





Spin dynamics in a chiral magnonic crystal

Mathias Weiler'*
*Walther-Meiiner-Institut, Garvhing, Germany
2 Physik-Department, Technische Universitét Marichen, Germany
E-mail: mathias.weiler@wmi.badw.de

As the size of transistors used in conventional semiconductor technology approaches
its physical imits, present schemes for information processing will struggle to keep
up with our ever-increasing demard for computational power. Hence, altematives to
semiconductor fransistor-based computation are vigorously sought after. A promising
approach fs found in exploliing the electronic spin degree of freedom for information
storage, transport and processing in magnonic devices.

We found that chiral magnets can provide an intriguing platform for magnonics as
they act as natural magnonic crystals. Magnonic crystals are typically created in a
top-down approach by Introducing an artificial, extringic periodic moedulation of a
magnetic property. In contrast, chiral magnets feature an infrinsic modulation of the
equilibrium spin direction with periodicity of about 10nm to 100nm = most prominently
visible in the formation of a magnetic skyrmion lattice. Hence, chiral magnets form
natural magnonic crysials and thus provide a boffom-up approach for magnonics. In
our experimenis, we study spin dynamigcs in the chiral magnetic insulator Cus0860,
using broadband magnefic resonance spectroscopy [1]. We discover GHz-fraguency
magnon bands in the chiral magnetic phases and low spin wave damping at low
temperatures. Our findings reveal the excellent guality of the natural magnonic
orystal formed in a chiral magnet and unite aspects Tom the fields of skyrmionics and
rmagnorics,
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Ultrafast magnetism concentrated on the understanding of out-of-equilibrium spins
for the last 20 years, which is known now in many of its fundamental aspects [1].
Meanwhile many ways have been found to control spin structures by light on ultrafast
time scales, which are connected with the variety of mechanism polarized light can
act on a magnetic media. One possibility of control, is to shape the properties of the
electronic system and thereby the THz dynamics. A special material of interest for
magnetic storage development are FePt nanoparticles storage media. At high
fluence, the electron temperature shoots to higher values above the Curie
temperature, demagnetizing the system - a precondition for all-optical writing in
metallic ferromagnets. Writing experiments by single laser spots point to an
asymmetric writing per each shot. Different groups consistently observe this. | will
review the current understanding of the interaction of ultrafast excitation and heating,
influence of magnetic dichroism and the presence of the inverse Faraday effect for
different wavelength into the infrared. Ab-initio calculations of the optically induced
magnetization and the thermal modeling together, allow to calculate the switching
rates of the individual FePt nanoparticles and to understand the out-of-equilibrium
dynamics that finally results in deterministic switching with multiple pulses. Not only
magnetic nanoparticles can be reversibly written by light, also vortex, antivortex
networks can be written in standard thin Fe films, and also skyrmions. | will review
these recent developments that may lead to address an individual nanosized
magnetic element in the far future all optically, for writing magnetic memory and
memory storage.
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In information technology research, the spin wave-based approach using magnons, the
quasiparticles associated to a spin wave, as information carrier, is a promising candidate for a
new generation of applications for information transfer and logic.

A spin wave represents the collective excitation of a magnetically ordered spin ensemble out
of the equilibrium state by a microwave probe signal.

Experimentally, we interface magnons with microwave cavities to investigate dynamics
within the magnetic system. To this end, magnonic elements are strongly coupled to a
photonic microwave resonator, resulting in hybridized magnon - resonator states, i.e. cavity
magnon-photon polaritons.

These polaritons are key components for information processing technologies, because they
merge the individual advantages of each of its constituents [1].

‘We have set up an experimental apparatus for the resonant coupling of spin waves in a
magnetic bulk or thin film to either a microwave cavity or a coplanar waveguide (CPW) in the
strong coupling regime [2,3]. This enables both readout at a fixed frequency or broadband
measurements employing ferromagnetic resonance and input-output theory for temperatures
from 10 mK to 290 K.

We present temperature dependent spectroscopic measurements of magnon — polariton states.
The sample is a millimeter-sized YIG sphere (= 0.5 mm), placed in the 6.5 GHz bright mode
of are - entrant cavity [4].

Specifically, we discuss features of the strongly coupled systems such as the coupling strength
g, and linewidth of Kittel mode, that is the mode of a uniform excitation [5].

Regarding the coupling strength g, we observe for temperatures T > 100 K a temperature
dependence which is proportional to the square root of the saturation magnetization’s
temperature dependence, following Bloch’s T3/2 law.

Due to conservation of the total spin number, an increased probability for a coupling of cavity
photons to other magnetostatic modes in our specimen, results in the observed decrease of the
coupling strength for temperatures below 100 K.

The temperature dependence of the Kittel magnon linewidth is possibly governed by rare
earth impurity scattering caused by impurities in form of other rare earth elements in our
sample.

As a next step, control of the coupling strength as a function of the phase of our applied
microwave probe will help us to steer the flow of information in our hybridized magnonic-
photonic system.
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Solid-state based quantum systems (e.g. single spin systems like NV centers in
diamond or phosphor donors in silicon, superconducting qubits, nanomagnets, and
nanomechanical elements) are building blocks for devices exploiting quantum
physics phenomena. With different quantum systems available, schemes allowing to
couple them move into focus. In particular, coupling enables information transfer
between the sub systems.

We will focus on the magnon-photon interaction between spin ensembles and
microwave resonators and aspects of controlling this interaction. Hereby we will
explore the different coupling regimes from weak to strong coupling. We will discuss
the ferrimagnetic insulator Yittrium Iron Garnet as well as the compensated
ferrimagnet Gadolinium Iron Garnet. In compensating magnetic systems the net-
magnetization becomes tunable via the polarization and compensation of their sub-
lattice magnetizations. We will show that the net magnetization of Gadolinium Iron
Garnet can be tuned drastically around its compensation temperature and discuss its
impact on the collective magnon-photon coupling rate.



Engineering spin-orbit-coupled materials

Roser Valenti

Universitat Frankfurt, Insitute of Theoretical Physics, Frankfurt, Germany
E-Mail: valenti@th.physik.uni-frankfurt.de

In the search for novel materials’ properties, the generation and manipulation of
highly entangled quantum states is a grand challenge of solid state research.
Amongst the most entangled proposed states are quantum spin liquids. In this
context, the exactly solvable Kitaev Z2 spin-liquid model, for which finely tuned
anisotropic interactions exactly fractionalize spins into fermionic Majorana spinons
and gauge fluxes has activated an enormous amount of interest. Most specially
since possible realizations may be achieved in octahedral coordinated spin-orbit-
coupled

4d5 and 5d5 insulators. However, the low symmetry environment of the known Kitaev
materials also allows interactions beyond the Kitaev model that open possible new
routes for further exotic excitations.

Based on ab initio and many-body simulations and comparison to experimental
observations, we will discuss in this talk, the challenges and opportunities that one
faces in designing such materials and in identifying the origin of their
excitations[1,2,3,4].
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Quantum computing is becoming serious. After an extended period of basic research,
quantum computing finds industrial adoption, use cases, and claims of outperforming
classical supercomputers in certain applications. | will describe the three paradigms
of uncorrected quantum advantage, fault-tolerant quantum computing, and quantum
annealing with their requirements and perspectives. | will review solid-state platforms
in the context of these paradigms and describe their potential.
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The spin-orbit interaction is a small but extremely important interaction in the context
of magnetism and spintronics giving rise to important static, dynamical and transport
properties. In this talk | focus on the role of the spin-orbit interaction for the formation
of non-collinear spin-structures with emphasis on the chiral symmetry breaking
Dzyaloshinskii-Moriya interaction [1], whose competition to the exchange interaction
may lead to the formation of chiral magnetic skyrmions [2] and bobbers [3] at the
interfaces and surfaces. | propose an experimental challenge to observe the
topological orbital moments in skyrmions. | publicize a three-scale approach, which
relates the microscopic theory of magnetic interactions as obtained by density
functional theory, via a spin-lattice model to a micromagnetic models. | report on a
recently introduced micromagnetic classification scheme [4] partitioning chiral
magnets into isofropic rank-three DM bulk and rank-two DM film magnets, and
anisotropic rank-two and rank-one DMI film magnets, where skyrmions and
antiskyrmions can coexist even of the same energy. | provide examples of designing
interactions to get skyrmions ready for technology and provide an outlook of an race
track memory design based on the coexistence of different particles.
Acknowledgement: The work was carried out in collaboration with Markus Hoffmann,
Hongying Jia, Nikolai Kiselev, Christof Melcher, Gideon Muiller, Filipp N. Rybakov,
and Bernd Zimmermann. | acknowledge Miriam Hinzen, Hannes Jonsson and Yuriy
Mokrousov for fruitful discussions and computing time on the JURECA computer
provided by the Julich Supercomputing Centre (JSC) and funding from the European
Union’s Horizon 2020 research and innovation programme (grant no. 665095, FET-
Open project MAGicSky), the Icelandic Research Fund (grant no. 152483-052),
Deutsche Forschungsgemeinschaft (DFG grant no. ME 2273/3-1) and JARA-FIT.
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The magnon spin diffusion length A is a key parameter in spintronics and magnonics.
It has recently been determined experimentally by the spin Seebeck effect (SSE) in
magnetic insulators [1-4]. In the nonlocal SSE geometry, the injector-detector
distance has to be varied to obtain A from the exponentially decaying nonlocal SSE
signal [1,5-7], while for the local SSE measurements, the increase and saturation of
the local SSE response with increasing sample thickness is used to extract A [3,4].
The determined values vary over decades from hundreds of nm to tens or even
hundreds of ym depending on the geometry used and on the material under
investigation.

Here, we present both techniques to obtain A by the SSE in magnetic insulators and
discuss advantages and disadvantages. We further present the pitfalls in the
nonlocal SSE analysis that can lead to incorrect A values [8]. Finally, we discuss the
impact of using either the temperature gradient or heat flux normalization on the local
SSE analysis [9-12].

References

[1] L.J.Cornelissen et al., Nat. Phys. 11, 1022 (2015)
[21 S.T.B. Goennenwein et al., Appl. Phys. Lett. 107, 172405 (2015)
[31 A.Kehlberger et al., Phys. Rev. Lett. 115, 096602 (2015)
[4] E.-J. Guo et al., Phys. Rev. X 6, 031012 (2016)
[51 J.Shan, T.K. etal., Phys. Rev. B 94, 174437 (2016)
[6] J.Shan, T.K. et al., Appl. Phys. Lett. 110, 132406 (2017)
[71 L.J.Comelissen, T.K. et al., Phys. Rev. B 96, 104441 (2017)
[8] J. Shan et al., arxiv:1709.06321
[9] A. Sola, T.K. et al., Sci. Rep. 7, 46752 (2017)
[10] P. Bougiatioti, T.K. et al., Phys. Rev. Lett. 119, 227205 (2017)
[11] A. Prakash et al., arxiv: 1706.09021
[12] A. Rastogi, T.K. et al., under review (2017)





