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TT 45.1 Wed 9:30 H32
Valley polarization in magnetically doped single-layer
transition-metal dichalcogenides — eUpO SCHWINGENSCHLOGL,

YIiNGcHUN CHENG, and QINGYUN ZHANG — PSE Division, KAUST,
Thuwal 23955, Saudi Arabia

We demonstrate that valley polarization can be induced and con-
trolled in semiconducting single-layer transition-metal dichalcogenides
by magnetic doping, which is important for spintronics, valleytronics,
and photonics devices. As an example, we investigate Mn-doped MoS2
by first-principles calculations. We study how the valley polarization
depends on the strength of the spin orbit coupling and the exchange
interaction and discuss how it can be controlled by magnetic doping.
Valley polarization by magnetic doping is also expected for other hon-
eycomb materials with strong spin orbit coupling and the absence of
inversion symmetry. Reference: Phys. Rev. B 89, 155429 (2014).

TT 45.2 Wed 9:45 H32
Giant Rashba-type spin splitting in ferroelectric GeTe(111) —
eMaRcUs LieBMANN!, CHRISTIAN RINALDIZ, DoMENICO D1 SANTES,
Jens KeLLNer!, CHrisTIAN Paury!, Rur Nine Wanc?, Jos EMIEL
BoscHKER?*, ALEssaNDRO GuissaNt*, STEFaNo BERTOLI?, MATTEO
CanToNi?, LoreENzo BALDRATIZ, MARCO Asa?, IVANA VOBORNIK?,
GIANCARLO PaNAccioNE?, DMITRY MARCHENKOS®, JAIME SANCHEZ-
BarriGA?7, OLIvER RADER’?, RarraeLLa CaLarco?, Smvia
Picozzi®, Riccarpo BErRTACCO?, and MARKUS MORGENSTERN! —
HI. Inst. Phys. B, RWTH Aachen University — 2Politecnico di
Milano, Italy — 3Consiglio Nazionale delle Ricerche, L’Aquila, Italy
— 4Paul-Drude-Institut fiir Festkorperelektronik, Berlin — °®Consiglio
Nazionale delle Ricerche, Trieste, Italy — SPhysikalische und Theo-
retische Chemie, Freie Universitit Berlin — 7Helmholtz-Zentrum fiir
Materialien und Energie, BESSY, Berlin

The ferroelectric semiconductor GeTe has been proposed to exhibit a
giant spin splitting of bulk Rashba bands with spin rotation direction
coupled to the dielectric polarization [1]. We probe GeTe(111) grown
by MBE using in-situ angular-resolved photoelectron spectroscopy
(ARPES). We identify a novel Rashba-split surface band with giant
spin splitting and find signatures of the bulk Rashba band by compar-
ison with density functional theory calculations [2|. The ferroelectric
polarization, as determined by piezo force microscopy, agrees with the
predicted helical spin-momentum relation of the Rashba bands.

[1] D. Di Sante et al., Adv. Mater. 25, 509 (2013).

[2] M. Liebmann et al, Adv. Mater.
10.1002/adma.201503459.

2015,

TT 45.3 Wed 10:00 H32
Spin Mapping of Surface and Bulk Rashba States in Ferro-
electric a-GeTe(111) Films — oH. J. ELMERrs!, R. WaLLAUER!,
M. LieBmann2, J. KeLLNERZ, M. MoORGENSTERNZ, R.N. Wang3,
J.E. BoscHKER®?, R. Cararco®, O. Raper?, D. KurnvyakHOV!,
S.V. Cuernov!, K. MEepjanik!, C. Tuscue®, M. ELLcurn®, H.
Vorrova®, J. BRaun®, J. Minar®, H. EBert®, and G. ScHONHENSE!
— lnstitut fiir Physik, Johannes Gutenberg-Universitit Mainz —
211. Physikalisches Institut B and JARA-FIT, RWTH Aachen —
3Paul-Drude-Institut fiir Festkérperelektronik, Berlin — 4Helmholtz-
Zentrum Berlin fiir Materialien und Energie, Berlin — ®Max Planck
Institute for Microstructure Physics, Halle — Department Chemie,
Ludwig-Maximilians-Universitdt Miinchen

Ferroelectric semiconductors like GeTe promise a switchable Rashba-
parameter for electronic bulk states. A comprehensive mapping of
the spin polarization of the electronic bands in a-GeTe(111) films has
been performed using a time-of-flight momentum microscope equipped
with an imaging spin filter that enables a simultaneous measurement of
more than 10.000 data points. In addition to the Rashba type splitting
of surface bands we observe a spin splitting of bulk bands with oppo-
site spin helicity of the inner and outer Rashba bands revealing the
complex spin texture at the Fermi energy that determines electronic
transport.

TT 45.4 Wed 10:15 H32
Optically and thermally driven spin dynamics and quan-
tum Otto cycles on Niy structures — eSTEFAN SoLD!, BHASKAR

Location: H32

2 1

KaMmBLE2?, Georcios Lerkipis!, and Worrcance HUBNErR! —
IDepartement of physics, University of Kaiserslautern and Research
Center OPTIMAS, Germany — 2Asia Pacific Center for Theoretical
Physics, Pohang, Korea

We present two different kinds of combined optical and thermodynamic
processes on the chain-like prototypical Niyg cluster, described on the
basis of high-level quantum chemistry. The one consists of incoherent
spin relaxation and thermalization processes, the other one of a nano
Otto engine.

First, we model various temperature profiles by coupling to one or
two temperature baths. The system dynamics is mathematically de-
scribed with the Lindblad superoperator [1]. We find that the inho-
mogeneous temperature profile, giving rise to non-equilibrium mixed
states, induces non-uniform spin-density distribution (spin Seebeck ef-
fect on the nano scale).

Second, we propose a quantum Otto motor [2], which benefits from
the spin degree of freedom and the energy discretization of the cluster,
and may thus surpass the efficiency limit of classical Carnot cycles [3].

[1] G. Schaller and T. Brandes, Phys. Rev. A 78, 022106 (2008)

[2] W. Hiibner, G. Lefkidis, C. D. Dong, D. Chaudhuri, L. Chotorl-
ishvili, and J. Berakdar, Phys. Rev. B 90, 024401 (2014)

[3] C. D. Dong, G. Lefkidis, and W. Hiibner, Phys. Rev. B 88, 214421
(2013)

TT 45.5 Wed 10:30 H32
Theoretical aspects of the Edelstein effect for anisotropic
2DEGs and topological insulators — eANNIKA JOHANSSOND:Z,
DMitry FeEporov!:2, JorceNn Henk?, and INGRID MEerTIG?! —
1Max Planck Institute of Microstructure Physics, Halle, Germany —

2Martin Luther University Halle-Wittenberg, Halle, Germany

A charge current driven through a two-dimensional electron gas
(2DEG) with Rashba spin-orbit coupling [1| generates a spatially ho-
mogeneous spin polarization perpendicular to the applied electric field.
This phenomenon is the Edelstein effect [2].

For selected model systems, we consider the Edelstein effect within
the semiclassical Boltzmann transport theory. Its energy dependence
is investigated, in particular the regime below the Dirac point of the
2DEG. In addition to an isotropic 2DEG [1], we analyze systems with
anisotropic Fermi contours. We predict that the current-induced spin
polarization vanishes if the Fermi contour passes through a Lifshitz
transition. In addition, we corroborate that topological insulators pro-
vide a very efficient conversion of charge to spin current [3].

Our findings for paradigmatic Rashba systems call for experimental
verification.

[1] Y. Bychokov and E. Rashba, J. Phys. C, 17, 6039 (1984) [2]
V. M. Edelstein, Solid State Commun., 73, 233 (1990) [3] J. C. Rojas
Sanchez et al., ArXiv: 1509.02973 (2015)

15 min. break

TT 45.6 Wed 11:00 H32
Spin superfluidity and long-range transport in thin-film fer-
romagnets — HANs SkaRsVAGg, eCeciLia HoLMmQvisT, and ARNE
BraTaas — Department of Physics, Norwegian University of Science
and Technology, NO-7491 Trondheim, Norway

In ferromagnets, magnons may condense into a single quantum state.
Analogous to superconductors, this quantum state may support trans-
port without dissipation. Recent works suggest that longitudinal spin
transport through a thin-film ferromagnet is an example of spin su-
perfluidity. Although intriguing, this tantalizing picture ignores long-
range dipole interactions; here, we demonstrate that such interactions
dramatically affect spin transport. In single-film ferromagnets, ”spin
superfluidity” only exists at length scales (a few hundred nanometers in
yttrium iron garnet) somewhat larger than the exchange length. Over
longer distances, dipolar interactions destroy spin superfluidity. Nev-
ertheless, we predict the re-emergence of spin superfluidity in tri-layer
ferromagnet-normal metal-ferromagnet films that are ~1 micrometre in
size. Such systems also exhibit other types of long-range spin transport
in samples that are several micrometers in size.

TT 45.7 Wed 11:15 H32
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Ultra-long electron and hole spin lifetimes in monolayer
WSe2 — Sammy PissINGER, eROBIN DE WINTER, CHRISTOPHER
FrRANZEN, MANFRED ERSFELD, SEBASTIAN KUHLEN, CHRISTOPH
STAMPFER, and BERND BESCHOTEN — 2nd Institute of Physics and
JARA-FIT, RWTH Aachen University, Germany

There is strong interest in optical generation and detection of valley
spin polarizations in transition metal dichalcogenides. We report on
time-resolved two color pump probe Kerr rotation measurements on
mechanically exfoliated monolayer WSes crystals. We find electron
and hole spin lifetimes of up to 100 ns at low temperatures. These
values are in good agreement with exciton lifetimes extracted from all-
optical time-resolved reflectivity indicating that the spin lifetimes are
limited by exciton recombination times in our crystals. Electron spin
precession in Voigt geometry furthermore reveals inhomogeneous spin
dephasing caused by a large spread in the local g factors.

TT 45.8 Wed 11:30 H32
Bulk Spin-Orbit Torques at finite temperatures in Bulk Half-
Metallic Heuslers from First Principle — eJacos GavyLgs!, Li-
BOR SMEJKALQ, JAKUB ZELEZNYz, FrRANK FreMuTHS, ZHE YUuan?,
Yurrty Mokrousov®, Tomas JunegwirTH?, and JairRo SiNnoval —
Hnstitut fiir Physik, Johannes Gutenberg Universitit Mainz, D-55099
Mainz, Germany — 2Institute of Physics ASCR, v.v.i., Cukrovarnicka
10, 162 53 Praha 6 Czech Republic — 3Peter Griinberg Institut & Insti-
tute for Advanced Simulation, Forschungszentrum Jiilich and JARA,
52425 Jiilich, Germany

We predict bulk spin-orbit torques in the half-metallic Heuslers
NiMnSb and PtMnSb, using symmetry arguments in conjunction with
first principle calculations. We present under uniaxial growth strain a
linear dependence of the even torque and that can be tuned to zero
while observing a sizable odd torque is independent of strain. Further-
more, these effects are seen to be two orders of magnitude larger in the
PtMnSb. The even torque is strongly dependent on the temperature
decreasing by 75% at room temperature where finite temperature is
taken into account in the frozen phonon approximation. We show the
equivalence of two widely used methods, the Landauer-Biitikker and
the Kubo linear response formalism giving confidence in our result
for experimental measurements in bulk magnetic Heusler compounds
breaking inversion symmetry.

TT 45.9 Wed 11:45 H32
Dynamics of bound monopoles in artificial spin ice: How to
store energy in Dirac strings. — eELENA VEDMEDENKO — Uni-
versity of Hamburg, Hamburg, Germany

Dirac strings in spin-ices are lines of reversed dipoles joining two quasi-
particle excitations. These excitations behave themselves as unbound
emergent monopoles if the tension of Dirac strings vanishes. In this
work analytical and numerical analysis are used to study dynamics of
two-dimensional dipolar spin ices, artificially created analogs of bulk
spin-ice, in the regime of bound monopoles. It is shown that in this
regime strings rather than monopoles are effective degrees of freedom
explaining the finite-width band of Pauling states. A measurable pre-
diction of path-time dependence of endpoints of stretched and then
released Dirac string is made and verified via simulations. It is shown
that string dynamics is defined by the characteristic tension-to-mass
ratio, which is determined by the fine structure constant and lattice
dependent parameter. It is proposed to use string tension to achieve
spontaneous magnetic currents. A concept of energy storing device
on the basis of this principle is proposed and illustrated by an experi-
mental demonstration. A scheme of independent measurement at the
nanoscale is proposed.

TT 45.10 Wed 12:00 H32
Spin-orbit torque in antiferromagnets — eJAKUB ZELEzZNY!,
FrANK FReEmMUTHZ, YURlY Mokrousov?, JacoB GAYLES®, JAIRO
Sinova3, and Towmas JunewirTH? — lInstitute of Physics of the
Czech Academy of Sciences, Czech Republic — 2Forschungszentrum
Julich and JARA, Germany — 2Institut fur Physik, Johannes Guten-

berg Universitat Mainz, Germany

Antiferromagnets are common in nature and just like ferromagnets
posses a long-range magnetic order. Unlike ferromagnets though, they
have found little practical applications so far, primarily due to their
lack of total magnetization. However, development of spintronics opens
up ways how they could be used. Antiferromagnets have some advan-
tages over ferromagnets, in particular ultrafast magnetization dynam-
ics and wide range of materials available, including many semiconduc-
tors. One of the key problems for application of antiferromagnets in
spintronics remains manipulation of the spin-axis. Recently we have
predicted that in some bulk antiferromagnets, electrical current can
effectively manipulate the magnetic moments [1]. Switching of an an-
tiferromagnet using this method have recently been observed experi-
mentally [2]. The effect is analogous to the spin-orbit torque in ferro-
magnets. Here we discuss the symmetry of the torques, especially the
necessary conditions for their existence and show results of microscopic
calculation of the torques in various antiferromagnets.

[1] J. Zelezny et al., PRL 113 (15), 157201 [2] P. Wadley et al.,
Science, to be published, arXiv:1503.03765



