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Emergent properties and functions of topological magnets —
oY OSHINORI TOKURA

INNOMAG e.V. Dissertationspreis 2018 / Ph.D. Thesis Prize

MA 14.1

MA 14.2

MA 14.3

MA 144

Mon

Mon

Mon

Mon

15:00-15:25

15:25-15:50

15:50-16:15

16:15-16:40

H 0112

H 0112

H 0112

H 0112

On the magnetocaloric properties of Heusler compounds — eTINO
GOTTSCHALL

Topological Magnon Materials and Transverse Magnon Transport —
¢ ALEXANDER MOOK

Ferromagnet-Free Magnetoelectric Thin Film Elements — eT0BIAS
Kosus

Optically induced ferro- and antiferromagnetic dynamics in the rare-
earth metal dysprosium — eNELE THIELEMANN-KUHN

INNOMAG e.V. Diploma-/Master Prize 2018

MA 15.1 Mon
MA 15.2 Mon
MA 15.3 Mon
Topical talks
MA 10.1 Mon
MA 19.8 Tue

MA 31.1 Wed
MA 38.1 Thu
MA 46.1 Thu

16:55-17:15

17:15-17:35

17:35-17:55

15:00-15:30

11:30-12:00

15:00-15:30
9:30-10:00

15:00-15:30

H 0112

H 0112

H 0112

EB 301

EB 301

H 0110
H 0110

H 0110

Magnetic particle mapping with magnetoelectric sensors for charac-
terization of bioscaffolds — eRON-MARCO FRIEDRICH

Uncovering Chiral and Topological Orbital Magnetism of Domain
Walls and Skyrmions

— oFABIAN R. LUx

Unified description of high frequency magnetodynamics, and a new
way of measuring the magnon contribution to the specific heat. —
eBENJAMIN ZINGSEM

Structure, Energetics, and Deterministic Writing of Skyrmions in
Thin Film Ferromagnets — eFELIX BUTTNER

Composite topological excitations in ferromagnet-superconductor
heterostructures — eKJETIL HALS

Magnonics, Quo Vadis? — ¢VOLODYMYR KRUGLYAK

RKKY-induced Kondo breakdown near a magnetic quantum phase
transiton — eJOHANN KROHA

Topological spin textures as spin-wave emitters — e¢SEBASTIAN WINTZ
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PhD Symposium: Ultrafast spin-lattice interactions

MA 17.1 Tue  9:35-10:20 H 1012 Understanding spin and lattice interactions at ultrafast timescales —
ePETER M. OPPENEER

MA 172 Tue 10:25-10:40 H 1012 Magnetic and Structural Dynamics in Antiferromagnetically Coupled
Fe/Cr Superlattices — eDANIEL SCHICK

MA 17.3 Tue 10:40-11:10 H 1012 Spin-Lattice coupling in ultrafast magnetization dynamics — eBERT
KooPMANS

MA 17.4 Tue 11:25-11:55 H 1012 The role of spin-lattice interaction in optical control of magnetism —
e ALEXEY KIMEL

MA 17.5 Tue 11:55-12:10 H 1012  Structural dynamics during laser-induced ultrafast demagnetization
— eEMMANUELLE JAL

MA 17.6 Tue 12:15-12:45 H 1012 Driving magnetization precession by dynamical compressive and
shear strain in a low-symmetry metallic film — eALEXANDRA M.
KALASHNIKOVA

MA 17.7 Tue 12:45-13:15 H 1012 Ultrafast Thermal Transport in Magnetic Heterostructures —
eRICHARD WILSON

Focus sessions (invited talks only)

Nanomagnetism in the x-ray spotlight

MA 2.1 Mon  9:30-10:00 H 1012 Advanced X-ray Optics - Zone Plates, Kinoforms and Computer Gen-
erated Holograms — eKAHRAMAN KESKINBORA

MA 2.2 Mon 10:00-10:30 H 1012 Time-resolved imaging of nanoscale spin textures and spin waves —
¢JORG RAABE

MA 2.3 Mon 10:30-11:00 H 1012 Direct observation of magnetic droplet solitons — eMARTINA AHLBERG

MA 2.4 Mon 11:15-11:45 H 1012 Studying nanomagnets by XMCD PEEM — eFLORIAN KRONAST

MA 2.5 Mon 11:45-12:15 H 1012 A time-resolved view on magnetic domains and spin textures by x-ray
holography — eSTEFAN EISEBITT

Magnetism in Materials Science: Thermodynamics, Kinetics and Defects |

MA 7.1 Mon 10:15-10:45 TC 010 First principles many-body calculations for rare earth-based materi-
als: present status and open challenges — oSILKE BIERMANN

MA 7.5 Mon 11:45-12:15 TC 010 We need perfect defects - challenging the Brown’s paradox in perma-
nent magnetism — e¢OLIVER GUTFLEISCH

MA 7.6 Mon 12:15-12:45 TC 010 Interplay of moment-volume and electron-phonon coupling in the itin-
erant electron metamagnet LaFe;3_,Si,H, — eMARKUS ERNST GRUNER

Magnetism in Materials Science: Thermodynamics, Kinetics and Defects Il

MA 13.1 Mon 15:45-16:15 TC 010 Ferromagnetic Nuclear Resonance for studying defects in multilay-
ers and nanocomposites : Structure and magnetic properties —
¢CHRISTIAN MENY

MA 13.5 Mon 17:30-18:00 TC 010 Improving the finite-temperature description of magnetic materials
— o ANDERS BERGMAN

Magnetism in Materials Science: Thermodynamics, Kinetics and Defects IlI

MA 22.1 Tue 11:45-12:15 H 0106 Grain boundary migration and grain growth in non-ferromagnetic
metals under the impact of a magnetic field — eDMITRI A. MOLODOV

Magnetic structurally and compositionally modulated nanowires and nanotubes

MA 8.1 Mon 15:00-15:30 H 1012 Multiple nanostructures based on anodized aluminium oxide tem-
plates — eYONG LEI
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MA 83 Mon 15:45-16:15 H 1012

MA 84 Mon 16:15-16:45 H 1012

MA 85 Mon 17:00-17:30 H 1012

MA 87 Mon 17:45-18:15 H 1012

Towards a three dimensional curvilinear magnonic transducer —
¢JORGE A OTALORA

Controlled domain wall propagation in cylindrical nanowires —
oCRISTINA BRAN

Magnetic hardening of nanowires by sandwiching with antiferro-
magets — eULF WIEDWALD

Hybrid Magnetoelectric Nanowires for Nanorobotic Applications —
¢SALVADOR PANE

Exploiting spintronics for unconventional computing

MA 241 Wed  9:30-10:00 H 1012

MA 243 Wed 10:15-10:45 H 1012

MA 244 Wed 11:00-11:30 H 1012
MA 24.6 Wed 11:45-12:15 H 1012

Control of Mesoscopic Magnetism for Computation — eLAURA HEY-
DERMAN

Spin waves for unconventional computing and data processing —
ePHILIPP PIRRO

p-bits, p-transistors and p-circuits — eKEREM CAMSARI

Bits and Brains: New materials and brain-inspired concepts for low
energy information processing — ¢THEO RASING

Topological Defects in Superconductors and Magnets

MA 30.1 Wed 15:00-15:30 H 0104

MA 30.2 Wed 15:30-16:00 H 0104
MA 30.3 Wed 16:00-16:30 H 0104

MA 304 Wed 16:45-17:15 H 0104

MA 30.5 Wed 17:15-17:45 H 0104

Spinorbitronics — from efficient
magnetic skyrmions |

MA 40.1 Thu  9:30-10:00 H 1012

MA 40.5 Thu 11:15-11:45 H 1012

Spinorbitronics — from efficient
magnetic skyrmions Il

MA 471 Thu 15:00-15:30 H 1012

Spinorbitronics — from efficient
magnetic skyrmions Il

MA 571 Fri  9:30-10:00 H 1012

MA 57.6 Fri 11:30-12:00 H 1012

Stability and Emergent Electrodynamics of Skyrmions — e CHRISTIAN
PFLEIDERER

Optical Manipulation of Single Flux Quanta — ePHILIPPE TAMARAT
Skyrmion Lattices in Random and Ordered Potential Landscapes —
e¢CHARLES REICHHARDT

Hedgehog Spin-Vortex Crystal Magnetic Order in Superconducting
CaK(Fe;_,M,)4As; (M=Co, Ni) — ¢ ANNA BOHMER

Geometric Frustration and Ratchet Effect of Vortices in an Artificial-
Spin/Superconductor Hybrid — eZn1-L1 X1a0

charge/spin conversion based on spin-orbit coupling to chiral

Understanding Spin-Charge Conversion in Topological Insulators —
¢ AURELIEN MANCHON

Interfacial spin-orbitronic: Rashba interfaces and topological insu-
lators as efficient spin-charge current converters — eJUAN-CARLOS
ROJAS-SANCHEZ

charge/spin conversion based on spin-orbit coupling to chiral

Spin orbit fields at the Fe/GaAs(001) interface — e CHRISTIAN BACK

charge/spin conversion based on spin-orbit coupling to chiral

Manipulation of interface-induced Skyrmions studied with STM —
oKIRSTEN VON BERGMANN

Magnonics in skyrmion-hosting chiral magnetic materials — eMARKUS
GARST
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Joint symposia with MA participation

Invited talks of the joint symposium SYTO
See SYTO for the full program of the symposium.

SYTO 1.1 Wed  9:30-10:00 H 0105 Beyond Topologically Ordered States: Insights from Entanglement
— oB. ANDREI BERNEVIG

SYTO 1.2 Wed 10:00-10:30 H 0105 Topological Magnon Materials — ALEXANDER MOOK, JURGEN HENK,
¢INGRID MERTIG

SYTO 1.3 Wed 10:30-11:00 H 0105 Topological Order of Interacting Polymers on a Substrate —
oVINCENZO VITELLI

SYTO 1.4 Wed 11:15-11:45 H 0105 Quantization of Heat Flow in Fractional Quantum Hall States —
eMoTY HEIBLUM

SYTO 1.5 Wed 11:45-12:15 H 0105 Currents and Phases in Quantum Rings — eKATHRYN MOLER

Invited talks of the joint symposium SYVC (organized by MA)
See SYVC for the full program of the symposium.

SYVC 1.1 Wed 15:00-15:30 H 0105 Magneto-ionic control of interfacial magnetism — ¢ GEOFFREY BEACH

SYVC 1.2 Wed 15:30-16:00 H 0105 Ionic Control of Materials Beyond Interfaces — e¢DUSTIN GILBERT

SYVC 1.3 Wed 16:00-16:30 H 0105 Microscopic Mechanisms of Memristive Switching in Metal Oxides
— oRAINER WASER, STEPHAN MENZEL, REGINA DITTMANN

SYVC 1.4 Wed 17:00-17:30 H 0105 In-situ and operando SQUID magnetometry under electrochemical
control — eROLAND WURSCHUM, MARKUS GOSSLER, GREGOR KLINSER,
EVA-MARIA STEYSKAL, HEINZ KRENN

SYVC 1.5 Wed 17:30-18:00 H 0105 Reversible chemistry as a tool for dynamic control of physical prop-
erties — eROBERT KRUK, SUBHO DAsGcuPTA, Biyoy DAs, HORST HAHN

Invited talks of the joint symposium SYTH
See SYTH for the full program of the symposium.

SYTH 1.1 Thu  9:30-10:00 H 0105 Extracting the electrical properties of metal halide perovskite semi-
conductors using transient terahertz spectroscopy — eMICHAEL B.
JOHNSTON

SYTH 1.2 Thu 10:00-10:30 H 0105 THz nanophotonics with 2D materials — eMirRIAM SERENA VITIELLO

SYTH 1.3 Thu 10:30-11:00 H 0105 Nonlinear responses and 2D spectroscopy using THz electric and
magnetic fields — eKEITH A NELSON

SYTH 1.4 Thu 11:15-11:45 H 0105 Low energy electrodynamics of correlated spin systems. — eN. PE-
TER ARMITAGE

SYTH 1.5 Thu 11:45-12:15 H 0105 Lightwave scanning tunneling microscopy of single molecules — Do-
MINIK PELLER, TYLER L. COCKER, PING YU, RUPERT HUBER, eJASCHA
REPP

Invited talks of the joint symposium SYDM
See SYDM for the full program of the symposium.

SYDM 1.1 Thu 15:00-15:30 H 0105 Bending, pulling, and cutting wrinkled two-dimensional materials
— oKIRILL BOLOTIN

SYDM 1.2 Thu 15:30-16:00 H 0105 Ultrafast valley and spin dynamics in single-layer transition metal
dichalcogenides — ¢ ALEJANDRO MOLINA-SANCHEZ

SYDM 1.3 Thu 16:00-16:30 H 0105 Interlayer excitons in layered semiconductor transition metal
dichalcogenides — ¢STEFFEN MICHAELIS DE VASCONCELLOS

SYDM 1.4 Thu 16:45-17:15 H 0105 Exploring exciton physics in liquid-exfoliated 2D materials —
¢CLAUDIA BACKES

SYDM 1.5 Thu 17:15-17:45 H 0105 A Progress Report on Electron Transport in MXenes; A New Fam-
ily of 2D Materials — eMICHEL BARSOUM
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Invited talks of the joint symposium SYAM
See SYAM for the full program of the symposium.

SYAM 1.1  Fri

SYAM 1.2 Fri

SYAM 1.3  Fri

SYAM 1.4 Fri

SYAM 1.5 Fri

Sessions

MA 1.1-1.10
MA 2.1-2.7
MA 3.1-3.13

MA 4.1-4.12
MA 5.1-5.14

MA 6.1-6.12
MA 7.1-7.8

MA 8.1-8.8
MA 9.1-9.12
MA 10.1-10.12
MA 11.1-11.10
MA 12.1-12.10

MA 13.1-13.8

MA 14.1-14.4

MA 15.1-15.3
MA 16.1-16.10
MA 17.1-17.7

MA 18.1-18.10
MA 19.1-19.13
MA 20.1-20.12

MA 21.1-21.114
MA 22.1-224

MA 23.1-23.11
MA 24.1-24.6
MA 25.1-25.9
MA 26.1-26.10
MA 27.1-27.12
MA 28.1-28.11

MA 29.1-29.5

9:30-10:00 H 0105
10:00-10:30 H 0105
10:30-11:00 H 0105
11:15-11:45 H 0105
11:45-12:15 H 0105
Mon 9:30-12:15
Mon 9:30-12:45
Mon 9:30-13:00
Mon 9:30-12:45
Mon 9:30-13:15
Mon 9:30-12:45
Mon 10:15-13:15
Mon 15:00-18:30
Mon 15:00-18:15
Mon 15:00-18:30
Mon 15:00-17:45
Mon 15:00-17:45
Mon 15:45-18:45
Mon 15:00-16:55
Mon 16:55-18:05
Tue 9:30-12:15
Tue 9:30-13:15
Tue 9:30-12:15
Tue 9:30-13:15
Tue 9:30-12:45
Tue 9:30-13:00
Tue 11:45-13:00
Wed 9:30-12:30
Wed 9:30-12:15
Wed 9:30-12:00
Wed 9:30-12:15
Wed 9:30-12:45
Wed 9:30-12:45
Wed 11:45-13:00

Bringing Dino-Birds to life — Synchrotron X-ray fluorescence and
Raman imaging of ancient materials — eUWE BERGMANN
Linear and Nonlinear Optical Properties of Cultural Heritage Mate-
rials — eMARTA CASTILLEJO
Morphology and topology of multiscale pore networks: Imaging
structural alteration and hydric invasion — ePIERRE LEVITZ
Painting cracks: a way to reveal physical properties of matter —
eLLUDOVIC PAUCHARD
Finite element analysis and biomechanical interpretation of fossil ma-
terial properties — eEMILY RAYFIELD
H 0112 Magnetic nanoparticles (joint session MA /CPP)
H 1012 Focus Session: Nanomagnetism in the x-ray spotlight
H 3010 Quantum Magnets and Molecular Magnets (joint session
TT/MA)
EB 202 Spin structures and magnetic phase transitions
EB 301 Heusler compounds, semimetals and oxides (joint session
MA/TT)
EB 407 Ultrafast magnetism I
TC 010 Focus Session: Magnetism in Materials Science: Thermo-
dynamics, Kinetics and Defects I (joint session MM /MA)
H 1012 Focus Session: Magnetic structurally and composition-
ally modulated nanowires and nanotubes
EB 202 Magnetic domain walls
EB 301 Skyrmions I (joint session MA /KFM/TT)
EB 407 Ultrafast magnetism IT
HFT-FT 101  Superconductivity — Topological Defects in Superconduc-
tors and Magnets (joint session TT/MA)
TC 010 Focus Session: Magnetism in Materials Science: Ther-
modynamics, Kinetics and Defects II (joint session
MM/MA)
H 0112 INNOMAG e.V. Dissertationspreis 2018 / Ph.D. Thesis
Prize
H 0112 INNOMAG e.V. Diploma-/Master Prize 2018
H 0112 Magnetic characterization techniques
H 1012 PhD Symposium: Ultrafast spin-lattice interactions
(joint session MA /AKjDPG)
EB 202 Multiferroics and magnetoelectrics I (joint session
MA /KFM)
EB 301 Skyrmions II (joint session MA /TT/KFM)
EB 407 Magnetocaloric effects (joint session MA /TT)
Poster A Poster 1
H 0106 Focus Session: Magnetism in Materials Science: Ther-
modynamics, Kinetics and Defects III (joint session
MM/MA)
H 0112 Non-ultrafast magnetization dynamics
H 1012 Focus Session: Exploiting spintronics for unconventional
computing (joint session MA /TT)
EB 202 Multiferroics and magnetoelectrics II (joint session
MA /KFM)
EB 301 Thin films — coupling effects
EB 407 Spin currents and spin torques
EMH 225 Multiferroic Oxide Thin Films and Heterostructures I
(joint session KFM /TT/MA)
A 053 Topological Insulators I (joint session TT/MA)
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MA 30.1-30.5

MA 31.1-31.11
MA 32.1-32.7
MA 33.1-33.11
MA 34.1-34.8
MA 35.1-35.14
MA 36.1-36.12

MA 37.1-37.10

MA 38.1-38.13
MA 39.1-39.7
MA 40.1-40.8

MA 41.1-41.12
MA 42.1-42.11
MA 43.1-43.10
MA 44.1-44.13
MA 45.1-45.11
MA 46.1-46.11
MA 47.1-47.10

MA 48.1-48.7

MA 49.1-49.6
MA 50.1-50.7
MA 51.1-51.9
MA 52.1-52.73
MA 53

MA 54.1-54.8
MA 55.1-55.13

MA 56.1-56.7
MA 57.1-57.9

MA 58.1-58.6

Wed

Wed
Wed
Wed
Wed
Wed
Wed

Wed

Thu
Thu
Thu

Thu
Thu
Thu
Thu
Thu
Thu
Thu

Thu

Thu
Thu
Thu
Thu
Thu
Fri

Fri

Fri
Fri

Fri

15:00-17:45

15:00-18:15
15:00-16:45
15:00-18:00
15:00-17:00
15:00-18:30
15:00-18:15

15:00-18:15

9:30-13:15
9:30-11:15
9:30-12:30

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

15:00-17:00

15:00-16:30
15:00-16:45
15:00-17:30
15:00-18:00
18:00-19:00

8:00-10:00

9:30-13:00

9:30-11:15
9:30-12:45

9:30-11:00

H 0104

H 0110
H 0112
H 1012
EB 202
EB 301
EB 407

EMH 225

H 0110
H 0112
H 1012

EB 202
EB 301
EB 407
A 053
EMH 225
H 0110
H 1012

H 2053

EB 202
EB 301
EB 407
Poster C
H 0110
EB 301
H 0110

H 0112
H 1012

EB 202

Focus Session: Topological Defects in Superconductors
and Magnets (joint session TT/MA)

Magnonics 1

Micromagnetism and computational magnetics
Biomedical and molecular magnetism

Spintronics (joint session MA /TT)

Skyrmions IIT (joint session MA /TT/KFM)

Topological insulators and Weyl semimetals (joint session
MA/TT)

Multiferroic Oxide Thin Films and Heterostructures II
(joint session KFM /TT/MA)

Theory of strongly correlated systems

Micro- and nanostructured magnetic materials

Focus Session: Spinorbitronics — from efficient
charge/spin conversion based on spin-orbit coupling
to chiral magnetic skyrmions I (joint session MA /TT)
Surface magnetism I

Thin films — anisotropy

Magnetic textures I

Topological Insulators II (joint session TT/MA)
Ferroics and Multiferroics (joint session KFM/TT/MA)
Magnonics 11

Focus Session: Spinorbitronics — from efficient
charge/spin conversion based on spin-orbit coupling
to chiral magnetic skyrmions II (joint session MA /TT)
Quantum Coherence and Quantum Information Systems
(joint session TT/MA)

Terahertz dynamics

Soft and hard permanent magnets

Magnetic textures 11

Poster 11

General assembly of the Division of Magnetism (MA)
Spin-dependent transport phenomena

Complex Oxides — Bulk Properties, Surfaces and Inter-
faces (joint session TT/MA /KFM)

Spin-Hall effects

Focus Session: Spinorbitronics — from efficient
charge/spin conversion based on spin-orbit coupling
to chiral magnetic skyrmions III (joint session MA /TT)
Surface magnetism II

General assembly of the Division of Magnetism

Thursday 18.00 - 19.00 H 0110
All members of the Division of Magnetism are invited to attend!
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MA 1: Magnetic nanoparticles (joint session MA/CPP)

Time: Monday 9:30-12:15

MA 1.1 Mon 9:30 H 0112
Temperature dependence of the magnetic anisotropy of
Pt/Co/Pt nanodots — eSTEFAN FREERCKS, Eva-SoprHIE WIL-
HELM, CARSTEN THONNISSEN, PHILIPP STAECK, and HANS PETER
OEPEN — Center for Hybrid Nanostructures, Universitdt Hamburg,
Germay

We use the anomalous Hall-effect to investigate the magnetization re-
versal of single Pt/Co/Pt nanodots (diameter <35nm, Co thickness<
1.5nm) with perpendicular magnetization. The dots are fabricated by
electron beam lithography and ion milling out of thin multilayers[1].
Our technique allows for measuring from room temperature, where the
nanodots are usually superparamagnetic, down to low temperatures,
where the magnetization is blocked. Measuring the switching times,
we find that the attempt frequencies given by the Néel-Arrhenius law
are some orders of magnitude higher than the expected GHz regime.
Simple considerations show that a temperature dependent anisotropy
can very well explain such deviations, which gave the motivation for
our investigation. We determined the anisotropy of the initial film
and of nanodots as a function of temperature. The anisotropy shows
a non-linear temperature dependence in films and dots, which proves
our point that temperature effects cannot be neglected in the Néel-
Arrhenius law. Furthermore, the temperature dependence varies for
different nanodots. The latter variation reveals that generalizations
in ensemble measurements have to be handled with care. Funding by
DFG via SFB 668 is gratefully acknowledged. [1] A. Neumann et al.
Nano Letters. 13, p2199-2203, (2013)

MA 1.2 Mon 9:45 H 0112
Non-coherent reversal of magnetization in single Pt/Co/Pt
nanodots with diameter below 100nm — eEva-SopHIE WIL-
HELM, STEFAN FREERCKS, PHILIPP STAECK, CARSTEN THONNISSEN,
and Hans PETER OEPEN — Center for Hybrid Nanostructures, Uni-
versitdt Hamburg, Germany

We investigate magnetization reversal behavior of single Pt/Co/Pt
nanodots with a diameter of 35nm and a Co thickness of 1nm using
anomalous Hall-effect magnetometry [1] at temperatures from 2.5K
to 270K. The samples were fabricated from polycrystalline films by
electron beam lithography and ion milling.

For nanodots with uniaxial anisotropy and a diameter below 100nm
single domain behavior and coherent rotation reversal according to
the Stoner-Wohlfahrt model is expected [2] [3]. However non-coherent
switching with two jumps in the hysteresis is observed for some of the
dots with out-of-plane magnetization at low temperatures. Compari-
son of the reversal of two different dots from the same film material and
micromagnetic simulation using Mumax3 [4] gives hints that this find-
ing is caused by different local magnetic properties of the initial films.
The differences presumably originate from the distribution of grains
of different crystal orientation in the nanodots. Funding by DFG via
SFB 668 is gratefully acknowledged. [1] A. Neumann et al. Nano Let-
ters. 13, p2199-2203, (2013) [2] A. Neumann, Ph.D thesis, Universitit
Hamburg, (2015) [3] E. C. Stoner and E. P. Wohlfarth, Philos. Trans.
R. Soc. London, Ser. A 240, 599 (1948) [4] A. Vansteenkiste et al.
AIP Advances 4 107133 (2014)

MA 1.3 Mon 10:00 H 0112
Chemical and magnetic characterizations of ordered arrange-
ments of magnetic nanoparticles — Asmaa QpEMAT!, EM-

MANUEL KENTZINGER!, eJIN Xu2, GiusepPE PoORTALEZ, MARINA

GAaNEVA3, STEFAN MarTaUCH?, OLEG PETRACIC!, ULRICH RUCKER!,
and THoMAs BrockrL! — 1Jiilich Centre for Neutron Science (JCNS)
and Peter Griinberg Institute (PGI), JARA-FIT, Forschungszentrum
Jillich GmbH, 52425 Jiilich, Germany — 2Herzog-Wilhelm-Allee —
3Jiilich Centre for Neutron Science, Forschungszentrum Jiilich, Out-
station at MLZ, 85748 Garching, Germany

a.qdemat@fz-juelich.de Keywords: magnetic nanoparticles, grazing in-
cidence small angle scattering, interparticle interactions

Magnetic nanoparticles and their assembly in highly ordered struc-
tures are principally interesting regarding the understanding of mag-
netic interactions and for future applications in information technology
as e.g. magnetic data storage media or as material for spintronics.

The work to be presented focuses on the chemical and magnetic
characterization of monolayer of CoFe204 nanoparticles on silicon

Location: H 0112

substrate. Using Grazing Incidence Small Angle X-ray Scattering
(GISAXS) we deduce the height profile of the nanoparticle, and a
hexagonal ordering between those nanoparticles. Macroscopic magne-
tization measurement and polarized neutron reflectometry were used
to deduce that the nanoparticles are weakly magnetized with respect
to bulk CoFe204 and that a random in plane relative orientation of
the nanoparticle magnetizations is obtained at zero applied field.

MA 1.4 Mon 10:15 H 0112
Magnetic behavior of single- and polycrystalline nanoparti-
cle superlattices — eMicHAEL Smik!, GENEVIEVE WILBs!, MAURI-
c1o Cartaneo!, ELisa VoLkMANN!, EMMANUEL KENTZINGER!, STE-
FAN MarTaucn?, ULricH RUckeR!, OLEG PETRACIC!, and THOMAS
BrockeL! — lForschungszentrum Jiilich GmbH, Jiilich Centre for
Neutron Science (JCNS-2) and Peter Griinberg Institut (PGI-4),
JARA-FIT, 52425 Jiilich, GERMANY — 2Forschungszentrum Jiilich
GmbH, Jiilich Centre for Neutron Science at MLZ, Lichtenbergstr. 1,
85747 Garching, Germany

Magnetic nanoparticle (NP) assemblies form a novel type of artificial
material which hold the promise to display properties that are not
found in nature. We have succeeded in fabricating large 3D nanopar-
ticle ‘macrocrystals’ using a novel centrifuge assisted sedimentation
technique from commercially available spherical iron oxide NP. The
assembly of polycrystalline samples up to 300 pm in size was possi-
ble, as well as a the realization of a nearly ideal macrocrystal. Using
small angle x-ray scattering at our in-house instrument GALAXI the
supercrystalline structure and quality of ordering could be character-
ized. The magnetic properties were investigated by a variety of mag-
netometric methods. Additional samples of nearly non-interacting NP
were prepared to characterize the magnetic behavior of the individual
NP. A comparision between the polycrystalline, single crystal and dis-
persed samples was performed. For a microscopic investigation of the
magnetic ordering in the supercrystals, small angle neutron scattering
was employed.

MA 1.5 Mon 10:30 H 0112
Structural and magnetic characterization of Pd-decorated
cobalt ferrite multifunctional nanoparticles — e SEYEDEH FATE-
MEH SHAMs', DETLEF ScuMITZZ, ALEVTINA SMEKHOVA', NATALIYA
SVECHKINA', KONRAD SIEMENSMEYER2, AMIR HosSEIN TavaBbr®,
RaraL E. DunIN-Borkowskr®, and CAROLIN SCHMITZ- ANTONIAK?!
— !Peter Griinberg Institute (PGI-6), Forschungszentrum Jiilich,
52425 Jiilich, Germany — 2Department for Quantum Phenomena in
Novel Materials (EM-IQM), Helmholtz-Zentrum Berlin fiir Materialien
und Energie, 12489 Berlin, Germany — 3Ernst Ruska Centre for Mi-
croscopy and Spectroscopy with Electrons and Peter Griinberg Insti-
tute, Forschungszentrum Jiilich, 52425 Jiilich, Germany

Pd-decorated CoFe204 multifunctional nanoparticles have been syn-
thesized as a hybrid platform for simultaneous magnetic hyperthermia
and photothermal therapeutic applications. Elemental and microstruc-
tural analyses have been conducted using TEM, HAADF STEM, EDS
and ICP-OES. Experimental results confirm successful homogeneous
Pd decoration on highly crystalline CoFe204 nanoparticles. Cations
distributions, which have been inferred from XANES and XRD mea-
surements, suggest the presence of considerable cation disorder, which
increases with decreasing particle size for all of the samples. Magnetic
properties of the nanoparticles have been investigated using XMCD
and magnetometry. Intriguingly high-field XMCD reveals significantly
enhanced total magnetic moments for both Fe and Co ions after Pd
decoration. This substantially increased magnetization could lead to
improved magnetic hyperthermia performance of the nanoparticles.

15 minutes break

MA 1.6 Mon 11:00 H 0112
Distributed heat production in clusters of magnetic nanopar-
ticles — Paora Torcui!, Davip SErRANTES?, SERGIU RuTa®, Roy
CuANTRELL3, and «ONDREJ Hovorkal — University of Southamp-
ton, Southampton, UK — 2Universidade de Santiago de Compostela,
Santiago de Compostela, Spain — 3University of York, York, UK

We address the issue of quantifying the heat produced by a single mag-
netic nanoparticle (MP) embedded within an interacting MP cluster.
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This is relevant for MP hyperthermia considered as a modality for en-
hancing cancer therapies, where it becomes necessary to understand
the distribution of heat production across a MP aggregate inside a liv-
ing cell. The heat produced by MPs subject to time-varying external
magnetic field can be determined from the area of the hysteresis loop.
However, at the single-particle level of description, the magnetization
of a MP undergoes a fluctuating stochastic process and the meaning of
the hysteresis loop becomes ambiguous, as suggested also experimen-
tally. It is then unclear how to quantify the heat production, especially
if the interactions between MPs cannot be neglected.

We use the modern stochastic thermodynamics in combination with
the Néel-Arrhenius theory of thermal relaxation of MPs to establish the
relationship between the fluctuating work and entropy (heat) produced
along the fluctuating magnetization trajectories of MPs. By consid-
ering the dipolar chains of MPs, we demonstrate a practical recipe
for quantifying the heat produced by a single MP embedded within a
chain, which then allows to map heat production distributions along
the chains.

MA 1.7 Mon 11:15 H 0112
Determination of individual magnetic moments of trapped
superparamagnetic particles — eULricH HERR, MENG L1, BEN-
JAMIN RIEDMULLER, FLORIAN OSTERMAIER, and SRUTHI SUNDER —
Institute of Micro- and Nanomaterials, Ulm University, Ulm

Superparamagnetic nanoparticles are used in lab-on-chip devices for
detection of bio-analytes, drug delivery, or in hyperthermia. Many of
these applications would benefit from precise knowledge of the mag-
netic moment of the individual nanoparticle, which may vary signif-
icantly between particles due to the statistical nature of the produc-
tion process. We have recently demonstrated that individual magnetic
particles (Dynabeads M-280 and MyOne T1) can be trapped over long
times in a micro-conductor ring combined with an additional homoge-
neous magnetic field [1], which allows precise determination of a variety
of microscopic parameters. Here we demonstrate that capturing more
than one particle inside the trap can lead to stable arrangement of
the particles inside the magnetic potential landscape of the trap. By
measuring the average distance between the nanoparticles in a known
trap potential we are able to determine the actual magnetic moment
of the trapped nanoparticles, which can not easily be obtained in other
ways.

[1] B. Riedmiiller, F. Ostermaier, F., U. Herr, Trapping of su-
perparamagnetic particles with a single current-conducting micro-
ring, IEEE Transactions on Magnetics 53 (2017) 5300706 DOI:
10.1109/TMAG.2017.2697722

MA 1.8 Mon 11:30 H 0112
Studying the dynamic properties of pure cobalt ferrite
nanoparticles and particles coated with silica in PEG-solution
by magnetic AC-susceptometry — eSaMiRA WEBERs!, MELISSA
HerMEs?, JoacHimM LANDERs!, Soma SaLamon!, ANNETTE M.
ScamipT?, and HEiko WENDE! — 1Faculty of Physics and Center for
Nanointegration Duisburg-Essen (CENIDE), University of Duisburg-
Essen — 2Institute for Physical Chemistry, University of Cologne

The particle-matrix interaction in complex viscoeleastic composites
is determined by the characteristic length scales between the mag-
netic particles and matrix structures. In this work, we study the
particle-matrix interaction of a polyethylene glycol (PEG) polymer
solution with tailored complexity and the mobility of two types of par-
ticles. Pure cobalt ferrite nanoparticles with a hydrodynamic radius of
rh,cro = 23.2nm and cobalt ferrite particles coated with silica result-
ing in 7, croasio, = 42.3nm are dispersed in various concentrated

polymer solutions with different PEG length. The dynamic properties
of the two particle systems in various polymer solutions are character-
ized by magnetic AC-susceptometry. Here the Brownian relaxation of
the particles in complex fluids are investigated in the frequency regime
from 0.001 Hz -250 kHz and compared to the relaxation of the coated
particles, where a shift of magnetic susceptibility spectra to lower fre-
quencies is observed. The frequency dependent viscosity is also deter-
mined by temperature dependent magnetic AC measurements. This
work is supported by the DFG-Priority Programme SPP1681.

MA 1.9 Mon 11:45 H 0112
Intermediates and pH sensitive formation pathways of su-
perparamagnetic Fe304 nanoparticles — eMounamMMap REzA
GHAZANFARIY, SEYEDEH FATEMEH SHAMs!:2, MEHRDAD KASHEFI!,
and Manmoup REza Jaarart® — !Department of Materials Science
and Engineering, Ferdowsi University of Mashhad, 9177948974, Mash-
had, Iran — 2?Peter Griinberg Institute (PGI-6), Jiilich Research Cen-
tre, 52425 Jiilich, Germany — 3Biotechnology Research Center, Nan-
otechnology Research Center, School of Pharmacy, Mashhad Univer-
sity of Medical Sciences, Mashhad, Iran

In this work, by identification of reaction critical steps using study of
pH variations trend and then investigation of structural, microstruc-
tural, and magnetic properties of each sample, the formation mecha-
nism and reaction pathways of synthesis the nanoparticles of Fe304
(magnetite) phase by coprecipitation method were successfully recog-
nized and presented. Based on the results, the formation mechanism
and reaction pathways of magnetite nanoparticles synthesis during co-
precipitation method can be explained in four critical steps as follows:
(I) the formation of ferrous hydroxide phase from initial materials, (II)
the transformation of ferrous hydroxide phase to lepidocrocite phase,
(III) the transformation of lepidocrocite phase to goethite phase, and
(IV) the transformation of goethite phase to magnetite target phase
(or/and maghemite phase).

MA 1.10 Mon 12:00 H 0112
Magnetic properties of shell-ferromagnetic precipitates in
decomposed off-stoichiometric Ni-Mn-based Heusler alloys,
studied by ferromagnetic resonance (FMR) — oF. ScHriBEL2,
D. Sroppig!, R. MeckensTock!, T. GorrscHaLL?3, M. Frigs3,
A. Cakir?, M. FariLe!, O. GurrLEisca®, and M. Acer! — 1Faculty
of Physics and CENIDE, University Duisburg-Essen, 47057 Duisburg,
Germany — 2High Magnetic Field Laboratory, Helmholtz-Zentrum
Dresden-Rossendorf, Germany — 3Institut fiir Materialwissenschaft
FG Funktionale Materialien, Technische Universitat Darmstadt, 64289
Darmstadt, Germany — “Department of Metallurgical and Materials
Engineering, Mugla Sitki Kogman University, 48000 Mugla, Turkey

Off-stoichiometric NisoMnas—y Xy, (25 > y > 0) Heusler alloys de-
compose into ferromagnetic (FM) NisoMnas X25 and antiferromagnetic
NispMnsp components when annealed between 600 and 750 K [1]. In
the case of y = 5 annealed at 650 K, shell-ferromagnetic NisoMnos Xa5
nano-precipitates of about 3 nm are formed. High-field FMR measure-
ments up to 12 T verify the existence of a strong coupling of the shell
of the precipitates with the surrounding NisoMnso matrix [2]. Mag-
netization measurements show a rotation of the shell-spins first above
5 T, while the core shows a soft FM behavior. The magnetic hys-
teresis is vertically shifted, which makes this material interesting for
magnetic-field proof permanent memory application. Work supported
by the Deutsche Forschungsgemeinschaft (SPP 1599).

[1] A. Cakir et al., Sci. Rep. 6 , 28931 (2016)

[2] F. Scheibel et al., AIP Adv. 7, 056425 (2017)
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MA 2: Focus Session: Nanomagnetism in the x-ray spotlight

X-ray microscopy allows the application of spectroscopic techniques on length scales far smaller than
possible with optical microcopy. X-ray absorption contrast allows element and chemically sensitive
imaging, while x-ray magnetic circular dichroism (XMCD) allows direct, highly sensitive detection of
the sample magnetization. In x-ray microscopy, these contrast mechanisms can be employed at spatial
resolutions below 15 nm, and even better using emergent coherent diffractive imaging techniques.
Combining this with pump-and-probe imaging with time resolutions of <50 ps makes x-ray microscopy
a universal and powerful tool. In this focus session, the fundamentals of x-ray microscopy, current
developments of established and novel techniques and their applications to solve open questions in

nanomagnetism are discussed.

Organized by: Joachim Gréfe, Markus Weigand, Eberhard Goering (MPI for Intellligent Systems,

Stuttgart)
Time: Monday 9:30-12:45

Invited Talk MA 2.1 Mon 9:30 H 1012
Advanced X-ray Optics - Zone Plates, Kinoforms and Com-
puter Generated Holograms — eKaHnrAMAN KESKINBORA, UMUT
T. SANLI, MARGARITA BALUKTSIAN, GUL Docan, IuLiia Bykova,
Markus WEIGAND, and GISELA ScHUTZ — Max Planck Institute for
Intelligent Systems, 70569 Stuttgart, Germany

High penetration depths and short wavelengths of X-rays render X-ray
microscopy (XRM) a unique tool in a variety of fields, ranging from
materials science to medicine for investigating inorganic and biological
matter. The success of XRM was historically built on high-resolution
diffractive optics. However, limitations in nanofabrication of high as-
pect ratio diffractive lenses became a crucial bottleneck. Over the last
decade, our group has been developing novel X-ray optics by com-
bining atomic layer deposition and focused ion beam micro-machining
techniques to attack this bottleneck from several angles. Resolving 20
to 15 nm features was possible using FZPs fabricated via novel ion-
beam-lithography and atomic-layer-deposition methods, respectively.
Pushing resolutions of these optics below 20 nm while improving effi-
ciencies is a major goal for us. Here, we will discuss fabrication routes
that can help achieve this goal. In addition, we present the nanofab-
rication processes for point focusing kinoform lenses and kinoforms of
higher topological charges, shaping of the intensity profile as well as the
phase-front of soft X-rays in order to create beams that carry orbital
angular momenta. The challenges and solutions in characterization of
these complex X-ray phases will also be discussed.

Invited Talk MA 2.2 Mon 10:00 H 1012
Time-resolved imaging of nanoscale spin textures and spin
waves — oJORG RAABE, SIMONE FINIz10, and SEBASTIAN WINTZ —
Paul Scherrer Institut, Villigen, Schweiz

The direct imaging of nanoscale spin textures and their dynamics rep-
resents a key demand in magnetism research. Scanning transmission
x-ray microscopy (STXM) using soft x-rays [e.g. 1] provides unique
means for high-resolution, element-selective magnetic imaging, by ex-
ploiting diffractive lenses and the x-ray magnetic circular dichroism
(XMCD) effect [2]. In particular, time-resolved STXM offers an ul-
timate combination of spatial and stroboscopic temporal resolution,
down to Ar ~ 10nm, At ~ 10ps. In this contribution, we will present
three examples of state of the art dynamic STXM imaging. In the
first example, magnetoelastic coupling is used to control the intrinsic
anisotropy of a vortex spin texture. This control results in drastic
changes of the vortex core gyration frequency and orbit which were di-
rectly imaged in the experiment [3]. In the second part, we will show
dynamic imaging of a remnant topological bubble at room temperature
in a low-pinning iron-nickel alloy with weak perpendicular magnetic
anisotropy. Finally, we will present how such topological spin textures
can be exploited as natural antennas for the coherent excitation of
nanoscale spin waves, which have also been directly observed [4].

[1] J. Raabe et al. Rev. Sci. Instrum. 79, 113704 (2008).

[2] G. Schiitz et al. Phys Rev. Lett. 58, 737 (1987).

[3] S. Finizio et al. Phys. Rev. B 96, 054438 (2017).

[4] S. Wintz et al. Nat. Nanotechnol. 11, 948 (2016).

Invited Talk MA 2.3 Mon 10:30 H 1012
Direct observation of magnetic droplet solitons — eMARTINA
AHLBERG!, SunJaE Crung!23, Q. Tuan LE!2, Aumap A. Awap!,
Markus WEeicanD?, TuLia Bykova?, Roman Kuymyn!, MykoLa

Location: H 1012

Dvornik!, Hamip MazraaTi?, Arsuin Housuang!, SuEnG Jiang?,
T. N. Anu Nguven'25 EBERHARD GoERING?, GISELA ScHUTZ?,
Joacuim GrAFe?, and Jonan Axerman?2 — 1University of Gothen-
burg, Gothenburg, Sweden — 2KTH Royal Institute of Technol-
ogy, Kista, Sweden — 3University Uppsala, Uppsala, Sweden —
4Max Planck Institute for Intelligent Systems, Stuttgart, Germany —

5Vietnam Academy of Science and Technology, Hanoi, Vietnam

The magnetic droplet is a localized excitation found in uniaxial fer-
romagnets where a polarized current provides sufficient spin transfer
torque to counteract the inherent damping. This dissipative soliton
was first detected in nanocontact spin torque oscillators (NC-STO).
The droplet is created underneath the contact and is predicted to have
a reversed core where the spins precess at angles almost antiparallel to
the initial state. However, the first images of a droplet revealed much
smaller precession angles.

In this work we use all-perpendicular NC-STOs and image the spin
wave excitation by X-ray microscopy. We observe a fully reversed
droplet core, in accordance with theory, while the droplet diameter is
twice as big as the expected value. Micromagnetic simulations show
that the origin of the enlargement is current-in-plane Zhang-Li torque
adding an outward pressure on the droplet perimeter. We also image
the evolution of the magnetic state as a function of current and field.

15 minutes break

Invited Talk MA 2.4 Mon 11:15 H 1012
Studying nanomagnets by XMCD PEEM — eFLoRrIAN KRO-
NAST — Helmholtz-Zentrum Berlin fiir Materialien und Energie

At the nanoscale magnetic materials exhibit novel physical, chemi-
cal, electrical, and optical properties that are relevant to a wide va-
riety of applications. Investigations of static and dynamic properties
of such low-dimensional structures require spectro-microscopy tools
capable of appropriate lateral and temporal resolution, such as the
synchrotron based photoemission electron microscope (PEEM) oper-
ated at Hemholtz-Zentrum Berlin. The combination of element-specific
magnetic contrast with temporal and lateral resolution offers a unique
toolbox for magnetic nanoscale science. This paper will present a re-
view on recent activities ranging from the investigation of magnetic
nanostructures found in meteorites to the microscopic mechanism be-
hind all-optical magnetic switching and its scalability to the nanometer
level.

Invited Talk MA 2.5 Mon 11:45 H 1012
A time-resolved view on magnetic domains and spin textures
by x-ray holography — eSTEFAN EISEBITT — Max Born Institute,
Berlin, Germany

Fourier transform X-ray holography is a high resolution imaging tech-
nique when performed with soft x-rays.[1] As it is based on interference
of an object beam with a reference beam, it requires coherent illumina-
tion and is thus particularly well suited for use at 3rd generation and
diffraction limited storage rings and free electron lasers. When com-
bined with magnetic contrast via x-ray magnetic circular dichroism,
it has been very successfully used for the study of magnetism on the
nanometer length scale. I will briefly review the specific capabilities of
this imaging approach, where a single hologram can be used to encode
images of several samples simultaneously, of a sample seen at differ-
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ent x-ray wavelengths, of a sample seen at different times or including
3D information.[2] Results of the first time resolved experiments at
synchrotron sources and free electron lasers down to femtosecond tem-
poral resolution will be presented, including work on skyrmions and
magnetic data storage [3,4,5] and ultrafast light-induced manipulation
of magnetization.[6] [1] S. Eisebitt et al., Nature 432, 885 (2004). [2] B.
Pfau and S. Eisebitt, X-ray holography, in: ISBN 978-3-319-14395-8
(2016). [3] B. Pfau et al.:, Appl. Phys. Lett. 99 062502 (2011) &
Appl. Phys. Lett. 105 132407 (2014) [4] F. Biittner et al., Nature
Physics 11, 225 (2015). [5] F. Biittner et al., Nature Nanotechnology
12, 1040 (2017) [6] von Korff Schmising et al., Phys. Rev. Lett. 112
217203 (2014).

MA 2.6 Mon 12:15 H 1012

Room temperature ferromagnetism in EuO revealed by

XMCD — eParrick LoOMkER!, Marek WiLneLm!, Ronja
HeiNnen!, Mar HusseiNn!, ANDREI GLroskovskil?, WOLFGANG
DruBe?, PETER BEeENcok®, Paur STEADMAN®, and MARTINA

MoLLeErD* — 1PGI-6, FZ Jiilich GmbH, Jiilich, DE — ?Photon Sci-
ence, DESY, Hamburg, DE — 3DIAMOND Light Source, Oxford, GB
— 4Fakultét Physik, TU Dortmund, Dortmund, DE

The Heisenberg model system EuO is both a 4f ferromagnet and an
electric insulator. This rare combination exhibits both fundamentally
and technologically exciting properties, however limited to T' < 70 K.
We study interface effects between EuO and the 5d metal Pt and the
itinerant 3d ferromagnet Co, enhancing T up to room-temperature.

While electron doping is typically utilized to enhance the T of
EuO, we employ a hole-doped EuO/Pt interface instead. Pt virtual
substrates are prepared on SrTiO3(001), the Pt surface state is ob-
served by LEED. EuO is deposited using the adsorption-limited growth
mode. We observe an enhanced T with HAX-MCD and check our
results with VSM. Our findings agree with a recent DFT study of a
Pt/EuO/Pt system, which predicts a 2D hole gas at the EuO/Pt in-

terface and a strong hybridization of the Eu 4f and O 2p bands.

Furthermore, we study the Co/EuO interface with XMCD. The EuO
films are grown by a novel redox method on SrTiO3z(001). EuO fer-
romagnetism at room temperature is observed and we determine the
coupling strength and -length revealing a strong magnetic proximity
effect between the 3d/4f ferromagnets.

MA 2.7 Mon 12:30 H 1012
Element-specific characterization of Co:FePt nanocompos-
ite magnet films — eFaBrRICE WILHELM', VERONIQUE Dupuis?,
DamieNn LE Rov2, Nora DempsEY?, and ANDREI RocaLev! —
IEuropean Synchrotron Radiation Facility, Grenoble, France —
2Institut Lumiére Matiére, Villeurbanne, France — 3Institut Néel,

Grenoble, France

Nanocomposite magnets consisting of a fine mixture of a hard mag-
netic phase and a high saturation magnetization phase are promising
systems to overpass performances of the best permanent magnets. To
achieve this aim, it is necessary to confine the soft magnetic phase in
grains of typically less than 10nm [1]. Here we report on thorough
study of Co:FePt nanocomposite where Co nanoclusters with size of 6
nm constitute the soft magnetic phase which is embedded in L10-FePt
matrix. Standard structural (e.g. XRD, SEM, TEM) and magnetic
(SQUID magnetometry, MFM) characterizations were complemented
with X-ray natural linear dichroism (XLD) and X-ray magnetic cir-
cular dichoism (XMCD) spectroscopies at the K-edges of Fe and Co.
XLD measurements confirmed that Co is embedded in FePt matrix.
XMCD measurements in turn show that Co and Fe atoms are ferro-
magnetically coupled and that the Co:FePt nanocomposite behaves
like a single magnetic phase.

Funding by the ANR-SHAMAN (ANR-16-CE09-0019) is acknowl-
edged.

[1]Skomski R. and Coey J. M. D. Giant energy product in nanos-
tructured two-phase magnets. Phys. Rev. B 48, 15812 (1993).

MA 3: Quantum Magnets and Molecular Magnets (joint session TT/MA)

Time: Monday 9:30-13:00

MA 3.1 Mon 9:30 H 3010
Frustrated spin ladders in quasi-1D S =1 Heisenberg mag-
net balyakinite CuTeO3 — eHELGE ROSNER?1 and OLEG JANSON?
— Max-Planck-Institut fiir Chemische Physik fester Stoffe, Dresden,

Deutschland — 2Institut fiir Festkorperphysik, TU Wien, Osterreich

Copper tellurium oxides are enjoying increasing attention as a promis-
ing playground for quantum magnetism [1]. A chemically simple com-
pound, the natural mineral balyakinite CuTeO3s features an intricate
crystal structure with CuzOg dimers connected by TeO4 tetrahedra
into a 3D network. Magnetization measurements indicate a sizable
spin gap which is not closed in a magnetic field of 60 T. By using DFT
calculations, we show that the magnetism of balyakinite is quasi-1D,
and can be described by a frustrated ladder model with four antifer-
romagnetic exchanges: the dominant rung exchange J,, sizable Jj
and weak Jﬁ that alternate along both legs, as well as the weak frus-
trated cross-coupling Jx . Using the DFT4U estimates of the exchange
integrals, we calculate the spin correlations in the ground state. Pecu-
liarities of the magnetic excitation spectrum will be briefly discussed.
[1] M. R. Norman, arXiv:1708.05100.

MA 3.2 Mon 9:45 H 3010
Extreme field-sensitivity of the magnetic tunnelling in Fe-
doped LizN — eManueL Fix!, James H. Arkinson?, PauL C.
CanrFIELD® 4, ENRIQUE DEL BARco?, and AnToN JescHE! — 1EP VI,
EKM, University of Augsburg, D-86159, Germany — 2Department of
Physics, UCF, Orlando FL 32816, USA — 3The Ames Laboratory,
ISU, Ames, Iowa 50011, USA — 4Department of Physics and Astron-
omy, ISU, Ames, lowa 50011, USA

The magnetic properties of dilute Liz(Lii—zFez)N with  ~ 0.001 are
dominated by the spin of single, isolated Fe atoms [1]. Below T'= 10K
the spin-relaxation times become temperature-independent, indicating
a crossover from thermal excitations to the quantum tunnelling regime.

The spin-flip probability increases tremendously in transverse mag-
netic fields, proving the resonant character of this tunnelling process.
Upon application of longitudinal fields, on the other hand, the ground-
state degeneracy is lifted and the tunnelling condition destroyed. We

10

Location: H 3010

show time dependent magnetization measurements performed on sin-
gle crystals in various longitudinal magnetic fields at temperatures
T = 2—-16 K. An increase of the relaxation time by four orders of mag-
nitude in applied fields of only a few milliTesla reveals exceptionally
sharp tunnelling resonances. This strong field dependence of the spin
reversal could be employed to create stable (uoH. = 3mT) but switch-
able (H, = 0) magnetic ’'quantum bits’ at elevated temperatures.

[1] A. Jesche et al., Nature Comm. 5:3333 (2014)

MA 3.3 Mon 10:00 H 3010
In- & interchain exchange constants of LioCuO2: the origin
of the ferromagnetic inchain ordering — S.-L.. DRECHSLER!,
R. KrLingeLErR?, W. Lorenz2, R. Kuzian3, L. Hozot!, R. Japav!,
J. Ricuter?, H. Rosner®, U. NirzscHe!, A. TsrLIN®, and S.
NisuiMoto!"” — 1IFW-Dresden, Germany — 2Heidelberg University,
Germany — 3Inst. f. Problems of Material Science, Kiev, Ukraine —
4MPI-PKS, Dresden, Germany — >MPI-CPfS, Dresden, Germany —

6 Augsburg University, Germany — " TU Dresden, Germany

LipCuOg takes a special place among frustrated chain compounds with
edge-sharing CuOy4 units and a ferromagnetic (FM) nearest neighbor
(NN) in-chain coupling J; due to its ideal planar CuO2 chain structure
and its well-defined 3D Neél-type ordering below Ty ~ 9 K of adjacent
chains whose magnetic moments are aligned FM along the chains (b-
axis). There are only frustrating AFM interchain couplings (IC) with
adjacent chains shifted by half a lattice constant b. No room is left
for strong unfrustrated IC in shtark contrast with a recently proposed
scenario [1]. The AFM IC with dominant NNN components plays a
decisive role in the stabilization of the FM alignment of the magnetic
moments along b. Although weak, with 8 NNN IC it is significant
enough to prevent a competing non-collinear spiral type ordering. We
report realistic values of all relevant exchange constants based on two
DFT and quantum chemistry calculations in full accord with a spin-
wave analysis of INS, RIXS, and magnetic susceptibility x(7") data.
The large J1 = -230 K is ascribed to a sizable direct FM Cu-O cou-
pling Kjq ~ 100 meV.

[1] G. Shu et al., New J. Phys. 19, 023026 (2017).
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MA 3.4 Mon 10:15 H 3010
Magnetic susceptibility and high frequency EPR studies on
three isostructural Fe%”Lné” complexes — oSivia MENGHI!,
CHANGHYUN Koo!, YAN PENG2, CHRISTOPHER ANSONZ, ANNIE
PoweLL?, and RoUpicEr KrLINGELER! — IKirchhoff-Institut fiir
Physik, Universitiat Heidelberg, Heidelberg, Germany — 2Institute of
Inorganic Chemistry, Karlsruhe Institut of Technology, Karlsruhe, Ger-

many

Magnetic interactions and anisotropy of three 3d/4f heteronu-
clear metal-organic complexes are studied by means of high-
frequency electron paramagnetic resonance (HF-EPR) and mag-
netic susceptibility measurements. All complexes under study
exhibit isostructural tetranuclear core motifs [(Fel!!Lnd?f(us-
OH)2(teaH)2(0O2CCPh)g|-3MeCN (L=Y,Gd,Dy). The HF-EPR data
show various resonance branches, each of which with finite zero field
splitting. The static magnetic susceptibility data imply strong antifer-
romagnetic coupling of Jpepe = —6.71(4) cm ™! between the two Fel!
centers. The coupling between Fe and Ln was found to be weak and
ferromagnetic. In order to gain quantitative insight into the anisotropy
and the Fe-Dy exchange interaction, simulations have been performed
using a proper hamiltonian which applies a Ising concept for the lan-
thanide ions.

MA 3.5 Mon 10:30 H 3010
Effect of radicals on coupling and anisotropy in mono- and
dinuclear Ni(II) complexes with an azopyridine ligand —
eSVEN SPACHMANNY, RoLAND BiscHorr?, CHANGHYUN Kool, HaNs-
Jora KrUGER?, and RUDIGER KLINGELER!3 — !Kirchhoff Institute
for Physics, Heidelberg University, Heidelberg, Germany — 2Faculty
of Chemistry, TU Kaiserslautern, Kaiserslautern, Germany — 3Center
for Advanced Materials, Heidelberg University, Heidelberg, Germany

We present static magnetization and high-frequency electron param-
agnetic resonance (HF-EPR) studies on metallorganic mono- and din-
uclear Ni(II)-complexes with radical and non-radical azopyridine lig-
ands. In the monomer, the radical is coupled ferromagnetically to the
Ni(II) spin, thereby forming an S = 3/2 ground state. In the non-
radical mononuclear system, anisotropy is of the easy-plane type with
Dni =4.0K and |E| =0.32 K.

We observe a strong effect of the radical bridge on the dimer sys-
tems: While the non-radical azopyridine-bridged Ni(II)-dimer has a
singlet ground state with a weak intradimer coupling of J ~ 20 K,
a strong ferromagnetic coupling Jnj_raq =~ —500 K is observed in
the radical azopyridine-bridged Ni(II)-dimer between the radical and
the Ni(II)-ions. The antiferromagnetic Ni-Ni coupling in the radical-
bridged dimer Jnj_ni = 25 K is of the same order as without the
radical. The HF-EPR and magnetization measurements confirm the
S = 5/2 ground state and axial symmetry. We obtain g, = 2.126
and Dy /9 = —0.844 K, which corresponds to a single-ion anisotropy of
|Dni| = 4.2 K.

MA 3.6 Mon 10:45 H 3010
Highly dispersive magnons with spin-gap like features in
the frustrated ferromagnetic chain system CazY2Cu;019 by
inelastic neutron scattering — M. Marsupal, J. Mal, V.O.
GarLeal, T. ITo?, H. YamacucHi?, K. Oka?, eS.-L.. DRECHSLER?,
R. Yapav3, L. Hozor?, H. RosNeEr?, R. ScHuMann®, R. Kuzian®,
and S NisuiMoT03® — 1Quantum Matter Division, Oak Ridge, NRL,
USA — 2Natiomal Institute of AIST, Tsukuba, Japan — SIFW-
Dresden, Germany — *MPI-CPfS, Dresden, Germany — 5TU Dres-
den, Germany — SInst. f. Problems of Material Science, Kiev, Ukraine

We report an inelastic neutron scattering study including its theoreti-
cal description for CagY2Cus0109 and map out the full large magnetic
dispersion relation extending up to 53 meV. A doubly frustrated linear
Heisenberg-type spin chain model with two inchain and two diagonal
antiferromagnetic (AFM) interchain couplings (IC) analyzed within
linear spin-wave theory reproduces well the observed strong dispersion
in chain direction and q weak one perpendicularly. The large disper-
sion leads to a record value of the NN intrachain coupling | J; |~ 280 K
which points to a large direct FM Cu-O coupling K4 value slightly
above 100 meV. Our Jj-value resolves an old puzzle of FM inchain
ordering vs. an improper AFM pseudo Curie-Weiss (CW) behavior
for x(T). It yields a true FM CW-regime above 1500 K, only. The
observed "gaps" at 11.5 and 28 meV stem from an interaction with
a phonon mode and the synenergetic disorder influence on the CuOg
chains by the incommensurate alternating cationic YCa-chains distort-
ing the O positions and a specific quantum effect from the AFM IC,
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respectively.

MA 3.7 Mon 11:00 H 3010
Magnetism of atacamite, CuzCl(OH); — eLronie HEeNzE!,
RANDIRLEY BELTRAN-RODRIGUEZ2, GAEL BasTien2?, Ania U.B.
WorreR?, MANFRED REEHUISS, JENs-UwE Horrmann3, KirRriLy C.
RuLEe?, and STEFAN StLLow! — 1IPKM, TU Braunschweig, Germany
— 2IFW Dresden, Dresden, Germany — 3HZB, Berlin, Germany —

4ANSTO, Kirrawee, Australia

Atacamite, CugCl(OH)s, has been reported to exhibit magnetic be-
havior characteristic of a frustrated quantum magnet. Notably, an
antiferromagnetic transition at T = 9.0 K has been observed and,
further, susceptibility measurements previously carried out indicate a
Curie-Weiss temperature |@cw | > Tn [1,2]. So far, attempts have
been undertaken to determine the symmetry of the magnetic ground
state of this material by means of SR and NMR measurements on
polycrystalline material [2,3]|, however with contradictory results.
Starting from this given situation, we have reinvestigated the mag-
netic properties of atacamite [4]: Mineral single-crystals were studied
by means of susceptibility and magnetization measurements along the
principal crystal axes as well as elastic neutron scattering. This way,
we have established the symmetry of the magnetic ground state and
present new insights into the unusual magnetic properties of atacamite.
[1] X. G. Zheng, et al., Solid State Commun. 130, 107 (2004).
[2] X. G. Zheng, et al., Phys. Rev. B, 71, 174404 (2005).
[3] K. Zenmyo, et al., J. Phys. Soc. Jpn., 82, 084707 (2013).
[4] L. Heinze, et al., Physica B, doi.org/10.1016/j.physb.2017.09.073
(2017).

15 min. break.

MA 3.8 Mon 11:30 H 3010
Alternating ferro- and antiferromagnetic Heisenberg chain:
from dimer to Haldane limit — eNikLas Casper and WoL-
FRAM BRENIG — Institute for Theoretical Physics, Technical Univer-
sity Braunschweig, Braunschweig, Germany

We present results of a study of the S = 1/2 Heisenberg chain with
alternating ferro- and antiferromagnetic exchange, J2 and J; respec-
tively. This system interpolates from a dimer to a Haldane chain as
j = |J2/J1] varies from 0 to co. Using perturbation theory (PT) and
quantum Monte Carlo based on the stochastic series expansion (SSE)
method, we study elementary excitations, thermodynamic properties,
and the dynamic structure factor S(q,w). For j7 <« 1 we find good
agreement between PT and SSE. For arbitrary j we show that S(q,w),
obtained from SSE, scales between triplons at j < 1 and a Haldane
chain spectrum at j > 1. Finally, we contrast our findings for the spin
gap versus j against existing literature.

MA 3.9 Mon 11:45 H 3010
Field Control of Magnonic Heat Flow — eBENJAMIN KOHLER
and WoLrFraM BRrENIG — Institute for Theoretical Physics, Technical
University Braunschweig, Germany

Insulating quantum magnets allow for genuine spin transport phenom-
ena without carrier dynamics. Controlling such transport by means of
external fields is vital for potential device design. Here we study ther-
mal conductivity of a two dimensional square lattice spin-1/2 Heisen-
berg antiferromagnet in the presence of an external field. The latter is
used to manipulated the heat flow due to spin canting.

Using nonlinear spin wave theory and a Kubo approach we evalu-
ate the thermal conductivity taking into account current relaxation
via intrinsic magnon decay for finite fields and temperature. Semi-
quantitative estimates for attainable variations of the heat conductivity
in realistic materials will be presented as a function of the tempera-
ture and the external fields, suggesting interesting implications for spin
caloritronic applications.

MA 3.10 Mon 12:00 H 3010
Suppression of spin-crossover by dynamic Jahn-Teller effect
in Cga — eDaN Liu, Naova IwanARrA, and Liviu CHIBOTARU —
Theory of Nanomaterials Group, University of Leuven, Leuven, Bel-
gium
In conventional spin crossover systems, the vibrational degrees of free-
dom enhances the entropic effect in excited high-spin terms resulting
from the softening of vibrations [1]. Here, we show an opposite ef-
fect of vibration on the spin crossover taking Cay as an example [2].
The vibronic states resulting from dynamical Jahn-Teller effect in ng
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are obtained using the numerical diagonalization of the linear p™ ® 8d
Jahn-Teller Hamiltonian with the currently established coupling pa-
rameters. It is found that the Jahn-Teller effect stabilizes the low-spin
states, resulting in the violation of Hund’s rule. The energy gain due to
the Jahn-Teller dynamics is found to be comparable to the static Jahn-
Teller stabilization. The Jahn-Teller dynamics influences the thermo-
dynamic properties via strong variation of the density of vibronic states
with energy. Thus, the large vibronic entropy in the low-spin states
enhances the effective spin gap of Cgo_ quenching the spin crossover.
This finding is used for the rationalization of the experimental data on
the spin gaps in various fullerides.

[1] P. Giitlich, A. Hauser, and H. Spiering, Angew. Chem. Int. Ed.
33, 2024 (1994).

[2] D. Liu, N. Iwahara, and L. F. Chibotaru, arXiv:1711.00340 [cond-
mat.mtrl-sci].

MA 3.11 Mon 12:15 H 3010
Andreev transport through single-molecule magnets — eFiLIP
Pawrickr and IRENEUSZ WEYMANN — Faculty of Physics, Adam Mick-
iewicz University, ul. Umultowska 85, 61-614 Poznan, Poland

Transport characteristics of a single molecule magnet coupled to two
ferromagnetic and one superconducting lead are studied theoretically
by means of the real-time diagrammatic technique. The coupling to
the ferromagnets is assumed to be weak, while the coupling to the su-
perconductor can be arbitrary. The quantities of interest include the
Andreev current, differential conductance, tunnel magnetoresistance
(TMR) and current cross-correlations. It is shown that the system ex-
hibits splitting of Andreev states due to additional degrees of freedom
of the molecule. The TMR and current cross-correlations are used to
quantify the contribution of crossed and direct Andreev reflections to
the current. We also compare our results to those obtained for a quan-
tum dot in a similar three-terminal setup and discuss the possibility
of using molecules for Cooper pair splitting.

MA 3.12 Mon 12:30 H 3010
Manifestations of a coherent Kondo lattice formed in adatoms
— eRicHARD KoORYTAR!, MaRrfa Moro LacaRrRgs?, and Davip
SERRATE® — !Faculty of Mathematics and Physics, Charles Univer-
sity, Prague, Czech Republic — 2Institute of Physics, Czech Academy

of Sciences, Prague, Czech Republic — 3Institute of Nanoscience of
Aragon (INA), University of Zaragoza, Spain

In a recent experiment, chains of magnetic adatoms were constructed
on a pristine metallic surface. A careful analysis by scanning-tunneling
spectroscopy demonstrates that the Kondo screening overtakes mag-
netic interactions at all accessible chain lengths. A comparison with
many-body calculations allows to address diverse real space aspects
of the coherent Kondo lattice, such as: overlapping Kondo clouds,
long-range mediated hybridization and Fermi surface effects. The phe-
nomenology of the onset of heavy fermions in these systems can be
discussed.

MA 3.13 Mon 12:45 H 3010
Formation of Local Magnetic Order in Atomic-Scale Ir Junc-
tions — eMARKUS RITTER, MARTIN KELLER, TORSTEN PIETSCH,
and ELKE ScHEER — Department of Physics, University of Konstanz,
D-78467 Konstanz, Germany

The transition metals Pt, Pd, and Ir are paramagnets close to the
Stoner transition of ferromagnetism. However, in reduced dimensions,
such as small clusters and atomic contacts, a magnetically ordered
state has been predicted [1]. In atomic contacts of the elements Pt
and Pd, the emergence of local magnetic order has been experimen-
tally confirmed recently |2, 3]. Currently there is no demonstration of
such phenomena in Ir. Therefore, we investigate the magnetic proper-
ties of atomic Ir contacts and monoatomic chains [4]. The occurrence of
local magnetic order is deduced from magnetoconductance (MC) and
anisotropic magnetoconductance (AMC) measurements. The rich MC
behavior is interpreted in the framework of a microscopic model of the
local magnetic configuration and is compared to earlier findings in Pt
and Pd contacts. Furthermore, in many contacts electronic transport
(dI/dV) spectroscopy shows a pronounced zero-bias anomaly (ZBA)
and further features, which are currently not fully understood. The
ZBA is analyzed in the context of Kondo screening of the local mag-
netic moment in the junction.

[1] Delin, Tosatti. Phys. Rev. B 68, 144434 (2003).

[2] Strigl et al. Nat. Commun. 6, 6172 (2015).

[3] Strigl et al. Phys. Rev. B 94, 144431 (2016).

[4] Thiess et al. Phys. Rev. Lett. 103, 217201 (2009).

MA 4: Spin structures and magnetic phase transitions

Time: Monday 9:30-12:45

MA 4.1 Mon 9:30 EB 202
Nature of spiral state, electric polarisation and mag-
netic transitions in Sr-doped YBaCuFeOj; from first-
principles study — DisyENDU DEY!, SNEHASIS NANDY!, @ TULIKA
MaiTrAa%, CHANDRA SHEKHAR YADAV®, and ArRcHYA TARAPHDER!
— !Department of Physics, Indian Institute of Technology Kharagpur,
Kharagpur 721302, India — ?Department of Physics, Indian Institute
of Technology Roorkee, Roorkee -247667, India — 3School of Basic
Sciences, Indian Institute of Technology Mandi, Mandi 175001, India

The nature of the spiral magnetic state in type II multifer-
roic YBaCuFeOs has recently been a matter of debate. Using
first-principles density functional theory (DFT) calculations within
LSDA+U-+SO approximation, we reveal the nature of spiral state
and corresponding ferroelectric response in the incommensurate mag-
netic phase of YBaCuFeOs. A helical spiral state with spins living in
the ab-plane is found to be more stable. Owing to negligibly small
Dzyaloshinskii-Moriya interaction and the absence of any spin current
mechanism in the helical spiral state, electric polarization is predicted
to be zero. These results are in good agreement with the recent single-
crystal data. We further investigated YBaj_4Sr;CuFeOs) in the en-
tire range of doping x. A quantum Monte Carlo (QMC) calculation
on an effective spin Hamiltonian with exchange interactions estimated
from DFT calculations shows that the paramagnetic to commensu-
rate phase transition temperature increases with doping till x=0.5 and
decreases beyond consistent with experimental findings.

MA 4.2 Mon 9:45 EB 202

Magnetism in High-Pressure Iron — eTomMaso GorNI and
MicHELE CasurLA — IMPMC, Univeristé Pierre et Marie Curie, Paris

Due to the high pressures involved, the vast majority of iron contained
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Location: EB 202

in the Earth’s interior, from the upper mantle to the lower core, is
found in the so-called e-Fe phase, displaying an hcp structure and a
lack of macroscopic magnetization. However, in the pressure range
of 15-30 GPa, e-Fe presents several fingerprints of an underlying mag-
netic state, among which superconductivity, believed to be mediated by
antiferromagnetic fluctuations. First-principles simulations of param-
agnetic and antiferromagnetic states both reproduce the experimental
equation of state with a similar level of accuracy, whereas experimental
evidence could not detect any magnetic splitting via M&ssbauer spec-
troscopy on the one side, but suggested antiferromagnetic order via an
anomalous Raman splitting on the other. Here, we perform a thorough
re-investigation of the e-Fe antiferromagnetic states by Density Func-
tional Theory calculations, and we map our results onto a spin model
that we solve via a classical Monte Carlo approach. We finally propose
a new scenario where the long-range magnetic ordering is hampered by
spins fluctuating in both amplitude and direction, as suggested by our
first-principles calculations. Our results are supported by some very
recent X-ray Emission Spectroscopy and Neutron Scattering data.

MA 4.3 Mon 10:00 EB 202
Comparison of diluted antiferromagnetic Ising models on
frustrated lattices in a magnetic field o KONSTANTIN
SorLpaTtov!, ALEXEY PERETYATKO!, KONSTANTIN NEFEDEV!, and
Yuraka OxaBe? — lFar Eastern Federal University, Vladivostok,

Russia — 2Tokyo Metropolitan University, Tokyo, Japan

We study diluted antiferromagnetic Ising models on kagome and tri-
angular lattices in a magnetic field, using the replica-exchange Monte
Carlo method. We observe five and seven plateaus in the magnetiza-
tion curve of the diluted antiferromagnetic Ising model on the kagome
and triangular lattices, respectively, when a magnetic field is applied.
These observations contrast with the two plateaus observed in the pure
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model. The origin of multiple plateaus is investigated by considering
the spin configuration of triangles in the diluted models. We compare
these results with those of a diluted antiferromagnetic Ising model on
the three-dimensional pyrochlore lattice in a magnetic field pointing in
the [111] direction, sometimes referred to as the "kagome-ice” problem.
We discuss the similarity and dissimilarity of the magnetization curves
of the "kagome-ice” state and the two-dimensional kagome lattice.

MA 4.4 Mon 10:15 EB 202
Entropy of the diluted antiferromagnetic Ising models on the
frustrated lattices using the Wang-Landau method — eYURIY
SHEVCHENKO!'2, KONSTANTIN NEFEDEV!:2, and YuTtaka OKABE® —
ISchool of Natural Sciences, Far Eastern Federal University, Vladi-
vostok, Russian Federation — 2Institute of Applied Mathematics, Far
Eastern Branch, Russian Academy of Science, Vladivostok, Russian
Federation — 3Department of Physics, Tokyo Metropolitan Univer-
sity, Hachioji, Tokyo 192-0397, Japan
We show the results of computer calculations of non-linear behavior
of residual entropy on frustrated pyrochlore, triangular and kagome
lattices.

Nonmonotonic zero-point entropy as a function of dilution concen-
tration was observed experimentally and discussed in frames of gen-
eralization of Pauling’s theory [Ke X. et al., Phys. Rev. Lett. 99,
137203 (2007)]. Motivated by the current interest in the pyrochlore
lattice, we study the entropy of the diluted AFM Ising model on the
frustrated lattices using the Wang-Landau algorithm, which directly
calculates the energy density of states.

We also investigate other frustrated systems, the antiferromagnetic
Ising model on the triangular lattice and the kagome lattice, demon-
strating the difference in the dilution effects between the system on the
pyrochlore lattice and that on other frustrated lattices, and discuss it’s
nonmonotonic behavior.

MA 4.5 Mon 10:30 EB 202
Optical study of vibronic coupling in the quantum spin lig-
uid candidate Tb2Ti207 — eEvan ConstaBLE!"2, R. BaLLou?, J.
RoserT!, L BERGEN?, C. DECORSE?, J.-B. BruBacu?, P. Rov?, E.
LuoTer!, V. SmvoneT!, S. PETIT®, and S. pEBRrion? — lInstitut
Néel, CNRS and Université Grenoble Alpes, Grenoble, France —
2Institute of Solid State Physics, Vienna University of Technology,
Vienna, Austria — 3ICMMO, Université Paris-Sud, Orsay, France —
4Synchrotron SOLEIL, Gif-sur-Yvette, France — 5Laboratoire Léon
Brillouin, CEA, CNRS, Université Paris-Saclay, Gif-sur-Yvette, France

Vibronic coupling describes the interaction between electronic energy
levels and phonon modes, often leading to a ground state that is consid-
erably perturbed. In magnetic rare-earth pyrochlores (RE2Ti207, RE
= Dy, Ho), large crystal field splitting of the electronic energy levels
leads to exotic magnetic behaviour in the form of a highly degenerate
spin ice ground state. The possibility that quantum fluctuations due
to vibronic coupling could melt the spin ice state forming a quantum
spin liquid, is an interesting prospect. It is thought that this pro-
cess could be present in Tbh2Ti207 as it does not appear to feature
long range order nor a spin ice phase. Indeed, our investigations re-
veal favourable symmetry and energy conditions for vibronic coupling.
Using optical spectroscopic techniques we find evidence of a hybridisa-
tion of crystal-field-phonon modes present across a broad temperature
range. This vibronic process supports a collective state between the
ground and excited levels, which provides a crucial path for quantum
spin-flip fluctuations that inhibit the stabilisation of conventional mag-
netism.

MA 4.6 Mon 10:45 EB 202
Metamagnetic anomalies near dynamic phase transitions —
ePaTRICIA RIEGOY2, PAOLO Vavassori!3, and ANDREAS BERGER! —
1CIC nanoGUNE, San Sebastian, Spain — 2University of the Basque
Country, Bilbao, Spain — 3Ikerbasque, Bilbao, Spain

Ferromagnets that are subjected to an oscillating magnetic field H(t)
can undergo a second order dynamic phase transition (DPT) at a crit-
ical period Pc, when the period P of H(t) becomes comparable to the
intrinsic relaxation time of the system, which then gives rise to a non-
vanishing period-averaged magnetization for P<Pc [1]. Decades of re-
search have shown that the DPT belongs to the same universality class
as the corresponding thermodynamic phase transition (TPT) that spin
systems undergo as a function of temperature, and that both phase
transitions exhibit equivalent properties close to the critical point [2,3].
In our detailed experimental and theoretical study, however, we find
that the equivalency between DPTs and TPTs breaks down in the
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regime of slow critical dynamics [4]. Instead, we observe a dynami-
cally disordered phase that exhibits metamagnetic anomalies that are
absent in TPTs for equivalent spin systems. Furthermore, we show
that the scaling regime of the DPT is significantly reduced, which has
severely impacted all existing experiments on the DPT to date.

[1] T. Tomé and M. J. de Oliveira, Phys. Rev. A 41, 4251 (1990).
[2] G. Korniss, C. J. White, P. A. Rikvold, and M. A. Novotny, Phys.
Rev. E 63, 016120 (2000). [3] A. Berger, O. Idigoras, and P. Vavassori,
Phys. Rev. Lett. 111, 190602 (2013). [4] P. Riego, P. Vavassori, and
A. Berger, Phys. Rev. Lett. 118, 117202 (2017).

MA 4.7 Mon 11:00 EB 202
Magnetism and H-T phase diagram of the C14 Laves phase
Nb0.075Fe2.025 compound — eStaNisLaw DuBIEL! and MAaRia
Bavanpa? — 'AGH University of Science and Technology, Krakow,
Poland — 2Institute of Nuclear Physics, PAN, Krakow, Poland

A C14 Nb0.975Fe2.025 Laves phase compound was investigated aimed
at determining the H-T magnetic phase diagram. Magnetization, M,
and AC magnetic susceptibility measurements were performed. Con-
cerning the former field-cooled and zero-field-cooled M-curves were
recorded in the temperature range of 2-200K and in applied magnetic
field, H, up to 1000 Oe, isothermal M(H) curves at 2 K, 5 K, 50 K, 80
K and 110 K as well as hysteresis loops at several temperatures over
the field range from -10 to +10kOe. Regarding the AC susceptibility,
both real and imaginary components were registered as a function of
increasing temperature in the interval of 2 K - 150 K at the frequen-
cies of the oscillating field from 3 Hz up to 999 Hz. An influence of
an external DC magnetic field, H, on the temperature dependence of
the AC suscpetibility was investigated, too. The measurements clearly
demonstrated that the magnetism of the studied sample is weak, itin-
erant and has a reentrant character which is a novel observation. Based
on the obtained results a magnetic phase diagram has been constructed
in the H-T coordinates. The results have been validated in terms of
the known models for the reentrant spin glasses.

15 minutes break

MA 4.8 Mon 11:30 EB 202
Magnetic characterization of the nanolaminated mag-
netic Mn;GaC MAX phase — eluLiia NovoskLoval, RusLAN
SALIKHOV!, ARNI INcAasoN?, MARINA Spasoval, JoHANNA ROSENZ,
ULr WiepwaLp!»3, and MicHAaeL FarLel? — lFaculty of Physics
and CENIDE, University of Duisburg-Essen, Duisburg, Germany —
2Department of Physics, Linképing University, Linképing, Sweden —
3National University of Science and Technology MISIS, Moscow, Rus-
sia — “4Center for Functionalized Magnetic Materials, Immanuel Kant
Baltic Federal University, Kaliningrad, Russia

Inherently nanolaminated M,4+1AX, (n=1,2,3) compounds - MAX
phases - attract interest, since these materials provide unique
anisotropic structural and physical properties [1]. Additionally, ma-
terials share properties associated with ceramics and metals [1]. The
ternary MnpGaC MAX phase has been synthesized as a hetero-
epitaxial film with Mn as the exclusive M element [2]. We per-
formed a comprehensive study of the temperature-dependent magne-
tization, magnetoresistive (MR) and magnetostrictive (MS) proper-
ties. The system exhibits complex antiferromagnetic states with spin-
reorientation transition at Ty = 214 K. Large uniaxial MS of 450 ppm
with sign inversion at T; was observed. MS is accompanied by highly
asymmetric MR up to 3% at B = 9 T [4]. This work is supported by
DAAD 57214224 and DFG Grant SA 3095/2-1. [1] M. W. Barsoum,
Prog. Solid State Chem. 28, 201 (2000). [2] A. S. Ingason et al.,
Mater. Res. Lett. 2, 89-93 (2014). [3| R. Salikhov, et al. J. Appl.
Phys. 121, 163904 (2017). [4] Iu. P. Novoselova, et al. (under review).

MA 4.9 Mon 11:45 EB 202
The complex electronic phase diagram of single-crystalline
R.PdSi3 (R = Ho, Dy) studied by thermal expansion and
magnetostriction — eLiraNn Wang!, Bina Tran!, MINGQUAN
HEe2, CHRIsTOPH MEINGASTZ, MAEMOUD ABDEL-HAFIEZ®, CHONGDE
Cao*, Jens BrrrerLicH®?, WoLrcanag Loser?, and RUDIGER
KrLiNGELER! — !Kirchhoff Institute of Physics, Heidelberg Univer-
sity, Germany — Z2Institute for Solid State Physics, Karlsruhe In-
stitute of Technology, Germany — 3Physikalisches Institute Goethe-
Universitit,Germany — *Department of Applied Physics, Northwest-
ern Polytechnical University, P.R. China — 5Leibniz Institute for Solid
State and Materials Research IFW Dresden, Germany
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Thermal expansion and magnetostriction of single-crystalline RoPdSi3
(R=Ho,Dy) have been investigated by means of high-precision capaci-
tance dilatometry and by specific heat studies. Pronounced anomalies
in the uniaxial thermal expansion coefficients a, and a. and in the
specific heat ¢, mark the onset of long-range AFM order. The differ-
ent nature of the ground states in both materials is concluded from
signs of the thermal expansion anomalies, i.e., opposite uniaxial pres-
sure dependencies. In both materials, there are Schottky-like anoma-
lous entropy and anisotropic length changes which are attributed to
crystal field effects and reorientation of the easy magnetic axes. The
low-T magnetic phase diagrams and the magnetostriction data imply
an interplay of single-ion effects and magnetic exchange interaction.
Even small magnetic fields yield ferrimagnetic phases via yet unknown
intermediate AFM (Dy2PdSi3) and ferrimagnetic (HoaPdSi3) phases.

MA 4.10 Mon 12:00 EB 202
Symmetry and Spin Reorientation in Low-Dimensional An-
tiferromagnet SeCuO3 — eMirta HErRAK!, NikoLINA NovosgL!,
WiLLIAM LAFARGUE-DIT-HAURET?, XAVIER ROCQUEFELTE?, 7ELJKO
RaPLJENOVIG!, MARTINA DrAcIGEVIE!, and HELMUTH BERGERS —
nstitute of Physics, Bijeni¢ka c¢. 46, HR-10000 Zagreb, Croatia —
?Institut des Sciences Chimiques de Rennes UMR 6226, Université
de Rennes 1, 35042 Rennes Cedex, France — 3Ecole Polytechnique
Fédérale de Lausanne, CH-1015 Lausanne, Switzerland

We study the antiferomagnetic ground state of low-dimensional
SeCuO3 by combining torque magnetometry with simple phenomeno-
logical approach to magnetic anisotropy and Density Functional The-
ory (DFT) calculations. Combining measured torque data with phe-
nomenological approach allows us to choose between several symmetry
allowed shapes of magnetic anisotropy energy (MAE) and to determine
spin orientation in zero and finite magnetic field. Results obtained in
magnetic fields larger than spin-flop field indicate that spin reorienta-
tion is more complicated than usual spin flop found in collinear antifer-
romagnet. The microscopic origin of MAE in SeCuOg3 was also investi-
gated theoretically, based on DFT+U calculations including spin-orbit
coupling on an antiferromagnetic model. It was evidenced inequivalent
copper sites impact differently the magnetic anisotropy of this system,
leading to a change of the easy magnetization axis. This work is fully
supported by the HrZZ grant UIP-2014-09-9775 and by the COGITO
project "Theoretical and experimental study of magnetic and multi-
ferroic materials".

MA 4.11 Mon 12:15 EB 202
Higgs mode and its decay in a two-dimensional antiferromag-
net — ANIL JAaIND2| eMaxXIMILIAN KRAUTLOHER!, JUAN PoRrras!,
Gmun Ryul, D.P. Cuen!, DougLas ABERNATHY®, JITAE PARK?,
ALEXANDRE Ivanov®, Jiri CHaLouPka®, Ginrvar KwuarLiuLnin?,
BerNHARD KErIMER!, and B.J. Kim»7 — IMax Planck Institute

for Solid State Research, Stuttgart — 2Solid State Physics Divi-
sion, Bhabha Atomic Research Centre, Mumbai — 3Quantum Con-
densed Matter Division, ORNL — %Heinz Maier-Leibnitz Zentrum,
TU Miinchen — S5Institut Laue-Langevin, Grenoble — %Central Eu-
ropean Institute of Technology, Masaryk University, Kotlarska —
"Department of Physics, Pohang University of Science and Technol-
ogy

In recent years significant research has focused upon emergent behavior
arising from a convergence of spin-orbit coupling (SOC) and strongly
correlated electron interaction energies in 4d and 5d-electron transition
metal oxides. We have concentrated our investigation on CagRuQOy, a
layered 2D antiferromagnet. Mixing of the cubic crystal field and SOC
results in a nominally non-magnetic pseudospin J = 0 state, which con-
trasts with experimental findings. To resolve this issue G. Khaliullin
(PRL 111, 197201 (2013)) proposed a mechanism where magnetically
active transitions between the J = 0 singlet and higher energy J =1
triplet are enabled by virtue of superexchange interactions, resulting
in excitonic magnetic order. Here we present inelastic neutron scat-
tering results that illustrate a key signature of this ground state — the
presence of a longitudinal mode (or Higgs mode) that corresponds to
length fluctuations of J.

MA 4.12 Mon 12:30 EB 202
Time-resolved nuclear resonance scattering experiments on
spin crossover complexes — ®SAKSHATH SADASHIVAIAH!, KEVIN
Jennt!, ANDREAs OMLOR', CHRISTINA-SOPHIE MULLER!, LENA
ScHERTHAN!, MaRcus HERLITSCHKEZ, ILyA SERGEEVZ, HANs-
CHRISTIAN WILLE?, RALF ROHLSBERGER?, JuLlusz WoLNy!, and
VOLKER SCHUNEMANN! — !Department of Physics, University of
Kaiserslautern, 67663 Kaiserslautern, Germany — 2Deutsches Elek-
tronen synchrotron (DESY), 22607 Hamburg, Germany
The high spin (HS) - low spin (LS) phase transition in laser excited
spin crossover complexes occurs though an intermediate state of co-
operative lattice vibrations. The mechanism is debated because the
phonon density of states (DOS) is only partially accessed in previous
studies such as Raman scattering or reflectivity [1]. Through time-
resolved Nuclear Inelastic Scattering (NIS) experiments, we study the
full DOS of the ground and excited states at 100 K in the [Fe(PM-
BIA)2(NCS)2| complex using 14.4 keV synchrotron radiation (SR)
pulses. The sample was excited by time-delayed laser pulses derived
from a 531 nm source, which was triggered at every alternate SR pulse.
By performing NIS (and Nuclear forward scattering) using the SR
pulses accompanying the laser pulses, we measured the excited state
[2]. The alternate SR pulses probe the ground state. We follow the
effect of the laser pulses by comparing the resulting spectra with the
static HS and LS spectra.

[1] R. Bertoni et al, Nat. Mater. 15, 606 (2016).
[2] S. Sakshath et al, Hyperfine Interact. 238, 89 (2017)

MA 5: Heusler compounds, semimetals and oxides (joint session MA/TT)

Time: Monday 9:30-13:15

MA 5.1 Mon 9:30 EB 301
Epitaxial growth of compensated ferrimagnetic Heusler thin
films Mn-Fe-V-Al — eSinam Ouarpi, Kazuvya Z. Suzuki, and
SuiceMi Mizukami — WPI Advanced Institute for Materials Re-
search, Tohoku University, Sendai 980-8577, Japan

Cubic Heusler compound Mnj 5FeV( 5Al is a fully compensated half-
metallic ferrimagnet with 24 valence electrons per formula unit. Here
we report on epitaxial growth of the compensated ferrimagnetic Mn-
Fe-V-Al Heusler films. The thin films of 30 nm thickness were grown
directly on single crystalline MgO (001) substrates by using an ultra-
high-vacuum magnetron sputtering technique. The Heusler structure
was characterized by x-ray diffraction. The crystal structure ordering
was controlled by the deposition at various substrate temperatures.
Magnetometry measurements show a nearly vanishing magnetization
where the anomalous Hall measurements exhibited magnetic ordering.
The ferrimagnetic coupling between the different sublattices (Mn, Fe,
and V) will discussed based on magnetic dichroism in angle-resolved
hard X-ray photoelectron spectroscopy (MCD-HAXPES). The advan-
tage of vanishing magnetization in combination with high spin polar-
ization of this material thin films provides the possibility for spintronic
device applications.
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Location: EB 301

This work is supported by the Grant-in-Aid for Scientific Research
KAKENHI (17H06513).

MA 5.2 Mon 9:45 EB 301
Polycrystalline vs Epitaxial Fe2-xMnl-+xAl Heusler films
with exchange bias shift — eSaMER KurpI!, Giorcio DIVITINI?,
MassiMo GuipINI»'23, Markus MEINERT?, Marco Coisson®,
TrOMAS FORREST?, GUNTER REIss?, SARNJEET DuEes®, PaorLa
TiBERTO®, and Zok BARrRBER! — !University of Cambridge, UK —
2Department of Physics, University of Parma, Italy — 3Diamond Light
Source, Oxfordshire, UK — “4Center for Spinelectronic Materials and

Devices, Bielefeld University, Germany — SINRIM, Torino, Italy

Magnetic recording devices are pervasive in current technology, and the
development of environmentally friendly, sustainable and scalable de-
vices based on Earth-abundant materials is a high research priority. In
this study we investigate a simple, cost-effective single-layer exchange
biased film for spin valves, a fundamental part of data storage systems.

We grew 200 nm polycrystalline and epitaxial Fe2-xMn1+xAl (x =
-0.25, 0, 0.25) Heusler alloy films and characterized them to study the
influence of Mn content on the exchange bias shift. The microstructure
is shown to have a profound effect on film properties. In-situ annealing
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TEM studies show that the polycrystalline samples have Mn-rich and
Fe-rich phases inducing a spin glass exchange bias shift of around 150
Oe at 4 K for Fel.75Mn1.25A1. The exchange bias shift was observed
at temperatures up to 12 K for the Fel.75Mn1.25Al and up to 6 K
for Fe2MnAl polycrystalline samples, whilst only the Fel.75Mn1.25A1
epitaxial film showed any bias shift (50 Oe, below 2 K). XMCD sum
rule analysis of the polycrystalline samples showed different behaviour
from the as-predicted perfectly ordered L21 Heusler structure.

MA 5.3 Mon 10:00 EB 301
Evolution of the interfacial perpendicular magnetic
anisotropy constant of the CosFeAl interface upon anneal-
ing — eANDREs Concal, Aressia Niesen?, GUENTER REiss?,
and BURKARD HILLEBRANDS! — lFachbereich Physik and Landes-
forschungszentrum OPTIMAS, Technische Universitat Kaiserslautern,
67663 Kaiserslautern, Germany — 2Center for Spintronic Materials
and Devices, Physics Department, Bielefeld University, 33615 Biele-
feld, Germany

We investigate a series of films with different thicknesses of the Heusler
alloy CozFeAl in order to study the effect of annealing on the interface
with a MgO layer and on the bulk magnetic properties. Our results
reveal that while the perpendicular interface anisotropy constant K, é‘
is zero for the as-deposited samples, its value increases with annealing
up to a value of 1.14 #+ 0.07 mJ/m? for the series annealed at 320°C
and of 2.0 + 0.7 mJ/m? for the 450°C annealed series owing to a strong
modification of the interface during the thermal treatment. This large
value ensures a stabilization of a perpendicular magnetization orienta-
tion for a thickness below 1.7 nm. The data additionally shows that
the in-plane biaxial anisotropy constant has a different evolution with
thickness in as-deposited and annealed systems. The Gilbert damping
parameter o shows an absolute minimum value of 2.8 £+ 0.1 x 1073,
The thickness dependence is explained in terms of an inhomogeneous
magnetization state generated by the interplay between the different
anisotropies of the system and by the crystalline disorder.

Support by M-era.Net and HEUMEM is acknowledged.

MA 5.4 Mon 10:15 EB 301
high throughput screening for 3D spin gapless semiconduc-
tors in Heusler compounds — eQIANG GAO, INGO OPHALE, and
HONGBIN ZHANG — Institute of Materials Science, TU Darmstadt,
Darmstadt, Germany

In recent years, spin-gapless semiconductors (SGSs) have drawn inten-
sive attention to the spintronics community. SGSs are half metals with
the valence band maximum and conduction band minimum touching
each other directly or indirectly (1). In this work, we performed high
throughput screening for novel three-dimensional SGSs in quaternary
Heusler compounds. Following the empirical rule, we focused on com-
pounds with 18, 21 or 26 valence electrons (2). We have found many
new Heusler compounds as candidate SGSs, with both direct and in-
direct touching. In particular, it is observed that spin-orbit coupling
can also drive some systems into the SGS phase, resulting in possible
interesting applications for future spintronic devices. (1) X.L. Wang,
Phys. Rev. Lett., 100, 156404 (2008). (2) X.T. Wang, Z.X. Cheng,
J.L. Wang, X.L. Wang, G.D. Liu, J. Mater. Chem. C, 4, 7176-7192
(2016).

MA 5.5 Mon 10:30 EB 301
Symmetry and magnitude of intrinsic spin-orbit torques
in the half-Heusler alloy PtMnSb — eJonannes MEeNDIL!,
JaNn Krierr?, Pnuong Dao!, Can OnNur Avcrl, MyRIAM
HAYDEE AGUIRRE?, KARSTEN RoTT2, JAN-MICHAEL SCHMALHORST?,
Frank FrEmuTn?, GoNTER REIss?, Timo KuscuiL?, and PIETRO
GaMBARDELLA! — !Department of Materials, ETH Ziirich
2CSMD, Department of Physics, Bielefeld University — 2Universidad

de Zaragoza — “Peter Griinberg Institut, FZ Jiilich

Magnetization manipulation by spin-orbit torques (SOTs) has ad-
vanced to an active research field over the past few years and is mostly
focused on conventional ferromagnets deposited on heavy metal lay-
ers where the space inversion symmetry is broken at the interface[1].
However, space inversion symmetry is intrinsically broken in non-
centrosymmetric crystals [2]. We present the first observation of in-
trinsic SOTs in PtMnSb single layers, which is a magnetic half-Heusler
alloy. It was prepared by co-sputtering [3]. Using crystallographic
symmetry, we separate the observed SOTs in odd and even components
with respect to magnetization inversion. We reveal corresponding ef-
fective fields that scale up to the 2nd and 3rd power of magnetization
components with a distinct symmetry compared to standard field-like

15

and damping-like SOTs. Finally, we characterize the SOTs as a func-
tion of PtMnSb thickness and discuss the possibility of using PtMnSb
for magnetic switching applications. [1] Garello et al., Nat. Nanotech.
8, 587 (2013) [2]| Ciccarelli et al., Nat. Phys. 12, 855 (2016) [3] Krieft,
Mendil et al., Phys. Stat. Sol. (RRL) 11, 1600439 (2017)

MA 5.6 Mon 10:45 EB 301
Electrical transport in the tetragonal Heusler system Mn-
Pt-Ga — eVivEk Kumar!', Ajava K. Navak?, Nrtesu Kumar!,
PeTER ADLER!, and CLaUDIA FELSER! — 'Max Planck Institute for
Chemical Physics of Solids, Dresden, Germany — 2National Institute

of Science Education and Research Bhubaneswar, Jatni, India

Nontrivial magnetic textures have attracted interest for improv-
ing desired properties in spintronic devices. Materials with non-
centrosymmetric crystal structure are capable of inducing nontrivial
spin structures due to the presence of Dzyaloshinskii-Moriya interac-
tion (DMI). We have recently reported the magnetic antiskyrmions in
tetragonal Heusler material Mnj 4Ptg.9Pdo.1Sn [1]. Here, we present
the effect of spin-orbit interaction in another inverse tetragonal Heusler
system Mn-Pt-Ga by electrical transport measurements. The tetrago-
nal Mn3Ga has ferrimagnetic order where Mn atoms sit on two differ-
ent magnetic sublattices. The substitution of a late transition metal
in place of Mn, here Pt, leads to breaking the inversion symmetry [2].
We found an anomaly in Hall resistivity which is dominating at higher
Pt substitution. The behavior of Hall resistivity cannot be scaled with
magnetization. This is an indication of non-coplaner spin configura-
tions in this system which are stabilized due to increase in DMI.
[1]A. K. Nayak et al., Nature 548, 561 (2017).

[2]S. Chadov et al., Phys. Rev. B 91, 094203 (2015).

MA 5.7 Mon 11:00 EB 301
Physical properties of the CuMnAs alloy - promising material
for the antiferromagnetic spintronics — eFRANTISEK Macal,
Joser KubprNovsky!, Vacrav DrcHAL!, KArReL Carva2, PavEL
Baraz?, and ILia Turek? — !Institute of Physics ASCR, Praha —

2Faculty of Mathematics and Physics, Charles University, Praha

We have investigated from first principles the role of defects in the
antiferromagnetic CuMnAs alloy with tetragonal structure [1]. Mncy,,
Cupnin, Mn-Cu swaps, and vacancies on Mn- and Cu-sublattices are
the most probable defects in this material. We have found that the
electron correlations play important role in description of the phase
stability.

We calculated transport properties for CuMnAs with defects of
low formation energies and estimated in-plane resistivity of CuMnAs.
Our numerical simulations fitted experiment very well if we assumed
concentrations 3.5-5% Mnc, or Mn-Cu swaps, much larger concentra-
tions would be needed for Cupy, defects or Mn-vacancies. We have
estimated also the Neel temperature using the Monte Carlo approach,
result agrees reasonably well with the experimentally observed value.

[1] F. Méaca, J. Kudrnovsky, V. Drchal, K. Carva, P. Balaz, and L.
Turek, Phys. Rev. B 96 (2017) 094406.

15 minutes break

MA 5.8 Mon 11:30 EB 301
Improved reversibility by hydrostatic pressure in Ni-Mn
based Heusler alloys — eParuL Drvi!, Luana Caron!, SANJAY
SingH!, ALEXANDRE MacNUU G. CarvaLHO?, and CLAUDIA FELSER!
— 'Max Planck Institute for Chemical Physics of Solids, Dresden, Ger-
many — 2Laboratério Nacional de Luz Sincrotron, SdoPaulo, Brasil

Ni-Mn based Heusler alloys show first order diffusionless magnetostruc-
tural phase transition. The first order magnetostructural phase tran-
sition results in large magnetocaloric effect due to the change in both
magnetic and crystal structure. The thermal or magnetic hysteresis is
characteristic of first order phase transition which results in irreversibil-
ity of MCE. This irreversibility makes these materials less efficient for
magnetic refrigeration. Therefore, nowadays, a lot of efforts have been
made to reduce the hysteresis in these alloys [1]. In the present work,
we observed a large reduction of hysteresis in off stoichiometric com-
position of Ni-Mn-In by hydrostatic pressure. To confirm that it is
applicable to all Heusler alloys, we did it for two more different com-
positions of Ni-Mn based Heusler alloys. We got the decrement of
hysteresis in these materials as well. However the rate of decrease in
all three materials were different. Furthermore, we confirmed that the
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decrease in hysteresis was because of the increasingly geometric com-
patibility condition, recently predicted by James and co-workers [2].
[1]J. Liu et al., Nature materials 11, 620 (2012).

[2]Y. Song et al., Nature Letter 502, 85 (2013).

MA 5.9 Mon 11:45 EB 301
NMR investigations of irradiation-induced structural changes
in CooMnSi thin films — eFranziska Hammerara!, Mira R.
D. Branpt!, Rantres Barni?, Kay Porzcer?, RomaN BOTTGER?,
ReNE HUBNER?, Yuva SAKURABAS, BERND BUCHNER!, and SABINE
WuRMEHL! — 1IFW Dresden, Institute for Solid State Research,
HelmbholtzstraRe 20, 01069 Dresden — 2Institute of Ion Beam Physics
and Materials Research, HZDR, Bautzner Strafte 400, 01328 Dresden,
Germany — 3National Institute for Materials Science (NIMS), Sengen
1-2-1, Tsukuba, Ibaraki 305-0047, Japan

Co2MnSi is a well-known Heusler compound which is predicted to be
half-metallic, i.e., possessing 100% spin-polarization and, thus, being a
promising candidate material for enhancing the magneto-resistance of
spin-valves [1|. Half-metallicity depends sensitively on the local chemi-
cal order, hence methods to improve the structure of CooMnSi towards
the ideal L2; order and, thus, to achieve full spin-polarization are of
huge technological relevance. On the basis of XRD measurements it
has been argued that irradiation with Het ions induces an improve-
ment of B2-order in CoaMnSi thin films towards a possible formation
of L2; order [2]. We investigated the structure-property relationship
of Het-irradiated Co2MnSi alloy thin films locally by means of 59Co
nuclear magnetic resonance (NMR) and observed an increased disor-
der upon increasing the ion flux, going along with a decrease of the
saturation magnetization.

[1] T. Iwase et al., Appl. Phys. Express 2, 063003 (2009).

[2] O. Gaier et al., Appl. Phys. Lett. 94, 152508 (2009).

MA 5.10 Mon 12:00 EB 301

Optical properties of pyrochlore iridates: signatures
of electron correlation and spin-orbit-lattice coupling —
e ALEXANDER BoRris!, ALEXANDER YARESKo!, TIMOFEI LARKIN!,
Ksenia RaBsinovicu!, ALEksaNnDRA Krajewskal?2, ToMOHIRO
Taxavamal-2, Hipenorr Takacrh2, and BERNHARD KEeIMER! —
IMax Planck Institute for Solid State Research, Stuttgart, Germany

— 2University of Stuttgart, Stuttgart, Germany

Spectroscopic ellipsometry is used to determine the dielectric function
of A2IroO7 (A = In,Lu,Y) polycrystalline samples in the wide spec-
tral range from 10 meV to 6.5 €V at temperatures from 7 K to 300 K.
Comparing the spectra with the results of relativistic LSDA+U band
structure calculations, we quantitatively classify pyrochlore A2lroO7
as spin-orbital Jeyr = 1/2 Mott insulators with the on-site Coulomb
interaction U = 1.5 eV and electronic bandwidths W = 0.3 + 0.5 V.
Exciton doublets with pronounced Fano line shapes were identified in
Y2IragO7 and LugIragO7 upon cooling below the magnetic ordering tem-
peratures Ty = 150 K and 145 K, respectively. Our results indicate
considerable effects of long-range Coulomb interaction and spin-orbit-
lattice coupling in the 5d pyrochlore compounds and the need for a
detailed analysis of their influence on the Jepy = 1/2 states. Newly
synthesized InaIraO7 does not exhibit the absorption edge and phonon
anomalies below Ty = 45 K and thus serves as a reference.

MA 5.11 Mon 12:15 EB 301
Anisotropy of the spin-fluctuations and its impact on the
symmetry of the order parameter in the unconventional
Sr2RuO4 superconductor. — S. KuMmeLevskyi!, B. Kim2, D.
D. F. AcTerBERG?, P. Moun!, eI. I. Mazin?, and C. FRANCHINI?
— ICenter for Computational Materials Science, Vienna University of
Technology, Vienna, Austria — 2Center for Computational Materials
Physics, Vienna University, Vienna, Austria — 3University of Wis-
consin, Milwaukee, USA. — 4Naval Research Laboratory, Washington
DC, USA.

The superconductivity (SC) in the Sr2RuO4 has attracted a consider-
able interest in the past two decades comparable to that in cuprates
and iron pnictides. NMR experiments strongly suggested a triplet
chiral order parameter, while more recent probes of strained crystals
point toward singlet pairing. In this work the structure of the spin-
fluctuations in the Sr2Ru0O4 has been investigated from first principles
using the DLM formalism and Lichtenstein method. We find that IC
spin-fluctuations are stabilized but several magnetic ground states with
q close to the commensurate (1/3, 1/3, 0) value are degenerate. We
show that the degeneration is removed by Spin-orbit coupling and a
very special collinear modulated magnetic structure with periodicity
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1/3 is stabilized in the mean field in the [110] direction. We show
that anisotropic magnetic terms provide an energy penalty for rotat-
ing the order parameter that is several orders of magnitude too large
for the accepted interpretation, thus rendering the NMR experiment
completely inexplicable in terms of the conventional theory.

MA 5.12 Mon 12:30 EB 301
Magnetic shape-memory effect in SrRuOs eDANIEL
BroniNg!, STEFAN KUNKEMOLLER!, AcuNe NuGROHO?, ISABELLE
StunauLT3, MARKUS BRADEN!, and THomas Lorenz! — 1IL
Physikalisches Institut, Universitit zu K6ln, Germany — 2Faculty of
Mathematics and Natural Science, Institut Teknologi Bandung, In-
donesia — 3Institut Laue Langevin, Grenoble, France

As most perovskites, STRuO3 exhibits structural phase transitions as-
sociated with rotations of the RuOg octahedra. From a high temper-
ature cubic phase it becomes tetragonal at 975 K and orthorhombic
at 800 K resulting in six possible domains. Furthermore, SrRuO3 or-
ders ferromagnetically at T, = 160 K with easy axis anisotropy due to
spin orbit coupling. Our neutron diffraction and macroscopic measure-
ments unambiguously show that magnetic fields rearrange structural
domains, although the ferromagnetic order occurs at six times lower
temperature than the structural distortion. For the field along a cu-
bic [110]. direction, a fully detwinned crystal is obtained. Subsequent
heating above T, causes a magnetic shape-memory effect, where the
initial structural domains recover, which is similar to Heusler alloys.

Kunkemdller et al., arXiv:1709.05688 (2017)

Funded by the DFG via CRC 1238 Projects A02, B01, and B04.

MA 5.13 Mon 12:45 EB 301
Multicritical Lifshitz transition of the Fermi-surface in
Sr3Ruz;O7 — eJosePH BEeToURrAs!, DMITRY ErrEmov!:2, ALEx
SuTYK3, ANDREAs Rost?, CrLaubpio CHaMON®, and ANDREwW
MackeNziE®6 — 1Department of Physics, Loughborough University,
Loughborough, UK — 2Leibniz-Institut fur Festkorper- und Werkstoff-
forschung, D-01069 Dresden, Germany — 3Department of Physics,
Harvard University, Cambridge, MA 02138, USA — 4SUPA, School of
Physics and Astronomy, University of St. Andrews, St. Andrews KY16
9SS, U.K. — 5Department of Physics, Boston University, Boston, MA,
02215, USA — SMax Planck Institute for Chemical Physics of Solids,
Noethnitzer Str. 40, 01187 Dresden, Germany

We present a theoretical framework, supported by experimental evi-
dence for a Lifshitz topological transition of the Fermi surface in the
ultra-clean layered perovskite metal Srz3RuzO7 1. Strong power-law
dependence of the density of states on energy, associated to the topo-
logical transition, in addition to other main features of the Fermi sur-
face as well as interactions, can lead to novel physics. As a consequence,
many yet unexplained properties of the thermodynamics and forma-
tion of phases of this material can be understood. In particular, we
naturally explain the increase of the entropy? as well as the formation
of spin density wave (phase A) 3. This work provides an example of
the power of Fermi surface topological transitions.

1S. A. Grigera, S. A. et al. Science 306, 1154 (2004).

2 A. Rost et al., Science 325, 1360 (2009).

3 C. Lester et al, Nature Materials 14, 373 (2014).

MA 5.14 Mon 13:00 EB 301
Study of reorientation in NdFep 5Mng 503 — ANKITA SINGH!,
ANIL JAIN?, AveeT Ray!, Vivian Nassie®, TuLika MaiTral, and
oVivek K. MaLik! — 1Department of Physics, IIT Roorkee, Roor-
kee, 247667, India — 2Solid State Physics Division, Bhabha Atomic
Research Center, Mumbai 400085, India — 3Institut Laue -Langevin,

71 Avenue des Martyrs, 38000 Grenoble, cedex 9 France

In the present study, we have studied spin reorientation in
NdFep.5Mng 503 using neutron powder diffraction technique. Poly-
crystalline compound NdFeg s Mng 503 was synthesized using the stan-
dard solid state reaction method. Neutron powder diffraction experi-
ments over the temperature range of 1.5-300 K have been performed.
Our neutron diffraction study shows that below the Néel tempera-
ture (Tn250 K), the magnetic structure (for the Fe/Mn spins) is a
G-type antiferromagnet [corresponding to the I'; representation with
spins aligned along the crystallographic b direction. Below 70 K, ad-
ditional peaks appear in the neutron diffraction pattern. Rietveld re-
finement (below 70 K) confirms a coexistence of two magnetic phases
corresponding to representations I'; and I's. In the magnetic structure
corresponding to the 'y representation, Fe/Mn spins are aligned along
the crystallographic ¢ direction (with small ferromagnetic component
along the crystallographic a axis). Upon cooling (below 50 K), the
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phase fraction of the second magnetic phase increases. At 1.5 K, mag-
netic structure can be described only by I's representation. An anti-

symmetric exchange interaction between R3T-Mn3* /Fe3¥spins might
be responsible for the observed spin reorientation.

MA 6: Ultrafast magnetism |

Time: Monday 9:30-12:45

MA 6.1 Mon 9:30 EB 407
Manipulation of magnetic order in antiferromagnets —
oFABIAN MERTENS, MARC TERSCHANSKI, STEFANO PoNzoNI, DAVIDE
Bossini, and Mirko CINCHETTI — Experimentelle Physik VI, TU
Dortmund, Otto-Hahn-Strafe 4, 44227 Dortmund, Germany

The spin dynamics in antiferromagnetic materials is intrinsically fast
compared to other magnetic materials, making antiferromagnets inter-
esting for possible future applications like faster data storage. In this
talk, we present the magneto-optical setup that was recently built in
our group to study the ultrafast optical manipulation of the magnetic
order in antiferromagnets. The setup is based on a femtosecond laser
with repetition rates of up to 1 MHz, coupled to two optical param-
etic amplifiers (OPA) for the independent tuning of the pump and
the probe beam to photon energies between 0.5 €V up to 3.5 eV. The
problem of single pulse detection at high repetition rates was solved
by a home-built balanced photodetector. We will present the charac-
terization of the home-built detector and the first experimental results
optained with the setup.

MA 6.2 Mon 9:45 EB 407
Optically induced symmetry breaking in multiferroic h-
YMnO3; probed by second harmonic generation — e CHRISTIAN
TzscuascHEL!, Maps WEBER!, MANFRED FiEBIiG!, and TAKuUvA
Sarou?3 — 1ETH Ziirich, Switzerland — 2The University of Tokyo,

Japan — 3Kyushu University, Japan

Recent advances in antiferromagnetic spintronics demand for a bet-
ter understanding of the order-parameter dynamics on ultrafast time
scales. Here, we demonstrate an optically induced coherent modula-
tion of the antiferromagnetic (AFM) order parameter in the multi-
ferroic phase of hexagonal YMnOs. We employ optical second har-
monic generation (SHG) as a highly symmetry sensitive probe that
couples directly to the AFM order. Exploiting the inverse Faraday
effect (IFE), we optically induce a spin precession, which transiently
reduces the symmetry of the magnetic lattice from 6mm to 3. Prob-
ing the symmetry of the magnetic lattice by SHG, we observe a peri-
odic anisotropy modulation. The periodicity corresponds to a magnon
mode in YMnOgs. This is further verified by simultaneous measure-
ments of the transiently occuring Faraday rotation. The observed SHG
modulation and the Faraday rotation can be described by a combined
model of the microscopic spin system with a phenomenological descrip-
tion of the IFE. This model furthermore allows us to directly extract
the basal plane spin rotation angle from the SHG data — a quantity
that is hardly accessible by established magneto-optical techniques.

MA 6.3 Mon 10:00 EB 407
Ultrafast dynamics of Néel vector in aniferromagnetic
thin films detected with optical pump probe spectroscopy
oVLADIMIR GRIGOREV!:2) ALEXEY SaPozHNIKD2, STANISLAV
BobpNaRrR!, MaRTIN JorDN!, and JURE Demsar!?2 — lInstitute of
Physics, Johannes Gutenberg-University Mainz, Mainz, Germany —
2Graduate School of Excellence, Materials Science in Mainz (MAINZ),
Mainz, Germany

Determination of the Néel vector in an antiferromagnetic (AFM) thin
film is not trivial and usually requires large-scale facilities. Recently a
novel method was demonstrated, utilizing the modulation aspect of the
optical pump-probe technique [P. Saidl, et al., Nature Photonics 11,
91-97 (2017)]. We applied this method to determine the Néel vector
in the c-axis oriented Mn2Au thin films. Analysis of angular depen-
dence of the pump induced polarization rotation clearly suggests the
Néel vector to be pointing along the <110> crystallographic direction,
in agreement with recent experimental studies on bulk samples and
theoretical calculations. Moreover, following the time evolution of the
angular dependent polarization rotation, we were able to resolve the
photoinduced rotation of the Néel vector and its recovery on the 100
picosecond timescale. The observed photoinduced rotation proceeds
on the 5 ps timescale, which is in a good agreement with the charac-
teristic time of strain induced expansion of the thin film. This suggests
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a strong coupling of the magnetic order to crystal lattice.

MA 6.4 Mon 10:15 EB 407
Computational investigation of ultrafast magnetization dy-
namics; ferromagnets vs antiferromagnets — eUNA1 ATxITIAL,
SEVERIN SELZER?, ToBias Birk?, MARCEL STROHMEIER?, and UL-
ricH Nowak? — !Department of Physics, Freie Universitidt Berlin,
D-14195 Berlin, Germany — 2Department of Physics, University of
Konstanz, D-78457 Konstanz, Germany

The speed of switching between two stable magnetic states has become
a major bottleneck for future advancement of magnetic-based informa-
tion technologies. Magnetization dynamics in antiferromagnets (AFM)
are proposed to be considerably faster than their ferromagnetic (FM)
counterparts. In FM, thermal effects can drive magnetization dynam-
ics in a wide range of timescales, from femtosecond laser induced sub-
picosecond magnetic order relaxation to the slower thermally activated
magnetic reversal in nanoparticles. Thermally induced magnetization
dynamics in AFM are rather unknown. Here, we investigate the differ-
ences between AFM and FM in the thermally induced magnetization
dynamics by means of computer simulations based in atomistic spin
models. First, we investigate the superparamagnetic limit. Surpris-
ingly, we find that in AFM nanoparticles, switching time is faster than
in FM, even if the energy barrier is the same. Second, sub-picosecond
heat induced demagnetization; in AFM is up to one order of magni-
tude faster than in FM. Interestingly, the subsequent remagnetization
process to the initial state could also be up to two orders of magnitude
faster than in FM. These findings have strong implications for ultrafast
control of magnetic states in antiferromagnets.

MA 6.5 Mon 10:30 EB 407
Ultrafast magnetization and lattice dynamics: non-thermal
effects — eKAREL Carval, PABLO MaLDONADO?, PavEL Baraz!,
and PeTER M. OpPENEER? — !Charles University, DCMP, Ke
Karlovu 5, CZ-12116, Prague, Czech Republic — 2Uppsala Univer-

sity, PO Box 516, 75120 Uppsala, Sweden

Femtosecond lasers allow to observe magnetization dynamics on an
unprecedently short timescale. This dynamics is often described em-
ploying the three temperature model, without verifying its validity.

Here we study magnetization dynamics with a special emphasis to
non-thermal effects. We have calculated electron-phonon scattering
rates for systems with a high electronic temperature, and phonon life-
times due to phonon-phonon scattering. From these we obtain phonon
populations that differ sharply from the thermal ones within picosec-
onds after the pump [1]. This allows us to understand recent experi-
mental observations and disproves the applicability of the model based
on one lattice temperature here [2].

Another important consequence of ultrafast demagnetization is the
presence of spin currents described by the superdiffusive spin transport
model [3]. This is also a non-thermal effect since electrons with energy
significantly above the Fermi level play crucial role there. We compare
it to its thermal counterpart, the spin-dependent Seebeck effect.

[1] P. Maldonado et al., Phys. Rev. B 96, 174439 (2017)

[2] T. Henighan et al., Phys. Rev. B 93, 22030 (2016)

[3] M. Battiato et al., Phys. Rev. Lett. 105, 027203 (2010)

15 minutes break

MA 6.6 Mon 11:00 EB 407
Ultra-fast control of the magnetic order of materials by
laser light — eSANGEETA SHARMA!, JouN Kay DEwHURsST!, PE-
TER ErLioTT!, SAM SHALLCROss?, and E. K. U. Gross! — !Max
Planck Inst. of micro structure physics, Halle, Germany — 2Lehrstuhl
fuer Theoretische Festkoerperphysik, Erlangen University, Erlangen,
Germany

By creating via pump laser pulse a non-equilibrium distribution of

charge on sub-exchange time scales (i.e., faster than the time scale as-
sociated with spin flip in the ground state) we demonstrate that a pre-
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cise control of magnetic structure is possible on ultra-short time scales,
including switching of spin order from anti-ferromagnetic (AFM) to
transient ferromagnetic (FM). The microscopic physics of this ultra-
fast spin modulation is dominated by charge flows created by spin-
preserving optical excitations, one of the fastest means of manipulat-
ing an electronic system by light. We demonstrate this mechanism to
be universally applicable to AFM, FM, multilayers and bulk systems,
and provide three rules that encapsulate the laser induced early time
magnetization dynamics of multi-sub-lattice systems.

MA 6.7 Mon 11:15 EB 407
Localized-spin dynamics from time-dependent correlation
functions — eKar LEckroN and HANs CHRISTIAN SCHNEIDER —
University of Kaiserslautern, Department of Physics

We present a microscopic method for the calculation of spin dynam-
ics in Heisenberg models with coupling to a phonon bath using time-
dependent correlation functions. We discuss the general strategy to
truncate the hierarchy of equations of motion and to obtain approxi-
mations at a given level of spin correlations. In this talk, we use an
approximation scheme that is exact for the case of a three-spin system.
The phonons are treated as a bath in this approach, where contribu-
tions of higher order are taken into account using a broadening of the
bath interactions.

We apply this method to calculate the spin dynamics after an in-
stantaneous switching of local spins in small ferromagnetically and
antiferromagnetically coupled Heisenberg systems and we investigate
the influence of the broadening on the magnetization dynamics.

MA 6.8 Mon 11:30 EB 407
A micromagnetic model for ultrafast spin current-driven
magnon dynamics — eHENNING ULricHs! and ILya RazpoLski?
— 1. Physical Institute, Georg-August University of Gottingen,
Friedrich-Hund-Platz 1, 37077 Gottingen, Germany — 2Physical
Chemistry Department, Fritz Haber Institute of the Max Planck So-
ciety, Faradayweg 4-6, 14195 Berlin, Germany

Recent experimental reports have demonstrated that optically induced
femtosecond spin currents can excite coherent magnon dynamics in the
THz frequency range.|[1,2] In this talk I will discuss a simple micromag-
netic model for this process. The basic ingredient of this practically
1d model is a Slonczewski-like spin-transfer torque term. With this,
we can reproduce the salient features of the experiments presented in
reference [1]. Furthermore, the model provides insight into the factors
which govern the spin wave mode-specific excitation efficiency. Lastly,
I will discuss results for a collinear spin injection geometry. Our mod-
elling shows that then, a thermally occupied magnon ensemble can be
heated or cooled on fs time-scales. HU acknowledges financial support
by the DFG within project A06 of the SFB 1073.

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

[2] M.L.M. Lalieu, P.L.J. Helgers, and B. Koopmans, Phys. Rev. B,
96, 014417 (2017)

MA 6.9 Mon 11:45 EB 407
Ultrafast magnetization dynamics probed by Lorentz mi-
croscopy — eMARCEL MOLLER!, Joun H. Gapal, Nara Rusiano
DA Sival, ARMIN FEisT!, SascHA ScHAFER!''?, and CLAaus RoPERrs?!
— 14th Physical Institute University of Gottingen, Gottingen, Ger-
many — 2Physical Institute University of Oldenburg, Oldenburg, Ger-
many

Lorentz microscopy is a widely applied technique for the nanoscale
mapping of magnetization structures. Its adaptation to time-resolved
imaging offers fascinating prospects for studying ultrafast magnetiza-
tion dynamics. The Gottingen Ultrafast Transmission Electron Mi-
croscope (UTEM) is a newly developed instrument, which allows for
studies of ultrafast magnetization and demagnetization dynamics in-
duced by radio-frequency currents or optical pulses. This is facilitated
with an electron source which can either deliver a continuous electron
beam or electron pulses with a duration down to 200 fs at a 0.6 eV
spectral width and a sub-nm focal spot size. In this contribution,
we investigate the gyrotropic motion of a magnetic vortex confined
within a 20 nm thick 2um x 2pum permalloy nanoisland. Exciting the
magnetic vortex with an in-plane spin current near the resonance fre-
quency of 101MHz, we are able to track the gyration of the vortex
core with 20 nm resolution. Furthermore, we investigate the response
of the vortex to non-periodic excitations. Using a sinusoidal current
pulse which only lasts for a few cycles, we can trace the build-up and
relaxation of the vortex gyration, which yields the damping and the
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spectral characteristics of our sample system.

MA 6.10 Mon 12:00 EB 407
Nonequilibrium melting of spin and orbital-order in the two-
band Hubbard model — eJiajun L1 and MARTIN ECKSTEIN —
Friedrich-Alexander-Universitdt Erlangen-Niirnberg, Erlangen, Ger-
many

We study the dynamics of spin and orbital order after strong non-
equilibrium excitation in a two-band Hubbard model, using non-
equilibrium dynamical mean field theory. The model features an A-
type antiferromagnetic phase with antiferro-orbital ordering in equilib-
rium. Various charge excitations are created during the strong electric
pulse, causing both spin and orbital order to melt dynamically. How-
ever, due to strong anisotropy in the hopping of electrons in the ordered
phase, the orbital-order defects are easier to create and move than the
spin-order defects. Therefore, the antiferromagnetic order typically
melts slower than the antiferro-orbital order. In addition, varying
Hund’s coupling modifies the energy spectrum of the two-electron sec-
tor in the local Hilbert space. We demonstrate that this can be utilized
to control the relative populations of non-equilibrium excitations and
therefore the dynamical melting of order parameters. Our finding re-
veals the possibility of preparing non-thermal spin and orbital-ordered
phases and may lead to a way of simultaneously controlling the order
parameters with non-equilibrium techniques.

MA 6.11 Mon 12:15 EB 407
Steering of domain walls in Co/Fez5Gdrs bilayers by ultra-
short laser pulses — eYasser A. SHOKRD2, MusTAFA ERKOVAN3,
BIN Zuang!, OLIVER SanDiG!, MarTHiaAs BERNIEN', AHMET A.
UnaL?, FLoriaNn KronNasT?, UmuT ParLak3, JAN Vocer®, and
Worrcane KucH! — lInstitut fiir Experimentalphysik, Freie Uni-
versitiat Berlin, 14195 Berlin, Germany — 2Faculty of Science, De-
partment of Physics, Helwan University, 17119 Cairo, Egypt —
3Sakarya University, Nanoscience and Nanoenginering Department,
54187 Sakarya, Turkey — “Helmholtz-Zentrum Berlin fiir Materialien
und Energie, 12489 Berlin, Germany — >CNRS and Université Greno-
ble Alpes, Institut Néel, 38042 Grenoble, France

Steering magnetic domain walls by light is of high interest. We present
a magnetic domain-imaging study by x-ray magnetic circular dichro-
ism photoelectron emission microscopy on a Co/Fe75Gdas bilayer un-
der exposure to single focused ultrashort (100 fs) infrared laser pulses.
Magnetic domain walls experience a force in the gradient of the laser
pulses away from the center of the pulse, which can be used to move
domain walls in a certain direction. Maximum domain-wall displace-
ments close to 1 um per laser pulse in zero external field are observed.
Quantitative estimates show that electronic spin currents from the
spin-dependent Seebeck effect are not strong enough to explain the
effect, which we thus attribute to the torque exerted by magnons from
the spin Seebeck effect that are reflected at the domain wall. The
possibility to steer domain walls by ultrashort laser pulses might open
new avenues for writing magnetic information.

MA 6.12 Mon 12:30 EB 407
Laser-induced spin currents in nonhomogeneous magnetic
systems — ePavEL BaLAz!2, KAREL CARvAl, PABLO MALDONADO3,
and PETER M. OPPENEER® — ! Charles University, Faculty of Math-
ematics and Physics, Department of Condensed Matter Physics, Ke
Karlovu 5, CZ 121 16 Prague, Czech Republic — 2IT4Innovations
Center, VSB-TU Ostrava, 17.listopadu 15, CZ 70833 Ostrava, Czech
Republic — 3Uppsala University, Dept. of Physics and Astronomy,
Box 530, S-751 21 Uppsala, Sweden

Laser-induced ultrafast demagnetization of transition metals and their
alloys is accompanied by generation of spin current of hot electrons
which diffuses along the sample. This process is well described by
superdiffusive spin transport, which can be applied to a multilayer
structure consisted of ferromagnetic (F) and nonmagnetic (N) metal-
lic layers [1]. Recently, a model of spin transfer torque for a F/N/F
trilayer with perpendicular magnetizations has been developed [2].

Here, laser-induced processes in magnetic textures like domain walls
shall be studied. First, we shall analyze how ultrafast demagnetization
influences the domain wall structure. Second, we shall study how spin
currents arise in the vicinity of the spin texture.

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

[2] P. Balaz, M. Zonda, K. Carva, P. Maldonado, P. M. Oppeneer,
arXiv:1710.02083 [cond-mat.mes-hall] (2017).

Rev. Lett. 105,
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MA 7: Focus Session: Magnetism in Materials Science: Thermodynamics, Kinetics and
Defects | (joint session MM/MA)

Sessions: Magnetism I and Magnetism II

EPS-Symposium organized by Chuchun Fu (CEA-Saclay, Gif-sur-Yvette, France), Thomas Hammer-
schmidt (Ruhr-Universitdt Bochum, Germany), Tilmann Hickel (MPI Eisenforschung, Diisseldorf, Ger-
many), and Véronique Pierron-Bohnes (IPCMS CNRS-Unistra, Strasbourg, France).

Time: Monday 10:15-13:15

Topical Talk MA 7.1 Mon 10:15 TC 010
First principles many-body calculations for rare earth-based
materials: present status and open challenges — oSILKE BIER-
MANN — Centre de Physique Theorique, Ecole Polytechnique, 91128
Palaiseau, France

Rare earth compounds are at the heart of a wide range of modern
materials applications, ranging from permanent magnets to pigments,
and reliable and efficient first principles descriptions of their properties
are highly desirable in view of the development of rational design tech-
niques. Strong local Coulomb interactions on the rare earth f-shell,
however, make ab initio calculations for such materials challenging.

We will review the present status of dynamical mean field theory-
based approaches to the problem and describe recent methodological
developments in the field [1,2,3].

[1] P. Seth, P. Hansmann, A. van Roekeghem, L. Vaugier, S. Bier-
mann, Physical Review Letters 119 056401 (2017). [2] Pascal Delange,
Silke Biermann, Takashi Miyake, Leonid Pourovskii, Phys. Rev. B 96,
155132 (2017). [3] S. Panda, L. Pourovskii, S. Biermann, in prepara-
tion.

MA 7.2 Mon 10:45 TC 010
Continuous transition from antiferro- to ferromagnetic state
via moment canting in Nis_;Co,MnAl — eMICHAEL LEITNER!,
PascaL NEeiBECKER'!, Marrthias OpEL?, Xiao Xu3, Ryosuke
Kamnuma®, and WINFRIED PETRy! — !Heinz Maier-Leibnitz Zen-
trum (MLZ), Technische Universitdt Miinchen, Lichtenbergstr. 1,
85748 Garching — 2Walther-Meissner-Institut, Bayerische Akademie
der Wissenschaften, 85748 Garching — 3Department of Materials Sci-

ence, Tohoku University, Sendai 980-8579, Japan

The magnetic structure of materials is often discussed only in terms
of the classical concepts of ferromagnetism and antiferromagnetism,
however, interesting phenomena can be expected when a system is
driven to the boundary between these regimes by adjusting external
parameters. B2-ordered Nis_,Co,MnAl is a case in point: NigMnAl,
a potential ferromagnetic shape-memory material, displays antiferro-
magnetism [1], while NiCoMnAl, predicted to be a halfmetal, is ferro-
magnetic [2].

We have studied this system for 0 < z < 0.8. Temperature-
dependent neutron powder diffraction proves an antiferromagnetic or-
dering for z < 0.4, while the macroscopic magnetization shows an in-
creasing longitudinal component for all > 0. We argue that this con-
stitutes a continuous, spatially homogeneous transition from antiferro-
to ferromagnetism via canted spins, which is reproduced by a simple
Heisenberg model.

[1] M. Acet et al., J. Appl. Phys. 92, 3867 (2002)

[2] P. Neibecker et al., Phys. Rev. B 96, 165131 (2017)

MA 7.3 Mon 11:00 TC 010
Modeling the high-temperature paramagnetic state of mag-
netic materials from first-principles - coupling of lattice vi-
brations and disordered magnetism — eBiorN ArLrLinc!2 and
IriNa STockEM2 — MLinkdping University, Sweden — 2Max-Planck-
Institut fiir Eisenforschung, Diisseldorf, Germany

The paramagnetic state of magnetic materials lack global magnetiza-
tion and long range order between moments. However, in most cases
there still exist important local magnetic moments. Also, lattice vi-
brations are important for properties and stability of materials at high
temperature. Simultaneous presence of disorder of magnetic and vi-
brational nature poses a severe challenge for first-principles theory.

I present our recently developed method combining atomistic spin
dynamics with ab-initio molecular dynamics (ASD-AIMD) treating
the magnetic and vibrational degrees of freedom on an equal, first-
principles based footing. It allows us to explicitly study the coupled
dynamics of magnetism and lattice in the paramagnetic state.

We use it to study paramagnetic CrN. Phonon life times are ob-
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Location: TC 010

tained from the AIMD part of the simulations. At 300 K, we see
dramatically lower phonon lifetimes as compared to an adiabatic, fast-
magnetism, approximation. Further, the phonon lifetime does not de-
crease in the normal manner with increasing temperature which could
explain anomalys thermal conductivity observed experimentally for
many materials in the paramagnetic state. These results underline the
importance of allowing for a dynamical coupling between magnetism
and lattice vibrations in theoretical studies of the paramagnetic state.

MA 7.4 Mon 11:15 TC 010
Lattice relaxations in paramagnetic materials from first prin-
ciples — eDaviDE GamBiNo! and BiorN Arningh2 — 1Department
of Physics, Chemistry, and Biology (IFM) Linkdping University, SE-
58183 LinkSping, Sweden — 2Max-Planck-Institut fiir Eisenforschung
GmbH, D-402 37 Diisseldorf, Germany

The first-principles calculation of many material properties starts with
the relaxation of the atomic positions of the system under investiga-
tion. This procedure is routine for nonmagnetic materials, as well as
for magnetically ordered compounds. However, when it comes to mag-
netically disordered systems, it is not clear what geometry one should
take into account. Here we propose a method for the structural re-
laxation of magnetic materials in the paramagnetic regime within the
disordered local moment (DLM) picture in the framework of density
functional theory (DFT). The method can be easily implemented using
any ab initio code.

We consider as a test case Fe vacancy in bcc Fe in the paramagnetic
regime: as a result, the nearest neighbors to the vacancy relax inwards
of about 0.16 Angstrom (-5% of the ideal bcc nearest neighbor dis-
tance), which is twice as large as the relaxation in the ferromagnetic
case, and the vacancy formation energy calculated on these positions
results to be 1.60 eV, which corresponds to a reduction of about 0.1 eV
compared to the formation energy calculated on ferromagnetic-relaxed
positions. Our results are in good agreement with recent DEFT+DMFT
calculations and with experimental values. Other systems under inves-
tigations are interstitial defects in bce Fe and FeCr random alloys.

15 min. break

Topical Talk MA 7.5 Mon 11:45 TC 010
‘We need perfect defects - challenging the Brown’s paradox in
permanent magnetism — e¢OLIVER GUTFLEISCH — TU Darmstadt,
Materialwissenschaft

It is common understanding that among the intermetallic phases used
for high performance permanent magnets, practically none can fully
realize its potential based on the intrinsic magnetic properties. Even
if the grain size of the fully-dense magnet is close to the single domain
size, the coercivity Hc is usually one order of magnitude smaller than
the anisotropy field Ha - this situation is known as Brown’s paradox.
The presence of crystallographic defects of various kinds, of secondary
phases, of surface imperfections as well as magnetic inhomogeneities
leads to local magnetic softening. On the other hand, a perfect single
crystal shows 'no’ coercivity whatsoever. Looking at nucleation-type
NdFeB (1,2) and pinning type SmCo (3) magnets we will revisit the
Brown’s paradox and discuss possible ways of overcoming it.

1 Helbig et al., Experimental and Computational Analysis of Magne-
tization Reversal in (Nd,Dy)-Fe-B Core Shell Sintered Magnets, Acta
Materialia 127 (2017) 498.

2 Loewe et al., Grain boundary diffusion of different rare earth elements
in Nd-Fe-B sintered magnets by experiment and FEM simulation, Acta
Materialia 124 (2017) 421.

3 Duerrschnabel et al., Atomic structure and domain wall pinning in
samarium -cobalt based permanent magnets, Nature Communications
8:54 (2017).

Topical Talk MA 7.6 Mon 12:15 TC 010
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Interplay of moment-volume and electron-phonon coupling in
the itinerant electron metamagnet LaFe;3_,Si,H, — eMARKUS
ERrNsT GRUNER — Faculty of Physics and Center for Nanointegration,
CENIDE, University of Duisburg-Essen, Germany

LaFe13_4SizHy compounds belong to the most promising systems for
room temperature magnetic refrigeration. Here, large adiabatic tem-
perature and isothermal entropy changes in an external magnetic field
are obtained at a first-order metamagnetic transition. It is accom-
panied by a large volume change without change in lattice symme-
try, attributed to the competition of different magnetic states of Fe
associated with varying atomic volumes. Recently, we detected by
first-principles lattice dynamics and nuclear resonant inelastic X-ray
scattering characteristic changes in the vibrational density of states
at the magnetic transition in LaFe13_4Si;, which involves the disap-
pearance of a high-energy peak in connection with an overall softening
of phonons in the paramagnetic phase. This contributes to the good
magneto- and barocaloric properties of the material, in terms of a
cooperative contribution of magnetic, electronic and vibrational de-
grees of freedom to the entropy change. The softening originates from
adiabatic electron-phonon coupling caused by specific changes in the
electronic density of states at the Fermi level, which are sensitive to
the magnitude of the Fe moment, rather than to magnetic order. Fi-
nally, we demonstrate that the same mechanisms are effective in the
hydrogenated compound at ambient conditions.

Funding by the DFG within SPP 1599 is gratefully acknowledged.

MA 7.7 Mon 12:45 TC 010

Spin-lattice effects in LaFe;1 6Sii 4 revealed by powder
diffraction — eToMm Faskre!, WoLrcane DonNER!, and MARKUS

HoLzeL? — 1TU Darmstadt, Materials Science, Structure Research,
Darmstadt, Germany — 2Heinz Maier-Leibnitz Zentrum, Garching,
Germany

LaFei3_4Siz (x = 1.0 — 1.6) is a promising material class for appli-
cation in magnetic cooling and has been extensively studied in re-
cent years. For z < 1.6 it exhibits a first order magneto-structural
phase transition around 200 K which becomes second order for = > 1.6.
The first-order transition is accompanied by a large isothermal en-
tropy change |AS;so| in conjunction with a high adiabatic tempera-

ture change |AT,q4|, which are both important figures of merit for a
potential magnetocaloric application.

Here we report on the detailed study of the first-order phase tran-
sition of LaFej3_.Siz by means of temperature and magnetic field
dependent x-ray and neutron powder diffraction. External magnetic
fields increase the Curie temperature by ~ 4 K/T, so that the phase
transition could be induced thermally and by applying magnetic fields
of up to 5 T during the diffraction experiments. In a narrow magnetic
field and temperature range, both phases were present in the diffrac-
tion patterns. Subtle structural differences in the two-phase region
between the magnetic field and temperature induced phase transitions
revealed a change in the entropy transfer of the two systems.

MA 7.8 Mon 13:00 TC 010
Symmetry breaking induce robust monoclinic-distortion and
unconventional charge ordering at room temperature in sin-
gle crystal of Na2.7Ru409 — eARrvIND Yoci2, C. I. Saruisal2,
Hasuneg Smmb2) Y. Nopa?, and Je-Grun Parkb2 — 1Center for
Correlated Electron Systems, Institute for Basic Science (IBS), Seoul
08826, Korea — 2Department of Physics and Astronomy, Seoul Na-
tional University, Seoul 08826, Korea — 3Institute of Multidisciplinary
Research for Advanced Materials, Tohoku University, Sendai 980-8577,
Japan

We discovered by combining the results of SC-XRD, electrical resistiv-
ity, specific heat, and susceptibility that Na2.7Ru409 with the mon-
oclinic new tunnel type lattice (space group P 21/m) evolves an un-
precedentedly charge ordering (CO) at room temperature while re-
taining of metallicity. The temperature dependent SC-XRD results
shows super-lattice peaks ql (0, 1/2, 0) and g2 (0, 1/3, 1/3), that
causes the translation symmetry breaking of the lattice which induces
robust monoclinic-distortion at room temperature, is the evidence for
the formation of an unconventional charge ordering (CO). Na2.7TRu409
show a first-order phase transition in the electrical resistivity with two
consecutive transitions at Tc (1) = 365 K and Tc (2) = 345 K for
Na2.7Ru409 which supports well by magnetization and heat-capacity
results. The electron-phonon mediated scattering mechanism is in-
volved in the resistivity. We argue that the origin of unprecedented
CO is due to the localized 4d electrons.

MA 8: Focus Session: Magnetic structurally and compositionally modulated nanowires and
nanotubes

There is an increasing scientific activity on magnetic nanowires and nanotubes with tunable circular
section (as opposed to nanostripes). Length, diameter, shell thickness and materials can be selected
from a wide range of magnetic alloys and elements. Axially and radially modulated structured can
be synthesized. These families of cylindrical wires and tubes are currently proposed in a number of
applications ranging from specific media for magnetic memory applications (race-track), microwave
applications (stealth absorbing materials), magnetic sensing elements and logic devices at the nanoscale
(nano-technology), or for applications based on their magneto-thermo-electrical properties (energy
conversion and harvesting). Other relevant applications include their organic functionalization for
a number of biomedical applications. Most of those applications derive from their unique magnetic
characteristics namely the magnetic configuration (e.g., magnetic domains), demagnetization process
(e.g., nucleation and depinning of transverse or vortex domain walls; coherent /non-coherent rotational
processes), and frequency dependent behaviour (e.g., microwave absorption phenomena). In short, the
motivation of this Mini-colloquium is to bring together specialists and scientists interested in novel
applications of anisotropic nanostructures to discuss and exchange ideas on both fundamental and
applied issues of these nanowires and nanotubes.

Organized by: Manuel Vazquez (ICMM-CSIC, Madrid), Michael Farle (U. Duisburg-Essen), Kor-
nelius Nielsch (IFW Dresden)

Time: Monday 15:00-18:30

Invited Talk MA 8.1 Mon 15:00 H 1012
Multiple nanostructures based on anodized aluminium oxide
templates — eYonG Ler — Institut fir Physik & IMN MacroNano
(ZIK), Technische Universitéit Ilmenau, 98693, Ilmenau, Germany

New physical phenomena and superior properties in solids usually in-
volve couplings of adjacent materials and architectures in nano-scale.
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Binary nanostructure arrays, capable of introducing intimate inter-
actions between different sub-component arrays, could raise a new
horizon of nanotechnology. Here we proposed a concept to achieve
diverse binary nanostructure arrays with high degrees of controllabil-
ity for each of the sub-components, including material, dimension, and
morphology. This binary nano-structuring concept originates from a
distinctive binary-pore anodic aluminum oxide template that possesses
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two dissimilar sets of pores in one matrix. Moreover, the binary-pore
template is evolvable to multi-pore (ternary and quadruple) templates
with higher pore densities and more morphologic options. Binary
nanostructure arrays with different material and morphology combi-
nations were explored, and shall lead towards applications such as in
catalysis, energy conversion and magnetic devices. [1] Wen L., Xu R.,
Mi Y., Lei Y., Nature Nanotechnology, 12, 244, 2017.

MA 8.2 Mon 15:30 H 1012
3D cobalt nanotubes grown by focused electron beam in-
duced deposition — JaviER PABLO-NAvARRO!, e CESAR MAGEND2,
AMALIO FERNANDEz-PacHECO®, Luis ALFrREDO RoODRIGUEZ?, and
JosE Maria De Teresa'?2 — lLaboratorio de Microscopias Avan-
zadas (LMA), Instituto de Nanociencia de Aragon (INA), Universi-
dad de Zaragoza, 50018 Zaragoza, Spain — 2Instituto de Ciencia de
Materiales de Aragon (ICMA), Universidad de Zaragoza-CSIC, 50009
Zaragoza, Spain — 3Cavendish Laboratory, University of Cambridge,
JJ Thomson Avenue, Cambridge CB3 0HE, UK — 4Departamento de
Fisica, Universidad del Valle, A. A. 25 360, Cali, Colombia

Magnetic nanotubes are potential candidates for fast and low-power
domain wall conduit in future 3D spintronic devices. We report for
the first time the successful growth of 3D cobalt nanotubes by focused
electron induced deposition (FEBID) on 3D Pt-FEBID nanowire tem-
plates of 100 nm in diameter. Cross sectional Transmission Electron
Microscopy characterization has confirmed that nanotubes with a wall
thickness down to 11 nm can be achieved. These cobalt nanotubes
are nanocrystalline and present a metallic content of 70 at. Co%.
Magnetic characterization by electron holography and MOKE magne-
tometry experiments on individual nanotubes demonstrate that these
nanostructures are ferromagnetic, with an estimated remanent mag-
netic induction of 0.9 T and coercivity around 160 Oe. This work
evidences that FEBID is a suitable technique to grow complex func-
tional heterostructures in 3D with potential for application in high
density magnetic memory and logic devices.

Invited Talk MA 8.3 Mon 15:45 H 1012
Towards a three dimensional curvilinear magnonic transducer
— ¢JORGE A OTALORA!, JURGEN LINDNERZ, HELMUT SCHULTHEISS?,
Kinian LenzZ, ANDy TroMmas!, KorNELIUS NieLscH!»3, and ATTiLA
KAxay? — 1Leibniz Institute for Solid State and Materials Research
Dresden (IFW Dresden), Institute for Metallic Materials, 01069 Dres-
den, Germany — 2HZDR, Institute of Ion Beam Physics and Materi-
als Research, Bautzner Landstrafte 400, 01328 Dresden, Germany —
3Technische Universitit Dresden, Institute of Materials Science, 01062
Dresden, Germany

Curving a two dimensional magnetic membrane gives rise to asymme-
tries in the spin-waves (SWs) properties. Magnetic nanotubes provides
an example, for which the mean curvature of the tubular shape cre-
ates asymmetries in frequency and lifetime in a similar fashion like the
Dzyaloshinskii-Moriya interaction in a ferromagnetic/heavy metal in-
terface. Here, an inductive transducer composed of two coplanar wave
guides and a magnetic nanotube is proposed, predicting a straightfor-
ward access to the curvature-induced asymmetric properties of SWs via
detecting the reflection/transmission parameters of the device. With
the presented results, it is expected to give a step further towards the
implementation of curved membranes as three dimensional layouts for
magnonic applications.

Invited Talk MA 8.4 Mon 16:15 H 1012
Controlled domain wall propagation in cylindrical nanowires
— oCRISTINA BRAN — Institute of Materials Science of Madrid, CSIC,
281049 Madrid, Spain

Cylindrical magnetic nanowires represent an alternative for nanotech-
nological applications such as 3D magnetic recording [1], actuators or
sensors and logical devices where the control over the position and mo-
tion of domain wall (DW) is crucial. The nanowires present important
advantages such as: the possibility to tailor the DW shape or the sta-
bility and high velocity of DW during its motion due to suppression of
Walker breakdown [2]. Here we show a way of controlling DW prop-
agation in these one-dimensional nanostructures by specific designs in
geometry (i.e., modulations of diameter), or in magnetic anisotropy
(i.e., modulations in the composition) [3]. In this way, the modula-
tion will act as pinning center for nucleation, pinning and depinning of
DWs. These local variations changes the typical single-domain state
present in soft NWs, as well as the mono domain wall-type switching
of the magnetization based on the DW nucleation and propagation. A
detailed description of the magnetic configuration of individual cylin-
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drical Co-based NWs is presented by combining XMCD-PEEM which
allows resolving the surface and the internal magnetic structure of
NWs, magneto-optical Kerr effect and micromagnetic simulations. [1].
S. Parkin et al., Nature Nanotechnology 10, 195 (2015). [2]. M. Yan
et. al. Phys. Rev. Lett. 104 (2010) 057201 [3]. C. Bran et al., J.
Mater. Chem. C 4, 978 (2016)

15 minutes break

Invited Talk MA 8.5 Mon 17:00 H 1012
Magnetic hardening of nanowires by sandwiching with an-
tiferromagets — eULF WIEDWALD — Faculty of Physics and Cen-
ter for Nanointegration Duisburg-Essen, University of Duisburg-Essen,
Germany — National University of Science and Technology MISIS,
Moscow, 119049, Russian Federation

The growth of magnetic nanowires (NWs) in anodic aluminum ox-
ide (AAO) is a nowadays well-established technique [1]. Such NWs
have been suggested as rare earth-free permanent magnets or magneto-
electric logic devices [2]. Exploiting the shape anisotropy of 3d-metal
NWs at aspect ratios of several hundred in principle yields in a huge
magnetic energy product. However, due to vortex formation at the tips
and dipolar coupling of neighboring wires it is significantly reduced.

Interfacing the tips with antiferromagnet layers is suitable to over-
come such limitations as recently shown by oxidation [2]. We explore
the magnetic hardening of FeCo NWs at 300 K by coating their tips
with antiferromagnetic FeMn. For this purpose, free-standing tips of
micron-long NWs with a diameter of 40 nm are isolated from the AAO
membranes and covered with few nm FeMn. In the resulting sandwich
structure, the energy product doubles at 300 K due to suppression of
vortices [3]. Financial support of the Ministry of Education and Sci-
ence of the Russian Federation, Increase Competitiveness Program of
NUST MISiS K3-2017-022 is gratefully acknowledged.

[1] K. Nielsch et al., Appl. Phys. Lett. 79, 1360 (2001). [2] S.
Liébana-Vinas et al., Nanotechnol. 26, 415704 (2015). [3] FZ. Wang
et al. Nanotechnol. 28, 29 (2017).

MA 8.6 Mon 17:30 H 1012
Magnetization reversal and local switching fields of ferro-
magnetic microtubes with radial magnetization — eNORBERT

PuweNBERG!, CHRIsTOPHER FRIEDRICH REICHE!, MisHAL KHAN!,

ROBERT STREUBELZ, MicHAEL MELzER!, OLIVER ScHMIDT!3,
BernDp BcuNerD?, and THomas MouL! — 1IFW Dresden, Dres-
den, Germany — 2Lawrence Berkeley National Laboratory, Berkeley,
USA — 3TU Chemnitz, Chemnitz, Germany — *Technische Univer-

sitdt Dresden, Dresden, Germany

A simple type of three-dimensional magnetic nanostructures can be
formed by rolling-up magnetic thin films. We investigated the field-
dependent stray-field distribution of rolled-up Co/Pd nanomembranes
[1] by multi-frequency magnetic force microscopy (MFM) under vac-
uum conditions. Stray field and topography were mapped simultane-
ously by employing mechanical and electrostatic AC excitation of the
fundamental and the second flexural cantilever oscillation mode [2]. We
will present MFM images showing demagnetized multi-domain states
as well as homogeneous remanent states after saturation. The detailed
evaluation of field-dependent MFM series shows that the spatially re-
solved switching fields depend on the angle between the direction of
the applied magnetic field perpendicular to the tube axis and the local
surface normal of the tube surface. Our data corresponds to an angle
range of 0° to 65°, which points to a Kondorsky-type behavior of the
magnetization reversal in our rolled up Co/Pd nanomembranes.

[1] R. Streubel et al., Nature Communications 6, 7612 (2015)

[2] J. Schwenk et al., Appl. Phys. Lett. 107, 132407 (2015)

Invited Talk MA 8.7 Mon 17:45 H 1012
Hybrid Magnetoelectric Nanowires for Nanorobotic Applica-
tions — eSAaLvADOR PANE — Multi-Scale Robotics Lab, ETH Ziirich,
Switzerland

Over the past two decades researchers have been working to create syn-
thetic small-scale machines ranging from molecular entities or minia-
turized structures, to more complex assemblies of micro- and nano-
materials. These machines are able to navigate in complex environ-
ments by harvesting fuel from the surrounding media or from exter-
nal powersources. One of the most sought-after applications for these
miniaturized machines is to perform minimally invasive interventions,
in which these devices will ultimately reduce risk, cost, and discom-
fort compared to conventional interventions. While recent research
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has demonstrated the potential of these devices, a number of obsta-
cles remain in moving small-scale robots into the operating theatre.
One of the major challenges is the development of miniaturized mobile
platforms capable of integrating multiple functionalities. In this talk,
we will present magnetoelectric-composite nanowire-based machines
that, under the same source of energy, are able to perform two differ-
ent functionalities depending on how magnetic fields are applied. The
magnetostrictive component enables this machine to propel, while the
magnetoelectric composite can be used to wirelessly generate a piezo-
electric field. We will focus on the potential biomedical applications of
these magnetoelectric small-scale robots. As an example, we will show
core-shell magnetoelectric nanowires, which are able to release in vitro
anti-cancer drugs on-demand using the magnetoelectric approach.

MA 8.8 Mon 18:15 H 1012
Magnetism and Transport in Hybrid Magnetic Nanowires —
eRoMAN HARTMANN, SERGEJ ANDREEV, and TORSTEN PIETSCH —
Fachbereich Physik, Universitat Konstanz, 78464 Konstanz, Germany

Spin-based electronics present an alternative to conventional electronic
devices. For example, spin-transfer nano-devices offer higher switch-
ing speeds and greatly reduced dissipative loss but often require large
operation currents and are difficult to manufacture.

Herein we present a simple but versatile concept to fabricate complex
magnetic nanowire devices in a single processing step via electrode-
position into a self-organized anodic aluminum (AAO) template. We
demonstrate the fabrication of heteronanowires composed of magnetic
multilayers of different ferro- and paramagnetic metals and alloys (e.g.
Ni, Cu, NiCu) with diameters around 30 nm, which greatly reduces the
drive current. Device integration is done using lithographic methods.
The static and dynamic magnetic properties are analysed via SQUID
magnetometry, FMR and electron transport spectroscopy. Due to their
intrinsic multilayer geometry and large number of parallel wires, these
structures can be employed in magnetic nano-oscillators for microwave
generation and detection with optimized output power and sensitivity
respectively.

MA 9: Magnetic domain walls

Time: Monday 15:00-18:15

MA 9.1 Mon 15:00 EB 202
Emergence of antiferromagnetic domains out of domain walls
— eEnsaN HassanPoUR YEesacHi', Maps C. WEeBER!, AMADE
Borris!, THoMAS LOTTERMOSER!, YUSUKE TOKUNAGAZ, YASUJIRO
TacucHI®, YosHINORI TokuRa3, and ManFreD Fiesic! — 1ETH
Zurich, Switzerland — 2Univ. of Tokyo, Japan — 3RIKEN CEMS,
Japan

Antiferromagnetic (AFM) materials are gaining increasing attention
for their potential in technological applications such as spintronics.
Strong coupling and faster dynamics as well as robustness against
magnetic stray fields are their attractive properties. This robustness,
however, makes it chronically difficult to influence AFM states. We
propose to manipulate the AFM ordering through the controlled emer-
gence of bulk domains at the phase transition. To demonstrate this,
we investigate the weakly-ferromagnetic (wFM) to AFM phase transi-
tion in (Dy,Tb)FeOs which is driven by strongly coupled ordering of
magnetic rare-earth and iron ions. The wFM ordering, which can be
influenced by an external magnetic field, can persist as a metastable
state in the AFM phase. By employing spatially-resolved magneto-
optical methods, we demonstrate that AFM domains can emerge out of
antiphase domain boundaries of the metastable wFM phase. Further-
more, we design domain-wall configurations that allow the nucleation
of two oppositely oriented AFM domains separated by a wFM domain
wall. We show with a simple model that symmetry of the domain wall
in one phase is the key to seed the nucleation of the desired domain
orientation of the other phase.

MA 9.2 Mon 15:15 EB 202
Experimental and numerical study of 360 degree domain
wall annihilation eGURUCHARAN V. Karnap!, EDUARDO
MAaRTINEZZ, MICHELE VoTo?, TomEK ScruuLz!, BERTHOLD OCKER?,
DAFINE RaveLosona*, and Marnias Kriuvr! nstitut fiir
Physik , Johannes Gutenberg-Universitdt Mainz, Mainz, Germany —
2Departamento Fisica Applicada, Universidad de Salamanca, Sala-
manca, Spain — 3Singulus Technology AG, Kahl am Main, Germany
— 4(Centre for Nanoscience and Nanotechnology, University Paris-

Saclay, Orsay, France

In the presence of interfacial Dzyaloshinkii-Moriya interaction (DMI)
the domain walls (DWs) adopt a homochiral configuration. When two
neighboring walls are in close proximity, they form winding pairs as
they possess the same winding number. This leads to additional dipo-
lar interaction which is directly related to the magnitude of the DMI.
This is directly reflected in the terminal field which is required to anni-
hilate the domain walls. We present an analytical model where we show
that the contribution to dipolar repulsion by DMI can be modified un-
der the application of external magnetic fields. This is further verified
by micromagnetic simulations which propose an experimental set-up
to observe this. This is experimentally realized and demonstrated in a
system of Ta/Co20F60B20/MgO and Pt/Co/AlOx.

MA 9.3 Mon 15:30 EB 202

Effective description of domain walls as extended structures

22

Location: EB 202

— eDavi Roue Ropricugs! 23, KARIN EVERSCHOR-SITTE?#, JAIRO

Sinova?, and ARTEM ABaNov! IDepartment of Physics & As-
tronomy, Texas A&M University, College Station, Texas 77843-4242,
USA — 2Institute of Physics, Johannes Gutenberg Universitat, 55128
Mainz, Germany — 3Graduate School Materials Science in Mainz,
Staudingerweg 9, 55128 Mainz, Germany — “Institute of Physics
ASCR, v.v.i, Cukrovarnicka 10, 162 00 Prag 6, Czech Republic

Domain walls are often treated as one-dimensional objects whose dy-
namics is described by two soft modes, its position and azimuthal
angle. In thin films, however, domain walls exhibit a richer structure
including vortices and curvatures. We propose an effective description
for domain walls as extended objects with local degrees of freedom.
Our description includes tilted|1,2] domain walls, vortices|3], and more
complex configurations. We analyze the transport of spin waves along
the domain walls and the formation of cusps. Furthermore, consid-
ering Skyrmions as closed domain walls, we study the effects of de-
formations along their borders. Going beyond the often used circular
approximation for skyrmions[4] we find for example that deformations
in the skyrmion shape travel along its border. [1] Boulle, et al, PRL
111 (2013); [2] Muratov, et al, PRB 96, 134417 (2017); [3] Tretiakov,
et al, PRL 100, 127204 (2008); [4] Rodrigues, et al, (manuscript in
preparation).

MA 9.4 Mon 15:45 EB 202
Dynamical depinning of chiral domain walls — eSiMONE
MorerTi»2, MicHELE VoTo?, and EpuArRDO MARTINEZZ —
IDepartment of Physics, University of Konstanz, 78457, Konstanz,
Germany — 2Department of Applied Physics, University of Sala-
manca, 37001, Salamanca, Spain

The domain wall depinning field represents the minimum magnetic
field needed to move a domain wall, typically pinned by defects or
patterned constrictions. From a technological point of view, it rep-
resents an important parameter since a small depinning field implies
less energy required to move a domain wall and, therefore, an energet-
ically cheaper (domain wall based) device. Conventionally, such field
is considered independent on the Gilbert damping since it is assumed
to be the field at which the Zeeman energy equals the pinning energy
barrier (both damping independent). Consequently, a large or small
depinning field is usually interpreted only in terms of the disorder
strength of a certain sample. Here we analyse numerically the domain
wall depinning field as a function of the Gilbert damping in a system
with perpendicular magnetic anisotropy and Dzyaloshinskii-Moriya in-
teraction. Contrary to expectations, we find that the depinning field
depends also on the Gilbert damping and that it strongly decreases for
small damping parameters. We explain this dependence with a simple
one-dimensional model and we show that the reduction of the depin-
ning field is related to the finite size of the pinning barriers and to the
domain wall precessional dynamics, connected to the Dzyaloshinskii-
Moriya interaction and the shape anisotropy.

MA 9.5 Mon 16:00 EB 202

A numerical study on ferrimagnetic domain wall motion in
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temperature gradients — eANDREAS DoNGEes!, UNAT ATXITIAZ,

THOMAS SCHONENBERGERS, SEVERIN SELZER!, and ULricH Nowak!
— 1Fachbereich Physik, Universitat Konstanz, DE-78457 Konstanz,
Germany — 2Fachbereich Physik, Freie Universitit Berlin, DE-14195
Berlin, Germany — 3Ecole Polytechnique Fédérale de Lausanne, CH-
1015 Lausanne, Switzerland

We investigate the domain wall (DW) dynamics of a typical rare earth-
transition metal ferrimagnet in a constant temperature gradient us-
ing atomistic Langevin dynamics simulations based on the stochas-
tic Landau-Lifshitz-Gilbert equation. Our results are compared to
the ferro- and antiferromagnetic DW motion which have been studied
more thoroughly so far [1,2]. Surprisingly, below the angular momen-
tum compensation temperature Ts, we find a regime in which the DW
is moving towards the colder region, i.e. against Schlickeiser’s entropic
torque [1] which suggests a drift into the hotter region. Recently,
Moretti et al. [3] showed that such a reversed DW motion might be
connected to spin wave reflections. Furthermore, our simulations sug-
gest the existence of a torque compensation point T > T, at which
the DW precession changes sign. This also implies that a DW prop-
agating along such a temperature gradient can undergo two Walker
breakdowns: one above and one below Tr.

[1] F. SCHLICKEISER, et al., Phys.Rev.Lett. 113, 097201 (2014)

[2] S. SELZER, et al., Phys.Rev.Lett. 117, 107201 (2016)

[3] S. MoRrEeTTI, et al., Phys.Rev.B 95, 064419 (2017)

15 minutes break

MA 9.6 Mon 16:30 EB 202
Properties of ferrotoroidic domains in artificial nanomagnetic
crystals — eJANNIs LEHMANNY, CLAIRE DoNNELLY!'2, NaMI LEOZ,
PeTErR DERLET?, LAURA HEYDERMAND2, and MANFRED FieBic! —
1Department of Materials, ETH Zurich, Switzerland — 2Paul Scherrer
Institute, Villigen PSI, Switzerland

Periodic nanomagnetic arrays can be seen as model spin systems which
allow a direct study of spontaneous order, magnetic frustration or other
phenomena that emerge at the mesoscale. The possibility to design an
artificial magnetic crystal and engineer the magnetic-dipole-based lat-
tice potentials on demand opens the door to novel ferroic systems. Here
we apply the concept of artificial crystals to examine ferrotoroidicity,
an order that is based on magnetic moments forming a vortex at the
level of a unit cell. This arrangement yields a toroidal moment as the
associated order parameter. We introduce a two-dimensional nano-
magnetic array that provides as-grown toroidal domains. By studying
different systems with tailored magnetic-dipole strength via magnetic
force microscopy we show how the dipole coupling determines the as-
grown domain size and gives rise to an anisotropy in our domain walls.
The magnetic configurations of a domain wall are of particular interest
as they can be tuned to exhibit a ferro- or an antiferromagnetic-like or-
dering along the propagation direction of the wall. Our results demon-
strate the control of domain size and domain-wall geometry in artificial
magneto-toroidal crystals. This work provides an experimental ap-
proach for modelling and tailoring ferroic systems and for scrutinizing
fundamental properties of ferrotoroidicity.

MA 9.7 Mon 16:45 EB 202
Monte-Carlo approach to ferrotoroidic domains in artificial
crystals — eAMADE Borris!, PETER DERLET?, JANNIS LEHMANNL,
THOMAS LOTTERMOSER!, and MANFRED FiEBiG! — !Department of
Materials, ETH Ziirich, Switzerland — 2Paul Scherrer Institute, Villi-

gen PSI, Switzerland

Amongst the primary ferroic orders, ferrotoroidicity is least investi-
gated and understood. Ferrotoroidic systems are defined by a chi-
ral arrangement of magnetic moments which can be associated to a
toroidic order parameter. Due to the scarcity of materials which show
ferrotoroidicity on a microscopic scale, artificial crystals can be used to
reproduce ferrotoroidic order on the mesoscale. These artificial nano-
magnetic arrays consist of magnetic islands which are coupled through
magnetic-dipole interactions. This implies that the interactions are
well defined and tunable, allowing for geometric arrangements which
show ferrotoroidic order. The magnetic islands can be modeled as clas-
sical Ising spins, which makes kinetic Monte-Carlo simulations (KMC)
an efficient tool to investigate the formation of toroidic domains. Do-
main formation in these systems generally depends on the growth rate
and the geometry which determines the strength of the dipolar interac-
tions. We use KMC to understand the correlation of toroidic domains
and domain walls as a function of the geometry. We find that the rel-
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ative coupling strengths in between the islands determines the specific
arrangement of the domain walls as well as the the average domain
size. Our work provides new insights towards the understanding of
ferrotoroidic domains and how they may be tuned.

MA 9.8 Mon 17:00 EB 202
Scanning Reflection X-ray Microscope (SRXM) - a new

tool for magnetic domain imaging — eANDREAS SCHUMMER!,

Hans-CHRisTOPH MERTINS!, RoMAN Apam?, CLAUS SCHNEIDERZ,
Larissa JuscHkIN®, and ULr Berces? — University of Applied
Sciences Miinster, 48565 Steinfurt, Germany — 2Forschungszentrum
Jiilich,52428 Jiilich, Germany — 23Rhein Westfilische Technische
Hochschule Aachen, 52062 Aachen, Germany — 4TU Dortmund, Zen-

trum fiir Synchrotronstrahlung, 44227 Dortmund, Germany

We present the first results of the newly developed scanning reflection
x-ray microscope (SRXM) operating in the extreme ultraviolet (EUV)
spectral range. Focus lies on the mechanical setup, efficient fabrication
process of zone plate optics and first results in structural and element-
selective imaging. The SRXM is dedicated for imaging of magnetic
domains in buried layers exploiting magneto-optical reflection spec-
troscopy in T-MOKE, or for XMCD [1] under incidence angles from
20° to 60°. The advantage of working in the EUV region is the access
to the 3p absorption edges of 3d transition metals. In addition, the in-
tensity of reflected light is about two orders of magnitude higher than
at the 2p edges. [1] M. Tesch, M. Gilbert, H-Ch. Mertins, D. Biirgler
et al., Appl. Opt.52, 4294 (2013)

MA 9.9 Mon 17:15 EB 202

Magnetoelectric Force Microscopy on Antiferromagnetic

180° Domains in Cry0O3 — eMaRceELA GIRALDO!, PEccy
SCHOENHERR!, MARTIN LILIENBLUM!, MoORGAN TRASSIN!', DENNIS
Meier?, and MaNFrED FieBic! — 'ETH Zurich, Switzerland. —

2NTNU, Norway.

Scanning probe microscopy (SPM) techniques constitute the most
widely-used characterization tool on the nanoscale. The diversity of
operational modes makes them versatile tools with impact in a broad
range of fields. SPM techniques proved particularly useful in the in-
vestigation of ferroic materials. Even though local ferroic properties
have been studied by these techniques, the approach to antiferromag-
netic order is almost non-existent. This is regrettable because anti-
ferromagnets are getting increasing attention in recent years. Since
antiferromagnets do not exhibit a net magnetization, it is not triv-
ial to access or control them. Efforts aimed at understanding their
properties at the domain level are key to their systematic manipu-
lation. In my talk, I will discuss a benchmark experiment and the
methodical aspects of a previously proposed SPM technique, termed
magnetoelectric force microscopy, as a probe for the elusive type of
180° antiferromagnetic domains in a well known textbook material,
Cr203. Direct comparison by second harmonic generation allows de-
tecting its inherent advantages. I will finally draw your attention on
further improvements of the technique which would increase its feasi-
bility to cover most of the known bulk compounds and may even be
sufficient to resolve antiferromagnetic domains in type-II multiferroics
or magnetoelectric heterostructures.

MA 9.10 Mon 17:30 EB 202
Spin transfer torques in interacting quantum wires
eHaMmiDREZA Kazewmi!, Nicuoras SEDLMAYRZ?, AXEL PELSTER!,
IMKE SCHNEIDER!, and SEBASTIAN EcceErT! — 1TU Kaiserslautern
and Research Center OPTIMAS, Kaiserslautern, Deutschland — 2TU

Rzeszéw, Rzeszow, Poland

The use of spin polarized currents for the manipulation of magnetic
domain walls (DW) in ferromagnetic nanowires has been the subject
of intensive research in recent years [1]. This is due to the promising
application of such mechanisms e.g. in DW based magnetic devices.
Our main goal is the inquiry into the full quantum effects of electron-
electron correlation on the non-adiabatic spin transport in quasi one-
dimensional nano-structures with magnetic DWs. It is known that the
electrons confined to a one-dimensional wire behave fundamentally
different from standard Fermi-liquid quasiparticle picture so that a
characteristic change in the spin transfer torque is expected. In this
respect, bosonization technique is used to go beyond mean-field theory
in 1D nanowires with sharp DWs [2] in order to calculate the corre-
sponding spin transfer torques.

[1] A. Brataas, A. D. Kent, and H. Ohno. Nat.Mater. 11, 372.381
(2012).
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[2] N., S. Sedlmayr, S. Eggert, and J. Sirker. Phys.Rev.B 84, 024424
(2011).:

MA 9.11 Mon 17:45 EB 202
Wire edge dependent magnetic domain wall creep — eLiza
HerrERA Dikz!, VINCENT JEUDY?, GIANFRANCO DURIN3, ARIANNA
CASIRAGHI?, JUERGEN LANGER?, BERTHOLD OcCkER?, and DAFINE
RaveLosoNa! — 1Centre de Nanosciences et de Nanotechnologies,
CNRS, Univ. Paris-Sud, Université Paris-Saclay, C2N Orsay, 91405
Orsay cedex, France — 2Laboratoire de Physique des Solides, CNRS,
Univ. Paris-Sud, Université Paris-Saclay, 91405 Orsay Cedex, France
— 31stituto Nazionale di Ricerca Metrologica, Strada delle Cacce 91,
10135 Torino, Italy — 4Singulus Technology AG, Hanauer Landstrasse
103, 63796 Kahl am Main, Germany

While edge pinning is known to play an important role in sub-um wires,
we demonstrate that strong deviations from the universal creep law can
occur in 1 to 200um wide wires. Edge pinning increasingly dominates
the creep dynamics as the wire width decreases and it is also found to
depend on aging and different fabrication processes. Magnetic imaging
reveals that edge pinning deviations correlate with a marked bending
of domain walls at low drive. This behaviour is described by a mixed-
creep mechanism combining the creep law exponent ;1 = 1/4 describing
bulk pinning and an additional component accounting for edge pinning
with an exponent of 0.38.

MA 9.12 Mon 18:00 EB 202

Exchange coupling torque in antiferromagnetically coupled
Co/Gd bi-layer system — eRoBIN BLAsiNg!2, SEe-HuN Yana?,
TianpING Mal:2, Cuirac Garab23, and STuarT S. P. Parkin:2:3
— IMax Planck Institute for Microstructure Physics, Halle , Germany
— 2Institute of Physics, Martin Luther University Halle-Wittenberg,
Halle, Germany — 3IBM Research Almaden, San Jose, USA

In antiferromagnetic and ferrimagnetic thin films the efficiency of
current-induced domain wall motion (CIDWM) by spin Hall currents
from a heavy metal underlayer like Pt can be dramatically raised com-
pared to ferromagnetic systems. As soon as the total angular mo-
mentums of the magnetic sublattices are equal, the torque due to the
Dzyaloshinskii Moriya interaction (DMI) tends to zero and the more
efficient exchange coupling torque becomes the dominant driving force.
We carried out CIDWM experiments in antiferromagnetically coupled
Co/Gd systems at base temperatures between 125 K and 250 K. The
change of the magnetization of Gd due to the change of temperature
within this range allows to compensate the total magnetic angular mo-
mentum of the Gd and Co sublayers at a compensation temperature
T: =~ 219 K which is slightly higher than the magnetic moment com-
pensation temperature at Ty = 210 K. Our data suggests the existence
of DMI in Co arising at the Co/Gd interface which effective field is op-
posite to that of the DMI at the Pt/Co interface. Based on findings of
our 1D model, we develop a novel method to measure heating effects in
a two-material based magnetic bi-layer system and prove an efficiency
boost due the exchange coupling torque at Tr

MA 10: Skyrmions | (joint session MA/KFM/TT)

Time: Monday 15:00-18:30

Topical Talk MA 10.1 Mon 15:00 EB 301
Structure, Energetics, and Deterministic Writing of
Skyrmions in Thin Film Ferromagnets — oFELIX BUTTNER —
MIT, Cambridge, MA, USA

Room temperature skyrmions were recently observed in magnetic
multilayer systems [1-4], most of them in materials with sizable
Dyzaloshinskii-Moriya interaction (DMI). In this talk, I will present a
unified theory that analytically describes the energy of such skyrmions,
including stray fields [1]. We can now rigorously define two types
of skyrmions, "stray field skyrmions" and "DMI skyrmions". DMI
skyrmions can be sub-10 nm at zero field and room temperature and
moved with velocities exceeding 1000 m/s at 102 A /m?.
Experimentally, I will show that skyrmions can be nucleated by spin-
orbit torque current pulses without any applied fields [2]. The nucle-
ation mechanism is robust, ultra-fast (sub-nanosecond), and extremely
easy to implement. I will discuss the mechanism of the skyrmion gen-
eration and explain why DMI can replace the need for in-plane fields.
[1] Biittner et al., Nat Phys. 11, 225 (2015). [2] Woo et al., Nat
Mater. 15, 501 (2016). [3] Moreau-Luchaire et al., Nat Nano. 11, 444
(2016). [4] Boulle et al., Nat Nano. 11, 449 (2016). [5] Biittner et al.,
arXiv:1704.08489 [6] Biittner et al., Nat Nano. 12, 1040 (2017).

MA 10.2 Mon 15:30 EB 301
Skyrmion bubble size and density control in Ta/CoFeB/MgO
wedges — oCHRISTIAN DENKER!, SOREN NIELSEN?, ENNO LAGEZ,
JEFFREY McCorp?, and Markus MONzZENBERG! — lInstitut fiir
Physik, Universitit Greifswald, Germany — 2>Nanoscale Magnetic Ma-
terials - Magnetic Domains, Institute for Materials Science, Universitét

Kiel, Germany

After the observation of skyrmion bubbles at room temperature in
Ta/CoFeB/TaO, layers by A. Hoffmann’s group, skyrmions have
been found in various heavy metal/ferromagnet/oxide systems. For
skyrmion generation and detection by magnetic tunnel junctions
(MTJ), the Ta/CoFeB/MgO system is appealing due to high TMR
ratios and its technological maturity. As a starting point typical MTJ
bottom electrodes and barriers (5 nm Ta/x CoFeB/3 nm MgO) trilay-
ers with an optional Ru capping were deposited by e-beam evaporation
(MgO, Ru) and magnetron sputtering (Ta, CoFeB). We will present
our results on skyrmion bubbles observed by magneto-optical Kerr ef-
fect microscopy as function of continuous variation of CoFeB thickness.
The in- to out-of-plane transition for the magnetic anisotropy is found
at about x = 1.4 nm. At slightly thinner CoFeB thicknesses skyrmions
can be nucleated. Their size can be as small as 300 nm. The influence
of CoFeB composition and annealing temperature on the skyrmion

24

Location: EB 301

formation, as well as skyrmion stability will be discussed.

MA 10.3 Mon 15:45 EB 301
Small angle neutron scattering experiments of skyrmions far
from equilibrium — eALroNnso Cuacon!, Marco HALDER!, AN-
DREAS BAUER!, WoLrcaNg SiMETH!, ANDRE HEINEMANNZ, SEBAS-
TIAN MUHLBAUER?, and CHRISTIAN PFLEIDERER! — !Physik Depart-
ment, Technische Universitit Miinchen, Germany — 2Heinz Maier-
Leibnitz Zentrum, Garching, Germany

The prospect of the application of magnetic skyrmions in next-
generation spintronic devices has recently created substantial scientific
interest in this type of magnetic order. Stabilized by thermal fluctua-
tions closed to the paramagnetic order, skyrmion lattices in cubic chiral
magnets are constrained to a small window a few Kelvin wide. Recent
developments have demonstrated how to expand this regime down to
low temperatures by means of supercooling, electrical fields, or uniaxial
pressure. Thus, it is possible to study this topological type of mag-
netism far from equilibrium. We report detailed small angle neutron
scattering experiments on skyrmion lattices in B20 compounds at very
low temperatures stabilized through fast cooling and discuss the role
of disorder and magnetocrystalline anisotropies in their stabilization.

MA 104 Mon 16:00 EB 301
protection of skyrmions in

eTHOMAS MEIER!, SimoN

Entropy limited topological
Fe;_,Co,Si — JoHANNES WIiLD!,
PoLLata!, MartHias KRONSEDER!, ANDREAs BAUER2?, ALFONSO
Cuacon?, Marco HALDER?, MARCO SCHOWALTER?, ANDREAS
ROSENAUERS, JoSEF ZWECK!, JAN MOLLER?, AcHiM Rosca?, CHRIs-
TIAN PFLEIDERER?, and CHRIsTIAN Back! — lInstitut fiir experi-
mentelle und angewandte Physik, Universitit Regensburg — 2Physik-
Department, Technische Universitiat Miinchen — 3Institut fiir Festkor-
perphysik, Universitit Bremen — “Institut fiir Theoretische Physik,
Universitat zu Koln

Topologically protected magnetic textures in materials with broken in-
version symmetry are considered as future high-density data storage
media. The life time of these textures therefore plays a crucial role
for data retention. We have used Lorentz transmission electron mi-
croscopy to infer the energetics of the topological decay of magnetic
skyrmions far from equilibrium in the chiral magnet Fej_,Co;Si. We
investigated the decay of a lattice of sykrmions at different magnetic
fields and temperatures by imaging the magnetic configuration of the
system in real-time with a high speed camera. We observed that the
skyrmion life time 7 extracted from these movies depends exponentially
on temperature following an Arrhenius law, 7 o« 79 exp(AE/kgT).
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The prefactor 79 of this Arrhenius law changes by more than 30 orders
of magnitude for small changes of magnetic field reflecting a substan-
tial reduction of the life time of skyrmions by entropic effects and thus
an extreme case of enthalpy-entropy compensation.

MA 10.5 Mon 16:15 EB 301
Magnetotransport and Hall effect of MnSi thin film un-
der pressure — eDaviD ScHROETER!, STeEraN StLLow!, DIRk
MenzeL!, Hirovuxt Hipaka2?, Hipero Oxuvama2, and HirosHI
Amitsuka? — lInstitut fiir Physik der Kondensierten Materie, TU
Braunschweig, Germany — 2Graduate School of Science, Hokkaido

University Sapporo, Japan

In the recent years thin films of the B20 compound MnSi became sub-
ject of great interest, since the magnetic properties of bulk MnSi are
modified due to the dimensional reduction and the uniaxial anisotropy
with a suspected stabilized skyrmionic phase [1]. In comparison to
bulk material MnSi thin film shows an enhanced ordering parameter
with ongoing research about the nature of the magnetic order in thin
film state [2].

The ordering temperature and critical fields of MnSi decrease with
applied hydrostatic pressure, with thin film material recovering bulk
values for the transition temperature at precover ~ 2.3 GPa and a
qualitatively similar behavior to bulk MnSi with respect to the order-
ing temperature above precover [3] We present magnetotransport and
Hall effect measurements on MnSi thin films under applied pressure of
up to around 4 GPa and discuss our results concerning the magnetic
phase diagram under pressure.

[1] A. B. Butenko et al., Phys. Rev. B 82, 052403 (2010).

[2] M. N. Wilson et al., Phys. Rev. B 86, 144420 (2012).

[3] J. Engelke et al., Phys. Rev. B 89, 144413 (2014).

MA 10.6 Mon 16:30 EB 301
Magnetic anisotropy in the itinerant helimagnet MnSi —
eScHORSCH M. SAUTHER!, ANDREAs Bauer!, DiRk GRUNDLERZ,
CHRISTIAN PFLEIDERER!, and MArRc A. WiLbe! — Phys.-Dep. E51,

TU Miinchen — 2LMGN, IMX, STI, EPF Lausanne

We report torque magnetometry in Manganese silicide (MnSi). In
our experiment, we employ cantilever magnetometry in a 2D magnetic
field B = B - (sinp cosp) to measure the torque 7 resulting from
the anisotropic magnetization M | of a high-quality, single-crystalline
bulk sample of MnSi. The angular dependence 7(p) displays distinct
oscillations with differently pronounced extrema. The oscillation am-
plitude between several extrema does not saturate for our maximum
field of 4.5 T. In the field dependence 7(B) we observe an unexpected
hysteresis above Hca. Furthermore, the hysteretic behavior below Hgo
changes drastically with temperature below T.. We utilize our obser-
vations to determine the anisotropy constants and discuss our results
in the context of complementary experiments[1].

[1] A. Bauer et al., Phys. Rev. B 95, 024429 (2017)

15 min break

MA 10.7 Mon 17:00 EB 301
Inelastic neutron scattering studies of magnons in the
field polarized, conical and Skyrmion phase of MnSi —
eLukas Beppricu!, Tosias WEeBER?, RoBerr Georci!:?, and
PeTER Bon' — 1Physik-Department E21, Technische Universitit
Miinchen, 85748 Garching, Germany — 2Heinz Maier-Leibnitz Zen-
trum (MLZ), Technische Universitdt Minchen, 85748 Garching, Ger-
many — 3Institut Laue-Langevin (ILL), 38000 Grenoble, France

Cubic chiral magnets, such as MnSi, are prototypical systems for the
investigation of various spin structures. They are stabilized by the
Dzyaloshinsky-Moriya interaction (DMI), which also gives rise to a
universal magnon dispersion [1], [2].

Recently, the effect of non-reciprocal spin wave excitations, which
generally emerge from the lack of inversion symmetry, were intensively
studied in the field-polarized and helimagnetic phase of MnSi with
inelastic neutron scattering [3]. Due to the excellent compatibility be-
tween the low-energy theory and the comprehensive measurements, we
currently apply a related approach to describe the magnetic excitations
found in the skyrmion phase.

[1] M. Janoschek et al. Phys.
doi:10.1103/PhysRevB.81.214436

[2] M. Kugler et al. Phys. Rev.
doi:10.1103/PhysRevLett.115.097203

Rev. B, 81:214436, Jun 2010

Lett., 115:097203, Aug 2015.
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[3] T. Weber et al. submitted for publication

MA 10.8 Mon 17:15 EB 301

Orientation dependence of the magnetic phase diagram of

the chiral magnet CusOSeO3 — eMarco HALDER!, ALFONSO
Cuacon!, AnDREas Bauer!, HeLmurn BEercer?, and CHRIs-
TIAN PrFLEIDERER! — 1Technische Universitdt Miinchen, Physik-

Department E21, D-85748 Garching, Germany — 2Ecole Polytech-
nique Fédérale de Lausanne, Crystal Growth Facility, CH-1015 Lau-
sanne, Switzerland

In recent years, the cubic chiral insulator CuaOSeQO3 attracted great
scientific interest, combing the skyrmion lattice phase with strong
magneto-electric coupling. We report a comprehensive study of the
magnetic properties of single-crystal CuaOSeO3 by means of measure-
ments of the magnetization, ac susceptibility, and specific heat, in
particular tracking the influence of crystal orientation, cooling history
and demagnetizing effects on the formation of skyrmion order.

MA 10.9 Mon 17:30 EB 301
Time resolved Lorentz-TEM measurements of dynamical
skyrmion lattice defects in Cuz;OSeO3 — eSimoN Porrara!,
JouanNEs WiLD!, Lukas HEINEN2, THoMAas MEIER!, MATTHIAS
KRrRONSEDER!, LEONARD TuTscu!, ANDREAs Baurr3, HELMUTH
BeERGER?, CHRISTIAN PFLEIDERER?®, JOSEF ZWECK!, AcHIM RoscHZ,
and CHRISTIAN Back! — !Institut fiir Experimentelle und Ange-
wandte Physik, Universitit Regensburg, Deutschland — Z2Institut
fiir Theoretische Physik, Universitdt zu Koln, Deutschland
3Physik-Department, Technische Universitit Miinchen, Deutschland
— “Crystal Growth Facility, Ecole Polytechnique Fédérale de Lau-

sanne, Schweiz

We report non-stroboscopic time resolved Lorentz-Transmission-
Electron-Microscopy (LTEM) measurements of skyrmion lattice de-
fects in the chiral magnet CuzOSeOs3. The multiferroic insulator hosts
a hexagonal skyrmion lattice which can be observed in real space us-
ing LTEM. It is known, that the radial temperature profile caused by
the illumination of the sample with the TEM electron beam sets the
skyrmion lattice into rotation [1]. We utilize this effect to study the
dynamics of defects and grain boundaries that naturally occur during
the lattice rotation. The structural and dynamical behaviour of the
defects is similar to that of 2D hexagonal particle lattices and therefore
the particle character of the skyrmion in its lattice phase is stressed
by our findings [2].

[1] Mochizuki, M. et al. Nat. mater. 13.3 (2014): 241-246

[2] Pollath S, et al. PRL 118.20 (2017): 207205

MA 10.10 Mon 17:45 EB 301

Large-scale ab initio investigations of complex magnetic

textures — eMARCEL BORNEMANN, SErRGII GRyYTSIUK, PaurL F.
BAuMEISTER, PHIVvOos MavropouLos, Nikorar S. KISELEV, SAMIR
Lounis, RuboLr ZELLER, and STEFAN BLUGEL — Peter Griinberg

Institut and Institute for Advanced Simulation, Forschungszentrum
Jiilich and JARA, 52425 Jiilich, Germany

We have developed a unique electronic structure code, KKRnano [1],
specifically designed for petaFLOP computing. Our method scales lin-
early with the number of atoms, so that we can realize system sizes of
up to half a million atoms in a unit cell. Recently, we implemented a
relativistic generalization of the algorithm enabling the calculation of
complex non-collinear magnetic structures in real space.

We present two applications: (i) In the helimagnet B20-MnGe different
experimental groups have observed either a spin spiral in [001] direc-
tion or a 3Q-state composed of three spin spirals [2,3]. We present an
ab initio comparison of both states. (ii) We performed a large-scale
evaluation of low-lying thermal excitations, so-called “nodons”, in Cr
which could explain the formation of a spin density wave in this sys-
tem [4].

Simulations were performed with computing resources granted by
JARA-HPC, Forschungszentrum Jiilich and HLRS in Stuttgart.

[1] A. Thiess et al., Phys. Rev. B 85, 235103 (2012).

[2] O.L. Makarova et al., Phys. Rev. B 85, 205205 (2012).

[3] T. Tanigaki et al., Nano Lett. 15, 5438 (2015).

[4] V. Vanhoof et al., Phys. Rev. B 80, 184420 (2009).

MA 10.11 Mon 18:00 EB 301
Giant structural response of Dzyaloshinskii-Moriya interac-
tion in MnGe B20 compounds — eSERGII GRYTSIUK, MAR-
CEL BORNEMANN, MARKUS HOFFMANN, BERND ZIMMERMANN,
Puivos MavroprouLos, GusTtav BIHLMAYER, and STEFAN BLUGEL
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— Peter Griinberg Institut and Institute for Advanced Simulation,
Forschungszentrum Jiilich and JARA, 52425 Jiilich, Germany

Non-centrosymmetric cubic B20 materials are currently under inten-
sive investigation. An important feature of these materials is the com-
petition between the antisymmetric Dzyaloshinskii-Moriya interaction
(DMI) and the symmetric exchange interaction resulting in a rich va-
riety of magnetic phases with respect to temperature, magnetic fields,
material compositions and geometries. The possibility of engineering
chiral structures and the effective switching between different magnetic
phases requires the investigation of possible factors that influence the
strength of the magnetic interactions. In this work, we show by first-
principles calculations based on DFT that under pressure magnetic
and structural properties of MnGe reveal a hysteretic behavior near
the state where energies of high and low spin states coincide. We ob-
serve that pressure strongly enhances the DMI (by a factor 5), while
the spin-stiffness gets smaller. In order to understand such giant en-
hancement of the micromagnetic DMI we computed atomistic DMI
vectors. Surprisingly, the absolute value of the DMI vectors do not
depend significantly on the lattice parameter and the enhancement of
micromagnetic DMI stems mainly from the change of the DMI vectors’
orientation with respect to bonds between Mn atoms.

MA 10.12 Mon 18:15 EB 301

Spin-orbit coupling effects in magnetic and response proper-

ties of B20 A;_,B,Ge alloys (A, B = Mn, Fe, Co, Rh) —
®SERGIY MANKOVSKY!, SEBASTIAN WIMMER!, SviTLANA PoLESYA!,
NicorLas MARTIN2, IsABELLE MIREBEAUZ, and HUuBERT EBERT! —
IDept. Chemistry, LMU Munich, D-81377 Munich, Germany — 2Lab.
Léon Brillouin, CEA, CNRS, Uni. Paris-Saclay, France

The composition-dependence of the isotropic exchange (J;;) and
Dzyaloshinskii-Moriya interaction (DMI) (EZJ) of Mnj_,Fe,Ge,
Mnj_,Rh;Ge, Mn;_,Co,Ge and Fe;_,CozGe B20 alloys have been
investigated by first-principles calculations using the relativistic mul-
tiple scattering Korringa-Kohn-Rostoker (KKR) formalism. The D*¢
(o = z,y, z) elements of the DMI tensor exhibit a strong dependence
on the composition, changing sign at x ~ 0.85 in Mnj_,Fe;Ge and
at x &~ 0.5 in Fe;_;Co,Ge, in line with previous theoretical calcu-
lations as well as with experimental results. The spin-orbit torque
(SOT), anomalous and spin Hall conductivities (AHC and SHC, re-
spectively) of Mni_;Fe;Ge alloys have been investigated. A sign
change at z = 0.5 is predicted for the Fermi sea contribution to the
SOT, as this is closely related to the DMI. In the case of anomalous
and spin Hall effects it is shown that the calculated Fermi sea contribu-
tions are rather small and the composition-dependence of these effects
are determined mainly by the electronic states at the Fermi level. The
spin-orbit-induced scattering mechanisms responsible for both effects
are suggested to cause the minimum of the AHC and the sign change
of the SHC.

~
~

MA 11: Ultrafast magnetism Il

Time: Monday 15:00-17:45

MA 11.1 Mon 15:00 EB 407
Ultrafast Dynamics of Spin and Orbital Moments upon
Demagnetization in GdFeCo alloys — eMARTIN HENNECKE!,
Iie Rapul, Rapu ABrupan?, TorsTEN KacHEL?, KARSTEN
HorLpack?, RoLF MITzZNER?, CHRISTIAN SCHUSSLER- LANGEHEINEZ,
AraTA TsukamoTo?, and STEFAN EiseBITT! — Max-Born-Institut,
Berlin, Germany — 2Helmholtz-Zentrum Berlin, Germany — 3College

of Science and Technology, Nihon University, Funabashi, Chiba, Japan

Recent studies of ferrimagnetic GdFeCo alloys have revealed an ul-
trafast laser-induced magnetization reversal mediated by a transient
ferromagnetic-like state [1]; such switching was purely thermally-driven
without the need of any other external stimulus [2]. However, the ultra-
fast angular momentum transfer from and into the spin system during
demagnetization and switching events still remains unclear.

Here, we report on time-resolved XMCD measurements performed
at the slicing facility of BESSY II that aim at revealing the angular
momentum flow during femtosecond laser-induced demagnetization of
ferrimagnetic GdFeCo alloy. The magneto-optical sum rules analysis of
the fs-XMCD data allowed us to monitor and disentangle the dynam-
ics of elemental spin and orbital moments at Fe and Gd sites. Within
the experimental accuracy, we observe a non-equal magnitude change
of spin and orbital momenta on Fe sites during the first hundreds of
femtoseconds which suggests a direct transfer of angular momentum
to the lattice.

[1] I. Radu et al., Nature 472, 205-208 (2011)

[2] T. Ostler et al., Nature Communications 3, 666 (2012)

MA 11.2 Mon 15:15 EB 407
Energy-resolved ultrafast charge, spin and orbital dy-
namics in [Co/Pd] multilayers — eLoic Le Guvaper!:2,
DaNIEL HicrLey?!, Tianmin Liv!, Zuao CHen!, TyYLER CHAasg!,
Patrick GraNiTzkAal, Giacomo Cosrovicu!, ALBERTO LuTMmAN!,
GEoRcl Dakovski}, WILLIAM SCHLOTTER!, PADRAIC SHAFER3,
ELkE ARreNHOLZ3, OrLav HELLwiG?, STEFANO BONETTI®, MATTEO
PancaLpr®, Mark LavLieu®, Berr Koopmans®, JoacHiM STOHR!,
ALEXANDER REID!, and HERMANN DURR! — 'SLAC, Menlo Park,
USA — 2BEuropean XFEL GmbH, Schenefel, Germany — 3ALS,
LBNL, Berkley, USA — #TU Chemnitz and HZDR, Germany —

5Stockholm University, Sweden — 8TU Eindhoven, The Netherlands

The ultrafast demagnetization is a fundamental problem of modern
magnetism, with its microscopic origin remaining intensely debated.
Particularly, the role played by the spin-orbit interaction in the mo-
ment dissipation to the lattice and that of the exchange interaction in
the collapse of long-range order call for measurements capable of resolv-
ing the charge, spin and the orbital moment dynamics energy resolved.

26

Location: EB 407

Here we use soft X-ray Absorption Spectroscopy (XAS) with femtosec-
ond X-ray produced by the Linac Coherent Light Source (LCLS) to
probe charge and band structure dynamics around the Fermi energy
Er in a [Co/Pd| magnetic multilayer. Comparing XAS changes at both
L3 and Lg absorption edges below and above Ep highlights the role
played by the 3ds /> states. Using X-ray Magnetic Circular Dichroism
(XMCD), we further discuss the spin and orbital moment dynamics
with respect to the energy resolved charge dynamics.

MA 11.3 Mon 15:30 EB 407
Ultrafast demagnetization in Co/Pt multilayers probed by
mSAXS at the Co L-edge — eMarruias Riepp!, LEONARD
MULLER!, ANDRE PriLiPPI-KoBs!, WousciecH RosekeERr!, ROBERT
FROMTER?, EMANUELE PEDERsoL1®, Fravio CAPOTONDI3, MAYA
Kiskinova®, Hans PeTer OepeEN2, and GERHARD GRUBEL! —
IDeutsches Elektronen-Synchrotron DESY, Notkestraffie 85, 22607
Hamburg, Germany — 2Universitat Hamburg, Luruper Chaussee 149,
22761 Hamburg, Germany — 2Elettra-Sincrotrone Trieste S.C.p.A. di
interesse nazionale, Strada Statale 14 - km 163,5 in AREA Science
Park, 34149 Basovizza, Trieste, Italy

Ultrafast demagnetization of thin magnetic films due to an optical
pump is a phenomenon which is still discussed highly controversial.
Here, to probe the response of magnetization on a nanometer length as
well as on a femtosecond time scale, a resonant magnetic small-angle
X-ray scattering (mSAXS) experiment was employed at the DiProl
beamline at FERMI. Co/Pt multilayers with perpendicular magnetic
anisotropy and a maze-domain pattern were investigated. Changes of
the magnetic state due to IR-laser irradiation were detected as a func-
tion of pump probe delay time. In this experiment we have used soft
X-rays tuned to the Co Lz-edge (1.59nm) by using FERMI’s FEL-2.
FERMI was tuned to provide linear polarized light at a wavelength of
4.78 nm in the fundamental so that the third harmonic of this radia-
tion was in resonance with the Co L-edge. By comparing the results
with the ones obtained using the Co M-edge (20.8 nm), the role of
super-diffusive spin currents on the demagnetization is discussed.

MA 11.4 Mon 15:45 EB 407
Magnetization reversal and demagnetization dynamics of
Co/Pt multilayers with circularly polarized laser pulses —
eUmuT PAarRLAK, ROMAN ADAM, SEUNG-GI GANG, MoORITZ PLOTZING,
DanieL E. BURGLER, and CrLaus M. ScHNEIDER — Peter Griinberg
Institut, PGI-6, Research Centre Jiilich, 52425, Jiilich, Germany

All-optical control of magnetization has attracted great interest since
it allows magnetization reversal in the absence of applied magnetic
fields. Recent studies showed that deterministic magnetization rever-
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sal requires accumulation of many pulses in ferromagnetic layers un-
like the ferrimagnetic layers which can be switched with single pulses.
We present a study of all-optical magnetization reversal of ferromag-
netic [Co/Pt|y multilayers as a function of varying beam parameters.
The multilayers were illuminated by a femtosecond laser beam with
a wavelength of 800 nm and a repetition rate between 0.01 and 1
kHz. Our results indicate that all-optical magnetization reversal in
[Co/Pt]ny multilayers is helicity dependent and the helicity-induced
reversal probability scales with the number of pulses per unit area.
Single pulses have no effect on magnetism as long as the laser flu-
ence is kept below the demagnetization threshold. For pulses above
this threshold, we employed time resolved magneto-optical Kerr effect
magnetometry and investigated the ultrafast demagnetization process
under exposure of circularly polarized single pulses.

MA 11.5 Mon 16:00 EB 407
Modelling of spin-resolved ARPES experiments on ultra-fast
demagnetisation on the basis of the one-step model of photo-
emission — eVoicu Poprescul, JaAN MINAR?, JURGEN Braun!, and
HusgerT EBERT! — !Department Chemie, Ludwig Maximilian Univer-
sity, Munich, Germany — 2University of West Bohemia, New Tech-
nologies Research Centre, Plzeni, Czech Republic

The ultra-fast demagnetisation caused by a strong laser pulse was in-
vestigated recently by Eich et al. [1] by spin and angle-resolved photo
emission (ARPES) experiments on the elemental ferromagnet Co [1].
To interpret the dependence of the observed effective exchange split-
ting on the delay time of this pump-probe experiment two different
models were considered: the first one assumes a plain reduction of
the exchange splitting in the spirit of the Stoner model, while the
second one accounts for a magnon-mediated band-mirroring subse-
quent to the excitation. The experimental data seem to favour the
second model. The present contribution seeks to check this interpreta-
tion of the experimental data by performing ARPES calculations for
ferromagnetic Fe and Co using the one-step model of photo-emission
within the framework of the spin-polarised relativistic Korringa-Kohn-
Rostoker method. To allow for a rather direct comparison with experi-
ment both scenarios were modelled as close as possible. The discussion
of the resulting ARPES spectra is accompanied by an analysis of the
underlying electronic structure.

[1] S. Eich et al. Science Advances 3, €1602094 (2017)

MA 11.6 Mon 16:15 EB 407
Magnetization dynamics during FeRh phase transition in-
vestigated with Time-Resolved X-ray Photoemission Spec-
troscopy — eoF. Pressaccol2, V. UnLR3, M. GarTi®5, J. A.
ARrRecI®, A. Benpounan®, F. SirorTi*®, and W. Wurra27 —
LCUI, Hamburg — 2?Dep. Physik CFEL Laser Science, Uni. Ham-
burg — 3CEITEC BUT, Czech Republic — 4LPMC, Ecole Polytech-
nique, France — 3European Theoretical Spectroscopy Facility (ETSF)
— 6Synchrotron SOLEIL, France — "DESY Photon Science, Hamburg

Direct investigation of the electronic structure by time-resolved pho-
toemission is a powerful tool to follow fast modifications of the physical
properties of a system. Here we present a Time Resolved X-ray Pho-
toelectron Spectroscopy (TR-XPS) study of the metamagnetic phase
transition induced by femtosecond laser excitation in FeRh epitaxial
layers. FeRh is a particularly interesting system due to a first-order
phase transition taking place at ~400 K from an antiferromagnetic
phase to a ferromagnetic phase (FM), which induces strong modifica-
tions of the electronic structure. In particular we observe the formation
of a sharp spin-polarized peak close to the Fermi edge. We have mea-
sured the appearance of the peak after a 50 fs laser excitation and
followed the onset of the FM phase triggered by the optical pulse.
Moreover, by comparing the extracted electronic temperature to the
intensity of the FM peak, we could show that the FM phase persists at
the surface also when the system is expected to be antiferromagnetic.
Ab initio density functional theory calculations associate the structure
at the Fermi level to Fe 3d empty states.

15 minutes break

MA 11.7 Mon 16:45 EB 407
Influence of the stoichiometry in ferromagnetic alloys on

the ultrafast demagnetization — eSiMoN HAuUser!, MoRITZ
SEBAS-

Horuerr!, Jurls UrBaNncic!, SAKSHATH SADASHIVAIAH!,
Hans NEMBACH?,

TIAN WEBER!, JusTIN SHAW2, Tom SivaZ,
DaNIEL STEILZ, HENRY KAPTEYN3, MARGARET MURNANES, MIRKO

27

CincHETTI?, BARBEL RETHFELD!, BENJAMIN STADTMULLER!, STE-
FAN MaTHias?, and MARTIN AErscHLIMANN! — 1University of
Kaiserslautern, Erwin-Schroedinger Strasse 46, 67663 Kaiserslautern,
Germany — 2Georg-August-Universitat Gottingen, I. Physikalis-
ches Institut, Friedrich-Hund-Platz 1, 37077 Goéttingen, Germany —
3Department of Physics and JILA, University of Colorado and NIST,
Boulder, CO 80309, USA — “Experimentelle Physik VI, Technische
Universitdt Dortmund, 44221 Dortmund, Germany

We investigate time- and element-resolved the fs demagnetization dy-
namics in a ferromagnetic Fe50Ni50 alloy using a transverse magne-
tooptical Kerr effect experiment at the M-edge. After the optical ex-
citation, we observe an instant response of the Fe subsystem while
the onset of the Ni demagnetization is delayed by 90fs. While this
result is in qualitatively agreement to previous findings for permalloy
(Fe20Ni80), the time different between the onsets of demagnetization
of Ni and Fe is clearly larger for Fe50Ni50 compared to Fe20Ni80.
Our experimental findings will be compared to theoretical model sim-
ulations which allows us to gain insight into the role of the transient
Ni-Fe exchange coupling for the ultrafast demagnetization dynamics.

MA 11.8 Mon 17:00 EB 407
All-optical magnetization switching of FePt nanoparticles
by fs laser pulses — eD. Hinzkre!, T. KNIPPENBERG', M.
BerrITTA2, R. MonDpaLl2, R. Joun3, J. WaLowski®, C. MULLER?,
J. McCorp*, P. OppENEER?, M. M0UNzENBERG?, and U. Nowak! —
IUniversitidt Konstanz — 2Uppsala University — 3Universitit Greif-
swald — 4Universitit Kiel

Helicity-dependent all-optical switching (HD-AOS) caused solely by
the effect of an ultrafast laser pulse was not only demonstrated for
ferrimagnets [1] but also for layered, synthetic ferrimagnets [2] and
simple ferromagnets [3]. We study HD-AOS in FePt nanograins nu-
merically by using a complete multiscale model [4]. In our simulation
it is possible to distinguish thermal and non-thermal contributions to
the HD-AOS.

One of our findings is that a principle difference between mag-
netic circular dichroism (MCD) and inverse Faraday effect (IFE) as-
sisted switching is the helicity-dependent heating. MCD only leads
to a stochastic demagnetization process and, therefore, determinis-
tic single-shot magnetization switching is not possible. On the con-
trary, an additional magnetization contribution is provided by the IFE
that supports deterministic magnetization reversal. We investigate the
switching probability of single FePt grains as a function of laser power
and number of consecutive laser shots.

[1] K. Vahaplar et al, Phys. Rev. Lett. 103, 117201 (2009) [2] S.
Mangin et al, Nat. Materials 13, 287 (2014) [3] C.-H. Lambert et al,
Science (345), 1337 (2014) [4] R. John et al, Sci. Rep. 7, 4114 (2017)

MA 11.9 Mon 17:15 EB 407
All optical switching and ultrafast magnetization dynam-
ics in doped FePt thin films — eMaRTIN STIEHL!, NATALIIA
SaroNovaZ, BENJAMIN STADTMULLERY 3, MANFRED ALBRECHTZ, and
MARTIN AEscHLIMANN! — !Department of Physics and Research
Center OPTIMAS, University of Kaiserslautern, Erwin-Schroedinger-
Strasse 46, 67663 Kaiserslautern, Germany — 2Institute for Physics,
University of Augsburg, Universitatsstrate 1 Nord, 86159 Augsburg,
Germany — 3Graduate School Materials Science in Mainz, Staudinger
Weg 9, 55128 Mainz, Germany

The speed of magnetic data storage and information processing is par-
ticularly important for device performance but presently limited to a
few nanoseconds. In this regard all-optical switching (AOS) is a highly
promising effect which allows to switch the magnetization within a few
tens of ps.

Here, we focus on the AOS phenomena and the corresponding fs
magnetization dynamics in FePt thin films doped with Tb using all
optical detection schemes based on the time-resolved magneto-optical
Kerr effect. For a Tb concentration of 11% and linear polarization of
the optical excitation, we observe a single-shot magnetization reversal
within the first ps which lasts over 20ps without indications of remag-
netization. We will compare results for different Tb concentrations to
gain insight into the role of the dopant for the observed magnetization
reversal.

MA 11.10 Mon 17:30 EB 407
All Optical Switching in Ferromagnets: A Dynamical Model
Study — eCHRISTIANE ScHOLL — University of Kaiserslautern

We present a microscopic calculation of the spin dynamics due to ex-
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citation with off-resonant and close-to-resonance circularly polarized
optical fields in a mean-field ferromagnetic model system including
spin-orbit-coupling, incoherent nonlinear effects and electronic redis-
tribution processes.

Within the framework of the model, we calculate the evolution of
the magnetization and show that, for certain excitation conditions,
a polarization dependent switching of the magnetization occurs. In
this talk, we clarify the respective contributions of the Inverse Faraday
Effect [1,2] and the Spin-selective Optical Stark effect (spin-OSE) as

introduced in [3]. We also discuss the effect of electronic heating and
the role of off-resonant and nearly-resonant transitions.

[1] A. Kirilyuk, A. V. Kimel and T. Rasing, Rev. Mod. Phys. 82,
2731 (2010)

[2] M. Berritta, R. Mondal, K. Carva, P. M. Oppeneer, Phys. Rev.
Lett. 117, 137203 (2016)

[3] A. Qaiumzadeh, G.E.W. Bauer and A. Brataas, Phys. Rev. B
88, 064416 (2013)

MA 12: Superconductivity — Topological Defects in Superconductors and Magnets (joint
session TT/MA)

Time: Monday 15:00-17:45

MA 12.1 Mon 15:00 HFT-FT 101
Topological domain walls in helimagnets — eLAUrRA KOHLER!,
PEGGY SCHONHERRZ, JAN MULLER?, Naova KaNnazawa?, YOSHINORI
Toxura*5, Acaim Roscu®, DENNis MEIER®, and Markus GARrsT!
— Mnstitut fiir Theoretische Physik, TU Dresden, Dresden, Germany
— 2Department of Materials, ETH Ziirich, Ziirich, Switzerland —
3Institut fiir Theoretische Physik, Universitit zu Kéln, Koln, Germany
— 4Department of Applied Physics, University of Tokyo, Tokyo, Japan
— SRIKEN Center for Emergent Matter Science (CEMS), Wako,
Japan — SDepartment of Materials Science and Engineering, NTNU,
Trondheim, Norway

The Dzyaloshinskii-Moriya interaction in chiral magnets stabilizes a
magnetic helix with a wavelength set by the spin-orbit coupling. We
study domain walls of helimagnetic order both theoretically and ex-
perimentally using micromagnetic simulations and magnetic force mi-
croscopy studies on surfaces of FeGe. We find that such domain walls
are distinctly different from those in ferromagnets and rather similar
to grain boundaries of liquid crystals. Three types of domain walls
are realized depending on the relative domain orientation: a curvature
wall, a zig-zag disclination wall and a dislocation wall. Disclinations
are vortex defects in the helix axis orientation, and they can be com-
bined to form dislocations. We discuss the topological skyrmion charge
associated with these dislocations which can be finite. This leads to
an emergent electrodynamics and thus a coupling to spin currents as
well as to a contribution to the topological Hall effect.

[1] P. Schoénherr et al. arXiv1704.06288 (2017).

MA 12.2 Mon 15:15 HFT-FT 101
Nanoscale imaging of magnetic topological defects in heli-
magnetic FeGe — ePrGGY ScHONHERR!, JAN MOULLER?, LAURA
KoHLER?, AcHim RoscH?, Naova Kanazawa?, Yosur Tokura®®,
MANFRED Fiesic!, MarkuUs GArsT?, and DeENNIs MEIERS — 1ETH
Ziirich, Switzerland — 2Universitét zu Koln, Germany — 3Technische
Universitit Dresden, Germany — *University of Tokyo, Japan —
5Riken, Japan — SNTNU Trondheim, Norway

Complex spin textures, like helical spin spirals with a fixed wavelength,
can occur due to chiral magnetic interactions. Chiral magnets are a
striking nanoscopic analog to liquid crystals, possessing lamellar phases
and ordered topological defects. Defects are of great importance as
they strongly influence order and mobility of the spin system. Here, we
present magnetic force microscopy measurements in combination with
micromagnetic simulations, discussing the dynamics and interactions
of 1D and 2D objects with non-trivial topology in the helimagnetic
phase of FeGe. We show that the local magnetization dynamics are
strongly influenced by depinning and subsequent motion of edge dislo-
cations (1D). Their motion is part of a slow relaxation process, having
profound impact on the formation of the helical ground state. Other
1D objects that play an important role for the micromagnetism are so-
called 7 disclinations, which can form chains and build domain walls
that are distinctly different from classical antiferro- and ferromagnetic
domain walls. Thus, our microscopy data reveal a new multitude of
magnetic nano-objects with non-trivial topology going beyond the pre-
viously discussed skyrmions.

MA 12.3 Mon 15:30 HFT-FT 101

Mechanisms of nucleation of chiral bobbers in helical mag-

nets — FENGsHAN Zuengh?2 3 ALEK-

eFiLiPpP N. RyBaAkOVZ,
saNDR B. Borisov?, DonNasHENG SoNG®, SuasHa Wanc67, Z1-

AN L8, Harrene Du%7, Nikorar S. KiseLev?, JaN Caronb:?2,

28

Location: HFT-FT 101

ANDRAs Kovics!2, MingLiane Tian®7, Yunene Zuanc®7, STe-
FAN BLOGEL?, and RaraL E. Dunin-Borkowski'?2 — lErnst
Ruska-Centre for Microscopy and Spectroscopy with Electrons,
Forschungszentrum Jiilich, Germany — 2Peter Griinberg Institut,
Forschungszentrum Jiilich, Germany — 3Department of Physics,
KTH-Royal Institute of Technology, Stockholm, Sweden — 4M.N. Mi-
heev Institute of Metal Physics, Ekaterinburg, Russia — ®National
Center for Electron Microscopy in Beijing, Tsinghua University, China
— 6High Magnetic Field Laboratory, Hefei, China — 7Collaborative
Innovation Center of Advanced Microstructures, Nanjing University,
China — 8Institute of Physics, Beijing, China

Magnetic chiral bobbers are stable particlelike states that represent a
skyrmion texture combined with Bloch point [1]. Recently they were
discovered experimentally in B20-type FeGe compound [2|. Here we
present the detailed description on different mechanisms of nucleation
of chiral bobbers which were revealed theoretically and then confirmed
in experiments with FeGe specimens. The discussed mechanisms rep-
resent general phenomena and can be applied to a variety of other
chiral magnetic compounds.

[1] F.N. Rybakov et al. PRL 115, 117201 (2015).

[2] F. Zheng et al. arXiv:1706.04654 (2017).

MA 12.4 Mon 15:45 HFT-FT 101
Skyrmion optical creation/annihilation in a chiral mag-
net — eGABRIELE BERRUTO!, IVAN MADAN!, YosHiE MurooOKA®,
GiovaNNT  MaRria  VanNacore!, Enrico Pomarico!, DAMIEN
McGROUTHER?, YosHIHIKO Tocawa?, HEINRIK RgNNow!, and Fas-
rizio CarRBONE! — lInstitute of Physics, EPFL, Lausanne, Switzer-

land — 2SUPA, University of Glasgow, United Kingdom

We show that single light pulses of different duration and color can
create and annihilate skyrmions for a broad range of parameters in the
magnetic phase diagram of a 50 nm-thick slab of FeGe, a prototypical
chiral magnet. Using a combination of camera-rate and ns pump-probe
cryo-Lorentz Transmission Electron Microscopy, we directly resolve the
spatio-temporal evolution of the magnetization ensuing (fs and ns) op-
tical excitation. When we excite optically the skyrmion lattice, its
structural parameters are not modified, only the magnetization being
affected: it transiently decreases, and recovers to the initial value over
long (us) time scales, reflecting the important role of the cooling rate of
the system. Contrary to previously reported cases in different systems,
in our experiment the skyrmions are not created via a transient de-
magnetized (paramagnetic) state. The laser pulses transiently heat the
system, driving it into a region of the phase diagram where the appear-
ance of skyrmions is strongly favored, but still staying far below the
Curie temperature. The system then supercools down to base temper-
ature, and skyrmions remain frozen into their (meta)stable state. The
skyrmion topological charge is injected from geometric edges, defects,
and magnetic boundaries.

MA 12.5 Mon 16:00 HFT-FT 101
Coupling of magnetic flux quanta to tunable domain struc-
tures in superconductor/ferromagnet bilayers with vary-
ing Dzyaloshinskii-Moriya interaction — ePALERMO XAVIER',
SamokHvaLov ALEXEI®, CoLLIN SopHIE!, BouzeHoUANE Karimv!,
SANTAMARIA JacoBo!, SANDER ANKE!, REYREN Nicoras!, Cros
VINCENT!, BuzDIN ALEXANDER?, and VILLEGAs Javier E.1 —
1Unité Mixte de Physique CNRS-Thales, Palaiseau, France —
2Laboratoire Ondes et Matiére d’Aquitaine (LOMA), Talence, France

— 3N.Novgorod, Russia
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We study magneto-transport in hybrids combining superconducting
films with magnetic multilayers in which varying the stacking se-
quence (e.g. Co/Pt vs. Ir/Co/Pt) allows tailoring the interfacial
Dzyaloshinskii-Moriya interaction, and the characteristics of the mag-
netic domain structure. The magnetoresistance in the superconducting
state shows a strong hysteresis, which is observed during the magneti-
zation reversal and closely follows the reversal details. This behavior
is in stark contrast with that expected for a plain superconducting
film, and is strongly dependent on the size and morphology of the do-
main structure (presence of wormlike or skyrmion structures). The
results can be understood in terms of mutual interaction between flux
quanta and the local magnetization, which modifies vortex nucleation
and mobility, and possibly the magnetic structure in the ferromagnets.

Work supported by the ERC grant N 64710 and French ANR grant
ANR-15-CE24- 0008-01

MA 12.6 Mon 16:15 HFT-FT 101
Interactions between superconductor-ferromagnet thin
films — ®ANNIKA STELLHORN!, ANIRBAN SARKAR!, EMMANUEL
KENTZINGER!, SonNja ScHRODER!, GricoL ABULADZE!, MARKUS
WascHk!, PATRICK SCHOFFMANN2, ZHENDONG Fu2, VITALIY
Prricu?, and Tuomas Brocker!? — !Forschungszentrum Jiilich
GmbH, Jilich Centre for Neutron Science (JCNS-2) and Peter Griin-
berg Institut (PGI-4), JARA-FIT, 52425 Jilich GERMANY —
2Forschungszentrum Jiilich GmbH, Jiilich Centre for Neutron Science
at MLZ, Lichtenbergstr. 1, 85748 Garching Germany
Interactions at superconductor-ferromagnet (S/F) interfaces have been
studied on a prototype Nb (S)/ FePd (F) system. Our goal is to under-
stand the proximity effects of FePd with different strength of perpen-
dicular magnetic anisotropy (PMA) and magnetic domain texture on
the superconducting Nb layer. Proximity effects at S/F interfaces with
an inhomogeneous magnetic field texture result in various effects, like
domain-wall superconductivity and long-ranged triplet cooper pairs in
the F-layer, making them good candidates for superconducting spin-
tronics. Epitaxial heterostructures of Nb/FePd are prepared on MgO
(001) substrate using Molecular Beam Epitaxy. Magnetic Force Mi-
croscopy images of FePd grown by shuttered growth reveal a striped
domain structure. Macroscopic magnetization measurements show
weak PMA. However, co-deposition of FePd at varying temperatures
results in different strength of PMA. Grazing-Incidence-Small-Angle-
Neutron-Scattering reveals the depth profile of the magnetization in
the heterostructure.

15 min. break.

MA 12.7 Mon 16:45 HFT-FT 101
Giant non-local vortex motion in WC nanowires grown by
Ga-+ focused ion beam deposition — eRosa CorpoBal:2, Josg
Maria D Teresal2:3, Ricarpo IBARRAZ3, ISABEL GUILLAMON?,
HERMANN SUDEROW?, SEBASTIAN VIEIRA?, and JAVIER SESE?3
Mnstituto de Ciencia de Materiales de Aragén (ICMA), CSIC-UZ,
Spain — 2Departamento de Fisica de la Materia Condensada, Univer-
sidad de Zaragoza, Spain — 3Laboratorio de Microscopias Avanzadas,
Instituto de Nanociencia de Aragén, UZ — 4Departamento de Fisica
de la Materia Condensada, Universidad Auténoma de Madrid, Spain

In this contribution, we propose an unconventional route to transfer
vortices as single particles through long distances (in the microme-
ters range), within WC nanowires (50 nm in width), taking profit of
current-induced non-local vortex motion [1]. By reducing the lateral
dimensions of wires near superconducting coherence length of the ma-
terial, we measured a giant non-local electrical signal which is 40 times
higher than those reported for wider wires of other superconductors.
Comparing the non-local electrical signal in WC wires of different di-
mensions, we found that the signal for 50 nm-wide WC nanowires is
nearly two orders of magnitude higher than for the 200 nm-wide WC
ones. The measured giant non-local signal in the former strongly con-
firms that the vortex line is more rigid than the vortex lattice in wider
wires due to its quasi-1D character and its confinement potential that
prevents the transversal vortex displacements.

[1] R. Cérdoba et al. manuscript submitted to Applied Physics Let-
ters.

MA 12.8 Mon 17:00 HFT-FT 101

Unusual critical state and vortex commensurability in
cuprate superconductors with regular topological de-
fects — eWoLrcance Lanc!, Georc ZEcHNER!, KRISTIJAN L.

MLETSCHNIG!, FLORIAN JAUSNER!, MEIRZHAN DosMAILOVZ, MARIUS
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A. Bopea?, and JoHANNES D. PEDARNIGZ — ! University of Vienna,

Faculty of Physics, Wien, Austria — 2Johannes-Kepler-University
Linz, Institute of Applied Physics, Linz, Austria

The interaction of vortices with artificial defects in a superconductor is
a vibrant topic in experimental and theoretical research, but also im-
portant for its prospects of technical applications. The advantage of
a higher operation temperature in YBasCuzOr_5 (YBCO) is opposed
by the demand for advanced nanopatterning methods. To this end,
YBCO thin films are irradiated with Het ions by shadow projection
through a Si stencil mask to create a square array of columnar defect
regions of 180 nm diameter and 300 nm lattice constant. Peaks of the
critical current as a function of the applied magnetic field reveal the
commensurate trapping of vortices in domains near the edges of the
sample. Upon ramping an external magnetic field, an unconventional
critical state emerges that is characterized by a pronounced hystere-
sis and different positions of the critical current peaks in virgin and
field-saturated down-sweep curves, respectively. Interestingly, the dis-
tances of the various peaks in a sweep remain constant and correspond
exactly to the matching field. The observations are interpreted as a
nonuniform, terrace-like critical state, in which individual domains are
occupied by a fixed number of vortices per pinning site.

MA 12,9 Mon 17:15 HFT-FT 101
Vortex motion and change inside the superconducting phase
of the ferromagnetic superconductor UCoGe — eBriLun Wul,
Dar Aoki?3, and Jean-Pascar Brison? — !Universidad Autonoma
de Madrid, Spain — 2CEA /University of Grenoble Alps, France —
3Tohoku University, Japan

Ferromagnetic superconductors can show equal spin pairing supercon-
ductivity, in form, for example, of a p-wave pair wave function. Among
the different candidates, the U-based single crystalline systems stand
out because of the real coexistence between the superconducting and
ferromagnetic order, and their numerous interesting properties, such as
the unusual upper critical field and the field-induced re-entrant super-
conductivity. Recent measurements show that superconductive pairing
is remarkably sensitive to the external magnetic field. However, it is
unknown if the magnetic field induces strong difference in the pairing
interaction in different parts of the phase diagram. Here we address
this issue by a combined study of thermal and electrical transport in
UCoGe, under magnetic field up to 15T. We observe that the resistive
transition width considerably sharpens in the high field region. In ad-
dition, it lies at a lower temperature than the bulk transition observed
in the thermal conductance. This shows strongly enhanced vortex mo-
bility in this high field region, in which a freezing transition from a
vortex liquid to a glass-like or solid lattice might occur. Meanwhile a
sudden change in thermal conductivity is observed inside the supercon-
ducting phase. Altogether these results suggest a field-induced change
in the superconducting phase. *supported by ERC Pnicteyes

MA 12.10 Mon 17:30 HFT-FT 101
Domain formation in the type-II/1 superconductor nio-
bium — eALEXANDER Backs!2, Tommy REmMANN!2] MICHAEL
ScruuLz!?, VitaLry Prpicu!3, SEBAsSTIAN MUHLBAUER!, and PE-
TER BONI1Z — Heinz Maier-Leibnitz Zentrum, Garching, Germany —
2Physik-Department E21, Technische Universitdt Miinchen, Garching,
Germany — 3Jiilich Center for Neutron Research, Jiilich, Germany

In type-II/1 superconductors, an attractive interaction between single
magnetic vortices leads to the formation of a magnetic domain struc-
ture, denoted intermediate mixed state (IMS). The IMS is made up of
flux free domains and regions containing a vortex lattice (VL) [1].
‘We have studied the nucleation and morphology of the IMS in the
type-11/1 s-wave superconductor niobium [1] [2] with a combination of
small and ultra small angle neutron scattering and neutron grating in-
terferometry to gain information about the VL, the IMS domains and
their spatial distribution, respectively. In the case of strong pinning,
the magnetic structure changes from a homogeneous VL into clustered
domains upon field cooling. This phase separation sets in below the
freezing transition of the VL, thereby demonstrating how vortex pin-
ning can be overcome on a local scale while macroscopically retaining
it. The IMS scattering function shows strong similarities to the model
of spinodal decomposition where the usual time dependence is implicit
in the cooling process.
[1] E. H. Brandt and M. P. Das, Journal of Superconductivity and
Novel Magnetism 24, 57 (2011)
[2] T. Reimann et al., Nat. Commun.6, 8813 (2015)
[3] T. Reimann et al., Phys. Rev. B 96, 144506 (2017)



Berlin 2018 — MA

Monday

MA 13: Focus Session: Magnetism in Materials Science: Thermodynamics, Kinetics and
Defects Il (joint session MM /MA)

Sessions: Magnetism III and Magnetism IV
Time: Monday 15:45-18:45

Topical Talk MA 13.1 Mon 15:45 TC 010
Ferromagnetic Nuclear Resonance for studying defects in
multilayers and nanocomposites : Structure and magnetic
properties — e CHRISTIAN MENY — IPCMS, 23 rue du loess 67034,
Strasbourg, France

Nuclear Magnetic Resonance in Ferromagnets (also called Ferromag-
netic Nuclear Resonance, FNR) is a rather unknown technique. How-
ever it can give very unique information in the study of defects in fer-
romagnetic films, multilayers, and nanocomposites. The yield of FNR
experiments is twofold. On one hand the FNR spectrum reflects the
distribution of hyperfine fields in the sample and thus gives information
about the different chemical configurations and site symmetries in the
sample,their structure and their defects (stacking faults, impurities,
grain boundaries...). On the other hand the evolution of the spectral
shape against the FNR radio frequency field strength probes the mag-
netic stiffness of the electronic moments around the nucleus site thus
providing information comparable to that given by ferromagnetic res-
onance measurements. Therefore, combining both yields makes it pos-
sible to correlate the inhomogeneous magnetic properties of a sample
to its different structural components and defects. A general presen-
tation of FNR will be given in the first part of the presentation; the
second part will be focused on the study of defects in nanostructures.
Reference: Y.F. Liu, , C. Meny; Sampling the structure and chemical
order in assemblies of ferromagnetic nanoparticles by Nuclear Magnetic
Resonance. Nat. Commun.7, 11532 (2016); and references therein.

MA 13.2 Mon 16:15 TC 010
First-principles study of interface energies in Fe-Al superal-

loy nanocomposites — eIvaNa MIHALIKOVA!:2, ANTON SLAVIKDZ,

MarTIN FriAk!2, Davip Horec?, Nikora Kournil:24 MonNika
Vs1anskil%6, and Mosmir Sos31:6 — lInstitute of Physics of Ma-
terials, Academy of Sciences of the Czech Republic, Brno, Czech Re-
public — 2Department of Condensed Matter Physics, Faculty of Sci-
ence, Masaryk University, Brno, Czech Republic — 3Department of
Physical Metallurgy and Materials Testing, Montanuniversitat Leoben,
Leoben, Austria — “Institute of Materials Science and Technology,
TU Wien, Vienna, Austria — ®Central European Institute of Tech-
nology, CEITEC MU, Masaryk University, Brno, Czech Republic —
SDepartment of Chemistry, Faculty of Science, Masaryk University,
Brno, Czech Republic

Fe-Al nanocomposites with a superalloy-type of microstructure possess
a great potential as an alternative to the currently used steel grades
in high temperature applications. We employ ab initio calculations
to analyze relations between ordering tendencies of Al atoms in the
disordered Fe-18.75at.%Al phase on one hand and thermodynamic,
structural and magnetic properties of Fe-Al-based nanocomposites on
the other. The Fe-18.75at.%A supercells without 15¢ and 2" nearest
neighbor Al-Al pairs have a lower energy than those mimicking an ideal
disorder (a special quasi-random structure, SQS). The same thermody-
namic preference is found also in the case of coherent interfaces with
{001}, {011} and {111} crystallographic orientations between FezAl
compound and Fe-Al phases with different atomic distributions.

MA 13.3 Mon 16:30 TC 010
Ab initio study of magnetic states in superalloy nanocomposite
phase Fes AITi — e ANTON SLAVIKY2, IvANA MIHALIKOVAL2, MAR-
TIN Fr1Ak!2, Davip HoLec®, Monika VsianskAl:45, and Moimir
Sop4 15 — lnstitute of Physics of Materials, Academy of Sciences of
the Czech Republic, Brno, Czech Republic — 2Department of Con-
densed Matter Physics, Faculty of Science, Masaryk University, Brno,
Czech Republic — 3Department of Physical Metallurgy and Materi-
als Testing, Montanuniversitaet Leoben, Leoben, Austria — 4Central
European Institute of Technology, CEITEC MU, Masaryk University,
Brno, Czech Republic — 5Department of Chemistry, Faculty of Sci-
ence, Masaryk University, Brno, Czech Republic

The Fez AlTi intermetallic compound is one of Heusler L2;-structure
materials possessing interesting magnetic properties. We study ther-
modynamic, electronic, structural and elastic properties of different
magnetic states in Fea AlTi by ab initio fixed-spin-moment calcula-

30

Location: TC 010

tions. A spin-polarized ferrimagnetic state with the magnetic moment
of 0.925 up per formula unit is found to be a stable energy minimum
at T=0 K. Interestingly, a non-magnetic state has its total energy
only by 10.6 meV/atom higher and, consequently, the lowest energy
state is found very sensitive to different perturbations. We discuss this
weak stability in the case of fairly high statistical probability of oc-
currence of the non-magnetic state, trigonal strains (to which Fea AlTi
has a compression-tension asymmetric response), off-stoichiometry and
point defects as well as interfaces within Fe-Al-Ti superalloy nano-
composites.

MA 13.4 Mon 16:45 TC 010
Energetics of non-stoichiometric stacking faults in Fe-Nb
alloys: An ab initio study — eALI ZENDEGANI', MICHAELA
SLaPAKOVA Pokovi2, CHRISTIAN LieBscHER?, FRANK STEINZ,
AwiNn Nor Corrapo Lapines®, Taomas HAMMERSCHMIDTS,
RaLF Drautz3, FriTz KorMann!, TiLmann Hicker!l, and Jora
NEUGEBAUER! — Max-Planck-Institut fiir Eisenforschung GmbH,
Diisseldorf, Germany — 2Charles University, Prague, Czech Repub-
lic — 3ICAMS, Ruhr-Universitit Bochum, Bochum, Germany

The microstructure in structural materials plays an essential role for
their mechanical properties. In Fe-Nb alloys a hardening via TCP
phases (e.g. Laves Fe2Nb and Fe7Nb6) can be achieved. At the same
time, various types of stacking faults occur during deformation. In
the present work, we investigate the correlation of both features in the
C14 Fe2Nb Laves phase. For this purpose, density functional theory
calculations are combined with thermodynamics concepts. Particular
care has been taken to take atomic relaxation effects and magnetic de-
grees of freedom into account. We proof that excess Nb will segregate
to these planar defects and result in a local phase transformation next
to it. The energetics of these structures are compared to the phase
separation as predicted by the bulk phase diagram. Comparing our
results with high-quality TEM measurements has revealed that some
of the complex crystal structures next to basal and pyramidal stacking
faults are in a constrained state.

30 min. break

Topical Talk MA 13.5 Mon 17:30 TC 010
Improving the finite-temperature description of magnetic
materials — e ANDERS BERGMAN — Department of Physics and As-
tronomy, Uppsala University,Uppsala, Sweden

State-of-the-art simulations based on electronic structure theory and
atomistic models have now evolved to a point where computer-guided
materials design has become a realistic option for many classes of ma-
terials. In this talk we will introduce improvements to the standard
description of finite-temperature magnetism with the aim of increasing
the predictive capability of these simulations further.

We present an extended atomistic spin model obtained by augment-
ing the Heisenberg Hamiltonian to take longitudinal fluctuations of
the magnetic moments into account. This is done by parametrisation
from a first-principles basis, interpolating from low-temperature fer-
romagnetic and high-temperature paramagnetic reference states. The
method gives a good agreement of Curie temperatures and paramag-
netic properties compared with experiments as well as similar, earlier
theoretical models.

Introducing quantum statistics into atomistic simulations has been
shown to improve the observed temperature dependence of the mag-
netisation and of the magnetic specific heat. This allows for a more
realistic modelling of the magnetic contribution to the free energy and
thus a better description of phase-stabilities and related properties.
We present how the quantum statistics can be modelled with varying
levels on complexity and demonstrate the method for both elemental
systems and magnetic alloys.

MA 13.6 Mon 18:00 TC 010
Interplay between magnetic and energetic properties in FeMn
alloys from first principles — eANTON ScHNEIDER!, CHU CHUN
Ful!, CvyriLLE BARRETEAUZ?, and FrEDERIC Soisson! — 1CEA,
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DEN, Service de Recherches de Métallurgie Physique, F-91191 Gif-
sur-Yvette, France — 2CEA, DRF, Service de Physique de ’Etat Con-
densé, F-91191 Gif-sur-Yvette, France

Iron-based alloys play a central role in several technological applica-
tions. In these alloys, the magnetism has an important impact on
thermodynamic and kinetic behaviors, and on the properties of point
defects. Especially, iron-based alloys may exhibit complex magnetic
structures if the magnetic ordering tendency of the alloying element in
its pure phase differs from that of iron.

Iron-Manganese bcc alloys are studied using Density Functional The-
ory (DFT) in order to elucidate the correlation between the magnetic
structures, and the energetics of Mn atoms and clusters in the presence
of vacancies and interstitial impurities. The FeMn alloys exhibit well
distinct magnetic interactions between the Fe atoms and the Mn so-
lutes depending on local chemical environments, which are rationalized
in terms of electronic structures. Both low-energy magnetic collinear
and non-collinear states are investigated.

The DFT results are then used to parameterize new Heisenberg-like
models, in the presence of vacancies, aiming at investigating the finite-
temperature magnetic effects employing Monte Carlo simulations. A
particular attention is given to the role of magnetic short-range order
on the vacancy formation energy, as a function of temperature.

MA 13.7 Mon 18:15 TC 010
Machine Learning assisted Heisenberg model for systems
with ill-defined pairwise magnetic interactions — eOsamu
‘Wasepa, OMKAR HEGDE, and TiLMANN HickeL — MPIE
Magnetic interactions are important for the stability of structural

phases as well as for various thermophysical effects such as magne-
tocalorics. In order to determine their free energy contribution in

Fe-based materials, the Heisenberg model has been used as a handy
method for decades. Despite its simplicity, there is little experience
with the application of this model to systems containing various types
of atoms and /or structural defects, as their interaction parameters can-
not be defined straightforwardly. In this study, data sets for Fe-Mn
systems containing structural defects are created from spin-polarized
DFT calculations. They are then translated into the Heisenberg pa-
rameters via Ridge regression. Finally, the contribution of the mag-
netic interactions to the specific heat is determined through Monte
Carlo simulations.

MA 13.8 Mon 18:30 TC 010
Numerical simulation of spin fluctuations in materials sci-
ence: magnetic bond-order potentials and hybrid Monte
Carlo — eNing Wancg, THomMAS HAMMERSCHMIDT, and RALF
Drautz — ICAMS, Ruhr-Universitdt Bochum, Bochum, Germany

The finite-temperature properties of many magnetic materials are to
a large degree influenced by spin fluctuations. The numerical simu-
lation of these effects, however, faces several obstacles. In particular,
the modelling of the magnetic interactions at the quantum-mechanical
level should be neither oversimplified nor too computationally expen-
sive. Furthermore, an efficient numerical sampler is required in order
to treat the high-dimensional integration problem of the thermal ex-
pectation values. Our modelling approach are analytic bond-order
potentials based on tight-binding. To treat the sampling problem, we
extended the hybrid Monte Carlo sampler so that it will also work
for the classical spin system. We furthermore developed an auxiliary-
Hamiltonian method in order to improve the sampling efficiency. With
this methodology, we simulate the magnetic phase transitions in BCC
iron and determine the magnetic free energy difference between the
BCC and FCC states of iron.

MA 14: INNOMAG e.V. Dissertationspreis 2018 / Ph.D. Thesis Prize

Die Arbeitsgemeinschaft Magnetismus der DPG hat einen Dissertationspreis ausgeschrieben, welcher auf
der Friihjahrstagung der DPG im Mérz 2018 in Berlin 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 vier besten der fiir ihre an einer deutschen Hochschule
durchgefiihrten Dissertation Nominierten vor. Im direkten Anschluss entscheidet das Preiskommittee
iiber den Gewinner bzw. die Gewinnerin des INNOMAG e.V. Disserationspreises 2018 in Hohe von 1000

EURO.
Talks will be given in English!

Time: Monday 15:00-16:55

Invited Talk MA 14.1 Mon 15:00 H 0112
On the magnetocaloric properties of Heusler compounds —
eTiNo GorTscHALL — TU Darmstadt, Institute of Material Science,
Germany

Large magnetocaloric effects can be obtained in the Heusler alloys Ni-
Mn-In and Ni-Mn-In-Co during the magnetostructural phase trans-
formation between the low-temperature paramagnetic martensite and
the high-temperature ferromagnetic austenite phase. The martensitic
transition is furthermore sensitive to a magnetic field but also to hy-
drostatic pressure. It can therefore be induced by those external stim-
uli [1]. However, the existence of thermal hysteresis in those materi-
als limits the reversible adiabatic temperature and isothermal entropy
change. The magnetocaloric effect under cycling can be enhanced in
so-called minor loops of hysteresis [2]. On the contrary, in very high
magnetic-field rates as well as in micrometer-sized single particles, the
thermal hysteresis increases significantly [3]. In order to understand
the contrasting behavior of small fragments compared to bulk, a finite
element model is introduced, from which the importance of mechanical
stress during the transition becomes apparent [4].

[1] T. Gottschall et al., Phys. Rev. B 93, 184431 (2016).

[2] T. Gottschall et al., Appl. Phys. Lett. 106, 021901 (2015).

[3] T. Gottschall et al., Phys. Rev. Applied 5, 024013 (2016).

[4] T. Gottschall et al., Adv. Funct. Mater. 27, 1606735 (2017).

Invited Talk MA 14.2 Mon 15:25 H 0112
Topological Magnon Materials and Transverse Magnon
Transport — e ALEXANDER Mook — Institut fiir Physik, Martin-
Luther-Universitiat, D-06120 Halle, Germany
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Location: H 0112

Since Joule heating limits the efficiency of today’s spintronics devices,
electrons as carriers of information may be replaced by magnons, re-
quiring a detailed understanding of magnon transport properties. Par-
ticularly fascinating magnon transport properties are found in topolog-
ical magnon insulators that exhibit a thermal magnon Hall effect [1],
calling for a general analysis of topological magnon materials like, for
example, magnon Weyl semimetals [2] and magnon nodal-line semimet-
als [3]. I demonstrate how such topological magnon matter and its
magnon Hall effects can be understood within linear spin-wave the-
ory and Berry-phase theory. Moreover, I present a new method for
the calculation of magnon transport based on atomistic spin dynam-
ics simulations and the Green-Kubo relations. It is used to study
the transverse magnon transport in the topological magnon insulator
Cu(1,3-benzenedicarboxylate) [4] and in a skyrmion crystal [5].

[1] H. Katsura et al., Phys. Rev. Lett. 104, 066403 (2010); Y. Onose
et al., Science 329, 297 (2010); R. Matsumoto et al., Phys. Rev. Lett.
106, 197202 (2011); A. Mook et al., Phys. Rev. B 89, 134409 (2014)
[2] F.-Y. Li et al., Nature Commun. 7, 12691 (2016); A. Mook et al.,
Phys. Rev. Lett. 177, 157204 (2016) [3] A. Mook et al., Phys. Rev.
B 95, 014418 (2017) [4] Hirschberger et al., Phys. Rev. Lett. 115,
106603 (2015); A. Mook et al., Phys. Rev. B 94, 174444 (2016) [5] A.
Mook et al., Phys. Rev. B 95, 020401(R) (2017)

Invited Talk MA 14.3 Mon 15:50 H 0112
Ferromagnet-Free Magnetoelectric Thin Film Elements —
eToB1As KosuB — Helmholtz-Zentrum Dresden-Rossendorf e.V., In-
stitute of Ion Beam Physics and Materials Research, Dresden, Ger-
many
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Thin film spintronic elements could complement conventional elec-
tronic computing in the future in applications such as high efficiency
data processing. Magnetoelectric antiferromagnets are attractive for
two reasons: First, they allow electric field actuation of magnetic state
changes. This is more energy efficient than charge current based ma-
nipulation because the latter is accompanied by conduction losses. Sec-
ond, antiferromagnets offer intrinsic robustness against magnetic stray
fields and potentially picosecond addressability.

This thesis encompasses the design, development, realization and
testing of novel magnetoelectric thin film elements that do not rely on
ferromagnets, but are based entirely on magnetoelectric antiferromag-
nets such as CraO3 [1]. Using a new electrical measurement scheme [2],
a purely antiferromagnetic memory prototype is demonstrated, which
greatly exceeds the performance of conventional counterparts based on
ferromagnets.

[1] T. Kosub et al., Nature Commun. 8, 13985 (2017).

[2] T. Kosub et al., Phys. Rev. Lett. 115, 097201 (2015).

Invited Talk MA 14.4 Mon 16:15 H 0112
Optically induced ferro- and antiferromagnetic dynamics in
the rare-earth metal dysprosium — eNELE THIELEMANN-KUHN
— Helmholtz-Zentrum Berlin, Albert-Einstein-Str. 15, 12489 Berlin,

Germany — Freie Universitat Berlin, Fachbereich Physik, Arnimallee
14, 14195 Berlin, Germany

By comparing ferro- and antiferromagnetic dynamics in one and the
same material -metallic dysprosium- we show both to behave funda-
mentally different. Antiferromagnetic order is considerably faster and
much more efficiently manipulated by optical excitation than its fer-
romagnetic counterpart. Within a depth-resolved study of optically
induced antiferromagnetic dynamics we find the magnetic order to be
suppressed by a long-ranging process. We assign this fast and ex-
tremely efficient mechanism to an interatomic transfer of angular mo-
mentum within the spin-system via fast diffusion of excited valence
electrons. On longer picosecond-timescales the antiferromagnetic or-
der is further reduced only in regions where the laser directly excited
the sample. In addition we observe two clearly distinguishable regions
with different magnetic properties within the sample hinting to a long-
living non-equilibrium state of the 4f-magnetic system. The complex
depth dependent quenching behavior of the antiferromagnetic order
is indicative for the interplay of different delocalized as well as local
spin-scattering channels.

Selection and announcement of the winner.

MA 15: INNOMAG e.V. Diploma-/Master Prize 2018

Die Arbeitsgemeinschaft Magnetismus der DPG hat einen Diplom-/Masterpreis ausgeschrieben, welcher
auf der Friithjahrstagung der DPG im Mérz 2018 in Berlin 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 durchgefiithrten Diplom-/Masterarbeit Nominierten vor. Im direkten An-
schluss entscheidet das Preiskommittee iiber den Gewinner bzw. die Gewinnerin des INNOMAG e.V.
Diplom/Master-Preises 2018 in Hohe von 500 EURO.

Talks will be given in English!
Time: Monday 16:55-18:05

Invited Talk MA 15.1 Mon 16:55 H 0112
Magnetic particle mapping with magnetoelectric sensors for
characterization of bioscaffolds — eRon-Marco FRIEDRICH!,
SEBASTIAN ZABEL!, JAN-MARTIN WAGNER!, CHRISTINE SELHUBER-
UNkEiL?, and Franz FaupeL! — 'CAU Kiel, Institute for Material
Science, Chair for Multicomponent Materials, Kaiserstr. 2, 24143 Kiel,
Germany — 2CAU Kiel, Institute for Material Science - Biocompatible
Nanomaterials, Kaiserstr. 2, 24143 Kiel, Germany

Bioscaffolds for cell growth have great potential in the area of medical
life science. The characterization of the scaffolds with regard to the cell
growth needs to meet certain objectives to ensure non-invasiveness and
non-destructiveness. Here, a novel detection method for magnetically
labeled cells using magnetoelectric (ME) sensors is introduced where,
similar to magnetic particle imaging (MPI), the nonlinear magnetiza-
tion behavior of magnetic particle ensembles is used to detect higher
harmonic excitations. The ME sensor consists of a piezoelectric and
magnetostrictive thin film on a freestanding cantilever, which shows
a sharp mechanical resonance and anisotropy in its sensitivity. This
leads to a selective signal acquisition with respect to the spatial ori-
entation of the sensor and the applied excitation frequency. Thus, by
moving the sensor over a sample, we can locally detect higher harmonic
excitations and create a map of the magnetic field of the magnetic par-
ticles. We describe the abilities of the detection system and create a
forward simulation of this kind of imaging system to reconstruct the
particle distribution.

Invited Talk MA 15.2 Mon 17:15 H 0112
Uncovering Chiral and Topological Orbital Magnetism of Do-
main Walls and Skyrmions

— oFaBIAN R. Lux —

Peter Griinberg Institut and Institute for Advanced Simulation,
Forschungszentrum Jiilich and JARA, 52425 Jilich, Germany

In the field of spin-orbitronics, the orbital physics of electrons plays
a central role, and the orbital magnetization represents a key concept
for its controlled detection and manipulation. While the orbital mag-
netism of collinear ferromagnets is relatively well understood, much
less is known about it for non-collinear structures such as magnetic
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skyrmions and domain walls. By employing a semiclassical Green’s
function formalism, we demonstrate how the orbital magnetization in
these extended chiral magnetic systems can be understood as the elec-
tronic response to emergent electromagnetic fields [1]. We discovered
that in such systems the spin-orbit interaction can be used to a great
advantage in that it promotes a complex interplay of real-space and
k-space topology leading to enhanced orbital responses in interfacial
chiral magnets. Besides discussing possible applications of the emer-
gent orbital magnetism in chiral spin systems we also suggest new
perspectives for the field of chiral orbitronics.

[1] F. R. Lux et al., arXiv:1706.06068 (2017)

Invited Talk MA 15.3 Mon 17:35 H 0112
Unified description of high frequency magnetodynamics, and
a new way of measuring the magnon contribution to the spe-
cific heat. — eBeNJAMIN ZINGsSEM!:2, MIicHAEL WINKLHOFER?,
SaBRINA Masur?, PauL WeNDpTLAND!, RusLan Savikov!, Fro-
RIAN M. RoMER!, RALF MECKENSTOCK!, and MicHAEL FARLE!
I University Duisburg-Essen, 47057 Duisburg, Germany — 2ERC und
PGI, Fz Jiilich GmbH, 52425 Jiilich, Germany — University of Olden-
burg, 26129 Oldenburg, Germany — *University of Cambridge, Cam-

bridge CB3 OHE, UK

We present a general analytic solution of the ferromagnetic high fre-
quency susceptibility tensor, as well as a new method of measuring the
magnon contribution to the heat capacity in ferromagnetic systems,
predicted by this solution. This linearized function can be directly
applied to ferromagnetic systems with any magnetic energy landscape,
any static applied fields and any sufficiently small dynamic fields. It
unifies a multitude of approaches know throughout literature and nat-
urally describes the entire reciprocal space for magnons in one simple
function. In addition, this approach predicts a new type of metastable
eigenmode which can be excited in conventional ferromagnetic reso-
nance experiments, by sweeping the field in an unconventional way.
These predicted modes where measured and the deduced behavior of
the heat capacity is presented. Furthermore, by including the chiral
Dzyaloshinskii-Moriya interaction, this formalism yields a possibility
to determine the chiral energy density for small chiral coupling, which
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was previously inaccessible.

Selection and announcement of the winner.

MA 16: Magnetic characterization techniques

Time: Tuesday 9:30-12:15

MA 16.1 Tue 9:30 H 0112
Nanoscale magneto-optical imaging using a compact extreme-
UV source based on high-harmonic generation — eSERGEY
Zayko!, Orer Krir!-2, MicHAEL HricL3, CHrisTINA NovrTe!, MU-
RAT Sivis!, MARcEL MOLLER!, BirciT HEBLER®, SR Sar PHANI
KANTH AREKAPUDIS, DANIEL STEIL!, SascHA ScHAFER!, OREN
CouEN?, STEFAN MarHias!, MANFRED ALBRECHTS, and CLAUS
RopPers! — 1University of Géttingen, Germany — 2Physics Depart-
ment, Technion, Israel Institute of Technology, Israel — 3Institute of
Physics, University of Augsburg, Germany

Magnetic topological excitations such as domain walls or skyrmions
are of great importance for fundamental research and applied science
[1,2]. High-harmonic generation offers an exciting possibility to study
such physical phenomena at their characteristic nanometre spatial and
femtosecond temporal scales using a compact experimental setup [3].
Here, we demonstrate the first results on magnetic imaging with high-
harmonic radiation. By using circularly polarized harmonics [4], we
access XMCD contrast from nanoscale magnetic domains and obtain
quantitative, diffraction-limited absorption and phase images with sub-
50 nm spatial resolution. These results open the way towards compre-
hensive magneto-optical studies with unprecedented spatio-temporal
resolution on a table top.

[1] Allwood et al., Science 309, Issue 5741, pp. 1688-1692. (2005)

[2] Miihlbauer et al., Science 323, Issue 5916, pp. 915-919 (2011)

[3] Kfir, Zayko et al., in press.

[4] Fleischer et al.,Nat. Photonics 8, 543-549 (2014)

MA 16.2 Tue 9:45 H 0112
Electron microscopy: magnetic properties in another kind of
light — eDaNIELA RAMERMANN, INcA ENNEN, and ANDREAS HUT-
TEN — Faculty of Physics, University of Bielefeld, Universitatsstrafse
25, 33615 Bielefeld, Germany

Modern methods in Transmission Electron Microscopy give deeper
insights not only into the structural characterisation but also into
magnetic properties of materials. In this talk we want to show the
possibilites of Lorentz microscopy, differential phase contrast imaging
and EMCD measurements for determining the magnetic properties of
cobalt and magnetite nanoparticles and Heusler thin film systems.

MA 16.3 Tue 10:00 H 0112
EMCD measurements with electron vortex beams on ferri-
magnetic — eDARIUS PonL!, SEBASTIAN SCHNEIDER!, JAN Rusz?,
JAKOB SPIEGELBERG?, PETER TIEMELIER®, SORIN LAzAR3, X1A0YANG
ZHonG?, VicTor BraBERs?, KorNELIUS NieLscH!, and BERND
REeLLINGHAUS! — 'TFW Dresden — 2U Uppsala — 3Thermo Fisher

Scientific — *NCEM Beijing — 5U Eindhoven

Electron vortex beams (EVBs) carry a discrete orbital angular momen-
tum (OAM), L, and are predicted to reveal electron energy loss mag-
netic chiral dichroism (EMCD) upon interacting with magnetic sam-
ples down to the atomic scale. Our optical setup allows for scanning
TEM investigations (STEM) with vortex beams, whose OAM is se-
lected by means of an additional discriminator aperture [1]. As a proof
of principle experiment, two samples have been chosen, SroFeMoOg
and BaFe;1TiO19. For both samples, an EMCD signal is found by
principle component and vector component analysis (PCA and VCA)
in the acquired spectra. However, local analysis still suffer from a low
signal-to-noise ratio. The status quo of the experiments and simula-
tions of the interaction of the EVB with the ferrimagnetic samples will
be presented.

[1] D. Pohl, S. Schneider, P. Zeiger, J. Rusz, P. Tiemeijer, S. Lazar, K.
Nielsch, B. Rellinghaus, Sci. Rep. 7 (2017) 934.

MA 16.4 Tue 10:15 H 0112
Detection of ferromagnetic resonance with a proximate or-
ganic light emitting diode — eToBIAs GRUNBAUM, SEBASTIAN
BangEg, CHrisTiAN H. Back, and Joun M. LupToN — Institut fir
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Experimentelle und Angewandte Physik, Universitat Regensburg, Uni-
versitatsstrafie 31, 93053 Regensburg, Germany

Several investigations in the newly emerging field of organic spintron-
ics are based on structures of an organic semiconductor in combination
with an adjacent ferromagnet. Prominent examples are spin pumping
into an organic semiconductor [1] and organic spin valves [2].

We investigated the influence of a magnetic YIG film undergoing
ferromagnetic resonance on an organic light emitting diode. Due to
a bolometric effect and subsequent heat conduction from the YIG to
the organic light emitting diode, the ferromagnetic resonance spectrum
of the YIG is reproduced in the voltage drop across the diode. This
includes the lineshape, the characteristic frequency dependence of the
resonance field, as well as signatures of nonlinear phenomena. Our
results show that a bolometric heating effect is the dominant influence
of the ferromagnetic resonance on an organic light emitting diode at
high excitation power.

[1]: Sun D., et al. Nat. Mater. 15, 863-869 (2016)

[2]: Ehrenfreund E. & Vardeny Z. V., Phys. Chem. Chem. Phys.
15, 7967-7975 (2013)

MA 16.5 Tue 10:30 H 0112
Gold and Graphene Hall Sensors for Scanning Magnetic Field
Measurements on Magnetic Microstructures — eMANUELA
GERKEN, ANDRE MULLER, Davoop MoMENI PAkDEHI, THOMAS
WEIMANN, SIBYLLE SIEVERS, and HANS WERNER SCHUMACHER —
Physikalisch-Technische Bundesanstalt, Bundesallee 100, 38116 Braun-
schweig

Within the overall miniaturization, also magnetic devices are being
scaled down into the micro- and nanometer range. This leads to an
increasing demand for high resolution quantitative metrology for the
resulting spatially varying device stray fields. One promising approach
is scanning magnetic field microscopy with Hall sensors. Here, we will
present our results on the development of gold and graphene Hall sen-
sors with active areas down to 50 nm x 50 nm. There are some hints
that these materials are superior to semiconductor sensors for small
active areas and at room temperature (RT). For example, gold sensors
are supposed to have a better signal to noise ratio due to the higher
applicable current. In contrast, graphene can reveal low carrier den-
sity and thus a high RT Hall coefficient. We will address fabrication
and design issues of both types of nano-Hall sensors. Furthermore we
will discuss the results of the sensor characterization including sensor
sensitivity, stability and noise figures as well as an estimation of the
uncertainty budget for quantitative magnetic field measurements.

15 minutes break

MA 16.6 Tue 11:00 H 0112
Uniaxial neutron polarization analysis of bulk ferromagnets
— eDIRK HoNECKER — Institut Laue-Langevin, Grenoble, France

Polarized neutron scattering is a powerful technique for investigating
the structure and dynamics of condensed matter, in particular mag-
netic materials and superconductors.

In this contribution, a description of the polarization of scattered
neutron of bulk magnetic material will be presented. With respect
to small-angle neutron scattering, the model takes into account the
relative strength between nuclear and magnetic scattering amplitude
as well as interparticle correlations arising from the local magnetic
environment in densely packed particle systems.

MA 16.7 Tue 11:15 H 0112
Neutron Depolarization Microscope for Imaging of Ferromag-
netic Phase Transitions: NizAl and HgCr;Ses; under pres-
sure — oPau JorBal, MicHAEL Scnurz?, DanieL Hussey?, Boris
Kuavkovicn*, MunuamMmap ABIR*, Marc SEIFERT!, VLADIMIR
TsurkaN®, ArLois LoipL®, and CHRISTIAN PFLEIDERER! — 1Physik-

Department, Technische Universitat Miinchen, Germany — 2Heinz-
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Maier-Leibnitz Zentrum (MLZ), TUM, Germany — 3NIST, Gaithers-
burg, MD, USA — “Nuclear Reactor Laboratory, Massachusetts In-
stitute of Technology, USA — ®Center for Electronic Correlations and
Magnetism, University of Augsburg, Germany

We performed neutron depolarization imaging of a large Ni3 Al crystal,
and a small HgCraSey spinel under pressure, to probe bulk magnetic
inhomogeneities in the ferromagnetic transition temperature with the
spatial resolution about 100 gm. To obtain these spatially resolved de-
polarization images we employed a neutron microscope equipped with
Wolter optic, a neutron image-forming lens, as well as a focusing neu-
tron guide. The depolarization images on NizAl clearly show that the
sample doesn’t homogeneously go through the ferromagnetic transi-
tion. The results on the chromium spinel highlight the advantage of
this technique especially for small samples, or sample environments
with restricted sample space, as we are able to significantly improve
the resolution while decreasing the acquisition time. The novel optical
design that enabled acquisition of the high spatial resolution neutron
depolarization images is described in detail and image results are com-
pared to a conventional radiography setup without a lens.

MA 16.8 Tue 11:30 H 0112
Magneto-Structural Study of Dihalo-Bridged Copper
Dimers: Intra- and Interdimer Interactions as Revealed by
Single-Crystal ESR Spectroscopy — eD1jaNA ZiLiG!, DEBDEEP
Marry!, Mario CeTiNAZ, KRESIMIR MoLcAaNov!, ZoraN DzoLié!,
and Mirta HErak® — 1R. Bogkovi¢ Institute, Zagreb, Croatia —
2Faculty of Textile Technology, Zagreb, Croatia — 3Institute of

Physics, Zagreb, Croatia

Four complexes with two different oxalamide ligands were synthesized:
[CuLA (u-X)]2 and [CulV (u-X)]2, X=Cl or Br. The geometry at each
Cu(Il) ion is ideal or near ideal square pyramidal, whereas two pyra-
mids share one base-to-apex edge with parallel basal planes. The com-
plexes are linked by hydrogen bonds into infinite chains and are further
linked into a 3D network. Magn. susc. measurements show that cop-
pers in the dimers are weakly AFM coupled.

Despite very similar structures of these complexes compared with
the complexes previously reported and characterized by similar X-ray,
magnetization and powder ESR results, single crystal ESR spectra re-
veal significant differences. Here presented complexes show unusual
anisotropic splitting and merging of ESR lines when their crystals
rotate in magn. field. The observation of this partially resolved in-
tradimer dipolar splitting enabled estimation of weak interdimer ex-
change interaction parameter.|1,2]

[1] 7ili¢ D. et al., Dalton Trans. 2014, 43, 11877.

[2] Zili¢ D. et al., ChemPhysChem 2017, 18, 2397.

Supported by Croatian Science Foundation HrZZ-UIP-2014-09-9775.

MA 16.9 Tue 11:45 H 0112
Mechanical detection of nanomagnetic phenomena employ-
ing coupled nano- and micro-cantilever systems — eTHOMAS

MUHL, CHRISTOPHER FRIEDRICH REICHE, JUuLIA KORNER, and BERND
BUcuNER — IFW Dresden, Dresden, Germany

Magnetic force microscopy (MFM) and cantilever magnetometry are
nanomagnetic measuring techniques that rely on cantilever-based force
transducers. Their sensitivity can be improved by reducing the can-
tilever’s dimensions which may lead to difficulties in their read-out.
Our recently developed sensor concept [1,2] addresses this issue by a
co-resonant coupling of a tiny nanocantilever to a rather conventional
microcantilever. The co-resonance is achieved through matching of
the eigenfrequencies of the two cantilevers. Thus, if the highly sen-
sitive nanocantilever is subject to an external interaction, the oscilla-
tory state of the coupled system as a whole is changed. This change
can be detected at the microcantilever with standard equipment. We
present analytical approximations of the resonant behavior, amplitude
relations, and effective quantities with respect to damping, mass, and
spring constant of the coupled system. Furthermore, we show how
the experimental implementation of our approach in MFM enables a
huge sensitivity enhancement in case of an in-plane sensitivity imaging
mode with the nanocantilever arranged in a pendulum-type geometry.

[1] C. F. Reiche, J. Kérner, B. Biichner, and T. Miihl, Nanotechnol-
ogy 26, 335501 (2015).

[2] J. Korner, C. F. Reiche, R. Ghunaim, R. Fuge, S. Hampel, B.
Biichner, and T. Miihl, Sci. Rep. 7, 8881 (2017).

MA 16.10 Tue 12:00 H 0112
Magnetic resonance force microscopy for condensed matter
— oeGEsSA WELKER, MARTIN DE WIT, JELMER WAGENAAR, MARC DE
Vooap, ARTHUR DEN HaaN, Tom vaN DER REEP, Lucia Bossoni,
and TJERK Oo0STERKAMP — Leiden Institute of Physics, Leiden, The
Netherlands

Magnetic resonance force microscopy (MRFM) allows investigation of
various kinds of spin-related material properties in small sample vol-
umes. We reduced the operating temperature of this technique by 2
orders of magnitude to 10 mK. As a demonstration, we measured the
nuclear spin-lattice relaxation time on copper at temperatures down to
42 mK, verified by the Korringa relation [1] with an interaction volume
of (30nm)3. Furthermore, we have conducted a study of the dissipation
and frequency shifts of a cantilever interacting with all surrounding
spins, allowing us to measure the density and relaxation time of dan-
gling bonds on a SiO2 surface [2] and impurity spins in bulk diamond.
This enables us to understand some problems involving 2LS, one of the
bottlenecks in the development of optomechanical-like hybrid quantum
devices. Finally, we have developed an innovative method for using the
higher modes of the cantilever as radio-frequency (rf) source, removing
the need for an on-chip rf source [3]. This is an important step towards
an MRFM which can be widely used in condensed matter physics, e.g.
to investigate inhomogeneous electron systems.

[1] Wagenaar et al. Phys. Rev. Appl. 6, 014007 (2016). [2] de
Voogd et al. Sci. Rep. 7, 42239 (2017). [3] Wagenaar et al. Phys.
Rev. Appl. 7, 024019 (2017).

MA 17: PhD Symposium: Ultrafast spin-lattice interactions (joint session MA/AKjDPG)

The immensely fascinating field of magnetism research has branched into many lively communities such
as spintronics, ultrafast demagnetization, all-optical switching, multiferroic materials, domain walls,
magnetic textures and spin caloritronics just to mention a few. All of these hot research topics share
that the relevant interacting magnetic moments are arranged within the framework of an atomic lattice
which itself interacts with the spin system. The lattice thus does not only influence the geometrical
arrangement, of the magnetic moments but also serves as a major bath for energy, entropy and most
importantly also angular momentum transfer within the studied systems. The symposium aims at
exchanging ideas and at fostering the discussion about the effects of the spin- lattice interaction
among various areas of magnetism research. We highly welcome contributions that explain basic
mechanisms and results of the spin-lattice interaction from all communities. Spin-lattice interaction
can be considered as one of the prototypical coupling mechanisms within correlated materials and
the condensed matter research in general. It is a very timely topic as many applications in future
information technology such as spintronic-devices, heat assisted magnetic recording, implementations
of the Spin-Seebeck, all-optical magnetization switching greatly benefit from an understanding of this
basic effect.

Organized by: Alexander von Reppert (U. Potsdam), Vivek Unikandanunni, (U. Stockholm), Ku-
mar Neeraj, (U. Stockholm), Neha Jha (U. Greifswald), Tobias Wimmer, (Walther Meifsner Institute
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Miinchen), Kamil Bobowski, (FU Berlin)
Time: Tuesday 9:30-13:15

Introduction by the organizers

Invited Talk MA 17.1 Tue 9:35 H 1012
Understanding spin and lattice interactions at ultrafast
timescales — ePETER M. OPPENEER — Uppsala University, S-75120
Uppsala, Sweden

The interactions between spin moments and the crystal lattice are,
in thermal equilibrium, responsible for a variety of phenomena, such
as magnetostriction, magnetoelasticity, spin-reorientation transitions
etc. In recent years these fundamental interactions are being probed
on ultrafast timescales, which has led to discoveries of unexpected
phenomena, as e.g. ultrafast demagnetization, breaking of exchange
interactions, spin currents and all-optical switching. A characteristic
feature of these discoveries is that an ultrashort excitation initiates
highly correlated, out-of-equilibrium interactions of electrons, spins,
and ions.

In this overview I survey the current understanding of ultrafast pro-
cesses involving spins, phonons and hot electrons, aiming to go beyond
a purely phenomenological picture and achieve atomistic theory. I
shall address electron-phonon spin dissipation in the context of ultra-
fast laser-induced demagnetization, multiscale modeling of breaking
of the exchange interaction, and helicity-induced all-optical switch-
ing. A second emerging area concerns ultrafast nonequilibrium energy
flow between hot electrons and phonons; recent results emphasize that
this flow proceeds in a manner different from the commonly used two-
temperature model, and that therefore new theoretical modeling is
required to capture the nonequilibrium electron-spin-lattice interplay.

5 minutes break

MA 17.2 Tue 10:25 H 1012
Magnetic and Structural Dynamics in Antiferromagnetically
Coupled Fe/Cr Superlattices — eDaNIEL Scuick!2, DANIEL
BURGLER®, Niko PonTius?, STEFaN EiseBiTT!, and CHRISTIAN
ScHUSSLER-LANGEHEINE? — !Max-Born-Institut fiir Nichlineare Op-
tik und Kurzzeitspektroskopie, Max-Born-Str.2a, Berlin, 12489, Ger-
many — 2Institut fiir Instrumentierung der Forschung mit Syn-
chrotronstrahlung, Helmholtz-Zentrum Berlin fiir Materialien und
Energie GmbH, Albert-Einstein-Str. 15, Berlin, 12489, Germany
— S3Forschungszentrum Jiilich GmbH, Wilhelm-Johnen-Strafe 52428

Jiilich, Germany

Employing the femtosecond soft X-ray pulses with variable polariza-
tion and photon energy delivered by the FemtoSpeX facility at the
electron storage ring BESSY II we are able to probe the AFM (reso-
nant magnetic diffraction), FM (XMCD), and structural (non-resonant
diffraction) dynamics of Fe/Cr superlattices in one and the same pump-
probe experiment. Hence, we can directly compare AFM vs. FM spin
dynamics in the same material system by only applying a moderate
magnetic field (< 100 mT). Moreover, we can probe the sub-ps struc-
tural dynamics due to coherent phonon excitation and its interaction
with the spin system. The element selectivity of the resonant X-ray
techniques further allows for differentiating the spin dynamics of the
initially FM Fe and the non-magnetic Cr layers after photoexcitation
and thus for probing possible transient magnetization in Cr due to
ultrafast spin injection from the Fe layers.

Invited Talk MA 17.3 Tue 10:40 H 1012
Spin-Lattice coupling in ultrafast magnetization dynamics —
eBERrRT KoopPmaNs — Department of Applied Physics, and Institute for

Photonic Integration (IPI),Eindhoven University of Technology, P.O.
Box 513, 5600 MB Eindhoven, The Netherlands

Novel schemes for controlling the ferromagnetic state at the femtosec-
ond time scale by pulsed laser excitation have received great current
interest recently. Driving systems into the strongly non-equilibrium
regime, it has been shown possible not only to fully quench magnetic
order, and but even to reverse the magnetic moment by a single pulse.

In this tutorial I will start with a historical review of the field of
fs control of the magnetic state by pulsed laser excitation, introduce
some of the time-resolved experimental techniques, and discuss the key
questions that need to be answered. Next, I will explain the role of
spin-lattice coupling in the process of ultrafast loss of magnetic order,
including the local dissipation of angular momentum via Elliott-Yafet
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spin-flip scattering. Also the importance of laser-induced spin cur-
rents will be emphasized. Experimental results on a variety of systems
and materials will be compared to predictions by the so-called micro-
scopic three-temperature model. The importance of tuning both spin-
flip scattering and spin currents for establishing all-optical switching
(AOS) of the magnetization will be highlighted. Some of our most re-
cent experiments on AOS by single fs pulses in synthetic ferromagnetic
systems will be discussed.

15 minutes break

Invited Talk MA 17.4 Tue 11:25 H 1012
The role of spin-lattice interaction in optical control of mag-
netism — e ALEXEY KiMEL — Radboud University, Nijmegen, The
Netherlands

The action of electric field of light on electronic dipoles, being the
largest perturbation in physics of light-matter interaction, conserves
the spin of electron. This is why experiments showing the possibility
of ultrafast and efficient control of spins with the help of femtosecond
laser pulses are among the most heavily debated topics in magnetism.
In my talk I will review the progress in understanding of ultrafast laser-
induced magnetization dynamics. In particular, I would like to discuss
the roles of the spin-lattice interaction in heat-driven, heat-assisted,
and heat-free mechanisms of optical control of magnetic order.

MA 17.5 Tue 11:55 H 1012
Structural dynamics during laser-induced ultrafast demagne-
tization — eEMMANUELLE JaL!, Vicror Lopez-FLorrs?3, Niko
PonTius?, Tom FErRTE?, CHRISTINE BoEGLIN®, Boris VobpuNGBso!,
Jan LoniNg!2, and NicorLas Jaouen? — !Sorbonne Universités,
UPMC Univ. Paris 06, CNRS, LCPMR, 75005 Paris, FRANCE —
28ynchrotron SOLEIL, Saint-Aubin, Boite Postale 48, 91192 Gif-sur-
Yvette Cedex, FRANCE — 3CSIC - University of Seville, Av. Americo
Vespucio, 49, 41092 Seville, SPAIN — 4HZB fiir Materialien und En-
ergie GmbH, Albert-Einstein-Strafte 15, 12489 Berlin, GERMANY —
5Université de Strasbourg, CNRS, IPCMS, UMR 7504, F-67000 Stras-
bourg, FRANCE

I will present our investigation of the infrared laser-pulse-induced ul-
trafast demagnetization process in a thin Ni film, which character-
izes simultaneously magnetization and structural dynamics [PRB 95
184422]. This is achieved by employing femtosecond timeresolved x-
ray resonant magnetic reflectivity (tr-XRMR) as the probe technique.
The experimental results reveal unambiguously that the subpicosecond
magnetization quenching is accompanied by strong changes in nonmag-
netic x-ray reflectivity. These changes vary with reflection angle, and
changes up to 30% have been observed. By modeling the x-ray reflec-
tivity of the investigated thin film, we can reproduce these changes by
a variation of the apparent Ni layer thickness of up to 1%. Extending
these simulations to larger incidence angles, we show that tr-XRMR
can be employed to discriminate experimentally between currently dis-
cussed models describing the ultrafast demagnetization phenomenon.

5 minutes break

Invited Talk MA 17.6 Tue 12:15 H 1012
Driving magnetization precession by dynamical compres-
sive and shear strain in a low-symmetry metallic film —
e ALEXANDRA M. Karasunikoval, TETIaNA L. Linntk?, VLADIMIR
N. Kars!, JasmiN JAEGER3, ALEXEY S. SaLasyuk!, DmIitri R.
YakovLEV?, ANDREW W. RusHrorTH?, ANDREY V. AKkiMov?, MaN-
FRED BAYER?, and ALEXEY V. ScHERBAKOV!3 — lloffe Institute,
St. Petersburg, Russia — 2?Department of Theoretical Physics, V.
E. Lashkaryov Institute of Semiconductor Physics, Kyiv, Ukraine —
3Experimentelle Physik 2, Technische Universitat Dortmund, Dort-
mund, Germany — “School of Physics and Astronomy, University of
Nottingham, Nottingham, United Kingdom

‘We report on manipulating magnetocrystalline anisotropy via inverse
magnetostriction on a picosecond time scale in a low-symmetry film
of a magnetic metallic alloy galfenol (Fe,Ga). Two approaches are
emploied, injection of a picosecond strain pulse into the film, and gen-
eration of a dynamical strain of a complex temporal profile in the film
directly. In both cases the ultrafast change of magnetic anisotropy
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triggers magnetization precession owing to the mixed, compressive and
shear, character of the dynamical strain emerging in the low-symmetry
metallic film.

When optically-generated strain emerges abruptly in the film and
modifies its magnetic anisotropy, it competes with heat-induced change
of anisotropy. We show that optically-generated strain remains effi-
cient for launching magnetization precession, when the heat-induced
changes of anisotropy parameters do not trigger the precession any
more.

Invited Talk MA 17.7 Tue 12:45 H 1012
Ultrafast Thermal Transport in Magnetic Heterostructures
— eRicHARD WiLsoN!, MicHAEL Gomez!, JoN GorcHON?, YANG
Yanc2, CHARLES-HENRI LAMBERT2, SAYEEF SALAHUDDINZ, and JEFF
Bokor? — Materials Science and Engineering, University of Califor-
nia Riverside, Riverside, United States — 2Electrical Engineering and
Computer Sciences, University of California Berkeley, Berkeley, United
States

Femtosecond heating of magnetic materials leads to a wide array of
extraordinary thermally driven magnetic phenomena. Understanding
and controlling ultrafast magnetic phenomena requires a detailed un-
derstanding of thermal transport in complex magnetic heterostruc-
tures. To achieve this understanding, we use a combination of TDTR
and TRMOKE experiments to quantify thermal transport in mag-
netic heterostructures. We use ultrafast electrical or optical stim-
ulus drive the heterostructures from thermal equilibrium. Then,
we monitor tiny changes in optical and magneto-optic properties to
monitor changes in temperature and magnetism. We interpret our
data with spin and thermal transport models that quantify the dif-
fusion of heat and spin across layers, as wells as energy flow between
electronic-, vibrational-, and magnetic-degrees-of-freedom. Here, I dis-
cuss our recent efforts to understand ultrafast thermal phenomena
in ferrimagnetic heterostructures. These experiments focus on both
normal-metal /ferrimagnetic-metal heterostructures, e.g. Au/GdFeCo
or Pt/GdFeCo, and normal-metal /ferrimagnetic-insulator heterostruc-
tures, e.g. Au/TmlIG or Au/YIG.

MA 18: Multiferroics and magnetoelectrics | (joint session MA/KFM)

Time: Tuesday 9:30-12:15

MA 18.1 Tue 9:30 EB 202
Lu2Fe307 a quest for ferroelectricity by charge order —
eSABREEN HamMouDA and MANUEL ANGsT — Jiilich Centre for Neu-
tron Science JCNS and Peter Griinberg Institut PGI, JARA-FIT,
Forschungszentrum Jiilich GmbH, 52425 Jiilich, Germany.

Rare earth ferrites have attracted a lot of attention as proposed mul-
tiferroics. In particular, LuFe204 was considered a clear example of
ferroelectricity from charge ordering (CO), though recently this was
found not to be the case [1|. Structural modification, such as interca-
lation by LuFeO3, yielding Lu2Fe307 might render the bilayers polar.
Furthermore, the only believable polarization hysteresis loop in the
rare earth ferrite literature [2] was measured on an intercalated com-
pound, slightly Mn-doped Lu2Fe307. A critical aspect of investigating
these compounds is the oxygen-stoichiometry. We succeeded in grow-
ing single crystals of Lu2Fe307 using different CO2/CO gas mixtures
to fine-tune the oxygen partial pressure. Single crystals examined by
x-ray diffraction showed a short range ordering with a zigzagged diffuse
scattering along (1/3 1/3 1), with positions similar to the observation
by electron diffraction [3]. The diffuse nature indicates that the crystals
are not quite stoichiometric enough for long range CO. Powder XRD
measurements reveal a peak splitting which is likely due to structural
distortion because of CO. Magnetic behavior of these crystals will also
be discussed. As an outlook, further optimization is needed to deter-
mine the charge and spin structures. [1] de Groot et al., Phys. Rev.
Lett. 108, 187601 (2012). 2] Qin et al., Appl. Phys. Lett. 95, 072901
(2009). [3] Yang et al., Phys. Status Solidi B 247, 870 (2010).

MA 18.2 Tue 9:45 EB 202
Structural and spectroscopic properties of the new mul-
tiferroic NisMnTeOg eSTELLA SkiaporourLoul2, MARIA
ReTUERTO?, FEDIR BoORrRODAVKA!, CHRISTELLE KaDLEC!, FILIP
KapLec!, ZuENg DENG3, MARTHA GREENBLATTS, DOMINIK LEGUT?,
and StanisLav Kamsal — Institute of Physics of the Czech Academy
of Sciences, Prague, Czech Republic — 2VSB Techincal University of
Ostrava, Ostrava, Czech Republic — 3Rutgers, The State University
of New Jersey, Piscataway, USA

We present structural, magnetic and spectroscopic studies of a new
multiferroic NigMnTeOg, closely related to the polar antiferromag-
net NizTeOg known to present a colossal magnetoelectric effect and
electromagnons. Single crystals and polycrystalline samples show the
same polar structure as Ni3zTeOg with the R3 space group down to
4 K. An antiferromagnetic phase transition takes place at approxi-
mately Tx=70 K, almost 20 K higher than that of NigTeOg. This
was confirmed by magnetic and dielectric measurements, suggesting
the multiferroic character of the compound. Extensive infrared, Ra-
man and THz spectroscopy experiments revealed all phonons predicted
by the factor group analysis. THz spectra reveal one new excitation
below Tp, which is strongly influenced by external magnetic field,
thus assigned to a magnon.

This
grant

Foundation
No.

supported by Czech Science
17-27790S and Path to Exascale project

work  was
No.
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CZ.02.1.01/0.0/0.0/16_013/0001791.
MA 18.3 Tue 10:00 EB 202

Exotic magnetoelectric excitations of the multiferroic
SmFe3(B0O3)4 — eDAvip SzaLLer!, Artem M. Kuz'MENKO?,
ALEXANDER A. Muknin?, Toomas R&6M3, Urmas NaGELS3,
TuoMas Kain', Viap Dziom!, Lukas WEYMANN!, ALEXEY

Ivanov?, IRINA A.
1

Suuvaev!, ANNa PivMenov!, VsevoLop Yu.
Gupim?, LEoNARD N. BEzZMATERNYKH?, and ANDREI PIMENOV
Hnstitute of Solid State Physics, Vienna University of Technology,
1040 Vienna, Austria — 2Prokhorov General Physics Institute, Rus-
sian Academy of Sciences, 119991 Moscow, Russia — 3National Insti-
tute of Chemical Physics and Biophysics, Akadeemia tee 23, 12618
Tallinn, Estonia — *L. V. Kirensky Institute of Physics Siberian
Branch of RAS, 660036 Krasnoyarsk, Russia

Magnetoelectric(ME) multiferroics(MFs), i.e. materials simultane-
ously hosting ferroelectric and magnetic order, have been attracting
enormous interest due to their potential in information-technology
applications. Rare-earth ferroborates are a particularly interesting
familiy of MF crystals, where the strong spin-orbit interaction at the
rare-earth sites results in the coupling of the magnetic and electric
degrees of freedom while the ME response is enhanced by the antifer-
romagnetic ordering of the iron spins. The ME coupling appears in
the optical regime as different absorption of counter-propagating light
beams, where transparent and dark directions can be swapped by re-
versing the magnetic field. Furthermore, due to the ME coupling the
strength of absorption at spin-wave resonance frequencies can also be
tuned by electric field, opening the path for practical applications.

MA 18.4 Tue 10:15 EB 202
Low energy spin excitations in multiferroic MnzMo3Osg
oKRISZTIAN SzAsz!, DAviD SzaLLER?, SANDOR BoORDAcs!,
Laur Peepu3, Jonan Virok3, Toomas R66M3, Urmas NAGELS,
ViabpimirR Tsurkan?, and IstvAN KgzsmArkib* — 1Budapest Uni-
versity of Technology and Economics, Budapest, Hungary — 2Vienna
University of Technology, Vienna, Austria — 3National Institute of
Chemical Physics and Biophysics, Tallinn, Estonia — 4University of
Augsburg, Augsburg, Germany

Recently, it was found that the polar ferrimagnet MnaMo3zOg shows
large diagonal magnetoelectric effect [1]. However, the magnetic struc-
ture of this compound is not fully understood. The family of polar fer-
rimagnets MaMo3Og with M = Mn, Fe, Co or Ni are excellent materi-
als to investigate the role of different magnetic ions in the microscopic
origin of magnetoelectric effect.

In this work magnetization measurements and high magnetic field
far infrared spectroscopy are used to unreveal the spin excitations in
the low-field ferrimagnetic and in the spin-flop phases. From the mag-
netic field dependence of the magnon excitation energies we aim to
determine the most important exchange and anisotropy parameters.
With these parameters it is possible to construct a microscopic spin
model of this compound.

[1] T. Kurumaji et al.: PRB 95, 045142 (2017).
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MA 18.5 Tue 10:30 EB 202
Local Magnetic and Electric Interactions in Multiferroic
Ba;CoGe07 and SryCoSioO7 — eMARTINA ScHADLER!, TI-
TUsz FEHER?, NorBERT BUTTGEN!, ViLMos Kocsis3, YOSHINORI
Toxura3, Yasusiro Tacucur®, and IsTvAN KizsmMARKI' — !Center
for Electronic Correlations and Magnetism, Institute of Physics, Uni-
versity of Augsburg, Germany — 2Department of Physics, Budapest
University of Technology and Economics, Hungary — 3RIKEN Center
for Emergent Matter Science, Wako 351-0198, Japan

The multiferroic compound BasCoGe2O7 has drawn a lot of interest
due to its non-centrosymmetric crystal structure, giving rise to peculiar
magnetoelectric effects. The spin-dependent hybridization mechanism,
that induces the electric polarization, results in a strong coupling of
the magnetic moments and the local electric polarization, which al-
lows control of the electric polarization via external magnetic fields.
Due to its soft antiferromagnetic structure BaoCoGeaO7 is a promis-
ing candidate for tuning the magnetic texture via the application of
electric fields. Nuclear Magnetic Resonance (NMR) gives access to the
local electric field gradient (EFG) via the nuclear quadrupole moment.
We performed 59Co NMR measurements on BasCoGe2O7 and its sis-
ter compound SraCoSi2O7 in order to determine the local microscopic
properties of magnetic spin order and electric polarization at the cobalt
site. Through additional application of external electric fields we also
investigated the possibility of influencing the local magnetic properties.

15 minutes break

MA 18.6 Tue 11:00 EB 202
Soft modes in Ca3Mn20O7; - Direct observation of the or-
der parameters in a hybrid improper ferroelectric mate-
rial — eDIRK WULFERDING 2, ALEXANDER GLAMAZDA%!, PETER
LeMMENsD2, BIN Gao?, SaNna-Wook CHeong?, and KwaNG-YoNag
Cuor® — IPKM, TU-BS, Braunschweig, Germany — 2LENA, TU-
BS, Braunschweig, Germany — 3ILTPE, NASU, Kharkov, Ukraine —
4Rutgers Univ., New Jersey, USA — 5Chung-Ang Univ., Seoul, Korea

In hybrid improper ferroelectric materials the order parameter is still
under debate, but predicted to be a combination of rotation and tilt-
ing modes. In the title compound Ca3zMnsO7 we observe anomalous
softening of rotation and tilting phonons through the transition from
the ferroelectric to the paraelectric phase. This clearly underlines their
role as order parameters. In addition, a coupling of the soft mode to
the magnetic and the electronic subsystems is characterized through an
observation of anomalous magnetic and multiphonon Raman scatter-
ing. Work supported by the Quantum- and Nanometrology initiative
"QUANOMET" within project NL-4, DFG-RTG 1952/1 "NanoMet",
Korea NRF Grants (No. 2009-0093817, 2012-046138), and the NSF
MRI Grant No. MRI-1532006.

MA 18.7 Tue 11:15 EB 202

Giant magnetoelectric coupling in the low-dimensional
ferrimagnetic iron oxoselenite FesO(SeO3)s — ePETER
LemMENsD 2, Viapimir GNEzDILOVS, DRk WULFERDINGD2, PE-

TER BERDONOsov?, E.S. Kozivakova?, E. KuzneTsova?, Orca
VorLkova%, and ALEXANDER VasiLiev? — IPKM, TU-BS, Braun-
schweig, Germany — 2LENA, TU-BS, Braunschweig, Germany —
3ILTPE, NASU, Kharkov, Ukraine — 4MSU, Moscow, Russia

The newly synthesized oxoselenite compound FeaO(SeO3)2 hosts Fe
ions in distorted tetrahedral coordination. An anomalous gain in
phonon intensity observed within the ferromagnetically ordered phase
(Tc = 105 K) hints towards an enhanced electronic polarizability and
related giant magnetoelectric coupling. Further anomalous modes of
possible magnetic origin are discussed in connection with a strong
Dzyaloshinskii-Moriya interaction. Work supported by DFG Project
LE967/16-1.

MA 18.8 Tue 11:30 EB 202
Magnetic and Polar Properties of the Lacunar Spinel
GaMo4Sg — eKorpINiaN GEIRHOs!, PETER LUNKENHEIMER!, Hi-
ROYUKI NAKAMURAZ, YosHikazU TaBaTa2, and IsTvAN KEzsMARKI!
— l1Experimental Physics V, EKM, University of Augsburg, Germany
— 2Department of Materials Science and Engineering, Kyoto Univer-
sity, Japan
The compound GaMoySg belongs to the family of lacunar spinels
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AM4Xg (A=Ga and Ge; M=V, Mo, Nb, and Ta; X= S and Se).
Many of these lacunar spinels exhibit a Jahn-Teller transition associ-
ated with ferroorbital ordering. In the so far investigated compounds
GaVySg, GaVySeg and GeV4Sg, the onset of orbital-order induced
ferroelectricity was found at the Jahn-Teller transition [1,2,3]. More-
over, all of these three materials show strong magnetoelectric coupling
with distinct values of the polarization in their magnetically ordered
phases, including a skyrmion lattice state, as shown for GaV4Sg and
GaVy4Seg [1, 4]. It was proposed that these skyrmions, which are
topologically protected spin textures, carry additional electric polar-
ization [1]. We extend these investigations to another lacunar spinel,
GaMoy4Sg. The polar properties of this compound were studied by di-
electric spectroscopy and pyrocurrent measurements. It shows a Jahn-
Teller transition at 47K, again accompanied by polar ordering. In
addition, below 20 K GaMoy4Sg exhibits a complex magnetic phase di-
agram.

[1] E. Ruff et al., Sci. Adv. 1, E1500916 (2015). [2] E. Ruff et al.,
Phys. Rev. B 96, 165119 (2017). [3] K. Singh et al., Phys. Rev. Lett.
113, 137602 (2014). [4] Y. Fujima et al, Phys. Rev. B 95, 180410
(2017)

MA 18.9 Tue 11:45 EB 202
Ferrimagnetic-type in-gap spin excitations and magnetoe-
lastic coupling in a-CuzV207 — eJoHANNES WERNER!, LIRAN
WanG!, ALEXANDER OTTMANN!, RoBIN WEIs!, MAHMOUD ABDEL-
HaFiEz?, JHUMA SANNIGRAHI?, SOURADIP MAJUMDAR?, CHANGHYUN
Koo!, and Ripicer KLINGELER! — !Kirchhoff Institute for Physics,
Heidelberg, Germany — 2Physikalisches Institut, Goethe-Universitiit,
Frankfurt a.M., Germany — 3ISIS Facility, Rutherford Appleton Lab-
oratory, Didcot, United Kingdom — %Department of Solid State
Physics, Kolkata, India

Low-energy magnetic excitations and magnetoelastic coupling in mul-
tiferroic a-CuzVaO7 have been investigated by high-frequency elec-
tron spin resonance (HF-ESR) , thermal expansion, magnetostriction,
specific heat and magnetisation studies in magnetic fields up to 15
T. Despite a large antiferromagnetic gap, below 100 GHz we ob-
serve low-energy magnetic excitations in the spin ordered phase in-
dicating a ferrimagnetic-type resonance branch associated with the
Dzyaloshinsii-Moriya-type canted magnetic moment. The anisotropy
parameter D = 1.3(1) meV indicates a sizeable ratio of DM-exchange
and magnetic anisotropy. Dilatometry results show negative thermal
expansion at 7" < 200 K. Pronounced anomalies at Ty = 35 K imply
coupling to the structure. Failure of Griineisen scaling confirm that
several ordering phenomena are concomitantly driving the multiferroic
order. Low-field magnetostriction displays a similar hysteresis loop as
the magnetisation which supports the scenario of exchange-striction
driven multiferroicity.

MA 18.10 Tue 12:00 EB 202
Directional dichroism via para-magnetoelectric effect in
SroCoSisO7 — eDANIEL G. Farkas!, Divip SzaLLer!, ViL-
mos Kocsish2, SANDor BorpAcs!, IsTvAN KgzsMArRkI', BENCE
BerNATH?, DMYTRO KAMENSKYI®, LAuR PEEDU?, JOHAN VIIROK?,
Toomas R66M?%, Urmas Nacer?, PETer BaLrLa®, and KARrLO
Penc® — 1BUTE, Hungary — 2RIKEN CEMS, Japan — 3HFML,

Netherlands — *KBFI, Estonia — >WRCP, Hungary

Magnetoelectric multiferroics have been attracting enormous interest
due to their potential in information technology applications. An ex-
otic phenomenon, directional dichroism (DD) has been reported for
spin excitations in multiferroic melilite single crystals and proposed
as a new principle of directional light switches operating in the THz
region [1].

Applications of multiferroic compounds seem to be limited to low
temperatures where electric and magnetic order coexist. However, re-
cent studies on melilites [2] revealed that an external magnetic field
can recover the electric polarization via the para-magnetoelectric ef-
fect even above Ty = 7K. Based on these static results we can also
expect DD to emerge in the paramagnetic phase of melilites.

Indeed we have found strong DD in the paramagnetic phase of
SrpCoSi2O7 in high magnetic field. A simple single-ion model was
developed, which described the main features of the high temperature
directional dichroism.

[1] I. Kézsmarki, D. Szaller et al. Nat. Commun. 5, 3203 (2013).

[2] M. Akaki et al., Phys. Rev. B 86, 060413(R) (2012).
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MA 19: Skyrmions Il (joint session MA/TT/KFM)

Time: Tuesday 9:30-13:15

MA 19.1 Tue 9:30 EB 301
Low temperature magnetic field mapping on Néel-skyrmions
in GaV4Se8 — eFraNnziskA SEIFERT!, FELIX L. KErRn!, ISTVAN
KEzsMARKI2, DaNIEL WoLr!, BERND BUcHNER!, and AxeL Lusk!
— 1Leibniz Institute for Solid State and Materials research Dresden,
Germany — 2University of Augsburg, Germany

Skyrmions are promising candidates for magnetic memory devices, be-
cause of their small size, thermal stability and high mobility. Here we
report on Skyrmion mapping in GaV4Se8 carried out on our dedicated
cryo TEM fitted with a continuous-flow liquid He cryostat, facilitating
electron holography and Lorentz TEM down to 7K. Bulk GaV4Se8
is predicted to show Neel type skyrmions below 18K under applied
magnetic field between 0.10T and 0.45T mT. Using Lorentz TEM,
we characterized the cycloidal and skyrmionic phase of thin GaV4Se8
lamellas in dependence of temperature and applied magnetic field. By
mapping the magnetic phase diagram of the thin film we identify mag-
netic textures that are not considered in the bulk phase diagram. We
discuss the origins of these in terms of crystal symmetries and strain
prevailing in the thin film slab geometry.

MA 19.2 Tue 9:45 EB 301
Probing skyrmion lattice phase by NMR in GaV4Sg —
oeMARKUS PRINz-ZWICK, NORBERT BUTTGEN, VLADIMIR TSURKAN,
MARTINA SCHADLER, and ISTVAN KEzsMARKI — Center of electronic
correlation and magnetism, University of Augsburg

With the discovery of Néel-Type skyrmions forming in a skyrmion lat-
tice (SKL) in the lacunar spinel GaV4Sg, the characterization and anal-
ysis of such polar axially symmetric skyrmion host materials gained
general interest. From a microscopic point of view we want to eluci-
date the local distribution of internal magnetic fields associated with
the SkL and probe spin excitations using Nuclear Magnetic Reso-
nance(NMR) spectroscopy. Since the stability of the SkL phase is
limited to the sub-Tesla range, this is a highly challenging issue. Here,
we report NMR results within the SkL-phase in the lacunar spinel
GaV4Sg, and the first so called zero-field NMR measurements, where
the internal field of the V4 cubanes was exploited to perform 51V mea-
surements for applied magnetic fields 0 < ppH < 100 mT.

MA 19.3 Tue 10:00 EB 301
Optically induced demagnetization and coherent spin ex-
citations in GaV4S8 eFuMIYA SEKIGUCHI', PRASHANT
PabMaNABHAN!, RoLrF B. VERsTEEG!, IsTvAN KgzsMARKIZ, and
Paur H. M. van LoosprecHT! — lInstitute of Physics 2, Univer-
sity of Cologne, 50937 Cologne, Germany — 2Experimental Physics
V, Center for Electronic Correlations and Magnetism, University of
Augsburg, 86135 Augsburg, Germany

Skyrmions are quasiparticle-like topological spin textures stabilized in
non-centrosymmetric crystals with Dzyaloshinskii-Moriya interactions.
For potential applications and a better understanding of their nature,
it is important to understand their creation and annihilation dynamics,
as well as their collective excitation spectrum. Here we employ time
resolved magneto-optical Kerr experiments to study the magnetization
dynamics in the lacunar spinel GaV4S8 which hosts novel cycloid and
Néel-type skyrmion magnetic ground states. The experiments show
the emergence of a slow demagnetization process in the magnetically
ordered states. In addition, we observe coherent collective spin excita-
tions in both the cycloid and skyrmion phases.

MA 19.4 Tue 10:15 EB 301

Temperature dependence of the cubic anisotropy in the room-
temperature skyrmion host CogZngMny — e BERTALAN GYORGY
SzigeTi', DIETER EHLERS?, KosukeE KARUBE?, IsTVAN KEzsMARKIZ,
Hans-ALBRECHT KRua voN Nippa2, MARKUS PREISSINGERZ,
VLADIMIR TSURKANZ, YUSUKE ToOKUNAGA3, YAsusiRo TAGUCHIS,
and YosHiNORI Tokura® — !Department of Physics, Budapest Uni-
versity of Technology and Economics,1111 Budapest, Hungary —
2Experimental Physik V, EKM, Universitit Augsburg, 86135 Augs-
burg — 3RIKEN Centre for Emergent Matter Science (CEMS), Wako
351-0198, Japan

The B-Mn-type Co-Zn-Mn alloys are cubic chiral room temperature
skyrmion hosts already studied by Lorentz transmission electron mi-
croscopy, magnetization and small-angle neutron scattering[1]. Spin
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wave spectroscopy of the Dzyaloshinskii-Moriya interaction has been
measured for CogZngMny and CogZngMns|[2]. CogZngMnsy can host
metastable skyrmions in zero magnetic field below its Toa 400 K
Curie-temperature[3]. In this work we present ESR measurements in
the field polarized state of CogZngMnsy to investigate the temperature
dependence of the cubic magnetocrystalline anisotropy and its influ-
ence on the properties of the meta-stable skyrmion lattice state. We
found strong correlation between the change in the anisotropy and the
trigonal to square lattice transformation of the skyrmion state.

[1] Tokunaga, Y., et al., Nat. Commun. 6, 7638 (2015), [2] Takagi,
R., et al., Phys. Rev. B 95, 220406 (2017), [3] Karube, K., et al.,
arXiv:1709.08047 (2017).

MA 19.5 Tue 10:30 EB 301
Effects of Magnetocrystalline Anisotropy on the Trian-
gular to Square Lattice Transformation of Skyrmions —
eMARKUS PREISSINGER!, DIETER FEHLERs!, Kosuke KARUBEZ,
IsTvAN KEzsMARrRkI', HaNs-ALBRECHT KRuG voN Nippal, BERTA-
LAN SziGETI®, YUusuke Tokunaca2, Yasusiro TagucHi?, YosHI-
Norl TokUra2, and ViapimiER Tsurkan! — lExperimentalphysik
V, EKM, Universitit Augsburg, 86135 Augsburg — 2RIKEN Cen-
tre for Emergent Matter Science (CEMS), Wako 351-0198, Japan —
3Department of Physics, Budapest University of Technology and Eco-
nomics, 1111 Budapest, Hungary

The S-manganese-type alloy CogZngMny exhibits a helical state below
the Curie-temperature T. =~ 300K !. Below the phase transition, be-
tween 300 K and 284 K, an equilibrium skyrmion lattice state occurs in
weak magnetic fields in the range of 400 Oe. This state can be quenched
down to lower temperatures by rapid field cooling. Below 150 K the
metastable triangular skyrmion lattice transforms into a square lattice
2. The magnetocrystalline anisotropy in the ferromagnetic phase was
determined by ferromagnetic resonance measurements. We discuss its
impact on the phase transition between the two types of skyrmion lat-
tices. On cooling, the increasing cubic anisotropy constant K; seems
to drive the phase transition of the skyrmion lattice between 150 K and
40 K. The temperature dependence of the corresponding critical fields
turns out to be correlated to the anisotropy constant Kj.

L T. Hori et al., J. Magn. Magn. Mater. 310, 1820-1822 (2007).

2 K. Karube et al., Nature Materials 15, 1237-1243 (2016).

MA 19.6 Tue 10:45 EB 301
Incommensurate magnetic systems studied with the multi-
purpose three-axis spectrometer (TAS) MIRA at FRM II —
eRoBERT GEORGII!, ToBias WEBER!2, GEorc BranDL!, and PE-
TER BONI® — Maier-Leibnitz Zentrum (MLZ), Garching, Germany
— 2Institut Laue Langevin (ILL), Grenoble, France — 2Physik De-
partment E21, TU Miinchen, Garching, Germany

Incommensurate magnetic structures like Helimagnons and Skyrmions
are currently intensively studied. Due to their large size and rigid
structure they often show very low-lying excitations, where most of
the interesting physics is taking place below some meV. The cold-
neutron three-axis spectrometer MIRA is an instrument optimized for
such low-energy excitations. Its excellent intrinsic resolution makes
it ideal for studying incommensurate magnetic systems. Here we will
present several examples for the dynamics of such structures which
have been measured with MIRA.

MA 19.7 Tue 11:00 EB 301
Induction mapping of the 3D Spin Texture of Skyrmions
in Thin Helimagnets — oSEBASTIAN ScHNEIDERDZ, DANIEL
WoLr!, Martaew J. Storr?, Sonc Jin3, Darius Pour!, BERND
RELLINGHAUS!, MARcUs ScuMipT?, BERND BUCHNER!, SEBASTIAN
T. B. GoenNeENWEIN?, KorNELIUS NieLscu?, and AXEL LuBk! —
LFW Dresden, Dresden, Germany — 2TU Dresden, Dresden, Ger-
many — 3University of Wisconsin-Madison, Madison, USA — *MPI
CPf£S, Dresden, Germany

Envisaged applications of skyrmions in magnetic memory and logic
devices crucially depend on the stability and mobility of these topo-
logically non-trivial magnetic textures in thin films. We present for the
first time experimental evidence for a characteristic 3D modulation of
the skyrmionic spin texture towards the sample surface. Inherent to
this structure is the gradual change of the Bloch nature of the skyrmion
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in the depth of the film to surface chiral twists. By combining focal
series inline electron holography (EH), and off-axis EH to quantita-
tively reconstruct the projected magnetic field pertaining to both the
helical and the skyrmion lattice phase in single crystal nanoplates of
the isotropic chiral magnet Feg g5Cog.05Ge nanoplate with electron
tomography and magnetostatic simulations of the fields, we extract
quantitative information on the 3D spin texture of skyrmions. Our re-
sults highlight the relevance of surfaces for the formation of skyrmions
in thin film geometries and pave the way towards a surface-induced
tailoring of the skyrmion structure.

15 minutes break

Topical Talk MA 19.8 Tue 11:30 EB 301
Composite topological excitations in ferromagnet-
superconductor heterostructures — eKJeTiL HaLs — Depart-
ment of Engineering Sciences, University of Agder, 4879 Grimstad,
Norway

Heterostructures of conventional superconductors and ferromagnets
are currently attracting considerable interest because of their poten-
tial use for realizing topological superconductivity. The combination
of spin-orbit coupling in the superconductor and the lack of inver-
sion symmetry of these heterostructures leads to a magnetoelectric
coupling between the magnetic and superconducting order parameters
[1, 2]. In this talk, I demonstrate that the magnetoelectric coupling
causes magnetic skyrmions and superconducting vortices to bind, form-
ing skyrmion-vortex pairs (SVPs) which represent topological excita-
tions of the hybrid system [1]. I determine the conditions under which
a bound SVP is formed, and characterize the range and depth of the
effective binding potential through analytical estimates and numeri-
cal simulations. Furthermore, I develop a semiclassical description of
the coupled skyrmion-vortex dynamics and discuss how SVPs can be
controlled by applied spin currents.

[1] K.M.D. Hals, M. Schecter, M. S. Rudner, Phys. Rev. Lett. 117,
017001 (2016). [2] K. M. D. Hals, Phys. Rev. B 95, 134504 (2017).

MA 19.9 Tue 12:00 EB 301

Magnetoelectric effect and orbital magnetization in skyrmion

crystals: new ways for detection and characterization
of skyrmions — eBORGE GoOBEL!, ALEXANDER Mook2, JUR-
ceN Henk?, and INGrRID MERTIGI2 — Max-Planck-Institut fiir

Mikrostrukturphysik, D-06120 Halle — 2Institut fiir Physik, Martin-
Luther-Universitat, D-06120 Halle

Skyrmions are small magnetic quasiparticles, which are uniquely char-
acterized by their topological charge and their helicity. We present
theoretically how both properties can be determined without relying
on real-space imaging [1].

The topological Hall effect of electrons allows to distinguish
skyrmions from antiskyrmions by sign of the topological Hall con-
ductivity [2,3] and the orbital magnetization [1]. Here, we predict
a magnetoelectric effect in skyrmion crystals [1|, which is the gener-
ation of a magnetization (polarization) by application of an electric
(magnetic) field. Its dependence on the skyrmion helicity fits that of
the classical toroidal moment of the spin texture and allows to differ-
entiate skyrmion helicities: it is largest for Bloch skyrmions and zero
for Néel skyrmions. We predict distinct features in the magnetoelectric
polarizability that can be used to detect and characterize skyrmions
in experiments.

[1] B. G&bel et al., submitted.
[2] B. Gébel et al., Phys. Rev. B 95, 094413 (2017).
[3] B. Gobel et al., New J. Phys. 19, 063042 (2017).

MA 19.10 Tue 12:15 EB 301
Antiferromagnetic skyrmion crystals: generation and topo-
logical spin Hall effect — eBOraE GOBEL!, ALEXANDER MOOK?Z,
JorcEN HENk?, and INGRID MERTIG!2 — 1Max-Planck-Institut fiir
Mikrostrukturphysik, D-06120 Halle — 2Institut fiir Physik, Martin-

Luther-Universitat, D-06120 Halle

Skyrmions are topologically nontrivial, magnetic quasi-particles, that
are characterized by a topological charge. A regular array of
skyrmions—a skyrmion crystal (SkX)—features the topological Hall
effect (THE) of electrons [1,2], that, in turn, gives rise to the Hall
effect of the skyrmions themselves.

We present a generally applicable method to create stable an-
tiferromagnetic skyrmion crystals (AFM-SkXs) by growing a two-
sublattice SkX onto a collinear antiferromagnet. As an example
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we show that both types of skyrmion crystals—conventional and
antiferromagnetic—exist in honeycomb lattices. While AFM-SkXs do
not show a THE, they exhibit a topological spin Hall effect [3]. The
zero skyrmion Hall effect carries over to isolated AFM skyrmions as
well. They can move in straight lines, at higher velocities and need
lower driving currents compared to conventional skyrmions [4,5].

[1] B. Gébel et al., Phys. Rev. B 95, 094413 (2017).

[2] B. Gobel et al., New J. Phys. 19, 063042 (2017).

[3] B. Gébel et al., Phys. Rev. B 96, 060406(R) (2017).
[4] J. Barker et al., Phys. Rev. Lett. 116, 147203 (2016).
[5] X. Zhang et al., Sci. Rep. 6, 24795 (2016).

MA 19.11 Tue 12:30 EB 301
Topological Hall effect in Heusler compound Mn; 4PtSn —
ePRAVEEN VIR, NiTEsH KUMAR, CHANDRA SHEKHAR, and CLAUDIA
FELSER — Max Planck Institute for Chemical Physics of Solids, 01187
Dresden, Germany

Skyrmions are topologically stable vortex-like spin structure which are
considered as potential candidate for future high density memory de-
vices. They have been detected in many chiral and polar compounds
such as MnSi, FeGe, Co-Mn-Zn, GaV4Sg etc. Recently, with the help
of Lorentz transmission electron microscopy, one new vortex like spin
structure, so called antiskyrmions have been discovered in Mn-based
tetragonal Heusler compound Mnj 4PtSn and Mnj 4Ptg.9Pdo.1Sn [1].
Antiskyrmion has been predicted to be anti-particle of Néel or Bloch
type skyrmions becuase they annihilate with conventional skyrmions
[2]. They are also topologically stable and consist of topological wind-
ing number or skyrmion number +1 [3]. Due to this topologically
stable spin nature, it can give rise to non-vanishing Berry phase in
real space. In other words, there could be nonzero topological Hall
effect. Here, we report large topological Hall effect in single crystal of
antiskyrmion hosting compounds Mn; 4PtSn.

MA 19.12 Tue 12:45 EB 301
Prospecting anti-skyrmions in ultra-thin Co films deposited
on W(110) — eFLAvIANO JOSE DOS SANTOS, BERND ZIMMERMANN,
STEFAN BLUGEL, MANUEL DOs SaANTOs Dias, and SAMIR Lounis
— Peter Griinberg Institut and Institute for Advanced Simulation,
Forschungszentrum Jiilich & JARA, D-52425 Jilich, Germany

Recently, the possibility of anti-skyrmion formation in magnetic films
on substrates with low symmetry due to anisotropic Dzyaloshinskii-
Moriya interactions (DMI) has been demonstated [1]. Experimentally,
such anisotropic DMI has been found for Co-films on W(110) [2]. Mo-
tivated by these findings, we investigated from first-principles the ten-
sor of magnetic interactions of films containing up to three layers of
Co reconstructed on W(110) surface as a continuation of our previ-
ous study [3]. We use the full-potential relativistic Korringa-Kohn-
Rostoker Green function method combined with a technique employing
infinitesimal rotations to access the different components of the tensor.
The anisotropy, magnitude and sign of the interactions are analysed
in detail with a focus on the DMI. Using atomistic spin dynamics sim-
ulations, we prospect and demonstrate the existence of skyrmions and
anti-skyrmions, which depend strongly on the thickness of Co films.
Finally, we unveil the spin-wave excitations characterising the topo-
logically distinct skyrmionic objects.

Work supported by the Brazilian agency CAPES (Project No.
13703/13-7) and the European Research Council (ERC-consolidator
Grant No. 681405-DYNASORE). [1] Nat. Commun. 8, 308 (2017); [2]
Phys. Rev. B 95, 214422 (2017); [3] Phys. Rev. B 95, 134408 (2017).

MA 19.13 Tue 13:00 EB 301
Material systems for skyrmions in Co-based ferro-
/antiferromagnetically (FM/AFM) coupled multilayers —
eHoNGYING J1A, BERND ZIMMERMANN, GUSTAV BIHLMAYER, and
STEFAN BLUGEL — Peter Griinberg Institut and Institute for Ad-
vanced Simulation, Forschungszentrum Jiilich and JARA, D-52425
Jiilich, Germany

Magnetic skyrmions, in particular AFM skyrmions, are considered as
ideal candidates for high storage density information carriers due to
the suppressed skyrmion Hall effect and a smaller size by canceling
the dipolar fields. So far searching for materials that can host AFM
skyrmions is still a challenging task. Magnetic multilayers (MMLs)
with composite structures provide a great opportunity to design ma-
terials that can host spin-spirals, skyrmions or magnetic domains with
optimal properties. Here we will present the qualitative trends of mag-
netic exchange interactions throughout a wide range of {Z|Co|Pt}
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MMLs (Z=3d: Cu, Zn; 4d: Tc~Cd; 5d: Au). The AFM coupling
in between the Co layers was observed in {Z|Co|Pt} MMLs (Z=Zn,
Ru, Rh, Cd). The effects of 3d-4d-5d hybridization between Co and the
nonmagnetic metals, in particular the effects around the Fermi level, on
the magnetic interactions will be discussed. The correlation between

the electric interface dipole moments and the sign and magnitude of
the Dzyaloshinskii-Moriya interaction will be also discussed.

‘We acknowledge financial support from the MAGicSky Horizon 2020
European Research FET Open project (#665095) and computing time
at JURECA from Jiilich Supercomputing Center and JARA-HPC.

MA 20: Magnetocaloric effects (joint session MA/TT)

Time: Tuesday 9:30-12:45

MA 20.1 Tue 9:30 EB 407

A DFT and Monte Carlo approach to simulating the magne-
tocaloric effect in magnetovolume-coupled materials — eNuno
Forrunarol2, JoAo AMaraL?, GERcsI ZsoLT3, JoAo GONGALVES?,
ViTorR AMARALZ, HONGBIN ZHANG!, OLIVER GUTFLEISCH!, VITALIJ
PecHARSKY?, KARL SANDEMAN®, and LesLey Conen® — 'TU Darm-
stadt, Germany — 2CICECO, Universidade de Aveiro, Portugal —
3Physics, Trinity College Dublin, Ireland — *Ames Laboratory, United
States — °Department of Physics, Imperial College London, United
Kingdom
Magnetic refrigeration is an emergent technology promising for eco-
friendly and more energy efficient refrigeration applications, using the
magnetocaloric effect (MCE). Magnetovolume effects contribute sig-
nificantly to the MCE, however the estimation of MCE with magne-
tovolume effects remains a challenge. In this work, we simulate the
MCE using a microscopic model solved by Monte Carlo methods that
evaluate the thermodynamic density of states. The magnetic inter-
action (J;;) between local moments is considered a function of vol-
ume (v), together with external field (H) and lattice volume terms:
H= —%EJZ']' (v)S;.S; + %Kv2 — HM, where K is compressibility.

Simulation results are compared with the experimental data of Gd,
the typical benchmark material for room-temperature magnetic cool-
ing applications. We show that such a simple model quantitatively
reproduces experimental data for the MCE and the magnetostriction.
This work paves the way to a ’ground-up’, fast computational approach
to optimize and search for magnetic refrigerant materials.

MA 20.2 Tue 9:45 EB 407
Spin dynamics of magnetocaloric compounds under magnetic
field investigated with inelastic neutron scattering measure-
ments — eNIKoLAOs Biniskos!2, KARIN ScHMALZL!, STEPHANE
Raymonp2, and THomas BRrUckeL? — !Forschungszentrum Jiilich
GmbH, Jilich Centre for Neutron Science at ILL, 71 avenue des Mar-
tyrs, 38000 Grenoble, France — 2Univ. Grenoble Alpes, CEA, INAC,
MEM, 38000 Grenoble, France — 3Forschungszentrum Jiilich GmbH,
Jiilich Centre for Neutron Science (JCNS-2) and Peter Griinberg In-
stitut (PGI-4), JARA-FIT, 52425 Jiilich, Germany

The magnetocaloric effect (MCE) is a temperature or entropy change
of a material subject to a variation of magnetic field and is the ba-
sic principle of magnetic refrigeration. This technique is considered
as promising for a more environmentally friendly and efficient use of
energy. However, the microscopic mechanisms at play are to be re-
vealed and the key ingredients are to be identified in order to design
new materials. In order to understand the fundamental driving force
of the MCE, a microscopic study of magnetism with inelastic neutron
scattering (INS) measurements is necessary. To this aim, the spin dy-
namics of MnFe4Si3 and Mnb5Si3, that exhibit the direct and inverse
MCE, respectively, have been investigated with INS measurements un-
der different magnetic fields and temperatures. It is evidenced that
the inverse MCE of Mn5Si3, the cooling by adiabatic magnetization,
is associated with field induced spin-fluctuations, contrary to the usual
suppression of fluctuations by a magnetic field that is observed in the
direct MCE of MnFe4Si3 [1]. [1]N. Biniskos et al., Phys. Rev. B 96
104407 (2017).

MA 20.3 Tue 10:00 EB 407
Element-specific view on La(FeSi)13 — eKaTHARINA OLLEFS!,

Markus E. GrUNER!, FABrRICE WILHELM?, ANDREI ROGALEV?Z,

ItvA Rapunov®, ALEXANDRA TERWEY!', BENEDIKT EcGERT!,
Maria KrauTz?, KoNsTANTIN Skokov?, WERNER KEUNE!, OLIVER
GurrLeEiscH®, and Heiko WENDE! — !Faculty of Physics and
CENIDE, University of Duisburg- Essen, Germany — 2European Syn-
chrotron Radiation Facility, Grenoble, France — S3Functional Ma-
terials, Technical University Darmstadt, Darmstadt, Germany —

4Institute for Complex Materials, IFW Dresden, Dresden, Germany
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Due to its large magneto-caloric effect, the itinerant electron metamag-
net La(FeSi)13 is of great interest for its potential use in solid state re-
frigeration. In order to better understand the magnetic interactions in
this material and how they change at the transition, we have performed
x-ray absorption measurements. X-ray magnetic circular dichroism
measurements in the low temperature phase at the Fe K-edge and La
L2, 3-edges reveal not only a magnetic moment on Fe but also a sizable
magnetic moment in the 5d states of La. Magneto-optical sum-rule
analysis and DFT calculations indicate an anti-parallel alignement of
the Fe and La spin moment and a small orbital moment on La also anti-
parallel to spin moment. Disentangling the different magnetic moment
contributions in La(FeSi)13 may reveal additional sources for hystere-
sis and might shed light on the thermodynamic role of the particular
magnetic degrees of freedom.
Funding by the DFG (SPP1599) is acknowledged.

MA 20.4 Tue 10:15 EB 407
Dynamic effects of the magneto-elastic phase transition in a
FezP-type magnetocaloric alloy — eMaxiMiLIAN Fries!, PFEUF-
FER Lukas!, Tino GorrscHALLY2 Franziska ScHEBELD?, Kon-
STANTIN SKOKOV!, YOURI SKOURSKI?, MEHMET AcCET3, MICHAEL
FARLE3, JocHEN WosNiTzA3, and OLIVER GUTFLEISCH! — !Institut
fiir Materialwissenschaft, Technische Universitdt Darmstadt, 64287
Darmstadt — 2Hochfeldlabor Dresden (HLD-EMFL), Helmholtz-
Zentrum Dresden-Rossendorf, 01328 Dresden — 3Fakultét fiir Physik
und CENIDE, Universitdt Duisburg-Essen, 47057 Duisburg

Magnetic refrigeration could be an efficient alternative refrigeration
technology if operated at high cycling frequencies [1]. In order to
investigate if the magnetocaloric materials are applicable in a high-
frequency cooling device we measured the adiabatic temperature
change AT, 4 of a FeaP-type alloy [2] under different field-change rates
ranging from 0.93 Ts~! in a permanent-magnet-based Halbach setup to
2700 Ts~1 in pulsed fields. We observed that a field-rate independent
second-order like phase transition always overlaps with the first-order
phase transition leading to a non-saturating behavior of AT, 4 even in
fields up to 20 T. By measurements under different field pulse rates we
show that the first-order phase transition cannot follow the fast field
changes, resulting in a distinct field-dependent hysteresis of ATy .

[1] O. Gutfleisch et al., Philosophical Transactions of the Royal So-
ciety A 374 (2016) 20150308. [2] M. Fries et al., Acta Materialia 132
(2017) 222

MA 20.5 Tue 10:30 EB 407

Decoupling of the magnetostructural transition in mag-

ntocaloric La-Fe-Si alloys — eYaNvaN SHa0!:?2, KONSTANTIN
Skokov?, Francors GuiLLou®, DmrTrry YU KARPENKOVZ, MINGX-
1a0 Zuanc!, OLiver GurrLEiscu?, and Jian Liu! — Ningbo In-

stitute of Material Technology and Engineering, CAS, 315201 Ningbo,
China — 2Material Science, TU Darmstadt, 64287 Darmstadt, Ger-
many — 3European Synchrotron Radiation Facility, 38000 Grenoble,
France

The giant magnetocaloric effect occurs when a magnetic material un-
dergoes a first-order magnetic transition, which usually involves the
coupling of magnetic and lattice contributions [1]. In order to inves-
tigate in detail the evolution of the magnetostructural phase transi-
tion, both magnetocaloric (dT(H)) and magnetovolume (dV(H)) ef-
fects in Lal.7Fel1.6Sil.4 alloy were measured simultaneously. We ob-
served that under isothermal conditions, only heat transfer occurs first,
whereas the structural transition takes place in higher fields, where the
heat transfer is already in progress or almost completed. The shift be-
tween the magnetic and structural transitions is 0.27 T, which clearly
indicates a decoupling effect. The decoupling effect was also confirmed
by X-ray absorption (lattice contribution) and by magnetic circular
dichroism (change in magnetic system). We will discuss different rea-
sons for the decoupling effect. [1]V. K. Pecharsky et al., Physical
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Review Letters. 91 (2003) 197204.

MA 20.6 Tue 10:45 EB 407
Correlation of microstructural and magnetic properties of
Mn-Fe-P-Si magnetocaloric compounds — eLukas PFEUFFER!,
MaxiMiLIAN Fries!, ENrico BRUDER!, TiNO GOTTSCHALLZ, SEMIH
EnEr!, LEorpoLp Diop!, THORSTEN GROB!, KONSTANTIN SKOKOV!,
and OLIVER GuTrLEISCH! — !Fachbereich Materialwissenschaft, TU
Darmstadt, 64287, Darmstadt, Germany — 2Dresden High Magnetic
Field Laboratory, Helmholtz-Zentrum Dresden-Rossendorf, 01328,

Dresden, Germany

Mn-Fe-P-Si alloys of Fe2P-type are very promising candidates for
magnetocaloric applications. Extensive studies dealing with the op-
timization of the chemical composition have been published in recent
years. However, the microstructure and its effect on the thermomag-
netic properties are rarely discussed in literature. For this reason, we
processed Mn-Fe-P-Si samples using a powder-metallurgical approach
and characterized their microstructure and magnetocaloric behaviour.
SEM, EDX, EBSD and XRD studies display small amounts of a cubic
secondary phase showing a distinct phosphorous depletion and a char-
acteristic arrangement at the triple junctions of the Fe2P grains. A
shift in saturation magnetization, transition temperature and isother-
mal entropy change as a function of the secondary phase fraction can
be observed. A significant influence of the metal/non-metal ratio on
the above mentioned properties could be investigated. Additionally, all
the prepared samples reveal a virgin effect shown thermomagnetically
and with temperature dependent optical microscopy.

MA 20.7 Tue 11:00 EB 407
Influence of substitutions, hydrostatic pressure and mag-
netic field on the MnNiGe system — e ANDREAS TAUBEL, TINO
GorTrscHALL, MaxiMmiLIAN FRries, Tom Faske, KonstanTIN P.
Skokov, and OLIVER GUTFLEISCH — TU Darmstadt, Institute of Ma-
terial Science, Alarich-Weiss-Str. 16, 64287 Darmstadt, Germany

An enhancement in the energy efficiency of cooling devices for house-
hold refrigeration and air conditioning can provide worldwide savings
in energy and COg emissions. An alternative to conventional gas com-
pression refrigerators is solid state based magnetocaloric cooling with
the potential of increased energy efficiency. The MM’X materials fam-
ily provides promising magnetocaloric effects with sharp phase transi-
tions for the MnNiGe and MnCoGe systems.

We studied the isostructural substitutions of Fe for Mn and Si for
Ge, which enhance the ferromagnetic character of the low temperature
phase, allow for a precise tuning of the transition temperature and re-
duce the amount of expensive Ge in the compounds. Since a magnetic
field shifts the transition temperature by 1 K T, the phase transition
cannot be induced completely in small fields. We directly measured a
maximum adiabatic temperature change of 1.3 K for the first magnetic
field application of 1.93 T [1]. Therefore, the large sensitivity towards
hydrostatic pressure (72 K GPa~!) enables an additional stimulus to
induce the phase transition more efficiently for Fe- and Si-substituted
(Mn,Fe)Ni(Ge,Si) compounds.

This work was supported by DFG (Grant No. SPP1599).

[1] A. Taubel et al., J. Phys. D: Appl. Phys. 50, 464005 (2017)

15 minutes break

MA 20.8 Tue 11:30 EB 407
Exploring three-dimensional temperature gradients in mag-
netic tunnel junctions: Anomalous Nernst effect — UL-
RIKE MARTENs!, TorsTEN HUEBNER?, HENNING ULRrIicHs®, OLIVER
REIMER2, TiMo KuscHELZ, RoNNIE TaMMING?, CHIA-LIN CHANG?,
RaANAN ToBeY?, ANDy Tuomas®, Markus MUNzZENBERG!, and
eJakoB WarLowski! — Universitit Greifswald, Greifswald, Germany
— 2Bielefeld University, Bielefeld, Germany — 3Universitdt Gottin-
gen, Gottingen, Germany — 4University of Groningen, Groningen,
The Netherlands — SIFW Dresden, Institute for Metallic Materials,
Dresden, Germany

We measure the anomalous Nernst effect (ANE) generated on a
nanometer length scale by micrometer sized temperature gradients in
magnetic tunnel junctions (MTJs). The ANE is extracted by ana-
lyzing the influence of in-plane temperature gradients on the tunnel
magneto-Seebeck effect (TMS) in in-plane magnetized MTJs based on
CoFeB electrodes with uniaxial magnetic anisotropy and an MgO tun-
nel barrier. The direction controlled temperature gradients are created
by a focused laser spot. The spatial extent of the measured effects is
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defined by the MTJ size, while the spatial resolution is given by the
laser spot size and the step size of its lateral translation. The mea-
surement method is highly sensitive to low voltages and yields an ANE
coefficient of Ky ~ 1.6 - 1038 % for CoFeB. At such sensitivity, the
generated ANE effect allows to expand the MTJs’ functionality from
simple memory storage to nonvolatile logic devices and opens new ap-

plication fields e.g. direction dependent temperature sensing.

MA 20.9 Tue 11:45 EB 407
Anomalous Nernst effect in carbon doped Mns;Ges and
Mn;5Si3 thin films — eSAsMITA SRICHANDAN, SiHAO DENG, and
CHRIsSTOPH SURGERS — Karlsruhe Institute of Technology, Physikalis-
ches Institut, PO Box 6980, 76049 Karlsruhe, Germany

Carbon doped MnsGes shows enhanced magnetic properties compared
to pure MnsGes which makes MnsGesC,, suitable for spintronics appli-
cations. The magnetotransport properties of ferromagnetic MnsGes,
MnsGe3zCp.g and MnsSizCq.g systems have been previously investi-
gated [1]. In this present work, the thermal-magnetotransport prop-
erties, in particular the anomalous Nernst effect (ANE), have been
experimentally investigated in thin films of MnsGe3Cp.g, MnsSizCo.g
and MnsGes on Ge (111). The ANE coefficients for all the films show
the same positive sign at high temperatures until at about 100 K the
sign changes to negative for MnsGe3zCp.g and MnsGes films but not
for MnsSizCqp. g film. This behavior follows the same change of sign
behavior previously observed in the anisotropic magnetoresistance ra-
tio and ordinary Hall coefficient for these films. The change of sign
of the ANE is the direct consequence of the Mott relation in our fer-
romagnetic films [2] even if the sign of the anomalous Hall coefficient
remains unchanged. In addition, a possible contribution from the spin
Seebeck effect to the transverse thermo-voltage has been addressed.
[1] C. Stirgers et al. Phys. Rev. B 90, 104421(2014)

[2] T. Miyasato et al. Phys. Rev. Lett. 99, 086602(2007)

MA 20.10 Tue 12:00 EB 407
An experimental design to measure the spin Nernst effect —
eSANDRA GorrwaLs!, THiErRY Crozes?, and GEorRG ScHMIDT!:3
— Martin-Luther-Universitdt Halle-Wittenberg, Institut fiir Physik,
Fachgruppe Nanostrukturierte Materialien, Halle — 2Institut Néel,
CNRS, Grenoble — 3Martin-Luther-Universitit Halle-Wittenberg, In-
terdisziplindres Zentrum fiir Materialwissenschaften, Halle

Like the spin Hall effect to the ordinary Hall effect the spin Nernst
effect compares to the Nernst effect. A thermal gradient in a material
with sufficient spin orbit coupling generates a spin current and spin ac-
cumulation perpendicular to the gradient. We are developing a setup
to measure the resulting spin accumulation and magnetic moment us-
ing micro SQUIDs. The sample design is rather complex because it
needs at least two micro SQUIDs to measure the spin accumulation on
two opposite sides of a Pt layer together with superconducting stripes
to measure the local temperature. On top of these a Pt layer and a
heater with the necessary electrical insulation need to be processed.
We present the results and current status of our development. On all
superconducting structures the critical current needs to be measured
simultaneously.

MA 20.11 Tue 12:15 EB 407
A tool for detecting complex magnetic configurations —
e ALEXANDER FERNANDEZ ScARIONI!, DAVID SCHROETER?, XIUKUN
Hul, SiByLLE Sievers!, Dirk MEeNzeEL?, STEFAN SULLOwZ, and
Hans W. ScrumMacHER! — 1Physikalish-Technische Bundesanstalt
(PTB), Braunschweig, Germany — 2Institut fiir Physik der Konden-

sierten Materie, TU Braunschweig, Germany

The anomalous Nernst effect (ANE) is a simple and powerful tool to
detect the average magnetization in a single nanowire. Using this sim-
ple thermoelectrical measurement one can precisely track the position
and motion of a single Domain Wall in a metallic nanowire with per-
pendicular magnetization anisotropy with a resolution below 20 nm
[1]. This makes the ANE a candidate for detecting the magnetization
in nanowires made of complex materials such as the ones that show a
Dzyaloshinskii-Moriya Interaction (DMI), even also single skyrmions
in nanowires. We are going to show thermoelectric ANE measurements
on a nanowire with DMI were we can identify the different components
of the magnetization.
[1] P. Krzysteczko et al., Phys. Rev. B. 95, 220410(R) (2017)

MA 20.12 Tue 12:30 EB 407
Magneto-Seebeck Tunneling Across a Vacuum Barrier —
eCopny FRrIESEN and STEFAN KRAUSE — Department of Physics, Uni-
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versity of Hamburg, Jungiusstr. 11A, 20355 Hamburg, Germany

The tunneling magneto-Seebeck (TMS) effect has been intensively
studied both for its potential applications in e.g. waste heat recycling
in electronics, and for the insights it can provide into fundamental solid
state phenomena. This effect has been measured in planar junctions
[1] and, as will be described in this talk, can also be measured using
spin-polarized scanning tunneling microscopy (SP-STM).

The experiments were performed at low temperatures (T = 50 K)
and in UHV conditions, on the Fe/W(110) multilayer system [2], us-
ing a laser-heated bulk Cr tip and active bias compensation. The
non-collinear spin structures present in this sample system, and the

atomic-scale lateral resolution of SP-STM, allowed for the imaging of
a continuous range of relative tip-sample magnetization orientations.
Here, as in planar junctions, the measurement of the temperature
gradient between electrodes is a significant challenge. We have esti-
mated the tip-sample temperature difference using a linear thermal
tip expansion model. To verify this, we have also directly predicted
the Seebeck coefficient S using tunneling bias spectroscopy. We found
these approaches to be in good agreement, suggesting a convenient
spectroscopic approach to determining S on the atomic scale, even in
the absence of a temperature gradient.
[1] M. Walter et al., Nat. Mater. 10, 10 (2011).
[2] S. Meckler et al., Phys. Rev. Lett. 103, 15 (2009).

MA 21: Poster |

Time: Tuesday 9:30-13:00

MA 21.1 Tue 9:30 Poster A
Topological Hall effect in asymmetric all-oxide perovskite su-
perlattices? — eLENA Wysockl, JORG ScHOPF, RaMmiL MIRzA-
AGHEYEV, RoLF VERSTEEG, Paur H. M. van LoosprREcCHT, and
IoNELA LINDFORS-VREJOIU — Universitiat zu Koln, I1. Physikalisches
Institut

Interactions at coherent interfaces in all-oxide superlattices may re-
sult in spectacular physical effects. The presence of interfacial
Dzyaloshinskii-Moriya interaction at the interface between a ferromag-
netic oxide layer and a heavy 5d metal oxide may generates chiral
magnetic order in the ferromagnetic layers, possibly even leading to a
skyrmionic phase. Here we study the effects of interfacing a ferromag-
netic 4d transition metal oxide, STRuO3, with non-magnetic insulating
4d and 5d transition metal oxides. Asymmetric superlattices combin-
ing SrTRuO3 and 5d perovskite oxides were grown by pulsed-laser de-
position and studied by SQUID magnetization, magneto-optical Kerr
effect, and Hall effect experiments. The Hall resistivity measurements
of the superlattices showed, besides the usual ordinary and anoma-
lous contributions, a clear contribution hinting to the occurrence of a
topological Hall effect, and hence to the occurrence of topological mag-
netic textures in the SrRuO3 layers. These results open the gateway
to engineered all-oxide heterostructures hosting non-trivial magnetic
structures such as skyrmions.

MA 21.2 Tue 9:30 Poster A
Signatures of toroidal order — ¢OLIVER Buscu!, BoraE GOBEL?,
and INGRID MEgRrTiGH2 — lInstitut fiir Physik, Martin-Luther-
Universitit, D-06120 Halle — 2Max-Planck-Institut fiir Mikrostruk-

turphysik, D-06120 Halle

Magnetic moments that form a closed planar ring exhibit a toroidal
moment. Ferrotoroidic order, i.e., the periodic arrangement of uni-
form toroidal moments, changes its sign upon application of space or
time inversion and gives rise to a magnetoelectric effect of electrons [1].
Effective Hamiltonians allow a simplified description of toroidal order
on honeycomb lattices and a prediction of the magnetoelectric effect,
as well as a strongly diminished anomalous Hall effect in the presence
of toroidal order [2].

We report on tight-binding calculations of a full sp Hamiltonian
with toroidal order on a square-octagon lattice, in which toroidal mo-
ments are formed by the four spins of the square plaquettes. The band
structure of electrons on this lattice without toroidal order shows a
symmetric shift in reciprocal space due to spin-orbit coupling. Ap-
plying toroidal order leads to an asymmetric shift along the direction
of the toroidal moment, as for the honeycomb lattice [2]. We present
a band-resolved analysis to obtain deeper understanding of the above
effects.

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

MA 21.3 Tue 9:30 Poster A
Spin-resolved inelastic electron scattering by spin-waves in
non-collinear magnets — eFLAvVIANO JOSE DOsS SANTOS, MANUEL
pos SanNTos Dias, FiipE S.M. GUIMARAES, JuBAa Bouaziz, and
SaMIrR Lounis — Peter Griinberg Institut and Institute for Advanced
Simulation, Forschungszentrum Jiilich & JARA, D-52425 Jiilich, Ger-
many

So far, no experimental technique has attempted to probe large wave-
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vector spin-waves in non-collinear low-dimensional systems. In this
work, we explain how inelastic electron scattering, being suitable for
investigations of surfaces and thin films, can detect the collective spin-
excitation spectra of non-collinear magnets. We propose a measure-
ment protocol to reveal the particularities of spin-waves in such non-
collinear samples, by utilizing spin-polarized electron-energy-loss spec-
troscopy augmented with a spin-analyzer. With the spin-analyzer de-
tecting the polarization of the scattered electrons, four spin-dependent
scattering channels are defined, which allow to filter and select spe-
cific spin-wave modes. We take as examples a topological non-trivial
skyrmion lattice, a spin-spiral phase and the conventional ferromag-
net. Then we demonstrate that, counter-intuitively and in contrast
to the ferromagnetic case, even non spin-flip processes can generate
spin-waves in non-collinear substrates.

Work supported by the Brazilian agency CAPES under Project
No. 13703/13-7 and the European Research Council under ERC-
consolidator Grant No. 681405-DYNASORE.

MA 21.4 Tue 9:30 Poster A
Spin wave dynamics in the chiral magnet Fes;0Gesg —
eNicoLas JosTEN!, BENJAMIN ZINGSEM!:2, DETLEF SpoppIG!, ILIYA
RapuLov?, RaLF MEckeNsTock!, THomas FEGGELER!, MICHAEL
FarLE!, and OLiver GurrLEiscH® — !Faculty of Physics and Center
for Nanointegration (CENIDE), University Duisburg Essen, Duisburg,
47057, Germany — 2Ernst Ruska Centre for Microscopy and Spec-
troscopy with Electrons and Peter Griinberg Institute, Forschungszen-
trum Jillich GmbH, 52425 Jiilich, Germany — 3Department of
Material- and Geosciences, Functional Materials, Technische Univer-
sitdt Darmstadt

We use X-band ferromagnetic resonance (FMR) spectroscopy inside an
R-Type micro-resonator [1] to investigate polycrystalline micron sized
samples of FesoGesp, a chiral magnet, with a B20 crystal structure.
Unusual dynamics in confined chiral magnets were, for example, pre-
dicted in [2], showing that additional resonance modes are expected
in confined chiral systems as opposed to achiral systems. Indeed, be-
sides the uniform main mode, we observe a multitude of resonances at
high fields (200-900 mT), identified as spin wave modes, which cannot
be explained within the standard model of FMR and are tailorable in
wedge-shaped samples due to the special geometric boundary condi-
tions. Furthermore, we find a unidirectional anisotropy for the spin
waves, which does not affect the uniform main mode.

[1] R. Narkowicz, D. Suter, and I. Niemeyer. Rev. of Sci. Instr.,
79(8):084702, 2008. [2] B. Zingsem, M. Farle, R. Stamps, R. Camley.
arXiv:1609.03417

MA 21.5 Tue 9:30 Poster A
Resonant Soft X-Ray Scattering Ferromagnetic Resonance
in the chiral magnet CusOSeO3; — eSimoN PoLLaTu!, AQEEL
Aisual, Cuen Luo'2, Hanio RyrLr?, FLoriN Rapu?, and CHRIs-
TIAN Back! — !Department of Physics, University of Regensburg,
Universititsstrasse 31, 93053, Regensburg, Germany — 2Helmholtz-
Zentrum Berlin fiir Materialien und Energie, Albert-Einstein Str. 15,
12489, Berlin, Germany

We report on X-ray Ferromagnetic Resonance (X-FMR) in scattering
geometry in the skyrmion hosting chiral magnet CuaOSeO3. Using a
detector system which provides vertical and horizontal scanning capa-
bility mounted within the magnet bore, the diffraction patterns of the
helical, conical and skyrmion phases are obtained. Through mapping
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of the magnetic scattering around the forbidden structural (001/2)
Bragg peak, in resonant scattering at the Cu L3 edge, we can distin-
guish and probe individually each of the helical, conical and skyrmion
magnetic configurations. The system is excited via microwaves which
at the resonant frequencies is directly as magnetic scattering contrast.
The measurements were performed at the VEKMAG end station.

MA 21.6 Tue 9:30 Poster A

generation of dzyaloshinskii-moriya interaction in three-
dimensional topological insulators beyond linear indi-
rect exchange interaction — eManrRoo SHIRANZAEIMZ, JoNAS

FraNssoN?, HoseiN CHERAGHCHI', and FARIBORZ PARHIZGAR2

ISchool of Physics, Damghan University, P.O. Box 36716-41167,
Damghan, Iran — 2Department of Physics and Astronomy, Uppsala
University, Box 516, SE-751 21, Uppsala, Sweden

The Dzyalosinski-Morya (DM) interaction which is a cause of spin-
orbit coupling in materials becomes a rapidly growing topic in the field
of spintronics. This anisotropic interaction results in exotic phases such
as skyrmions, and chiral domain walls. In dilute magnetic semicon-
ductors, the magnetic impurities interact indirectly via the itinerant
electrons and the magnetic properties can be controlled by tuning the
electronic properties. Although the surface states of three-dimensional
topological insulators resemble a pure Rashba Hamiltonian, the DM
term takes zero magnitude at the Dirac point. Furthermore, impu-
rities modify the electronic structure by inducing new local states in
the material. These new states become important when they occur
at energies with vanishing (inside band gap) or low density of elec-
tron states (e.g., near Dirac point). In our survey, we go beyond the
well-known RKKY interaction within the linear response theory and
consider effects of these impurity states on the indirect exchange in-
teraction. We studied the effect of these new states on the different
terms of the RKKY interaction and found that the DM term takes
large values while the collinear parts reduce and even can change sign
in some cases.

MA 21.7 Tue 9:30 Poster A
Spin textures in Fe/Rh/Ir(111) investigated by spin-
polarized STM — eANDRE KUBETzZKA, KIRSTEN VON BERGMANN,
and RoLAaND WIESENDANGER — Department of Physics, University of
Hamburg, Germany

We employ low temperature spin-polarized STM to investigate het-
erogeneous bilayer films on the heavy substrate Ir(111). While
Pd/Fe/Ir(111) shows a magnetic spin spiral of 6 nm, which forms a
skyrmion lattice in an applied field of 1.5 Tesla [1], exchanging Pd with
Rh results in spiral periods of only 1-1.5 nm in Rh/Fe/Ir(111) [2]|. Here,
we investigate the magnetism of the reversed system, Fe/Rh/Ir(111),
where the Fe layer is moved away from the heavy substrate. Depend-
ing on the stacking of the Fe layer (hcp or fcc), we find a spiral of
period 1.1 nm and a hexagonal spin texture with a period of 1.3 nm.
The magnetic periods are surprisingly close to the reversed system,
Rh/Fe/Ir(111), but interestingly, the stacking of the Fe layer alone
determines whether the spin texture is one- or two-dimensional.

[1] N. Romming et. al, Writing and deleting single magnetic skyrmions,
Science 341, 636 (2013).

[2] N. Romming et. al, Spin spirals in ultra-thin films driven by frus-
tration of exchange interactions: Rh/Fe/Ir(111), arXiv:1610.07853
(2016).

MA 21.8 Tue 9:30 Poster A
Stripe and bubble domain formation and transformation
in Ni/Fe/Cu(001) — eTHoMmAs MEIER, MATTHIAS KRONSEDER,
and CHRISTIAN Back — Institut fiir experimentelle und angewandte
Physik, Universitdt Regensburg, Deutschland

In wultrathin ferromagnetic films with perpendicular magnetic
anisotropy a spin-reorientation transition from out-of-plane to in-plane
magnetization may occur. The competition of the domain wall energy
and the dipole interaction leads to a rich variety of domain patterns in
the vicinity of this spin reorientation transition. We investigate chiral
magnetic domain patterns stabilized by the Dzyaloshinskii-Moriya in-
teraction (DMI) in Cu- and Pt- capped Ni/Fe/Cu(001) samples with
different DMI-constants depending on effective anisotropy, tempera-
ture and external magnetic fields. Phase diagrams of the magnetic
domain pattern are recorded for both sample types and by scaling
the magnetic field a universal phase diagram for perpendicularly mag-
netized systems depending only on the stripe domain width in zero
field and the external magnetic field is obtained. By real-time imag-
ing of the domain pattern using a high-speed camera we investigate
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the transition between bubble and stripe domain patterns dependent
on external magnetic field and temperature. We found that due to
the chiral nature of the domain walls merging and splitting of stripe
segments may be strongly suppressed at room temperature depending
on the stripe width, whereas a larger temperature of approx. 90°C
allows the transformation from bubbles to stripes and vice versa in an
experimentally accessible time scale.

MA 21.9 Tue 9:30 Poster A
Modification of perpendicular anisotropy synthetic antiferro-
magnets by local ion irradiation — eFaBiaN Samap!, LEOPOLD
Kocu!2, PHANI AREKAPUDIY, MIRIAM LENZ2, and OLav HELLwic!:2
— lInstitute of Physics, Chemnitz University of Technology, Germany
— 2Institute for Ion Beam Physics and Materials Research, Helmholtz-
Zentrum Dresden-Rossendorf, Germany

By using local ion irradiation we modify the magnetic microstructure
of perpendicular anisotropy synthetic antiferromagnets (AF) consisting
of [(Co/Pt)Co/Ru| multilayers. The systems magnetic energy balance
between AF interlayer exchange and dipolar energy has been tuned
such that its room temperature ground state exhibits a laterally cor-
related and vertically anti-correlated magnetic microstructure (single
domain antiferromagnet) [1]. In our study we locally altered this en-
ergy balance with focused ion beam irradiation with different ion flu-
ences and area shapes, giving rise to a variety of laterally coexisting
magnetic phases and 3D-magnetic textures. Extensive studies of their
interaction as well as their field reversal behavior were performed with
in-field high resolution magnetic force microscopy.

[1] O. Hellwig, J. B. Kortright, A. Berger and E. E. Fullerton, J.
Magn. Magn. Mater. 319, 13-55 (2007).

MA 21.10 Tue 9:30 Poster A
Surface acoustic wave mediated magneto elastic investigation
of magnetic thin film systems — eMarTHias Kiss!, MICHAEL
HeicL?, ANDREAS HORNER!, MANFRED ALBRECHT?, and ACHIM
WixroRTH! — 1Lehrstuhl fiir Experimentalphysik I, Universitat Augs-

burg, — 2Lehrstuhl fiir Experimentalphysik IV, Universitit 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 ra-
dio frequency regime, both degrees of freedom have the potential to
become strongly or even resonantly coupled. Therefore, not only the
magnetization, but also the properties of the SAW itself are character-
istically changed. This can be easily measured in a delay line setup,
made up of two interdigital transducers (IDT).

Besides highly magnetostrictive ferrimagnetic TbFe thin films,
exchanged-biased CoFeB/CoO, consisting of a soft ferromagnet CoFeB
and an antiferromagnetic CoO layer, are studied. Because the Néel
temperature of the antiferromagnet is at about 160K, it is possible to
probe the impact of the exchange bias effect on the magnetoacoustic
interaction below and above the blocking temperature. First results
obtained on magnetization reversal at room temperature as a func-
tion of sample orientation show good accordance with the theory of
elastically driven ferromagnetic resonance.

MA 21.11 Tue 9:30 Poster A
Interfacial ferromagnetism in LaMnO3s/SrMnOs3 superlat-
tices — oJaN PuiLipp Bancre!, Marius KEUNECKE!, VLADIMIR
RobppaTis?, and VasiLy Mosunvyacal — lErstes Physikalisches In-
stitut, Georg-August-Universitit-Gottingen, Germany — 2Institut fiir
Materialphysik, Georg-August-Universitat-Gottingen, Germany
Transition-metal-oxide perovskite heterostructures show unusual elec-
trical and magnetic properties originated from the so called “emergent
phases” at the interfaces [1]. Their behaviour is shown to be gov-
erned by interfacial charge transfer, driven by polar mismatch and
orbital reconstruction, which can be as well influenced by epitaxy
stress. The metalorganic aerosol deposition (MAD) technique was
employed to grow digital [(StMnO3)y,/(LaMnO3)m|10 superlattices
(SL) on SrTiO3(100) substrates with layer thicknesses n,m=3,4,5,6
u.c. Structural characterization reveals chemically sharp and symmet-
ric interfaces as well as atomically smooth surface morphology. A com-
plex magnetic behaviour with coexisting high- and low-temperature
ferromagnetic phases with T 1=270-350 K and T¢ 2=150-280 K, re-
spectively, was observed and assigned to the interfacial (T¢,1) and
LMO-like (T¢,2) contributions. Magnetic properties were found to be
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controlled by the SL design, i.e. by the SMO/LMO thickness ratio
(n/n + m), thus, pointing out the importance of crystal structure and
MnOg octahedral distortions onto the manifestation of the emergent
high-T¢ interfacial magnetism. [1] Hwang, H.Y., Iwasa, Y., Kawasaki,
M., Keimer, B., Nagaosa, N. and Tokura, Y. “Emergent phenomena at
oxide interfaces” Nat. Mater. 11, 103 (2012).

MA 21.12 Tue 9:30 Poster A
Optical detection of magnetic excitations in ferromagnets via
photoluminescence in nearby diamond NV centers — oCHRIS
KOrRNER!, MARTIN WAGENER?, Nikras LieBinc!, and GEeora
WoLTERSDORF! — !Martin Luther University Halle-Wittenberg —

2Johannes Gutenberg University Mainz

We detect magnetic resonance in ferromagnetic layers by means of op-
tical photoluminescence (PL) measurements using nanoscale diamonds
containing nitrogen-vacancy (NV) centers. In magnetic layers exposed
to RF- and static bias fields, different modes can be excited. These
modes become visible in the PL signal of nearby NV centers, as pre-
viously observed by Wolfe et al. [1,2]. However, the physical origin of
the cross coupling between magnetic excitations and the photolumines-
cence of NV centers is still not revealed. There are some approaches
conceivable, namely spin-transport, magnetostriction, and magnetic
stray fields [3]. Our work intends to identify the physical mechanism
of the spin-wave induced change in the PL signal by measuring the
dependence on the excited modes in various magnetic materials at dif-
ferent RF-frequencies and bias fields. Additionally, we investigate the
influence of different spacer layer materials and thicknesses, as well as
various surface structures.

[1] C. S. Wolfe et al. Phys. Rev. B 89, 180406 (2014)

[2] C. S. Wolfe et al. ArXiv 1512.05418v2 (2016)

[3] A. Yacoby et al. Science 257, 6347 (2017)

MA 21.13 Tue 9:30 Poster A
X-ray magnetic linear dichroism as a probe for non-
collinear magnetic state — eCueN Luo!? and FLoriN Rapu? —
IDepartment of Physics, University of Regensburg, Universitétsstrasse
31, 93053, Regensburg, Germany — 2Helmholtz-Zentrum Berlin fiir
Materialien und Energie, Albert-Einstein Str. 15, 12489, Berlin, Ger-
many

We report on exploiting the X-ray magnetic linear dichroism (XMLD)
contrast for probing the non-collinear states in DyCos ferrimagnetic
thin film. From the X-ray magnetic circular dichroism measurements,
an anomalous 'wing shape’ hysteresis loop is observed slightly above its
compensation temperature. This bear the chracterisitcs of an intrinsic
exchange bias effect, referred to as atomic exchange bias. This effect
is assumed to be mediated by the formation of an the out-of-plane
domain wall formation from the surface towards the bulk. By taking
advantage of the strong linear dichroism of the Dy element at the Ms
absorption edge, the formation of domain walls during the hysteresis
measurements is directly observed via XMLD measurements.

MA 21.14 Tue 9:30 Poster A
Novel method of setting exchange bias in tunnel magnetore-
sistance devices with laser annealing — ®APOORVA SHARMA!,
MaRia ALMEIDA'2, SANDRA Busse3, Marnias MULLER3, PATRICK
MarTHES?, HorsT EXNER3, STEFAN E. ScrmuLz?, Dietrica R.T.
ZAHN!, and GEORGETA SALvAN! — lInstitute of Physics, Chemnitz
University of Technology, 09107 Chemnitz, Germany — 2Fraunhofer
ENAS, 09126 Chemnitz, Germany — °Laserinstitut Hochschule Mit-
tweid, Schillerstrafie 10, 09648 Mittweida, Germany

Magnetic field sensors have become indispensable in a vast variety of
modern devices, with applications ranging from basic research to indus-
trial equipment. The so-called spintronic magnetoresistive effects, in
particular the tunnel magnetoresistance can provide larger signal yields
and sensitivities compared to well-established Hall and Anisotropy
magnetoresistance technologies. The selective orientation of the mag-
netization depending on setting an exchange bias in micron size sen-
sors, however, still represents a challenge. This can be achieved by laser
annealing in conjunction with the suitable magnetic field. We investi-
gated micromagnetic properties of IrMn/CoFeB/MgO/CoFeB tunnel
junctions upon localized annealing with a 1064 nm IR laser, focusing
on the magnetic properties of the exchanged coupled IrMn/CoFeB bi-
layers, namely the magnetization, coercivity, and exchange bias field.
These were evaluated with SQUID-VSM and MOKE-magnetometry, as
well as with a 4-point probe magnetoresistance measurement method.
The exchange field set with laser-field-cooling was observed to be com-
parable with conventional methods.
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MA 21.15 Tue 9:30 Poster A

Influence of Bulk and Interface Defects in the Antiferromag-
netic Layer for the Exchange- Bias Effect — e TAUQIR TAUQIRl,
M. YaqoosB Kuan2, Ikram Urran?, M. Sajjap?, Izran ULLan?,
Yasser A. Suokr!, and Worreang Kucu! — lInstitut fiir Experi-
mentalphysik, Freie Universitdt Berlin, Arnimallee 14, 14195 Berlin,
Germany — 2Kohat University of Science and Technology, Kohat

26000, Khyber Pakhtunkhwa, Pakistan

A series of experiments is carried out to identify the fundamental
mechanisms leading to the exchange bias effect in ultrathin epitax-
ial bilayer samples ferromagnetic/antiferromagnetic (FM/AFM) on a
Cu3Au(001) substrate. The studied samples are bilayers of single-
crystalline antiferromagnetic NiasMn7s and ferromagnetic Co layers,
deposited under UHV, in which structural or chemical defects are de-
liberately introduced by Art ion bombardment for short times at the
FM/AFM interface or at a certain depth of the AFM layer. The ap-
proach is to influence both the interface coupling as well as 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 that the interfacial
and sandwiched defects result in decrease and increase of the exchange
bias field (Hep), respectively. We interpret this as, within the AFM
layer, sandwiched defects leading to the formation of domains, which in
turn give rise to uncompensated pinned moments that are responsible
for the increased H;, as predicted in the domain-state model.

MA 21.16 Tue 9:30 Poster A
Interface coupling between 3d-Lagg7Srp.33MnOs and 5d-
SrIrO3 — eLukas BErGMANN, DiaNA Rara, and KATHRIN DORR
— MLU Halle-Wittenberg, Halle, Germany

The magnetic anisotropy (MA) is a fundamental property of magnetic
materials. Especially the perpendicular magnetic anisotropy (PMA) is
important for new spintronic devices. We investigate how the interface
coupling between 3d-Lag.675r0.33MnO3(LSMO) and 5d-SrIrOs (SIO)
can influence the MA in the ferromagnetic LSMO. SIO is a paramagnet
with a strong spin-orbit coupling [1], which can induce Dzyaloshinskii-
Moriya interactions at the interface with another oxide.

Heterostructures of LSMO and SIO with different layer thickness
are grown by the pulsed laser deposition (PLD). We are using TiO2
terminated (100) SrTiOg3 as substrate. The structure characterization
is done by X-Ray diffraction (XRD). The magnetic and electrical prop-
erties are investigated by SQUID and transport measurements. The
results of this study and ongoing work will be presented.

[1] A. Biswas, K.-S. Kim, and Y. Jeong, Journal of Magnetism and
Magnetic Materials, 400 (2015)

MA 21.17 Tue 9:30 Poster A
Ferromagnetic Resonance of Coa;MnGa Thin Films
ePrTER SweKis!'2, ANasTasios Markou!, YI-Cueng CHEN!, JORG
SicHELSCHMIDT!, STEFAN KLINGLER®'#, MaTHIAS WEILER®#, SEBAS-
TiaN T.B. GONNENWEIN?, and CLAauDIA FeELser! — !Max Planck
Institute for Chemical Physics of Solids, N6thnitzer Strafte 40, 01187
Dresden, Germany — 2TU Dresden, Institute of Solid State Physics,
Helmholzstr. 40, 01069 Dresden, Germany — 3Walther Meifiner In-
stitute, Walther-Meifiner-Strafie 8, 85748 Garching, Germany — *TU
Miinchen, Physics-Department, 85748 Garching, Germany

Heusler compounds are a widely studied class of materials interesting
for spintronic applications due to a number of magnetic and electronic
properties, such as high spin polarization and elevated Curie temper-
atures. The dynamic response to gigahertz frequencies becomes par-
ticularly interesting and has to be investigated in relevant structures.
We studied CoaMnGa thin films of various thicknesses (10-80 nm)
with cavity FMR (X-Band) as well as broadband FMR to determine
damping, g-factor, effective magnetization and anisotropy constants.
First results show a trend of all parameters with changing thickness.
Furthermore, we observed unusual oscillating behavior of the broad-
band FMR linewidth with frequency as well as 8-fold symmetry of the
anisotropy in cavity FMR in-plane measurements.

MA 21.18 Tue 9:30 Poster A
XRMR study of ultrathin magnetite films on MgO and
SrTiO3 substrates — eToBias PoHLMANN!, KARSTEN KUPPER!,
Tivo KuscueL?, and JoacHiM WoLLsScHLAGER! — 1Osnabriick Uni-
versity, Osnabriick, Germany — 2Bielefeld University, Bielefeld, Ger-

many
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Magnetite thin films are frequently discussed as material for spintronic
devices, such as magnetic tunnel junctions. For such multilayer de-
vices, understanding the magnetic interface effects can be significantly
important. While x-ray magnetic circular dichroism (XMCD) — the
main technique to investigate the magnetic properties in an element
resolved fashion — is sensitive to the entire film volume, x-ray mag-
netic reflectometry (XRMR) allows for the probing of the magnetic
moment depth distribution and even of buried interfaces. Recently,
it has been found that the easy axis of magnetite films depends on
the substrate, switching from [110] in Fe3O4/MgO(001) to [100] in
Fez04/SrTiO3(001) [1]. To clarify the origin of this behaviour, we
have grown magnetite ultrathin films on MgO(001) and SrTiO3(001)
substrates by molecular beam epitaxy. We employ XMCD together
with XRMR to obtain magnetic depth profiles of these samples. By
selecting the Fe Lg 3 resonances, the impact of the subtrate choice
on magnetite’s differently coordinated Fe ions can be resolved. Mag-
netite’s large saturation moment of 4 pp/f.u. leads to asymmetry
ratios of the XRMR signals as high as 60% at the resonances, demon-
strating the capability of this method for the study of magnetite.

[1] K. Kiipper et al., PRB 94, 024401 (2016)

MA 21.19 Tue 9:30 Poster A
Magnetization profile at the interface between CoFeB and
MgO determined by XRMR — eEBERHARD GOERING, DaaN
Borrig, and GiseLa ScHUETZ — Max-Planck-Institut fiir Intelligente
Systeme, 70569 Stuttgart

Sputtered CoFeB films sharing an interface with MgO play a key role
in out-of-plane magnetized magnetic tunnel junctions STT-MRAM de-
vices, based on perpendicular magnetic anisotropy (PMA). It is possi-
ble to switch the magnetic configuration using an electric field, directly
affecting the PMA in the CoFeB layer [1].

Detailed information on the chemical dependant near the inter-
face magnetic profile still lacks. We have performed x-ray resonant
magnetic reflectometry (XRMR) and related x-ray magnetic circu-
lar dichroism (XMCD) experiments on the CoFeB-MgO system [2].
We obtain magneto optical properties and corresponding chemical and
magnetic profiles for Co and Fe separately.

Partial oxidation of Fe during microfabrication is reported, where
the oxidation state is reversibly controlled by an electric field [3]. Sim-
ilarly, we find a 1 nm iron dead layer at the MgO interface and a 0.4 nm
thick dead layer for cobalt at both interfaces of the CoFeB. Our results
provide more information on the changes in magnetization profile due
to oxidation.

[1] Wang et al., Nature Materials 11, 64 (2012).

[2] Macke et al., JoP: Condensed Matter 26, 363201 (2014).

[3] Bonell et al., Applied Physics Letters 102, 152401 (2013).

MA 21.20 Tue 9:30 Poster A
Magnetic exchange coupling in Fe304/CoO bilayers on
MgO(001) — eKEevIN RuwiscH, Jarl RopEwALD, and JOACHIM
WoLLscHLAGER — Fachbereich Physik, Universitdt Osnabriick, Bar-
barastr. 7, 49079 Osnabriick

Spintronics is a rising field of research in physics. Magnetite as a fer-
rimagnet 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 films and ferri-
magnetic/antiferromagnetic bilayers for spintronic devices is very im-
portant since antiferromagnetic films serve as pinning layers due to
exchange bias.

Hence, in this work CoO and Fe304/CoO bilayers, grown by reac-
tive molecular beam epitaxy (RMBE) on MgO(001), are investigated
temperature-dependent via vibrating sample magnetometry (VSM).
Furthermore, cubic magnetic anisotropy (CMA) measurements are
performed. 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 CoO and
Fe304/Co0 is to evaluate the impact of CoO towards coercivity, re-
manence, magnetocrystalline anisotropy and especially the exchange
bias.

MA 21.21 Tue 9:30 Poster A
Quantum Hall Ferromagnetism in Two-Dimensional Atomic
Lattices ANGELIKA KnNorue!, THIERRY JoOLICOEURZ?, and

oVLADIMIR Far’ko! — 1National Graphene Institute, The University
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of Manchester, Manchester M13 9PL, United Kingdom — 2Laboratoire
de Physique Théorique et Modeéles Statistiques (LPTMS), Université
Paris-Sud, 91405 Orsay, France

Since the seminal discovery of graphene, two-dimensional (2D) atomic
crystals have proven to be an exciting playground for investigating
novel quantum Hall (QH) phenomena. Besides mono- and bilayer
graphene [1,2] this includes 2D surface states of crystals such as the
(111) surface of elemental bismuth [3] or heterostructures such as
graphene on hexagonal boron nitride [4].

We theoretically investigate these novel QH systems focussing on the
multiple discrete degrees of freedom the electrons may carry. Within
the framework of QH ferromagnetism, i.e, treating the electronic de-
grees of freedom as spins and isospins, different aspects of the sys-
tems are explored by analysing the resulting spin and isospin structure.
Hartree Fock theory is employed to study the influence of electronic
interactions in these multicomponent spin and isospin system on the
mean field level [5].

[1] A.Knothe, T. Jolicoeur, PRB 92, 165110 (2015), [2] A. Knothe,
T. Jolicoeur, PRB 94, 235149 (2016), [3] B. E. Feldman, Ali Yazdani,
et al., Science 354, 316-321 (2016) [4] Xi Chen, J. R. Wallbank, V.
I. Fal’ko, et al., PRB 89, 075401 (2014) [5] A. Knothe, Ph.D. Thesis,
University of Freiburg (2017)

MA 21.22 Tue 9:30 Poster A
Characterization of a synchrotron-based spin-resolved
ARPES set-up — eLaura KucGLErR, HENNING STURMEIT, DaA-
VIDE BossiNi, STEFANO PonzoNI, and MIRKO CINCHETTI — Experi-
mentelle Physik 6, Technische Universitdt Dortmund, 44227 Dortmund

Spin-resolved ARPES (angle-resolved photoelectron spectroscopy) is
one of the most powerful, yet almost unexplored, method to study the
spin properties of metal-organic interfaces. In particular, by analyzing
the angular dependence of the spin resolved photoemission yield, it is
possible to understand the complex interaction between organic adsor-
bates and metallic surfaces, and its influence on the spin properties of
the interface [1].

In this contribution we will present the characterization of the spin-
ARPES set-up at the Beamline 5 at Delta, the synchrotron light source
at the Technical University of Dortmund. To characterize the perfor-
mance of the system, we have performed measurements of the well-
known Cu(111) surface and of Co thin films on Cu(100).

[1]M. Cinchetti, A. Dediu, and L. Hueso. Nature Materials 16,
507*515, (2017).

MA 21.23 Tue 9:30 Poster A
First-principles study of the magnetic properties of 4d/Fe bi-
layers on W(001) — eNANNING PETERSEN, SEBASTIAN MEYER, and
STEFAN HEINZE — Institute of Theoretical Physics and Astrophysics,
Christian-Albrechts-Universitat zu Kiel, Leibnizstrasse 15, 24098 Kiel

The magnetic ground state of an Fe monolayer (ML) can be tuned
by growth on different 4d- and 5d-transition metal substrates due to
hybridization at the interface. In particular, it has been shown that
an Fe ML on the Pd(001) surface is ferromagnetic while it becomes
antiferromagnetic on W(001) [1]. Here, we use density functional the-
ory as implemented in the FLEUR code [2] to investigate the mag-
netic properties of composite systems of 4d/Fe bilayers on the W(001)
surface varying the 4d transition-metal from Nb to Pd. Since W is
a heavy transition-metal with large spin-orbit coupling, significant
Dzyaloshinskii-Moriya (DM) interaction is expected. We calculate the
energy difference between the ferro- and the antiferromagnetic state
for 4d/Fe bilayers on W(001). Spin spiral calculations are performed
to obtain the exchange and the DM interaction. We first focus on
model systems of freestanding 4d/Fe/W trilayers as well as the Fe/W
bilayer and compare these calculations with those for film systems such
as Pd/Fe/W(001).

[1] P. Ferriani et al., Phys. Rev. B 72, 024452 (2005)

[2] www.flapw.de

MA 21.24 Tue 9:30 Poster A
Realization of a Microstructured Spin-Wave Majority Gate —
eMaRTIN KEwENIG!, THOMAS BRACHER!, CARSTEN DUBs2, PHILIPP
Pirro!, and ANpDri1 CHUMAK! — 1Fachbereich Physik and Landes-
forschungszentrum OPTIMAS, Technische Universitiat Kaiserslautern,
Kaiserslautern, Germany — 2INNOVENT e.V. Technologieentwick-
lung Jena, 07745 Jena, Germany

Spin-wave logic devices offer large advantages compared to modern
CMOS-based elements. For example spin waves promise a significant
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reduction of Joule heating since they avoid Ohmic losses. An example
for such a logic element is the spin-wave majority gate, in which the
logical output is given by the majority of the logical inputs. Besides, a
spin-wave majority gate is suitable for the construction of all-magnonic
circuits. In this contribution, we present the fabrication and investi-
gation of a microstructured spin-wave majority gate device made from
a 80 nm thick YIG film. We investigate the operation of the device
by means of microwave techniques and performed additional measure-
ments to examine the spin-wave propagation and transmission by using
Brillouin light scattering microscopy. This research has been supported
by: DFG SFB/TRR 173 Spin+X, Project B01, ERC Starting Grant
678309 MagnonCircuit, and DFG (DU 1427/2-1).

MA 21.25 Tue 9:30 Poster A
Unidirectional excitation and interference of caustic-like spin-
wave beams — eFRrRANK HEUSSNER, MATTHIAS NABINGER, MILAN
ENDER, ALEXANDER A. SERGA, BURKARD HILLEBRANDS, and PHILIPP
Pirro — Fachbereich Physik and Landesforschungszentrum OPTI-
MAS, Technische Universitat Kaiserslautern, D-67663 Kaiserslautern,
Germany

Caustic-like spin-wave beams can be used to steer spin-wave energy in
2D magnetic structures. Hence, they are promising candidates to expe-
dite the development of 2D magnonic logic chips in which interference
effects are expected to play an important role for data processing.

Caustic-like beams are formed due to the superposition of different
spin-wave modes, which cover a broad range of wavevectors. Conse-
quently, their interference can lead to complex phenomena.

In this work, we present a detailed study of the interference of
caustic-like spin-wave beams in 2D magnetic media by utilizing mi-
cromagnetic simulations. General laws regarding the control of the
observed interference effects are deduced and exemplified. In addition,
based on these findings, a method for unidirectional excitation and
phase-dependent steering of caustic-like spin-wave beams is revealed.
Our results open doors to new possibilities for the technical application
of spin waves in 2D microstructures.

Financial support by DFG within project SFB/TRR 173 Spin+X is
gratefully acknowledged.

MA 21.26 Tue 9:30 Poster A
Non-reciprocal spin-wave dispersion in a NiFe/Ni bilayer

— eMoriTz GEILEN', MoORTEzZA MouseENI!, THoMAS BRACHER!,

Yves Henry2, DamieNn Louis?, MarTHIEU BAILLEUL?, FLORIN
CruBoTarRU3, BURKARD HILLEBRANDs!, and PuiLipp Pirro! — 'FB
Physik and Landesforschungszentrum OPTIMAS, TU Kaiserslautern,
Germany — 2Institut de Physique et Chimie des Matériaux de Stras-
bourg, UMR 7504, CNRS and Université de Strasbourg, B.P. 43, F-

67037 Strasbourg Cedex 2, France — 3Imec, B-3001 Leuven, Belgium

Surface spin waves have an imaginary wave-vector component k|
across the film thickness, which leads to a localization of this mode
to one surface of the film and the highly non-reciprocal propagation
behaviour. This component is proportional to the in-plane wave-vector
component kj, which is perpendicular to the magnetization. But as
long as both surfaces of the film are equal and the film itself has ho-
mogenous material parameters across its thickness the frequency of
spin waves with wave vectors +k|| and —k| are degenerate. This sym-
metry is broken in a magnetic bilayer system leading to frequency shift
between counter-propagating spin waves.

We present the investigation of the spin wave spectrum of a Ni (25
nm) / NiFe (25 nm) bilayer film employing wave-vector resolved Bril-
louin light scattering spectroscopy and micromagnetic simulations. We
find that the dispersion relation can be manipulated effectively, which
is an important property for future magnonic computing devices.

MA 21.27 Tue 9:30 Poster A
Modulation of spin-wave propagation with time-varying
magnetic fields — Nana NisHipal, ePETER MarTHIES!'2, KAI
WaeNERD2, KarriN Scuurrseiss!, and HeLmuT ScHULTHEISs!
— 1Helmholtz-Zentrum Dresden-Rossendorf, Institute of Ion Beam
Physics and Materials Research, Dresden, Germany — 2Technische

Universitdt Dresden, Dresden, Germany

We investigated spin-wave propagation under the influence of nanosec-
ond magnetic field pulses in a 2 ym wide spin-wave waveguide made
from NiFe. A coplanar waveguide serves as an antenna for spin waves.
The spin wave conduit is magnetized perpendicular to its long axis by
an external magnetic field. In order to modulate the amplitude of the
internal field, we apply 20 ns long current pulses to a gold conductor
that was fabricated below the spin-wave waveguide.
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The spin-wave intensity was measured using time-resolved Brillouin
light scattering microscopy while applying current pulses with am-
plitudes that both increase and decrease the effective magnetic field.
Depending on the applied microwave frequency, the initial magnetic
field and the direction of the pulsed magnetic field different phenom-
ena are observed: First, short spin-wave packets can be created when
starting the field sequence off resonance. Second, a pulse induced shift
of spin-wave frequencies is detected when starting at resonance, i.e.,
when propagating spin waves feel a time dependent magnetic field.

MA 21.28 Tue 9:30 Poster A
Injection locking of constriction based Spin-Hall nano-
oscillators — eTiLLMANN WEINHOLD!2, Tont Hacue!3, Sri Sar
Puant KanTH ARekapupi3, Orav Hevuowicb3, and HeLmuT
Scuurrnaeiss2 — 'Helmholtz-Zentrum Dresden-Rossendorf, Institut
fiir Ionenstrahlphysik und Materialforschung, Abteilung Magnetismus
— 2Faculty of Physics, Technische Universitiit Dresden, 01062 Dres-
den, Germany — S3Institut fiir Physik, Technische Universitdt Chem-
nitz, D-09107 Chemnitz

Spin-Hall nano-oscillators (SHNOs) are modern auto-oscillation de-
vices. Their simple geometry allows for an optical characterization
by Brillouin-Light-Scattering microscopy at room temperature. Here
we report on the observation of dc-driven auto-oscillations in constric-
tion based SHNOs under the forcing influence of an added microwave
current. We show the possibility of injection locking between the ap-
plied external signal and the auto-oscillations driven by a direct cur-
rent. Within the locking range the frequency of the auto-oscillations is
forced to the external stimulus. Furthermore, the intensity of the os-
cillations is strongly increased and the linewidth decreases. Due to the
controllability of the auto-oscillations of the magnetization, injection
locking can be used to influence the properties of future communication
technologies, e.g. based on synchronized constriction based Spin-Hall
nano-oscillator arrays.

MA 21.29 Tue 9:30 Poster A
Stokes- /Anti-Stokes signal dependance on polarization in
BLS measurements on thin magnetic films — eToBiAs JosT,
Davip BreiTBAcH, THOMAS MEYER, MoRITZ GEILEN, BURKARD
HiLLeEBrANDS, and PHiLipp PIRRo — FB Physik and Landes-
forschungszentrum OPTIMAS, TU Kaiserslautern, Germany

To investigate magnetoelastic phenomena in thin films, Brillouin
light scattering can be used to detect excitations of both the lattice
(phonons) and the magnetization (magnons). Depending on the se-
lected plane of polarization of the backscattered light, the signal con-
tains either strong contributions of the phonon- or magnon-signal, re-
spectively or a mixture of both. For a clear distinction of these two
signal sources in the analysis of experimental data, one has to know
the behavior of either of them separately.

In this work, the Stokes- and Anti-Stokes signals in dependence of the
plane of polarization were investigated on a thin permalloy film, in
which spin waves were excited by a coplanar wave guide. Contrary
to expectations the magnon-signal did not drop to zero for any plane
of polarization which indicates that the backscattered photons are not
completely linear polarized. In addition the Stokes- and Anti-stokes
amplitudes did not reach their respective maximum and minimum at
the same polarization configuration.

MA 21.30 Tue 9:30 Poster A
Backscattering-Immune Spin-Wave Modes for Protected
Magnon Transport — eMorTEzZA MoHSENI, Q1 WANG, BURKARD
HiLLEBRANDS, and PHILIPP PIRRO — Fachbereich Physik and Landes-
forschungszentrum OPTIMAS, Technische Universitat Kaiserslautern,
67663 Kaiserslautern, Germany.

Protected transport of energy and particles has been an intensive sub-
ject of research during the last decade. It has stimulated a lot of inter-
est in the field of topological insulators. The idea of protected trans-
port transferred into the realm of magnonics by considering different
types of magnonic crystals. Indeed, protected magnon transport would
constitute a major breakthrough in reducing the losses, which are as-
sociated with, e.g., defects and inhomogeneities in magnonic networks
for data processing. Here, we show that in homogeneous magnetic
thin films, backscattering-immune spin-wave modes exist. Using mi-
cromagnetic simulations, we show that in an in-plane magnetized film
with relatively small thickness, non-reciprocal waves which propagate
perpendicular to the static magnetization can be robust against even
large inhomogeneities and defects. Such robust and non-reciprocal spin
waves open the possibility for designing highly efficient magnonic el-
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ements. In addition, their strong protection should stimulate further
investigation of the topology of those waves.

MA 21.31 Tue 9:30 Poster A
Spin-Wave Reciprocity in the Presence of Néel Walls —
eLLukas KORrRBER, Kai WaGNER, ArTiLA KAkay, and HeELMUT
ScuaurTHEISS — Helmholtz-Zentrum Dresden - Rossendorf, Bautzner
Landstrafse 400, 01328 Dresden, Germany

We report on the reciprocity of channeled spin waves in a 180° Néel wall
with special focus on the in-plane curling of the magnetization. In par-
ticular, the dispersion relation, phase fronts and frequency-dependent
spin-wave intensites where studied by means of micromagnetic simu-
lations. Despite the strong curling of the magnetization at the center
of the Néel wall, non-reciprocity is only found in the domains whereas
the wall acts as a reciprocal channel.

Corresponding paper: L. Koérber, K. Wagner, A. Kakay, H.
Schultheiss ”Spin-wave reciprocity in the presence of Néel walls” IEEE
Magnetic Letters PP, 99 (2017), DOI: 10.1109/LMAG.2017.2762642

MA 21.32 Tue 9:30 Poster A
Investigation of spin wave modes in laterally confined
Yttrium-Iron-Garnet (YIG) thin films — ePHiLIPP GEYER,
MAXIMILIAN PALEScHKE, PHiLiP TREMPLER, and GEORG SCHMIDT
— Institut fiir Physik, Martin-Luther-Universitat Halle-Wittenberg,
Von-Danckelmann-Platz 3, 06120 Halle(Saale)

Magnonics is promising for the realization of low power information
storage and processing, by excitation of the spin lattice rather than by
moving electrons. In confined structures the propagation and damping
of spin waves strongly depends on the geometry. For example shape
anisotropy fields can change the dispersion in different directions. Dif-
ferent geometries thus lead to fundamentally different resonance char-
acteristics. In contrast to a rather complicated analytical description
for example by using Green functions theory, micromagnetic simula-
tions provide an easy way to examine different structures theoretically.
We have performed micromagnetic simulations of magnetic nanostruc-
tures with mumax3 [1] which we can compare to experimental results.
For the experiments arrays of identical nanostructures were investi-
gated by ferromagnetic resonance. The structures were fabricated from
thin YIG films with very low damping [2]. The results show numerous
standing spin wave modes including edge modes. Besides rectangular
shapes also other geometries like triangles were successfully investi-
gated.

[1] "The design and verification of mumax3", AIP Advances 4, 107133
(2014)

[2] C. Hauser et. al., Scientific Reports 6, 20827 (2016)

MA 21.33 Tue 9:30 Poster A
On-chip magnetic field bias for magnon-resonator ex-
periments — eSTEraN EiseLe!, TomisLav Piskor!, MaRrco
PFIRRMANN!, ANDRE SCHNEIDER!, HANNES ROTZINGER!, ALEXEY V.
Ustinov!:3, and MarriN WEIDEsH2 — 1Karlsruhe Institute of Tech-
nology, Germany — 2Johannes Gutenberg University Mainz, Germany
— 3Russian Quantum Center, Moscow, Russia

Today, spin waves are considered as promising candidates for classi-
cal and quantum information processing. Their propagation properties
are conventionally controlled through an external magnetic field bias to
the ferromagnetic materials, generally generated by coils or permanent
magnets. The high inductances of coils make manipulations on a short
timescale impossible. Furthermore, the unconfined magnetic fields re-
quire shielding to avoid cross-bias of neighboring magnonic cells. In
this work, we develop an on-chip magnetic field bias to overcome these
constraints. For application in a cryogenic environment, i.e., in liquid
helium at 4.2 K, very low heat dissipation is mandatory. Our sys-
tem consists of a superconducting niobium feedline with a magnetic
film deposited on top. The magnetic bias field is provided by the su-
perconducting current. For on-chip ferromagnetic resonance measure-
ments, an additional niobium feedline is added on top of the magnetic
structure. Due to the small inductance of the biasing component, cur-
rent variations on short timescales are achievable. This work enables
combining novel compact magnonic circuits with electrical quantum
circuits to process microwave signals in cryogenic environments.

MA 21.34 Tue 9:30 Poster A
Controlling the phase in coupled magnon-photonic cir-
cuits — eCHRISTINE DORFLINGER!, IsaBELLA BovENTERD2, MARCO
PFIRRMANNY, TomisLav Piskor!, ArLexey Ustinov!, MATHIAS

KrAui?, and MarriN WEIDEs! 2 — 1Karlsruhe Institute of Tech-
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nology, Physikalisches Institut, Karlsruhe, Germany — 2Johannes-
Gutenberg University, Institute of Physics, Mainz, Germany

Polaritons are quasiparticles describing hybridized states resulting
from light-matter interactions. They offer new perspectives for ap-
plications in information processing technology. In this work, we fo-
cus on magnon-photon-polaritons (MPPs) describing electromagnetic
coupling between collective spin excitations of a magnetically ordered
material and photons. Our interest is to study the MPP’s anticrossing
spectrum when such a system features a relative phase shift between
a resonator mode and the uniform spin precession of the Kittel mode.
Experimentally, we introduce an additional drive of adjustable phase
compared to standard experiments. Therefore we utilize a sandwich
design consisting of a lambda/2 microwave resonator, a YIG film and
a microstrip line. Both the resonator and the middle segment of the
microstrip line are aligned parallel to an external static magnetic field
and are driven by the same source but variably shifted in phase. With
this setup we aim to measure the phase dependency of the transmis-
sion and reflection spectra and discuss the influences on the MPP line
shape. Tuning the anticrossing gap could offer new possibilities for
applications such as amplifiers and interferometers.

MA 21.35 Tue 9:30 Poster A
Magnon Bandstructure of strongly dipolar-coupled nanopar-
ticle chains eBENJAMIN ZiNngsEMD2, THoMAs FEGGELER!,
ALEXANDRA TERWEY!, SARA GHAISARI®, DETLEF SPoDDIGZ, DAMIEN
FarvrRe®, RALF MECKENSTOCK!, MicHAEL FARLE!, and MICHAEL
WINKLHOFER? — 1Faculty of Physics, University of Duisburg-
Essen, 47057 Duisburg, Germany. — 2Ernst Ruska Centre for Mi-
croscopy and Spectroscopy with Electrons and Peter Griinberg In-
stitute, Forschungszentrum Jiilich GmbH, 52425 Jiilich, Germany —
3Department of Biomaterials, Max Planck Institute of Colloids and In-
terfaces, Potsdam, Germany — *School of Mathematics and Science,
University of Oldenburg, 26129 Oldenburg, Germany.

We present Ferromagnetic Resonance (FMR) spectroscopy on indi-
vidual chains of magnetic nanoparticles. The chains consist of 10-20
magnetite crystals with a crystal size of about 30 nm. Our measure-
ments reveal intriguing properties regarding the formation of magnonic
band gaps, as well as an unusual curvature of angular dependent res-
onance lines. We show that through modification of the geometric ar-
rangement of these particles, i.e. by introducing defects or kinks, the
magnonic properties of these chains can be tailored, yielding potential
applications for nano-sized magnon-logic and spintronic devices. In
addition to the measurements, we performed high performance GPU
accelerated micromagnetic simulations, which provide further insight
into the unusual magnon band structure. These simulations are in
good agreement with the measured spectra and allow us to identify
the connection between spatial and spectral features.

MA 21.36 Tue 9:30 Poster A
Design of a spin-wave flat lens oMATEUSZ ZELENT!,
Pawgr. GRUszECKI', MARINA MAILIANZ, OksANA GOROBETS?, YURI
GoroBETs?3, Macies Krawczyk!, and VISHAL VasHisTal
IFaculty of Physics, Adam Mickiewicz University in Poznan, Umul-
towska 85, Poznan, 61-614, Poland — 2Faculty of Physics and Mathe-
matics, National Technical University of Ukraine *Igor Sikorsky Kyiv
Polytechnic Institute*, 37 Peremogy Avenue, Kyiv, 03056, Ukraine —
3Institute of Magnetism, National Academy of Sciences of Ukraine,

36-b Vernadskogo Street, Kyiv, 03142, Ukraine

The focusing of plane spin waves propagating in a thin ferromagnetic
film by designed phase-shift on a metasurface formed by the ultranar-
row interface was studied. We demonstrated with micromagnetic sim-
ulations and analytical model, that the effect exists for the exchange
spin waves propagating in thin Co film in transmission through the in-
terface, where interlayer exchange interactions are present. The phase
shift of transmitted spin waves is achieved by introducing ultrathin
nonmagnetic metallic spacer, with a width much smaller than the spin
wave wavelength. Due to RKKY interaction, the change of the metal
width allows to modify interfacial exchange coupling, which determine
the phase of the transmitted spin waves. We combine this phase-shift
dependency along the interface with the lens equation to design a spin
wave flat lens based on magnonic matasurface. Funded from the EU
Horizon 2020, G.A. No. 644348.sign a spin wave flat lens based on
magnonic matasurface.

MA 21.37 Tue 9:30 Poster A

Spin Wave Propagation in Thin Films with Perpendicu-

lar Magnetic Anisotropy — eMatrias GRrassi', YVEs HENRy!,
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MicHeEL HenN?2, THiBauT DEVOLDER®, and MATTHIEU BAILLEUL!
b b

— Unstitut de Physique et Chimie des Matériaux de Strasbourg,
CNRS, Université de Strasbourg, B.P. 43, 67034 Strasbourg Cedex
2, France. — 2Institut Jean Lamour, CNRS, Université de Lorraine,
B.P. 70239, F-54506 Vandoeuvre-lés-Nancy Cedex, France — 3Centre
de Nanosciences et de Nanotechnologies, CNRS, Univ. Paris-Sud, Uni-
versité Paris-Saclay, C2N-Orsay, 91405 Orsay Cedex, France.

We present a study of the spin wave (SW) dynamics in thin films
with perpendicular magnetic anisotropy. The interactions between
the SW and different magnetic textures were studied by a dynamic
matrix approach using a custom developed code [1]|. In particular, we
analyze the spin wave propagation in samples with a stripe domain
structure and its dependence as function of the applied magnetic field.
We focus on two particular questions: how the evolution of spin wave
dispersions in the saturated state could explain the formation of the
stripes domains; and how the domain walls within the stripe struc-
ture can be used as waveguides for SW —the so-called Domain Wall
Channeled Spin Waves (DWCSW). These simulations are used to de-
sign Propagating Spin Wave Spectroscopy experiments, allowing one
to measure the SW frequencies within a determined wave length range.

[1] Y. Henry, O. Gladii and M. Bailleul, https://arxiv.org/abs/1611.061

MA 21.38 Tue 9:30 Poster A
Nano-scaled magnon transistor based on three-magnon split-
ting — Q1 Wang, PHiLipP PirRro, THOMAS BRACHER, and AN-
DRII CHUMAK — Fachbereich Physik, Technische Universitaet Kaiser-
slautern, Kaiserslautern, Germany.

Spin waves and their quanta magnons open up a promising branch
of high-speed and low-power information processing. The realization
of single-chip all-magnon information systems demands for the devel-
opment of circuits in which magnon currents can be manipulated by
magnons themselves. In our previous study, we presented and tested
experimentally a proof-of-concept magnon transistor. Here we use mi-
cromagnetic simulations to propose a conceptually different approach
for the realization of a nano-scaled magnon transistor. In this device, a
three- rather than a four-magnon scattering process is utilized. Source
magnons interact with the gate magnons boosting a three-magnon
scattering process in which one gate magnon scatters into one new
source magnon and into one idle magnon. As a result, the number of
the source magnons at the drain is increased and the transistor acts as
an amplifier of magnon signals. Financial support by the ERC Starting
Grant "MagnonCircuits” is gratefully acknowledged.

MA 21.39 Tue 9:30 Poster A
Spin Wave Propagation in Thin Films with Perpendicular
Magnetic Anisotropy — eMarias Grassi, YVEs HENRy, and
MarTHIEU BAILLEUL — Institut de Physique et Chimie des Matéri-
aux de Strasbourg, CNRS, Université de Strasbourg, B.P. 43, 67034
Strasbourg Cedex 2, France.

We present a study of the spin wave (SW) dynamics in thin films
with perpendicular magnetic anisotropy. The interactions between
the SW and different magnetic textures were studied by a dynamic
matrix approach using a custom developed code [1]. In particular, we
analyze the spin wave propagation in samples with a stripe domain
structure and its dependence as function of the applied magnetic field.
We focus on two particular questions: how the evolution of spin wave
dispersions in the saturated state could explain the formation of the
stripes domains; and how the domain walls within the stripe struc-
ture can be used as waveguides for SW —the so-called Domain Wall
Channeled Spin Waves (DWCSW)[2]. These simulations are used to
design Propagating Spin Wave Spectroscopy experiments, allowing one
to measure the SW frequencies within a determined wave length range.

[1] Y. Henry, O. Gladii and M. Bailleul, https://arxiv.org/abs/1611.061
[2] SWANGATE ANR-16-CE24-0027-01

MA 21.40 Tue 9:30 Poster A
Propagating spin waves spectroscopy of YIG magnonic crys-
tal — eHuco MERBOUCHE, MARTIN CoOLLET, LUCILE SOUMAH,
Paoro BorrororTi, VINCENT CROS, and ABDELMADJID ANANE —
Unité Mixte de Physique, CNRS, Thales, Univ. Paris-Sud, Université
Paris-Saclay, 91767 Palaiseau, France

The propagation of Damon-Eshbach spin waves in a magnonic crys-
tal (MC) is studied. The MC consists of periodically nanostructured
waveguides (WGs) made out of 20 nm thick YIG film. We observe a

25MHz transmission gap at 1.3GHz. Fifty parallel 2.5um wide WGs
are designed, using laser lithography. Two gold antennas are deposited
on top, 30um apart. Using electron beam lithography and dry ion etch-
ing, 150nm wide grooves, orthogonal to the WGs principal axis, are
etched. The period corresponds to a Bragg k-vector of 1um ™! and the
depth is incremented from 0 to 20nm in 6 steps.

The propagation properties are then measured using a VNA based
all-inductive method: Propagating Spin Wave Spectroscopy (PSWS).
For un-etched WGs, a good agreement with theoretical expectations
is observed. For MCs with grooves depth greater than 5nm, a 25MHz
transmission gap at 1.3GHz is measured, corresponding to a decrease
by a factor 2.4 of the output signal. Transmission outside the frequency
gap is unaffected by the grooves till a depth of about 10nm. Never-
theless, the signal remains strong even when the YIG film becomes
discontinuous.

MA 21.41 Tue 9:30 Poster A
Phase-modulated Fresnel zone plate for spin waves in bulk
and thin-film geometry — eP10oTR GRACZYK!, IRINA TUKAVKINAZ,
MaTEUSZ ZELENT!, OksaNA GoOROBETsS?3, and Macies Krawczyk!
— Faculty of Physics, Adam Mickiewicz University in Poznan, Umul-
53towska 85, 61-614 Poznan, Poland — 2National Technical University of
Ukraine, ”Igor Sikorsky Kyiv Polytechnic Institute”, 37 Peremogy Ave.,
03056, Kyiv, Ukraine — 3Institute of Magnetism, National Academy
of Sciences of Ukraine, 36-b Vernadskogost., 03142, Kyiv, Ukraine

We present results of investigation on the metasurface designed to
effectively focus spin wave by means of diffraction. The boundary con-
ditions [1] for the interlattice exchange and surface anisotropy were
introduced at the interface of two ferromagnetic media to form phase-
modulated Fresnel zone plate. The problem was treated analytically
and supported by the numerical simulations. We extended the investi-
gation to the case of the interface in a thin-film geometry with dipolar
interactions included. It is shown, that proper tuning of the anisotropy
at the interface keeps the tramsmittivity at a high level while the ex-
change between adjacent materials is weak, leding to the significant
phase shift. We keep parameters of our model close to the realistic
values, providing a way for experimental realization.

[1] V.V. Kruglyak, O.Y. Gorobets, Y.I. Gorobets, and A.N. Kuchko,
J. Phys. Condens. Matter 26, 406001 (2014).

Financial support from the EU*s Horizon 2020 research and in-
novation programme under Marie Sklodowska-Curie GA No.644348
(MaglIC)

MA 21.42 Tue 9:30 Poster A
Electronic transport through a one dimensional vacuum
barrier using Greens functions — eMax GOTZLER, MICHAEL
CzERNER, and CHRISTIAN HEILIGER — Institut fiir theoretische
Physik, Justus-Liebig-Universitdt Giefien, Heinrich-Buff-Ring 16,
35392 Giefien
We study the electronic transport through a one dimensional vacuum
barrier, using a tight-binding approximation and the method of Greens
funtions for solving the Schrédinger equation. We calculate the trans-
mission function and electron density in the equilibrium case. We then
solve the poisson equation for the non interacting charge distribution
and try to self-consistently calculate the new charge distribution with
respect to electrostatic interactions. This is repeated for small applied
voltages, using a steady state Keldysh-formalism. We calculate the
current and the new electron density, then compare the results to the
equilibrium case.

MA 21.43 Tue 9:30 Poster A

Ultrafast magnetization and spin dynamics driven by tera-

hertz radiation pulses — eJurius HEerrz!, LukAs NADVORNK!,

Tom SEIFERT!, MARTIN WoLF2, and ToBias KaMpFraTa!:2

53' Freie Universitit Berlin, Arnimallee 14, 14195 Berlin — 2Fritz-Haber-
Institut der Max Planck Gesellschaft, Faradayweg 4-6, 14195 Berli

Magnetization reversal, spin transfer torque, giant magnetoresistance
[1] and the emission of terahertz (THz) radiation [2] are intriguing
spintronic applications, each of which relies on well-controlled gener-
ation and manipulation of spin currents. The established methods to
generate spin currents are the anomalous and spin Hall effects (AHE,
SHE), whose inverse were demonstrated recently up to THz frequencies
[3]. This makes them excellent candidates to extend the bandwidth of
spin information processing into the THz range. However, so far no di-
rect observation of AHE-related ultrafast spin accumulation at sample
interfaces has been reported.

In this contribution, we study the interaction of ultrashort intense
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THz pulses with magnetic thin films. In our experiment, the strong
THz electric field (up to ~0.5 MV /cm) is used to drive ultrafast charge
currents in the plane of the structure. By using the magnetooptic Kerr
effect, we investigate how such excitation and the AHE currents can
lead to ultrafast spin and charge redistribution in thin films.

1. C. Chappert, A. Fert, Frédéric Nguyen Van Dau, Nature Materi-
als 6, 813-823 (2007) 2. T. Kampfrath et al., Nature Nanotech. 8, 256
(2013). 3. T. Seifert, M. Wolf, T. Kampfrath et al., Nature Photon.
10, 483 (2016).

MA 21.44 Tue 9:30 Poster A
Terahertz Spin Currents and Spin Hall Effect in g-
Tungsten and Au,Pt;_, Alloys — eOLIVER GUECKSTOCK', Mo-
HAMMADREZA RoUzEGAR!, Tom SEIFERT!, SEBASTIAN DAPPERZ,
Sarya PrakasH BoMMANABOYENAZ, BiorN GLINIORSZ, LUKAS
LIENSBERGER?, MARTIN WoLF!, MarHias WEILER?, MARKUS
MEeINERT?, and ToBias Kamprrarul* — 1FHI der MPG, Berlin —
2U Bielefeld, Bielefeld — 3WMI, Garching — 4FU Berlin, Berlin
The efficient conversion of spin into charge currents by spin-orbit in-
teraction (SOI) will be important for future spin-based electronics [1].
Recently, much effort has been devoted to the identification of new
large-SOI materials. One promising material is S-tungsten, for which
large spin Hall angles (SHA) have been reported [2]. In our experi-
ments, we employ femtosecond optical pulses to trigger ultrafast spin
transport in magnetic thin-film stacks. Due to SOI, this spin current is
partially converted into a transverse charge current which is monitored
by detecting the concomitantly emitted THz electromagnetic radiation
[3,4]. In particular, we study THz emission from bilayers of cobalt-iron-
boron (CoFeB) and S-tungsten with varying oxygen concentration and
bilayers of CoFeB and Au,Pt;_, alloys. By additionally measuring
the THz conductivity of these films, we can separate the influence of
the spin Hall conductivity and the longitudinal conductivity to the
SHA.

References: [1] S.A. Wolf et al., Science 294.5546 (2001), [2] K. De-
masius et al., Nature Comm. 7, 10644 (2016), [3] T. Kampfrath et al.,
Nature Nanotech. 8, 256 (2013), [4] T. Seifert et al., Nature Phot. 10,
483 (2016)

MA 21.45 Tue 9:30 Poster A

Launching magnons at the terahertz speed of the spin See-

beck effect — Tom SEIFERT!:2, JoEL CRAMERS3, JOE BARKER?,
SAMRIDH JAiswaL?, GERHARD JakoB®, MARTIN WoLF2, GEORG
WoLTERSDORF?, PieT W. Brouwrr!, Marnias Kriui®, and

eTosias KamprraTH!2 — 1FU Berlin — 2FHI Berlin — 3JGU Mainz
— 4Tohoku University, Japan — °MLU Halle

We study the initial steps of the spin Seebeck effect with 10 fs time res-
olution in prototypical bilayers of the ferrimagnet yttrium iron garnet
and platinum. Following excitation of the metal with an ultrashort
laser pulse, the spin Seebeck current js is measured all-optically us-
ing the inverse spin Hall effect and terahertz electrooptic sampling.
The current rises on the ~ 200 fs time scale on which the electrons in
the metal approach a Fermi-Dirac distribution. This observation is a
hallmark of the assumption that the spin transfer arises from conduc-
tion electrons scattering off the magnetic interface. Model-supported
analysis shows that js follows the dynamics of the metal electrons
quasi-instantaneously because their spins have a correlation time of
only ~ 4 fs and deflect the ferrimagnetic moments without inertia.
Promising applications for material characterization, interface prob-
ing, spin-noise detection and terahertz spin pumping come into reach.

MA 21.46 Tue 9:30 Poster A
Terahertz writing of an antiferromagnetic memory — eTom
SerFERT!, KamiL OLeINiK2, Tomas JunawirTa?3, and ToBbias
KamprraTH! — 1Fritz Haber Institut der MPG, Berlin, Germany —
2 Academy of Sciences of the Czech Republic, Prague, Czech Republic

— 3University of Nottingham, Nottingham, United Kingdom

The electrical switching of the magnetic order of antiferromagnets
(AFMs) using Néel spin-orbit torques (NSOT') paved the way for AFM-
based memory applications [1]. Importantly, in AFMs the frequencies
of long-wavelength magnons are strongly enhanced by the exchange in-
teraction opening up the potential for terahertz (THz) switching speeds
[2]. Previous studies showed the feasibility of electrical writing of AMFs
with pulse lengths from milliseconds to hundreds of picoseconds [3].
Here, we further reduce the current duration down to the picosec-
ond time scale employing an all-optical writing scheme based on free-
space THz pulses. With these picosecond laser pulses [4], we observe
the analogous switching phenomenology of epitaxial CuMnAs films as
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with millisecond and nanosecond current pulses. Our results suggest
that the current-induced NSOT switching mechanism for AFMs is also
operative in the THz range.

The presented results were obtained in close collaboration with the
groups of R.P. Campion, P. Gambardella, P. Kuzel, P. Nemec, J. Sinova
and J. Wunderlich.

[1] P. Wadley et al., Science 351 (2016). [2] T. Kampfrath et al.,
Nat. Phot. 5 (2011). [3] K. Olejnik et al., Nat. Commun. 8 (2017).
[4] K. Olejnik et al., arXiv:1711.08444 (2017).

MA 21.47 Tue 9:30 Poster A
Spin to charge current conversion in transition metal
dichalcogenide — eLukAs NApvornik!, Lukas Braun2, Bin Cuid,
Tom SEIFERT!, OLIVER GLUCKSTOCK2, MARTIN WOLF2, STUART
Parkin®, and Tosias KamprraTu!?2 — 1Freie Universitit, Berlin,
Germany — 2Fritz-Haber-Institut der MPG, Berlin, Germany — 3Max

Planck Institute of Microstructure Physics, Halle, Germany

In the last decade, transition metal dichalcogenides (TMDCs) have at-
tracted considerable attention for their unique mechanical, electronic
and spin properties [1]. By sharing a similar honeycomb crystal struc-
ture with graphene, they allow for optical generation of the valley
polarization. Unlike graphene, they also exhibit a large spin-orbit cou-
pling. This feature and the recently observed valley Hall effect [2]
makes TMDCs ideal candidates for spintronic and valleytronic appli-
cations.

In this contribution, we report on the observation of an ultrafast
injection of in-plane-polarized electron spins and the inverse spin Hall
effect (ISHE) in metallic TMDC NbSe2 at terahertz (THz) frequencies.
By excitation of an adjacent ferromagnetic layer by an ultrashort opti-
cal pulse, we launch a spin-polarized current into the TMDC where it
is converted to a charge current via the iSHE. This ultrashort charge
current burst acts as a source of an ultrashort THz electromagnetic
pulse [3] whose measurement allows us to estimate the efficiency and
dynamics of the spin-to-charge-current conversion.

[1] S. Manzeli et al., Nature Reviews 2, 17033 (2017). [2] K.F. Mak
et al., Science 344, 1489 (2014). [3] T. Kampfrath et al., Nature Nan-
otech. 8, 256 (2013).

MA 21.48 Tue 9:30 Poster A
Determining the spotsize of a microlense to build a THz emit-
ter — oNINA MEYER!, FINN LieTzow!, JAkoB WaLowski!, CHRIs-
TIAN DENKER!, Tom SEIFERT?, ToBias KaMPFRATHZ, and MARKUS
MUNZENBERG! — lInstitute of Physics, Greifswald University, Greif-
swald, Germany — 2Fritz Haber Institut, MPG, Berlin, Germany

So far Terahertz (THz) spectroscopy has been used as a character-
ization method, since the intermolecular bonding energies of larger
molecules (4 to 400 meV) are in the THz range (1 to 100 THz). The
excitation energy for phonons or plasmons in solids lies in the same
range. Therefore, THz radiation can be used for probing and driving
such low-energy excitations. To lower costs and to simplify analy-
sis smaller THz emitters and detectors are needed. Here we present
our first attempts towards micrometer sized spintronic THz emitters.
We start with fabricating microlenses on glass substrates using 3D 2-
photon-lithography. By this we were able to focus a 1560 nm laser
beam with 100 fs pulselength on a CMOS Chip. We measured a spot-
size smaller than 10 pm at the focus length for a microlens with a
radius of 300 pm. We also fabricated microlenses on a fiber to guide
the laser beam directly onto the microlens. The next step is to use the
microlens on a fiber to generate THz radiation. To accomplish this,
we are going to include a thin film of a ferromagnetic layer and a non-
magnetic cap layer. By focusing a femtosecond laser pulse onto the
thin film THz radiation is generated. For large scales, this approach
has been demonstrated by Seifert et al. [1].
[1] T. Seifert et al., Nat. Photon. 10 (2016) 483.

MA 21.49 Tue 9:30 Poster A
Spintronic terahertz emitters based on epitaxially grown
Fe/Pt, Ta/Fe, Ta/Fe/Pt multilayers — eLAURA ScHEUER!,
Garik Torosyan?, Sascua KeLLER!, RENE Bricancg!, and Evan-
GELOS TH. Papatoannou! — ITU Kaiserslautern, Fachbere-
ich Physik and Landesforschungszentrum OPTIMAS, Germany —
2Photonic Center Kaiserslautern, Germany

We demonstrate the efficient generation of pulsed broadband terahertz
radiation utilizing the inverse spin Hall effect in Fe/Pt, Ta/Fe and
Ta/Fe/Pt multilayers grown epitaxially on MgO and sapphire sub-
strates. The emitter was optimized with respect to layer thickness,
growth parameters, substrates and geometrical arrangement [1]. The
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experimentally determined optimum layer thicknesses were in quali-
tative agreement with simulations of the spin current induced in the
ferromagnetic layer. Our model takes into account generation of spin
polarization, spin diffusion and accumulation in Fe and Ta, Pt and
electrical as well as optical properties of the bilayer samples. The gen-
eral performance makes the spintronic terahertz emitters compatible
with established emitters based on optical rectification in nonlinear
crystals.
[1] G. Torosyan et al., arxiv.org/abs/1707.08894 (2017)

MA 21.50 Tue 9:30 Poster A
Implementation of a self-consistent NEQ scheme in the KKR
formalism — e ALEXANDER FABIAN, MicHAEL CZERNER, and CHRIS-
TIAN HEILIGER — Institut fiir theoretische Physik, Justus-Liebig-
Universitat Giefsen, Heinrich-Buff-Ring 16, 35392 Giefien

Todays need for even more efficient and faster nano sized devices re-
quires a decent understanding of the behavior of nanostructured ma-
terials under applied fields. However, most common approaches rely
on the equilibrium properties of the material and use approximations
to describe the non-equilibrium behavior. Since crucial assumptions
have to be made, these descriptions do not always describe all of the
properties correctly and one needs an exact description to calculate
non-equilibrium properties. The Keldysh formalism can be used to
describe the non-equilibirum properties within the framework of an ab
initio theory. We implemented a self-consistent scheme in our multi-
scattering DFT code based on the KKR method. To calculate non-
equilibrium properties, we use a steady state Keldysh formalism with
non-equilibrium Green’s functions. The electronic density is calcu-
lated by splitting the energy contour in two parts according to the
applied voltage. In the first part, the density is calculated with equilib-
rium tools while the second part is calculated with the actual Keldysh
formalism. Summing the two parts the resulting density is used to
solve the system self-consistently in the non-equilibrium steady state.
Charge displacement due to the applied voltage and the behavior of the
voltage in the underlying system are extracted from the self-consistent
values.

MA 21.51 Tue 9:30 Poster A
Insights into spin and anomalous Hall effect induced charge
and spin currents through ferromagnetic/nonmagnetic inter-
faces — oALBERT HONEMANN!, CHRISTIAN HERSCHBACH!, MARTIN
GRrADHAND?, and INGRID MERTIG!3 — !Martin Luther University
Halle-Wittenberg, Halle, Germany — 2University of Bristol, Bristol,
United Kingdom — 3Max Planck Institute of Microstructure Physics,
Halle, Germany

Transport phenomena caused by spin-orbit coupling such as spin Hall
effect (SHE) [1] and anomalous Hall effect (AHE) [2] are highly relevant
topics of current research. In ferromagnetic/nonmagnetic heterostruc-
tures the interplay of spin-orbit and exchange interaction enables new
phenomena as for example spin-orbit torques [3].

We use an ab initio approach, a relativistic Korringa-Kohn-Rostoker
method, [4] and solve the linearized Boltzmann equation to describe
the electronic transport [5]. We investigate the AHE-induced charge
current as well as the SHE-induced spin current perpendicular to the
interface in a Co/Cu superlattice alloyed with Bi. We are particularly
interested in the spatial distribution of charge and spin current with
respect to the interface. The presented results help to understand
the underlying microscopic mechanism of charge and spin transport
through interfaces.

[1] Sinova et al., Rev. Mod. Phys. 87, 1213 (2015); [2] Nagaosa et
al., Rev. Mod. Phys. 82, 1539 (2010); [3] Gambardella et al., Phil.
Trans. R. Soc. A (2011) 369, 3175-3197; [4] Gradhand et al., PRB
80, 224413 (2009); [5] Gradhand et al., PRL 104, 186403 (2010);

MA 21.52 Tue 9:30 Poster A
Non-local magnetoresistance in normal metal|yttrium iron
garnet heterostructures — eBIRTE COSTER, MATTHIAS ALTHAM-
MER, ToBias WIMMER, STEPHAN GEPRAGs, Hans HuUeBL, and
RupoLr Gross — Walther-Meissner-Institut, Bayerische Akademie
der Wissenschaften, Garching, Germany

Pure spin currents, i.e. the flow of angular momentum without an
accompanying charge current, represent a new paradigm in state-of-
the-art spintronics. In conventional electrical conductors pure spin
currents are transported via mobile charge carriers. In contrast, in a
magnetically ordered insulator pure spin currents are based on the
flow of quantized excitations of the spin structure. Normal metal
(NM) /ferromagnetic insulator (FMI) heterostructures allow to study
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pure spin current transport by utilizing the direct and inverse spin Hall
effect in the normal metal.

In our experiments, we investigate NM/FMI heterostructures using
YIG as FMI. For the NM layer we use different materials, which are
deposited via UHV sputtering technique. We employ nanolithography
to pattern NM stripe structures on the LPE-YIG thin films grown on
GGG substrates. In the non-local magnetotransport experiments, we
apply a charge current through one strip while measuring the result-
ing electrical potential difference of an adjacent strip. We discuss the
results obtained for different NM materials and deposition conditions.
Moreover, the comparison of the different materials allows us to ex-
tract the relevant pure spin current transport properties.

Financial support via NIM is gratefully acknowledged.

MA 21.53 Tue 9:30 Poster A
Ab initio calculations of magneto crystalline anisotropy in
magnetic tunnel junctions — ePHiLIPP Risius, CARSTEN MAHR,
MicHAEL CzERNER, and CHRISTIAN HEILIGER — Institut fiir Theo-
retische Physik, Universitat Giefen, Germany

Spin-orbit effects play an important role in current spintronics re-
search. One effect due to spin-orbit coupling is the magneto crystalline
anisotropy (MCA) and the control of this effect by a bias voltage.
Using density functional theory in combination with non-equilibrium
Green’s function method we calculate the bias voltage dependence of
MCA for the case of a V/Fe/X/MgO/V. Thereby, X is a very thin
layer of a high spin-orbit material as Bi and Pt. Further, we discuss
the dependence of MCA and of the tunneling anisotropic magneto re-
sistance (TAMR) on the Fe and MgO slab thicknesses. Further, we
show the voltage dependence of spin-torque originated in these tunnel
junctions and clarify the connection to the MCA. All our results are
compared to recent experimental results in the same junctions.

MA 21.54 Tue 9:30 Poster A
Non-local magnon transport in ferrimagnetic insulators —
eTonias WiMMERD2, KATHRIN GANzZHORND2 STEFAN KLINGLER!2,
NvyNkE VLIETSTRADZ, STEPHAN GEPRAEGS!, RUDOLF GRrossh?2:3,
Hans Huesr'23 and SeasTian T. B. GornNNENwEIND:Z:3:4
IWalther-Meifner-Institut, Bayerische Akademie der Wissenschaften,
Garching, Germany — 2Physik-Department, Technische Universitt
Miinchen, Garching, Germany — 3Nanosystems Initiative Munich
(NIM), Schellingstrafie 4, Miinchen, Germany — “Institut fiir Festkor-
perphysik, Technische Universitat Dresden, Dresden, Germany

Pure spin currents are the key ingredient for information processing
in spintronic devices. Recent experiments in ferromagnetic insulator
(FMI)/Pt heterostructures show that information can be carried by
diffusing thermal magnons in Yttrium-Iron-Garnet (YIG) as well as
Gadolinium-Iron-Garnet (GdIG). These non-equilibrium magnons are
generated electrically at the FMI|Pt interface using a dc charge cur-
rent and are detected as a non-local voltage signal in a second electri-
cally isolated Pt strip. Here, we study this so-called magnon-mediated
magnetoresistance (MMR) in detail as a function of the injector and
detector separation, temperature and magnetic field. Based on our
findings, we have implemented a magnonic majority gate consisting
of a 4-strip YIG|Pt device. We furthermore present the MMR, effect
in the compensated ferrimagnet GdIG, offering intriguing insights into
the transport behavior of different magnon branches.

MA 21.55 Tue 9:30 Poster A
Current induced Néel-order switching in magnetron sput-
tered antiferromagnetic MnaAu — eDomiNik GRAULICH and
Markus MEINERT — Center for Spineletronic 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]. In tetragonal MnsAu the two antiferro-
magnetically coupled sublattices are inversion partners and therefore
experience a staggered spin orbit field caused by the inverse spin gal-
vanic effect (iISGE) resulting in a NSOT, which can reorient the Néel
vector L perpendicular to the applied charge current [2]. Applying the
current in two orthogonal directions and readout of the two states by
the planar Hall effect (PHE) or anisotropic magnetoresistance (AMR)
could allow for manufacturing novel antiferromagnetic memory devices
that are extraordinarily robust against external magnetic influences
[3] with the state of L being long-term stable at room temperature
[4]. Here, we report on our experiments on the electrical switching of
L using short current pulses in expitaxial grown, magnetron sputtered
MngAu. Our findings support the hypothesis of a thermally activated
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switching process [4].

[1] J. Zelzny 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. arxiv.org/abs/1706.06983 (2017)

MA 21.56 Tue 9:30 Poster A
Particle-in-Cell Model for Electronic Transport in Metallic
Heterostructures — eMAaRIUus WEBER, DENNIS MICHAEL NENNO,
and Hans CHRISTIAN ScHNEIDER — University of Kaiserslautern,
Kaiserslautern, Germany

Ultrafast demagnetization dynamics triggered by ultrashort laser ex-
citation can be influenced decisively by hot carrier transport in
ferromagnet-metal heterostructures [1]. Motivated by recent experi-
ments [2,3], we investigate the transport behavior of excited electrons
in Gold. In our model, the electronic dynamics of “hot” electrons is de-
scribed using the Boltzmann Transport Equation (BTE) and includes
the generation of secondary electrons by scattering processes. We use
a particle-in-cell (PIC) approach to solve the BTE and calculate the
diffusion coefficient. We demonstrate that this approach reproduces
the generalized diffusion coefficient as found in Ref. [4] and study the
electronic dynamics in a single metal layer in detail. We also show
that interfaces in metallic sandwich structures can play a crucial role
in electronic spin transport.

[1] D. Rudolf et al., Nature Communications 3, 1037 (2012)

[2] A. Melnikov et al., Physical Review Letters 107, 076601 (2011).

[3] N. Bergeard et al., Physical Review Letters 117, 147203 (2016).

[4] M. Battiato, K. Carva, and P. M. Oppeneer, Physical Review B
86, 024404 (2012).

MA 21.57 Tue 9:30 Poster A
Structural characterization of hexagonal Mn3X (X = Ga,
Ge, Sn) thin films — ePuiLiPP ZiLske!, JuNnawoo Kool, SAMER
Kurpi?, and GONTER REeiss! — !Center for Spinelectronic Materials
and Devices, Bielefeld University, Germany — ?Department of Materi-
als Science and Metallurgy, University of Cambridge, United Kingdom

In the last decade, antiferromagnetic spintronics has established as
an important field for future magnetic storage devices [1]. Recently,
non-collinear antiferromagnets received much attention due to their
promising electronic properties. Theoretical calculations as well as
first experimental results show large anomalous Hall effect for hexago-
nal non-collinear antiferromagnets Mn3X (X = Ga, Ge, Sn). However,
such properties are only studied for single crystalline bulk samples
[2-4].

Here, we report on the structural analysis of Mn3X (X = Ga, Ge,
Sn) thin films. Epitaxial MngX films were grown via magnetron co-
sputtering. The dependence of the crystalline quality on the deposition
temperature and the stoichiometry, as well as the influence of the buffer
layer was investigated by X-ray diffraction measurements.

Furthermore, we discuss the transport properties of several samples.
[1] T. Jungwirth et al., Nature Nanotech. 11, 231 (2016)

[2] Y. Zhang et al., Phys. Rev. B 95, 075128 (2017)
[3] S. Nakatsuji et al., Nature 527, 212 (2015)
[4] N. Kiyohara et al., Phys. Rev. Appl. 5, 064009 (2016)

MA 21.58 Tue 9:30 Poster A
Effect of interlayer insertion on the spin pumping proper-
ties in CogoFes0B20/X/Pt,Ta heterostructures — eMATTHIAS
ScHWEIZER, ANDRES ConNca, SascHA KEeLLER, EvanNGeLos Pa-
PAIOANNOU, and BURKARD HILLEBRANDs — FB Physik and Landes-
forschungszentrum OPTIMAS, TU Kaiserslautern, Germany

Spin pumping is highly sensitive to the interface properties and com-
position of a given material system and in particular to the magnetic
proximity effect (MPE). In order to optimize the spin transport across
the interface, it is important to understand the different influences
of these factors. In many spin pumping experiments, Pt and Ta are
used to detect a spin current indirectly via the inverse spin Hall ef-
fect (ISHE). However, Pt has been shown to also exhibit MPE, which
could have a substantial impact on the interface transparency and
damping parameter. In this work, we investigate CosoFes0B20/X /Pt
and CogoFeq0B2o/X/Ta multilayer systems, where X is Al, Ta or Cr
with varying thicknesses. Contact between CosoFes0B2p and Pt gives
rise to the MPE in Pt whereas this effect is not expected in Ta. In
any case, even a thin NM spacing layer suppresses the MPE com-
pletely. We present VNA-FMR data on these systems and angle-
resolved ISHE measurements, where spin rectification is separated from
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the spin pumping signal.
Support by M-era.Net and HEUMEM is acknowledged.

MA 21.59 Tue 9:30 Poster A
Spin Hall effect in amorphous W-Zr and W-Hf alloys —
oKATHARINA FRITZ and MARkUS MEINERT — Center for Spinelec-
tronic Materials and Devices, Department of Physics, Bielefeld Uni-
versity, Germany

In search for materials with large spin Hall effect, we investigated the
binary alloys W-Zr and W-Hf. Thin films were prepared across the full
range of stoichiometries for both alloys by magnetron co-sputtering.
Due to the linear relation between the spin Hall angle and the resis-
tivity, alloy compositions with high resistivity are expected to show a
large spin Hall angle.

In both stoichiometry series we found peak values of the spin Hall angle
accompanied with a significant increase of the resistivity. X-ray diffrac-
tion measurements connect these observations to a transition from a
bce solid solution to an amorphous material at this concentration. In
the W-Zr series, the maximum spin Hall angle of © = —0.31 is found at
a tungsten content of 65 %, whereas in the W-Hf series the maximum
spin Hall angle of ® = —0.23 appears at a tungsten content of 70 %.
For lower tungsten content, the spin Hall angle decreases in both stoi-
chiometry series. In the W-Hf series we find a linear relation between
the spin Hall conductivity and the tungsten content irrespective of the
structural phase transition.

MA 21.60 Tue 9:30 Poster A
Optimizing the spin Hall angle in ultrathin metallic
films — eCHRISTIAN HERscHBAcCH!, DMITRY FEDOROVZ, MARTIN
GRrADHAND3, and INGRID MERTIG!4 — IMartin Luther University
Halle-Wittenberg, Halle, Germany — 2University of Luxembourg, L-
1511 Luxembourg, Luxembourg — 3University of Bristol, Bristol,
United Kingdom — #Max Planck Institute of Microstructure Physics,
Halle, Germany

The spin Hall effect (SHE) is one of the key effects in modern spin-
tronics creating pure spin currents in nonmagnetic materials. The spin
Hall angle (SHA) being the ratio of the transverse spin conductivity
to the longitudinal charge conductivity serves as a good quantity for
the effect’s strength. During the last years, reported experimental and
theoretical values of the SHA increased. While measurements on Pt-
doped Au samples yielded a SHA of about 10% introduced as giant
SHE [1], a SHA of 24% was published for thin-film Cu(Bi) alloys [2].

In this work we theoretically investigate Bi-doped ultrathin noble-
metal films by means of an ab initio approach using density functional
theory and linearized Boltzmann equation. We study various possi-
bilities to optimize the SHE and forecast colossal SHAs slightly below
100% [4]. Furthermore, we identify systems with a strong anisotropy
of the in-plane transport properties that lead to SHAs above 100%.

[1] Seki et al., Nat. Mater. 7, 125 (2008); [2] Niimi et al., Phys.
Rev. Lett. 109, 156602 (2012); [3] Gradhand et al., Phys. Rev. Lett.
104, 186403 (2010); [4] Herschbach et al., Phys. Rev. B 90, 180406(R)
(2014);

MA 21.61 Tue 9:30 Poster A
Probing the spin Hall effect in YIG/Cuji_.Ir, bilay-
ers at DC and terahertz frequencies — eJorL CRAMER!:?,
ToMm SEIFERT®, ALEXANDER KRONENBERG!, FELIX FUHRMANNI,
FrANzZISKA MARTIN', GERHARD JAKOB!, MARTIN JoURDAN!, To-
BiAs KaMPFRATH®, and MatHias Kriuil'2 — lInstitut fir Physik,
Johannes Gutenberg-Universitdt Mainz, 55128 Mainz, Germany —
2@Graduate School of Excellence Materials Science in Mainz, 55128
Mainz, Germany — 3Abteilung Physikalische Chemie, Fritz-Haber-

Institut der Max-Planck-Gesellschaft, 14195 Berlin, Germany

The effective generation and detection of pure spin currents is a crucial
ingredient for next-generation spintronic applications. The spin Hall
effect and its inverse are in the focus of research, as they allow for an
interconversion of charge and spin currents [1]. We investigate the in-
verse spin Hall effect of Cuj_,Ir; thin films on yttrium iron garnet for
a large range of Ir concentrations (0.05 < = < 0.7) [2]. Spin currents are
triggered through the spin Seebeck effect, either by a DC temperature
gradient or by ultrafast optical heating of the metal layer. The gener-
ated spin Hall current is detected by electrical contacts or measurement
of the emitted THz radiation. With both approaches, we observe the
same complex, non-monotonous concentration dependence. The co-
inciding results obtained for DC and ultrafast stimuli show that the
studied material allows for efficient spin-to-charge conversion even on
ultrafast timescales, thus enabling a transfer of established spintronic
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measurement schemes into the terahertz regime. [1] Sinova et al., Rev.
Mod. Phys. 87, 1213 (2015) [2] Cramer et al., arXiv:1709.01890

MA 21.62 Tue 9:30 Poster A
The influence of the Hall-bar geometry on the apparent spin
Hall angle in harmonic Hall voltage measurements — eLLUKAS
NeEuMANN and Markus MEINERT — Center for Spinelectronic Ma-
terials and Devices, Faculty of Physics, Bielefeld University, D-33501
Bielefeld, Germany

We investigate the influence of the Hall-bar geometry on the appar-
ent spin Hall angle (SHA) in harmonic Hall voltage measurements
which is a well established method to determine the SHA of a nonmag-
netic metal/ferromagnet bilayer structure like Ta/CoFeB. Tantalum is
a heavy metal with large spin-orbit coupling such that an in-plane cur-
rent generates a substantial spin-orbit torque acting on the magnetiza-
tion orientation of the ferromagnetic layer. The samples are patterned
into Hall bars using electron beam lithography. Being located in an
in-plane magnetic field an AC current through the Hall-bar generates
a Hall-voltage whose second harmonic gives the apparent SHA. In the
simplest model, the influence of the voltage pickup arms is neglected.
Obviously, the current density distribution in the vicinity of the voltage
pickup arms is not homogeneous and depends on the width of these
arms. To systematically investigate this effect we varied the pickup
arm width and observe a strong change of the apparent SHA as the
pickup arm width is increased. In a symmetric Hall cross with four-
fold rotational symmetry, the apparent SHA is reduced by about 30%
with respect to the maximum value at narrow pickup arm width. We
compare the measured values with simulations of the current density
distribution.

MA 21.63 Tue 9:30 Poster A
Perpendicular magnetic anisotropy in magnetic insulator
thin films — eSHILEI Dinc!2:3 ANDREW Ross?3, SVEN BECKERZ,
JoeL CraMER?3, JinBo Yana!, Maruias KLAui?3, and GERHARD
JakoB?3 — 1State Key Laboratory for Mesoscopic Physics, School
of Physics, Peking University, Beijing 100871, China — 2Institut fiir
Physik, Johannes Gutenberg-Universitdt Mainz, 55099 Mainz, Ger-
many — 3Graduate School of Excellence Materials Science in Mainz,
55128 Mainz, Germany

Rare earth iron garnets (RIG) are drawing great interest in recent years
due to their excellent performance in the field of spintronics because of
the low Gilbert damping and long spin diffusion length. RIG/normal
metal heterostructures have been widely used to study Spin Hall mag-
netoresistance, spin seebeck effect phenomena which are mainly in-
duced by a spin current through the interface. One of the more attrac-
tive possibilities effect is the current induced control of magnetization
in perpendicular magnetic anisotropy (PMA) RIG by spin orbit torque
(SOT). Here we present the successful growth of thulium iron garnet
(TmIG) and gadolinium iron garnet (GIG) by pulsed laser deposition.
PMA is induced by lattice strain between films and substrate. The
obtained PMA garnet films show low coercivity (< 5 mT) with thick-
ness under 10 nm, which will benefit the study of magnetic moment
switching with low current density.

MA 21.64 Tue 9:30 Poster A
Néel vector readout by spin Hall magnetoresistance in
NiO/Pt thin films — Lorenzo BALDRATI', e ANDREW Ross!:2
Tomoniko Nnzeki®, CHRISTOPH ScCHNEIDER!, RAFAEL Ramos?,
JoeL CraMERYZ, OLENA GoMONAY!, MARIIA FiLiaNiNal2) TATIANA
Savcuenko?, DanieL Heinze!, ArMiNn KLreiBERT?, Elr Sarron®:?,
Jaro Sivoval, and Marnias Kriuil'2 — llnstitute of Physics, Jo-
hannes Gutenberg-University Mainz, Germany — 2Graduate School of
Excellence Materials Science in Mainz, Germany — 3Advanced Insti-
tute for Materials Research, Tohoku University, Japan — *Swiss Light
Source, PSI, Switzerland — ®Institute for Materials Research, Tohoku
University, Japan

Electrically reading the orientation of the Néel vector is fundamental
for the development of antiferromagnetic (AFM) spintronics. Here, we
report on spin Hall magnetoresistance (SMR) measurements of a AFM,
thin film epitaxial nickel oxide (NiO)/platinum (Pt) heterostructure on
MgO (001). We find that the resistance of the Pt film depends on the
angle 0 between an injected charge current J. and the Néel vector of
the NiO, N. It exhibits the characteristic sin?(¢) dependence for SMR,
signals, but with a 90 °© shift as compared to SMR signals obtained for
insulating ferrimagnets. The strength of the SMR signal increases for
increasing field, with an onset of the signal at 1-3 T[] and we propose
a model based on the movement of magnetoelastic domains. From the

52

observed SMR ratio, we estimate the spin mixing conductance at the
NiO/Pt interface to be greater than 1x10' Q~1 m—2. [UBaldrati et
al, arXiv:1709.00910 (2017)

MA 21.65 Tue 9:30 Poster A
Unidirectional spin Hall magnetoresistance and thermal ef-
fects in Pt/Co, Ta/Co and multilayer systems — e ANASTASIIA
MoskarLrsova, DANIEL MEIER, TiMo KuscHEL, JAN-MICHAEL
ScHMALHORST, and GUNTER REIss — CSMD, Department of Physics,
Bielefeld University, Germany

Recently, the unidirectional spin Hall magnetoresistance (USMR) has
been found in ferromagnetic (FM)/heavy metal (HM) bilayer systems
[1]. Magnetoresistive (MR) effects, like anisotropic magnetoresistance
and spin Hall magnetoresistance are usually symmetric with the cur-
rent polarity and proportional to m2, while by using USMR one can
detect a change in resistance by reversing current or magnetization
direction. This is related to the spin accumulation at the FM/HM in-
terface induced by spin Hall effect. This effect can be potentially used
in applications for sensing and multi-state memory devices [2]. In this
work we present harmonic measurements of angular dependences in
Pt/Co, Ta/Co and multilayer systems. By varying the FM/HM layer
order and stack repetitions we can extract the information about the
interface influence on USMR as well as other MR effects. It was found
that variation of the FM/HM layer order can give rise to a more com-
plex second harmonic signal, which can be explained by additional
thermoelectric contributions. Thus, the layer thickness and ordering
play significant role and can change the contribution of the thermal
effects, while keeping the magnitude of the USMR constant.
[1] C. O. Avci et al., Nat. Phys. 11, 570 (2015)
[2] C. O. Avci et al., Appl. Phys. Lett. 110, 203506 (2017)

MA 21.66 Tue 9:30 Poster A
The structural and magnetic properties of Fe-Sn ferromag-
netic compounds — eBaHAR Fayvyazi, KONSTANTIN SKoKOV, ToMm
Faskge, and OLivER GUTFLEISCH — Technische Universitdt Darm-
stadt, Germany

Uniaxial ferromagnets with high anisotropy composed of earth-
abundant elements are of interest for development of new perma-
nent magnets. Potentially, high values of anisotropy energy are pos-
sible in 3d compounds. The Fe-Sn system contains 3 ferromagnetic
compounds, namely Fe3Sn, Fe5Sn3, and Fe3Sn2 [1]. In this work,
the intrinsic magnetic properties such as spontaneous magnetization,
anisotropy field and Curie temperature were obtained for the Fe-Sn
compounds by measurements on single crystals. The magnetic mea-
surements were performed along 3 crystallographic directions [001],
[100] and [120] of the hexagonal structure in a temperature range of
5-600K. The change of anisotropy with temperature and occurrence of
spin reorientation transition will be discussed. Additionally, the struc-
tural properties of them measured on single crystal diffractometer will
be reported.

[1] Fayyazi, B., et al., Bulk combinatorial analysis for searching new
rare-earth free permanent magnets: Reactive crucible melting applied
to the Fe-Sn binary system. Acta Materialia, 2017. 141: p. 434-443.

MA 21.67 Tue 9:30 Poster A
Additive Manufacturing of Permalloy: Magnetic and Struc-
tural Properties — eHANNA SCHONRATH, STEFAN KiLiaN, JaN T.
SEHRT, MARINA Spasova, GERD WitT, and MicHAEL FARLE — Uni-
versitdt Duisburg-Essen, Germany

Permalloy (Fe21.5 at.-%, Ni78.5 at.-%) exhibits remarkable soft mag-
netic properties [1]. Thus it finds its application for example in sensors
or inductive devices. In conventional manufacturing methods, several
drawbacks include a degradation of magnetic properties [2], geomet-
rical limitations and a waste of material due to post-processing. An
alternative approach is the use of Additive Manufacturing (AM) tech-
nologies. In particular, Laser Beam Melting (LBM) allows the fabri-
cation of metallic parts with individualized near net shaped structures
and complex geometries, which cannot be manufactured with other
techniques [3].

We report the manufacturing of LBM-cubes with an edge length of 5
mm using a magnetic powder blend with 21.5 at.-% Fe and 78.5 at.-%
Ni. For high energy input during the production, Energy-dispersive
X-ray Spectroscopy revealed a line-shaped segregation of Fe and Ni at
the surface of the cubes and a F'eNis phase in the bulk material. Ad-
ditionally Magnetometry indicated an increase of the saturation mag-
netization of the bulk material with increasing energy input.

[1] Jiles, D.C. Acta Mater. 51 (2003) 5907.
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[2] Fenineche, N.E., et al. Mater. Lett. 58 (2004) 1797.
7] Frazier, W.E. JMEPEG 23 (2014) 1917.

MA 21.68 Tue 9:30 Poster A

Large uniaxial magnetostriction with sign inversion at the
first order phase transition in MnyGaC films — IuLia
1, eRusLAN SaLikHOV!, ANDREJS PETRUHINSZ?, ARNI

NovosteLova®,
2. Jouanna Rosen?, UrLr WiepwaLp!, and MICHAEL

INcAsONZ,
FArRLED® — 1 Faculty of Physics and CENIDE, University of Duisburg-
Essen, Germany — 2Department of Physics, Linkoping University,
Linképing, Sweden — 3Center for Functionalized Magnetic Materials,

Immanuel Kant Baltic Federal University, Kaliningrad, Russia

Mp+1AX, (n = 1,2,3) phases are a family of inherently nanolaminated
hexagonal compounds. The new MnaGaC MAX phase was synthesized
as hetero-epitaxial films containing Mn as the exclusive M-element
[1]. Here, we present a comprehensive study of magnetic phase tran-
sitions in the MnaGaC films. The Néel temperature is Tny ~ 507 K,
at T; = 214 K the material undergoes a first order phase transition
from antiferromagnetic (AFM) above T; to a non-collinear AFM spin
structure. Both states show large uniaxial c-axis magnetostriction of
450 ppm. Remarkably, the magnetostriction changes sign, being com-
pressive (negative) above T and tensile (positive) below the T;. The
sign change of magnetostriction coefficient across the phase transition
is a consequence of the layered structure and competing AFM and
FM exchange interactions between magnetic atomic layers. The sign
change of the magnetostriction is accompanied by a sign change in the
magnetoresistance indicating a coupling between the spin, lattice and
electrical transport properties. The work is supported by DFG Grant
SA 3095/2-1. [1] Dahlqgvist, M. et al. Phys. Rev. B 93, 014410 (2016).

MA 21.69 Tue 9:30 Poster A
Real-time dynamics of the Kosterlitz-Thouless transition in
a magnetic layer on a metallic system — eSimMoNn MIcHEL and
MicHAEL PorTHOFF — L. Institut fiir Theoretische Physik, Univer-
sitdat Hamburg

A theoretical approach is developed to study the real-time dynamics
of topological excitations of a two-dimensional anisotropic magnetic
layer which is coupled to a metallic substrate. To this end, we solve
the equations of motion for three-component classical spins on the
square lattice which mutually interact via a direct in-plane exchange.
In addition there is a local exchange coupling to the local magnetic
moments of a system of noninteracting conduction electrons.

As a first step we consider the spin-subsystem only and study
the vortex-unbinding Kosterlitz-Thouless transition in the equilibrium
phase diagram. Within the real-time approach, this is done by starting
from a random initial state, followed by a fictitious dissipative dynam-
ics using a Gilbert damping term to generate a typical equilibrium
state with given total energy. Thermodynamical expectation values
are given as time averages. Here, we discuss the temperature depen-
dence of the spin correlations, of the vortex density and of the average
vortex-antivortex distance.

Eventually, our goal is to understand, on an atomic level, how to
control topological excitations with the tip of a scanning-tunnelling
microscope. In our model approach, this shall be done by compu-
tations of the real-time dynamics of the spin-electron hybrid system
which is initiated by a strong local perturbation.

MA 21.70 Tue 9:30 Poster A
Magnetic Majorana fermions observed in the diluted Ki-
taev materials a-Rul-xIrxCl3 — eYouncsu Cuorl?, DIrk
WurrerpING!3,  PeTER LEMMENs!3, Seuncawan Do?, and
KwaNng-YonGg Cnor? — 'IPKM, TU-BS, Braunschweig, Germany —
2Chung-Ang Univ., Seoul, Korea — 3LENA, TU-BS, Braunschweig,

Germany

A Kitaev honeycomb lattice is a paradigmatic model that hosts Ki-
taev spin liquid and Majorana fermions. However, their experimental
identification remains elusive in real Kitaev materials as non-Kitaev
terms often induce a magnetically ordered state. We introduce spin
vacancies to overcome this deadlock. In the diluted Kitaev materials a-
Rul-xIrxCl3, Raman scattering measurements uncover that moderate
spin vacancies destabilize the zigzag antiferromagnetic order towards
a short-range ordered state, while well-defined Majorana fermion ex-
citations emerge under sizable dilutions. Furthermore, a structural
evolution with Ir content is characterized by studying phonon modes.
Work supported by the Quantum- and Nanometrology initiative
QUANOMET within project NL-4, the NTH School Contacts in
Nanosystems and Korea NRF Grants (No. 2012-046138).
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MA 21.71 Tue 9:30 Poster A
Magnetic properties of chain antiferromagnets KFeS> and
RbFeSes eZAKIR SEmov2 ViapimiR Tsurkan®, Hans-
ALBRECHT KRUG voN NippAl, IRINA FiLipova3, DoriNa CROITORIS,
AxeL GONTHER!, Amrar Kiamov?, Lenar Tacirov®® FARIT
Vacizov?, Taryana GavriLova®, and Arors Lomr! — 'EP V, EKM,
University of Augsburg, D-86135 Augsburg — 2Institute of Physics,
ANAS, AZ-1143 Baku — S3Institute of Applied Physics, Academy of
Sciences of Moldova, MD-20208 Chisinau — “Institute of Physics,
Kazan Federal University, RUS-420008 Kazan — 5E.K.Zavoisky

Physical-Technical Institute, RAS, RUS-420029 Kazan

The ternary iron chalcogenides KFeSo and RbFeSez consisting of
chains of edge-sharing FeXy (X = S, Se) tetrahedra have been inves-
tigated by means of magnetic susceptibility, specific heat, Mossbauer,
and ESR measurements. The single crystals exhibit collinear antifer-
romagnetic (AFM) order with strongly reduced moments below 252 K
and 248 K, respectively. For both compounds the small anomaly in
C(T) and the corresponding low value of entropy at T indicate a sig-
nificant spin reduction and the existence of AFM fluctuations even far
above Ty. Mossbauer parameters determined in the entire tempera-
ture range indicate that iron in RbFeSes is in ferric (trivalent) state
having strong covalent bonding to selenium ligands. The measured
hyperfine field of 216 kOe at 4.2 K is quite reduced as compared to
that in high-spin ferric compounds corroborating the strong spin re-
duction of Fe3t. The high-temperature susceptibility data of KFeSa
and RbFeSes suggest a one-dimensional metallic character along the
chains.

MA 21.72 Tue 9:30 Poster A
Magnon-phonon coupling in hybrid-nanostructures — eoT.
Luscamann®2)  D. Scawiensacuer!23, R. Grossb23, M.
WeiLER!2, and H. HuesL'?3 — 1Walther-Meissner-Institut, Bay-
erische Akademie der Wissenschaften, Garching, Germany — 2Physik-
Department, Technische Universitat Miinchen, Garching, Germany —
3Nanosystems Initiative Munich, Miinchen, Germany

Phononic crystals are ideal candidates for localizing phonons up to
GHz frequencies in phononic cavities [1]. Combining these structures
with magnetic materials with similar magnetic resonance frequen-
cies should allow for resonant, artificial magnon-phonon coupling. We
present a finite element study for the realization of phononic cavities
in SiN mechanical resonators and discuss the magnon-phonon coupling
in these devices. In addition, we will present first samples and mea-
surements.

[1] M. Eichenfield et al.
(2009).

Optomechanical Crystals, Nature 462

MA 21.73 Tue 9:30 Poster A
Magneto-resistance measurements in para- and ferromag-
netic FegoAlyy nanowires — Vico LIERSCH!, eALEXANDER
ScuMmEeINK!, BENEDIKT EcGERT?, Tobias WAaRNATZ!, SEBAs-
TIAN WinTz!3, JonaTHAN EHRLER!, RoMaN BOTTGER!, GRE-
cor Hrawacek!, Kavy Porzcer!, JURGEN LINDNER!, JURGEN
FassBenNDER!, ArTurR ErBE!, HElkO WENDEZ, and RanTEJ BaLi!
— lHelmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany —
2CENIDE & Universitdt Duisburg-Essen, Duisburg, Germany —

3Paul Scherrer Institut, Villigen PSI, Switzerland

Paramagnetic (PM) B2 FegpAlsp can be disordered into the ferromag-
netic (FM) A2 structure using light noble gas ions.[1] The transition
can be adjusted using the ion fluence and reversed via annealing thus
providing a tunable magnetic material.

Using a focused Net ion beam of ~2 nm spot-size it is possible to
locally induce disorder in thin films of such a material, creating FM
regions in PM surroundings.|2] This enables patterning of FM|PM|FM
structures in the current-perpendicular-to-plane geometry.

FM stripes of ~100 nm widths with PM spacings down to 50 nm
were written onto 40 nm thick B2 FeggAlyg. The reversal fields of
the patterned FM stripes are adjustable via the stripe width, enabling
multiple magnetic configurations. Magneto-transport properties of the
ion-patterned structures as well as the effect of joule heating on the
stability of A2 FeggAlyg are reported.

[1] E. Menéndez et al. New J. Phys. 10 103030 (2008).

[2] F. Roder et al. Sci. Rep. 5 16786 (2015).

MA 21.74 Tue 9:30 Poster A
A nanoscale approach in wireless power transfer — eMARIUS
WobnNiok and SoNJA ScHONING — University of Applied Sciences
Bielefeld, Bielefeld, Germany
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Inductive applications become an every day tool in electronics and
electronic parts as for example in phones and cars. In that matter the
wireless power transfer needs to get optimized in concerns of speed,
efficiency and (more important) displacement tolerance. Therefor it
is essential to guide the magnetic field lines and form a focused stray
field. In heating applications power transfer shall additionally occur
homogenous corresponding to flat receivers like cooking dishes.

To realize these demands and make a nanoscale approach a material
study for surrounding and receiving parts is performed to determine
the key material characteristics for an optimized wireless power trans-
fer. Beforehand simulations using COMSOL Multiphysics are run for
a simplified system of an induction stove to predefine key characteris-
tics and narrow down the selection of suitable materials. The material
study itself includes measurements of the magnetic, electric and ther-
mal properties in correlation to the power transfer. Following these
investigations, nanoparticles and thin films will be tailored for an op-
timized wireless power transfer.

MA 21.75 Tue 9:30 Poster A
Magnetic coupling effects in ordered arrangements of mag-
netite nanoparticles — eNiLs NEUGEBAUER!, MarTHIAS T.
Eumb23 and Perer J. Krar? — lInstitute of Experimental
Physics I, Heinrich-Buff-Ring 16, 35392 GieRen, Germany — 2Center
for Materials Research (LaMa), Heinrich-Buff-Ring 16, 35392 Giefen,
Germany — 3Institute of Physical Chemistry, Heinrich-Buff-Ring 17,
35392 Gieften, Germany

Fabrication of magnetic nanoparticle arrangements have attracted
great interest for modern research due to their potential for various ap-
plications such as recording tapes, spintronic and magnetoresistive ran-
dom access memory (MRAM). The influence of the distance between
magnetic arrangements on the behavior of the macroscopic properties
has not been sufficiently investigated yet. The knowledge of these prop-
erties is of enormous significance, e.g. for increasing the storage density
of memory devices. The present study is performed to determine the
distance dependence of the coupling between magnetic nanoparticle
arrangements. By using electron-beam lithography and the meniscus
force deposition method, structures with defined size and controlled
spacing down to a few tens of nanometers can be assembled. Those
structures were filled with magnetite (Fe3O4) nanoparticles with di-
ameters of 20 nm. Ferromagnetic resonance measurements (FMR) are
used to characterize the properties of those arrangements. It is revealed
that there is a critical distance where coupling occurs, and that the
nature of the interaction is also dependent on the spatial arrangement
of the nanoparticle arrangements.

MA 21.76 Tue 9:30 Poster A
Tuning of the Ni:Fe ratio of flexible thin-film giant magne-
toimpedance sensors — eGREGOR BUTTEL and UWE HARTMANN
— Institute of Experimental Physics, Saarland University, P. O. Box
151150, D66041, Saarbriicken, Germany

Permalloy-based giant magnetoimpedance (GMI) sensors have been
integrated onto Si cantilevers to investigate their potential for the de-
tection of strain and as flexible sensors. The devices allow to apply
compressive and tensile strain and to record images of the correspond-
ing magnetic domains by magneto-optical Kerr wide-field microscopy.
By tuning the Ni:Fe ratio to a negative magnetostriction constant a
strain-gauge factor of nearly 200 is reached in the ferromagnetic reso-
nance regime of the GMI effect [1].

In case of nearly zero magnetostriction the effective anisotropy field
remains stable under large applied tensile/compressive strain and no
broadening/narrowing of the hysteresis and impedance curve occurs.
However, in the low-field and MHz regime a significant modification
of the impedance curve was found, which is attributed to domain-wall
resonance and a corresponding change of permeability /impedance.

[1] Buettel, G. et al., APL, in press

MA 21.77 Tue 9:30 Poster A
Application of 3D Lithography — eCHRISTIAN 1

DENKER",
CorNELIUS FENDLER?, Juria BeraUNE?, NiNa MEYER!, ToOBIAS

TusanpT!, FINN-F. LieTzow!, NEHA JHA!, CHRIS BADENHORST?,
ALENA Roncg®, JakoB WarLowski', MARK DoOERR®, RAGHVEN-
pRA PrLaNkarR?, MmagLa DerLcea®, Uwre T. BoORNSCHEUER?,
RoBERT BLick?, SwaDHIN MANDALS, and MARKUS MUNZENBERG!
— nstitut fiir Physik, Universitit Greifswald, Germany — 2Institut
fiir Nanostruktur- und Festkorperphysik, Universitat Hamburg, Ger-
many — S3Institut fiir Biochemie, Universitit Greifswald, Germany
— 4Institute of Immunology and Transfusion Medicine, University
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Medicine Greifswald, Germany — 5Centre for Innovation Competence
- Humoral Immune Reactions in Cardiovascular Diseases, Universitit
Greifswald, Germany — ©Indian Institute of Science Education and
Research Kolkata, India

3D 2-Photon-Lithography, originally developed for 3D photonic crys-
tals, opens a wide range of new possible applications in many other
fields, e.g. life sciences, micro-optics and mechanics [1]. We will present
our recent applications of 3D 2-Photon-Lithography and show 3D evap-
oration masks for in-situ device fabrication using different deposition
angles, infra-red laser light focusing lenses directly fabricated on op-
tical fibers, tunnel structures for guiding growth of elongated cells,
pillars for investigation of cell mechanics and master-mold fabrication
for Polydimethylsiloxane (PDMS) micro-fluidic channels.

[1] J. K. Hohmann et al., Adv. Optical Mater. 3 (2015) 1488

MA 21.78 Tue 9:30 Poster A
Electronic transport in van der Waals layered Kagome lattice
Nb3X8 Cluster Compound — eEpoUARD LEsNE!, JiHO Yoon?!,
Joun P. SueckeLTON2, CHRIS PAasco?, TYREL M. McQUEEN?, STu-
ART S. P. ParkiN!, and Mazuar N. ALl — Max Planck Institute
of Microstructure Physics, Halle (Germany) — 2Johns Hopkins Uni-
versity, Baltimore (USA)

Geometrically frustrated materials based on a Kagome lattice have
been long studied as promising Quantum Spin-Liquid candidates. Of
particular interest are metallic spin liquids * theorized to host exotic
transport properties including high temperature superconductivity [1].

Recently, the 2D van der Waals cluster compound Nb3Cl8, which
has a Nb Kagome lattice, has been reported as a potential spin lig-
uid material [2]. Due to its insulating behavior, electronic transport
properties and their link to the exotic magnetism have not been inves-
tigated.

Here we report on electronic transport measurements in 10-100nm
thin flakes of Nb3X8 (X= Cl, Br) in Hall bar geometries, fabricated
via standard micromechanical exfoliation techniques combined with
photolithography and ion-beam sputtering deposition. We further re-
sort to electrostatic doping in a back-gate geometry, and to top-gating
via ionic liquid to metallize the compound and probe a prospective
metallic spin liquid state.

[1] P. W. Anderson, Science 235, 1196 (1987) [2] J. P. Sheckelton et
al., Inorg. Chem. Front. 4, 481 (2017)

MA 21.79 Tue 9:30 Poster A
Downscaling of planar Hall effect sensors for optical trans-
parency and small volumes — eLLuca MARrNITZ, KARSTEN RoTT,
Karr-Joser Dietz, DAario ANSELMETTI, and GUNTER REISS —
Bielefeld University

Magnetic field sensors based on the Planar Hall Effect (PHE) have
been used to sense the stray field of magnetic nanoparticles induced
by the self-field of the sensor current. Prior reports either use the
shape anisotropy of the sensor to induce effective single domain be-
haviour [1] or use exchange-biased ferromagnets for example in a PHE
Bridge (PHEB) layout [2].

However, these sensors either have a large surface area of up to several
mm? [1], which is problematic for small sample volumes and/or are
optically non-transparent due to their relatively large thickness.

In this work we prepared pum-sized optically transparent PHE-sensors
for magnetic nanoparticle detection and simultaneous optical observa-
tion in an optical microscope.

Both the effects of downscaling the area and the thickness of the ac-
tive sensors are analyzed regarding their feasibility for detecting the
particle-surface distance in an optical microscope equipped with a mag-
netic tweezer. This technique could allow the use of smaller particles
and tailored particle shapes to analyze the stretching and twisting of
biomolecules.

[1] Mor et al., JAP 111, 07TE519 (2012)

[2] Henriksen et al., JAP 119, 093910 (2016)

MA 21.80 Tue 9:30 Poster A

Efficient numerical relaxation of antiferromagnetic spin tex-

tures — e ANDREW FINGERS, HRISTO VELKOV, MATTHIAS SITTE,
HeLeEN GomoNAy, DANIELE Pinna, Jairo Sinova, and KARIN
EVERSCHOR-SITTE — Johannes Gutenberg-Universitiat, Mainz, Ger-
many

The literature is plentiful of both open source and commercial software
for the analysis of ferromagnetic dynamics. Current approaches to an-
tiferromagnetic systems simply modify the existing codes by either al-
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tering the sign of the exchange constant or only covering the dynamics
of the staggered field in the large coupling limit. For antiferromagnetic
systems, however, the situation is more complex due to the different
energy and time scales involved. As an example, just modifying the
sign of the exchange constant can lead to nontrivial numerical errors.
Already the relaxation of an antiferromagnetic texture on its own is a
complex task and the algorithms cannot just be transferred from the
ferromagnetic case. We are developing a suite of solvers tailored for
antiferromagnetic systems. We demonstrate a relaxation solver and
apply it to the specific example of an antiferromagnetic skyrmion.

MA 21.81 Tue 9:30 Poster A
Inverse Coil Design by Simulation based Optimization —
eLENNART WEBER, SIMON BEKEMEIER, and CHRISTIAN SCHRODER
— Bielefeld Institute for Applied Materials Research (BIfAM), Com-
putational Materials Science and Engineering (CMSE), University of
Applied Sciences Bielefeld, Department of Engineering Sciences and
Mathematics, Interaktion 1, D-33619 Bielefeld

Inductive power transfer is nowadays a widely used technology. One
example is inductive heating, where the used coils are usually planar
with homogeneous winding distances. With regard to energy efficiency,
comfort and electromagnetic compatibility it is desirable to start from
an optimal magnetic field distribution and derive the necessary coil
geometry from it. Such an approach requires inverting the Biot-Savart
law, which poses an ill-posed problem. This can usually be addressed
by so-called target-field methods. Here, we propose a different ap-
proach, namely a direct approach using a parametric representation
of the coil geometry. Based on this we solve the forward problem, i.e.
calculate the magnetic field and optimize the parameters of the coil
by Simulated Annealing in order to minimize the difference between
the present field and the target field. Furthermore, we examine ma-
chine learning algorithms and other optimization techniques, beside
Simulated Annealing, to speed-up our calculations and improve our
approach.

MA 21.82 Tue 9:30 Poster A
A target field approach for the design of non-conventional
3-D coils — eAssja Laas and CHRISTIAN SCHRODER — Bielefeld In-
stitute for Applied Materials Research (BIFAM), Computational Mate-
rials Science and Engineering (CMSE), University of Applied Sciences
Bielefeld, Department of Engineering Sciences and Mathematics, In-
teraktion 1, D-33619 Bielefeld

The design of coils for high-frequency applications in the area of induc-
tive energy or information transfer is a challenging task. For efficiency
and energy reasons the geometry and topology of the coils needs to
be adapted to the corresponding application. In our study we focus
on the design of three dimensional induction heating coils by an in-
verse methodology. Induction hubs are operating at frequencies where
a time-harmonic representation of the Maxwell equations can be used
to determine the axial component of the magnetic field B(r). A tar-
get field is specified over a certain region and an approximation of the
current density through a Fourier series expansion is derived which
generates the desired field. Because of the ill-posed nature of this
problem, a Tikhonov regularization with a minimum gradient term is
used to calculate the unknown parameters of the Fourier series expan-
sion. Based on this, the coil windings are usually determined using a
stream function approach. However, because of the three dimensional-
ity of the problem this is not possible. Instead, we generate a current
density map, from which the winding patterns can be derived.

MA 21.83 Tue 9:30 Poster A
Motion Characteristics of Exchange Bias Capped Janus
Particles in Dynamic Magnetic Stray Field Landscapes —
e ANDREEA TomiTa, Rico HuHNsSTOCK, MEIKE REGINKA, DENNIS
HorzincER, and ARNO EHRESMANN — Department of Physics and
Center for Interdisciplinary Nanostructure Science and Technology
(CINSaT), University of Kassel, Heinrich-Plett-Str. 40, D-34132 Kas-
sel

Transport systems and self-propelled particles offer interesting
prospects for research in a wide spectrum of applications like
biomedicine, sensors and lab-on-a-chip devices. The system that we
propose takes a novel approach by combining the multifunctionality
of Janus particles with the strict control and confinement of their lo-
comotion in an artificial magnetic field landscape. The Janus parti-
cles are fabricated to have a magnetic cap made of an exchange bias
thin film system and a non-magnetic material respectively, in this case
the later being silica, a material with high functionalization poten-
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tial. This allows for the distinct study of the Janus particles’ coupled
translational-rotational transition and motion dynamics when exposed
to dynamically changing magnetic stray field landscapes. The asym-
metry of the particles, combined with the magnetic field landscape of
the substrate, creates the possibility of a tailored assembly of several
particles pointing in a direction dictated by the power-balance of the
forces acting on them.

MA 21.84 Tue 9:30 Poster A
Size effect of exchange interaction parameters for FePd
nanoparticles — eSviTLANA PoNOMAROVA, TURIT KOovAaL, and OLEK-
SANDR PoNoMaRrov — Institute for Metal Physics the NAS of Ukraine

Magnetic properties of materials are measured by various types of ex-
ternal influences. From this prospective FePd bulk and nano alloys
show interesting features: increase of high magnetic anisotropy in the
ordered L10 phase, Invar effect, and martensitic transformation at low
temperatures.

In this paper we calculated exchange interaction parameters - ex-
change integrals - in FePd magnetic nanomaterials for Fe-Fe, Pd-Pd,
Fe-Pd atom pairs within a nanoparticle under different conditions.

The Heisenberg model for the system of randomly located spins con-
cerning their slowly-relaxing arrangement was updated for binary solid
solution with two magnetic components. Magnetic properties (Curie
temperature, etc.) may be easily varied by nanoparticle size. For this
readon size effect is additional control factor which was taken into
consideration for nanoparticles.

Basically we focused on analysis of:

1. the correlation between exchange interaction parameters and
characteristics of martensitic transformation;

2. influence of an external pressure and an atomic ordering effect on
exchange integrals.

MA 21.85 Tue 9:30 Poster A
Monte-Carlo simulation studies on interacting 3D nanopar-
ticle supercrystals — eMauricio CATTANEO, MICHAEL SMIK,
OLEG PETRACIC, and THOoMAS BRUCKEL — Jiilich Centre for Neu-
tron Science JCNS and Peter Griinberg Institut PGI, JARA-FIT,
Forschungszentrum Jilich GmbH, 52425 Jiilich

The assembly of magnetic nanoparticles into large 3D structures consti-
tutes a novel way of fabricating artificial materials that show properties
that are not found in conventional systems. A detailed understanding
of the magnetic properties is impeded by the huge number of contribut-
ing parameters as well as the difficulty in probing the internal mag-
netic structure in situ. Monte-Carlo Simulations offer the possibility to
predict numerically possible magnetic low energy states. Sufficiently
small nanoparticles can be considered as single domain, which may be
modelled as an effective superspin. In contrast to atomic spins, the
dominating inter-particle interaction is the dipole-dipole interaction.
We simulated iron oxide nanoparticles in a fcc superlattice structure
with various lattice constants in order to tune the interaction strength.
An Onsager-like mean-field approach has been implemented in order to
increase the performance of the basic Metropolis scheme. In the limit
of vanishing magnetocrystalline anisotropy, several low-energy states
but no unique ground state have been observed.

MA 21.86 Tue 9:30 Poster A
Synthesis and study of magnetic nanoparticle systems of iron
oxide, cobalt and their mixtures — eSveETLANA KLIMOVA, Na-
DINE FokiN, INGA ENNEN, DANIELA RAMERMANN, and ANDREAS
HUTTEN — Bielefeld University, Bielefeld, Germany

Magnetic nanoparticles (NPs) have potential for various applications
such as sensors, ferro*uidics, high-frequency electronics, high perfor-
mance permanent magnets, magnetic refrigerants, and catalytic sys-
tems. For producing and using magnetic NPs there are three key
issues, which dominate the magnetic properties of magnetic NPs and
their ensembles: *nite size effects, surface effects, interparticle interac-
tions. Reducing the size leads to quantum con*nement and modi*es
the properties at the nanoscale. Exchange bias like hysteresis shifts can
be observed in ferromagnetic NPs, in which the surface behaves like a
spin glass, which is formed due to *nite-size and surface effects. Fur-
thermore, surface effects are related to the symmetry breaking of the
crystal structure at the boundary of each magnetic NP. This work fo-
cuses on the synthesis of systems of iron oxide, cobalt and NP mixtures
of different sizes and different magnetic phases. Comparing structural
with magnetic characterization will reveal the magnetic interactions.
Moreover, the resulting magnetic transport properties will be presented
and discussed.
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MA 21.87 Tue 9:30 Poster A
Fabrication and Magnetic characterization of exchange-
biased Janus Particles — eMEIKE REGINKA!, ANDREEA TomITAl,
Rico Hunnstock!, THomas Kusserow!, Kar ArsTiLa?, DENNIS
HorziNgER!, and ArRNO EnrREsMANN! — !nstitute of Physics and
Center for Interdisciplinary Nanostructure Science and Technology
(CINSaT), University of Kassel, Heinrich-Plett-Str. 40, D-34132 Kas-
sel — 2Department of Physics, University of Jyviskyl, Suorvontie 9,
FI1-40014 Jyvaskyla

Research in the field of point-of-care technology requires bio-
functionalized particles, that allow for remotely controllable actuation
in microfluidic processes, e.g. via external magnetic fields. In order to
magnetically address the particles’ degrees of motion, an exchange bias
layer system was introduced on top of silica microspheres resulting in
magnetic Janus particles. The sputter-deposited exchange bias system
exhibits an unidirectional anisotropy, and thus, giving rise to a pinned
magnetization distribution within the spherical half shell. For exper-
imental verification the magnetic properties of the designed particles
were investigated by Magnetic Force Microscopy and Kerr magnetom-
etry besides other imaging methods on the nanometer scale, namely
Helium Ion Microscopy, Focused Ion Beam and Scanning Electron Mi-
croscopy. Additionally, the addressability of the particles is shown in
dynamic microfluidic experiments under externally applied rotational
magnetic fields.

MA 21.88 Tue 9:30 Poster A

Temperature behavior of specific heat of hexago-
nal spin ice models with different interaction radius
— Yurly SHEVCHENKO!'?, eALEKSANDR Makarovl2 PETR
ANDRIUSHCHENKO!2, and KoNsTANTIN NEFEDEV!'2 — Department

of Computer Systems, School of Natural Sciences, Far Eastern Federal
University, Vladivostok, Russian Federation — 2Institute of Applied
Mathematics of Far Eastern Branch, Russian Academy of Science, 7
Radio Str, Vladivostok, Russian Federation

By Wang-Landau method the problems of temperature behavior of
specific heat were solved for hexagonal lattice models with dipole short-
range, as well as long-range interaction and free boundary conditions.
We observe an anomalous behavior of specific heat for such lattices.
It is established that systems of a finite number of Ising spins with
long-range dipole interactions can have unusual thermodynamic prop-
erties that are characterized by the presence of several peaks of the
specific heat in the absence of an external magnetic field. There is no
phase transition in the model with the nearest-neighbor interaction on
a hexagonal lattice, while the temperature behavior of the specific heat
exhibits a singularity in the same model for long-range interaction.

MA 21.89 Tue 9:30 Poster A
Scanning electron microscopy with polarization analysis
on ex-situ sputter-deposited ultrathin Ir\Co\Pt films —
oSUSANNE Kunrau, FaBiaN KroobpT-TWESTEN, JOCHEN WAGNER,
RoBERT FROMTER, and HaNs PETER OrPEN — Center for Hybrid
Nanostructures, Universitdt Hamburg, Germany

Scanning electron microscopy with polarization analysis (SEMPA) is a
magnetic imaging technique with the capability to measure two compo-
nents of the magnetization simultaneously. Due to its surface sensitiv-
ity, samples studied with SEMPA are usually prepared in situ. Ex-situ
prepared samples are generally capped to prevent oxidation during
transfer. It is commonly assumed that capping with non-magnetic
material in the range of nm will deteriorate the magnetic contrast,
particularly with strong spin scatterer as Pt. Before the SEMPA mea-
surement the capping layer is either removed by sputtering or dusted
by Co or Fe to establish magnetic contrast. However, both methods
influence the properties of the sample, either due to intermixing of
the upper layers or adding additional magnetic material. By means of
a wedge shaped Pt capping layer we have investigated the magnetic
contrast of {Ir\Co\Pt}, (n = 1,2) samples. Magnetic domains can be
imaged up to the maximum Pt thickness of 2 nm. A contrast reduction
due to oxidation as well as capping has been analyzed as a function of
Pt thickness. The maximum of the magnetic contrast found around 1
nm Pt thickness, yielding 30% of the pure Co contrast.

MA 21.90 Tue 9:30 Poster A
Room-temperature antiferromagnetic order in individual
goethite nanoparticles — eDavip M. BracHER!, TATIANA M.
SavcHENKO!, MaRrcus Wyss?, GiorgiaA OLIVIERI], MATTHEW A.
Brown?, Frirajor Norrine!, Marrino Poccio?, and ARMIN

KLEIBERT! 1Swiss Light Source, Paul Scherrer Institut, CH-5232
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Villigen, Switzerland — ?Department of Physics and Astronomy, Uni-
versity of Basel, CH-4056 Basel, Klingelberstrasse 82, Switzerland —
3Laboratory for Surface Science and Technology, Department of Ma-
terials ETH Ziirich, CH-8093,HCI G543

Nanoscaled antiferromagnets are of profound interest for future spin-
tronic devices and novel materials. The absence of effective mag-
netic moments renders the investigation of antiferromagnetic mate-
rial at the nanoscale very challenging. We tackle this issue by com-
bining temperature- and orientation-dependent X-ray linear dichroism
(XLD) spectromicroscopy by means of X-ray photoemission electron
microscopy with scanning electron microscopy (SEM). The temper-
ature dependen XLD signal of the individual goethite (a-FeOOH)
nanoparticles suggest a mostly reversible magnetic phase transition
around the Néel temperature (TN=400 K) of bulk goethite despite
of the polycrystalline structure of nanoparticles. Comparing the spa-
tially resolved XLD spectra with SEM images allows us to correlate
the magnetic properties with the morphology of individual goethite
nanoparticles.

MA 21.91 Tue 9:30 Poster A
Characterization of a Fresnel Zone Plate for magnetic imag-
ing with high harmonic radiation — eToB1as HEINRICH!, SERGEY
Zavyko!, Orer Krirb2, and CLaus RopeErs! — !University of Got-
tingen, 4th Physical Institute, Gottingen, Germany — 2Physics De-
partment, Technion - Israel Institute of Technology, Haifa 32000, Israel

The development of bright circularly polarized high harmonic radia-
tion [1,2] has recently enabled nanoscale magnetic imaging with sub-
50-nm resolution using x-ray magnetic circular dichroism [3|. Here,
we explore possibilities of enhancing this imaging approach utilizing a
Fresnel zone plate (FZP). Such a setup will provide the opportunity
for a direct and robust real-space image acquisition or can be used in a
combination with lensless techniques to increase the irradiance at the
sample.

In this work, a Fresnel zone plate suitable for use in a high-harmonic
setup was designed and characterized. The resulting wave front was
analyzed using a 3-D caustic measurement. By employing a pinhole
scan, wave fronts of different diffraction orders were identified and sep-
arately evaluated. Using coherent diffractive imaging, the complex exit
wave of the FZP was retrieved, yielding a focal spot size of 160 nm.
A total first order diffraction efficiency of 4.5 % was estimated. With
such an upgrade, the high-harmonic imaging setup will benefit from
the opportunity for spatially resolved x-ray photoelectron spectroscopy
in a scanning geometry. [1| Fleischer et all., Nature Photonics 8, 543-
549 (2014) [2] O. Kfir et all., Nature Photonics 9, 99-105 (2015) [3] O.
Kfir, S. Zayko et all., arXiv:1706.07695

MA 21.92 Tue 9:30 Poster A
Steps toward a new imaging method in biological systems —
e¢GERHARD WOLFF, SIMON ScHMITT, CHRISTIAN OSTERKAMP, LiaM
McGuinNEss, Boris NaypeENov, and FEDOR JELEzZKO — Institute
for Quantum Optics, University Ulm, Germany

In the last century NMR established itself as key technology for non-
destructive investigation of molecules and chemical reactions. As tradi-
tional NMR is reaching its limits in sensitivity and in spatial resolution
new ways a new approach is needed ti reach behind these limitations.

In the last decades quantum sensors have attracted more and more
attention. One such quantum sensor is the nitrogen Vacancy (NV) cen-
ter in diamond for which research groups recently showed nanoscale
NMR spectroscopy using single molecule confocal microscopes.

Widefield microscopy has the advantage over single NV experiments
that it allows one to increase the signal and reduce measurement time,
thus increasing frequency sensitivity. The reduced spatial resolution is
still sufficient for imaging of single cells.

However several challenges still remain, such as homogeneous mag-
netic fields over several hundred micrometers while still being ad-
justable in arbitrary directions as well as the generation of homoge-
neous microwave fields for coherent control of the NV ensemble.

This work seeks to develop recent groundbreaking experiments and
establish a new imaging method for biological systems.

MA 21.93 Tue 9:30 Poster A
Improving X-ray Magnetic Microscopy at MAXYMUS —
eMarkUs WEIGAND!, TuLLia Bykoval, MicHAEL BecHTEL!, BAR-
TEL VANWAEYENBERGEZ, HERMANN SToLL!, and GisELa ScHUTZ! —
IMPI for Intelligent Systems, Stuttgart, Germany — 2Gent University,
Gent, Belgium
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MAXYMUS is a UHV Scanning Transmission X-ray Microscope
(STXM) operated by the MPI for Intelligent Systems at a dedicated
soft X-ray undulator beamline at Bessy II, which is a world leading
instrument for time resolved magnetic microscopy.

It allows users to pump samples with a wide range of excitation types
and frequencies and directly image the response of the sample with our
self-build single photon detection and counting system, yielding resolu-
tions of down to 20ps and 20nm in time and space. This capability can
combined with a vector field system and UHV capability for concurrent
surface and bulk measurements.

We will present a number of upgrades being made to the microscope
to enhance the capabilities, including a helium cryostat and compatible
high frequency sample holders for dynamic imaging <30K, improve-
ments for higher excitation bandwidths above 30GHz as well as a high
repetition rate synchronized laser being developed in cooperation with
the Max-Born-Institute to allow optical pumping, both for thermal ex-
citation as well as triggering of Austin switches for very fast dynamic
imaging.

MA 21.94 Tue 9:30 Poster A
Ptychographic imaging of magnetic materials at MAXYMUS
X-ray microscope — eluLiia Bykova, MArRkUS WEIGAND, KAHRA-
MAN KEskINBORA, UMUT SANLI, JoACHIM GRAFE, EBERHARD GOER-
ING, HERMANN SToLL, GUNTHER RICHTER, and GIZELA ScHUTZ —
Max-Planck-Institute for Intelligent Systems, Stuttgart, Germany

The size of magnetic features in modern magnetic materials can be
scaled far below 100 nm that requires imaging with advanced res-
olution capabilities. Ptychography is the combination of diffraction
imaging and scanning transmission microscopy that provides images
of extended sample areas with wavelength limited resolution. Utiliz-
ing iterative reconstruction algorithms it provides phase and amplitude
information about studied specimens. With possibility to use circular
negative and positive polarized X-ray light these technique would allow
to gain insight into the domain configuration of the magnetic struc-
tures, their shape and stability.

MAXYMUS X-ray microscope was upgraded with a fast in-vacuum
CCD camera (PNSensor) with high readout speed up to 450 Hz, quan-
tum efficiency >70% (for E>300eV) and RMS noise per pixel less than
3e-. Implementation of a fast CCD camera and in-house produced IBL
FZPs at MAXYMUS allowed introduction of ptychographic imaging
and, as a result, drastic improvement of imaging resolution. We are go-
ing to present latest results of ptychographic imaging of samples with
magnetic contrast obtained at MAXYMUS microscope.

MA 21.95 Tue 9:30 Poster A
Unconvnetional X-ray Optics — eKaAHRAMAN KESKINBORA,
Umut T. SANLI, MARGARITA BALUKTSIAN, and GISELA ScHUTZ —
Max Planck Institute for Intelligent Systems, 70569 Stuttgart, Ger-
many

First optic that comes to mind in any discussion of focusing X-rays,
is just a binary Fresnel zone Plate with rectangular zone profiles.
However, focusing X-rays with high efficiency or shaping the phase
front with high fidelity necessitates more elegant and sophisticated
micro/nano-structures. Here, we will discuss some of these uncon-
ventional X-ray optical devices useful for various X-ray beam-shaping
scenarios.

MA 21.96 Tue 9:30 Poster A
Multilayer Fresnel zone plates — eUmuT T. SANLI, MAR-
GARITA BaLukTsiaN, MArkUs WEIGAND, luLiia Bykova, GISELA
ScHUTZ, and KaAHRAMAN KESKINBORA — MPI for Intelligent Systems,
Stuttgart, Germany

Multilayer type (ML) Fresnel zone plates (FZP) were first suggested
35 years ago and drew incredible attention in X-ray community as they
can achieve very high aspect ratios which makes it theoretically possi-
ble to focus a very broad range of X-rays including very hard X-rays
down to around 20 nm. Because of the needed high precision in zone
positioning, circularity and the needed low zone roughness, ML-FZPs
have suffered from lower than optimum efficiencies and lens aberra-
tions. With our new insight into the fabrication method, which uti-
lizes atomic layer deposition (ALD) technique to deposit the multilayer
zones of the ML-FZP, we were able to fabricate high quality ML-FZPs
and achieved astigmatism-free direct imaging with high diffraction ef-
ficiency for the first time in ML-FZP history [1], and resolved 15.5 nm
structures, the world record direct imaging resolution achieved by an
ML-FZP. With our ALD fabricated Multilayer Fresnel zone plates we
aim for sub 10 nm imaging resolution.
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MA 21.97 Tue 9:30 Poster A
Laser-assisted local magnetization switching across the spin
reorientation transition in DyCos antidots — eJAIME SANCHEZ-
Barrica, CHEN Luo, SERGIO VALENCIA, and FLorRIN Rabpu —
Helmholtz-Zentrum Berlin fiir Materialien und Energie, Elektronen-
speicherring BESSY II, Albert-Einstein-Str. 15, 12489 Berlin, Ger-

many

The miniaturization required to achieve ultrahigh areal bit densities
leads to new fundamental challenges in both growth of magnetic nanos-
tructures and control of magnetic properties of ferrimagnets in low
dimensions. Using photoelectron emission microscopy in combination
with x-ray magnetic circular dichroism, we demonstrate the use of
DyCos ferrimagnetic antidot arrays for heat-assisted magnetic record-
ing. This is achieved by exploiting the reorientation of the magnetic
anisotropy which occurs just above room temperature, and by using
trains of laser pulses down to a single-photon shot. This allows us
to drive the system into a fully controllable final magnetic state of
nanoscale bits. We further characterize the efficiency of the process
as a function of laser fluence, and find that heat accumulation is the
driving mechanism responsible for the switching.

MA 21.98 Tue 9:30 Poster A

Low frequency noise in TMR based vortex spin torque

nano-oscillators — eSTErFFEN WiTTROCK!, Kay YakusHII?,
Akio FukusHiMA?, Hitosnr Kuora?, SHINJI Yuasa2, PaoLo
BorroLorTi!, ENrRIcO RuBloLa3, and ViNceNT Cros! — 1Unité

Mixte de Physique CNRS/Thales, Univ. Paris-Sud, 91767 Palaiseau,
France — 2National Institute of Advanced Industrial Science and Tech-
nology (AIST), Spintronics Research Center, Tsukuba, Ibaraki 305-
8568, Japan — 3Time-Frequency department, CNRS FEMTO-ST,
Université de Franche Comté, 25030 Besangon, France

With their very rich static and dynamical properties, magnetic vor-
tex dynamics excited by a spin polarized current represent not only
a model system to study the physical mechanisms of spin transfer
phenomena but could also give birth to a new generation of multi-
functional microwave spintronic devices. The key property of spin-
torque nano-oscillators (STNOs) is their high nonlinearity which gives
rise to manifold phenomena as well as to their relatively poor spectral
coherence and coupled noise behavior. While the noise distribution
for offset frequencies far from the carrier frequency is reasonably well
understood and described by the general nonlinear autooscillator the-
ory, low frequency noise remains under investigation as it limits the
frequency stability of the oscillator. Extensively studied in GMR and
TMR sensors, this work addresses the low frequency noise of a TMR-
based spin-torque vortex oscillator. We investigate the noise depen-
dence on the active magnetic volume of the oscillation under various
field and current conditions as well as its link to nonlinearity.

MA 21.99 Tue 9:30 Poster A
Torque-detected electron spin resonance and torque mag-
netometry — eALEXEY ArLronsov!, VwiapisLav Kataev!, and
BerND BUcHNERD2 — !Leibniz-Institut fiir Festkorper- und Werk-
stoffforschung Dresden, IFW Dresden, D-01171 Dresden, Germany —

2Technische Universitit Dresden, D-01062 Dresden, Germany

Magnetic anisotropy is a key property of many materials, which has
been under a great interest of scientists from around the world. The
magnetic anisotropy is defined by the complex interplay of different
degrees of freedom, such as spin or/and orbital moments, charge and
lattice. One of the most appropriate methods to study magnetic
anisotropies, and related properties is high field and multifrequency
electron spin resonance (HF-ESR), complemented by a torque magne-
tometry. Unfortunately samples of many new materials interesting for
the investigation are available in very small sizes: in some cases it is
complicated to synthesize large crystals, in other cases, the size is a key
property of the material itself. This all rises a problem of the detec-
tion of the ESR signal from such a small sample, especially in the case
of a multifrequency ESR spectrometer, where in order to increase the
sensitivity one has to apply restrictions on the microwave frequency,
strength and orientation of magnetic field. To overcome this prob-
lem we develope a multifrequency cantilever-based (torque-detected)
ESR spectrometer, which is capable to perform torque magnetometry
measurememnts as well.

MA 21.100 Tue 9:30 Poster A
Ab initio characterisation of skyrmion induced effects in
MTJs — eJoNas FRIEDRICH SCHAEFER, MICHAEL CZERNER, and
CHRISTIAN HEILIGER — Institut fiir theoretische Physik, Justus-
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Liebig-Universitat Giefsen, Heinrich-Buff-Ring 16, 35392 Giefien

Since interfaces and stacked layers offer a great variety of suitable sys-
tems for skyrmions, a deeper understanding of non-collinear effects in
these surroundings becomes desirable. Using our KKR Code and the
therein implemented Keldysh formalism we investigate the electronic
transport properties of such systems with and without self-consistency.
We show that this effort is necessary in order to get accurate results
and to reveal the underlying physics.

MA 21.101 Tue 9:30 Poster A
In-Operando HAXPES Band Alignment Studies Of Com-
plex Oxide Heterostructures: Au/NiFe20,4/SrTiO3 — eRonja
ANika HeINeEn!, Mar H. A. Hamep!, Parrick LOMKER!, AN-
pREI GLoskovskil?, WoLrcaNGg DRrRUBEZ, and MARTINA MULLER3
— 1Forschungszentrum Jiilich GmbH, PGI-6, Jillich — 2Deutsches
Elektronen-Synchrotron DESY, Hamburg — 3Technische Universitit
Dortmund, Experimentelle Physik I, Dortmund

Transition metal (TM) oxides exhibit a variety of physical properties
due to their high tunability of spin, orbital and charge degrees of free-
dom. The initial way to tailor these properties is a precisely controlled
growth process of single-crystalline thin film heterostructures. Thus,
not only the intrinsic physical properties of the complex oxides but
also the electronic conditions at the interface of functional multilayers
can give raise to new paths for future applications.

In our experiments, we investigate ultrathin films of the ferrimag-
netic inverse spinel NiFepO4 (NFO) grown on the perovskite SrTiO3
(STO) substrates. We use in-operando hard X-ray photoelectron spec-
troscopy at a photon energy of E= 6000 eV and apply in-situ bias volt-
ages of up to U= £8 V in order to analyse the the chemical fingerprints
and simultaneously the potential barrier profile of Au/NFO/STO het-
erostructures. The results provide insight into the interfacial band
arrangement and bias-dependent chemical reactions of ultrathin TM
oxides on a microscopic scale.

MA 21.102 Tue 9:30 Poster A
Spin transport through a contacted Heisenberg chain —
eFLORIAN LANGE, SarosHl Ejima, and HoLGER FEHSKE — Insti-
tut flir Physik, Ernst-Moritz-Arndt Universitiat Greifswald, D-17489
Greifswald, Germany

We use the density-matrix renormalization group and time-evolving
block decimation algorithms to simulate the spin transport through a
short Heisenberg spin chain sandwiched between two noninteracting
leads under a spin bias. By using total system sizes up to 200 sites,
we can accurately estimate the spin current in the steady state. The
dependence of the current-voltage characteristic on the chain length
and exchange anisotropy is examined. For the spin-1/2 XXZ chain,
we find an activated behavior similar to the charge transport through
a Mott-insulating Hubbard chain. In the high spin-voltage regime, a
negative differential conductivity due to the finite band width of the
leads is observed.

MA 21.103 Tue 9:30 Poster A
Hard X-ray spectroscopy of magnetic thin films for spintronic
devices — oANDREI GLoskovskil', GERHARD H. FEcHER?, and
WorrcaNnG DruBe! — !Deutsches Elektronen-Synchrotron DESY,
Hamburg — 2Max Planck Institute for Chemical Physics of Solids,
Dresden

High tunnel magneto-resistance is a characteristic of high quality mag-
netic tunnel junctions (MTJs) indicating a high spin polarization and
epitaxial interfaces. We have studied the electronic properties of buried
thin films promising as base electrodes for MTJs. In particular, the
influence of the stoichiometry and annealing on the shape of the core
levels and the valence band was investigated.

The main method used is Hard X-ray Photoelectron Spectroscopy
where the excitation by hard X-rays in the range of typically 3-10 keV
produces energetic photoelectrons which carry electronic structure in-
formation from well below the sample surface (10-30 nm) making it a
powerful tool for studies of complex materials, buried nano-structures
and multi-layered structures relevant for device applications. The ex-
periments were carried out at PETRA beamline P09.

MA 21.104 Tue 9:30 Poster A
ALD growth of Fe3Og3 thin films using Ferrocene and Ozone
as precursors — eMicHAELA LammeL!2, ANDY THoMas!, and Ko-
RNELIUS NieLscub2:3 — 1Leibniz Institute for Solid State and Mate-
rials Research Dresden (IFW Dresden), Institute for Metallic Mate-
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rials, 01069 Dresden, Germany — 2Technische Universitit Dresden,
Institute of Applied Physics, 01062 Dresden, Germany — 3Technische
Universitat Dresden, Institute of Materials Science, 01062 Dresden,
Germany

Antiferromagnetic spintronics is currently one of the main research
topics in magnetism due to the robustness of antiferromagnets against
disturbances by external fields. FezOs is a promising material sys-
tem to study the magnetization dynamics in antiferromagnets. FeoO3
exists mainly in two phases: antiferromagnetic a- and ferrimagnetic
v-Fe2O3.

We fabricate FeoO3 thin films on Si/SiO2 substrates by atomic layer
deposition (ALD) using ferrocene and ozone as precursors. X-ray re-
flectometry was used to extract the thickness of the FexO3 films. Fur-
thermore, the composition of the films was determined by EDX mea-
surements. In our studies, we identified the best parameters to maxi-
mize the growth rate per cycle. In a next step, the attention will first
be focused on the growth of phase-pure a- and y-FeaO3. Afterwards,
we plan to perform a reduction of the FeaOgs thin films into ferro-
magnetic Fe3Oy4 as already reported in Ref. [1]. Using ALD not only
allows us to deposit thin films, but it also enables us to get conformal
coatings of 3D-templates with magnetic materials.

[1] Zierold et al., Journal of Physics D, Vol 47, 485001 (2014)

MA 21.105 Tue 9:30 Poster A
Spin pumping through Fe3zO4 nano—oxide at the Fe/Pt in-
terface — eLAURA MIHALCEANU, SASCHA KELLER, ANDRES CONCA,
BurkARD HILLEBRANDS, and EvanGELOs TH. Papraioannou — TU
Kaiserslautern, Erwin-Schrodinger Str. 56, 67663 Kaiserslautern

The spin current generation via spin pumping is a prominent method
for the establishment of potential spin-current-generating devices. An
indirect detection of this effect is provided by measuring the inverse
spin Hall effect (ISHE) voltage. Various experiments have been per-
formed in order to probe the interface properties of such bilayer sys-
tems by inserting different insulating interlayers at the FM—-NM inter-
face. Some examples are Py/MgO/Pt, YsFe5012/insulating barrier
(Sr2GaTaOg,SrTiO3, SroCrNbOg) /Pt structures and Fe/MgO/Pt. In
our previous work on Fe/MgO/Pt we have shown the impact of an
MgO tunneling barrier on the spin-pumping effect: spin currents are
still inducing an ISHE voltage for very thin MgO tunneling barriers.
Here, we reveal the impact of nanosized Fe3O4 particles at the interface
of thin epitaxial Fe(12 nm)/Pt(10 nm) layers.

We show that FezO4 nanoparticles at the Fe/Pt interface signifi-
cantly increase the fourfold anisotropy compared to a pure Fe/Al ref-
erence. In FMR and spin-pumping experiments a very broad linewidth
of the FMR peak is revealed. The voltage generated by spin pumping
is steadily detectable over a wide external magnetic field range AH.

In collaboration with T. Kehagias, Department of Physics, Aristotle
University of Thessaloniki, Thessaloniki 54124, Greece

MA 21.106 Tue 9:30 Poster A
Interplay between localization and magnetism in (Ga,Mn)As
and (In,Mn)As — YE Yvanb?, Cur Xul2, Reng HUBNER!,
RAFAL JAkIELAS, RoMaN BoOTTGER!, MANFRED HELMD2, Ma-
cies Sawicki®, Towmasz Diert®%5, and eSHENGQiaANG Znou!
— 1Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany —
2Technische Universitéit Dresden, Dresden, Germany — 3Institute of
Physics, Warsaw, Poland — *International Research Centre MagTop,
Warsaw, Poland — ®WPI-Advanced Institute for Materials Research,

Sendai, Japan

Ton implantation of Mn combined with pulsed laser melting is em-
ployed to obtain two representative compounds of dilute ferromagnetic
semiconductors (DFSs):GaMnAs and InMnAs. In contrast to films de-
posited by the widely used molecular beam epitaxy, neither Mn inter-
stitials nor As antisites are present in samples prepared by the method
employed here. Under these conditions the influence of localization
on the hole-mediated ferromagnetism is examined in two DFSs with
a differing strength of p-d coupling. On the insulating side of the
transition, ferromagnetic signatures persist to higher temperatures in
InMnAs compared to GaMnAs with the same Mn concentration x.
This substantiates theoretical suggestions that stronger p-d coupling
results in an enhanced contribution to localization, which reduces hole-
mediated ferromagnetism.

MA 21.107 Tue 9:30 Poster A
High TMR at Room Temperature in Magnetic Tunnel
Junctions with Phenalenyl-molecule Tunnel Barriers

eNEHA Jual!, CHRrISTIAN DENKER!, ANAND PARYAR?, Pavan K.
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VARDHANAPUZ, HEBA MoHAMAD!, ULRIKE MARTENS!, CHRISTIANE
Herm!, SwapHIN MANDAL?, and MARKUS MUNZENBERG! — !Institut
fiir Physik, Universitit Greifswald, Germany — 2Department of
Chemical Sciences, IISER, Kolkata, India

Phenalenyl (PLY) based molecules, which can be regarded as Graphene
fragments are promising candidates for spintronic applications. At-
tempts to use open shell PLY molecules have been unsuccessful due
to their instability. We investigated a new closed shell molecule, PLY
with a Copper complex, for its spintronics suitability. TMR in various
samples of PLY-Cu MTJs was determined by measuring the resistance
across the MTJ under a high magnetic field during parallel and anti-
parallel configurations of the ferromagnets (FMs). Preliminary results
show outstanding Magnetoresistance (MR) at room temperature. Our
works demonstrate convincingly that spin-polarized currents can be in-
jected into organic materials with reasonably high efficiency, providing
strong evidence of spin polarized tunneling as the dominant transport
mechanism in PLY-Cu based magnetic tunnel junctions, and the use
of PLY-based molecules as a viable and scalable platform for building
molecular-scale quantum spin memory and processors for technological
development.

MA 21.108 Tue 9:30 Poster A
Magnetocaloric effect of magnetic molecules with single-ion-
anisotropy — eJuLiaAN EHRENS, CHRISTIAN BECKMANN, and JURGEN
ScHNAcCK — Universitat Bielefeld, PF 100131, D-33501 Bielefeld

The magnetocaloric effect can fundamentally be described as the
change of temperature when materials are exposed to changing mag-
netic fields in e.g. adiabatic processes. Along this line, magnetocaloric
properties of isotropic spin systems, that are modeled by a Heisenberg
Hamiltonian augmented with a Zeeman term, have been investigated
extensively [1]. Magnetic molecules with single-ion-anisotropy such as
Mnj2, whose ground state multiplet can be approximated as the mul-
tiplet of a single giant spin with dominating easy axis, enable the use
of rotating magnetic fields or rotating samples to exploit the magne-
tocaloric effect. Here we report investigations being made for giant
spin models with various spin quantum numbers employing several
thermodynamic cycles including the successive rotation around dif-
ferent axes in order to find the maximum entropy difference for best
cooling performance.

[1] J.W. Sharples, D. Collison, E.J.L. McInnes, J. Schnack, E. Palacios,
M. Evangelisti, Nature Communications 5 (2014) 5321

MA 21.109 Tue 9:30 Poster A
Investigation of decoherence in 2-qubit systems realized
as magnetic molecules — ePATRICK VORNDAMME and JURGEN
ScHNAcCK — Universitat Bielefeld, PF 100131, D-33501 Bielefeld

Magnetic molecules are considered as promising constituents of quan-
tum simulators or quantum computers. At low temperatures the mag-
netic levels of molecular nanomagnets enable the use as qubits. For
such an application the investigation and understanding of decoher-
ence caused by external and internal effects is very important. Here
we aim at a better understanding of the diverse aspects of decoher-
ence by investigating experimentally relevant notions of decoherence
in unitary time evolutions of finite-size closed systems of interacting
electronic as well as nuclear spins. We examine the behavior of the
qubits and related observables as a function of the considered interac-
tions (SU(2) symmetric or dipolar) and the properties of the nuclear
spin bath.

MA 21.110 Tue 9:30 Poster A
Fundamental thermodynamic processes investigated for
anisotropic magnetic molecules — eCHRISTIAN BECKMANN and
JURGEN ScHNACK — Universitit Bielefeld, Universitatsstr. 25, 33615
Bielefeld

The theoretical understanding of time-dependence in magnetic quan-
tum systems is of great importance in particular for cases where a
unitary time evolution is accompanied by relaxation processes. This
is of special interest for the realization of fundamental thermodynamic
processes.

In this contribution we investigate how fundamental thermodynamic
processes, such as Carnot, Otto or Stirling, can be performed with fi-
nite velocity on an anisotropic magnetic molecule by rotation of the
applied magnetic field.

MA 21.111 Tue 9:30 Poster A

Giant magnetic hyperfine field, spin dynamics and colos-
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sal transverse field sensitivity in the single-atomic magnet
Liz(Li;_,Fe;)N with z < 1 — eSascHA ALBERT BRAUNINGER!,
Sirko KamuseLral, RajB SarxaRrR!, ManNueL Fix2, STEPHAN
JanTz?, ANTON JESCHE?, ANDRE ZvyacIN3, and HaNs-HENNING
Krauss! — lInstitute of Solid State and Materials Physics, TU Dres-
den, D-01069 Dresden, Germany — 2Institute of Physics, University
Augsburg, D-86135 Augsburg, Germany — %Max-Planck-Institute for
the Physics of Complex Systems, Nothnitzer Str., 38, D-01187 Dres-
den, Germany

We present 57 Fe Mdssbauer studies on large single crystals of diluted
Fe ions in Liz (Li; —»Fez )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 2K, same for other x < 1. The magnetic hyperfine field
fluctuates between 50 K and 300 K probed by Mdssbauer 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~EAa/kBT yields a thermal activation barrier of
E4 = 542(8) K and vp = 216(22) GHz which consistent with magne-
tization 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 21.112 Tue 9:30 Poster A
Chemical doping of Fe; single molecule magnets on sur-
faces — oVIivIEN ENENKEL, FABIAN PascHKE, PHiLiPP ERLER, Luca
GRAGNANIELLO, and MIKHAIL FoNIN — Fachbereich Physik, Univer-
sitdt Konstanz, 78457 Konstanz, Germany

Single molecules magnets are promising candidates for future applica-
tions in the field of molecular spintronics or ultra-dense information
storage. Here we investigate the effect of chemical doping by alkali
metals on FesH molecules on graphene/Ir(111) and Au(111) surfaces.
Submonolayers of intact Fe4H molecules in form of close-packed islands
are prepared on surfaces via the electrospray ionization method [1,2].
The subsequent deposition of dopant atoms (Li, Na) leads to appear-
ance of a new molecular configuration appearing bright and slightly
asymmetric compared to the rest of the molecules. We assume that in
this configuration a dopant atom resides on the FesH molecule, which
leads to the direct electron transfer from Li (Na) to one of the Fe atoms.
STS spectra on doped species show a shift in the energetic positions of
molecular orbitals as well as further electronic states emerging in the
conduction gap as compared to undoped molecules. By means of x-ray
absorption spectroscopy, we observe that doping leads to substantial
changes in the line shape of the Fe L-edge indicating the reduction of
Fe3t to Fe?t in the molecular core.

[1] P. Erler et al., Nano Lett. 15, 4546 (2015). [2] L. Gragnaniello
et al., Nano Lett., 2017, in press.

MA 21.113 Tue 9:30 Poster A
Element-selective magnetic properties of mixed 3d - 4f met-
allacrowns — ®AHMED ALHASSANAT!, ALEXEY A. SAPOZHNIK!,

CHRISTOPH GAMER?, ANGELIKI ATHANASOPOULOU?, LARA VOLKERZ,

CreEN Luo®, Hanjo Ryrr?, FLorIN Rapu®, Eva RENTSCHLERZ,
and Hans-JoacHim Evrmers! — lInstitut fiir Physik, Johannes
Gutenberg-Universitit Mainz — 2Institut fiir Anorganische und
Analytische Chemie, Johannes Gutenberg-Universitdt Mainz —

3Helmholtz-Zentrum Berlin fiir Materialien und Energie, Berlin

Single molecular magnets comprising rare earth metals are of high in-
terest because the unquenched orbital moments of the rare earth ions
result in a large energy barrier for magnetization reversal. We investi-
gate polynuclear 4f - 3d metallacrowns using X-ray magnetic circular
dichroism at low temperatures. The element-selective spin and orbital
moments of the rare earth ions hint to a large magnetic anisotropy of
up to 6 meV. The magnetic moments of some 3d transition metal ions
can be controlled by chemical means upon changing the corresponding
ligand field.

MA 21.114 Tue 9:30 Poster A
High-frequency AC susceptometry on Lanthanide-containing
molecular magnets — eLEo DE Souza, KruNosLav Prsa, and
OL1VER WALDMANN — Physikalisches Institut, Universitdt Freiburg,
Germany

We present details on the adaptation of a high-frequency (fmaz =
100 kHz) AC-susceptometer. Lanthanide-based molecular magnets
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display fast relaxation rates and in order to distinguish between differ-
ent involved mechanisms it is necessary to use a large frequency range.
We describe the steps taken to improve the existing home-made AC-
setup towards reliable routine operation. A key aspect is calibration,
especially the treatment of phase shifts. We show measurements done

over a large span of frequencies and temperatures on a known paramag-
netic sample used as a calibration standard and discuss the developed
calibration techniques. In addition, preliminary results on a mixed
transition metal-lanthanide molecular magnet are presented.

MA 22: Focus Session: Magnetism in Materials Science: Thermodynamics, Kinetics and
Defects Il (joint session MM /MA)

Magnetism V
Time: Tuesday 11:45-13:00

Topical Talk MA 22.1 Tue 11:45 H 0106
Grain boundary migration and grain growth in non-
ferromagnetic metals under the impact of a magnetic field
— eDwmIiTRI A. MorLopov — Institute of Physical Metallurgy and
Metal Physics, RWTH Aachen University, 52056 Aachen, Germany

Grain boundary migration can be induced by a magnetic field, if the
anisotropy of the magnetic susceptibility generates a gradient of the
magnetic free energy density across the boundary. In contrast to cur-
vature driven boundary motion, a magnetic driving force also acts on
planar boundaries so that the motion of crystallographically fully de-
fined boundaries can be investigated. The magnetically driven motion
of planar symmetric and asymmetric tilt grain boundaries was studied
in high purity bismuth and zinc bicrystals. Boundary migration was
measured in-situ by means of a polarization microscopy probe and the
corresponding migration activation parameters were obtained. The re-
sults revealed that grain boundary mobility essentially depends on the
misorientation angle and the inclination of the boundary plane.

As it has been demonstrated in a series of experiments on poly-
crystalline zinc, titanium and zirconium, as well as by computer sim-
ulations, grain growth in magnetically anisotropic non-ferromagnetic
materials can be substantially affected by a magnetic field. This man-
ifested itself by significant changes in the development of the grain
growth texture during magnetic annealing compared to annealing at
zero field. The magnetically induced texture changes are caused
by the generation of an additional magnetic driving force for grain
growth /shrinkage.

MA 22.2 Tue 12:15 H 0106
Stability and magnetic properties of grain boundaries in the
inverse Heusler phase Fe;CoGa and in bcc Fe — eDaNIEL F.
UrBAN!, WorLraance KORNER!, GEorac KrRUGEL!, ANNA LEHNER!,
and CHrisTIAN ELsAsserb2 — !Fraunhofer IWM, Freiburg, Germany

— 2University of Freiburg, FMF, Germany

Grain boundaries (GBs) in the cubic inverse Heusler phase FezCoGa
are investigated by means of first principles calculations based on den-
sity functional theory. The results are compared to those of corre-
sponding GBs in bece Fe. Besides the energetic stability, the analysis
focuses on the magnetic properties of the GBs. The inverse Heusler
phase offers a variety of interesting low energy GBs. It is found that
such GBs do not lead to a breakdown of the local magnetic moments
at the interface, as observed for some of the GBs in bcc Fe. Instead
there is partially even a substantial enhancement near the GB. Nev-
ertheless, the integrated increase in total magnetic moment is very
similar for GBs in both materials. The analysis of the ferromagnetic
coupling indicates that the coupling across such low energy interfaces
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is not reduced with respect to the single crystal of FepCoGa, whereas
in bce Fe a weakening or even decoupling of two grains can occur.

MA 22.3 Tue 12:30 H 0106
Magnetic properties of the CrMnFeCoNi high-entropy alloy
— OLDRICH SCHNEEWEISs', @ MARTIN FriAk'2, MARE DupovAl,
Davip HorLec3, Moimir Sos214, Dominik KRIEGNER®, VAcLav
Horv®, PREMYSL BERAN® Easo-P. GEorRGE?, JORG NEUGEBAUERS,
and ANTONIN DrLouny! — Institute of Physics of Materials, Academy
of Sciences of the Czech Republic, Brno, Czech Republic — 2Central
European Institute of Technology, CEITEC MU, Masaryk Univer-
sity, Brno, Czech Republic — 3Department of Physical Metallurgy
and Materials Testing, Montanuniversitaet Leoben, Leoben, Austria
— “Department of Chemistry, Faculty of Science, Masaryk Univer-
sity, Brno, Czech Republic — 5Faculty of Mathematics and Physics,
Charles University, Prague, Czech Republic — Nuclear Physics Insti-
tute, Academy of Sciences of the Czech Republic, Re#, Husinec, Czech
Republic — "Institute for Materials, Ruhr University, Bochum, Ger-
many — 8Max-Planck-Institut fiir Eisenforschung GmbH, Diisseldorf,
Germany

The equiatomic CrMnFeCoNi high-entropy alloy undergoes a
paramagnetic-to-spin-glass transition at 93 K and a ferromagnetic
transition at 38 K while maintaining its fcc structure down to 3 K
(Phys. Rev. B 96 (2017) 014437). We study the local atomic mag-
netic moments in this material by ab initio calculations. We find the
Cr magnetic moments aligning antiferromagnetically with respect to
a cumulative magnetic moment of their first coordination shell. The
magnetic moments of Fe and Mn atoms remain high (between 1.5 and
2 up), while the local moments of Ni atoms effectively vanish.

MA 224 Tue 12:45 H 0106
Effect of magnetic transition on grain boundary diffusion
of Mn in a-iron — VvapisLav KuLiTckii, SERGIY DIVINSKI,
and eGERHARD WILDE — Institut fiir Materialphysik, Westfalische
Wilhelms-Universitat Miinster, Miinster, Germany

Grain boundary diffusion of Mn in a-Fe has been studied in both, B-
and C-types kinetic regimes in a wide temperature range of 473 to 1173
K. The concentration profiles were measured applying the radiotracer
technique with serial sectioning by microtome and using the 54Mn ra-
dioactive isotope. As a result, Mn segregation at general high-angle
grain boundaries of *-Fe is estimated. The grain boundary diffusivi-
ties were found to exhibit a distinct non-linear Arrhenius temperature
dependence that in discussed in terms of the impact of the magnetic
transition on Mn grain boundary diffusion.
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MA 23: Non-ultrafast
Time: Wednesday 9:30-12:30

MA 23.1 Wed 9:30 H 0112
Quantitative comparison of different methods for the Gilbert
damping in clean ferromagnets. — eJENs RENE SUCKERT, FILIPE
Souza MENDES GUIMARAES, JONATHAN CHIco, and SAMIR LouNis
— Peter Griinberg Institut and Institute for Advanced Simulation,
Forschungszentrum Jilich and JARA, 52425 Jilich, Germany

The Gilbert damping constant describes relaxation in magnetic sys-
tems. Efforts to describe the damping from first principles have been
made for almost 50 years [1]. A multitude of approaches to calculate
the damping have been proposed since then [1,2,3]. Still, a disparity
between theoretical and experimental descriptions at low tempera-
tures [3] and between different theoretical approaches persists. In
particular, the behaviour of clean ferromagnets at low temperatures is
still debated [4]. In this work, we present calculations of the damping
constant for clean Fe, Ni and Co bulk systems using a unified frame-
work based on a multi-orbital tight-binding model to investigate the
different approaches and resolve the disparity at low temperatures.
This work is supported by the European Research Council (ERC)
under the European Union’s Horizon 2020 research and innovation
programme (ERC-consolidator grant 681405 - DYNASORE).

[1] V. Kambersky, Czech J. Phys. 26, 1366 (1976).

[2] A. Brataas, et al., Phys. Rev. Lett. 101, 037207 (2008).

[3] S. Mankovsky et al., Phys. Rev. B 87, 014430 (2013).

[4] D.M. Edwards, J. Phys.: Condens. Matter 28, 086004 (2016).

MA 23.2 Wed 9:45 H 0112
Local spin-wave dispersion and damping in thin yttrium iron
garnet films — eRouvEN DREYER!, NikLas Liesing!, Eric R. J.
Epwarps!2, and GEorc WOLTERSDORF! — llInstitute of Physics,
Martin Luther University Halle-Wittenberg, Von-Danckelmann-Platz
3, 06120 Halle (Saale), Germany — 2National Institute of Standards
and Technology Boulder, CO, U.S.A.

By time-resolved magneto-optic imaging we investigate the spin-wave
dispersion and spin-wave damping in yttrium iron garnet thin film
samples with a thickness of 200 nm. Using the inhomogeneous mag-
netic field generated by a coplanar waveguide spin waves are excited
at a fixed frequency while the wavelength is tuned by the external
magnetic field. By imaging the excited spin waves with a scanning
time-resolved MOKE setup and mapping their dispersion we identify
a method to determine the damping of the homogeneous mode locally.
Furthermore we find that in the vicinity of avoided crossings in the
spin-wave dispersion the group velocity of excited spin waves is close
to zero. Here we are able to extract the Gilbert damping parameter for
localized spin waves. The obtained values are in good agreement with
the results for the uniform mode. In comparison to inductive FMR
measurements we find narrower linewidths for the uniform mode due
to the local character of our measurements.

MA 23.3 Wed 10:00 H 0112
Analysis of magnetoelastic coupling in Co-Pt multilayer sys-
tems — eNORBERT WEINKAUF!, PETER GaaL!, RaaNaN ToBEY?,
Cuia-LiN Cuang?, and Hans PETER OepEN! — lInstitute of Nanos-
tructure and Solid State Physics, University of Hamburg, Germany
— 2Faculty of Science and Engineering, University of Groningen, the

Netherlands

We have measured optically excited magnetization precession on thin,
in-plane Co-Pt multilayer systems on glass substrate. Using a three-
temperature model the fast energy transfer from the electron and spin
system to the lattice few picoseconds after optical excitation is ex-
plained. The initial lattice temperature after excitation is significantly
lower than the Curie temperature of Cobalt. Hence we assume that
demagnetization and the subsequent precession is instantly driven by
shear strain and not heat. In addition we derive a quantitative model
by the analytical solution of the Landau-Lifshitz equation.

Furthermore we use transient grating excitation on the same cobalt
multilayers. The time-resolved measurement of Faraday rotation and
of the diffraction from the transient grating yields information about
the magnetoelastic coupling. Two distinct resonances were detected,
one assigned to a surface acoustic wave, one to surface skimming lon-
gitudinal wave. These can be calculated by a parametric oscillator
model and the Landau-Lifshitz equation.

magnetization dynamics
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In addition, similar measurements were performed for Co-Pt multi-
layer systems on 500nm SiNi-membranes. We observe distinct differ-
ences in the acoustic mode spectrum compared to bulk substrates.

MA 23.4 Wed 10:15 H 0112

Fabrication and Characterization of individual sub-100
nm YIG Structures using Brillouin Light Scattering Mi-

croscopy — eBiorN HEeNz!, THomas BRACHER!, MICHAEL
ScuNEIDER!, PuiLipp Pirro!, Berr LAcEL!, CARSTEN Duss2,
OLEKsH SURzZHENKOZ, and ANDRHI V. CHUMAK! — lFachbereich

Physik and Landesforschungszentrum OPTIMAS, Technische Univer-
sitéit Kaiserslautern, 67663 Kaiserslautern, Germany — 2INNOVENT
e.V., Technologieentwicklung 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 magnonic
circuits and logic devices. In this work, we study the impact of micro-
and nanostructuring by means of electron beam lithography and suc-
cessive ion milling on individual spin-wave waveguides. These struc-
tures are fabricated from a 41 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 microwave field and performing time resolved Brillouin light scat-
tering (BLS) microscopy measurements we investigate the influence
of the structuring process on the magnon lifetime. Additionally the
spin-wave mode spectra are extracted by means of thermal BLS mea-
surements. This research has been supported by ERC Starting Grant
678309 MagnonCircuits and DFG Grant DU 1427/2-1.

MA 23.5 Wed 10:30 H 0112

Ferromagnetic resonance in superconductor/ferromagnet bi-
layers — eDaviD SANcHEzZ-Manzano!, Myouna-Woo Yoo?, Hi-
rosHI Nacanuma2:3 PIERRE MERGNYZ, ABDELMADJID ANANEZ, Ja-
coBo SANTAMARIAL, and Javier E. ViLLecas? — 1GFMC , Dpto
F. Materiales, University Complutense of Madrid (Spain) — 2CNRS
-Thales, Unité Mixte de Physique, Palaiseau (France) — 3Department
of Applied Physics, Tokyo University of Science, 1-3, Kagurazaka,
Shinjuku-ku, Tokyo (Japan)
We study the superconductor/ferromagnet proximity effect via ferro-
magnetic resonance (FMR) [1] in S/F bilayers that combine the high-
temperature superconductor YBa2Cu307 with different ferromagnets,
either Permalloy (NiFe) or the half-metallic La0.7Sr0.3MnO3. We
compare the results of this bilayers to reference ferromagnetic single
layers to observe how the presence of the superconductor layer affects
the FMR signal. The FMR linewidth is studied as a function of tem-
perature (10K-293K) and frequency (up to 20 G Hz) to obtain the
damping constant («) above and below the superconducting critical
temperature. The results will be discussed in the frame of the spin-
pumping theory considering the superconductor a spin sink where part
of the FMR generated angular momentum relaxes in the superconduc-
tor through spin-pumping. [2].

[1] Bells, C., Aarts, J. et al. Phys. Rev. Lett. 100 047002 (2008) [2]
Yokoyama, T. & Tserkovnyak, Y. Phys. Rev. B 80, 104416 (2009)

Work supported by the ERC grant N 64710 and French ANR grant
ANR-15- CE24- 0008-01

MA 23.6 Wed 10:45 H 0112
Influence of substrate doping on Spin Pumping — eBaBL1 BHA-
GAT, TANJA STRUSCH, MICHAEL FARLE, and FLORIAN M ROMER —
Faculty of Physics and Center for Nanointegration (CENIDE), Univer-
sity of Duisburg-Essen, Lotharstr. 1, 47057, Duisburg, Germany

Spin Pumping into semiconductor has a technical as well as funda-
mental relevance for spintronic devices. The magnetic damping of a
Ferromagnet /Semiconductor heterostructure should be influenced by
the conductivity and other properties of the semiconductor.

We have studied magnetic damping in Pt/Ag/Fe/GaAs(110) epitax-
ial heterostructures with different doping of GaAs (undoped, n-doped,
and p-doped) by Ferromagnetic Resonance measurements (FMR).
Samples were prepared using electron beam evaporation at < 8*%10~8
Pa at the rate of NIA/minute. Low Energy Electron Diffraction
(LEED) was done before and after depositing epitaxial Fe film on
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GaAs. Ex situ FMR from 1-40GHz was performed in three different
crystallographic directions namely easy <100>, hard <111> and in-
termediate <110> in plane direction of the film. Also angle dependent
FMR at ~13GHz were performed. The Gilbert-Damping parameter o
and anisotropic constants were calculated by fitting frequency depen-
dent and angle dependent lineshape respectively. We observed different
damping behaviour at different directions of the film. With respect to
undoped sample there is ~15% increase in « in hard <111> direction
in p-doped sample while ~12% increase in <110> direction. In easy
direction there is instead ~28% decrease of damping parameter with
undoped sample in p-doped GaAs.

MA 23.7 Wed 11:00 H 0112
Simulation of hot-electron spin currents in magnetic multi-
layers — DenNis M. NEnno!':2, Marius WEBER WEBER!, RoLF
BinDER2, and eHANs CHRISTIAN SCHNEIDER! — !University of
Kaiserslautern, Kaiserslautern, Germany — 2University of Arizona,

Tucson, USA

“Hot electron” spin-currents in magnetic heterostructures, which result
from excitation by ultrafast optical pulses, have been described by dif-
ferent non-diffusive electron-transport calculations [1,2]. We present a
computational approach to hot-electron transport in magnetic multi-
layers based on the particle-in-cell method for the Boltzmann transport
equation. This approach allows one to simulate the electronic dynam-
ics in the whole slab, including transmission coefficients and ab-initio
material data. From the calculations, we extract typical transport co-
efficients and clarify the contribution of secondary carrier generation
in the transition from ballistic to diffusive transport behavior.

We combine our transport model with a calculation of the emitted
fields to determine the radiation spectrum from spintronic Terahertz
emitters [3|, and analyze both single emitters and arrays.

[1] M. Battiato et al., Phys. Rev. B 86, 024404 (2012).

[2] D. M. Nenno et al., Phys. Rev. B 94, 115102 (2016).

[3] T. Seifert et al., Nature Photonics 10, 483 (2016).

15 minutes break

MA 23.8 Wed 11:30 H 0112
Dynamic nuclear polarization with single shallow NV center
in diamond — eFARIDA SHAGIEVA, ANDREJ DENISENKO, PHILIPP
NEeumMANN, and JORG WRACHTRUP — 3rd Institute of Physics, Uni-
versity of Stuttgart, Stuttgart, Germany

Nuclear magnetic resonance (NMR) is one of the most powerful tech-
niques used in physics and life sciences. The latest developments in
this area are directed to make high-resolution NMR systems that are
smaller, cheaper, more robust and portable than the existing ones. Re-
cently, the shallow nitrogen-vacancy centres in diamond started to be
used for nanoscale NMR imaging and spectroscopy of nuclear species
under ambient conditions [1]. These multifunctional quantum sensors
provide the noninvasive methods to get the chemical composition [2] of
the molecules and to study the system dynamics within the nanoscopic
volume above the diamond surface. Despite a remarkable progress in
this area, potential applications are often limited by low sensitivity.
Hyperpolarisation techniques have the potential to overcome this lim-
itation and revolutionise the use of compact NMR. Several techniques
to realise the (DNP) dynamic nuclear polarization using NV centres
have been demonstrated for internal diamond spins [3-4]. The goal of
this study is to perform a hyperpolarization of external for diamond
solid spins and demonstrate an improvement of the NMR signal.

[1] T. Staudacher et al., Science 339, 561 (2013).

[2] N. Aslam et al., Science 357, 67 (2017).

[3] P. London et al., PRL 111, 067601 (2013).

[4] F. Poggiali et al., Phys. Rev. B 95, 195308 (2017).

MA 23.9 Wed 11:45 H 0112
Time-resolved magneto-optical investigation of Surface
Acoustic Wave sensors (SAW) eCAal MULLER, ANNE
KirrmanN, PHILLIP DURDAUT, BENJAMIN SPETZLER, SEBASTIAN
ZABEL, Rasmus B. HoOLLANDER, MicHAEL HOFT, FrRANZ FAUPEL,
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EckHARD QUANDT, and JEFFREY McCoRD — Institute for Materials
Science, Kiel University, Kiel, Germany

Surface acoustic waves (SAW) delay lines and resonators can be tuned
via magnetostrictive layers and application of an external magnetic
field by magnon-phonon interactions [1]. This mechanism enables mag-
netic field sensing. Knowledge of the local magnetization structure
during the SAW excitation helps to understand the exact magnetic
origin of the SAW-modulation. Here investigations of the magneto-
dynamic response of a thin FeCoSiB film on a quartz substrate by
time-resolved magneto-optical wide-field imaging are presented. The
method enables direct measurements of the wave velocity. The data
suggests a strong magnetization response of domain walls to the local
effective field generated by the SAW.

[1] Smole, P. et al., IEEE International Frequency Control Sympo-
sium and PDA Exhibition Jointly with the 17th European Frequency
and Time Forum, 2003, p. 903-906 (2003)

MA 23.10 Wed 12:00 H 0112
Coupling between vortices and antivortices in a cross-tie
wall studied by time-resolved SEMPA — eFaBian KroopT-
TWwESTEN, SUSANNE KUHRAU, PHILIPP STAECK, HANS PETER OEPEN,
and RoBERT FROMTER — Center for Hybrid Nanostructures, Univer-
sitdat Hamburg, Germany

In the framework of the Thiele equation magnetic vortices and antivor-
tices can be treated as quasiparticles. Confining a single (anti-)vortex
in a magnetic microstructure causes linear restoring forces, which re-
sults in an oscillator equation describing the field-driven motion of
individual solitons. Using TR-SEMPA [1] we investigate the coupling
of magnetic vortices and antivortices in a cross-tie wall in rectangular
FeCoSiB-structures. While the vortices exhibit a clear oscillation the
antivortices show almost no discernible movement. Both types of mag-
netic solitons are mutually coupled via the domain energy (part of the
stray-field energy), resulting in a coupled oscillation mode under HF-
field excitation. TR-SEMPA results and micromagnetic simulations
show an excellent agreement indicating that the boundary condition
in the sample together with a strong coupling between both solitons is
the driving mechanism of the observed behavior. The motion is com-
posed from the contributions of two terminating vortices and a mutual
vortex-antivortex coupling along the confined cross-tie structure.
[1] R. Fromter et al., Appl. Phys. Lett. 108, 142401 (2016).

MA 23.11 Wed 12:15 H 0112
Electric field control of gyration dynamics of magnetic vor-
tices — eMaRria Fiuianinal2, Lorenzo BavLbrati!, TETSUYA
HaJiri®, and Matnias Kriurh2 — Mainz University, 55128 Mainz,
Germany — 2Graduate School of Excellence MAINZ, 55128 Mainz,

Germany. — 3Nagoya University, 464-8603 Nagoya, Japan.

Energy-efficient control of magnetism is fundamental for the develop-
ment of spintronic devices. This is enabled for instance by the electric
field control of the magnetization, as can be done in multiferroic ma-
terials [1]. Significantly large magneto-elastic effect (ME), i.e. tuning
the magnetic anisotropy by strain, can be induced by an electric field
in magnetic thin films grown on piezoelectric substrates [2-5]. While
the quasi-static behavior of the ME effect has been thoroughly ana-
lyzed, there are only a few experimental studies of the effect of ME
coupling on the dynamical behavior of the magnetization [4,5].

Here we report on the electric field control of magnetic vortex core
gyration dynamics via ME effect in magnetostrictive microstructures
fabricated on top of a piezoelectric substrate. Piezoelectric strain mod-
ifies the anisotropy and thus the vortex gyration trajectories which we
image by means of time-resolved XMCD-PEEM. A comparison with
micromagnetic simulations is presented to quantitatively assess the
dynamical effect resulting from the ME coupling.

1. N.A. Spaldin and M. Fiebig, Science 309, 391 (2005). 2. J.G.
Wan et al., Appl. Phys. Lett. 88, 182502 (2006). 3. S. Finizio et
al., Phys. Rev. Appl. 1, 021001 (2014). 4. M. Foerster et al., Nat.
Commun. 8, 407 (2017). 5. S. Finizio et al., Phys. Rev. B 96, 054438
(2017).
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MA 24: Focus Session: Exploiting spintronics for unconventional computing (joint session

MA/TT)

Over the past century, the miniaturization of electronics has improved commensurately to the growth
in computational power following an empirical relationship known as "Moore’s law", an observation
that microprocessor performance doubles every 18 months. It has now become clear that this trend will
unlikely continue in the future due to limits both in the downscaling of transistors as well as the funda-
mental throughput of data between CPU and memory elements in traditional Von Neumann computer
architectures. A completely new path forward has however been offered by bioinspired approaches to
computation which attempt to capture the intrinsic parallelism and energy efficiency exhibited by the
animal brain. The past two decades have in fact seen the flourishing of digital machine learning and
deep neural network techniques to process data intensive tasks ranging from image recognition to Al
development. The next frontier will consist of further optimizing these approaches by designing physical
devices capable of implementing these functional principles analogically. Advances in nanomagnetism
and spintronics have assembled a versatile toolbox of electrically controllable materials and phenomena
whose applications not only integrate seamlessly within current CMOS architectures but also present a
radical new horizon for the evolution of device construction and development. The goal of this focus
session is to construct a comprehensive picture of the state-of-the-art of spintronic applications to
unconventional computing paradigms such as Boltzmann Machines, Neural Network, Probabilistic and
Reservoir Computing. The talks will bring together leading scientist in the rapidly evolving field of
spintronic computing to highlight the roles that thermally susceptible magnetization dynamics, exotic
magnetic textures, frustrated systems and spin waves can play in shaping the computing devices of

Wednesday

tomorrow.

Organized by: Daniele Pinna, Karin Everschor-Sitte (U. Mainz)

Time: Wednesday 9:30-12:15

Invited Talk MA 24.1 Wed 9:30 H 1012
Control of Mesoscopic Magnetism for Computation — eLLAURA
HevypeERMAN — Laboratory for Mesoscopic Systems, Department of
Materials, ETH Zurich, 8093 Zurich, Switzerland — Laboratory for
Multiscale Materials Experiments, Paul Scherrer Institute, 5232 Villi-
gen PSI, Switzerland

To exploit mesoscopic magnetism in computation, it is necessary to
control the magnetic states with an external stimulus. In hybrid meso-
scopic structures with two different ferromagnetic layers, the static and
dynamic behaviour results from the mutual imprint of the magnetic
domain configurations, which can be exploited to create a nanoscale
switch for the magnetisation [1]. With multiferroic composites, an
electric field can be used to induce uniform magnetization rotation in
single domain submicron ferromagnetic islands grown on ferroelectric
single crystal [2]. In artificial spin ice [3], which are arrays of coupled
nanomagnets, emergent magnetic monopoles can be manipulated in
a magnetic field [4]. For device applications, the additional control
can be gained by modifying the anisotropy of the individual magnets.
Such anisotropy engineering can also be used to control the chirality
of vortex states in hexagonal rings of nanomagnets [5]. Finally, one
can modify the geometry of an artificial spin ice to display dynamic
chirality where the average magnetization rotates in unique sense dur-
ing thermal relaxation [6]. [1] M. Buzzi et al. PRL (2013) [2] P.
Wohlhiiter et al. Nat. Commun. (2015) [3] L.J. Heyderman and R.L.
Stamps, JPCM (2013) [4] E. Mengotti et al. Nature Phys. (2011) [5]
R. Chopdekar et al. New J. Phys (2013) [6] S. Gliga et al. Nat. Mater.
(2017)

MA 24.2 Wed 10:00 H 1012
Phase domain nucleation and growth investigated in nanofab-
ricated FeRh — eRowaN TewmpLE!, JamiE Massey!, TREVOR
ALMEIDAZ, KayLA FALLON2, STEPHEN McVITIEZ, THOMAS MOORE!,
and CHRI1STOPHER MARROWs! — 1 University of Leeds, Leeds, UK —

2University of Glasgow, Glasgow, UK

The binary alloy FeRh with B2 (CsCl) chemical ordering displays a
magnetostructural phase transition at an unusually high temperature
of 350 K. Heating through this point the material undergoes an anti-
ferromagnetic (AF) to ferromagnetic (FM) transition, this is accom-
panied by a 1% volume expansion in the crystal lattice. Being ther-
modynamically first order in nature, the transition is hysteretic with
metastable states coexisting within the material close to the transition
temperature. Using nanofabricated epitaxially grown films of FeRh
we have examined the effects of rapid thermal heating of this ma-
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Location: H 1012

terial beyond its equilibrium state. We find decay into equilibrium
state is exponential independent of temperature, commensurate with
a purely nucleation rather than domain growth driven transition. We
have further investigated size dependence of the transition through
PEEM imaging and find edge nucleations are key to the transition in a
patterned device and lower the expected transition temperature. This
understanding will be used to enable the use of patterned FeRh for
unconventional computing techniques.

Invited Talk MA 24.3 Wed 10:15 H 1012
Spin waves for unconventional computing and data process-
ing — ePHiLIPP PiRRO, THOMAS BRACHER, and ANDRII CHUMAK
— Fachbereich Physik and Landesforschungszentrum OPTIMAS, TU
Kaiserslautern, Erwin-Schrédinger-Strafse 56, 67663 Kaiserslautern

Spin waves, the collective excitations of the spin lattice of a magnetic
material and their quanta, magnons, show a large variety of linear and
nonlinear wave phenomena. They constitute a flow of spin angular
momentum which opens a new sub-field of spintronics: magnon spin-
tronics, where information is transferred and processed using magnons
including a coupling to electron-based spintronic circuits.

In my presentation, I will first review different computing approaches
based on spin waves and discuss the advantages and challenges of an
interference-based logic. Next, I will present a selection of the experi-
mentally realized macroscopic prototypes for spin-wave based logic like
the majority gate and the magnon transistor. A downscaling of more
than three orders of magnitude of these prototypes is required to com-
pete with conventional CMOS technology. Therefore, I will discuss
new features associated with the miniaturization like strong quantiza-
tion effects as well as ways to interconnect to conventional spintronic
circuits. Exemplarily, I will present different nanoscopic magnonic de-
vices which use linear and nonlinear effects like magnonic wake-up
receivers and nano-transistors.

15 minutes break

Invited Talk MA 244 Wed 11:00 H 1012
p-bits, p-transistors and p-circuits — eKErREM CaMsaRI — Pur-
due University

Conventional logic/memory devices are built out of deterministic units
such as MOS transistors, or nanomagnets with energy barriers in ex-
cess of 40 kT. We show that unstable, stochastic units which we call
"p-bits" can be interconnected to create correlations that implement
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Boolean functions with impressive accuracy, comparable to digital cir-
cuits. They are also "invertible", a unique property that is absent in
digital circuits. In the direct mode, the input is clamped, and the net-
work provides the correct output. In the inverted mode, the output is
clamped, and the network fluctuates among all possible inputs that are
consistent with that output. We present an implementation of such a
p-bit using existing technology. The results for this hardware imple-
mentation agree with those from a universal model for p-bits, showing
that p-bits need not be magnet based: any transistor-like tunable ran-
dom bit generator should be suitable. We present an algorithm for
designing a bi-directional p-bit network that implements a given truth
table. We then show such bi-directional units, such as Full Adders, can
be interconnected in a directed manner to implement 32-bit addition,
that correlate hundreds of stochastic p-bits. We also show that despite
the directed interconnections, invertibility is largely preserved. This
combination of digital accuracy and logical invertibility is enabled by
the hybrid design using bidirectional BM units to construct circuits
with directed inter-unit connections.

MA 24.5 Wed 11:30 H 1012
Thermally excited skyrmion motion for probabilistic com-
puting — eJakuB ZAzvorkal, DanieL Heinze!, Kar Litziush2:3,
SAMRIDH JarswaLl? Sascua Kromin!, NikLas Kemw!, and MaTH-
1as Kriur'* — !Johannes Gutenberg University Mainz, Institute
of Physics, Mainz, Germany — 2Max Plank Institute for Intelli-
gent Systems, Stuttgart, Germany — 2Graduate School of Excellence
"Materials Science in Mainz”, Mainz, Germany — 4Singulus Technolo-
gies AG, Kahl am Main, Germany

A key problem for probabilistic computing is that cascading gates prop-
agate undesired correlations. Therefore, one needs to reshuffle the sig-
nals to keep them uncorrelated. While for many non-conventional com-
puting approaches non-magnetic implementations are most promising,
for building a "reshuffler”, skyrmions might be ideally suited due to

the low footprint and low power compared to e.g. CMOS implemen-
tations [1]. We have studied a Ta-based material where we can stabi-
lize skyrmions and controllably nucleate and displace them by current
pulses due to spin-orbit torques. We find topologically non-trivial N=1
skyrmions that move with the application of current pulses. At zero
applied current, we find thermally activated skyrmion motion. We
track the trajectories of skyrmions and from the dependence of their
mean-square-displacement (MSD) on time, we can identify motion by
diffusion and obtain the diffusion constant. There is a strong depen-
dence of the skyrmion diffusion parameter on temperature and the
skyrmion size. Finally, we patterned the reshuffler geometry and as-
certain its performance. [1| D. Pinna et al., arXiv:1701.07750, 2017.

Invited Talk MA 24.6 Wed 11:45 H 1012
Bits and Brains: New materials and brain-inspired concepts
for low energy information processing — ¢ THEO RAsiNnG — Rad-
boud University, Nijmegen, the Netherlands

Data is the fuel of the new digital economy that has stimulated a whole
new class of innovative technologies and businesses. While data has be-
come an indispensable part of modern society, the rate at which data is
generated is exploding. This is not only pushing our current technolo-
gies to their limits, but also that of our energy production: our ICT
and data centers already consume around 5% of the world electricity
production and with an annual increase of 7%, this is rapidly becoming
unsustainable. In stark contrast, the human brain, with its intricate ar-
chitecture combining both processing and storing of information, only
consumes about 10 Watt of energy while having a similar capacity as
a supercomputer consuming around 10 Megawatt. We have created
a consortium of condensed matter, material and neuro scientists with
the aim to develop materials and concepts that mimic the efficiency of
the brain by combining local processing and storage, using adaptable
physical interactions that can implement learning algorithms.

MA 25: Multiferroics and magnetoelectrics Il (joint session MA/KFM)

Time: Wednesday 9:30-12:00

MA 25.1 Wed 9:30 EB 202
Magneto-ionic ON/OFF switching of magnetization in
FeOx/Fe nanostructures — eJONAS ZEHNER, KENNY DUSCHEK,
Nicoras PEREz, ANDREAS PETR, RupoLpPH ScHAFER, KORNELIUS
NieLscH, and KARIN LEISTNER — IFW Dresden

A novel route towards low-power voltage-control of magnetism was
recently discovered by utilizing voltage-induced ion migration and
electrochemical oxidation/reduction in oxide/metal films and denomi-
nated magneto-ionic effect [1,2,3]. In all-solid architecture, significant
magneto-ionic effects are achieved at elevated temperatures when ion
migration is thermally activated. Instead, we present large voltage-
induced magnetic changes within several nanometers of FeOx/Fe films
at room temperature. The voltage is applied via a liquid alkaline elec-
trolyte [4] (KOH or LiOH solution), which, in comparison to solid
oxide gate barrier layers, yields an enhanced electric field and a higher
ion mobility at the electrode surface. Nearly complete and reversible
voltage-induced ON/OFF switching of magnetization (up to 90 %) is
observed in granular FeOx/Fe thin films for a voltage change of 1 V,
proven by in situ AHE and in situ FMR. An in situ Kerr microscope
set-up has been developed that resolves magnetic domains through a
liquid alkaline electrolyte. Thereby, for the first time, the study of the
local impact of electrochemical reactions on the magnetic domain char-
acteristics becomes possible for solid/liquid magneto-ionic systems. [1]
Song et al., Prog. Mater Sci. 87, 33, 2017, [2] Leistner et al., Phys.Rev.
B 87, 224411, 2013, [3] Bauer et al., Nat. Mater. 14, 174, 2015, [4]
Duschek et al., APL Mater. 4, 032301, 2016

MA 25.2 Wed 9:45 EB 202
Magnetoelectric memory function with optical readout —
ViLmos Kocsis'2, KarLo Penc?3, Toomas Ro6oM?, Urmas
NaceL?, eJakus ViT?®, Jupit RoMuANYI®, Yusuke TokunaGal,
Yasuiiro TacucHI!, YosHINORI Tokural, IsTvAN KBzsMARKIZ7,
and SANDOR BorpAics? — 'RIKEN CEMS, Japan — ?Budapest Uni-
versity of Technology and Economics, Hungary — SHAS, Hungary —
4NICPB, Estonia — 5Institute of Physics ASCR, Czech Republic —
S6OISTGU, Japan — 7“EP5, University of Augsburg, Germany
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Location: EB 202

The ultimate goal of multiferroic research is the development of new
generation non-volatile memory devices, the so-called magnetoelectric
(ME) memories, where magnetic bits are controlled via electric fields
without the application of electrical currents, being subject to dissi-
pation. This low-power operation exploits the entanglement of the
magnetization and the electric polarization coexisting in multiferroic
materials. Here I will demonstrate the optical readout of ME mem-
ory states in the antiferromagnetic (AFM) and antiferroelectric (AFE)
LiCoPOy, based on the strong absorption difference of THz radiation
between its two types of ME domains. [1] This unusual contrast is
attributed to the dynamic ME effect of the spin-wave excitations, as
confirmed by our microscopic model, which also captures the charac-
teristics of the observed static ME effect. Our proof-of-principle study,
demonstrating the control and the optical readout of ME domains in
LiCoPOy, lays down the foundation for future ME memory devices
based on antiferroelectric-antiferromagnetic insulators.
[1] V. Kocsis et al., arXiv:1711.08124 (2017)

MA 25.3 Wed 10:00 EB 202
On-off switching of magnetism in ultrathin films of
La;_,Sr,MnO3; gated with an ionic liquid — eArLaN MoLl-
NARI, RoBeErRT KRUK, and HorsT HAHN — Institute of Nanotechnol-
ogy (INT), Karlsruhe Institute of Technology (KIT), Hermann-von-
Helmholtz-Platz 1, 76344, Eggenstein-Leopoldshafen, Germany

Utilization of electric fields instead of conventional dissipative flowing
currents to control magnetism may be the key for the realization of
a variety of novel low-power microelectronic devices. In our work we
addressed the control of the magnetization of ultrathin (about 3 nm)
films of Laj_4SrzMnO3 (LSMO) by means of ionic liquid (IL) gat-
ing. The magnetoelectric (ME) coupling’? at the LSMO/IL interface
was investigated under various conditions of temperature and applied
voltage via in situ synchronized Superconducting Quantum Interfer-
ence Device magnetometry and Cyclic Voltammetry. Thanks to the
high surface-to-volume ratio of the films and the large amounts of sur-
face charge densities attainable with the IL, ferromagnetism could be
reversibly suppressed and restored in LSMO by application of just a
few volts. Our results intend to bring to attention some appealing
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functionalities of solid/liquid ME devices.

TA. Molinari et al., Nat. Comm. 8, 15339 (2017),
doi:10.1038 /ncomms15339
2A. Molinari et al., Adv. Mater. 1703908 (2017), doi:

10.1002/adma.201703908

MA 254 Wed 10:15 EB 202
Domain wall engineering as a route towards room temper-
ature multiferroicity — eKoNSTANTIN Z. RUSHCHANSKII, STE-
FAN BLUGEL, and MARJANA LEzAIC — Peter Griinberg Institut,
Forschungszentrum Jiilich and JARA, 52425 Jilich, Germany

Multiferroics are materials that exhibit two or more ferroic order pa-
rameters in a single phase. Their room-temperature functionality as
well as the strong coupling of magnetic and electric order parameters
are desired for devices of future electronics, such as multistate non-
volatile memory cells, electrically controlled spintronic devices, etc.
Isostructural Gag.¢Fe1.403 (GFO) [1] and e-FexOs (eFO) [2] are of
special interest, due to simultaneous presence of ferrimagnetic cou-
pling and a polar structure. Recently reported observation of room-
temperature mutiferroic behavior in thin films of these compounds
made them prospective materials for practical applications. Unfortu-
nately, ferroelectric properties were experimentally observed only for
a limited number of samples, and the conditions to have switchable
polarization are still unclear.

We employ Density Functional Theory in combination with an evolu-
tionary algorithm [3] to obtain realistic models of polarization switch-
ing in eFO and GFO. We will discuss the conditions, under which the
films with maximal, switchable remanent ferroelectric polarization are
obtained.

We acknowledge the support by GALIMEO Consortium.

[1] A. Thomasson et al., J. Appl. Phys. 113, 214101 (2013); [2] M. Gich
et al., Adv. Mater., 26, 4645 (2014); [3] http://uspex.stonybrook.edu

15 minutes break

MA 25.5 Wed 10:45 EB 202
Frustrated magnetism and magnetoelectric switching in
RMn205 compounds — eSERGEY ARTYUKHIN and Louis PoNET
— Italian Institute of Technology, Via Morego 30, Genova, Italy

Rare earth manganites RMn205 exibit complex magnetism and mag-
netically induced polarization, with chains of antiferromagnetically
coupled Mn ions along a direction geometrically frustrated interchain
interactions along b, and the competition of nearest and next-nearest
neighbor exchanges along c leading to spiral states in YMn2Ob5. Here
we use Landau theory and model Hamiltonian calculations with pa-
rameters obtained from density functional perturbation theory calcu-
lations to study magnetoelectric coupling and magnetic switching in
these compounds.

MA 25.6 Wed 11:00 EB 202
A theoretical study on the electronic and magnetic ex-
citation spectra of BiFeO3 by dynamical mean-field the-
ory — eSouvik Paur®2, Diana Iusan!, PATRIK THUNSTROM!,
YarosLav Kvasunin', Jouan Herpsvik!:3, MANUEL PEREIRO!,
AnNa Deninb3, BrpLaB Sanvarl, and OLLE ERIKSsoN
IDepartment of Physics and Astronomy, Uppsala University, Swe-
den — 2Institute of Theoretical Physics and Astrophysics, Christian-
Albrechts-Universitéit zu Kiel, Germany — 3Department of Materials

and Nano Physics, KTH Royal Institute of Technology, Sweden

1

Using local density approximation plus dynamical mean-field theory
(LDA+DMFT), we have computed the electronic and magnetic exci-
tation spectra of one of the popular multiferroic BiFeO3. Our calcu-
lated eletronic spectra match very well with the experimental (hard
X-ray photoelectron spectroscopy and resonant photoelectron spec-
troscopy for the Fe 3d states) spectra as compared to the commonly
used LDA+U method, which fails drastically to produce the general
features of the experimental spectra. This indicates the importance of
correctly including the dynamical correlation among the Fe 3d orbitals
to reproduce the experimental spectroscopic data. The LDA+DMFT
derived density of states (DOS) exhibit significant amount of Fe 3d
states at the position of Bi lone-pairs, implying that the latter are not
alone in the spectral scenario. This fact might modify our interpreta-
tion about the origin of ferroelectric polarization in this material. Our
magnetic excitation spectra computed from the LDA+DMFT results
conform well with the inelastic neutron scattering data.
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MA 25.7 Wed 11:15 EB 202
Magnetic field control of cycloidal domains and electric
polarization in multiferroic BiFeO3 — eSAnDOR BoRrpAcs!,
DANIEL Farkas!, JonarHaN WHaITE?, RoBErRT CuBITT?, LISA
DeBEER-ScuMITT?, TosummiTsu ITo®, and IsTvAN KEzsMARKI! 6
IDepartment of Physics, Budapest University of Technology and Eco-
nomics and MTA-BME Lendiilet Magneto-optical Spectroscopy Re-
search Group, Budapest, Hungary — 2Laboratory for Neutron Scat-
tering and Imaging, PSI, Villigen, Switzerland — 3Institut Laue-
Langevin, Grenoble, France — 4Oak Ridge National Laboratory, Oak
Ridge, Tennessee, USA — 5National Institute of Advanced Indus-
trial Science and Technology (AIST), Tsukuba, Ibaraki, Japan —
SExperimental Physics V, Center for Electronic Correlations and Mag-
netism, University of Augsburg, Augsburg, Germany

The magnetic field induced rearrangement of the cycloidal spin
structure in ferroelectric monodomain single crystals of the room-
temperature multiferroic BiFeOs3 is studied using small-angle neutron
scattering (SANS). The cycloid propagation vectors are observed to ro-
tate when magnetic fields applied perpendicular to the rhombohedral
(polar) axis exceed a pinning threshold value of ~5 T. In light of these
experimental results, a phenomenological model is proposed that cap-
tures the rearrangement of the cycloidal domains, and we revisit the
microscopic origin of the magnetoelectric effect. A new coupling be-
tween the magnetic anisotropy and the polarization is proposed that
explains the recently discovered magnetoelectric polarization to the
rhombohedral axis.

MA 25.8 Wed 11:30 EB 202
Reversible Modulation of Magnetic Anisotropy in
Pb(Zro.2Tip.s)O3 /LaggSrg.2MnO3z Multiferroic Heterostruc-
tures — e ANIL RAJAPITAMAHUNI, LINGLING TA0, EVGENY T'SYMBAL,
and Xia Hong — Department of Physics and Astronomy,University
of Nebraska-Lincoln, Lincoln,NE, 68588

We report a reversible modulation of in-plane magnetic anisotropy
energy (MAE) in 4 nm Lap.gSrg.oMnOs (LSMO) thin films
via ferroelectric field effect induced charge doping facilitated by
Pb(Zrp.2Tio.8)O3(PZT) top gate. We employed, planar Hall effect
measurements (PHE) to characterize the in-plane magnetic anisotropy
in PZT/LSMO heterostructures. The magnetic anisotropy in LSMO
is found to be biaxial with easy axes along <110> directions for both
polarization states. The extracted biaxial anisotropy fields (H1) from
PHE measurements, showed an enhancement in H1 in the accumula-
tion state. Assuming a doping level change of 0.1 electron/Mn due
to the polarization switching, the estimated anisotropy energy densi-
ties are 0.9 x 10% erg/cm® and 1.17 x 105 erg/cm? in the depletion
and accumulation states respectively. This corresponds to a 30% en-
hancement of the MAE in the accumulation state when compared to
the depletion state values. First principles density functional theory
calculations performed for various Sr doping levels also show an in-
crease in the MAE with an increase in the hole doping, agreeing well
with our experimental observations. We attribute this enhancement in
MAE to the modification of orbital contribution to spin-orbit coupling
via ferroelectric field effect in LSMO.

MA 25.9 Wed 11:45 EB 202

Magnetoelectric effect in elastic multiferroic composites —
oYuLIYA ALEKHINA!, LiupMmiLa Makaroval, TaTiana Rusakoval,
Orca MarysHkINAZ, and Nikorar PErov! — Lomonosov Moscow
State University, Moscow, 11999, Russia — 2Tver State University,

Tver, 170100, Russia

Magnetorheological elastomers (MREs) are a type of "smart materials”
changing their properties under the influence of external factors. MREs
represent magnetic particles distributed in elastic medium. Under the
magnetic field magnetic moments of particles tend to align what can
lead to their shifting and rotating. Such ordering leads to several ef-
fects which can be observed in MREs, e.g. magnetorheological effect.
It was previously shown that in MREs with both iron and graphite
particles change of electrical resistance can be induced by magnetic
field. In this case shifting of magnetic particles under the magnetic
field creates the internal stresses in polymer matrix, which lead to dis-
placements of the conductive graphite particles. Similar effect can be
observed if ferroelectric particles are added to the MRE [1]. Those
internal stresses can affect the movement of ferroelectric particles forc-
ing to or preventing them from shifting and rotation thus changing
the polarization process. The reverse effect is also possible: under the
electric field, the magnetization process can be changed. Thereby, a
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type of multiferroic composite with elastically coupled ferromagnetic
iron particles and ferroelectic PZT particles was prepared and inves-
tigated in this work. The work was financially supported by Grant
RFBR 18-32-00354. [1] L.A. Makarova et al., IEEE Transactions on

Magnetics, 2017, 53, 11, pp.7

MA 26: Thin films — coupling effects

Time: Wednesday 9:30-12:15

MA 26.1 Wed 9:30 EB 301
Influence of oxygen content on magnetic properties in
La2/3Sr1/3MnO3-6§ thin films — eLr1 Caol, OLEG PrTRACIC!,
ALEXANDER WEBERM2, PAuL ZAKALEK!, and THoMAs BRUCKEL!:2
— 1Jiilich Centre for Neutron Science JCNS and Peter Griinberg In-
stitut PGI, JARA-FIT, Forschungszentrum Jiilich GmbH, Jiilich —
2 Jiilich Centre for Neutron Science JCNS at Heinz Maier-Leibnitz Zen-
trum MLZ, Forschungszentrum Jiilich GmbH, Garching

Complex oxides display a multitude of unique phenomena, such as
various forms of magnetism, superconductivity, colossal magnetoresis-
tance, and couplings between these states. The role of oxygen con-
tent after sample preparation onto the physical properties is mostly
unknown. The ability to control the oxygen composition after the
preparation may provide the possibility to dynamically tune the phys-
ical properties and establish a comprehensive understanding of the
structure-property relationship. We report on the fabrication of
La0.75r0.3Mn0O3-4 thin films on SrTiO3 substrates by high oxygen
pressure sputtering. Using an in-situ x-ray diffraction setup we in-
vestigate the crystallographic properties while annealing the samples
in vacuum and at various temperatures. While annealing induces a
desorption of oxygen, absorption of oxygen is realized in a controlled
oxygen plasma of a sputtering setup. By employing magnetometry
and electrical resistivity measurements, we study the magnetic and
transport properties of the as-prepared, annealed and plasma treated
systems. We then relate the influence of oxygen absorption/desorption
to the physical properties of the films.

MA 26.2 Wed 9:45 EB 301
Influence of deposition and field cooling parameters on
sputter-deposited polycrystalline exchange bias layer systems
— eMaxiMmiLIAN MERKEL!, Jonas ZeHNER?, KARIN LEISTNERZ,
Dennis HoLzingeR!, and ArRNo ErrRESMANNT — lInstitute of Physics
and Center for Interdisciplinary Nanostructure Science and Technol-
ogy (CINSaT), University of Kassel, Heinrich-Plett-Str. 40, D-34132
Kassel — 2Leibniz Institute 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 distri-
bution, crystallite texture and interface structure of the layer system.
These structural characteristics can be controlled via deposition pa-
rameters or manipulated during a thermal activation procedure in an
external magnetic field. Angle-resolved hysteresis measurements using
Kerr magnetometry in comparison to an extended Stoner-Wolfarth
model [1], X-ray diffraction experiments and interface roughness char-
acterization allowed for the quantification of material properties in
dependence of deposition and field cooling parameters supporting com-
mon structure zone models.

[1] Miglich, 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)

MA 26.3 Wed 10:00 EB 301
Cooling field and sample orientation dependent magneti-
zation reversal processes in exchange biased Co/CoO on
MgO(100) — eAnNDREA EHRMANN! and Tomasz Bracnowicz? —
IBielefeld University of Applied Sciences, Faculty of Engineering and
Mathematics, 33619 Bielefeld, Germany — 2Silesian University of
Technology, Institute of Physics - Center for Science and Education,
44-100 Gliwice, Poland

Co/Co0 is a typical exchange bias (EB) system which was investi-
gated for long time, either as core/shell particles, as thin film systems
or in other shapes. While other systems seem to be of higher inter-
est in basic and applied research, a surprising effect could be found in
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Co/CoO thin film systems epitaxially grown on MgO(100) substrates:
Such samples show a strong influence of the orientation of the average
uncompensated antiferromagnetic magnetization with respect to the
cooling field direction, resulting in unexpected asymmetric behavior
during sample rotations. The horizontal loop shift as well as the sign
of the transverse magnetization peaks in magneto-optical Kerr effect
(MOKE) experiments change their values depending on the rotational
direction. Here we will give a broad overview of the impact of cooling
field and sample orientation on the magnetization reversal processes
in this system.

[1] A. Ehrmann, T. Blachowicz: Angle and rotational direction
dependent horizontal loop shift in epitaxial Co/CoO bilayers on
MgO(100), AIP Advances 7, 115223 (2017)

MA 26.4 Wed 10:15 EB 301
Enhanced exchange bias in MnN/CoFe bilayers after high-
temperature annealing — eMAREIKE DuNz, JAN SCHMALHORST,
and MARrRkUs MEINERT — Center for Spinelectronic Materials and De-
vices, Physics Department, Bielefeld University, Germany

The exchange bias effect is crucial for pinning ferromagnetic electrodes
in GMR or TMR devices. Recently, we found that optimized polycrys-
talline MnN /CoFe bilayer systems with tyyn = 30 nm show exchange
bias of up to 1800 Oe at room temperature [1]. This makes antiferro-
magnetic ©—MnN a promising alternative for expensive materials like
Mnlr.

Here, we report on even higher exchange bias that is observed in
similar bilayers after annealing them at high temperatures around
500°C. For systems with ¢\ipn = 48 nm, exchange bias of more than
2700 Oe is achieved. However, this is only observable for bilayers with
thicknesses of MnN higher than 40nm. To identify the origin of this
behavior, X-ray diffraction and Auger depth profiling measurements
were performed. They reveal a strong diffusion of nitrogen from the
MnN into the Ta buffer layer of the samples. As thicker MnN layers
have a better thermal stability due to their large nitrogen reservoir,
they can tolerate the high annealing temperatures that induce the in-
crease of exchange bias. Reversed field cooling experiments show that
high-temperature annealing also yields an increased median blocking
temperature of the MnN/CoFe system.

[1] M. Meinert et al., Phys. Rev. B 92(14), 144408 (2015)

MA 26.5 Wed 10:30 EB 301
Manipulation of Perpendicular AF-Coupled Thin Film Sys-
tems by Ion Beam Irradiation — eLroroLp Kocu!:2, Miriam
LeNnz!, FABIAN SAMADZ, PHANI AREKAPUDIZ, LORENZO FALLARINO!,
and Orav HerLowic!:?2 — lInstitute of Ion Beam Physics and Ma-
terials Research, Helmholtz-Zentrum Dresden-Rossendorf, Bautzner
Landstrasse 400, 01328 Dresden, Germany — ZInstitute of Physics,
Chemnitz University of Technology, 09126 Chemnitz, Germany

The tuning of the magnetic properties of antiferromagnetically (AF)
coupled multilayer films by ion beam irradiation has been investigated.
Stacks of Co/Pt multilayers, AF-coupled by Ru interlayers, have been
a model system for studying the energy contributions of interlayer ex-
change, perpendicular anisotropy and demagnetization [1]. The system
shows a complex mixture of magnetic phases that can be tuned by the
number of repeats of the Co/Pt-bilayers (X) and the number of Ru
interlayers. A lateral homogeneous AF remanent magnetic structure
occurs for small X due to the dominance of the AF-coupling. For
large X the demagnetization energy prevails and ferromagnetic stripe
domains evolve. Ion beam irradiation causes atomic intermixing at
the Co/Pt and Co/Ru interfaces and successively changes the balance
of the energy contributions. By irradiating locally, lateral heteroge-
neous structures of magnetic phases can be realized. Initial irradiation
studies will be presented and discussed.

[1] O. Hellwig, J. B. Kortright, A. Berger and E. E. Fullerton, J.
Magn. Magn. Mater., 2007, 319, 13.
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MA 26.6 Wed 10:45 EB 301

Interfacial Magnetic Exchange Coupling in a L10-
MnGa/FeCo Bilayer — eErvis SHoko and UDO SCHWINGEN-
scHLOEGL — King Abdullah University of Science and Technology,

Physical Science and Engineering Division (PSE), Thuwal 23955-6900,
Saudi Arabia

Epitaxial bilayers of L10-MnGa/Fel-xCox are of interest in perpen-
dicular magnetic tunnel junctions, with interfacial magnetic exchange
coupling playing an important role in the functionality of such de-
vices.[1] This exchange coupling is reported to undergo an abrupt
transition from ferromagnetic (FM) to antiferromagnetic (AF) as x
increases to 0.25. [2] The origin of this abrupt transition is not well
understood. Using LDA+U density functional theory, we have stud-
ied the magnetic properties of these bilayers for compositions in the
vicinity of x = 0.25. I will discuss the features of the exchange cou-
pling that we obtain and some insight they provide in relation to the
experimental result of Ref. 2.

[1] K. Z. Suzuki et al., Sci. Rep. 6, 30249 (2016). [2] Q. L. Ma et
al., Phys. Rev. Lett. 112, 157202 (2014).

15 minutes break

MA 26.7 Wed 11:15 EB 301
TbCoFe/[Co/Ni/Pt] Exchange Coupled Heterostructure —
eMicHAEL HEeicL, RaLpH WENDLER, BirciT HEBLER, and MAN-
FRED ALBRECHT — Lehrstuhl fiir Experimentalphysik IV, Institut fiir
Physik, Universitdt Augsburg, Germany

Heat-assisted magnetic recording (HAMR) is envisioned to increase the
achievable storage density in future magnetic hard disk drives (HDD).
We present a candidate composite structure consisting of two
exchange-coupled materials with different Curie temperatures. The
heterostructure consists of an amorphous ferrimagnetic ThCoFe thin
film as a storage layer coupled to a softer [Co/Ni/Pt| multilayer, act-
ing as a write and read-out layer. TbCoFe is in comparison to classic
HAMR materials like L1oFePt [1] highly tunable by its composition,
exhibits a smaller Curie temperature T¢, larger damping, and perpen-
dicular magnetic anisotropy (PMA). Due to its small magnetization,
the switching and read-out layer [Co/Ni/Pt] is required. [Co/Ni/Pt]
multilayers were chosen because of their PMA, high T, and large sat-
uration magnetization.

We report on the magnetic properties of the separate layers as well as
the coupled system for different compositions, thicknesses, and temper-
atures. Additionally, the structural stability of the amorphous ThCoFe
films and the multilayers were investigated as function of annealing
temperature.

References: [1] D. Weller et al., Phys. Status Solidi A210 (2013) 1245.

MA 26.8 Wed 11:30 EB 301
Preparation and Characterization of Granular Magnetic Ex-
change Coupled Nano-Composites — e¢RUNBANG SHao!, BEN-
JAMIN RIEDMULLER!, Barati KuerBansianc!, Urricn HEerr!,
ApriaN ScHILLIK?, and BERNDT KosLowskr? — !Institut fiir Mikro-
und Nanomaterialien, Universitdt Ulm, Ulm, Deutschland — 2Institut
fiir Festkorperphysik, Universitat Ulm, Ulm, Deutschland

Granular magnetic exchange coupled nano-composites have potentials
in further increasing the storage density of hard disk drives, and pro-
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ducing permanent magnets with high energy product (BH )maz. These
nano-composites of nano-particles (NPs) embedded in or covered by
thin films were produced, using a combination of inert gas condensa-
tion (IGC) and sputter deposition, in which variable material combi-
nations could be selected. The sizes and volume filling factor (VFF) of
the NPs could be controlled independently. SEM, especially in trans-
mission mode (T-SEM) was used to measure the NP sizes. In case of
superparamagnetic NPs, we compared these results to the magnetic
particle sizes obtained by fitting the m-H curve to a superposition of
Langevin functions. For blocked NPs embedded in antiferromagnetic
films, a dependence of exchange bias (Hez) and coercivity (H.) on the
ferromagnetic NP VFF was observed. We also studied the magnetisa-
tion of individual NPs by the means of MFM.

MA 26.9 Wed 11:45 EB 301
Transport in graphene and possible Cooper pair forma-
tion — eKraus 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 — Max-Planck-Institute for the Physics of Complex
Systems, 01187 Dresden, Germany

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 26.10 Wed 12:00 EB 301
Resonant states in graphene: Interplay with magnetic field
and spin orbit coupling — eJeonasu Leg, DEnis KocHAN, and
Jarosrav FaBian — Institute for Theoretical Physics, University of
Regensburg, 93040 Regensburg, Germany

A vacancy or an adatom in graphene induces m-magnetism and res-
onant scattering. Even without the magnetism in consideration, the
resonant phenomenon can exhibit interesting physics when combined
with an external magnetic field. A strong magnetic field in graphene
induces Landau levels overlapping with the resonance peak near the
Dirac point. As a result, the resonant state splits into two bound states
with effective magnetic momenta of opposite sign. Employing realis-
tic tigh