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MA 14: PhD Focus Session: What about the lattice? Lessons from (ultrafast) magnetism

This focus session brings together experimental, theoretical and numerical perspectives to highlight re-
cent discoveries and unresolved questions on ultrafast magnetization effects facilitated by spin-lattice
interactions. In recent years, the transfer of magnetic angular momentum during ultrafast demagnetiza-
tion processes has been observed experimentally. Studies have revealed both the microscopic mechanism
through circularly polarized phonons and the macroscopic mechanical response in the form of the ultra-
fast Einstein-de Haas effect. Further, the complementary ultrafast Barnett effect has been demonstrated,
where angular momentum is transferred into the spin system from non-equilibrium angular momentum
sources (e.g. lattice vibrations or optical fields) Furthermore, inertial effects in spin dynamics were mea-
sured by observing additional nutation frequencies on top of the precessional motion Theoretical work
suggests that these frequencies arise due to the spin-lattice coupling, however, the underlying mecha-
nisms are not yet fully understood. In order to predict and explain these different types of phenomena,
spin-lattice dynamics simulations have been developed in recent years. These allow energy and angular
momentum to be exchanged between the magnetic spin system and the lattice.

Organizers: Felix Hartmann, hartmann3@uni-potsdam.de; Fried-Conrad Weber, fried-conrad.weber@uni-
potsdam.de; Finja Tietjen, finja.tietjen@chalmers.se; Daniel Schick, daniel.schick@uni-konstanz.de;

Jasmin Jarecki, jasmin.jarecki@mbi-berlin.de

Time: Tuesday 9:30-12:40

Introduction and Welcome

Invited Talk MA 14.1 Tue 9:35 HSZ/0002
Femtophonomagnetism — SANGEETA SHARMA! and JonN
Dewnursth? — Max Born Institute, Berlin, Germany — ?Max

Planck Inst. Halle, Germany

From the outset of research into femtomagnetism, the field in which
spins are manipulated by light on femtosecond or faster time scales,
several questions have arisen and remain highly debated: How does
the light interact with spin moments? How is the angular momentum
conserved between the nuclei, spin, and angular momentum during this
interaction? What causes the ultrafast optical switching of magnetic
structures? What is the ultimate time limit on the speed of spin ma-
nipulation? What is the impact of nuclear dynamics on the light-spin
interaction?

In my talk I will advocate a parameter free ab-initio approach to
treating ultrafast light-matter interactions, and discuss how this ap-
proach has led both to new answers to these old questions but also
to the uncovering of novel and hitherto unsuspected early time spin
dynamics phenomena [1, 2]. In particular I will show that phonons
strongly influence the spin dynamics|3], demonstrating nuclear system
can play a profound role in controlling femtosecond magnetization of
materials.

[1] Dewhust et al., Nano Lett. 18, 1842 (2018).

[2] Siegrist et al. Nature 571, 240 (2019)

[3] Sharma et al. Sci. Advs. 8, eabq2021 (2022)

Invited Talk MA 14.2 Tue 10:20 HSZ/0002
THz-driven dynamical ferroicity in paraelectric and diamag-
netic perovskites — eMARTINA Basint — ETH Ziirich, Department
of Phyisics, August-Piccard-Hoff,1, 8049, Ziirich, Switzerland

The emergence of collective order in matter is among the most fun-
damental and intriguing phenomena in physics. In recent years, the
dynamical control and creation of novel ordered states of matter not
accessible in thermodynamic equilibrium have received much atten-
tion. The theoretical concept of dynamical multiferroicity has been
introduced to describe the emergence of magnetization due to time-
dependent electric polarization in non-ferromagnetic materials. Here,
we provide experimental evidence of magnetization in the archetypal
paraelectric and diamagnetic perovskites SrTiO3 and KTaO3 due to
this mechanism. To induce such a magnetic response, we resonantly
drive the infrared-active soft phonon mode with an intense circularly
polarized terahertz electric field and detect the time-resolved magneto-
optical Kerr effect. Our findings show a new path for the control of
magnetism, for example, for ultrafast magnetic switches, by coherently
controlling the lattice vibrations with light.
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Angular momentum transfer and chiral phonons from
first principles — eMARKUs WEISSENHOFER!, PHILIPP RIEGER!,
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Location: HSZ/0002

PoLesya?, Huserr EsBerr?, UrLricH Nowak®, and PrTER M.

OpPENEER! — 1Uppsala University, Uppsala, Sweden — 2Ludwig
Maximilian Universitdt, Miinchen, Germany — 3Universitit Kon-
stanz, Konstanz, Germany

2

Transfer and manipulation of angular momentum is a key aspect in
spintronics. Recently, it has been shown that angular momentum
transfer between spins and lattice is possible on ultrashort timescales
[1]. To contribute to the understanding of this transfer, we have devel-
oped a theoretical multiscale framework for spin-lattice coupling, which
is linked to ab-initio calculations on the one hand and magnetoelastic
continuum theory on the other [2]|, allowing for the study of a wide
range of magnetomechanical phenomena. Here I will demonstrate how
this framework can be used to calculate magnon-phonon coupling pa-
rameters, emphasizing the importance of a Dzyaloshiskii-Moriya type
interaction for angular momentum transfer [2] and revealing the exis-
tence of chiral phonons in iron arising from a chirality-selective cou-
pling [3].

[1] Tauchert al., Nature 602, 73 (2022); Luo et al., Science 382, 698
(2023). [2] Mankovsky et al., PRL 129, 067202 (2022); WeiRenhofer
et al.,, PRB 108, L060404 (2023). [3] Weifienhofer et al., PRL 135,
216701(2025).

15 min break

Invited Talk MA 14.4 Tue 11:35 HSZ/0002
Inertial Spin Dynamics: A Signature of Non-Markovian In-
teractions in Ferromagnets — oVIVEK UNIKANDANUNNI}®?, FE-
Lix HARTMANNZ, MaTias BARGHEER?, Eric FULLERTON3, STEFANO
BoneTTI%®?, and JANET ANDERs? — lInstitute of Applied Physics,
University of Bern,Switzerland — 2Institute of Physics and Astronomy,
University of Potsdam, Germany — 3Center for Memory and Record-
ing Research, University of California San Diego, USA — Department
of Molecular Sciences and Nanosystems, Ca Foscari University of
Venice, Italy — ®Department of Physics, Stockholm University, Stock-
holm, Sweden

We report direct experimental observation of intrinsic inertial spin dy-
namics in ferromagnetic thin films, manifested as a damped THz fre-
quency oscillation of the magnetization. Using a broadband tabletop
THz source, we resonantly drive epitaxial cobalt and directly measure
the frequency and relaxation time of the inertial response, which is well
described by the inertial Landau-Lifshitz-Gilbert (LLG) equation. We
find that the frequency and relaxation time of the inertial dynamics
are dependent on the structural symmetry of the sample.

Broadband measurements further reveal a multi-peaked magnetic
spectrum that cannot be captured by the inertial LLG alone. An
open-quantum-system approach incorporating spin-phonon coupling
through a memory kernel yields a non-Markovian LLG equation that
reproduces the full experimental spectra demonstrating the fundamen-
tal role of non-Markovian memory effects in ultrafast spin dynamics.
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Atomistic simulations of ultrafast spin-lattice dynamics —
eRicHARD Evans! and Mara STrRUNGARUZ? — University of York,
York, United Kingdom — 2University of Manchester, Manchester,
United Kingdom

Atomistic spin dynamics (ASD) has become a standard method for
studying finite temperature processes in magnetic materials and de-
vices. In some systems, such as magnetic insulators, coupled spin-
lattice dynamics can play a dominant role in the thermal and dynamic
properties that have so far been neglected in spin-only models. Re-
cent exciting results in ultrafast dynamics have shown that the spin-
lattice interaction is a critically important component to the physical
properties of a magnetic material. Spin-Lattice Dynamics (SLD) is a
relatively recent theoretical development aiming to directly couple an
atomistic spin model with a molecular dynamics solver to incorporate

the fascinating and complicated dynamics of these coupled systems
into a practical numerical framework. In this talk I will introduce the
theoretical background and numerical methods for SLD as recently im-
plemented in the VAMPIRE software package, including its paralleli-
sation and scalability on the UK National Supercomputer ARCHER2.
I will present recent results on coherent ultrafast THz switching where
we found that it is possible to induce magnetic switching through a
coherent phonon excitation. I will conclude with a brief perspective
on open problems in spin-lattice dynamics, including numerical chal-
lenges, quantum thermostats and correlated noise, and how to model
electron processes in metallic magnetic systems.
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