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MA 23: Spin Dynamics and Transport: Ultrafast Effect

Time: Tuesday 9:30-12:15

MA 23.1 Tue 9:30 HSZ 403
Terahertz Radiation Driven Dynamics of Magnetic Do-
main Structures Probed by Free-Electron Laser Light —
oL. MuLLER!, M.H. BErNTSEN?, W. ROSEKER!, A. PHILIPPI-
Koss!, T. Gorz', K. Baascuik®, J. WaGNErR3, R. FROMTERS,
N. Stojanovic!, C. Gurr?, H.P. Orren?, and G. GRUBEL! —
IDeutsches Elektronen-Synchrotron DESY, FS-CXS, Hamburg, Ger-
many — 2KTH Royal Institute of Technology, Stockholm, Sweden —
3Institut fiir Nanostruktur- und Festkorperphysik, Universitdt Ham-
burg, Hamburg, Germany — *Department of Physics, University of
Siegen, Siegen, Germany
Controlling magnetism on ultra-fast time scales and on nanometer
length scales is a challenge for modern research in magnetism, with
direct implication for future data storage devices. Means for inducing
dynamics on these time scales are femtosecond optical lasers and, more
recently, THz sources. Probing the dynamics on a nanometer length
scale has become possible with free-electron laser sources. We report
on a THz-pump-XUV-probe scattering experiment on (Co/Pt), mul-
tilayers (n = 8, 16) with perpendicular magnetic anisotropy exhibit-
ing a maze domain pattern. An electromagnetic undulator installed
at FLASH behind the permanent-magnet FEL undulator was used
to produce 10-cycle linearly polarized THz pulses. The fundamental
wavelength was set to 150 um and higher harmonics down to 30 pm
have been used as a pump. The resulting dynamics have been probed
on femtosecond time scales by resonant magnetic small-angle scatter-
ing at the cobalt M3 3 edge.

MA 23.2 Tue 9:45 HSZ 403
Ultrafast magnetization dynamics triggered by intense ter-
ahertz pulses — eJurius HEeiTz, Tom SEIFERT, and ToOBIAS
KAMPFRATH — Fritz-Haber-Institute of the Max Planck Society, Fara-
dayweg 4-6, 14195 Berlin, Germany

We excite ferromagnetic iron thin films with sub-picosecond terahertz
(THz) pulses covering the spectrum from 0.5 to 2 THz. Measurement
of the magnetooptical Kerr effect (MOKE) by optical probe pulses (du-
ration of 10 fs, center wavelength 800 nm) provides access to the time
evolution of the sample magnetization. The different contributions to
the magnetization dynamics are disentangled by comparing measure-
ments with opposite THz field polarities and with different equilibrium
sample magnetization. In particular, we discuss the contributions of
ultrafast demagnetization and THz Zeeman torque.

The results shown here were obtained in close collaboration with the
research groups of E. Beaurepaire , M. Klaui and M. Miinzenberg.

MA 23.3 Tue 10:00 HSZ 403
Ultrafast excitation of coherent magnons by circularly and
linearly polarized light pulses in antiferromagnetic NiO —
oCHRISTIAN TzscHascHEL!, Ryuco Iipa?, Tsutomu SuiMUuraZ?, Hi-
ROAKI UEDA3, STEFAN GUNTHER!, TAKUYA SaTon?4, and MANFRED
FieBic! — 'ETH Ziirich, Switzerland — 2The University of Tokyo,
Japan — 3Kyoto University, Japan — 4Kyushu University, Japan

NiO is rapidly gaining importance in the field of antiferromagnetic
magnonics. In this talk, we clarify the mechanism of ultrafast opti-
cal magnon excitation in antiferromagnetic NiO. We employed time-
resolved optical two-color pump-probe measurements to study the co-
herent non-thermal spin dynamics. By near-infrared pumping and
probing along the optical axis, we avoid the detrimental influence of
birefringence. Thus, we are able to determine the mechanism behind
the ultrafast optical magnon generation with linearly and circularly po-
larized light. For this purpose, we employ a phenomenological theory
under consideration of the crystallographic and magnetic point group
symmetries. Based on this new approach, we are able to describe the
dynamic magneto-optical properties of NiO and derive expressions for
the optically induced magnetization via the inverse Faraday effect as
well as the inverse Cotton-Mouton effect. Our experimental and the-
oretical results are in striking agreement. This not only allows us to
discriminate between the two effects, but also to extract information
about the antiferromagnetic domain distribution. Moreover, we find
that magnon generation via the inverse Cotton-Mouton effect is more
than 30 times more efficient in NiO than via the inverse Faraday effect.

MA 23.4 Tue 10:15 HSZ 403

Location: HSZ 403

Ultrafast structural and magnetization dynamics of the
Skyrmion crystal GaV4Sg — eEvGENIIA SLIVINA!, PRASHANT
PapMANABHAN', RoLF B. VERSTEEG!, SANDOR BoRDAcs?, ISTVAN
KEzsMARKIZ, and PauL H. M. vaN LoosprecHT! — 1II. Physikalis-
ches Institut, Universitit zu Koéln, Ziilpicher Strafe 77, D-50937 K&ln,
Germany — 2Department of Physics, Budapest University of Technol-
ogy and Economics and MTA-BME Lendiilet Magneto-optical Spec-

troscopy Research Group, 1111 Budapest, Hungary

GaV4Sg is a lacunar spinel, notable for its unusual para-to-ferroelectric
phase transition and the emergence of novel magnetic ground states
below the Néel temperature. One of the latter - the Néel Skyrmion -
was recently observed, but to date, little is known about the coherent
control of magnetic excitations in this material. Here, we employ time-
resolved magneto-optical Kerr effect spectroscopy to demonstrate the
coherent excitation of Néel-type Skyrmions and other magnetic ground
states in GaV4Sg. In addition, we measure the time-resolved differen-
tial reflectivity and coherent phonon dynamics to elucidate the Jahn-
teller induced para-to-ferroelectric phase transition in this material.

MA 23.5 Tue 10:30 HSZ 403
Picosecond time-evolution of CusOSeO3s’s helimagnetic or-
der parameter after photoexcitation studied by time-resolved
spontaneous Raman spectroscopy — eRoLF B. VERSTEEG!,
Jineyr Zuul, Curistorn Bocuscuewski!, PETRA BECKER2, and
PauL H.M. van LoosprecHT! — !II. Physikalisches Institut, Uni-
versitit zu Koln, Cologne, Germany — 2Abteilung Kristallographie,

Institut fiir Geologie und Mineralogie, Cologne, Germany

Time-resolved Raman spectroscopy is a seldom used tool in the inves-
tigation of picosecond magnetization dynamics. This is mostly due to
a combination of the low inelastic light scattering rate, and the restric-
tions on time-resolution, and needed spectral resolution. A successful
realization of such an experiment would however lead to valuable in-
sights into symmetry changes after optical perturbation, quasiparti-
cle population statistics, and excitation energy changes on ultrafast
timescales.

Here, we present the ultrafast dynamics of helimagnetic order in the
chiral magnet Cuz0SeO3 studied by time-resolved picosecond sponta-
neous Raman spectroscopy. This material has attracted significant
research interest due to the presence of a Skyrmion lattice phase.
The ground state of this material consists of helimagnetically ordered
S = 1 spin clusters, which are composed of 3-up-1-down Cu S = 1/2
spins. The magnetic excitations within the spin-cluster are Raman-
active, and serve as a probe for helimagnetic order. We show that af-
ter photoexcitation the helimagnetic order "melts" through spin-lattice
relaxation on typical timescales of ~ 100 ps.

15 min. break

MA 23.6 Tue 11:00 HSZ 403
Off-resonant excitation of Co films by intense single-cycle
THz pulses: computer simulations and experiments —
e ANDREAS DonGEs!, MosTAFA SHALABYZ, CARLO VICARIOZ, KAREL
Carva3, PETER M. OpPENEER?, CHRIsTOPH P. HAURIZ, and ULRICH
Nowak! — 1Universitit Konstanz, DE-78457 Konstanz, Germany —
2SwissFEL, Paul Scherrer Institute, CH-5232 Villigen PSI, Switzer-
land — 3Charles University, CZ-12116 Praha 2, Czech Republic —
4Uppsala University, SE-75120 Uppsala, Sweden

It was recently demonstrated that THz radiation is an efficient tool
to coherently excite ferro- [1] and antiferromagnets [2] on the sub-ps
time scale. With the availability of more intense THz sources, there
is experimental evidence that the excitation of the magnetization be-
comes incoherent—an effect that is not understood yet. We performed
multiscale modeling simulations, starting from ab-initio calculations of
the Heisenberg exchange constants for the spin Hamiltonian of Co. We
further used the stochastic Landau-Lifshitz-Gilbert equation in com-
bination with an extended two-temperature model, to compute the
spin dynamics response to a THz bullet. The results are compared to
our THz pump-NIR MOKE probe measurements, for fluences up to
90mJ/cm?. From our findings we conclude that the coherent oscilla-
tions are caused by a direct coupling of the spins to the Zeeman field of
the THz pulse, whereas the incoherent dynamics is due to the electric
field which affects the spins indirectly, via heating of the electrons.
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[1] C. Vicario, et al., Nature Photonics, 7, 720-723 (2013).
[2] T. Kampfrath, et al., Nature Photonics, 5, 31-34 (2011).

MA 23.7 Tue 11:15 HSZ 403
Relativistic theory of magnetic inertia in ultrafast spin dy-
namics — eRiTwik MoNDAL, MArRco BeERRrITTA, AsHIs K. NANDY,
and PETER M. OPPENEER — Department of Physics and Astronomy,
Uppsala University, Sweden

The influence of possible magnetic inertia effects has recently drawn
attention in ultrafast magnetization dynamics and switching!. Here
we derive rigorously a theory of inertia in the Landau-Lifshitz-Gilbert
equation on the basis of the Dirac-Kohn-Sham framework. Using the
Foldy-Wouthuysen transformation up to the order of l/c4 gives the
2nd order time-derivative of magnetization in the dynamical equation
of motion. Thus, the inertia damping is a higher order spin-orbit cou-
pling effect, as compared to the Gilbert damping?. It is therefore ex-
pected to play a role only on ultrashort timescales (sub-picoseconds)?.
We also show that the Gilbert damping and intrinsic inertia damping
are related to one another* through the imaginary and real parts of
the magnetic susceptibility tensor respectively.

LA. V. Kimel et al., Nature Phys. 5, 727 (2009). 2R. Mondal, M.
Berritta and P. M. Oppeneer Phys. Rev. B 94, 144419 (2016). 3M.-C.
Ciornei, J. M. Rubi and J.-E. Wegrowe, Phys. Rev. B 83, 020410(R)
(2011). *M. Fihnle, D. Steiauf and C. Illg, Phys. Rev. B 84, 172403
(2011).

MA 23.8 Tue 11:30 HSZ 403
Ultrafast Spin Transfer Torque Generated by a Femtosecond
Laser Pulse — ePaveL BaLiz!, MarriN Zonpal, KAREL CARval,
PaBLo MaLpoNapo?, and PereErR OPPENEER? — !Department of
Condensed Matter Physics, Faculty of Mathematics and Physics,
Charles University, Ke Karlovu 5, CZ-12116 Prague 2, Czech Republic
— 2Department of Physics and Astronomy, Uppsala University, Box
516, SE-75120 Uppsala, Sweden

A phenomenon of laser pulse-induced ultrafast demagnetization of
magnetic material on femtosecond time-scale, is connected with num-
ber of open questions. Particularly, in transition metals and their al-
loys featuring spin polarized 3d valence band and conduction 4s band,
a laser pulse can excite electrons from the d band into the s one with
higher electron mobility. Consequently, the nonequilibrium hot charge
carriers migrate away from the laser spot and reduce the local mag-
netic moment. This process is described by the superdiffusive spin
transport model [1]|, which takes into account scattering of hot elec-
trons on atomic sites leading to nonequilibrium avalanches of excited
electrons.

In this work, we study the spin transfer torque and magnetization

dynamics induced by a spin current of hot electrons in spin valve con-
sisted of two magnetic layer with perpendicular magnetizations sepa-
rated by a nonmagnetic one. To this end, we developed a four-channel
model of spin transport, which allows us to calculate spin transfer
torque and describe magnetization dynamics.

[1] M. Battiato, K. Carva, P. Oppeneer Phys. Rev.
027203 (2010); Phys. Rev. B 86, 024404 (2012).

Lett. 105,

MA 23.9 Tue 11:45 HSZ 403
TDDFT simulation of ultrafast demagnetization: Spin Cur-
rent vs Spin Flips — ePETER ErLLiOoTT, KEVIN KRIEGER, J. KAY.
DEWHURST, SANGEETA SHARMA, and E.K.U. Gross — Max-Planck
Institute of Microstructure Physics

We apply the ab-initio simulation method of time dependent density
functional theory (TDDFT) to shed light on the underlying physics
of ultrafast demagnetization in ferromagnetic materials due to intense
laser pulses. A key finding of our work is that the spin-orbit interaction
(SOI) can be responsible for this ultrafast loss of moment, under the
right circumstances. In this work we compare the loss of moment due
to 1) spin transport (i.e. transport of the moment from a ferromag-
netic layer into a substrate) and 2) SOI demagnetization happening
in the magnetic layer itself. For the interfaces we study, we find that
both processes contribute equally to the demagnetization of the ferro-
magnet. Furthermore we predict that if the substrate has strong SOI
character (e.g. Pt), there can even be SOI type demagnetization of
the moment that was transported into the substrate.

MA 23.10 Tue 12:00 HSZ 403
Monte Carlo simulation of the non-equilibrium spin dynam-
ics — eJonAN BRrIONES and BAERBEL RETHFELD — Department of
Physics and Optimas Research Center, University of Kaiserslautern,
Germany

A Monte Carlo simulation model will be developed in order to study
the ultrafast demagnetization process due to the interaction of an ul-
trashort laser pulse with a ferromagnetic material. In this stochastic
model, the electron-electron interaction will be considered, as well as
spin-dependent inelastic and elastic scattering processes. Furthermore,
the magnetization dynamics will be investigated by using a two-bands
dynamic model. The model will be first applied to the case of Nickel.
The results of this simulation will provide information regarding the
time evolution of the electron number, energy distribution, energy dis-
sipation and the quenching of the magnetization.

The long-term perspective of this project is to develop a model that
can describe the non-equilibrium transport and its effect on magneti-
zation dynamics.



