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MA 8: Ultrafast Magnetization Effects 1

Time: Monday 15:00-18:00

MA 8.1 Mon 15:00 H37
Spectrally resolved spin dynamics of 3d transition metals
in EUV T-MOKE — eHeNRIKE ProBsT!, CHRISTINA MOLLER!,
MARIANA BREDE!, MAREN SCHUMACHER!, KAREN STROH!, MARCEL
ReurzeL!, G. S. MarTH1s JANSEN!, SANGEETA SHARMAZ, DANIEL
StEIL!, and STEFAN MaTHIAs! — 1. Physikalisches Institut, Univer-
sity of Gottingen — 2Max-Born-Institute for Non-linear Optics and
Short Pulse Spectroscopy, Berlin

Light in the extreme ultraviolet (EUV) range has found increasing
application in the field of magneto-optical spectroscopy. It allows to
get new insights in light-matter interaction processes, as EUV spec-
troscopy provides the potential to investigate energy- and element-
resolved spin dynamics [1-2].

Here, we carry out a comprehensive study of spectrally resolved spin
dynamics of the 3d transition metals Co, Fe and Ni using EUV trans-
verse magneto-optical Kerr spectroscopy (T-MOKE) [3]. Covering the
M-edges in the 30-72 eV energy window, this allows to resolve spin dy-
namics at specific energies around the Fermi-level. We discuss different
processes leading to energy dependent changes in the magnetic asym-
metry at early times after the optical excitation, i.e. charge excitation
and band renormalization.

[1] Hotherr et al., Sci. Adv. 6.3 (2020): eaay8717.

[2] Tengdin et al., Sci. Adv. 6.3 (2020): eaaz1100.

[3] Moller et al., Rev. Sci. Instrum., 92(6) (2021): 065107.

MA 8.2 Mon 15:15 H37
Ultrafast element- and depth-resolved magnetization dynam-
ics probed by transverse magneto-optical Kerr effect spec-
troscopy in the soft x-ray range — eMARTIN HENNECKE!, DANIEL
Scuick!, THEMISTOKLIS SipiropouLos!, FeLix WILLEMs!, ANKE

Hewmann®, MarTIN Bock!, Lutz EHRENTRAUT!, DIETER ENGEL!,

Pier Hessing!, Bastian Praul, MARTIN SCHMIDBAUER?, AN-
DREAS FURCHNER®?'#, MATTHIAS SCHNUERER!, CLEMENS VON KORFF
Scamising!, and STEraN EiseBiTT!® — Max-Born-Institut, Berlin,
Germany — 2Leibniz-Institut fiir Kristallziichtung, Berlin, Germany
— 3Helmholtz-Zentrum Berlin, Berlin, Germany — 4Leibniz-Institut
fiir Analytische Wissenschaften, Berlin, Germany — IOAP, Technis-

che Universitit Berlin, Berlin, Germany

Understanding the light-driven spin dynamics occurring at buried in-
terfaces of complex magnetic heterostructures as used in today’s opto-
spintronics applications requires direct experimental access to the non-
local magnetic order on sub-ps time scales. Here, we report on broad-
band time- and angle-resolved transverse magneto-optical Kerr effect
spectroscopy probing the Gd N5 4 resonance (x150eV) of a ferri-
magnetic GdFe nanostructure with fs soft x-ray pulses provided by a
laboratory-scale light source based on high-harmonic generation. Em-
ploying a pump-probe technique, we follow the fs laser-induced demag-
netization of the GdFe layer. Analyzing the fs time-resolved spectra
via magnetic scattering simulations allows a quantitative determina-
tion of the transient magnetization depth profiles evolving within the
magnetic film due to strongly layer-dependent photoexcitation.

MA 8.3 Mon 15:30 H37
Table-top X-ray magnetic circular dichroism at the Fe L edges
— eMARTIN BorcHERT!2, DANIEL Scuick!, CLEMENS v. KORFF
Scamising!, DENNY SomMER!, DIETER ENGEL!, BasTian Praul,

and STEFAN EiseBITT!»? — Max-Born-Institut, Berlin — 2TU Berlin

Time-resolved X-ray magnetic circular dichroism (XMCD) is a power-
ful tool to directly probe the element-specific magnetization in multi-
component heterostructures.

Due to the lack of laboratory-scale light sources with sufficient
brightness and control over the light’s polarization, static and time-
resolved XMCD studies in the higher soft X-ray photon energy range
have so far been limited to large-scale facilities such as synchrotrons
and free-electron lasers.

Here, we present first XMCD spectroscopy data recorded at the Fe
L3,2 resonances employing a laboratory-scale soft X-ray source utiliz-
ing a magnetic thin-film polarizer to circularly polarize the soft X-
rays from the continuous, broadband (50-1500€V) emission of a laser-
driven plasma source with <10ps pulse duration. A reflection zone
plate (RZP) is used as the single optical element to collect, disperse
and focus the full spectrum across the Fe L edges through a thin-film

Location: H37

sample, to which an external magnetic field can be applied to observe
the resulting asymmetry spectrum, as well as hysteresis loops.
Utilizing different RZPs, this setup enables the first laboratory-based
whitelight XMCD spectroscopy with picosecond time resolution, cov-
ering the full spectrum of the magnetically relevant resonances from
the transition metal M and L edges up to the rare earth M edges.

MA 8.4 Mon 15:45 H37
Temperature dependence of spin interaction parameters
in two-sublattice ferrimagnets — eLEVENTE Ro6zsal, Sev-
ERIN SELZER', NikLas WINDBACHER', ULricH Nowak!, and UNal
AtxiTia? — lUniversity of Konstanz, Konstanz, Germany —

2Instituto de Ciencia de Materiales de Madrid, Madrid, Spain

Ferrimagnets consist of two antiferromagnetically coupled sublattices
with different magnetic moments, thereby possessing a finite magneti-
zation like ferromagnets. The ferrimagnet magnetite has been known
since ancient times, yet ferrimagnets continue to attract research in-
terest in various areas of spintronics from magnons to skyrmions. The
properties of ferrimagnets may be tuned between those of ferromag-
nets and antiferromagnets by changing the temperature. Therefore,
determining the temperature dependence of model parameters of fer-
rimagnets is essential for their accurate description.

Here we present an analytical method for describing the tempera-
ture dependence of spin interactions in ferrimagnets, based on Callen’s
Green’s function formalism [1]. The temperature dependence of the
Heisenberg and Dzyaloshinsky-Moriya interactions, as well as of the
anisotropy terms are derived and compared to known expressions in
ferromagnets [2,3]. The role of spin correlations is highlighted in re-
duced dimensions. The results are compared to numerical simulations
of the magnon frequencies and of reversal times of nanoparticles.

[1] H. B. Callen, Phys. Rev. 130, 890 (1963).

[2] L. Rozsa et al., Phys. Rev. B 96, 094436 (2017).

[3] R. F. L. Evans et al., Phys. Rev. B 102, 020412(R) (2020).

MA 85 Mon 16:00 H37
Electron-Magnon Scattering Dynamics in a two-band Stoner
Model — oFELIX DUSABIRANE, KAl LECKRON, SANJAY ASHOK, BAR-
BEL RETHFELD, and HaNs CHRISTIAN SCHNEIDER — Physics Depart-
ment & Research Center OPTIMAS, University of Kaiserslautern, Ger-
many

We use a microscopic model to study carrier dynamics in ferromagnets
due to electron-magnon scattering on ultrafast timescales. We employ
a simple model band structure (Stoner model), for which the electron
magnon-interaction is formally obtained as coupling to a Heisenberg
spin system in the Hamiltonian. We compute the dynamics of mo-
mentum resolved electron and magnon distributions due to electron-
magnon and statically screened electron-electron scattering, which are
treated at the level of Boltzmann scattering integrals. We find that
electron-magnon scattering leads to a pronounced non-equilibrium for
magnon modes that couple directly to Stoner transitions. The spin-flip
scattering with electrons results in a transient electron spin polariza-
tion, which is similar for excitations either within the minority or the
majority band. The influence of model parameters such as band filling
and exchange coupling strengths will be discussed.

MA 8.6 Mon 16:15 H37
Ultrafast optical generation of antiferromagnetic spin texture
— eSumiT Guosu''2, STEFAN BLUGEL!, and YURy MokRrousov!:?
— 1PGI1, Forschungszentrum Jiilich, Germany. — Z2Institute of
Physics, Johannes Gutenberg-University Mainz, Germany.

‘We present here an unified picture of ultrafast manipulation of collinear
antiferromagnetic order by combining both electronic and magnetic
degrees of freedom via a hybrid quantum classical evolution scheme.
Our approach allows us to probe slow magnetic relaxation for several
picoseconds with a sub-femtosecond resolution and thus allows us to
identify the emergent interactions driving the formation of nontrivial
textures which remains hidden from classical magnetisation dynamics.
In case of a one dimensional spin chain this mechanism can lead to the
formation of spin spirals [1] where the induces chirality can be tuned
with the laser parameter. In case of two dimensional antiferromag-
nets this mechanism can lead to more exotic outcome - generation of
a texture and anti-texture which can survive for 100ps 2| and is fairly
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robust against impurity. Our results thus opens new possibilities to
generate higher order nontrivial magnetic texture with ultrafast laser.
[1] S. Ghosh, et.al. Communications Physics, 5(1), 69, 2022.
https://doi.org/10.1038/s42005-022-00840-3
[2] S. Ghosh, S. Bliigel and Y. Mokrousov.
http://arxiv.org/abs/2205.12100

arXiv:2205.12100.

MA 8.7 Mon 16:30 H37
Polarized phonons carry the missing angular momentum

in femtosecond demagnetization — eHANNAH LANGE!, MAR-

TIN Evers!, ANDREAs DoncEs', Sonia TaucHrrTH2, MIKHAIL
Vorkov!:2, PETer Baum!2, and UrLricH Nowak! — !University
of Konstanz, Fachbereich Physik, 78464 Konstanz — 2LMU Munich,

Am Coulombwall 1, 85748 Garching

When a thin nickel film is subjected to ultrashort laser pulses, it can
lose its magnetic order almost completely on within hundreds of fem-
toseconds. This phenomenon offers opportunities for rapid informa-
tion processing or ultrafast spintronics. However, a crucial question
has remained elusive: Where is the angular momentum transferred to
in such short time? Here we use molecular dynamics simulations to
investigate the role of phonon angular momentum. When exciting a
rotational lattice motion which carries the amount of angular momen-
tum corresponding to the demagnetization, we observe an anisotropy of
the atoms’ velocities which violates the equipartition theorem. When
calculating the corresponding electron diffraction pattern, this results
in an anisotropy of normally equivalent Bragg spots. This is in line
with ultrafast electron diffraction which show an almost instantaneous,
long-lasting, non-equilibrium population of phonons. Theory and ex-
periment hence indicate the formation of polarized phonons that take
up the missing angular momentum [1] before the onset of a macroscopic
Einstein-de Haas rotation [2].

[1] Tauchert et al. Nature 602, 73-77 (2022).

[2] Dornes et al. Nature 565, 209-212 (2019).

MA 8.8 Mon 16:45 H37
Does the orbital angular momentum of light affect ultrafast
demagnetization? — eEva Prinz!, BENJAMIN STADTMULLERDZ,
and MARTIN AESCHLIMANN! — !Department of Physics and Re-
search Center OPTIMAS, TU Kaiserslautern, Germany — 2Institute

of Physics, Johannes Gutenberg University Mainz, Germany

Optical fields can carry an orbital angular momentum (OAM) in he-
lical beams with an azimuthal phase dependence. Since its discovery
in 1992 [1], there has been a variety of applications of light with ad-
ditional OAM, such as quantum entanglement, micro manipulation,
communication, and microscopy [2].

Our research is focused on exploring the potential effects of the OAM
of light on laser-induced ultrafast demagnetization. In this field, the
question of how the angular momentum is conserved during spin-flips is
not fully answered. Pumping the system with photons carrying OAM
offers the potential to provide new insights, not only into the dissipa-
tion of angular momentum in the material but also into the interaction
of photonic OAM with matter in general.

We investigate ultrafast demagnetization of ferromagnetic thin films
induced by OAM light with time-resolved magneto-optic Kerr-effect
measurements. We observed peculiar demagnetization dynamics that
have so far not been observed for light without OAM.

[1] Allen et al., Phys. Rev. A 45 (1992)

[2] Shen et al., Light: Science & Applications 8 (2019)

MA 8.9 Mon 17:00 H37
Role of diffusive transport in ultrafast demagnetization dy-
namics — eSANJAY ASHOK, SEBASTIAN T. WEBER, CHRISTOPHER
SEIBEL, JOoHAN BRIONES, and BARBEL RETHFELD — Fachbereich
Physik and OPTIMAS Research Center, TU Kaiserslautern, Kaiser-
slautern, Germany

Ultrafast demagnetization dynamics in thick metallic magnetic films
is greatly influenced by transport processes. In this contribution we
present the space-resolved magnetization dynamics in a thick Nickel
film induced by a femtosecond laser pulse [3]|. Starting from the ther-
modynamic pT-model [1], we explicitly include diffusive heat trans-
port, spin-resolved charge transport, as well as Seebeck and Peltier
effects.

Our results show that the spatial dependence of maximal magnitude
of quenching is induced by a depth-dependent energy deposition and
is only moderately equilibrated by transport processes. We reveal a
stronger influence of transport on the time of quenching which becomes
nearly independent of depth [3].

Additionally, we present the influence of pump-wavelength [2] on
spatially resolved magnetization dynamics.

[1] B.Y. Mueller and B. Rethfeld, Phys. Rev. B. 90, 144420 (2014)

[2] U. Bierbrauer et al., JOP Cond. Mat., 29 (24), 244002 (2017)

[3] S. Ashok et al., Appl. Phys. Lett. 120, 142402 (2022)

MA 8.10 Mon 17:15 H37

Spin fluctuations around a reorientation transition in
Smg.7Erg.3FeO3 — eJuLius ScHLEGEL!, MarTIN Evers!, To-
BIAS DANNEGGER!, ANDREAS DonNGEs!, MARVIN WEIss!, TAKAYUKI
KURIHARAZ, SEBASTIAN T.B. GoeNNENWEIN!, and ULricH Nowak!
— 1Department of Physics, University of Konstanz — 2ISSP, Univer-
sity of Tokyo
The competition between thermal fluctuations, spin-spin interactions
and magnetic anisotropies can lead to various magnetic phase transi-
tions. For example the antiferromagnetic orthoferrite Smg. 7Erg 3FeO3s
undergoes a reorientation transition at approximately room temper-
ature. On the basis of an atomistic spin model and the LANDAU-
LirsHITZ-GILBERT equation of motion we numerically calculate the
time evolution of the magnetization around the reorientation transi-
tion on a timescale from picoseconds up to one nanosecond and in-
vestigate the thermal fluctuations of the magnetization. By FOURIER-
transforming the time dependent magnetization we find that the spec-
tra of the noise are temperature dependent and change significantly
while going through the reorientation. We also observe several reso-
nances in the spectra. By means of analytical calculations based on
linear spin wave theory these peaks can be assigned to the different
modes of a model with four sublattices.

Finally, these results are compared to current experimental data
from spin noise measurements.

MA 8.11 Mon 17:30 H37
Ultrafast spin dynamics: complementing theoretical analyses
by quantum state measures — FRANZzISKA ZI1OLKOWSKI, € OLIVER
BuscH, JURGEN HENK, and INGRID MERTIG — Institut fiir Physik,
Martin-Luther-Universitat, D-06099 Halle

In theoretical studies of ultrafast spin dynamics, one usually analyses
and discusses observables — such as magnetization. On top of this,
quantum state (QS) measures defined for density matrices may provide
additional valuable insights into the dynamics [1].

We report on a study on QS measures that complement simulations
of ultrafast spin dynamics [2]. For a Co/Cu heterostructure which is
excited by a femtosecond laser pulse and coupled to a bosonic heat
bath, we discuss the time dependence of QS measures, in particular
distances in Hilbert space and degree of purity in the density matrix [3].

‘We identify observables and modifications of the investigated system
to which both the distance and the purity measures are in particular
sensitive: the polarization of the laser pulse and the composition of
the sample. In contrast, temperature and photon energy affect the QS
measures mildly. Our study shows that QS measures are complemen-
tary and beneficial quantities for spin dynamics simulations.

[1] S. Barnett, Quantum Information (Oxford University Press, Ox-
ford, 2009)

[2] F. Tépler et al.; New Journal of Physics 23, 033042 (2021)

[3] R. Jozsa, Fidelity for Mixed Quantum States, Journal of Modern
Optics 41, 2315 (1994)

MA 8.12 Mon 17:45 H37
Tuning all-optical magnetization switching efficiency by laser

pulse wavelength variation — eMaRrceL Konrmann!, Lucas

VorLroTH!, KRIisTYNA HovorRakovi2, Eva SCHMORANZEROVAZ,
RoBin Joun!, Denise Hinzke?, Prerer OpPENEER®, ULRICH
Nowak?, Markus MUNzZENBERG!, and JakoB WaLowskil —
LGreifswald University, Greifswald, Germany — 2Charles University,
Prague, Czech Republic — 3Uppsala University, Uppsala, Sweden —

4Konstanz University, Konstanz, Germany

Heat-assisted magnetic recording (HAMR) presents a promising candi-
date for high data density devices. Leaving investigation of magnetiza-
tion manipulation a topic of interest for research and development. We
study all-optical helicity-dependent switching of FePt granular HAMR
media[2]| as an alternative writing mechanism. The latest perception
of interaction of heating and ultra fast excitation suggests the contri-
bution of magnetic dichroism and the inverse Faraday effect as inter-
changing driving forces behind the magnetization reversal. The switch-
ing rates for individual FePt nano particles from ab-initio calculations
of the inverse Faraday effect and magnetic dichroism induced heat-
ing provide a model to describe the switching as a stochastic process.
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We extend the study to wavelength dependent switching experiments We greatly acknowledge the DFG funding within the project "Funda-
from 800 nm up to 1550 nm for all-optical writing experiments on FePt mental aspects of all-optical single pulse switching in nanometer-sized
granular media evaluating the writing efficiency. magnetic storage media.



