ) states and infinite Pro-
jected Entangled Pair States (iPEPS). We observe the emergence of a
low-temperature peak in the specific heat C' and relate it to the large
number of bound states that emerge close to the first-order transition
from the dimer to the plaquette phase.

[1] S. Wessel, I. Niesen, J. Stapmanns, B. Normand, F. Mila, P. Corboz,
A. Honecker, Phys. Rev. B 98, 174432 (2018)

MA 13.6 Tue 10:45 Theater
Theory of the intermediate phase of SrCu(BOs3)2 under
pressure — oCAROLIN Boos™2, ScueLro Crone3, Ipo NIESENS,
PumLippE Corboz?, FREDERIC MiLa2, and Kar PuiLLip ScHMIDT!
— 1FAU Erlangen-Niirnberg, Germany — 2EPF Lausanne, Switzer-
land — 3University of Amsterdam, Netherlands

Building on the NMR evidence that two different Cu sites are present in
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the intermediate phase of SrCuz(BO3)2 under pressure, we investigate
the nature of the intermediate phase in an orthorhombically distorted
Shastry-Sutherland model. We show that a few percent difference be-
tween nearest-neighbor couplings is sufficient to destabilize the plaque-
tte phase in favor of a one-dimensional phase in which bonds around
half the full plaquettes become stronger. This phase is adiabatically
connected to the Haldane phase that is stabilized when next-nearest
neighbor couplings take different values, and the excitations in this
one-dimensional phase are shown to agree qualitatively with neutron
scattering results.

MA 13.7 Tue 11:00 Theater
Electron spin resonance studies on the frustrated tripod-
Kagome compound Mg>Gd3Sb3z014 — eCHRIsTOPH WELLMZ,
JuLiaAN ZrisNER'2, Minar StTurzal, GABL BasTiEN'2, SEBASTIAN
Gass!, Ansa U.B. Worrer!, BERND BtcuNER!2, and VLADISLAV
Katagv! — lLeibniz Institute for Solid State and Materials Re-
search IFW Dresden, D-01171 — 2Institut fiir Festkorper-und Ma-
terialphysik, TU Dresden, D-01062

As an example of a class of geometrically frustrated magnetic systems,
the so-called tripod Kagome materials have been suggested as an inter-
esting target of experimental investigation due to the frustrated nature
and the question of dimensionality of the magnetic interactions. In our
work we performed high-field electron spin resonance measurements on
a powder sample of MgaGd3Sb30O14, a representative of a quasiclassi-
cal Heisenberg magnet, where the effect of spin-orbit coupling of Gd3+
ions vanishes to first order. Measurements were conducted over a fre-
quency range of 70-420 GHz and temperatures ranging from 3-50 K.
The Gaussian lineshape is consistent with a model of dominant dipolar
spin-spin interactions, while the growing asymmetry of the lineshape
upon decrease of temperature signifies an increase of an effective inter-
nal field, an indication of increasing short-range spin-spin-correlations.
Such a behavior is typical for frustrated systems, making our studies
one of the first to reveal such significant features in this family of mate-
rials. Furthermore, temperature dependent critical broadening of the
linewidth and increase of the internal field strength provide insights
into the dimensionality of the spin-spin correlations.

15 min. break.

MA 13.8 Tue 11:30 Theater
Frustrated magnetism of S=5/2 moments on a coupled
triangular lattice in CszFesBrg — eDaNIEL BrONING!, To-
BIAs FRrROHLICH!, MarRkUs BRaDEN!, LapisLav BouaTv2, PETRA
Becker?, and THomAs Lorenz! — 11I. Physikalisches Institut, Uni-
versitit zu Koln, Deutschland — 2Abteilung Kristallographie, Institut
fiir Geologie und Mineralogie, Universitat zu Koln, Deutschland

Cs3FegBrg is a hexagonal material consisting of Fe3t ions with S=5/2
in face-sharing FeaBrg bi-octahedra, which form hexagonal double lay-
ers of the Fe ions. The triangular arrangement of the magnetic ions
in the individual layers causes magnetic frustration. The type of mag-
netic ground state depends on the ratio between the magnetic exchange
couplings: the intradimer coupling J, the intralayer (or in-plane) cou-
pling Jp, and the interlayer coupling J.. The magnetic ground state of
CssFeaBrg is not a singlet-dimer state as in isostructural Cs3zCraBrg
and Cs3CraClg, but there is evidence for antiferromagnetic order with
Tn = 13.5 K. However, our measurements up to 17 T on large single
crystals reveal a very unusual magnetic field vs. temperature phase
diagram. For an in-plane field, we find linear M(H) curves, whereas a
field Hl|c causes multiple phase transitions including a magnetization
plateau of 1/3 Mgqt = 10up. Neutron diffraction resolved the mag-
netic structure of two phases which indicate an increasing intralayer
coupling. Additionally, we present pulsed-field magnetization measure-
ments revealing further transitions, before reaching saturation around
40 T for Hlc.
This work was supported by the DFG through CRC 1238.

MA 13.9 Tue 11:45 Theater
Importance of biquadratic exchange for a new Ni-based quan-
tum magnet of frustrated S = 1 isolated spin-triangles —
B Lenz!, S CHaTTOPADHYAY?, S KaNUNGO?, NA SusHiLa?, S K
Panpal, S BierMANN'S, W ScuNELLE®, K MaNNA?, R KATARIAY,
M UnLARz?, Y SKoOURSKI?, S A ZvvaciN?2, A PoNomMmaRrvyov?, T
HERRMANNSDORFER?, R Parra*, and J Wosnitza?7 — 1CPHT,
Ecole Polytechnique, Palaiseau, France — 2Dresden High Magnetic
Field Laboratory (HLD-EMFL), HZDR, Germany — 2School of Phys-
ical Sciences, IIT Goa, India — 4Department of Chemistry and Cen-
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tre for Advanced Studies in Chemistry, Panjab University, India —
5Collége de France, Paris, France — SMax Planck Institute for Chem-
ical Physics of Solids, Dresden, Germany — Institut fiir Festkdrper-
und Materialphysik, TU Dresden, Germany

The new metal-organic framework BHAP-Ni3 is comprised of essen-
tially isolated spin-1 triangle centers, which renders this quantum mag-
net an ideal system to study the magnetism of a frustrated spin-triangle
unit. Pulsed-field magnetometry and AC-susceptibility measurements
of single-crystalline samples allow to identify a disordered magnetic
ground state and a peculiar pronounced 2/3 magnetization plateau
between 7T and 20T. Here, we show how theoretical modeling guided
by ab initio calculations identifies the interplay of Heisenberg and bi-
quadratic spin-spin interactions to be responsible for the stabilization
of an exotic state that manifests itself in form of the 2/3 magnetization
plateau.

MA 13.10 Tue 12:00 Theater
Estimating the density of states of frustrated spin systems —
eMAaRTIN WEIGEL!, LEv Barasn?, JEFFREY MaARsSHALL?, and ITay
Hen3 — Applied Mathematics Research Centre, Coventry Univer-
sity, Priory Street, Coventry, CV1 5FB, UK — 2Landau Institute for
Theoretical Physics, 142432 Chernogolovka, Russia — 3Department
of Physics and Astronomy, and Center for Quantum Information Sci-
ence & Technology, University of Southern California, Los Angeles,
California 90089, USA

Estimating the density of states of systems with rugged free energy
landscapes is a notoriously difficult task of the utmost importance in
many areas of physics ranging from spin glasses to biopolymers. Den-
sity of states estimation has also recently become an indispensable
tool for the benchmarking of quantum annealers when these function
as samplers. Some of the standard approaches suffer from a spurious
convergence of the estimates to metastable minima, and these cases are
particularly hard to detect. Here, we introduce a sampling technique
based on population annealing enhanced with a multi-histogram anal-
ysis and report on its performance for spin glasses. We demonstrate its
ability to overcome the pitfalls of other entropic samplers, resulting in
some cases in orders of magnitude scaling advantages that can result
in the uncovering of new physics. To do that we devise several schemes
that allow us to achieve exact counts of the degeneracies of the tested
instances.

MA 13.11 Tue 12:15 Theater
Ground states of the transverse-field long-range Ising model
on infinite-cylinder triangular lattices — eJaN KozioL, SEBAS-
TIAN FEY, and Kar PuiLLip ScuMIDT — Lehrstuhl fiir Theoretische
Physik I, Staudtstrafe 7, Universitdt Erlangen-Nirnberg, D-91058 Er-
langen, Germany

To gain a better understanding of the interplay between frustrated
long-range interactions and zero-temperature quantum fluctuations,
we investigate the ground-state phase diagram of the transverse-field
Ising model with algebraically-decaying long-range Ising interactions
on quasi one-dimensional infinite-cylinder triangular lattices. Techni-
cally, we apply various approaches including low-field and high-field
series expansions. For the classical long-range Ising model, we investi-
gate cylindric triangular lattice configurations, i.e. a triangular lattice
with an even finite length periodic boundary condition (4 — 40 lattice
sites) in one direction and infinite extension in the other direction. We
show the occurrence of new columnar-ordered phases differing from
the infinitely degenerate nearest-neighbour Ising ground-state mani-
fold on the two-dimensional triangular lattice. The existence of these
columnar phases is connected to the long-range nature of the Ising
interaction. For the full quantum model, we concentrate on cylinders
with extensions four and six. The ground-state phase diagram consists
of several quantum phases in both cases including a polarised phase,
columnar-ordered phases, and ordered phases which emerge from an
order by disorder scenario already present in the nearest-neighbour
model.

MA 13.12 Tue 12:30 Theater
Quantum-criticality in two-dimensional transverse-field Ising
models with frustrated long-range interactions — eSEBASTIAN
FEv, SEBASTIAN C. KAPFER, and Ka1r P. ScumipT — FAU Erlangen-
Niirnberg, Germany

Quantum-critical behavior is found in many quantum systems dis-
playing universal properties such as critical exponents. In the past,
most investigations of strongly correlated quantum many-body sys-
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tems have tackled short-range interactions because long-range inter-
acting systems are notoriously difficult to treat. Nevertheless, impor-
tant examples of long-range interactions exist in nature, e.g. dipolar
interactions in spin ice or long-range forces between cold atoms in op-
tical lattices. Here, we present results for the frustrated long-range
transverse-field Ising model (Ir'TFIM) with antiferromagnetic interac-
tions on two-dimensional lattices obtained via linked-cluster expan-
sions extended by classical Monte-Carlo integrations. It is found that
the nature of the phase transition crucially depends on the lattice
geometry: On the square lattice, the I'TFIM remains in the nearest-
neighbor universality class for all algebraically-decaying interactions
studied. In contrast, on the triangular lattice, the nature of the quan-
tum phase transition changes from 3D XY universality to a first-order
transition due to the presence of a stripe-ordered phase for very slowly-
decaying Ising interactions.

MA 13.13 Tue 12:45 Theater
Magnetism of the N = 42 kagome lattice antiferromagnet —
eJURGEN ScHNACK!, JOrRG SCHULENBURGZ, and JOHANNES RICHTER?
— 1Fakultét fiir Physik, Universitdt Bielefeld, Postfach 100131, D-
33501 Bielefeld, Germany — 2Universitatsrechenzentrum, Universitit

Magdeburg, D-39016 Magdeburg, Germany — 3Institut fiir Physik,
Universitat Magdeburg, P.O. Box 4120, D-39016 Magdeburg, Germany
and Max-Planck-Institut fiir Physik Komplexer Systeme, Nothnitzer
Strafse 38, 01187 Dresden, Germany

For the paradigmatic frustrated spin-half Heisenberg antiferromagnet
on the kagome lattice we performed large-scale numerical investiga-
tions of thermodynamic functions by means of the finite-temperature
Lanczos method for system sizes of up to N = 42 [1]. We present the
dependence of magnetization as well as specific heat on temperature
and external field and show in particular that a finite-size scaling of
specific heat supports the appearance of a low-temperature shoulder
below the major maximum. This seems to be the result of a counterin-
tuitive motion of the density of singlet states towards higher energies.
Other interesting features that we discuss are the asymmetric melting
of the 1/3 magnetization plateau as well the field dependence of the
specific heat that exhibits characteristic features caused by the exis-
tence of a flat one-magnon band. By comparison with the unfrustrated
square-lattice antiferromagnet the tremendous role of frustration in a
wide temperature range is illustrated.

[1] Phys. Rev. B 98, 094423 (2018)

MA 14: INNOMAG e.V. Dissertationspreis 2019 / Ph.D. Thesis Prize

Die Arbeitsgemeinschaft Magnetismus der DPG hat einen Dissertationspreis ausgeschrieben, welcher
auf der Friithjahrstagung der DPG 2019 in Regensburg vergeben wird. Ziel des Preises ist die Anerken-
nung herausragender Forschung im Rahmen einer Promotion und deren exzellente Vermittlung in Wort
und Schrift. Im Rahmen dieser Sitzung tragen die besten der fiir ihre an einer deutschen Hochschule
durchgefiihrten Dissertation Nominierten vor. Im direkten Anschluss entscheidet das Preiskommittee
iiber den Gewinner des INNOMAG e.V. Dissertationspreises 2019. Talks will be given in English!

Time: Tuesday 9:30-11:30

MA 14.1 Tue 9:30 H48
Spin-charge coupled transport in two- and three-dimensional
Rashba systems — eSEBASTIAN T'OLLE — Institute of Physics, Uni-
versity of Augsburg, 86135 Augsburg, Germany

Recent progress in the theoretical description of two- and three-
dimensional systems with Rashba spin-orbit coupling is described.
Based on a Boltzmann-like quasiclassical approach, the transport equa-
tions are derived and applied to the following three - experimentally
relevant - setups. First, a generalization of the spin-motive force due
to a proximity induced magnetization in a quasi two-dimensional elec-
tron gas is derived, highlighting, in particular, a novel ’inverse-spin-
filter’ contribution as the result of a consistent treatment of spin-orbit
contributions to the Elliott-Yafet collision operator [1]. Second, a two-
dimensional Rashba system laterally attached to a ferromagnet is con-
sidered. In this setup, current-induced spin-polarizations significantly
affect the boundary conditions at the interface, leading to a non-trivial
asymmetric magnetization-dependence of the magnetoresistance [2].
In the third setup, the Rashba system is extended to the third dimen-
sion and placed on top of a ferromagnetic insulator. Several qualita-
tive features of related experiments are reproduced. In particular, it
is shown that the anisotropy of the spin relaxation, enhanced due to
the mass anisotropy, plays a major role for the interpretation of the
observed signals [3].

[1] S. Tolle et al., Phys. Rev. B 95, 115404 (2016).

[2] S. Télle et al., Ann. Phys. (Berlin) 530, 1700303 (2018).

[3] S. Télle et al., New J. Phys. 20, 103024 (2018).

MA 14.2 Tue 10:00 H48
Spin-Orbit-Induced Dynamics of Chiral Magnetic Structures
- Skyrmion Dynamics in Thin Film Devices at Varying
Temperatures — eKar Litzius — Institute of Physics, Johannes
Gutenberg-University, 55099 Mainz, Germany — Graduate School of
Excellence Materials Science in Mainz, 55128 Mainz, Germany — Max
Planck Institute for Intelligent Systems, 70569 Stuttgart, Germany

Magnetic skyrmions are nanoscale magnetic quasi-particles with spher-
ical topology. They are promising candidates for future spintronic
devices such as the skyrmion racetrack memory. Interfacial systems,
as studied here, cannot only provide a Dzyaloshinskii-Moriya interac-
tion that stabilizes skyrmions, but also efficient spin dynamics, making
them extremely promising for applications. This talk will provide an
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overview over the progress within the field of skyrmionics during the
past four years. Special focus will be placed on the discovery of a siz-
able and drive dependent skyrmion Hall angle (SkHA) and the different
theoretical models that have been put forward for the creep [1,2] and
viscous flow [3] regime to explain this behavior. By X-ray microscopy
with temperature control, we find that the underlying mechanism of
the SKHA is independent of the temperature and identify the different
mechanisms that lead to distinctly different angles in the creep and
the flow regimes. Furthermore, we find highly temperature dependent
skyrmion speeds and that higher temperatures are beneficial for effi-
cient skyrmion motion. References: [1] Jiang et al., Nat. Phys. 13,
162-169 (2017). |2] Reichhardt & Reichhardt, New J. Phys. 18, 095005
(2016). [3] Litzius et al., Nat. Phys. 13, 170-175 (2017).

MA 14.3 Tue 10:30 H48
Topological properties of complex magnets from an ad-
vanced ab-initio Wannier description — eJAN-PHILIPP HANKE
— Peter Griinberg Institut and Institute for Advanced Simulation,
Forschungszentrum Jiilich and JARA, D-52425 Jiilich

Our understanding of many fundamental effects in solids has been rev-
olutionized by the advent of Berry phases [1|. In particular, the recent
discovery that Berry phases in momentum space relate to orbital elec-
tronic properties allows us to predict from theoretical arguments pro-
nounced orbital magnetism in various situations, ranging from Rashba
systems to Chern insulators [2-4]. We demonstrate that the combined
complex geometry of real and momentum space manifests in topo-
logical orbital magnetism in non-collinear magnets, which offers new
avenues for magnetization manipulation and large current-induced or-
bital responses in antiferromagnets [2,3]. By developing and applying
advanced ab-initio methods [5,6], we finally predict that in insulators
with non-trivial topologies the magnitude of magneto-electric effects
in terms of spin-orbit torques can significantly exceed that of conven-
tional metallic magnets, which lays out highly attractive perspectives
for energy-efficient magnetization control of nanomagnets [7].

[1] M. Berry, Proc. R. Soc. Lond. A 392, 45 (1984). [2]| J.-P. Hanke
et al, Phys. Rev. B 94, 121114(R) (2016). [3] J.-P. Hanke et al, Sci.
Rep. 7, 41078 (2017). [4] D. Go, J.-P. Hanke et al, Sci. Rep. 7, 46742
(2017). [5] J.-P. Hanke et al, Phys. Rev. B 91, 184413 (2015). [6]
J.-P. Hanke et al, J. Phys. Soc. Jpn. 87, 041010 (2018). [7] J.-P.
Hanke et al, Nature Comm. 8, 1479 (2017).
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MA 14.4 Tue 11:00 H48
Making Magnonic Spin Currents useful - propagation, ma-
nipulation and detection — eJoEL CrRAMER — Institut fiir Physik,
Johannes Gutenberg-Universitat Mainz, Mainz, Germany — Graduate
School of Excellence Materials Science in Mainz, Mainz, Germany

Magnon-based spintronic applications enable a promising alternative
to charge-driven devices for information transport and processing [1].
I discuss different key aspects of magnon spintronics necessary to func-
tionalize such spin currents. First, the efficient interconversion of spin
and charge information by the (inverse) spin Hall effect in the binary
alloy Cui_zIry [2] is demonstrated. In this material, the spin Hall
effect exhibits a complex composition dependence with a maximum
spin Hall angle near 40% Ir content. I will further compare and show

that DC and THz spin currents exhibit similar behavior, revealing the
functionality of spin-charge conversion up to THz speeds. Regard-
ing magnon logic as a key feature of magnon spintronics, the spin-
dependent (inverse) spin Hall effect in metallic ferromagnets like Co or
CogoFe20Bog is demonstrated. In ferromagnetic resonance spin pump-
ing [3] and non-local spin transport [4] measurements, it is shown that
the spin detection efficiency strongly depends on the angle between
that ferromagnet’s magnetization and the spin current polarization.
The distinct properties of spin-up and spin-down electrons in the fer-
romagnet allow one to implement a spin valve like effect using magnon
detection with an amplitude of up to 120%. [1] Chumak et al., Nat.
Phys. 11, 453 (2015) [2]| Cramer et al., Nano Lett. 18, 1064-1069
(2018) [3] Cramer et al., Nat. Commun. 9, 1089 (2018) [4] Cramer et
al., arXiv:1810.01227 (2018)

MA 15: Magnetism Poster A

Time: Tuesday 10:00-13:00

MA 15.1 Tue 10:00 Poster E
Asymmetric Skyrmion Hall Effect in Systems with Hybrid
Dzyaloshinskii-Moriya Interaction — Kyounc-WHaN Kimb2,
Kyounag-WoonG Moon3, Nico KErRBER!#, eJoNAs NOTHHELFER',
and KARIN EVERscHOR-SITTE! — !Institute of Physics, JGU Mainz,
Germany — 2Center for Spintronics Korea Institute of science and
Technology, Korea — 3Spin Convergence Research Team, KRISS Dae-
jeon, Korea — *Graduate School MAINZ, Staudinger Weg 9, Mainz,
Germany

We demonstrate that magnetic skyrmions can move along the direction
of a current without showing a skyrmion Hall effect in ferromagnetic
thin films that are subject to both structural and bulk inversion asym-
metry.[1] In such systems, a hybrid type of the Dzyaloshinskii-Moriya
interaction (DMI) arises as a mixture of interfacial and bulk DMIs.
We discuss the current-induced skyrmion dynamics and find that the
spin-orbit-torque-induced skyrmion Hall angle is asymmetric for the
two different skyrmion polarities, even allowing one of them to be
tuned to zero. Our results can be understood within a simple picture
by using a global spin rotation which maps the hybrid DMI model
to an effective model containing purely interfacial DMI. In this sense,
the formalism directly reveals the effective spin torque and effective
current acting on systems with a hybrid DMI. We propose several ex-
perimental ways to achieve the necessary straight skyrmion motion for
racetrack memories, even without any interaction with another mag-
net or an antiferromagnet. [1] K-W. Kim, K-W. Moon, N. Kerber, J.
Nothhelfer, K. Everschor-Sitte, Phys. Rev. B 97, 224427 (2018)

MA 15.2 Tue 10:00 Poster E
Hall effect and magnetoelectric effect in systems with toroidal
order — eOLIVER Buscu!, Borce G6BEL?, and INGRID MERTIG!?
— Mnstitut fiir Physik, Martin-Luther-Universitit, D-06120 Halle —
2Max-Planck-Institut fiir Materialforschung, D-06120 Halle

In systems that exhibit a toroidal moment the magnetoelectric effect
arises due to antisymmetric time or space inversion symmetry [1]. The
Hall effect and the magnetoelectric effect have already been predicted
in metals without local inversion symmetry, described by a effective
tight-binding model [2].

We examine a square-octagon lattice with regard to Hall effect and
magnetoelectric effect based on a full sp-tight-binding model. Our
model includes the description of coupling to the magnetic texture
that causes toroidal order, spin-orbit coupling and sp-hybridization.
We confirmed an asymmetric shift of the band structure in the direc-
tion of the toroidal moment that changes to a symmetric shift, if there
is just sp-hybridization and spin-orbit coupling, but no toroidal order.

Breaking the combined T'I-symmetry yields the topological Hall ef-
fect without spin-orbit coupling resp. the anomalous Hall effect in
combination with spin-orbit coupling. Furthermore we show that the
system gives rise to a transverse magnetoelectric Hall effect that van-
ishes for non toroidal order e.g. flux order. Last but not least we
analyse the connection of the asymmetric shift and the magnetoelec-
tric effect.

[1] N. Spaldin et al., J. Phys.: Condens. Matter 20, 434203 (2008).
[2] S. Hayami et al., Phys. Rev. B 90, 024432 (2014).

MA 15.3 Tue 10:00 Poster E
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Electrical writing, deleting, reading, and moving of mag-
netic skyrmioniums in a racetrack device — BorgE GOBEL!,
eALEXANDER F. ScHAFFER?, JaMAL BERAKDAR?, and INGRID
Merric!2 — IMax-Planck-Institut fiir Mikrostrukturphysik, D-06120
Halle (Saale), Germany — Z2Institut fiir Physik, Martin-Luther-

Universitét Halle-Wittenberg, D-06099 Halle (Saale), Germany

A magnetic skyrmionium (also called 27-skyrmion) can be understood
as a skyrmion — a topologically non-trivial magnetic whirl — which
is situated in the center of a second skyrmion with reversed magneti-
zation.

In this contribution, we propose a new optoelectrical writing and
deleting mechanism for skyrmioniums in thin films, as well as a read-
ing mechanism based on the topological Hall voltage. Furthermore, we
point out advantages for utilizing skyrmioniums as carriers of informa-
tion in comparison to skyrmions with respect to the current-driven
motion.

We simulate all four constituents of an operating skyrmionium-based
racetrack storage device: creation, motion, detection and deletion of
bits. The existence of a skyrmionium is thereby interpreted as ‘1’ and
its absence as ‘0’ bit.

MA 154 Tue 10:00 Poster E
Atomistic simulation of electric field assisted writing and
deleting of magnetic skyrmions — eMoriTz A. GOERZEN',
STEPHAN v. MaLoTTK1!, PAVEL F. Bessarap?, and STEFAN HEINZE!
— Unstitute of Theoretical Physics and Astrophysics, University of
Kiel — 2School of Engineering and Natural Sciences - Science Insti-
tute, University of Iceland

Future magnetic skyrmion technologies require a high degree of con-
trol of writing and deleting processes. While first experimental results
demonstrate, that skyrmions can be nucleated and annihilated at will
by varying electric field of a scanning-tunneling microscope tip [1],
a theoretical understanding of the underlying effects is still missing.
We attempt to clarify the role of the electric field in skyrmion cre-
ation and annihilation processes by means of atomistic spin dynamics
simulations, minimum energy path calculations, transition state the-
ory and density functional theory [2]. The influence of the electric
field is modeled within linear response approximation to the surface
magneto-electric effect and Rashba effect. We systematically study
how the ground state and skyrmion stabilities are influenced by this
parameter change caused by the electric field in Pd/Fe/Ir(111) system.
[1] Hsu et al., Nat. Nano. 12, 123 (2017)

[2] Haldar et al., Phys. Rev. B 98, 060413 (2018)

MA 15.5 Tue 10:00 Poster E
Anomalous Hall effect and magneto-optical Kerr effect of
SrRuO3 based epitaxial multilayers — oLIN YANG, JORG
SCHOPF, LENA WYSOCKI, ROLF VERSTEEG, PAUL VAN
LOOSDRECHT, and IONELA LINDFORS-VREJOIU — Uni-
versitdt zu Koln, II. Physikalisches Institut, 50933 Koln, Germany

Ferromagnetic heterostructures with strong interfacial Dzyaloshinskii-
Moriya interaction (DMI) have been extensively studied, because they
can host topologically non-trivial spin textures, such as skyrmions.
The topological magnetic structures stabilized by interfacial DMI can
be probed by the occurrence of the topological Hall effect (THE) in an



Regensburg 2019 — MA

Tuesday

experimental setup in which the anomalous Hall effect (AHE) can be
simultaneously measured with the magneto-optic Kerr effect (MOKE).
Here, we focus on the study of the AHE and MOKE of epitaxial het-
erostructures composed of ferromagnetic STRuO3 and large spin-orbit
coupling perovskite oxides, such as SrIrO3. We aim to elucidate the
origins of the anomalies of the Hall resistivity exhibited by these het-
erostructures, as they have been previously assigned to the formation
of skyrmions.

MA 15.6 Tue 10:00 Poster E
Floquet dynamics of a chiral magnet — eNinA DEL SER and
AcHim RoscH — University of Cologne

We investigate how the magnon spectrum of a chiral magnet is affected
by the application of a time-dependent magnetic field. Our model is
a 3D spin lattice Hamiltonian with Heisenberg and Dzyaloshinskii-
Moriya interactions driven by a spatially uniform, sinusoidally time-
varying magnetic field. We expand analytically around the ground
state conical spin arrangement using the Holstein-Primakoff formal-
ism for bosonic excitations. Floquet theory is used to make progress
with the time-dependent problem. We investigate the resulting Flo-
quet band structure and study the role of possible instabilities which
may occur when the external driving frequency resonantly couples dif-
ferent branches of the magnon spectrum.

MA 15.7 Tue 10:00 Poster E
Production of Inplane Skyrmion oVENKATA KRISHNA
Buarabpwasl, Kyoune-WnuaN Kim?, and KARIN EVERSCHOR-
Sitte! — 1Johannes Gutenberg-University, Mainz — 2Center for

Spintronics, Korea Institute of Science and Technology, South Korea

Magnetic skyrmions are topological magnetic whirls with a trivial mag-
netization configuration at their boundary. In thin films, most studies
consider skyrmions with an out-of-plane easy axis anisotropy, where
the magnetization at both the skyrmion centre and boundary is point-
ing perpendicular to the plane. In this work we analyze skyrmions in
inplane magnets, [1] which have recently been observed [2,3]. We do a
comparative study of their existence, stability and their properties to
those of out-of-plane skyrmions. While in the absence of stray fields a
global spin rotation maps an inplane skyrmion to its out-of-plane coun-
terpart exactly, the presence of magnetostatic interactions changes the
size and profile of the skyrmion. Furthermore, as the rotational sym-
metry around the axis perpendicular to the plane is broken, we study
the skyrmion dynamics as a function of the relative angle between
current and inplane magnetization direction. We also show by means
of micromagnetic simulations that the ’blowing bubbles’ technique,
i.e. the creation of skyrmions due to current flow through constricted
geometries, works for inplane skyrmions similar to their out-of-plane
analogues [4]. [1] G. Chen et al., Nat. Commun. 8, 15302 (2017),
[2] S. A. Meynell, et al., Physical Review B 96, 054402 (2017), [3] T.
Yokouchi, et al., Journal of the Physical Society of Japan 84, 104708
(2015) [4] W.Jiang et al., Science 349, 283 (2015)
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Optimizing spin-orbit torques and DMI in multilayer het-

erostructures — eFrANziskA MARTIN', JorL Cramerb?, Kvyu-
JooN LEr', Tom SEIFERT?, ALEXANDER KRONENBERG', FELIX
FuHRMANN!, GERHARD JakoB!:2, MARTIN JoURDAN2, ToBIAS
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KAMPFRATH and MatHiAs KLAUI — nstitute of Physics,
Johannes Gutenberg-University Mainz, 55099 Mainz, Germany —
2Graduate School of Excellence Materials Science in Mainz, 55128
Mainz, Germany — 3Department of Physical Chemistry, Fritz Haber
Institute of the Max Planck Society, 14195 Berlin, Germany —
4Department of Physics, Freie Universitit Berlin, 14195 Berlin, Ger-
many

The use of thin films in magnetic storage devices requires suitable ma-
terials that enable for instance ultra-fast and low power domain wall
motion. The research of recent years has shown that tri-layers con-
sisting of a heavy metal (HM), a ferromagnetic (FM) and an oxide
layer are a promising system for spintronic applications [1]. In these,
the combination of large spin-orbit torques [2] and chiral Néel domain
walls due to the Dzyaloshinskii-Moriya interaction (DMI) [1] allow for
fast domain wall motion. We have recently identified Culr alloys with
strong spin-orbit coupling leading to a large spin hall angle in the HM
layer [2][3]. Making use of the large spin-orbit torques in Cu60Ir40, we
quantify the DMI in a tri-layer system by current induced domain wall
motion [4]. References: [1] A. Brataas et al., Nature Nano 9, 86 (2014),
[2] J. Cramer et al., Nano Lett. 18, 1064 (2018), [3] T. Seifert et al.,
Nature Photon. 10, 483 (2016), [4] F. Martin et al., (in preparation)
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Dipolar stabilized bubble-like skyrmions in Fe/Gd mul-
tilayers — eMicHAEL HEeiGL!, Zaura INANLOO MAaRANLOO!,
Henrik GapoLp?, PrTER BonNi?, and MANFRED ALBRECHT? —
IExperimental Physics IV, Institute of Physics, University of Augs-
burg, 86159 Augsburg, Germany — 2Physics Department E13, Tech-
nical University of Munich, 85748 Garching, Germany

Magnetic skyrmions are topologically nontrivial chiral spin textures.
Most skyrmionic structures studied in today’s research are stabilized
by the Dzyaloshinskii-Moriya interaction. In this work, we present
a topologically similar spin structure stabilized by the competition of
long-range dipolar energy in a thin film and domain wall energy. These
chiral bubbles can be also described as dipolar stabilized skyrmions.
1

We studied highly tunable ferrimagnetic multilayers consisting of Fe,
Co and Gd. The layer structures with up to 80 bilayer repetitions are
known for forming dipolar stabilized skyrmions [2]. They were mag-
netron sputtered at room temperature with each layer being thinner
than 0.5 nm. We investigated dependent on composition, strain, field
and temperature the formation of skyrmions and skyrmion lattices by
SQUID magnetometry, magnetic force and lorentz transmission elec-
tron microscopy.

References:

[1] N. Nagaosa and Y. Tokura, Nat. Nanotech. 8, 899 (2013).

[2] S. A. Montoya et. al., Phys. Rev. B 95, 024415 (2017).

MA 15.10 Tue 10:00 Poster E
Spin structures in Fe/Rh bilayers on Re(0001) — eSouvik
PauL, STEPHAN VON MALOTTKI, and STEFAN HEINZE — Institute of
Theoretical Physics and Astrophysics, Christian-Albrechts-Universitét
zu Kiel, Germany

Transition-metal-superconductor hybrid systems are promising candi-
dates for realizing Majorana bound states, useful for topological quan-
tum computation [1,2]. The prerequisite is a complex spin struc-
ture within the transition-metal layer. Here, we study Fe/Rh and
Rh/Fe bilayers on Re(0001), a 5d transition-metal substrate with large
spin-orbit coupling (SOC) strength which becomes superconducting
at T = 2.4 K. Previously, it has been shown that Rh/Fe bilayers on
Ir(111) can exhibit intriguing spin structures due to the competition
of Dzyaloshinskii-Moriya interaction and higher-order exchange inter-
actions [3]. Using density functional theory (DFT), we explore the
magnetic phase space by calculating the energy dispersion of homo-
geneous flat spin spirals with and without SOC and by computing
multi-Q states. From our DFT calculations, we parametrize an atom-
istic spin model which we study using spin dynamics simulations. This
allows us to explore complex magnetic structures beyond those studied
explicitly by DFT.

[1] H. Kim et al., Sci Adv. 4, eaar5251 (2018).
[2] A. Palacio-Morales et al., arXiv:1809.04503.
[3] N. Romminget al. , Phys. Rev. Lett. 120, 207201 (2018).
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Magnetization hysteresis extraction from MFM images
of ultra-thin SrRuO3-films — eGErRALD MaLsca!, DMyTRO
Ivaneiko!, PereErR MiLDE!, LENA Wysocki?, IoNELA LINDORs-
VReJo1u?, and Lukas Eng! — !TU Dresden, Institute for Applied
Physics, TU Dresden, 01062 Dresden, Germany — 21. Physikalisches

Institut, Universitdt zu Koln, 50937 Kéln, Germany

Magnetic force microscopy (MFM) allows the imaging of the domain
nucleation and growth during the magnetic switching of a ferromag-
netic material. However, as the MFM signal strength cannot be di-
rectly translated to a local magnetization and the magnetization of
the MFM tip itself is affected by the external field, the extraction of a
full hysteresis loop from the analysis of MFM images is difficult. We
present an algorithm using Otsu’s thresholding method and two fixed
thresholds that allows the extraction of a full approximate hysteresis
loop from MFM images alone.

We exemplify our method with SrRuO3 (SRO) thin films grown on
a stepped (100)-SrTiO3 substrate. SRO shows a strong dependency of
the magnetic properties on the layer thickness [1], which we demon-
strate by correlating the hysteresis data with atomic force measure-
ments, and separately obtaining a hysteresis for each thickness.

[1] K. Ishigami et al, Phys. Rev. B 92, 064402 (2015)
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Dzyaloshinskii-Moriya Interaction using Spin-Spirals in First



Regensburg 2019 — MA

Tuesday

Principle Calculations — eMarius WEBERY2, AsHok POKHREL!,

HanNs CHRISTIAN ScHNEIDER?, Tim MewEes!, and CLaubpia MEwes!
— The University of Alabama, Tuscaloosa, USA — 2University of
Kaiserslautern, Kaiserslautern, Germany

The Dzyaloshinskii-Moriya Interaction (DMI) is an anti-symmetric ex-
change interaction and plays a crucial role in the generation of mag-
netic skyrmions. In order to utilize the DMI one needs a system with
broken inversion symmetry, which can be realized in bulk with inher-
ent broken inversion symmetry or in asymmetric multilayer structures,
where a ferromagnetic metal is sandwiched between two different non-
magnetic metals with high spin orbit coupling. This work focuses on
the analysis of the DMI vector in multilayer structures, such as Plat-
inum/Cobalt/Iridium. The simulations employ first principles calcu-
lations based on Density Functional Theory (DFT) using the Vienna
Ab initio Package (VASP). To determine the DMI vector we use a
constrained simulation method and different spin spiral configurations
[1,2]. Due to the anti-symmetric character of the DMI interaction one
can extract the DMI contribution by comparing clockwise and anti-
clockwise spin spiral configurations.

Part of this project was sponsored by NSF CAREER #1452670 and
DARPA #D18AP00011. M. Weber would like to thank the MINT
center for financial support.

[1] Yang et al., Phys. Rev. Lett. 115, 267210 (2015)

[2] Xiang et al., Phys, Rev. B 84, 224429 (2011)
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Temperature dependent investigation of stripe morphol-
ogy and DMI determination from stripe width measure-
ments in multilayer stacks — Nico KErBer!2, Ka1 Litzrush2:3,
Jakus Zazvorkal, Nikras KeiL!, JoNnas NOTHHELFER!, PEDRAM
BassiriaN!, eBoris SENG!2, MAarRco Asa?, IvaN LEMESH?, MARKUS
WEIGAND3, SiMONE Finiz1o%, Jorc RAABES, GEoFFREY D. BEACH?,
and Marnias Krivilh?2 — lnstitute of Physics, Johannes Gutenberg
University Mainz, 55099 Mainz, Germany. — 2Graduate School of Ex-
cellence Materials Science in Mainz, 55128 Mainz, Germany. — 3Max
Planck Institute for Intelligent Systems, 70569 Stuttgart, Germany. —
4Department of Physics, Politecnico di Milano, 20133 Milano, Italy.
— SDepartment of Materials Science and ENgineering, Massassuch-
setts Institute of Technology, Cambridge, Massassuchets 02139, USA.
— 6Swiss Light Source, Paul Scherrer Institut, Villigen PSI CH-5232,
Switzerland.

The Dzyaloshinskii-Moriya Interaction (DMI) is recently in the focus
of spintronics, due to its fundamental role in the stabilization of chi-
ral magnetic textures in thin films, such as magnetic skyrmions and
chiral domain walls. Since for applications good spin structure sta-
bility is required across a certain temperature range, the temperature
dependence of the DMI is of great interest.

In this work, we investigate the temperature dependence of the
DMI, using high-resolution transmission x-ray microscopy to image
the evolution of spin textures with temperature and magnetic field in
Pt/CoFeB/MgO systems.

MA 15.14 Tue 10:00 Poster E
Semi-analytical approaches for the radius of skyrmions in thin
magnetic films — eFaBiaN R. Lux, BERND ZIMMERMANN, and STE-
FAN BLUGEL — Peter Griinberg Institut and Institute for Advanced
Simulation, Forschungszentrum Jiilich and JARA, D-52425 Jiilich

The skyrmion radius is an important quantity for any skyrmion char-
acterisation, motion and device concept. A closed analytic expression
mapping micromagnetic parameters (A, D, K, H, M) to the skyrmion
radius is unknown. Minimizing the micro-magnetic energy functional
for the case of skyrmions in thin magnetic films is equivalent to the so-
lution of the associated Euler-Lagrange equations — a set of highly non-
linear differential equations with no hope for an exact global solution in
terms of closed form expressions [1]. However, as we demonstrate, the
local analytic properties put strong constraints on possible trial func-
tions which allow us to derive approximate results for the skyrmion ra-
dius, valid for a wide range of experimental parameters. Magnetostatic
interactions can be included by renormalizing the material parameters
for magnetocrystalline anisotropy energy and Dzyaloshinskii-Moriya
interaction. Extending previous attempts to this problem [2-4], our
approach gives a deep insight into the physical mechanisms by which
a competition between local degrees of freedom condenses into an ex-
pression for the skyrmion radius.

[1] Leonov, A. O., et al. New J. Phys. 18, 065003 (2016)

[2] Bernand-Mantel, A., et al. SciPost Phys. 4, 027 (2018)

[3] Biittner, F., et al., Sci. Rep. 8, 4464 (2018)
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[4] Wang, X. S., et al. Commun. Phys. 1, 31 (2018)

MA 15.15 Tue 10:00 Poster E
Novel Topological Spin Textures in Helimagnetic FeGe —
eERrIK LysNel2, MaRIIA STEPANOVAL2, PEGGY SCHOENHERR?, JAN
MULLER?, Laura KOHLER®, AcHim Roscu?, Naova KanazawaS,
YosHINORT TokURA®7, Markus GarsT®®, and DENNIS MEIERD2
— INTNU, Trondheim, Norway — 2Center for Quantum Spintron-
ics, NTNU, Trondheim, Norway — 3ETH Zurich, Ziirich, Switzerland
— *Universitit zu Koln, Kéln, Germany — 5Technische Universitéit
Dresden, Dresden, Germany — SUniversity of Tokyo, Tokyo, Japan.
— "RIKEN , Wako, Japan

In chiral magnets, the Dzyaloshinskii-Moriya interaction twists the
magnetization and leads to a helimagnetic ground state. We use mag-
netic force microscopy (MFM) to investigate the magnetic long-range
order in the near room-temperature helimagnet FeGe with nanoscale
spatial resolution. Completely new types of magnetic domain walls
are observed, connecting regions with different orientation of the he-
lical structure. Analogous to the much-studied skyrmions, the walls
can exhibit a nonzero topological winding number and, hence, possi-
bly give rise to emergent electrodynamics. Our goal is to control the
domain wall formation, demonstrating new opportunities for future
applications in spintronics.

MA 15.16 Tue 10:00 Poster E
Switching dependence of single skyrmions on in-plane mag-
netic field — FrLoriaAN MuckeL, eCHRISTIAN HorLL, MARco
PrATZER, and MARKUS MORGENSTERN — II. Physikalisches Institut
B, RWTH Aachen University and JARA-FIT, Germany

We study single skyrmions of about 5nm in diameter, which are cre-
ated by applying an out-of-plane magnetic field to the PdFe atomic
bilayer on Ir(111) [1]. Using spin-polarized scanning tunneling mi-
croscopy at 7K, we observe a current dependent switching of these
skyrmions between different defect positions. The skyrmions are
pinned eccentrically at its rim and flip, e.g., in angle around this pin-
ning position exploiting additional defects. The switching rate can be
tuned by about 2 orders of magnitude via an in-plane magnetic field of
up to 3T. We also employed high frequency excitation voltages up to
15 GHz to the pinned skyrmions without compelling results yet. The
results are compared with micromagnetic simulations based on den-
sity functional theory calculations of the interaction potential between
different adsorbates and the skyrmions [2].

MA 15.17 Tue 10:00 Poster E
Large magnetocaloric effect in NigCr;Mn(; 4_;)Ino.¢ Heusler
alloys — eC. SaLazar-MEeJsial, P. Devi?, S. SingH®, C. FELSERZ,
and J. Wosnitzal — 1High Magnetic Field Laboratory (HLD-
EMFL), Helmholtz-Zentrum Dresden-Rossendorf, Germany — 2Max
Planck Institute for Chemical Physics of Solids, Dresden, Germany
— 3School of Materials Science and Technology, Indian Institute of
Technology (BHU), Varanasi, India

In the search for promising magnetocaloric materials for solid-
state refrigeration, we have successfully prepared a new family of
Heusler alloys, Ni2CrzMn(; 4_;)Ing.¢. Based on the widely studied
NigMnj 4Ing. ¢, we have substituted Cr for Mn tuning the structural
and the ferromagnetic transition towards lower temperatures. All sam-
ples show a structural transition at a temperature located between 200
and 300 K. Here, we present our results on the adiabatic temperature
change, AT, 4, in these compounds under applied magnetic-field pulses
of 2 and 6 T. The samples exhibit a large inverse magnetocaloric ef-
fect (temperature decrease under field application) due to the marten-
sitic transition and a conventional effect (temperature increase under
field application) due the ferromagnetic transition. For instance, the
NigaCrg.1Mnj 3Ing ¢ alloy exhibits AT,y = 5 K at Tp = 315 K and a
large adiabatic temperature change of AT,y = —7 K at Tp = 270 K
under first field application and —5.7 K after second field application,
for a field change of 6 T.

[1]M. Ghorbani Zavareh et al., Appl. Phys. Lett. 106, 071904 (2015).
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Effects of decomposition on the magnetocaloric effect in Ni-
Co-Mn-In Heusler-based compounds — eMERIVAN Sasmaz!,
FeLix Dgreist?, MicHAEL FarLe?, and MEeHMET AcgT?
1Physics Department, Adiyaman University, Adiyaman, Turkey —

2Experimentalphysik AG Farle Universitit Duisburg-Essen, Duisburg
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NisoMnas 44 Z25—5 decompose into full Heusler, NisgMnasZas, and
NisoMnsg components when annealed in the temperature range
650 < T < 750 K. Compounds that are considered in relation to
magnetocaloric effects also fall in this composition range, so that
any decomposition resulting from heat treatments can influence the
magnetocaloric properties. Here we study systematically the effect of
decomposition on the magnetocaloric properties of NiggCorMnssZ12,
which is known to be a prototype inverse magnetocaloric material. We
follow the decomposition process from time-dependent magnetization
measurements at 750 K and determine entropy-changes from field-
dependent magnetization measurements. Although a broadening of
the hysteresis increases in the decomposed state, the entropy-change
is found to increase, while the martensitic transition temperatures
and the Curie temperature shifts, indicating both a change in the
composition and the degree of L2; ordering.

MA 15.19 Tue 10:00 Poster E
Adiabatic T-change and thermal relaxation of magnetocaloric
core-shell wires — ®ALEXANDER FUNk!, TiNO GOTTSCHALLZ,
Luxas Bevyer!, ANnja Waske?, and Maria KrauTtz! — MIFW Dres-
den, Germany — 2HZDR Dresden, Germany — SBAM Berlin, Ger-

many

Conventional magnetocaloric materials (MCMs) generate or release
heat when magnetized or demagnetized. This effect can be utilized in
a cooling device. Although materials and prototypes have been inves-
tigated deeply for the last two decades [1], the shaping of the MCMs
into complex heat exchanger geometries (HEG) is still challenging.

One possibility to overcome shaping difficulties is to combine MCMs
to composites with a 2nd binder phase, e.g. polymers or ductile metals
[2]. The composite’s shape is commonly limited to plates, however re-
cently magnetocaloric core-shell wires, based on a La(Fe,Co,Si)13-core
and a steel-shell, were presented [3]. Such wires are versatile semi-
finished products, which can be assembled to different HEG [4].

In this work, the adiabatic T-change of the core and the shell were
assessed by pulse-field measurements in 2T, 5T and 10T. By moni-
toring the temperature change on both components simultaneously,
the thermal transfer between core and shell is investigated. The ther-
mal relaxation of the wire was also investigated via optical infrared
microscopy and FEM-simulation.

[1] Franco et al., Progress in Materials Science 93, 2018. [2] Radulov
et al., Acta Materialia, 2017. [3] Funk et al., Materials Today Energy
9, 2018. [4] Trevizoli et al., Applied Energy 187, 2017.

MA 15.20 Tue 10:00 Poster E
Magnetic properties of centered spin-rings — eJonas HEINZE
and JURGEN ScHNAcCK — Fakultdt fiir Physik, Universitat Bielefeld,
D-33501 Bielefeld

The magnetic properties of centered spin-rings with Ji-.J2-Heisenberg-
interaction are determined by exact diagonalization. We characterize
the ground state as well as excited states by their respective quan-
tum numbers and investigate the dependence of the latter on the ratio
J1/J2. General rules are suggested if possible.

MA 15.21 Tue 10:00 Poster E
High-field ESR study of giant single ion magnetic anisotropy
in Liz(Li;—xCox)N oY. Krupskaval, T. BaLLg?, L.
Punticam?, A. JescHe?, Z. Zancenes!, L. Xul, L. Hozor!,
B. Bocuner!, and V. Karagv! — IFW Dresden, Germany —
2 Augsburg University, Germany

Recently an extreme, uniaxial magnetic anisotropy and large magnetic
hysteresis were observed in the Lip(Li;—xFex)N compound [1]. Static
magnetization measurements revealed a coercivity field of over 11 T at
T = 2 K and allowed to estimate a magnetic anisotropy field of 220 T.
Substitution of Fe with other transition metal ions allows to alternate
the sign of the magnetic anisotropy, resulting in easy plane - easy axis
- easy plane - easy axis configurations when progressing along the Mn -
Fe - Co - Ni series [2]. We have studied a Liz(Li;—xCox)N single crys-
tal with x = 0.01 by means of high-field multi-frequency electron spin
resonance spectroscopy (HF-ESR), which is known as an efficient tool
to directly measure the magnetic anisotropy energy in single-molecule
magnets. The measurements have been performed in magnetic fields
up to 16 T and excitation frequencies up to 750 GHz. HF-ESR results
clearly evidence easy-plane magnetic behavior and enable to determine
a Co-ion magnetic anisotropy gap of 972 GHz, in agreement with ab
initio quantum chemical calculations. Different from the case of the
Lia (Liy —xFex)N compound, where first-order spin-orbit coupling plays
the main role, the magnetic anisotropy of Co ions in Lis(Li;_xCox)N
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is related to second-order effects. [1] A. Jesche et al. Nat. Commun.
5, 3333 (2014); [2] A. Jesche et al. Phys. Rev. B 91, 180403(R) (2015).
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Giant magnetic hyperfine field, spin dynamics and colos-
sal transverse field sensitivity in the single-atomic magnet
Liz(Lii—,Fe;)N with © <« 1 — eSASCHA ALBERT BRAUNINGER!,
Sirko KamuseLral, FeELix SEEwALD!, RaJiB SARKAR!, MANUEL
Frx2, StepHAN JANTZ2, ANTON JESCHEZ, ANDRE ZvvAGIN®, and
Hans-HenNING Krauss! — !Institute of Solid State and Materials
Physics, TU Dresden, D-01069 Dresden, Germany — 2Institute of
Physics, University Augsburg, D-86135 Augsburg, Germany — 3Max-
Planck-Institute for the Physics of Complex Systems, Nothnitzer Str.,

38, D-01187 Dresden, Germany

We present °7Fe Mossbauer studies on large single crystals of diluted Fe
centers in Lis(Lij —4Fe; )N which forms a hexagonal symmetric a-LisN
crystal matrix. The homogeneity of the nanoscale distributed isolated
Fe centers is shown. The isolated Fe centers, e.g. for z = 2.5(1)%,
exhibit a giant magnetic hyperfine field of B = 70.22(1) T parallel to
the largest principle axis V,, = —154.10(19) V /A2 of the electric field
gradient at 2 K, same for other x < 1. The magnetic hyperfine field
fluctuates between 50 K and 300 K probed by Mdossbauer spectroscopy
described by a two-level relaxation model. The spin dynamics is simi-
lar to a behavior known from single-molecule magnets. An Arrhenius
frequency plot v = vge " Fa/kBT yields a thermal activation barrier of
E4 = 542(8) K and vg = 216(22) GHz which is consistent with mag-
netization investigations. An applied transverse magnetic field study
up to 5T at 70 K shows a sensitivity two orders of magnitude higher
than expected from the conventional theory of nanomagnets.

MA 15.23 Tue 10:00 Poster E
Surface- and ligand-dependent quenching of the spin
magnetic moment of Co porphyrins Lucas M.
ARrruDA!, MarTHIAS BERNIEN!, FABIAN NickeL!, Nino HaTTER!,
LaLmintHANG Kipeen!, C. FELix HeErRMANNs!, DEnNis KRUGER!,
Timo BisswaNGeR!, ENRricO ScHIERLE?, EUGEN WESCHKE?, KATHA-
RINA J. Franke!, and eWorrcane Kucu! — lFreie Universitit
Berlin, Institut fiir Experimentalphysik, Arnimallee 14, 14195 Berlin,
Germany — 2Helmholtz-Zentrum Berlin fiir Materialien und Energie,

Albert-Einstein-Strafe 15, 12489 Berlin, Germany

The bonding flexibility of metalloporphyrin molecules makes them ver-
satile candidates for spintronic applications. The magnetic properties
of these molecules can be readily influenced by changes to their ligands.
We investigate the electronic and magnetic properties of cobalt oc-
taethylporphyrin (CoOEP), deposited on two similar surfaces, Cu(100)
and Cu(111), with x-ray absorption spectroscopy and x-ray magnetic
circular dichroism. A significant magnetic moment is observed from
the cobalt ions of the molecules deposited on Cu(100), but it is com-
pletely quenched on Cu(111). Subjecting the molecules to an an-
nealing process causes an intramolecular reaction, resulting in cobalt
tetrabenzoporphyrin. The new molecules on both substrates have a
quenched magnetic moment and similar electronic properties as the
CoOEP molecules deposited on Cu(111). We propose that the CoOEP
molecules on Cu(100) display an unusual mixed-valence configuration
caused by the hybridization of the cobalt ion with the copper substrate,
leading to the quench of the cobalt ions’ magnetic spin moment.

MA 15.24 Tue 10:00 Poster E
Ligand-induced spin-state locking of a spin-crossover
molecule on a graphite surface — LaLmiNTHANG KIipGEN!,
MaTTHIAS BERNIEN', ANDREW J. BriTTON!, HOLGER NAGGERT?,
SascHA OssINGER?, FaBIaN NickiL!, Lucas M. ARRUDA!, EVANGE-
Los Gorias!, eIvar KumBerG!, CuEN Luo?, Hanvo RyLr?, FLORIN
Rapu?, FeELix Tuczek?, and WorLreane Kucu! — llnstitut fiir
Experimentalphysik, Freie Universitdt Berlin, Arnimallee 14, 14195
Berlin, Germany — Z2Institut fiir Anorganische Chemie, Christian-
Albrechts-Universitat zu Kiel, Max-Eyth-Strafe 2, 24118 Kiel, Ger-
many — 3Institut fiir Experimentelle und Angewandte Physik, Univer-
sitdt Regensburg, Universitétsstrasse 31, 93053 Regensburg, Germany
— 4Helmholtz-Zentrum Berlin fiir Materialien und Energie, Albert-
Einstein-Strafe 15, 12489 Berlin, Germany

Spin-crossover molecules (SCMs) have potential applications in optical
memory and display elements as they can exist in two different mag-
netic states — high-spin (HS, S=2) and low-spin (LS, S=0) — which
can be reversibly switched by temperature or light. The property of
SCMs can be largely altered by suitably modifying the ligands; this is
interesting especially for SCMs deposited on a surface — a prerequi-
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site for device fabrication. Herein, four methyl groups are added to the
SCM |Fe(H2B(pz)2bipy| (pz = pyrazole; bipy = bipyridine) at the bipy
ligand. While the original molecule is reported to undergo both optical-
and thermal-induced spin switching on a graphite surface, the modified
molecule is locked in the HS state on the same surface; only molecules
lying at the second-monolayer onward retain their spin-crossover.

MA 15.25 Tue 10:00 Poster E
Suppression and revival of long-range ferromagnetic order in
the multiorbital Fermi-Hubbard model — e AcNieszka Cicuy!?
and ANDRII SoTNikov3 — lFaculty of Physics, Adam Mickiewicz
University, Umultowska 85, 61-614 Poznan, Poland — 2Institut fuer
Physik, Johannes Gutenberg-Universitaet Mainz, Staudingerweg 7, D-
55099 Mainz, Germany — 3Institute of Solid State Physics, TU Wien,
Wiedner Hauptstrasse 8, 1020 Vienna, Austria

By means of dynamical mean-field theory allowing for complete ac-
count of SU(2) rotational symmetry of interactions between spin-1/2
particles, we observe a strong effect of suppression of ferromagnetic
order in the multiorbital Fermi-Hubbard model in comparison with a
widely used restriction to density-density interactions. In the case of
orbital degeneracy, we show that the suppression effect is the strongest
in the two-orbital model (with effective spin S=1) and significantly de-
creases when considering three orbitals (S=3/2), thus magnetic order-
ing can effectively revive for the same range of parameters, in agree-
ment with arguments based on vanishing of quantum fluctuations in
the limit of classical spins. We analyze a connection to the double-
exchange model and observe high importance of spin-flip processes
there as well.
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The Cyclotron resonance as a smoking gun for U(1) spin lig-
uids with gapless fermions — ePENG Rao — Max Planck Institute
for the Physics of Complex Systems, Dresden, Germany

Certain U(1) spin liquids with gapless neutral fermions are expected
to have the mind-boggling property that their optical conductivity
vanishes as a power law of frequency. Thus, they are insulators to
DC electric fields but without a "hard" optical gap, allowing them to
absorb light at low frequencies. Additionally, they can also develop
Landau levels in a magnetic field. In this work, we show that they can
also have cyclotron resonance peaks in their optical spectrum analo-
gous to metals, even though they are charge insulators. Interestingly,
we have found that in contrast to metals, the principal Kohn harmonic
of the cyclotron resonance is missing. The cyclotron resonance could
therefore serve as a beautiful smoking gun test for the existence of
these states which have been proposed in 2D organic materials and
SmBg.
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Self-energy contribution of electron-magnon coupling in the
homogeneous electron gas — eMaxXIMILIAN KULKE and ARNO
ScHINDLMAYR — Department Physik, Universitdat Paderborn, 33095
Paderborn, Germany

Electronic band structures of ferromagnetic materials are not only af-
fected by electronic correlation but also by the coupling to magnons.
This coupling can be treated as part of the electronic self-energy, where
the magnon propagator is either described by many-body perturba-
tion theory or by time-dependent density-functional theory. The latter
is computationally simpler, because the self-energy can be evaluated
analogous to the GW approximation for electronic correlation, but
the quality of the results depends on the accuracy of the exchange-
correlation kernel. In practice, the adiabatic local-density approxi-
mation (ALDA) is used almost universally until now. To study the
influence of the kernel, we focus on the spin-polarized homogeneous
electron gas and evaluate the electron-magnon coupling with different
wave-vector-dependent exchange-correlation kernels that go beyond
the ALDA. As further numerical approximations that are typically
required for real materials can be avoided in this case, we are thus
able to assess the essential features of the exchange-correlation kernel
that are relevant for the electron-magnon coupling.

MA 15.28 Tue 10:00 Poster E
Transport in graphene and possible Cooper pair forma-
tion — eKraus MoRrawETz — Miinster University of Applied Sci-
ences,Stegerwaldstrasse 39, 48565 Steinfurt, Germany — International
Institute of Physics- UFRN,Campus Universitario Lagoa nova,59078-
970 Natal, Brazil
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Based on the quantum kinetic equations for systems with SU(2) struc-
ture, regularization-free density and pseudospin currents are calcu-
lated in graphene realized as the infinite mass-limit of electrons with
quadratic dispersion and a proper spin-orbit coupling. The currents
possess no quasiparticle part but only anomalous parts. The intra-
band and interband conductivities are discussed with respect to mag-
netic fields and magnetic domain puddles. For large Zeeman fields the
dynamical conductivities become independent of the density and are
universal. The optical conductivity agrees well with the experimental
values using screened impurity scattering and an effective Zeeman field.
The universal value of Hall conductivity is shown to be modified due
to the Zeeman field. The pseudospin current reveals an anomaly since
a quasiparticle part appears though it vanishes for particle currents.
The density and pseudospin response functions to an external electric
field are calculated. A frequency and wave-vector range is identified
where the dielectric function changes sign and the repulsive Coulomb
potential becomes effectively attractive allowing Cooper pairing. Phys.
Rev. B 94 (2016) 165415, Phys. Rev. B 92 (2015) 245425 errata: Phys.
Rev. B93 (2016) 239904(E), Phys. Rev. B 92 (2015) 245426

MA 15.29 Tue 10:00 Poster E

Towards nanoscale magnetic resonance imaging using single
spins in diamond — eTETYANA SHALOMAYEVA!, DOMINIK SCHMID-
Lorcu!, Tnomas OEcKINGHAUS', QI-CHAO SUN!, RAINER STOHR!,
and JorG WrRacHTRUP!2 — 13rd Institute of Physics, University of

Stuttgart — 2Max Planck Institute for Solid State Research

Due to amazing advances in the development of 2D magnetic materi-
als [1], Heusler compounds [2], multiferroic materials [3], etc., the need
for quantitative real-space imaging techniques of magnetic textures is
greater than ever before. We use the nitrogen vacancy (NV) centre
in diamond as an atom-sized magnetic field sensor by monitoring the
Zeeman-shift of its spin sublevels. By integrating the NV centre into an
AFM tip consisting of a diamond cantilever with a monolithic nanopil-
lar, magnetic field maps with a spatial resolution of tens of nanometers
are obtained at ambient conditions.

In this contribution, we will demonstrate the general principle of this
technique by emphasizing its strengths and limitations. We will show
examples where we measure quantities such as noise and excitation
spectra, which are inaccessible to other techniques.

[1] M. Bonilla et al. Nature Nanotechnology 13, 289*%293 (2018) [2]
A K. Nayak et al. Nature 548, 561*566 (2017) [3] J.A. Mundy et al.
Nature 537, 523*527 (2016)

MA 15.30 Tue 10:00 Poster E
Levitating antennas to excite magnetization dynamics for op-
tical and non-optical spectroscopy — eToni Hacur'2, MAREK
VaNATKAS, Lukas Fraisman®, MicHaL URrBANEK®, and HELMUT
ScuurrHEissh? — 1'HZDR — 2TU Chemnitz — 3CEITEC — 4TU
Dresden

Modern spectroscopic techniques for the investigation of magnetization
dynamics in microstructures use usually microwave antennas which
are directly patterned on the sample using electron-beam-lithography
(EBL). Following this approach every magnetic structure on the sample
needs its own antenna and insulation layer requiring additional EBL
and layer deposition. We demonstrate a new device for magnetization
excitation compatible with optical methods based on antennas on a
flexible glass cantilever. Since we use flexible transparent glass as sub-
strate, optical spectroscopic techniques like Brillouin-light-scattering
microscopy (BLS) and time resolved magneto-optical Kerr effect mea-
surements (TRMOKE) can be performed. This cantilever is connected
to adapters with standard SMA connectors and is positionable in all
three dimensions to get access to all magnetic structures on the sam-
ple under investigation. We show the functionality of these antennas
using BLS. We excite the magnetization in a 5 nm thick Permalloy
film and compare the intensity with the intensity of only thermally
excited magnons. A increase by a factor of 400 could be achieved,
showing the high impact of the magnetization excitation by the an-
tenna. The authors acknowledge financial support from the Deutsche
Forschungsgemeinschaft within programme SCHU 2922/1-1

MA 15.31 Tue 10:00 Poster E
Towards machine-learning-based far-field phase-retrieval for
dichroic imaging — eMicHAEL LOHMANN, OFER KFIR, SERGEY ZA-
vko, and CLaus RopPErs — Georg August Universitdt Gottingen

Machine learning (ML) is a highly powerful tool for data analysis and
classification, across many fields and platforms. First demonstrations
of ML for lensless imaging by phase-retrieval of diffraction patterns
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show great potential [1], however, they do not necessarily provide for
a consistent solution, and require a vast amount of training data.

Here, we propose the use of a known forward operator, linking the
sample and its diffraction, that is, the Fourier transform, to improve
the image retrieval. The resulting reduction of complexity could re-
lieve the need for a large training set, and could reduce the algorithm
convergence time. In the case of dichroic imaging, such as in mag-
netic circular dichroism, advanced algorithms can jointly solve the
two dichroic diffraction patterns, and directly access the magnetic
information separately from the non-magnetic background. Further-
more, combining magnetic imaging with standard ML applications, as
de-noising, would enhance the image quality and sensitivity.

[1] Mathew J. Cherukara, Youssef S. G. Nashed & Ross J. Harder;
Scientific Reports 8 16520 (2018), Real-time coherent diffraction in-
version using deep generative networks

MA 15.32 Tue 10:00 Poster E
Ab initio calculations on the Intrinsic Spin Hall effect —
e ALEXANDER FABIAN, MiCcHAEL CZERNER, and CHRISTIAN HEILIGER

— Institut fiir theoretische Physik, Justus-Liebig-Universitat Giefien,
Heinrich-Buff-Ring 16, 35392 Giefien

Spintronic devices gain much attention for applications, since the ad-
ditional spin degree of freedom can be used to manufacture even more
efficient and faster devices. For such applications, a spin polarized
current is neccessary. To generate such currents it is most suitable to
use physical effects such as the Spin Hall effect. We show here the
application of ab initio calculations in the framework of a full rela-
tivistic Korringa-Kohn-Rostoker density functional theory to describe
the intrinsic Spin Hall effect in materials with strong spin orbit cou-
pling. Whereas typical methods rely on the implementation of a semi-
classical Boltzmann formalism in conjunction with an additional term
resulting from the Berry curvature, we describe the intrinsic Spin Hall
effect by only relying on the full relativistic Kohn-Sham-Dirac Hamil-
tonian, which evokes a spin orbit coupling in the material, and the
non-equilibrium Greens function formalism. Within this framework it
is possible to give a prediction of Spin Hall angles in different materi-
als for use in applications. By expanding the method with scattering
times and spin flip scattering it should be possible to also give a pre-
diction of extrinsic Spin Hall effects as well. To prove the applicability
of this method, the magnetization distribution of a thin film of a ma-
terial with strong spin orbit coupling like Platinum is calculated under
an applied bias voltage.

MA 15.33 Tue 10:00 Poster E
Local projection of the intrinsic spin Hall conductivity in
heterostructures — eFraNzisKA TOPLER!, ToMAs RaucH?, and
IngrRID MERTIGY® — Martin Luther University Halle-Wittenberg,
Halle, Germany — 2Friedrich-Schiller University Jena, Jena, Germany
— 3Max Planck Institute of Microstructure Physics, Halle, Germany

We study the intrinsic contribution to the spin Hall conductivity
(SHC) in a system with a magnetic/nonmagnetic interface. On that
account we use an extended unit cell composed of n and m atomic
layers of Cu and Co, respectively. The electronic structure is calcu-
lated within the tight-binding approach. We use the Kubo formula to
describe the transverse spin current in linear response to an external
electric field [1]. To obtain a better understanding of the role of the
Cu/Co interface in the spin Hall effect, we derive and test different
formulations of the local SHC. The local projection methods are in-
troduced in analogy to Ref. [2] and Ref. [3] wherein a local marker
is used to probe the anomalous Hall effect in inhomogeneous systems.
We compare the results of the different approaches and discuss there
significance with respect to the chosen model system.

[1] Gradhand et al., J. Phys.: Condens. Matter 24, 213202 (2012)
[2] Rauch et al., Phys. Rev. B 98, 115108 (2018)
[3] Marrazzo et al., Phys. Rev. B 95, 121114(R) (2017)

MA 15.34 Tue 10:00 Poster E
Photoinduced modulation of resistivity in metallic wires un-
der DC Bias — Lea APEL, SJABAN TIRPANCI, ePALVAN SEYIDOV,
and GEorRG WOLTERSDORF — Institutte of Physics, Martin-Luther-
Universitat Halle-Wittenberg

Charge to spin current conversion due to the spin Hall effect (SHE)
was intensely studied in the last decade. Even in metallic wires direct
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magneto-optic detection of the current-induced spin accumulation has
been reported [1]. Recently, Yang et al. demonstrated the direct vi-
sualization of current-induced spin accumulation at wire edges using
a novel light helicity-dependent scanning photovoltage measurement
technique at room temperature [2]. Unfortunately a reasonable physi-
cal explanation of observed signals was not presented.

In our experiments we reproduce the results by Yang et al. qualita-
tively for Pt wires with a spatial resolution of 300 nm. Using a very
similar setup as discussed in [2] we compare the spatial dependence of
the photovoltages in Pt, Ta and Cu wire structures under DC bias. In
Pt we find signals at the wire edges, which have a similiar magnitude
and the same symmetry as in [2] upon switching the current direction.
However, we also observe very similar helicity dependent photo voltage
signals also for Cu and Ta wires under DC bias. Therefore, we con-
clude that most of the signals we observed at the wire edges are not
caused by the SHE induced spin accumulation. We perform a careful
analysis of the possible origins of these signals.

[1]C.Stamm et al. Phyy. Rev. Lett. 119,087207(2017)

[2]L. Yang et al., Nat. Commun. 9,2492(2018)

MA 15.35 Tue 10:00 Poster E
Characterization of individual YIG/Pt nano-structures via
Spin Transfer Torque-FMR — oSTEFFEN STEINERT!, BJORN
Heinz!2, Tuomas BRrAcHER!, MICHAEL ScHNEIDER!, PHILIPP
Pirro!, BerT LAcEL!, ANNa M. Frieper!, Davip BrerrBacu!,
CARSTEN Duss3, BURKARD HILLEBRANDs', and ANDRH V.
Cnumak! — 1Fachbereich Physik and Landesforschungszentrum OP-
TIMAS, Technische Universitiat Kaiserslautern, 67663 Kaiserslautern,
Germany — 2Graduate School Materials Science in Mainz, Staudinger-
weg 9, 55128 Mainz, Germany — 3INNOVENT e.V., Technologieen-
twicklung Jena, 07745 Jena, Germany

Yttrium iron garnet (YIG) is a unique material with outstanding mag-
netic properties such as the lowest known spin-wave damping. It is
therefore well suited for the investigation of fundamental spin-wave
dynamics and a promising candidate for the application in spin-wave
based circuits and logic devices. In this work, we investigate spin-wave
conduits fabricated from a thin YIG(27nm)/Pt(10nm) bi-layer system
with varying width ranging from microns down to about 100nm. The
investigation of the magnetic properties, e.g. the ferromagnetic reso-
nance linewidth (FMR), in dependency of the width of the structure is
carried out by means of spin transfer torque ferromagnetic resonance
spectroscopy (ST-FMR). In addition, the impact of an applied dec-
current on the linewidth is examined. This research has been supported
by ERC Starting Grant 678309 MagnonCircuits and DFG Grant DU
1427/2-1.

MA 15.36 Tue 10:00 Poster E
Electronic and magnetic structure of ultrathin SrRuO3
film grown on SrTiO3 (001) substrate — eKARTIK SAMANTA,
MaRrJANA LEzAai¢, Yurlty Mokrousov, and STEFAN BLUGEL —
Peter Griinberg Institut and Institute for Advanced Simulation,
Forschungszentrum Jilich and JARA, 52425 Jiilich, Germany

Oxides interfaces offer a new perspective to stabilize the skyrmion due
to their response to electric fields, low Ohmic losses, variety of interface
symmetry as well as the prospective anisotropic Dzyaloshinskii-Moriya
interaction (DMI). We investigate by virtue of spin density functional
theory (DFT) as realized in the FLEUR code [1], magnetic structure
of the ultrathin film of STRuO3 grown on the SrTiO3 (001) substrate
in ¢(2 x 2) unit cell to search the interface stabilized skyrmion in oxide
structure. At the ultrathin limit of three monolayers the STRuO3, the
film is found to show a metal to insulating (MIT) ground state with
antiferromagnetic magnetic order. The t2g level difference, lattice dis-
tortion, as well as the layer thickness, play together a crucial role in
determining this magnetic ground state. At the ultrathin limit of three
monolayers of the SrTRuO3 film, a reasonable amount of orbital mag-
netic moment is found at the Ru sites compared the bulk SrTRuO3. We
have also calculated the anomalous Hall conductivity for bulk as well
as the thin film. We hope that strong spin-orbit coupling ant Ru site
together with broken inversion symmetry in the ultrathin film will give
rise DMI which can stabilize the Skyrmion in this system.
[1] www.flapw.de
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Magnon Chemical Potential Evolution in the BEC Formation
by Rapid Cooling — eMICHAEL SCHNEIDER!, THOMAS BRACHER!,
VikToR Lauer!, PuiLLip Pirro!, DMYTRO A. Bozuko!, ALEXAN-

pER A. Sercal, HaLyna Yu. MusneENKo-SHMAROVAL, BJIORN
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Heinz!2, Q1 Wana?!, THomas MEYER?, FRANK HEUSSNER!, SAscHA
KeLLER!, EvaNcELOs TH. Paparoannou!, Berr LAceL!, THOMAS
LoBeRY, VasyL S. TiBErkEvIcH?, ANDREI N. Svravin?, CARSTEN
Dubs®, BurRkarRD HiLLEBRANDS!, and AnDrRun V. CHUMAK!
— 1Fachbereich Physik and Landesforschungszentrum OPTIMAS,
Technische Universitdt Kaiserslautern, D-67663 Kaiserslautern —
2Graduate School Materials Science in Mainz, Staudingerweg 9, D-
55128 Mainz — 3THATec Innovation GmbH, Bautzner Landstrake
400, D-01328 Dresden — 4Department of Physics, Oakland Univer-
sity, Rochester — °INNOVENT e.V. Technologieentwicklung, Priiss-
ingstrafse 27B, D-07745 Jena

Recently we presented a fundamentally new approach for the forma-
tion of a magnon Bose-Einstein Condensate (BEC) due to the rapid
cooling of a preheated magnetic nano-structure. Using time-resolved
Brillouin light scattering spectroscopy (BLS), a strong increase of the
magnon population at the bottom of the spectrum is observed. Here
we show the direct measurement of the chemical potential by means
of BLS. The potential is found to reach the minimum magnon energy
confirming the BEC formation. This research has been supported by
ERC StG 678309 MagnonCircuits, ERC AdG 694709 SuperMagnonics
and DFG Grant DU 1427/2-1.

MA 15.38 Tue 10:00 Poster E
Realization of a micro-scaled spin-wave majority gate
— eMarTIN KeEweNig!, ThHomas BrAcHER!, CARsTEN Dubs?,
PuiLipp Pirro!, AnDrRi CHumak!, and BurkarD HiLLEBRANDs!
— IFachbereich Physik and Landesforschungszentrum OPTIMAS, TU
Kaiserslautern, Kaiserslautern, Germany — 2INNOVENT e.V. Tech-

nologieentwicklung Jena, 07745 Jena, Germany

Spin-wave logic devices offer large advantages compared to modern
CMOS-based elements. An example for such a logic element is the
majority gate, in which the logical output is given by the majority
of the logical inputs. The operation of a macroscopic spin-wave ma-
jority gate made from a 5.4 pm-thick yttrium iron garnet (YIG) film
is already proven, the output phase of the signal was defined by the
majority of the input phases. The miniaturization of the device is nat-
urally the next step and the functionality of a micro-scaled spin-wave
majority gate has already been investigated by numerical methods.
We will show spin-wave dynamics in microstructured YIG waveguides
and microstructured combiner areas. In addition, we will present the
fabrication and investigation of a micro-scaled spin-wave majority gate
device made from a 70 nm and a 85 nm thick YIG film. This research
has been supported by: DFG SFB/TRR 173 Spin+X, Project B01,
ERC Starting Grant 678309 MagnonCircuit, DFG (DU 1427/2-1)and
the EU Horizon 2020 research and innovation programme within the
CHIRON project (contract number 801055).

MA 15.39 Tue 10:00 Poster E
Two-dimensional magnon supercurrents — e ALEXANDER J. E.
KRrEeIiL, DMYTRO A. BozHkO, ALEXANDER A. SERGA, and BURKARD
HiLLEBRANDS — Fachbereich Physik and Landesforschungszentrum
OPTIMAS, Technische Universitat Kaiserslautern, 67663 Kaiser-
slautern, Germany

Earlier, we reported on supercurrent transport of a room-temperature
magnon Bose-Einstein condensate (BEC) observed in yttrium iron
garnet films by means of time- and space-resolved Brillouin light scat-
tering spectroscopy (BLS) [1-3]. By locally heating the sample, a
spatially variation of the saturation magnetization was induced, which
lead to a magnon supercurrent flowing out of the heated spot. The
condensed magnons being propelled out of the heated area formed
compact humps of BEC density, which propagated many hundreds
of micrometers in the form of second sound Bogoliubov waves. Our
theoretical estimations predict a strong anisotropy in the propagation
characteristics of the magnon supercurrents. In the current work, we
show the results of a two-dimensional spatially resolved BLS probing
the magnon BEC formed in a magnetically non-uniform sample and
compare the experimental data with theoretical estimations.

[1] D.A. Bozhko et al., Supercurrent in a room temperature Bose-
Einstein magnon condensate, Nat. Phys. 12, 1057 (2016).

[2] A.J.E. Kreil et al., From kinetic instability to Bose-Einstein con-
densation and magnon supercurrents, PRL 121, 077203 (2018).

[3] D.A. Bozhko et al., Long-distance supercurrent transport in a room-
temperature Bose-FEinstein magnon condensate, arXiv:1808.07407.
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Surface acoustic wave mediated magneto elastic investigation
of magnetic thin films — eMarTHias KUss!, MicHAEL HEIGLZ,
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3 an
ANDREAS HORNER!, MANFRED ALBRECHTZ, and AcHIM WIXFORTH!

— ILehrstuhl fiir Experimentalphysik I, Universitit Augsburg —
2Lehrstuhl fiir Experimentalphysik IV, Universitét Augsburg

Magnetostriction describes the geometrical deformation of a magnet,
caused by an applied magnetic field. The effect vice versa is named
inverse magnetostriction. This mechanism in combination with surface
acoustic strain waves (SAW) enables the manipulation of the magneti-
zation on short time scales (~ ns) and on micrometer distances. Since
the SAW and magnonic modes are typically excited in the same radio
frequency regime, both degrees of freedom have the potential to be-
come strongly or even resonantly coupled [1]. Therefore, not only the
magnetization, but also the properties of the SAW itself are mutually
and characteristically changed. This can be easily measured in a delay
line setup, made up of two interdigital transducers (IDT).

We use a vector network analyzer to study the interaction between
GHz Rayleigh type SAWs and a ferromagnetic cobalt film as a func-
tion of magnetic field and sample orientation. On the one hand these
experiments show the typical fourfold symmetry of elastically driven
ferromagnetic resonance, which is caused by the longitudinal strain,
accompanying the Rayleigh wave [1]. On the other hand, clear signa-
ture of vertical shear strain is observed, which gives rise to phenomena
like nonreciprocal SAW propagation.

[1] M. Weiler et al., Phys. Rev. Lett. 106, 117601 (2011).

MA 15.41 Tue 10:00 Poster E
Investigation of non-linear spin-wave excitation at low mag-
netic bias field — eLeEa APEL, RoUuvEN DREYER, and GEORG
WOoOLTERSDORF — Institutte of Physics, Martin-Luther-Universitét
Halle-Wittenberg

Recently, it was demonstrated that the Suhl instability processes de-
scribing parametric spin wave excitations are not an adequate model at
low magnetic bias fields [1]. In the low field regime a novel instability
process dominates the response at high excitation amplitudes. This
process leads to critical spin-wave modes which can be parametrically
driven at half integer multiplies of excitation frequency.

Here we use micro-focus Brillouin light scattering (uBLS) to study
the formation of 3/2 w and 5/2 w non-linear spin-wave excitations and
the corresponding threshold rf-amplitudes for this parametric process
in Permalloy microstructures. Simultaneously we detect the spatial
dependence of the uniform mode as well as the parametrically excited
spin waves. Overall we find agreement with the critical behavior pre-
diction in [1] at small magnetic bias fields. Our results are supported
by magneto-optical microscopy expriments which map the spin waves
in a phase resolved fashion.

[1]H.G. Bauer et al., Nat. Commun. 6, 8274(2015)

MA 15.42 Tue 10:00 Poster E
Reflectionless magnonic crystal — ePascaL Frev!, ALEK-
ser NikiTiNn?, Qi Wang!, FrLoriN CIUBOTARU3, SERGEY A.
Bunvaev?, GLEB N. Kakazrr?, Boris A. Karintkos?, ANDRIT V.
CHUMAK!, ALEKSANDR A. SERHA!, and BURKARD HILLEBRANDs!
— 1Fachbereich Physik and Landesforschungszentrum OPTIMAS, TU
Kaiserslautern, Kaiserslautern, Germany — 2Department of Physical
Electronics and Technology, St. Petersburg Electrotechnical Univer-
sity St. Petersburg, Russia — 3Imec, Leuven, Belgium — 4IFIMUP
and IN-Institute of Nanoscience and Nanotechnology, Departamento
de Fisica e Astronomia, Universidade do Porto, Porto, Portugal

The interest in artificial magnetic media like magnonic crystals visi-
bly increased during the recent years in view of their application for
information processing at microwave frequencies. The main features
of these crystals are the presence of bandgaps in the spin wave spec-
tra. The bandgaps are formed due to the Bragg reflections from the
artificially created periodic structures. We studied spin wave propaga-
tion in longitudinally magnetized width-modulated yttrium iron garnet
waveguides by means of both Brillouin light scattering and microwave
techniques in the cw and pulsed regime. 30 ns pulses of backward
volume magnetostatic spin waves were excited close to the ferromag-
netic resonance frequency and their propagation was visualized and
measured, both in pass and rejection frequency bands. No pronounced
Bragg reflection was observed. The effect is discussed in comparison
with results of micromagnetic simulations. Financial support by the
DFG (B01 and DE 639) as well as by DAAD grant 57213643 is grate-
fully acknowledged.
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Controlling spin transmission in collinear ferroic magnetic
multilayer systems — JoeEL CramER!, eFELIX Funrmann!, UL-
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RIKE RiTzmanN!, UrLricH Nowak?, Eur Sarron®, and MATH-

1as KLAul! — lInstitute of Physics, Johannes Gutenberg-University
Mainz, 55128 Mainz, Germany — 2Department of Physics, University
of Konstanz, 78457 Konstanz, Germany — 3WPI Advanced Institute
for Materials Research, Tohoku University, Sendai 980-8577, Japan

In the research field of spintronics, devices can use spin currents rather
than charge currents [1]. In particular in insulators, pure spin currents
can be employed and we report on spin pumping [2] measurements
in collinear magnetic yttrium iron garnet (YIG)/CoO/Co multilayers.
By means of microwaves and external magnetic fields, YIG is brought
into ferromagnetic resonance, resulting in a pure spin current that
propagates through the sample stack and is finally detected in the Co
layer via the inverse spin Hall effect [3]. The CoO layer enables the
spin current transmission and de-coupling of the ferromagnets and fur-
thermore increases the coercive field of the Co layer by exchange bias.
This allows for the switching between a parallel or antiparallel align-
ment of the YIG and Co magnetization. Depending on the alignment
of the YIG and Co magnetization, we observe a strongly different spin
transport signal amplitude and thus a magnon spin-valve-like behavior
is observed [4]. [1] S.A. Wolf et al., Science 294, 1488 (2001). [2] Y.
Tserkovnyak et al., Phys. Rev. Lett. 88,117601 (2002). [3] J. Sinova
et al., Rev. Mod. Phys. 87, 1213 (2015). [4] J. Cramer et al., Nature
Commun. 9, 1089 (2018).

MA 15.44 Tue 10:00 Poster E
Theoretical description of spin waves in disordered materials
— PaweL Buczek!, eMaRrRTIN HOFFMANNZ, STEFAN THOMAS®, and
ArrHUR ERNsT?® — lFakultéit Technik und Informatik, Hochschule
fiir Angewandte Wissenschaften Hamburg, Germany — 2Institute for
Theoretical Physics, Johannes Kepler University Linz, Austria —
3Max Planck Institute of Microstructure Physics, Halle, Germany

In order to study spin waves in disordered materials, we present two
theoretical approaches based on a Heisenberg model. Both comple-
ment each other in the description of magnon properties in spin sys-
tems with disorder of arbitrary kind and concentration of impurities.
Firstly, magnons in systems with substitutional (uncorrelated) disorder
can be efficiently calculated within a single-site coherent potential ap-
proximation for the Heisenberg model. From the computational point
of view, this method has several advantages, is inexpensive, and di-
rectly applicable to systems like alloys and doped materials. We show
that it performs exceedingly well across all concentrations and wave
vectors. However, we need another approach for more complex sys-
tems like layers forming island or short-range order. Therefore, we will
present a second possibility using a configurational average over possi-
ble realizations of large supercells in direct numerical simulations. The
effective interaction between magnetic moments entering the Heisen-
berg model in both methods can be obtained from first-principles using
a self-consistent Green function method within the density functional
theory. Thus, our method can be viewed as an ab initio approach and
can be used for calculations of magnons in real materials.

MA 15.45 Tue 10:00 Poster E
An analog magnon adder for all-magnonic neurons — THOMAS
BrRAcCHER and ePHiLIPP PIRRO — Fachbereich Physik and Landes-
forschungszentrum OPTIMAS, Technische Universitiat Kaiserslautern,
D-67663 Kaiserslautern

Neuromorphic computing is one of the most promising more-than-
Moore technologies that can greatly outperform conventional CMOS
computing architecture for an important set of tasks like pattern recog-
nition, machine learning and cognitive tasks. Spintronics constitutes
a highly interesting platform for neuromorphic networks since its non-
volatility allows for a straight-forward integration of the data process-
ing and memory functionality on the same level, one of the key features
of brain-inspired computation. Spin-waves are a highly promising data
carrier to convey information in a neural network, as they are ultra-low
in energy and as they can travel over large distances without the need
for spin-to-charge or charge-to-spin interconversion. In this work, we
demonstrate that a leaky resonator together with a parametric am-
plifier can perform the action of an analogue addition over incoming
spin-wave pulses. For this operation, the losses in the resonator are
just compensated by the parametric amplification process. The signal
integration in the spin-wave domain is similar to the signal integra-
tion in neurons in spiking neural networks and the biological original,
where a nonlinearity triggers the neuron to ’fire’ and release its energy.
By adjusting the gain of the amplifier, various applications for such an
adder can be envisioned. Together with the intrinsic nonlinearity of
the spin-wave dynamics, magnonic neurons can, thus, be envisioned.
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MA 15.46 Tue 10:00 Poster E
Spin-wave propagation in individual sub-micron YIG
magnonic conduits — eByorN Heinz!:2, THomas BRACHER!,
MICHAEL ScHNEIDER', PuiLipp Pirro!, Berr LAceL!, Davip
BrertBacuH!, ANNa M. FriepeL!, CARsTEN Dubs®, and ANDRII V.
Cuumak! — 1Fachbereich Physik and Landesforschungszentrum OP-
TIMAS, Technische Universitat Kaiserslautern, 67663 Kaiserslautern,
Germany — 2Graduate School Materials Science in Mainz, Staudinger-
weg 9, 55128 Mainz, Germany — 3INNOVENT e.V., Technologieen-

twicklung Jena, 07745 Jena, Germany

Yttrium iron garnet (YIQG) is a unique material with outstanding mag-
netic properties such as the lowest known spin-wave damping. It is
therefore well suited for the investigation of fundamental spin-wave
dynamics and a promising candidate for the application in spin-wave
based circuits and logic devices. In this work, we study the impact of
nanostructuring by means of electron beam lithography and successive
ion milling on individual spin-wave waveguides. These structures are
fabricated from a 44 nm thin film grown by liquid phase epitaxy (LPE).
Their width varies from a few microns down to the sub-100 nm regime.
By exciting the magnetization dynamics with a coplanar waveguide an-
tenna and performing spacial resolved Brillouin light scattering (BLS)
microscopy measurements, we investigate the spin-wave decay length
in these conduits in dependency on the conduit width. Additionally
the spin-wave mode spectra are extracted by means of thermal BLS
measurements. This research has been supported by ERC Starting
Grant 678309 MagnonCircuits and DFG Grant DU 1427/2-1.

MA 15.47 Tue 10:00 Poster E
Influence of chiral interactions on domain wall creation
by electric current — eNiLs SoMMER, Davi RoHE RODRIGUES,
and KARIN EVERSCHOR-SITTE — Institute of Physics, Johannes
Gutenberg-University, Mainz, Germany

We show how the presence of Dzyaloshinskii-Moriya interaction mod-
ifies the critical current density necessary to inject domain walls into
a nanowire at a pinned domain wall: The creation of domain walls
by electric means is of critical importance to the proposal of future
magnetic domain wall based racetrack memories. In a recent work,
[1] it was shown that domain walls can be periodically injected into
nanowires in the presence of inohomogeneities without the aid of any
twisting contribution, such as dipole-dipole and chiral interactions.
In this work, we demonstrate that it is possible to reduce the criti-
cal current density by introducing Dzyaloshinskii-Moriya interaction.
Moreover, we find a split in the critical current density depending on
the chirality of the generated domain walls. We investigate the mo-
tion of the periodically created domain walls in the chiral nanowire
due to the current and their interaction between each other. The re-
duced critical current density might allow the domain wall shedding in
experimentally observable real chiral ferromagnetic nanowires.
[1] Sitte, M. et al., Physical Review B 94 (2016) 064422.

MA 15.48 Tue 10:00 Poster E
Dynamic imaging of the delay- and tilt-free motion of
Néel domain walls with 200 ps time resolution — SIMONE
Finizio!, SEBasTIAN WIiNTz!'2, KATHARINA ZEISSLER®, ALEXANDR
Sapovnikov®® Sina Mavrb® Sercrs Nikrtov*®, CHRISTOPHER
Marrows?, and eJorRG RaaBe! — 1Paul Scherrer Institut, 5232 Vil-
ligen PSI, Switzerland — 2Helmholtz-Zentrum Dresden-Rossendorf,
01328 Dresden, Germany — 3University of Leeds, Leeds LS2 9JT,
UK — “Saratov State University, 410012 Saratov, Russia — ®°Russian
Academy of Sciences, 125009 Moskow, Russia — SETH Ziirich, 8093
Zirich, Switzerland

In this contribution, we present a time-resolved scanning-transmission
x-ray microscopy investigation of the current- and magnetic field-
induced domain wall motion of Néel-type domain walls in perpendic-
ularly magnetized microwires fabricated out of Pt/CoB/Ir multilayer
superlattice stacks exhibiting anti-symmetric exchange interaction. A
time step of 200 ps, combined with a spatial resolution of 25 nm, was
employed for the time-resolved imaging experiments, providing a first
direct imaging of the dynamics of the domain wall motion with sub-ns
temporal resolution. For both the current- and magnetic field-induced
processes, the domain wall motion occurs synchronously with the ex-
citation, indicating that an inertia-free motion of the domain wall.
Furthermore, it was observed that, in the case of short current and
magnetic field excitations, the domain wall remains perpendicular to
the wire axis, providing a potential mechanism for a fast, tilt-free mo-
tion of magnetic domain walls in perpendicularly magnetized systems.
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MA 15.49 Tue 10:00 Poster E
Simulations of magnetic domain wall propagation in width-
modulated wires — eOrLca LozukiNa, PascaL KRAUNSCHEID,
RoBERT REEVE, GERHARD JAcoB, and MartHias KrAur — Institut
fir Physik, Johannes Gutenberg-Universitdt Mainz, 55099 Mainz, Ger-
many

Magnetic domain walls (DWs) are of interest to the sensor industry due
to their stability at room temperature and their ability to be nucleated
and propagated by fields in wires, attributes which can be exploited for
multi-turn sensors [1]. DW propagation and pinning depend on many
factors that must be carefully controlled for reliable devices. DW prop-
agation below the Walker field is the most robust, but in most cases
the Walker field is close to the field required to propagate the DWs, re-
sulting in a small operating window. Periodic modulations of the wire
width have been proposed to suppress the Walker breakdown [2], which
would be advantageous for such sensors. We performed simulations of
DW propagation through Py wires with modulated width using mu-
max3 . Our simulations show that the longitudinal distance before DW
transformation (Walker period) gradually drops with increasing field
and tends to a certain limit depending on the wire cross-section. For
thinner wires with energetically stable transverse DWs, width modula-
tion with a period smaller than this limit leads to a significant increase
of the Walker field. Thereby magnetic wire modulation may enhance
the robustness of sensor operation and enlarge in particular the field
operation window. [1] B. Borie et al., Appl. Phys. Lett. 111, 242402
(2017) [2] J. Ieda et al. J. Magn. Magn. Mater. 322, 1363 (2010)

MA 15.50 Tue 10:00 Poster E
Imaging domain wall motion using time-resolved SEMPA —
eDANIEL SCHONKE!, ANDREAS OELSNER?, PascaL KRAUTSCHEID!3,
RoBerRT REEVE!'®, and MatHias Kriur'»3 — llInstitut fiir Physik,
Johannes Gutenberg-University, 55128 Mainz, Germany — 2Surface
Concept GmbH, 55099 Mainz, Germany — 3Graduate School of Ex-
cellence Materials Science in Mainz (MAINZ), 55128 Mainz, Germany

Scanning electron microscopy with polarization analysis (SEMPA) is
a magnetic imaging technique with a high spatial resolution. While
conventional setups only provide quasi-static imaging modes, which
have limited the adoption of the technique, recent developments have
enabled dynamic measurements and allow SEMPA to favorably com-
pete with a range of synchrotron based techniques [1]. Here we show
that with our upgraded SEMPA system we can perform new time-
resolved imaging schemes including phase-sensitive detection of period-
ically changing magnetic states with up to 5x demonstrated enhanced
signal-to-noise ratio and full dynamic imaging with a temporal resolu-
tion of 2 ns [2]. This novel SEMPA system can be used for a variety
of measurement applications and fulfills the desire for high spatial and
temporal resolution in a laboratory setting. We take advantage of the
new system to study geometry-induced automotive domain wall dy-
namics in asymmetric permalloy rings [3| at different temperatures.
[1] Fromter et al., Appl. Phys. Lett. 108, 142401 (2016) [2]| Schonke
et al.,, Rev. Sci. Instrum. 89, 083703 (2018) [3] Mawass et al., Phys.
Rev. Applied 7, 044009 (2017)

MA 15.51 Tue 10:00 Poster E
Phase transition dynamics of CMR manganites — e¢ToMMAsO
PinceLLib 2, GiaN Marco PieranTozzi?, CHiarRa Bici?3, Ric-
carDO CuciNi?, FRANCEScO BoraATTI?, ALEKSANDR YU. PETROVZ,
CHurisTIAN H. Back®, Masakr Oura®, Gioraio Rossi?3, and G1-
ANCARLO PanaccioNe? — 1Fritz-Haber-Institut of MPG, Faradayweg
4-6, 14195 Berlin, Germany — 2Istituto Officina dei Materiali of CNR,
c/o Area Science Park, S.S.14 km 163,5 - 1-34149 Trieste, Italy —
3Dipartimento di Fisica, Universita di Milano, Via Celoria 16, 1-20133
Milano - Ttaly — *Istituto per lo Studio dei Materiali Nanostrutturati
of CNR, via P. Gobetti 101, I-40129 Bologna, Italy — 5Department of
Physics, Technical University Munich, D-85748 Garching b. Miinchen,
Germany — SRIKEN SPring-8 Center, Kouto 1-1-1, Sayo-cho, Sayo-
gun, Hyogo 679-5148, Japan
In CMR manganites, delocalization of electronic states results from
competing double-exchange-driven delocalization and polaronic trap-
ping. We explore the dynamics of the ferromagnetic metal-
paramagnetic bad-metal phase transition. In the wide-band half-
metallic La(1-x)Sr(x)MnO3 we isolate the evolution of delocalized elec-
tronic states with time-resolved hard x-ray photoemission, showing
that the slow collapse of magnetization keeps the double-exchange
interaction active for several hundreds of picoseconds, suggesting a
slow timescale evolution of electronic correlation. When compet-
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ing polaron trapping is brought into play in the narrow-band La(1l-
x)Ca(x)MnO3, new metastable phases emerge, optically accessible on
ultrafast timescales.

MA 15.52 Tue 10:00 Poster E
Monitoring picosecond strain pulse echos in magnetostric-
tive heterostructures — eSTEFFEN PEER ZEUsCHNER!:2, Ty-
MUR Parpiiev3, THomas PrzeriL3, JAN-ETIENNE PUDELL?, MARC
HeRrRZoG?, ALEXANDER VON REPPERT?, and MATiAS BARGHEER!Z —
Helmholtz-Zentrum Berlin, BESSY II, Berlin, Germany — 2Institut
fir Physik und Astronomie, University of Potsdam, Potsdam, Ger-
many — 3Institut des Molécules et Matériaux du Mans (UMR CNRS
6283), Université du Maine, Le Mans cedex, France

We investigate picosecond strain pulses in laser-excited highly mag-
netostrictive TbFea /Nb heterostructures with time-resolved magneto-
optical Kerr-effect (MOKE) probing and ultrafast X-ray diffraction
(UXRD). Burying the Nb layer underneath the laser excitation region
in TbFey allows for a heat-background free characterization of the
laser-generated strain pulses. We clearly observe a decomposition of
the strain transient into an asymmetric bipolar and a unipolar pulse,
when an amorphous SiO2 capping layer covers the excited TbFea. The
inverse magnetostriction of the temporally separated unipolar strain
pulses leads to a MOKE signal from the TbhFes surface that linearly de-
pends on the strain pulse amplitude, giving an estimate of the magneto-
acoustic coupling strength. Linear chain model simulations accurately
predict the timing and shape of UXRD and MOKE signals that are
caused by the strain reflections from multiple interfaces in the het-
erostructure. A second excitation pulse allows the construction of an
inverted bipolar strain pulse which is expected to exhibit drastically
different nonlinear acoustic propagation.

MA 15.53 Tue 10:00 Poster E
Non-equilbrium spin-orbit physics at high frequencies —
eHaNnAN HaMAMERA, FiLiPE Souza MENDES GUIMARAES, MANUEL
pos SANTOs Dias, and SaMmiR Lounis — Peter Griinberg Institut
and Institute for Advanced Simulation, Forschungszentrum Jiilich &
JARA, 52425 Jiilich, Germany

The field of spintronics is driven by the desire to develop new spin-
based devices with performances surpassing the ones used in present-
day technologies. It is then important to understand the ultrafast
dynamical properties of such devices. This is challenging, as the elec-
tronic and spin dynamics have very different intrinsic time scales and
simultaneously being intricately coupled — and so, they are best de-
scribed by a unified theory. We build such a theory by parametrizing a
realistic tight-binding hamiltonian based on first-principles electronic
structure calculations, and then solving it for the real-time evolution of
the system. We benchmark this approach with a simple model, meant
to abstract the main features of the spin-polarized electronic structure.
We then perform calculations for Co/Pt(001) and Fe/W(110) bilayers,
and compare and contrast the results of the time-dependent approach
with existing linear response ones [1]. This work was supported by
the Palestinian-German Science Bridge BMBF program and the Eu-
ropean Research Council (ERC) under the European Union’s Horizon
2020 research and innovation programme (ERC-consolidator Grant
No. 681405-DYNASORE).

[1] F.S.M. Guimaraes et al., Sci. Rep. 7, 3686 (2017)

MA 15.54 Tue 10:00 Poster E
Picosecond Strain Dynamics driven by Ultrafast Demagne-
tization in Dysprosium — eALEXANDER VON REPPERT!, JAN-
ETIENNE PUDELL!, STEFFEN ZEUSCHNER!'?, KARINE DUMESNIL3, and
Matias Barcueerb2 — lInstitut fiir Physik und Astronomie, Uni-
versitéit Potsdam, Potsdam, Germany — 2Helmholtz-Zentrum Berlin,
Berlin, Germany — 3Institut Jean Lamour (UMR CNRS 7198), Uni-

versité Lorraine, Nancy, France

We investigate the effects of the ultrafast demagnetization on the pi-
cosecond strain pulses launched in the highly magnetostrictive material
Dysprosium (Dy). The laser-induced spin-disorder in heavy rare earth
materials triggers a large negative stress, which dominates the c-axis
lattice dynamics over the expansive stress that originates from (in)-
coherent phonon excitations. The application of an in-plane B-field
shifts the FM-AFM phase transition to higher temperatures and en-
hances the laser-induced contraction. By observing the coherent strain
pulses spatially separated from the laser excited region, we eliminate
the thermal background. We find strong changes to the characteristic
bipolar strain pulse that is observed in the high temperature paramag-
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netic region, which we attributed to the depth dependent magnetostric-
tive stress in the inhomogeneously heated Dy layer. Our systematic
exploration of the different magnetic phases characterizes to which ex-
tend the magnetostrictive stress in this material class can be used as
a transducer for novel picosecond strain experiments with unipolar, or
even inverted bipolar strain pulses.

MA 15.55 Tue 10:00 Poster E
Ultrafast Demagnetization: Role of Transport and Substrates
— oS. AsHoK, S. T. WEBER, C. SEIBEL, J. BrionEs, and B. RETH-
FELD — Department of Physics and Optimas Research Center, Uni-
versity of Kaiserslautern, Germany

Ultrafast demagnetization [1], its mechanism and the spin-resolved
currents generated during it, have attracted immense attention and
posses great technological applicability. The non-equillibrium in the
spin-resolved chemical potentials can be described as a driving force
behind ultrafast demagnetization [2]|. Using this observation, the ther-
modynamic pT-model traces the spin-resolved non-equillibrium elec-
tron temperatures, chemical potentials and demagnetization dynamics
[3]. The demagnetization in thin Nickel ferromagnetic films was stud-
ied, when the material is uniformly heated and all transport effects
can be neglected.

We extend the model to the case of thicker ferromagnetic films where
the role of transport becomes prominent. Here, we present the role of
particle and energy transport in the ultrafast demagnetization by ob-
serving the temporal and spatial evolution of temperatures, chemical
potentials and magnetization. We also present preliminary results on
the role of substrates.

[1] Beaurepaire E. et al., PRL 76, 4250 (1996)

[2] Mueller B. et al., PRL 111, 167204 (2013)

[3] Mueller B. and B. Rethfeld, PRB 90, 144420 (2014).

MA 15.56 Tue 10:00 Poster E
Ultrafast negative thermal expansion driven by spin-disorder
in antiferromagnetic Holmium — eJAN-ETiENNE PubpeLL!,
ALEXANDER VON REPPERT!, DANIEL ScHick?, Fravio Zamponil,
MarTHIAS ROssLE3, Marc HeErzoc!, HARTMUT ZABEL?, and Ma-
T1As BArRGHEERD® — lInstitut fiir Physik und Astronomie, Univer-
sitdt Potsdam, Karl-Liebknecht- Str. 24-25, 14476 Potsdam, Germany
— 2Max-Born-Institut, Max-Born-Strasse 2A, 12489 Berlin, Germany
— 3Helmholtz Zentrum Berlin, Albert-Einstein-Str. 15, 12489 Berlin,
Germany — 4Fakultét fiir Physik und Astronomie, Ruhr-Universitét

Bochum, 44780 Bochum, Germany

We measure the transient strain profile in a nanoscale multilayer sys-
tem composed of Yttrium, Holmium and Niobium after femtosecond
laser excitation using ultrafast X-ray diffraction (UXRD) at a laser-
driven Plasma X-ray Source (PXS) setup. The strain propagation
through each layer is determined by transient changes of the material-
specific Bragg angles. We experimentally derive the exponentially de-
creasing stress profile driving the strain wave and show that it closely
matches the optical penetration depth. Below the Neel temperature of
Ho, the optical excitation triggers negative thermal expansion caused
by a decrease of the strong magnetostriction in Holmium, which is
induced by a quasi-instantaneous contractive stress, and a second con-
tractive stress contribution rising on a 12 ps timescale. These two
timescales have recently been measured for the spin-disordering in Ho
|Rettig et al, PRL 116, 257202 (2016)]. As a consequence, we observe
an unconventional bipolar strain pulse with an inverted sign.

MA 15.57 Tue 10:00 Poster E
Investigation of the interaction between magnetic nanopar-
ticles in different geometries by using FMR — eNiLs
NEUGEBAUER!, Marthias ELmb23, Prrer Krarb?, DEeTLEV
HorMaNND2, ALEXANDER FaBian24, MicHAEL CzERNERZ?#, and
CHRrISTIAN HEeiLicer?? — lInstitute of Experimental Physics I,
Heinrich-Buff-Ring 16, 35392 Giefien, Germany — 2Center for Materi-
als Research (LaMa), Heinrich-Buff-Ring 16, 35392 Giefen, Germany
— SInstitute of Physical Chemistry, Heinrich-Buff-Ring 17, 35392
Giefien, Germany — *4Institute for Theoretical Physics, Justus Liebig
University Giefsen, Heinrich-Buff-Ring 16, 35392 Giessen, Germany
Assemblies with well defined sizes and spacings consisting of magnetite
nanoparticles (Fe304) with an average diameter of 20 nm were created
by using meniscus force deposition method on substrates pre-patterned
by electron beam lithography. To study the magnetic properties of
the nanoparticle arrangements, angle-dependent ferromagnetic reso-
nance experiments (FMR) were carried out for different measurement
geometries. The analysis of the FMR spectra reveals that there are
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two resonances present. In in-plane geometry one resonance exhibits
a clear angular dependence, while the second one remains constant.
In order to get a deeper understanding of the results, micromagnetic
simulations were carried out. By studying the dynamic properties in
terms of solving the Landau-Lifschitz-Gilbert equation numerically it
has been possible to assign these signals to different areas within the
magnetic structures.

MA 15.58 Tue 10:00 Poster E
Magnetization dynamics in LSMO-heavy-metal bilayers
— oCHRIsTOPHER HEINS, CINJA SEICK, VITALY BRUCHMANN-
BaMBERG, DANIEL STEIL, VasiLy MosHNYAGA, and HeENNING UL-
ricHs — I. Physikalisches Institut, Georg-August-Universitit Gottin-
gen, Friedrich-Hund-Platz 1, 37077 Goettingen, Germany

On this poster, we report on magnetization dynamics in a bilayer of
Laj_ xSrxMnOgz (LSMO) and a heavy metal (Pt, beta-W). As a nec-
essary prerequisite for further experimental investigations of this sam-
ple system, we in particular report on the implementation and ap-
plication of stripline Ferromagnetic Resonance. With this technique
we characterize the spin conductance of the interface between the two
materials in the bilayer. When depositing Pt on LSMO, we find a sig-
nificant increase of the Gilbert damping, whereas the magnetization
is not affected. These results serve as guidelines for material selection
and sample growth procedures regarding the prospect of time-resolved
MOKE experiments including spin current generation in the heavy
metal.

We acknowledge financial support by the Deutsche Forschungsge-
meinschaft within SFB 1073.

MA 15.59 Tue 10:00 Poster E
Spin Pumping and Low Gilbert Damping in CossFers
Heterostructures — eLuis Fracke!'?2, Lukas LieNsBERGERDZ,
Davip Rocerson'2, MarThias AvrTHAMMERY2, Hans HuesLb2:3,
STEPHAN  GERPRAGS?, KATRIN  SCHULTHEISS?, ALEKSANDR
Buzpakov?, Tosias Hura*, Heumur ScrurrsEss?, Eric
Epwarps®, Hans NemBacu®, JusTIN SHaw®, RuboLr Grossh?2:3,
and Matuias WEILERD2 — !Physics-Department, Technical Uni-
versity of Munich, Garching, Germany — 2Walther-MeiRner-Institut,
Bayerische Akademie der Wissenschaften, Garching, Germany —
3Nanosystems Initiative Munich, Munich, Germany — *Helmholtz-
Zentrum Dresden-Rossendorf, Dresden, Germany — °National In-

stitue of Standards and Technology, Boulder, CO, USA

Itinerant ferromagnets offer advantages for magnonic and spintronic
devices, but typically suffer from drastically higher Gilbert damping
than insulating ferrimagnets. We fabricated and investigated low-
damping CogsFers-heterostructures and separated Gilbert damping
and spin pumping contributions to the total damping using broadband
ferromagnetic resonance spectroscopy. From our measurements, we ex-
trapolate that the intrinsic damping of the magnetic alloy reaches the
low 10~3 regime. The extracted damping is in agreement with micro-
focused Brillouin-Light-Scattering experiments, which spatially resolve
the spin wave propagation in patterned devices.

Financial support by Deutsche Forschungsgemeinschaft via projects
WE5386/4 and WES386/5 is gratefully acknowledged.

MA 15.60 Tue 10:00 Poster E
3D check board pattern formation of martensite/austenite
domains in NiCoMnAl shape memory alloys — eANDREAS
BecKER, DANIELA RAMERMANN, MARTIN GOTTSCHALK, INGA EN-
NEN, BJORN BUKER, TRISTAN MATALLA-WAGNER, ANDREAS HUTTEN,
and GUONTER REIss — Center for Spinelectronic Materials and Devices,
Physics Department, Bielefeld University, 33615 Bielefeld, Germany

NiMnX (X=Al,Ga,Sn,In) magnetic shape memory Heusler alloys are
considered as promising materials for magnetocaloric cooling appli-
cations due to their magnetoelastic coupling near room temperature.
However most of them show a very large thermal hysteresis, which
limits their potential in future applications.

Thin martensite interclations in thin films could be benificial for
transforming films, because the formation energy during martensite
nucleation is reduced. Our aim is to decrease the thermal hystere-
sis in off-stoichiometric NiCoMnAl thin films by preparing multilayer
systems, which consist of alternatively grown martensite intercalations
and active transforming austenitic layers. The stoichiometry of these
two layers is chosen in such a way that their thermal hysteresis do not
overlap.

Temperature dependent magnetization measurements show a sig-
nificant decrease in hysteresis width as a function of the number of
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martensite intercalations. If the austenite active layers have a similar
thickness compared to the martensite intercalations a 3D check board
pattern becomes visible in HRTEM cross section images. The contrast
is due to alternating martensite/austenite domains.

MA 15.61 Tue 10:00 Poster E
Heusler compound layer systems analysed with differ-
ent HRTEM techniques — eDANIELA RAMERMANN, ANDREAS
BECKER, INGA ENNEN, MARTIN GOTTSCHALK, BJORN BUKER, and
ANDREAS HUTTEN — Center for Spinelectronic Materials and Devices,
Physics Department, Bielefeld University, 33615 Bielefeld, Germany

Heusler compounds are with their strong magnetic properties promis-
ing candidates for thin film devices as also for magnetocaloric ap-
plications. Needed are custom-tailored magnetic properties, where
the electron microscope helps with evaluation of the properties on
a nanoscopic scale. Especially NiCoMnALl in intercalating layers of
martensite/austenite crystal structure show unexpected behavior: a re-
producable checkerboard pattern when certain layer thickness require-
ments are met. This pattern is investigated with HR-TEM methods
also including energy-loss magnetic dichroism and differential phase
contrast imaging, revealing slightly twisted against each other alter-
nating stacked structures of martensite and austenite and magnetism
centering on the Mn atoms.

MA 15.62 Tue 10:00 Poster E
Temperature-dependent red-shift of the absorption edge
of thin ferromagnetic EuO-layers — MaRrceL Nevy!, PauL
ROSENBERGER?, PATRICK LOMKER?, @ GUNTHER PRINz!, MARTINA
MuoLLER? 3, and AXEL LorkEe! — 1Faculty of Physics and CENIDE,
University of Duisburg-Essen, D-47057 Duisburg — 2Peter Griinberg
Institut, Forschungszentrum Jiilich GmbH, D-52428 Jiilich — 2Faculty
of Physics, TU Dortmund, D-44227 Dortmund

EuO-layers are interesting candidates for spin-filter applications in
spintronic research. Below the Curie temperature of T¢=69K, EuO
becomes ferromagnetic, which has a strong influence on its optical
band-gap.

We investigate the optical transmission of EuO-layers with thick-
nesses below 50nm from room temperature down to ~25K. The
EuO-layers are grown by a molecular-beam-epitaxy process on YSZ-
substrates. Below the T we observe a step-like shift of the absorp-
tion edge towards lower energies. This behavior can be explained by
the magnetic exchange interaction, which leads to a splitting of the
conduction band. Thinner layers not only show a blue-shift towards
higher band-gap energies due to quantum confinement effects, but also
exhibit a larger red-shift of the absorption edge during cooling below
Te. This stronger red-shift of the absorption edge starts at lower
temperatures compared with thicker samples, which is attributed to
a reduced magnetic exchange interaction for very thin EuO-layers. In
contrast to reports in the literature, we observe a monotonic red-shift
of the absorption edge for different layer thicknesses.

MA 15.63 Tue 10:00 Poster E
Influence of granularity on the magnetotransport-properties
of manganese-monosilicide — eSEBAsTIAN KO6LscH and MICHAEL
Hura — Goethe Universitdt, Max-von-Laue-Str. 1, 60438 Frankfurt
am Main, Germany

Silicon-based alloys with 3d magnetic metals offer the potential for
applications in spintronics and magnetic storage devices. Recently
the manganese-monosilicide (MnSi) of B20-type attracted high inter-
est due to a topological non-trivial magnetic phase in bulk MnSi at
low temperatures (<30K), which could be identified as magnetic whirls
known as skyrmions [1].

Considering potential applications, a reduction of dimensionality in
terms of thin magnetic/semiconducting films is mandatory. In this
case change of the magnetic phase diagram due to surface anisotropy
and strain effects have to be taken into account. So far research has
focused on optimizing the thin film growth conditions to obtain ide-
ally monocrystalline epitaxial thin films. However, polycrystalline thin
films grown by pulsed laser deposition (PLD) with increased degree of
disorder, e.g. caused by non stoichiometric proportions of Mn and
Si show a high-temperature (>300K) ferromagnetic phase near an
insulator-metal-transition [2].

Here we present recent results on the successful growth of epitaxial but
nano-granular MnSi thin films showing an unexpectedly high magne-
toresistance effect.

[1] Miihlbauer, S. et al. Science 323, 915-919 (2009)

[2] Nikolaev, S. N. et al. AIP Advances 6, 015020 (2016)
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MA 15.64 Tue 10:00 Poster E
Quantum entanglement of charge and spin in frus-
trated xk-(BEDT-TTF)2Hg(SCN)2Br — eMamoun HEmMIDADZ,
Hans-ALBRECHT Kruc voN Nippa?, BiydrN Mikscu!, LEONID
SAMOILENKO!, ANDREJ PusTocow!, SEBAsTIAN WIDMANNZ, ALOIS
Lomr?, and Martin DresseL’ — 1. Phys. Inst., Universitit
Stuttgart, Pfaffenwaldring 57, 70550 Stuttgart, Germany — 2EP V,

EKM, Universitat Augsburg, 86135 Augsburg, Germany

Detailed static and dynamic spin susceptibilities as well as trans-
port investigations [1] of the two-dimensional frustrated organic metal
k-(BEDT-TTF)2Hg(SCN)2Br exhibit unusual properties below the
metal-insulator transition temperature of 90 K of both charge and
spin degrees of freedom. Such properties like weak ferromagnetism
and glassy state seem to result from the dominant role of quantum
fluctuations associated with frustration and disorder at low tempera-
tures. Based on the experimental observations, a strong entanglement
between spin and charge degrees of freedom has been suggested in
Ref. 2. We gratefully acknowledge sample preparation and structural
characterization by A. Henderson, T. Siegrist and J. A. Schlueter.

[1] T. Ivek et al., Phys. Rev. B 96, 085116 (2017).

[2] M. Hemmida et al., arXiv:1710.04028 (2017).

MA 15.65 Tue 10:00 Poster E
Spin reduction in covalent chain antiferromagnet RbFeSe;
— eHaNs-ALBRECHT Kruc voN Nippal, Airat Kiiamov?, LENAR
TacirovZ3, YUry Lysocorsky?®, DwmiTru TAYURSKIIZ, ZA-
KIR SEIDOV!, ViapIMIR Tsurkan'4, Dorina CrorTorr?, AXEL
GoUNTHER!, FARIT VAGizov?, Franz Mavyr!, and Arois Lomr! —
LEP V, EKM, University of Augsburg, D-86135 Augsburg — 2Institute
of Physics, Kazan Federal University, RUS-420008 Kazan — 3Zavoisky
Physical-Technical Institute, Kazan FRC of RAS, 420029 Kazan —
4Institute of Applied Physics, MD-20208 Chisinau — >ICAMS, Ruhr-
University Bochum, D-44801 Bochum

SQUID susceptibility, M&ssbauer and specific-heat measurements show
that RbFeSea exhibits antiferromagnetic order below Ty=248 K. The
magnetic specific heat of RbFeSez and the spin state of Fe3*t ions in
the compound have been analyzed. Phonon dispersion and PDOS,
were evaluated from first-principles calculations. It is shown that iron
atoms in quasi-one-dimensional chains have dramatically different vi-
brational properties against Rb and Se atoms. Analysis of our Msss-
bauer data, utilizing the calculated Fe PDOS, as well as our optical
absorption measurements have shown full agreement with the location
of the high-frequency optical-type lattice vibrations within the FeSe4
tetrahedra. The phonon heat capacity has been used to evaluate the
magnetic specific heat of the quasi 1D antiferromagnetically correlated
Fe3t ion chains. The magnetic entropy suggests an intermediate spin
state S=3/2 for Fe3T ions in agreement with the reduced hyperfine
field of 216 kOe at 4.2 K detected by Mdssbauer spectroscopy.

MA 15.66 Tue 10:00 Poster E
MBE growth of Sr(Mn,As)2 — eMarriN Brajerb2 and Vit
Novik! — !nstitute of Physics ASCR, v.v.i., Cukrovarnicka 10, 162
53 Praha, Czech Republic — 2Faculty of Mathematics and Physics,
Charles University in Prague, Ke Karlovu 3, 121 16 Prague, Czech
Republic

We report on growth of antiferromacnetic (AF) semiconductor by
means of molecular beam epitaxy: trigonal Sr(Mn,As)2, extending the
I-Mn-V family of room-temperature AFs. It has broken inversion sym-
metry, allowing for current-induced switching of AF moments. It can
be successfully grown on lattice-matched zinc-blende semiconductor
substrate, (111)InAs, which allows for a stable 2D growth, but hinders
its basic transport characterization because of the high substrate con-
ductivity. We study growth, crystal quality and surface morphology
of the material depending on the growth parameters.

MA 15.67 Tue 10:00 Poster E
Reversible tuning of structural, magnetic and transport
properties via oxygen desorption/absorption in epitax-
ial La(0.7)Sr(0.3)MnO(3-§) thin films — Lr1 Cao!, eOLkc
PETrRACIC!, PAUL ZAKALEK!, ALEXANDER WEBER2, ULRICH
RUCKER!, JURGEN SCHUBERT?, ALEXANDROS KouTsiouBas?, STEFAN
Martavca?, and THoMmas BrUckeL! — 1Jiilich Centre for Neutron
Science (JCNS-2) and Peter Griinberg Institut (PGI-4), JARA-FIT
Forschungszentrum Jiilich GmbH, Jiilich, Germany — 2Jiilich Centre
for Neutron Science (JCNS) at Heinz Maier-Leibnitz Zentrum (MLZ)
Forschungszentrum Jiilich GmbH, Garching, Germany — 3Peter Griin-
berg Institute (PGI9-IT), JARA-Fundamentals of Future Information
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Technology Forschungszentrum Jiilich GmbH, Jilich, Germany

An oxygen vacancy induced topotactic transition from perovskite to
brownmillerite and vice versa in epitaxial La(0.7)Sr(0.3)MnO(3-6) thin
films is identified by real-time x-ray diffraction. A novel intermediate
phase with a non-centered crystal structure is observed for the first
time during the topotactic phase conversion which indicates a distinc-
tive transition route. Polarized neutron reflectometry confirms an oxy-
gen deficient interfacial layer with drastically reduced nuclear scatter-
ing length density, further enabling a quantitative determination of the
oxygen stoichiometry (La(0.7)Sr(0.3)MnO(2.65)) for the intermediate
state. Associated physical properties of distinct topotactic phases (i.e.
ferromagnetic metal and anti-ferromagnetic insulator) can be switched
reversibly by an oxygen desorption/absorption cycling process.

MA 15.68 Tue 10:00 Poster E
Thickness dependence of the anomalous Hall effect in
thin films of the magnetic Weyl CosMnGa — eANASTASIOS
Markou, Licuo ZuaNGg, DoMmINIK KRIEGNER, YI-CHEN CHENG, JA-
coB GAYLES, YAN SUN, and CLaubDIA FELSER — Max Planck Institute
for Chemical Physics of Solids, Dresden, Germany

Magnetic Weyl semimetals with broken time-reversal symmetry show
exotic transport properties, due to the Weyl points and the associ-
ated large Berry curvature in their electronic structure [1]. There-
fore, the anomalous Hall effect is expected to be large, and due to
the intrinsic contribution that derives from the net Berry curvature.
Here, we present the thickness dependence of the structural, magnetic,
and transport properties of thin films in the magnetic Weyl semimetal
CoaMnGa. We find a large anomalous Hall conductivity and anoma-
lous Hall angle up to 1187 Q@ lcm~! and 13%, respectively, which is
an order of magnitude larger than typical magnetic systems.
[1]JK. Manna et al., Nature Reviews Materials 3, 244 (2018)

MA 15.69 Tue 10:00 Poster E
Spin-resolved ACAR measurements of CosMnGa
eJoser KrTeLs!, MicuaeL Lerrner?, Kaustuv Manna®, Rorr
STiNsHOFF?, CLaUDIA FELSER®?, and CurisTorH HUGENscHMIDT!2
— 1Physik Department E21, Technische Universitdt Miinchen, Garch-
ing, Germany — 2Heinz Maier-Leibnitz Zentrum (MLZ), Technische
Universitéit Miinchen, Garching, Germany — 3Max-Planck-Institut
fiir Chemische Physik fester Stoffe, Dresden, Germany

The ferromagnetic compound Co2MnGa crystallizes in the full Heusler
L2; structure. This material is expected to be a half-semimetal due to
a small Fermi surface in the minority spin channel. The spin polariza-
tion was experimentally determined to be close to 4.0u g /formula unit
[1]. Furthermore this Heusler compound was one of the first materials
to show the anomalous Nernst effect beyond the magnetization scaling
relation due to the large net Berry curvature close to the Fermi energy
originating from Weyl points and nodal lines [2]. The measurement
of the angular correlation of positron annihilation radiation (ACAR)
is a very powerful tool to investigate the bulk electronic structure.
Based on the spin polarization of the positrons from a Na22 source,
the minority and majority spin-channels can be determined separately.
Here we present the first spin-resolved ACAR experiments showing the
anisotropy of the Fermi surface of CooMnGa.

[1] Kolbe, M. et al., Phys. Rev. B 86, 024422 (2012)

[2] Guin, S.N. et al., arXiv:1806.06753 [cond-mat.mtrl-sci|, (2018)

MA 15.70 Tue 10:00 Poster E
Structural characterization and magneto-transport proper-
ties of magnetron co-sputtered Weyl semimetal candidate
Co2TiGe — eDenis Dvck!, ANDREAs BEcker!, Jan KRierT!,
AnisH Rar?, RoBIN-PiErrE KLETT!, JUuNGwoo Koo!, KARSTEN
RoTt!, JAN-MICHAEL SCHMALHORST!, TiM MewErs?, and GUNTER
REeiss! — 1Center for Spinelectronic Materials and Devices, Bielefeld
University, Germany, Bielefeld — 2Center for Materials for Informa-
tion Technology, The University of Alabama, United States of America,

Tuscaloosa

Weyl semimetals theoretically promise exotic transport properties and
are also interesting for spintronic devices. Thus, the research is pursued
with high effort in the recent years. Implementation in real life appli-
cations requires a scalable and energy efficient approach. As a highly
tunable material class, Heusler compounds are particularly interesting
in this respect. Here, we investigate the Weyl semimetal candidate and
transition metal based Full Heusler compound Co2TiGe. X-ray diffrac-
tion (XRD) analysis and phi scans of the magnetron co-sputtered thin
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films show a highly textured L21 structure of the 225 (Fm-3m) space
group with a lattice constant close to the literature value. Transmis-
sion electron microscopy (TEM) confirms the crystallographic quality.
The magnetic properties have been examined by magneto-optical Kerr
effect (MOKE), vibrating sample magnetometry (VSM) and ferromag-
netic resonance (FMR). In addition, anomalous and planar Hall effect,
and tunnel magneto resistance (TMR) measurements have been car-
ried out.

MA 15.71 Tue 10:00 Poster E
Ferromagnetic ordering and heavy fermion behavior in
CesRusGes RaMmesH KuMmar KaMapurarl2, DJouMESssI
Fosasso REDRisse?, and eANDRE M Strypom? — lInstitute of
Physics, Chinese Academy of Sciences, Beijing, China — 2Department
of Physics, University of Johannesburg, South Africa

The series of intermetallic compounds CesT3Sis (T- Transition metal
X - Si, Ge) exhibit wide range of magnetic behaviour such as mag-
netic ordering, heavy fermion behaviour and Kondo effect. We present
the magnetic susceptibility (), specific heat (Cp), resistivity (p) ther-
mopower (S) and magnetoresistivity (MR) properties of CeaRusGes.
The refined lattice parameter was observed to be *a = 9.9497 (4) , b =
12.416 (4), ¢ = 5.8978 (2) . By means of x(T"), Cp(T) p(T'), S(T) and
MR measurements we show that the system exhibits ferromagnetic-like
long-range ordering below 7.9 K with localized Ce3* ions and Sommer-
feld coefficient v = 85 mJ/mol.K. A strong influence of field dependent
Xx(T'), p(T') and reduced saturation moment (0.32 up) suggest that the
crystalline electric field (CEF) plays a role in the ground state proper-
ties. The CEF splitting energies are estimated to be A; = 567 K and
Ao = 1491 K for the first and second excited states respectively. Ab-
sence of logarithmic variation of pmag at low temperatures, negative
MR at 2 K indicate that the Kondo energy scales are small (=~ 10 K)
the system exhibit incoherent Kondo scattering.

MA 15.72 Tue 10:00
Correlating structural and magnetic properties
crystalline exchange bias systems — eMAXIMILIAN MERKEL",
Jonas ZruNER?, KARIN LEisTNER?, DENNIS HoLzINGER!, and ARNO
EnreEsMANN! — lInstitute of Physics and Center for Interdisci-
plinary Nanostructure Science and Technology (CINSaT), University
of Kassel, Heinrich-Plett-Str. 40, D-34132 Kassel — 2Leibniz Insti-
tute for Solid State and Materials Research Dresden, IFW Dresden,
Helmholtzstr. 20, D-01069 Dresden

Magnetic properties of sputter-deposited polycrystalline exchange bias
thin films evolve from a complex interplay of different individual mag-
netic anisotropies which are directly connected to the grain size dis-
tribution, crystallite texture and interface structure of the layer sys-
tem. These structural characteristics can be controlled via deposi-
tion parameters or manipulated during a thermal activation proce-
dure in an external magnetic field. Angular-resolved hysteresis mea-
surements using Kerr magnetometry in comparison to an extended
Stoner-Wohlfarth model [1], X-ray diffraction experiments and inter-
face roughness characterization allowed for the quantification of mate-
rial properties in dependence of the layer thickness, deposition param-
eters and the field cooling temperature, supporting common structure
zone models.

[1] Miiglich, N. D., Gaul, A., Meyl M., Ehresmann, A. , Gotz, G.,
Reiss, G., Kuschel T., Time-dependent rotatable magnetic anisotropy
in polycrystalline exchange-bias systems: Dependence on grain-size
distribution, Physical Review B 94, 184407 (2016)
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MA 15.73 Tue 10:00 Poster E
Influence of layer thickness on exchange-spring behavior of
SrRuO3-Lag 7Srp.3MnO3 bilayers — eMarTIN MicHAEL KocH,
Lukas BERGMANN, AURORA DiaNa Rata, and KATHRIN DORR —
Martin-Luther-Universitat Halle-Wittenberg, Deutschland

Thin epitaxial bilayers of SrRuOgz/Lag.7Srg.3MnO3 on SrTiOz(001)
substrates have been suggested to form an exchange spring in StRuO3
at the interface where strong antiferromagnetic exchange coupling with
the adjacent manganite layer is present. We analyze temperature- and
field-dependent magnetization data in sample series of systematically
varied layer thicknesses of both components grown by pulsed laser de-
position on TiOgz-terminated substrates. Magnetic switching of such
bilayers is strongly different from that of a conventional exchange-
bias-coupled bilayer. A model of the interfacial spin structure is sug-
gested as a vertical Bloch wall with gradually increasing out-of-plane
spin canting, with in-plane magnetic easy axes at the interface and
strained-bulk-like SrRuOj3 characteristics in sufficient distance from
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the interface. Results indicate a maximum extension of the exchange
spring of about 10 unit cells (4 nm) into the StRuOgz layer. We dis-
cuss the impact of such interfacial spin textures on magnetic switching
as well as on further properties which are important for spintronics
applications.

MA 15.74 Tue 10:00 Poster E
Interlayer Exchange Coupling Dependent Variation of the
Saturation Magnetization of Multilayered Systems — eFRANK
Scuurz!, EroL GIrT?, ZAcHARY NUNN?, and EBERHARD GOERING!
— 1Max-Planck-Institut fiir Intelligente Systeme, Stuttgart, Germany
— 2Simon Fraser University, Burnaby, Canada

The effect of interlayer exchange coupling in magnetic thin films has
proven to be of great technological use, enabling the development of
hard drives with very high storage densities. And yet, there are as-
pects of this effect that are still not fully understood. Recent studies
have found that the interlayer thickness of Co/RuFe/Co sandwiches
does not only affect the type of interlayer coupling and its strength,
but also causes a non-monotonous variation of the saturation mag-
netization of these systems. In order to investigate this effect, X-ray
absorption spectra have been measured in total electron yield. Mak-
ing use of the X-ray magnetic circular dichroism (XMCD) effect, this
gives an element specific method of measuring the magnetic proper-
ties of the samples. Additionally, magnetometric measurements have
been performed using a superconducting quantum interference device
(SQUID), which were combined with simulations using an enhanced
Stoner-Wohlfarth model. With these methods, it could be shown that
the change in saturation magnetization does not stem from the mag-
netic contribution of the Fe in the interlayer, but instead can be at-
tributed to a non-magnetic dead layer of Co near the interface of Co
and RuFe. The thickness of this dead layer was estimated, under con-
sideration of self absorption effects, to be approximately 0.1 nm.

MA 15.75 Tue 10:00 Poster E
Ferromagnetism in LaMnO3/SrMnO3 superlattices: role of
structural layout — eRoBErRT GRUHL!, VITALY BRUCHMANN-
BaMBERG!, JAN PuiLiPP BaNcE!, VLADIMIR RopDpATIS?, and VAsiLy
Mosunyacal — 1. Physikalisches Institut, Georg-August-Universitét
Gottingen, Germany — 2Institut fiir Materialphysik, Georg-August-
Universitat Gottingen, Germany

Interfaces in the heterostructures of transition metal oxides show
unique properties which cannot be observed in the constituent
bulk materials. The prominent example is a 2D electron gas in
LaAlOgz/SrTiOs. These emergent interfacial phenomena are believed
to arise due to the complex charge, spin and orbital reconstructions
at the interfaces. Superlattices (SLs) of LaMnO3z (LMO) and SrMnOs3
(SMO) were prepared on SrTiO3(100) substrates using the metalor-
ganic aerosol deposition. The growth, controlled in-situ by optical el-
lipsometry, results in superlattices with flat and chemically sharp inter-
faces as well as in an atomically smooth surface morphology. The pre-
pared SLs, composed from two antiferromagnets, show complex mag-
netic behavior with high- and low-temperature ferromagnetic phases.
Samples with a constant bilayer and total thickness but with varying
thicknesses of LMO and SMO were studied to determine the mutual
influence of the LMO/SMO thicknesses on the interfacial magnetic
properties as well as on the magnetism of the whole superlattice. Fi-
nancial support of the Deutsche Forschungsgemeinschaft via SFB 1073
TP A02 is acknowledged.

MA 15.76 Tue 10:00 Poster E
Influence of defects inside the (NizMn;_;) antiferromagnetic
layer on exchange bias in NizMn;_,/Co bilayers — eTAUQIR
TavuQir!, M. Yaqoos Kuan?, Ismer GEeLEN!, Ivar KumBERrc!,
Yasser A. SHokR!, EvanceELos Gorias!, and WoLrcane Kuca!
— Unstitut fiir Experimentalphysik, Freie Universitit Berlin, Arnim-
allee 14, 14195 Berlin, Germany — 2Kohat University of Science and
Technology, Kohat 26000, Khyber Pakhtunkhwa, Pakistan

A series of experiments are carried out to identify the fundamental
mechanism leading to the exchange bias effect in ultrathin epitaxial fer-
romagnetic/antiferromagnetic (FM/AFM) Co/NizMni_, ( x=0; 0.25;
0.35; 0.5) bilayer samples on a CugAu(001) substrate. Structural or
chemical defects are deliberately introduced by ArT ion bombardment
for short times at a certain depth of the AFM layer. The approach is to
influence the pinning sites inside the AFM material by the controlled
insertion of disorder. Comparison of the magnetic properties measured
by magneto-optical Kerr effect then allows a precise determination of
the influence of the Art ion bombardment of the AFM layer. We find
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that for each sample, defects result in an increase of coercivity and
exchange bias field ( Hep). We interpret this by the formation of do-
mains within the AFM layer by the defects, which in turn give rise to
uncompensated pinned moments that are responsible for the increased
H.; as predicted in the domain-state model.

MA 15.77 Tue 10:00 Poster E
Investigation of Granular Magnetic Exchange Coupled Nano-
Composites — eRUNBANG SHAO, SIMING Zou, Bavati KUERBAN-
JIANG, and ULricH HERR — Institut fiir Mikro- und Nanomaterialien,
Universitat Ulm, Ulm, Deutschland

Exchange coupling of ferromagnetic (FM) nanoparticles to antiferro-
magnets (AF) can increase the coercivity and the stability against
superparamagnetic fluctuations. It has potential applications in fur-
ther increasing the storage density of hard disk drive and manufactur-
ing permanent magnets with high energy products. We have studied
nano-composites with FM Co or Ni nanoparticles embedded in AF
FeMn or IrMn thin films. To determine the average size of nanoparti-
cles, the superparamagnetic room-temperature m-H curves of reference
samples with FM nanoparticles embedded in non-magnetic Cu films
are fitted using a superposition of Langevin functions calculated for
varying particle size. The fitted size distribution agrees well with the
result obtained by T-SEM analysis of free standing nanoparticles. Af-
ter application of a field cooling procedure, exchange bias is observed
for both Ni/IrMn and Co/FeMn samples at 10K. We observe a pro-
nounced dependence of the exchange bias on FM volume filling factor.
Blocking temperatures are determined via zero field cooled (ZFC) and
field cooled (FC) measurements. Comparison of the blocking tem-
peratures of nanoparticles embedded in AF films and nanoparticles
embedded in non-magnetic films reveals the influence of the exchange
coupling on the magnetic energy landscape.

MA 15.78 Tue 10:00 Poster E
Magnetic and structural properties of MBE grown Fe/Gd
films on W{(110) investigated with XRR and XMCD-R
— eDowmiNic Lawrenz!, Wiske Bronscu!, Markus GLEICH!,
XINwWET ZHENG!, ABDALLAH ELkALAsH!, CHRISTIAN SCHUSSLER-
LANGEHEINEZ, EMMANUELLE JAL?, NELE THIELEMANN-KUHN!, and
MarTIN WEINELT! — !Fachbereich Physik, Freie Universitiat Berlin,
Arnimallee 14, 14195 Berlin — 2Helmholtz-Zentrum Berlin fiir Mate-
rialien und Energie GmbH, Albert-Einstein-Strasse 15, 12489 Berlin
— 3Laboratoire de Chimie Physique-Matiere et Rayonnement, 4 place

Jussieu, 75252 Paris Cedex 05

We studied bilayers of Fe/Gd on W(110) grown via molecular beam
epitaxy (MBE). Thickness as well as roughness of the overall film and
its constituent layers can be determined from an analysis of X-ray re-
flectrometry (XRR) measurements. Employing the dichroic response
of the Fe L3 and the Gd Ms edges measured with XMCD in reflec-
tion, we examined the temperature-dependent magnetization of the
bilayer element specifically. Our results show a ferrimagnetic coupling
between the Fe and Gd layers in agreement with previous investiga-
tions [1]. Close to room temperature we observe that both layers first
demagnetize and at slightly higher temperatures remagnetize in the
opposite direction. This is very promising as it hints at the possibil-
ity of single shot all-optical switching of such layers with short laser
pulses, shown for FeGd alloys before [2].

[1] Haskel et al., Phys. Rev. Lett. 87, 207201 (2001)

[2] Stanciu et al., Phys. Rev. Lett. 99, 047601 (2007)

MA 15.79 Tue 10:00 Poster E
Fabrication of tunnel junctions using a combination of sput-
tering and atomic layer deposition — eL. P. Porarov!h?2, K.
GrisHENDORF3, R. Scuritz!2, K. NieLscn®4, S. FarerTiH2, S. T.
B. GoeNNENWEIND2| and A. THomas? — lInstitute for Solid State
and Materials Physics, Technical University of Dresden — 2Center for
Transport and Devices of Emergent Materials, Technical University of
Dresden — 3Leibniz Institute for Solid State and Materials Research
Dresden (IFW Dresden), Institute for Metallic Materials — “Institute
of Materials Science, Technical University of Dresden

Since more than 20 years, magnetic tunnel junctions are attracting
great attention in spin electronics research. One of the key challenges
for the fabrication of high-quality tunnel elements is the deposition of
ultrathin, homogeneous and pinhole free tunnel barriers.

Atomic layer deposition (ALD) seems to be very promising for that,
since it allows for conformal and robust coating of arbitrarily shaped
surfaces. Following up on a recent publication [1], this work investi-
gates the fabrication and properties of magnetic tunnel junctions fabri-
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cated by a combination of magnetron sputtering and ALD. Specifically,
we look into the combination of shadow masks and ALD deposition in
view of high-quality (magnetic) tunnel junctions. The characterization
of the tunnel junctions is performed using complementary structural
and electrical methods.

[1] S. FaBRETTI et. al., Appl. Phys. Lett. 105, 132405 (2014)

MA 15.80 Tue 10:00 Poster E
Strain-induced perpendicular magnetic anisotropy and
Gilbert damping in Tm3Fe5012 thin films eOANA
CruBoTariu!, Anna Semisarova?, Kinnian Lenz2, and MANFRED
ALBRECHT! lnstitute of Physics, University of Augsburg, Uni-
versititsstrafie 1, 86135 Augsburg, Germany — ZInstitute of Ion
Beam Physics and Materials Research, Helmholtz-Zentrum Dresden-
Rossendorf, BautznerLandstr. 400, 01328 Dresden, Germany

In the attempt of implementing iron garnets with perpendicular mag-
netic anisotropy (PMA) in spintronics, the attention turned towards
strain-grown iron garnets. One candidate is Tm3Fe5012 (TmlIG)
which shows strain-induced PMA when grown under tensile strain [1].
Possible substrate choices are GGG(111) and substituted-GGG(111)
substrates, where the latter generated a higher in-plane tensile strain
for the growth of TmIG. TmIG films with thicknesses between 20 and
300 nm were grown by PLD on sGGG(111) substrates. XRD measure-
ments showed that films thinner than 200 nm exhibit in-plane tensile
strain, thus, they meet the requirement for PMA. As expected, these
films show PMA due to strain-induced magneto-elastic anisotropy.
However, with increasing film thickness a relaxation of the unit cell
towards its bulk structure is observed resulting in a rotation of the
magnetic easy axis from out of the sample plane towards the sample
plane. The Gilbert damping parameter extracted from FMR measure-
ments is in the range of 0.03 independent of the film thickness.
[1] Kubota, M. et al. App. Phys. Exp. 5, 103002 (2012)

MA 15.81 Tue 10:00 Poster E
Interface coupling between 3d-Lag7Sro.33MnO3 and 5d-
SrIrO3 — eLukas BERGMANN, Diana Rara, Pia DURING, and
KaTHRIN DORR — Martin Luther University Halle-Wittenberg, In-
stitute of Physics, Halle (Saale), Germany

Iridate compounds are of high scientific interest, since they show emer-
gent phenomena due to competition between the relevant energy scales
of electron correlation, bandwidth and, most importantly, strong spin-
orbit coupling. We investigate how the interface coupling between 3d-
Lag.675r0.33MnO3 (LSMO) and 5d-SrIrO3 (SIO) alters the magnetic
properties such as magnetic order and anisotropy of LSMO which is a
bulk collinear ferromagnet with high spin polarization.

High-quality superlattices and bilayers of LSMO and SIO were co-
herently grown with systematically varied layer thicknesses by pulsed
laser deposition on TiOs terminated (100) SrTiOs substrate. The
structure characterization was done by XRD. The magnetic and elec-
trical properties were investigated by SQUID and transport measure-
ments. Bilayers of reversed growth sequence show strongly different
magnetic properties. Depending on layer thickness and sample type,
the saturated magnetic moment and the Curie temperature of LSMO
is strongly suppressed. Our results suggest the occurrence of non-
collinear Mn spin textures at the LSMO/SIO interfaces.

MA 15.82 Tue 10:00 Poster E
Investigation of tunneling anisotropic magnetoresistance

(TAMR) in fully epitaxial oxide stacks — eKrvIN LANCASTER!,

CamiLLo Bavrvant!, Curistopn Hauser!, PuiLip TREMPLER!,
and Grorc ScHMIDT!'? — !nstitut fiir Physik, Martin-Luther-
Universitdt Halle-Wittenberg, 06120 Halle (Saale), Germany —
?Interdisziplinires Zentrum fiir Materialwissenschaften, Martin-

Luther-Universitét Halle-Wittenberg 06120 Halle (Saale), Germany

Tunneling anisotropic magnetoresistance (TAMR) [1] can appear in
stacks with a single crystalline ferromagnetic electrode, a tunnel bar-
rier and a non-magnetic counter electrode. Especially for fully epi-
taxial stacks an increase in magnetoresistance is expected because of
increased k-parallel conservation. More complex effects may appear
when a ferroelectric tunnel barrier is used. We present an optimization
for the thin film pulsed laser deposition of SrTiO3 and BaTiO3 tunnel
barriers on Lag,7Srg,3MnO3 for (001)-oriented SrTiO3 substrates. Af-
ter deposition the layer stacks were processed by means of lithography,
etching and electron beam evaporation. Besides structural character-
ization we will present magnetotransport measurements done at low
temperatures in a cryostat equipped with a 3D vector magnet.

[1] C. Gould, C. Ruester, G. Schmidt, L. Molenkamp: "Tunnelling
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Anisotropic MagnetoResistance (TAMR)", INTERMAG 2006 - IEEE
International Magnetics Conference 4261550 (2006), 116

[2] J. D. Burton, Evgeny Y. Tsymbal: "Tunneling anisotropic mag-
netoresistance in a magnetic tunnel junction with half-metallic elec-
trodes", Physical Review B93, 024419, 2016

MA 15.83 Tue 10:00 Poster E
X-ray resonant magnetic reflectometry (XRMR) study of the
interface between ferromagnetic transition metals and MgO
— Daan BensaMiN Borrie!?, eSveN Erik ILse!, GIsELA ScHUTZ!,
and EBeRHARD GorrRING! — Max Planck Institute for Intelligent

Systems, Stuttgart, Germany — 2Delmic BV, Delft, Netherlands

Multilayer systems of ferromagnetic transition metals and MgO at-
tract a lot of attention in the last years because of their application
in STT-MRAMSs. The chemical and magnetic properties at the inter-
face between the transition metal and MgO are of exceptional interest
in STT-MRAM cells. Those properties determine for example the
strength of the interfacial perpendicular magnetic anisotropy and the
thickness of possible magnetic dead layers, which are important pa-
rameters for the performance of MRAMs. With X-ray resonant mag-
netic reflectometry (XRMR) we combine the advantages reflectometry
and X-ray magnetic circular dichroism (XMCD). Thus, we are able
to determine element specific chemical and magnetic depth profiles
including roughness at interfaces with XRMR. We performed X-ray
absorption spectroscopy (XAS), XMCD and XRMR measurements on
Ta|CoFeB|MgO|AlI203|Au stacks. The chemical depth profile revealed
a pronounced roughness at the Ta|CoFeB interface and that especially
Fe intermixes largely with other species at the interfaces. The mag-
netic depth profile revealed a 10 A and a 4 A thick magnetic dead layer
for Fe and Co, respectively, at the CoFeB|MgO interface.

MA 15.84 Tue 10:00 Poster E
Characterization of the exchange bias system Fe3O4/CoO
via SQUID and VSM — eKEvVIN RuwiscH, JARI RODEWALD,
and JoacHIM WoOLLSCHLAGER — Fachbereich Physik, Universitat Os-
nabriick, Barbarastrafe 7, 49076 Osnabriick

Spintronics is a rising field of research in physics. Here, magnetite as a
ferrimagnet and cobaltoxide as an antiferromagnet have become more
important for industrial applications in spintronics over the years. For
instance, magnetite is used in magnetoresistive random-access mem-
ory (MRAM) consisting of magnetic tunnel junctions (MTJ). Thus,
improving the magnetic properties of ferrimagnetic/antiferromagnetic
bilayers for spintronic devices is very important since antiferromagnetic
films serve as pinning layers, e.g., for MTJs due to exchange bias.

Hence, in this work FezO4/CoO bilayers, grown by reactive molec-
ular beam epitaxy (RMBE) on MgO(001), are investigated via
temperature-dependent vibrating sample magnetometry (VSM) and
superconducting quantum interference device (SQUID). Hysteresis as
well as temperature dependent magnetization measurements were per-
formed. The composition as well as the surface structure have been
characterized by in-situ x-ray photoelectron spectroscopy (XPS) and
low-energy electron diffraction (LEED), respectively. One approach
of characterizing the magnetic features of FezO4/CoO is to evaluate
the impact of CoO towards coercivity, remanence, magnetocrystalline
anisotropy and especially the exchange bias. Additionally the blocking
temperature with respect to the film thickness of the antiferromagnetic
layer is investigated.

MA 15.85 Tue 10:00 Poster E
Metadynamics study on the reorientation transition in mag-
netic thin films — eLAszr.6 Upvarpi'?, BaLAzs NacyraLusi!, and
LAszL6 SzunyogH!2 — 'Department of Theoretical Physics, Buapest
University of Technology and Economics — 2MTA-BME Condensed
Matter Research Group, Budapest University of Technology and Eco-
nomics

The competition between different type of anisotropies often leads
to a reorientation of the magnetization direction. The temperature
driven spin reorientation transition in thin films is usually explained
by competing uniaxial on-site anisotropy and shape anisotropy. In
the study we present the results of Monte Carlo simulations based on
a classical Heisenberg model. The free energy landscape is sampled
along a path relevant for the reorientation by means of well tempered
metadynamics!. The simulation has been performed using model pa-
rameters and exchange tensors and anisotropy parameters obtained
from ab-initio calculations. We demonstrate that the competing mag-
netic anisotropies result in both first and second order transitions.

I Barducci, A. and Bussi, G. and Parrinello, M., Phys. Rev. Lett.
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MA 15.86 Tue 10:00 Poster E
Temperature and angular dependence of the anisotropic
magnetoresistance in epitaxial Mn5Ge3 film — eYUFaNG
Xie!3, vE vuan2, mao wanc!3, cur xulb3, MANFRED HELMD3,
SHENGQIANG ZHOUI, and SrawoMir PrucNar! — llInstitute of Ion
Beam Physics and Materials Research, Helmholtz-Zentrum Dresden-
Rossendorf, Bautzner Landstrasse 400, D-01328 Dresden, Germany —
2Physical Science and Engineering Division, King Abdullah Univer-
sity of Science and Technology, 23955-6900 Thuwal, Saudi Arabia —
3Technische Universitit Dresden, D-01062 Dresden, Germany

The (100) epitaxial ferromagnetic Mn5Ge3 films are made by ms-range
diffusion of Mn into Ge (100) [1] . Temperature and angular depen-

dent magnetoresistance (MR) measurements performed on the ferro-
magnetic Mn5Ge3 films reveal strong anisotropy when applied field is
parallel to the film plane. More interestingly, the angular dependence
of the MR at H =30 kOe change strongly with temperature. The
characteristic feature of the angular dependent MR is a twofold sym-
metry at temperature below 170 K. As the temperature increases from
170 K to 270 K an additional set of peaks appears and the observed
anisotropy becomes more and more prominent. At this temperature
range the MR shows an overall fourfold symmetry. At the tempera-
ture higher than 270 K the angular dependent MR shows a twofold
symmetry again.

[1] Y. Xie, Y. Yuan, M. Wang, C. Xu, R. Hiibner, J. Grenzer, Y.
Zeng, M. Helm, S. Zhou and S. Prucnal, Appl. Phys. Lett. 113,
222401 (2018)

MA 16: Surface Magnetism (joint session O/MA)

Time: Tuesday 10:30-13:00

MA 16.1 Tue 10:30 H37
Unoccupied surface and interface states in thin film of
Pd deposited on Fe/Ir(111) surface — eMoHAMMED BouUHAS-
SOUNE, IMARA LiMa FERNANDES, STEFAN BLUGEL, and SAMIR Lou-
Nis — Peter Griinberg Institut and Institute for Advanced Simulation,
Forschungszentrum Jiilich and JARA, D-52425 Jiilich, Germany

Pd layer deposited on Fe/Ir(111) substrate has been recently subject
to intensive investigations since it hosts small swirling spin-textures
named skyrmions that have potential interest in spintronic devices as
magnetic bits for information technology. To manipulate and stabi-
lize such non-collinear magetic objects it is of important demand to
conduct a quantitaive study of their electronic structure. Here we aim
to investigate the unoccupied states in Pd thin layers deposited on
Fe/Ir(111) substrate using density functional theory. These unoccu-
pied states are behind the large spin-mixing magnetoresisatnce (XMR)
signature measured using non spin-polarized scanning tunnelling mi-
croscopy (STM) [1,2]. By analysing the electronic band structure we
demonstrate the emergence of surface and interface states after deposi-
tion of Pd monolayers, which are very sensitive to the large spin-orbit
coupling of Ir surface giving rise to the XMR signal.

This work is supported by the European Research Council (ERC)
under the European Union’s Horizon 2020 research and innovation
program (ERC-consolidator Grant No. 681405 DYNASORE).

[1] D. M. Crum, M. Bouhassoune, J. Bouaziz, B. Schweflinghaus, S.
Bliigel, and S. Lounis, Nat. Commun. 6 8541 (2015)

[2] C. Hanneken et al, Nat, Nanotech. 10, 1039 (2015)

MA 16.2 Tue 10:45 H37
Investigation of Fe/Pt (110) magnetic structure by first-
principles methods eVasiLy TSEPLYAEV, JENS DBRODER,
Markus HorrFMANN, DANIEL WORTMANN, BERND ZIMMERMANN, and
STEFAN BLUGEL — Peter Griinberg Institut and Institute for Advanced
Simulation, Forschungszentrum Jiilich and JARA, 52425 Jiilich, Ger-
many

While skyrmions - localized and topologically protected vortex-like
magnetic textures - are the main focus within the current research
field of chiral magnets, we have discussed in a recent work [1] the
possible emergence of interface stabilized antiparticles, so-called an-
tiskyrmions, magnetic textures with a topological charge and one-
dimensional winding number opposite to the one of skyrmions. For in-
stance, antiskyrmions can appear in ultrathin magnetic films grown on
heavy metal substrates with Cg, symmetry, if the electronic structure
supports a Dzyaloshinskii spiralization tensor that fulfils additional
conditions e.g. its determinant is smaller than zero. With the motiva-
tion to find interesting antiskyrmion systems we investigate magnetic
systems with Cs, interface symmetry, e.g. Fe/Pt(110), using relativis-
tic and non-collinear first-principles theory implemented in the FLEUR
code (www.flapw.de).
[1] M. Hoffmann et al., Nat. Commun. 8, 308 (2017)

MA 16.3 Tue 11:00 H37
Yu-Shiba-Rusinov states of Fe atoms on 2H-NbSes — eEva
LieBHABER!, Rosuar BaBal, JaNNIK STEINBORN!, GaL REECHT!,
SEBASTIAN RonLF?, Kar RossNaceL?, Benjamin W. HEINrIcH!,
FELIX vON OPPEN

1,3 and KatHarINA J. Franke! — !Fachbereich
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Location: H37

Physik, Freie Universitit Berlin, Germany. — 2Institut fiir Experi-
mentelle und Angewandte Physik, Christian-Albrechts-Universitat zu
Kiel, Germany. — 3Dahlem Center for Complex Quantum Systems,
Freie Universitdt Berlin, Germany.

A magnetic impurity adsorbed on a superconducting substrate induces
Yu-Shiba-Rusinov (YSR) states. These are low-energy bound states
inside the superconducting energy gap. The symmetry and extent of
the YSR wave function depends on the adsorption site (i.e. crystal
field), the nature of the orbital hosting the impurity’s spin and the
shape of the Fermi surface of the substrate.

We investigate single Fe atoms on 2H-NbSes. 2H-NbSes belongs to
the class of transition metal dichalcogenides (TMDCs) and is a layered
van der Waals material with strong 2D character. In this material, su-
perconductivity coexists with a charge density wave (CDW) at low
temperatures. As the CDW is incommensurate with the lattice there
are different local charge modulations present on the surface. Hence,
adatoms sitting in identical hollow sites differ in their position relative
to the CDW leading to variations in symmetry and energy of the YSR
resonances.

MA 16.4 Tue 11:15 H37
Epitaxial growth of the ultrathin EuS films on the InAs(001)
and magnetic coupling between these films and organometal-
lic phthalocyanine monolayers — eCARMEN GONZALEzZ OREL-
LANA, MaxiM ILiN, and CELIA RoGERO — Centro de Fisica de Mate-
riales, San Sebastian, Spain

EuS has recently attracted a lot of interest because of its ability
of creating strong exchange fields when its placed in contact with
non-ferromagnetic materials. For instance, at the interface between
EuS and the topological insulator BizSes, interfacial ferromagnetism
was found to persist up to room temperature, despite the low Tc of
bulk EuS (16.6 K). Furthermore, the formation of a new ferromag-
netic ground state of the Dirac electrons in graphene was inferred
on the basis of the electrical characterization of devices featuring a
graphene/EuS interface.

I will present results of our work aimed to study the proper-
ties of the ultrathin EuS films and the interfaces between EuS and
the organometallic pthalocyanines. We have optimized the epitaxial
growth of EuS ultrathin films (< 1nm) on single crystal semiconduct-
ing InAs(001) substrates and characterized their structural and mag-
netic properties using LEED, STM, XPS, ex-situ magnetometry and
in-situ XMCD techniques. Furthermore, we have grown monolayers
of organometallic pthalocyanines (CuPC and MnPC) and performed
XMCD measurements to probe the difference in the exchange coupling
of the paramagnetic molecules with metallic (Ni, Co) and semiconduct-
ing (EuS) ferromagnets.

MA 16.5 Tue 11:30 H37
Coordination-induced spin-state switching of a Ni complex
on Ag(111) — eManuEL GRUBER!, ALEXANDER KOBKE!, FLORIAN
Gurzerr?, RAINER HErcEs2?, and RicHARD BERNDT! — lInstitut
fir Experimentelle und Angewandte Physik, Christian-Albrechts-
Universitit zu Kiel, Germany — Z2Institut fiir Organische Chemie,
Christian-Albrechts-Universitat zu Kiel, Germany

The spin state of a transition-metal complexes (TMC) can be con-
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trolled by changing its coordination state. For TMC on surfaces, this
was so far realized by adding/removing gaseous molecules [1] or by
transferring a ligand (e.g. Cl) with the tip of a scanning tunneling mi-
croscope (STM) [2]. Alternatively, a switching unit within the TMCs
itself may be employed to change the coordination state of the complex
[3], but so far the interaction with the substrate was detrimental for
the molecular structure and switching properties [4].

In the present study, we have designed and investigated robust
Ni complexes, which can intrinsically switch their coordination state.
Combining low-temperature scanning tunneling microscopy, near-edge
x-ray absorption spectroscopy along with density functional theory
calculations, we evidence the switching of these complexes on Ag(111)
between the S=0 and S=1 spin states.

This work was supported by the DFG through SFB 677 and the Eu-
ropean Union’s Horizon 2020 programme (No. 766726). [1] Gopaku-
mar et al.,, J. Am. Chem. Soc. 134, 11844 (2012) [2] Wéckerlin et al.,
Adv. Mater. 25, 2404 (2013) [3] Venkataramani et al., Science 331,
445 (2011) [4] Matino et al., Chem. Commun. 46, 6780 (2010)

MA 16.6 Tue 11:45 H37
Magnetic order in Nd(0001): a new type of spin glass?
— eUmuT KAMBER, ANDREAS EicH, NADINE HAUPTMANN, DANIEL
WEGNER, and ALEXANDER A. KHAJETOORIANS — Institute for
Molecules and Materials, Radboud University, Nijmegen, The Nether-
lands

Lanthanide metals can exhibit complex magnetic structures, e.g. heli-
cal/conical spin spirals or linear spin waves. Neodymium (Nd) shows
the most complicated behavior exhibiting several magnetic phase tran-
sitions below TN = 19.9 K, resulting in multi-q order according to
interpretations based on magnetic neutron or X-ray diffraction exper-
iments [1]. However, as these techniques lack spatial resolution, the
variations in magnetic properties of Nd at the atomic length scale are
unexplored. The local surface electronic structure of Nd(0001) has
been studied only using spin-integrated STS [2,3]. Here, we present
ultra-low temperature SP-STM measurements of bulk-like Nd(0001)
films grown on W(110). We observe multi-q magnetic behavior on the
surface as evidenced by strong short-range order, but without the exis-
tence of long-range order. Magnetic field and temperature-dependent
measurements reveal high sensitivity of the spectral weight of g-states
to applied fields, without any clear unique ground state, as well as evi-
dence of aging behavior in the magnetic state. We discuss our findings
in the context of unconventional spin-glass behavior. [1] R. M. Moon
& R. M. Nicklow, J. Magn. Magn. Mater. 100, 139 (1991). [2] D.
Wegner et al., Phys. Rev. B 73, 165415 (2006). [3] D. Wegner et al.,
Jpn. J. Appl. Phys. 45, 1941 (2006).

MA 16.7 Tue 12:00 H37
On the magnetic coupling characteristics of endohedral
fullerenes on Au(111l) and Cu(11ll) by scanning tunneling
microscopy (STM)/ spectroscopy (STS) and X-ray mag-
netic circular dichroism (XMCD) — eEmmanouiL KouTsou-
FLAKIS, LukAs SPREE, GEORGIOS VELKOS, YAOFENG WANG, SEBAS-
TIAN SCHIMMEL, DANNY BAuMANN, BERND BUCHNER, CHRISTIAN
Hess, and ALEXEY Porov — IFW-Dresden, 01069 Dresden, Germany

Single-Molecule Magnets (SMMs) are molecular materials whose
molecules may exhibit magnetic properties such as magnetization un-
der zero-field conditions, large relaxation times and high blocking tem-
peratures. Towards molecular electronics and the subsequent con-
trolled manipulation of single spins in SMMs, the obstacle of the insuf-
ficient chemical stability of many SMM architectures has to be over-
come, in order to facilitate both their organization on substrates and
the preservation of their properties.

We report on the alternatives of Trimetallic Nitrides (TNTs) and
Dimetallic Fullerenes. TNTs are of the type A3_,B,N@QCgg (n=0-
3; A, B rare earth metals or transition metals) where a carbon cage
encapsulates a triangular cluster of three rare earth/ transition metal
atoms and a nitrogen at its center. In dimetallic fullerenes the clus-
ter is consisted of two lanthanide ions forming a covalent bond by an
unpaired electron. In situ sub-monolayers on Au(111) and Cu(111)
substrate have been developed under UHV conditions and STM/ STS
and XMCD techniques have been applied to investigate the disruptive
effects that arise on depositing SMMs onto reactive metal surfaces.

MA 16.8 Tue 12:15 H37

48

Effect of the Li doping on the Curie temperature of the
GdAu2 surface alloy — oM. ILyn':2, M. Gossi}2, C. Rogerol2,
P. GarcIaNI®, M. VaLBUENA?, C. MoreNo?, A. Mucarza®5, and
F. ScuiLLer'? — Materials Physics Center CSIC-UPV-EHU —
2Donostia International Physics Center — 3ALBA Synchrotron —
4Catalan Institute of Nanoscience and Nanotechnology (ICN2) —
S5ICREA Institucié Catalana de Recerca i Estudis Avancats

Magnetic surface alloys REAu2 (where RE stands for the rare-earth
elements) are the two-dimensional counterparts of the 3-D intermetal-
lic compounds. They were found to be a model system to study the
magnetic phenomena in 2-D metallic materials. Indeed, grown on the
single-crystal substrates they have atomically-flat surface and a long-
range crystallographic order, allowing for use of all standard surface
science techniques. On the other hand, magnetic properties of this
system can be tuned via choosing the RE element or a noble metal of
the substrate.

In this talk I will present results that show the effect of Li doping on
the magnetic properties of GdAu2 surface alloy. Previously we have
seen that GdAu2 retains its magnetic properties when it is interfaced
with organic layers and sustains a thermally activated dehalogenation
reaction, but its Curie temperature (Tc) decreases. New XMCD mea-
surements demonstrate a strong (by 60%) growth of the Tc in GdAu2
due to the evaporation of the submonolayer amount of Li. These data
together with results of the XPS and ARPES measurements will be
used to discuss the mechanism of the observed phenomena.

MA 16.9 Tue 12:30 H37
Disentangling spin-dependent scattering processes in thin Tb
and Gd films — GEsA SIEMANN, e WIBKE BRONSCH, BEATRICE AN-
DRES, and MARTIN WEINELT — Freie Universitat Berlin, Deutschland

Studying the magnetic phase transition in thin Gd and Tb films by
spin-resolved photoemission spectroscopy, we evaluated the linewidth
of the (0001) surface state as a function of temperature in accor-
dance with Ref.[1]. We observe different linewidths for the major-
ity and minority spin components of the spin-mixed occupied surface
state indicating differing scattering channels and concomitant spin-
dependent lifetimes. A linear increase of the linewidth with tempera-
ture for T' > Tpepye allows us to evaluate the electron-phonon scatter-
ing rate. We find a larger slope for the majority-spin channel compat-
ible with the higher density of bulk states for majority spin electrons
at T < Tcurie- Furthermore, we observed a greater Lorentz width for
the minority-spin component, which is attributed to electron-magnon
scattering. The contributions of electron-phonon and electron-magnon
scattering to the linewidth of the surface state are comparable for Gd
and Tb.
[1] Fedorov et al., Phys. Rev. B 65, 212409 (2002)

MA 16.10 Tue 12:45 H37
Disentangling the double-exchange and superexchange inter-
actions in quantum anomalous Hall insulators — eTHIAcO R.
F. Prxoro!, HENDRIK BENTMANN!, ABDUL-VAKHAB TCAKAEVZ,
PuiLipp RUssMANN®, RapHAEL CREspo VipaLl, Sonsa Scuarz!,
FABIAN STIER?, VOLODYMYR ZABOLOTNYYZ, MARTIN WINNERLEIN?,
STEFFEN ScHREYECK?, CHARLES GouLp?, KARL BRUNNER?, STE-
FAN BLUGEL3, LAURENS W. MoOLENKAMP?, ViaDpIMIR HINKOVZ,
and FriepricH REeINERT! — l!Experimentelle Physik VII, Univer-
sitéit Wiirzburg — 2Experimentelle Physik IV, Universitit Wiirzburg
— 3Peter Griinberg Institut (PGI-1), Forschungszentrum Jiilich —
4Experimentelle Physik III, Universitit Wiirzburg

We report on the electronic origin of the magnetic properties of the
quantum Hall insulators (V,Cr):(Bi,Sb)2Tes. By combining x-ray
magnetic circular dichroism (XMCD), resonant photoemission spec-
troscopy (resPES) and density functional theory (DFT), we trace
element-specific fingerprints in the valence band and magnetic coupling
mechanisms. Our results show that while the low spectral weight of Cr
3d states at the Fermi level (EFr) support the presence of ferromagnetic
superexchange interactions, an additional double-exchange interaction
is intimately related to a highly localised V 3d impurity band at Ef.
Furthermore, we show that a Bi-rich host increases the covalency of
the transition metal ions, thereby mitigating Hund’s rule stabilisation.
The competition between charge-transfer and pd-exchange ultimately
determines the magnetic ground-state in these systems [1].

[1] Larson and Lambrecht, Phys. Rev. B 78, 195207 (2008).
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MA 17: INNOMAG e.V. Diplom-/Master Prize 2019

Die Arbeitsgemeinschaft Magnetismus der DPG hat einen Diplom-/Masterpreis ausgeschrieben, welcher
auf der Friihjahrstagung der DPG im Mairz 2019 in Regensburg vergeben wird. Ziel des Preises ist die
Anerkennung herausragender Forschung im Rahmen einer Diplom-/Masterarbeit und deren exzellente
Vermittlung in Wort und Schrift. Im Rahmen dieser Sitzung tragen die drei besten der fiir ihre an einer
deutschen Hochschule durchgefiihrten Masterarbeit Nominierten vor. Im direkten Anschluss entscheidet
das Preiskommittee iiber den Gewinner bzw. die Gewinnerin des INNOMAG e.V. Diplom/Master-
Preises 2019 in Héhe von 500 EURQO. Talks will be given in English!

Time: Tuesday 11:30-12:30

MA 17.1 Tue 11:30 H48
Annealing methods for rapidly quenched ribbons using
exothermic self-heating — eFinpDAN Brock!, JEFFREY McCoRD!,
and M1 MarsiLius? — 1CAU Kiel, Institute for Materials Science,
Nanoscale Magnetic Materials-Magnetic Domains, Kaiserstr. 2, 24143
Kiel, Germany — 2Vacuumschmelze GmbH & Co. KG, Griiner Weg

37, 63450 Hanau, Germany

Since their development 30 years ago nanocrystalline ribbon wounded
cores are used in electronic devices due to their superior soft mag-
netic properties. These are essentially influenced by parameters like
the heating and cooling rate, during the transformation from an
amorphous into a nanocrystalline material. Here, the development
of a fast annealing process for ribbon wounded cores is introduced,
which delivers comparable magnetic properties for the cores as for
ribbons treated by the continuous annealing method. Cores out of
Fers.7Cug.gNby.5Bg.55i15.5 are brought in contact to a sheathed ther-
mocouple, so that the exothermic effect during the crystal formation is
observable. This is irrelevant for normal ribbon annealing, but leads to
a rise of over 100 °C in the larger cores. By exploiting this effect and
using short times and high heating rates it was possible to achieve
smaller coercivity and magnetostriction in comparison with ribbon
samples annealed under similar conditions, what enables faster pro-
duction and the usage of a broader spectrum of alloys. In addition the
structure parameters grain size and crystalline volume fraction could
be linked to the magnetic property gradients inside the core, which are
neglectable for the best combination of annealing parameters.

MA 17.2 Tue 11:50 HA48
Design of cavity optomagnonic systems with magnetic tex-
tures: Coupling a magnetic vortex to light — eJasMIN GRAF
— Max Planck Institute for the Science of Light, Staudtstrafe 2, 91058
Erlangen, Germany

In optomagnonics, light coherently couples to collective magnetic ex-
citations in solid state systems. This topic is currently of high interest
for quantum information processing at the nanoscale. A unique fea-
ture of optomagnonic systems is the possibility of coupling light to
magnetic excitations on top of a textured magnetic ground state. A
paradigmatic example of a magnetic texture is a vortex, which is the
ground state configuration of a magnetic microdisk. The lowest en-

Location: H48

ergy magnetic excitations of this system are localized at the vortex
core. In our work, we derive the optomagnonic coupling for magnetic
textures and develop a numerical method to evaluate the coupling. We
apply our results to the case of the micromagnetic disk. We show that
the localized magnon modes can coherently couple to light confined in
whispering gallery modes of the disk. The resulting optomagnonic cou-
pling has a rich structure, and can be tuned by an externally applied
static magnetic field. Our results predict cooperativities at maximum
photon density (an important figure of merit in these systems) of the
order of C =~ 0.01 by proper engineering of these structures. These
values show promise for future design of cavity optomagnonic systems.

Reference: J. Graf, H. Pfeifer, F. Marquardt, S. Viola-Kusminskiy;
PRB 98, 241406(R) (2018)

MA 17.3 Tue 12:10 H48
Spin-Pumping and Spin Wave Damping in CozsFe75 Thin-
Film Heterostructures — eLuis Fracke — Walther-Meifsner-
Institut, Garching, Germany — Physics-Department, Technical Uni-
versity of Munich, Garching, Germany

Itinerant ferromagnets offer advantages in spintronic and magnonic
devices, like e.g. compatibility with charge transport based technol-
ogy. Typically they also suffer from drastically higher Gilbert damping
than insulating ferrimagnets, which leads to an apparent trade-off. M.
Schoen reported on "Ultra-low magnetic damping" in CozsFers alloys
[1], which could merge the two properties of low damping with the ben-
efits of electrical conducting materials. During my master thesis I fab-
ricated low-damping CogsFers-heterostructures by sputter deposition
and separated Gilbert damping and spin pumping to the total damp-
ing using broadband ferromagnetic resonance spectroscopy. From the
measurements, it was extrapolated that the intrinsic damping of the
magnetic alloy reaches the low 10~% regime. With Brillouin light scat-
tering we confirmed low damping in structured CossFers by finding
spin propagation length scales of more than 5.5pum. The easy and
fast fabrication process and its beneficial properties make CogsFers a
promising candidate for future, novel technologies in the field of spin-
tronics.

[1] M. Schoen et al., Nat. Phys. 12, 839 (2016)

Financial support by Deutsche Forschungsgemeinschaft via projects
WE5386/4 and WES5386/5 is gratefully acknowledged.

MA 18: Frustrated Magnets - General 2 (joint session TT/MA)

Time: Tuesday 14:00-16:00

MA 18.1 Tue 14:00 Theater
Strong quantum interactions prevent quasiparticle decay
eRUBEN VERRESEN'2, RODERICH MOEsSNER!, and FRANK
PorLMaNN? — 1Max-Planck-Institute for the Physics of Complex Sys-

tems — 2Technical University of Munich

Quantum states of matter typically exhibit collective excitations
known as quasiparticles. Known to be long-lived at the lowest energies,
common wisdom says that quasiparticles become unstable when they
encounter the inevitable continuum of many-particle excited states at
high energies. Whilst correct for weak interactions, we show that
this is far from the whole story: strong interactions generically sta-
bilise quasiparticles by pushing them out of the continuum. This gen-
eral mechanism is straightforwardly illustrated in an exactly solvable
model. Using state-of-the-art numerics, we find it at work also in the
spin-1/2 triangular lattice Heisenberg antiferromagnet (TLHAF) near
the isotropic point—this is surprising given the common expectation
of magnon decay in this paradigmatic frustrated magnet. Turning to

49

Location: Theater

existing experimental data, we identify the detailed phenomenology
of avoided decay in the TLHAF material Ba3CoSb209, and even in
liquid helium—one of the earliest instances of quasiparticle decay.

MA 18.2 Tue 14:15 Theater
Spin-1/2 Heisenberg antiferromagnet on the star lattice:
Competing valence-bond-solid phases studied by means of
tensor networks — eSAEED JaHRoMI and RomMaN ORus — Donos-
tia International Physics Center (DIPC) Paseo Manuel de Lardizabal
4 20018 Donostia - San Sebastian (Guipuzkoa), Spain

Using the infinite projected entangled pair states algorithm, we study
the ground-state properties of the spin-1/2 quantum Heisenberg an-
tiferromagnet on the star lattice in the thermodynamic limit. By
analyzing the ground-state energy of the two inequivalent bonds of
the lattice in different unit-cell structures, we identify two compet-
ing valence-bond-solid (VBS) phases for different antiferromagnetic
Heisenberg exchange couplings. More precisely, we observe (i) a VBS
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state which respects the full symmetries of the Hamiltonian, and (ii) a
resonating VBS state which, in contrast to previous predictions, has a
six-site unit-cell order and breaks C3 symmetry. We also studied the
ground-state phase diagram by measuring the ground-state fidelity and
energy derivatives, and further confirmed the continuous nature of the
quantum phase transition in the system. Moreover, an analysis of the
isotropic point shows that its ground state is also a VBS as in (i),
which is as well in contrast with previous predictions.

MA 18.3 Tue 14:30 Theater
Quantum Monte-Carlo simulation of SU(2N) Spin systems —
eJoNAs ScHWAB, FRANCEScO PARISEN ToLpIN, and FAKHER F. As-
sAAD — Institut fiir Theoretische Physik und Astrophysik, Universitit
Wiirzburg, Germany

We consider the spin-S, SU(2N) Heisenberg model corresponding to
the irreducible representation of SU(2N) consisting of a Young tableau
of N rows and 2S columns. In the large-S limit the spin wave approx-
imation leads to spin ordering, whereas in the large-N limit a saddle
point approximation favors dimerization. We show that this general-
ized SU(2N) spin model can be solved with sign-problem free determi-
nantal quantum Monte-Carlo methods on any bipartite lattice so that
the phase diagram in the S versus N plane can in principle be mapped
out.

MA 18.4 Tue 14:45 Theater
Doping a 2d Mott insulator - Study of a quantum dimer
model — oSEBAsSTIAN HUBER!, FABIAN GRrUsSDT?3, and MATTHIAS
Punk! — 1Arnold Sommerfeld Center, Ludwig-Maximilians Univer-
sity, 80333 Munich, Germany — 2Department of Physics, Harvard
University, Cambridge, MA 02138, USA — 3Department of Physics
and Institute for Advanced Study, Technical University of Munich,
85748 Garching, Germany

Experiments with quantum gas microscopes have started to explore
the antiferromagnetic phase of the Fermi-Hubbard model and effects
of doping with holes away from half filling [1]. We show in this talk that
the system averaged local two-spin density matrix enables to distin-
guish magnetically ordered and interesting topologically ordered spin-
liquid phases, which might occur in the Hubbard model close to half
filling.

Fractionalized Fermi liquids (FL*) are a promising candidate for
this parameter regime. The generalized quantum dimer model intro-
duced in Ref. [2] is an effective lattice realization of such an FL* with
a Hilbert space spanned by configurations of fermionic and bosonic
short-range bound states. We construct a rather unconventional dy-
namical cluster approximation (DCA) by making explicit use of the
dimer Hilbert space and show first results of spectral data for a mini-
mal cluster of two lattice sites.

[1] A. Mazurenko, C. Chiu et al., Nature 545, 7655 (2017)
[2] M. Punk, A. Allais and S. Sachdev, PNAS 112, 31 (2015)

MA 18.5 Tue 15:00 Theater
The evolution of spin — orbital entanglement in the approxi-
mate SU(2)®SU(2) model — eDoroTa GoTFRYD!2, EKATERINA
PaerscHKE®, ANDRzZEJ] M. OrLges?4, and KrzyszroF WOHLFELD!
— lInstitute of Theoretical Physics, University of Warsaw, Warsaw,
Poland — 2Marian Smoluchowski Institute of Physics, Jagiellonian
University, Krakow, Poland — 3Department of Physics, University of
Alabama at Birmingham, Birmingham, USA — *Max Planck Institute
for Solid State Research, Stuttgart, Germany

In insulating states of transition metal oxides with orbital degeneracy
spin — orbital superexchange describes the effective interactions [1]. In
such a frustrated environment the quasi — empirical Goodenough —
Kanamori rules may be violated leading to inter — site spin — orbital
entanglement [2]. In this talk we analyse the phase diagram of an
SU(2)®SU(2) symmetric model [3, 4] perturbed with a less symmet-
ric term. Even though such conditions create more complicated type
of entanglement, interestingly the underlying physics becomes much
simpler. We present extensive numerical studies supported also by
analytical calculations.

This work is supported by Narodowe Centrum Nauki (NCN,
Poland) wunder Projects No. 2016/23/B/ST3/00839 and No.
2016/22/E/ST3/00560.
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[1] A.M. Oles, J. Phys.: Condensed Matter 24, 313201 (2012)

[2] A.M. Oles et al., Phys. Rev. Lett. 96, 147205 (2006)

[3] S.K. Pati, R.R.P. Singh, D. Khomskii, Phys. Rev. Lett. 81, 5406
(1998)

[4] W.-L. You, P. Horsch, A.M. Oles, Phys. Rev. B 92, 054423 (2015)

MA 18.6 Tue 15:15 Theater
Asymptotical high-field saturation in spin-1/2 systems with
XYZ spin-anisotropy and/or Dzyaloshinskii Moriya inter-
actions 1 2

oSTEFAN-LUDWIG DRECHSLER', ROLF SCHUMANNZ,
RicHTER JoHANNES®, ULLRICH RoEssLER!, RomaN Kuzian?, HELGE
RosNER®, ALEXANDER TSIRLIN®, and SaTosa! NisaiMoTol:2 — 1ITF
at the IFW-Dresden, Dresden, Germany — 2TU Dresden, Theoret.
Phys., Germany — 3Universitat Magdeburg, Inst. Theo. Phys. —
4Inst. f. Material Sciences, Kyiv, Ukraine — SMPI-CPfS. Dresden,
Germany — SExp. Physik, Augsburg, Germany

We consider the high-field saturation of longitudinal and transversal
magnetizations M (B) of a wide class of spin-1/2 systems with low lat-
tice symmetry leading to XYZ spin anisotropy and/or the presence
of Dzyaloishnskii-Moriya (DM) interaction between nearest neighbor
(NN) spins. Exact analytical, exact doagonalization and DMRG re-
sults are presented for small and large clusters as well as extended 1D
and 2D systems. Above the last inflection point of the longitudinal
magnetization only a power-law universal magnetization o< 1/B? in
leading order is found. We provide also higher order terms and focus
on the influence of boundary conditions and the cases of staggered
magnetizations and transversal DM components. Applications to var-
ious spin-chain compounds such as linarite and qubit/qutrit quantum
dots being of interest in the field of quantum computing are discussed
and compared critically with results published so far. Fitting experi-
mental data within improper spin-symmetries, such as XXZ, may lead
to unphysical large DM terms overestimated by an order of magnitude.

MA 18.7 Tue 15:30 Theater
Nonlocal probes for topological phase transitions from world-
line braiding in path-integral quantum Monte Carlo —
eWEr Wanc!, Faio Lincgua2, Liana Supani?, and BARBARA
CAPOGROSSO-SANSONE? — 'Max Planck Institute for the Physics
of Complex Systems, Dresden, Germany — 2Department of Physics,

Clark University, Worcester, U.S.A.

‘We propose non-local probes to study quantum and topological phase
transitions in bosonic lattice spin-1/2 models. These probes can be
explained as certain properties of braids of bosons’ world-lines in con-
figurations of path-integral quantum Monte Carlo (PIQMC). These
new probes have been demonstrated to be good alternatives to order
parameters for topologically trivial quantum phase transitions, and
also have been shown to be efficient methods in studying topologically
nontrivial phase transition. Furthermore, numerical results indicate
that the world-line braids in configurations of PIQMC give a concrete
meaning of so called “patterns” of short and long-range entanglement.

MA 18.8 Tue 15:45 Theater

Multi-loop contributions in the pseudo-fermion functional
renormalization group for quantum spin systems: implemen-
tation and consequences — eToBias MULLER!, YasiR IQBALZ,
Jouannes ReuTHER34, and RonNy TuomaLe! — lInstitute for
Theoretical Physics and Astrophysics, Julius-Maximilians Univer-
sity of Wiirzburg, Am Hubland, D-97074 Wiirzburg, Germany —
2Department of Physics, Indian Institute of Technology Madras, Chen-
nai 600036, India — 3Dahlem Center for Complex Quantum Systems
and Institut fiir Theoretische Physik, Freie Universitdt Berlin, Arni-
mallee 14, 14195 Berlin, Germany — *Helmholtz-Zentrum fiir Materi-
alien und Energie, Hahn-Meitner-Platz 1, 14019 Berlin, Germany

We extend the pseudo-fermion functional renormalization group (PF-
FRG) treatment of quantum spin systems by including diagrammatic
higher loop contributions into the renormalization group flow. This
allows us to consistently account for all contributions of parquet-type
diagrams in the two-particle vertex and self-energy derivatives within
the two-particle truncated PFFRG flow. We will discuss the impact
of these corrections in different quantum spin models within PFFRG,
especially in the light of the Mermin-Wagner theorem.
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MA 19: Spintronics (joint session TT/MA/DY)

Time: Tuesday 14:00-16:00

MA 19.1 Tue 14:00 H23
Long-lived chirality states in low-temperature strongly-
coupled Rashba systems — ePuiLipp C. VERPOORT, JAMES R.
A. DanN, GareTH J. ConpulT, and V1oAY NARAYAN — Department
of Physics, University of Cambridge, J.J. Thomson Avenue, Cambridge
CB3 OHE, UK

We observe ultra-slow magnetoresistance dynamics at sub-Kelvin tem-
peratures in various systems that display strong Rashba spin-orbit cou-
pling. These dynamics display a striking magnetoresistance curve that
follows different traces depending on direction and speed of a magnetic
field sweep. This novel effect cannot be explained by magnetisation or
magnetocaloric effects. We suggest that the dynamics arise from de-
tuning of the Fermi levels of the two Rashba bands and the slowness
of their relaxation into equilibrium due to the suppression of inter-
band scattering mechanisms that would be expected in conventional
systems. Surprisingly, the relaxation timescale of this non-equilibrium
state is 10 seconds so exceeds typical electronic relaxation timescales
by several orders of magnitude, which makes this effect intriguing to
study and relevant for potential applications in information processing.

MA 19.2 Tue 14:15 H23
Channel analysis of atomic Pd contacts by Andreev Re-
flections — eMARTIN PrRESTEL!, TorsTEN PieTscu!2, and ELKE
ScHEerR! — !Department of Physics, University of Konstanz, 78457
Konstanz, Germany — 2now at: Carl Zeiss AG, 73447 Oberkochen,
Germany

For the strong paramagnetic material palladium (Pd) theoretical calcu-
lations predicted a local magnetic ordering [1]. In transport measure-
ments a strong non-monotonic magneto-transport behaviour as well as
indications for Kondo resonances have been reported for atomic con-
tacts in Pd [2]. To get a more detailed view of the nature of this
magnetic ordering we want to investigate the transport channel dis-
tribution and their spin polarisation in such contacts. Therefore we
add superconducting leads to apply the method of multiple Andreev
reflections [3, 4, 5|. In this talk I will present first experimental super-
conducting current-voltage characteristics revealing superconducting
proximity effect into Pd depending on the exact atomic configuration.
[1] Delin et al., Phys. Rev. Lett. 92, 057201 (2004)

[2] Strigl et al., Phys. Rev. B 94, 144431 (2016)

[3] Scheer et al., Nature 394, 154 (1998)

[4] Andersson et al., Physica C 367, 117-122 (2002)

[5] Martin-Rodero et al., Physica C 352, 67-72 (2001)

MA 19.3 Tue 14:30 H23

Quasiparticle cooling using a Topological insulator-
Superconductor hybrid junction — eD. Bgrrcioux!’2? and
P. LucicNano34 1Donostia International Physics Center,

Paseo Manuel de Lardizbal 4, E-20018 San Sebastian, Spain —
2IKERBASQUE, Basque Foundation of Science, 48011 Bilbao, Spain
— 3CNR-SPIN, Monte S.Angelo, via Cinthia, I-80126 Napoli, Italy —
4Dipartimento di Fisica “E. Pancini”, Universita di Napoli “Federico
II") Monte S.Angelo, I-80126 Napoli, Italy

We investigate the thermoelectric properties of a hybrid junction re-
alised coupling surface states of a three-dimensional topological in-
sulator with a conventional s-wave superconductor. We focus on the
ballistic devices and study the quasiparticle flow, carrying both electric
and thermal currents, adopting a scattering matrix approach based on
conventional Blonder-Tinkham-Klapwijk formalism [1]. We calculate
the cooling efficiency of the junction as a function of the microscopic
parameters of the normal region (i.e. the chemical potential etc.).
The cooling power increases when moving from a regime of Andreev
specular-reflection to a regime where Andreev retro-reflection domi-
nates. Differently from the case of a conventional N/S interface [2], we
can achieve efficient cooling of the normal region, without including
any explicit impurity scattering at the interface, to increase normal
reflection [3].

[1] Blonder, Tinkham & Klapwijk, Phys. Rev. B 25, 4515 (1982).

[2] Bardas & Averin, Phys. Rev. B 52, 12873 (1995).

[3] Bercioux & Lucignano, arXiv:1804.07170, EPJ ST, in press (2018).

MA 19.4 Tue 14:45 H23

Magnetism in atomic Gd contacts: Noise and transport mea-
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surements — eMARCEL STROHMEIER, MARTIN PRESTEL, and ELKE
ScHEER — Department of Physics, University of Konstanz, 78457 Kon-
stanz, Germany

Materials with partially filled f shells bear interesting electronic and
magnetic properties, wich have been intensively studied in bulk. Yet,
on the atomic scale they are still a widely unexplored topic. For
gadolinium (Gd) first transport measurements and theoretical calcu-
lations on the influence of f electrons on the electronic transport have
been carried out [1]. To get a deeper insight into the magnetic ordering
at the atomic scale we use the mechanically controllable break junction
(MCBJ) technique at low temperatures to produce tunable atomic-size
contacts. Here we present first measurements on magnetic transport
behavior as well as shot noise measurements. Shot noise is known to
reveal the exact channel configuration [2| and is even sensitive to spin
polarization [3].

[1] Olivera et al., Phys. Rev. B 95, 075409 (2017)

[2] Kumar et al., Phys. Rev. Lett. 108, 146602 (2012)

[3] Burtzlaff et al., Phys. Rev. Lett. 114, 016602 (2015)

MA 19.5 Tue 15:00 H23
Magnetoconductance in Bi quantum well states: coupling of
interfaces — eDoaA ABDELBAREY and HERBERT PFNUR — Institut
fiir Festkorperphysik, Leibniz Universitat Hannover

Ultrathin epitaxial Bi films are governed by strongly spin-polarized
bands that determine to a large extent their magneto-transport prop-
erties. Magneto-conductance of films grown epitaxially on Si(111) with
a thickness of 10 to 100 bilayers (BL) was measured mostly at T= 8 K
in magnetic fields up to 4T and with orientations both perpendicular
and parallel to the surface plane. For B-fields normal to the surface
weak anti-localization (WAL) was observed. Analysis within the the-
ory by Hikami et al. [1] indicates strong coupling of the interfaces up
to 50 BL, whereas above 80 BL two independently conducting channels
were observed. For the in-plane B-field orientation, the magneto con-
ductivity turned out to be anisotropic. Whereas for in-plane B-fields
parallel to the current direction and for films up to 70 BL mainly
weak localization is seen, it switches to WAL for larger thicknesses.
For in-plane B-fields perpendicular to the current only WAL was ob-
served irrespective of thickness. Both curves merge close to 100 BL,
i.e. WAL becomes independent of B-field direction. These phenomena
are explained within the framework of interface scattering, including
superimposed effects of band structure and spin polarization due to
the Rashba effect.

[1] Hikami S., et al., Prog. Theor. Phys. 63, 707 (1980)

MA 19.6 Tue 15:15 H23
Manipulating orbitals with magnetic fields — xioncHUA LIU,
®CHUN-FU CHANG, ALEXANDER KOMAREK, STEFFEN WIRTH, and LIU
HAO TJENG — Max Planck Institute for Chemical Physics of Solids,
No6thnitzerstr. 40, 01187 Dresden, Germany

Magnetite (Fe3O4) is one of most controversially discussed materials
in solid state physics due to its enigmatic Verwey transition, while
being heavily studied as thin film for spintronic applications. Here,
we report on our study of the Verwey transition under magnetic fields
in Fe3Oy4 thin films on spinel substrates Coz_ 5y MngFe,TiO4 and
non-magnetic MgaTiO4. The Verwey transition of these films is highly
tunable and anisotropic with applied magnetic fields. The strong mag-
netostriction evidences an active spin-orbit effect of the Fe?+ (d°) ions
in Fe304 which allows one to manipulate the Fe?t orbital occupa-
tion via magnetic fields. Remarkably, the high magnetic tunability of
the Verwey transition results in a closed magnetoresistance (MR)-loop
with an MR as large as 88% at 0.5 Tesla, which is up to 2 order larger
than the reported values of Fe3O4 films.

MA 19.7 Tue 15:30 H23
Noise of charge current generated by a precessing itinerant
ferromagnet — oTivm Lupwic!, Icor S. BurmisTrovZ3 14 Yu-
vaL GEFEN®, and ALEXANDER SHNIRMAND? — lInstitut fiir Theorie
der Kondensierten Materie, Karlsruhe Institute of Technology, 76128
Karlsruhe, Germany — 2L.D. Landau Institute for Theoretical Physics
RAS, Kosygina street 2, 119334 Moscow, Russia — 3Laboratory
for Condensed Matter Physics, National Research University Higher
School of Economics, 101000 Moscow, Russia — *Institut fiir Nan-
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otechnologie, Karlsruhe Institute of Technology, 76021 Karlsruhe, Ger-
many — ®Department of Condensed Matter Physics, Weizmann Insti-
tute of Science, 76100 Rehovot, Israel

We determine the zero frequency noise of charge current that is gen-
erated by a precessing small itinerant ferromagnet which is tunnel-
coupled to two normal metal leads. We assume the leads to be in
equilibrium with each other, i.e. neither voltage nor thermal bias is
applied. In this situation, the average charge current vanishes. How-
ever, the noise of charge current remains. While at high temperatures,
we obtain the standard thermal noise; for low temperatures we find
the noise of charge current to be governed by the precession frequency
of the magnetization and the angle between magnetization and pre-
cession axis. We propose that this result can be used in FMR-type
experiments to gain additional information about the magnetization
dynamics.

MA 19.8 Tue 15:45 H23

Time stable remanence in Dzyaloshinskii Moriya Interac-

tion driven canted antiferromagnets — NAMRATA PATTANAYAK!,

AAxaNksHA KAaPooRr!, ARUN KUMAR Nicam?, and e AsHNA Basparl
b b

— !ndian Institute of Science Education and Research, Pune, India
— 2Tata Institute of Fundamental Research , India

We report remanence measurements conducted on a number of mag-
netic oxides which are Dzyaloshinskii-Moriya Interaction (DMI) driven
canted antiferromagnets or weak ferromagnets (WFM). All these sys-
tems are also symmetry allowed piezomagnets (PzM). We consistently
observe an ultra-slow magnetization dynamics with a counter-intuitive
magnetic field dependence in these WFM or PzM. This ultra- slow
magnetization dynamics manifests itself in the form of a time-stable
remanence and appears exclusive to these WFM. Though the effect is
tunable with nano scaling, it is intrinsic in nature as these features are
also observed in bulk single crystal. We further demonstrate that the
magnitude of this unique remanence can be significantly enhanced at
the room temperature by encapsulation of these WFM inside carbon
nanotubes. These results illustrate why encapsulation of these func-
tional magnetic oxides within carbon nanotubes is interesting from
fundamental point of view and it can lead to nano spintronic devices
tunable by electric field, magnetic field and possibly by stress.

MA 20: Multiferroics and Magnetoelectric coupling | (joint session MA/KFM)

Time: Tuesday 14:00-15:45

Invited Talk MA 20.1 Tue 14:00 H37
Magnetoelectric Inversion of Domain Patterns — eNagiwmiI
Leo!23,  VEra Carorus?, JonaTHAN WHITE?, MICHEL
KENzZELMANN®, MarTHiAs HubL®, PIERRE ToLEDANOS®, TaAkAsHI
HonpA”?, Tsuvosur Kimura®, SErGEY Ivanov?, MarTaias WErIL!O,
THoMAS LoTTERMOSER?, DENNIS MEIER!!, and MANFRED FIEBIG2
— 1CIC nanoGUNE, Spain — 2ETH Ziirich, Switzerland — 3Paul
Scherrer Institute, Switzerland — *Bonn University, Germany —
5Stockholm University, Sweden — 6Université de Picardie, France —
"High Energy Accelerator Research Organization (KEK), Japan —
8University of Tokyo, Japan — 9Karpov Insitute of Physical Chem-
istry, Russia — 10TU Wien, Austria — !Norwegian University of
Science and Technology, Norway

The global inversion of an inhomogeneous distribution of ferromagnetic
or ferroelectric domains within a material is surprisingly difficult: Field
poling creates a single-domain state, and piece-by-piece inversion using
a scanning tip is impractical. Here we report inversion of entire domain
patterns in the magnetoelectric material Co3TeOg and the multiferroic
material Mn2GeQOy. In these materials, an applied magnetic field re-
verses the magnetization or polarization, respectively, of each domain,
but leaves the overall domain pattern intact. This effect originates
from a trilinear coupling term containing a "hidden" order parameter
which retains the relative orientation of the field-driven and the ob-
served order parameters. Such behaviour might also occur in other
complex materials where coexisting order parameters are available for
combination.

MA 20.2 Tue 14:30 H37
Dielectric response of a vector-chiral magnetic ordering
eDaviD Rivas GoNGoRal, MARTINA DRAGICEVIG!, ZELIJKO
RapLiENOVIG!, MirTA HERAK!, TomisLav IvEk!, MATE] PREGELJZ,
ANDREJ Zorko?, HeLmuTH BERGER?, and DENIS ARCON?
Hnstitute of Physics, Bijenicka cesta 46, HR-10000 Zagreb, Croatia
— 2Jozef Stefan Institute, Jamova c. 39, 1000 Ljubljana, Slovenia
— 3Ecole polytechnique federale de Lausanne, CH-1015 Lausanne,
Switzerland

B-TeVO4 is a zig-zag spin-1/2 quasi-one-dimensional system with a rich
low-temperature phase diagram. Its vanadium spins interact through
a nearest ferromagnetic (V-O-V) and next-nearest antiferromagnetic
(V-O-Te-O-V) superexchange. The resulting frustration assisted by
quantum fluctuations gives rise to three magnetic phase transitions
[1]: paramagnetic to incommensurate spin density wave at TN1=4.65
K, followed by the so-called stripe phase under TN2=3.28 K, and lastly
at TN3=2.28 K the system enters the vector-chiral ground state [2].
Interestingly, the complex magnetic landscape makes 8-TeVO4 an ideal
candidate for non-conventional magnetoelectric phases due to a sym-
metry which does not forbid the formation of electric dipoles [2,3]. We
present the dynamic dielectric response of 3-TeVO4 single crystal sam-
ples in the presence of a magnetic field and discuss it in the context of
low-temperature magnetic ordering as a potentially multiferroic phase.
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[1] Y. Savina et al. Phys. Rev. B 84, 104447 (2011). [2] M. Pregelj
et al. Nature Communications 6 (2015), 10.1038/ncomms8255. [3] K.
F. Wang et at. Adv. Phys 58, 321-448 (2009).

MA 20.3 Tue 14:45 H37
Magnetoelectric Red-Ox switching of magnetism in iron ox-
ide/iron nanostructures — eJoNAs ZEHNER!2, IvAN SoLpaTOV?,
RupoLr ScHAFER!, SeEBAsTIAN FAHLER!, KORNELIUS NieLscul?2,
and KARIN LeisTNER2 — 1IFW Dresden — 2TU Dresden - Insti-

tute of Material Science

Low power voltage-control of magnetism in metals can be achieved by
electrical gating of magnetic nanostructures. Recent approaches fo-
cus on ion displacement and electrochemical reactions in oxide/metal
films[1,2]. All solid state architectures suffer from a low ion mobility at
room temperature (RT) and focus on ultrathin films so far[3]. Utilizing
liquid electrolytes allows us to overcome these limitations and achieve
large voltage induced changes of magnetization and anisotropy within
several nanometer thick oxide/metal heterostructures[4]. In this case,
typical alkaline battery electrolytes are used and merely 1V is applied
to induce electrochemical RedOx processes in nanostructured FeOx/Fe
films[4,5]. For FeOx/Fe nanoislands, ON/OFF switching of magneti-
zation has been probed by two independent integral methods: in situ
AHE and in situ FMR. A novel in situ Kerr set up has been devel-
oped, which allows us to observe also local changes of the magnetic
microstructure during the RedOx operations. We find, for the first
time, significant voltage-induced changes of the domain size in con-
tinuous FeOx/Fe thin films upon RedOx reactions. [1]Song et al.,
Prog. Mater Sci. 87, 33,2017, [2]Leistner et al., PRB 87, 224411,2013,
[3|Bauer et al., Nat. Mater. 14, 174,2015, [4]Duschek et al. APL
Mater.4, 32301,2016 [5]Duschek et al., J. Mater. Chem. C 6, 8411,2018

MA 20.4 Tue 15:00 H37
Switchable one-way transparency via coupled magnetic and

electric resonances — eDavip SzaLLER!, ArRTEM KuUz’MENKOZ,

ALEXANDER A. MUKHIN?, ALEXEY SHUVAEV!, URMAs NAacgL3,
Toomas R66m3, and ANDREI PimENov! — !nstitute of Solid State
Physics, TU Wien, Vienna, Austria — 2Prokhorov General Physics
Institute, Russian Academy of Sciences, Moscow, Russia — 3National

Institute of Chemical Physics and Biophysics, Tallinn, Estonia

The strong anisotropy in the absorption of counter-propagating light
beams approaching the limit of one-way transparency[l] became an
intensively studied topic of simultaneously magnetic and polar (i.e.
multiferroic) crystals, motiva