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TT 22.1 Mon 15:00 HFT-FT 101
Topological domain walls in helimagnets — eLAUrRA KOHLER',
PEGaY SCHONHERRZ, JAN MULLER?, Naova KaNnazawa?, Y OSHINORI
Tokura%5, AcuiM Roscu?®, DENNIS MEIER®, and MARKUS GARsT!
— 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. Schonherr et al. arXiv1704.06288 (2017).

TT 22.2 Mon 15:15 HFT-FT 101
Nanoscale imaging of magnetic topological defects in heli-
magnetic FeGe — ePrccy SCcHONHERR!, JAN MULLERZ, LAURA
KouLEr3, Acuim Roscu?, Naova Kanazawa?, Yosur Tokura®®,
MANFRED FieBic!, Markus GarsT?, and DENNIs MEIER® — 1ETH
Ziirich, Switzerland — 2Universitéit zu Koln, Germany — 3Technische
Universitdt Dresden, Germany — 4University 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.

TT 22.3 Mon 15:30 HFT-FT 101
Mechanisms of nucleation of chiral bobbers in helical mag-
nets — FeNgsHAN ZHeENGD?2, eFiLipp N. RyBakov3, ALEK-
sANDR B. Borisov?, DonasHENG SoNG®, SHasHA Wanc®7, Zi-
AN Li®%, Harrene Du%7, Nikorar S. KiseLev?, Jan Caron'»2,
AnDRAs Kovics!2, Minariane Tian®7, Yureng Zuanc® 7, STe-
FAN BLUGEL?, and RaraL E. Dunin-Borkowski? — 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 — 3Institute of Physics, Beijing, China,

Magnetic chiral bobbers are stable particlelike states that represent a

Location: HFT-FT 101

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).

TT 22.4 Mon 15:45 HFT-FT 101
Skyrmion optical creation/annihilation in a chiral mag-
net — eGABRIELE BERRUTO!, IvAN MAaDAN!, YosuiE Murookal,
GiovaNNT  MaRria  VanNacore!, Enxrico Pomarico!, DaMIEN
McGRouTHER?, YosHiHIKo Tocawa?, HEINRIK RonNow!, and FAB-
r1zio CARBONE! — llnstitute 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.

TT 22.5 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!,

SamoknvaLov ALEXEI?, CoLLIN SopHIE!, BouzeEHOUANE KARiM!,
SANTAMARIA JacoBo!, SANDER ANKE!, REYREN Nicoras!, Cros
ViNceNT!, BuzpIN 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

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

TT 22.6 Mon 16:15 HFT-FT 101

Interactions between superconductor-ferromagnet thin
films — eANNIKA STELLHORN!, ANIRBAN SARKAR!, EMMANUEL
KENTZINGER!, SONJA SCHRODER!, GRIGOL ABULADZE', MARKUS
Wascuk!, PaTrick ScHOFFMANNZ,  ZuenponGg Fu?, VitaLry
Preicu?, and Twuomas Broicker!'? — lForschungszentrum Jiilich
GmbH, Jiilich Centre for Neutron Science (JCNS-2) and Peter Griin-

berg Institut (PGI-4), JARA-FIT, 52425 Jilich GERMANY —
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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.

TT 22.7 Mon 16:45 HFT-FT 101
Giant non-local vortex motion in WC nanowires grown by
Ga-+ focused ion beam deposition — eRosa Corposal:2, Josi
Maria D Teresal'23 Ricarpo IBARRAZ3, ISABEL GUILLAMON?,
HERMANN SUDEROW?, SEBASTIAN VIEIRA?, and JAvIER SESE?:3
Hnstituto de Ciencia de Materiales de Aragon (ICMA), CSIC-UZ,
Spain — ?Departamento de Fisica de la Materia Condensada, Univer-
sidad de Zaragoza, Spain — 3Laboratorio de Microscopias Avanzadas,
Instituto de Nanociencia de Aragon, UZ — *Departamento 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.

TT 22.8 Mon 17:00 HFT-FT 101

Unusual critical state and vortex commensurability in
cuprate superconductors with regular topological de-
fects — eWoLFcaNG Lanc!, Georc ZEecHNER!, KRISTIJAN L.
MLETscHNIG!, FLORIAN JAUSNER!, MEIRZHAN DosMAILOVZ, MARIUS
A. Bopea?, and JonanNes D. PeEpaRNIG? — ! 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 YBagCu3zOr_s (YBCO) is opposed
by the demand for advanced nanopatterning methods. To this end,
YBCO thin films are irradiated with He™ 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.

TT 22.9 Mon 17:15 HFT-FT 101
Vortex motion and change inside the superconducting phase
of the ferromagnetic superconductor UCoGe — eBriLUN Wul,
Da1 Aoki?3, and JeEaN-PascaL 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

TT 22.10 Mon 17:30 HFT-FT 101
Domain formation in the type-II/1 superconductor nio-
bium — eALEXANDER Backs!2, Tommy REMANNDZ, MICHAEL
ScuuLz!?, VitaLry Prpicu!3, SEBASTIAN MUHLBAUER!, and PE-
TER BONI1Z — Heinz Maier-Leibnitz Zentrum, Garching, Germany —
2Physik-Department E21, Technische Universitit 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)



