ol #) JOLICH

jonannes GUTENBERG
UNIVERSITAT MAINz

FORSCHUNGSZENTRUM

On the origins of transport In
altermagnets

Yurly Mokrousov

Peter Grunberg Institute, Forschungszentrum Jilich, Germany

Institute of Physics, University of Mainz, Germany



g Marjana .
Thodoris Lezaié Kartik

Adamantopoulos ) Samanta

S Jairo
Feng Smejkal Xiadong Sinova
Zhou

Libor

SPIN+X
SFB/TRR 173 é TOprn DREFP L
Kaiserslautern * Mainz Leibniz Association

Marjana Lezai¢
Dongwook Go
Lishu Zhang
Hongbin Zhang
Peter Schmitz
Mahmoud Zeer
Fabian Lux
Yugui Yao
Run-Wu Zhang
Olena Gomonay
Lukasz Plucinski

LIE:Si"':)lI

forderung



Nonmaghetic

!

Matertials

C.o Lanar
(famns, ketccat ekc) ¢

Nowhcollinear = Magnetic — ~==fp Collinear

Noncoplanar 4'—)
(Skyrmious, cubocs, ete.)

Commensurate

C.r-js&at--svmme&r
comFehsaEed

S

Ferromagnetic Altermagnetic

. Mazin PRX 2022




Altermagnetism

Smejkal, Sinova & Jungwirth PRX 12, 031042 (2022); 12, 040501 (2022)
Libor Smejkal et al. Sci. Adv. 6, eaaz8809 (2020)
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E-Ef [eV]

A case of STRuO,

Samanta, Lezaic, Freimuth, Blugel, YM, JAP 127, 213904 (2020)

Antiferromagnetic up to 4 monolayers
Xia et al. PRB 79 (2009)
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A case of STRuO,

E - Ef [eV]

Samanta, Lezaic, Freimuth, Blugel, YM, JAP 127, 213904 (2020)
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A case of SrRuO,

Samanta, Lezaic, Freimuth, Bligel, YM, JAP 127, 213904 (2020)

Large crystal Hall effect
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Band Topology of RuO,

Zhou, Feng, LS, JS, YM et al., arXiv:2305.01410
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Altermagnetic Transitions

Zhou, Feng, LS, JS, YM et al., arXiv:2305.01410
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Spin-flip and spin-conserving AHE ,J JULICH
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e spin relaxation phenomena

* proper definition of
the spin current

Shi et al., PRL 96, 76604 (2006)
Gradhand et al., PRL 104, 186403 (2010)

Zhang, Freimuth, Blugel, Souza, Mokrousov, PRL 106, 117202 (2011) g, = 43 Im dk
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netic metals [4]). The second mechanism involves
spin-orbit driven transitions between bands with similar
dispersion which are split in energy across the Fermi level.
We shall refer to them as ladder transitions. Both occur at
low frequencies, of the order of the spin-orbit coupling
strength.
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Type I, lll : Spin-flip Transitions

YM, Zhang, Freimuth et al., JPCM 25, 163201 (2013)
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Anisotropy in RuO,
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Wiedemann-Franz Law

Zhou, Feng, LS, JS, YM et al., arXiv:2305.01410

_ PPRET L.
Sommerfeld expansion oj 7 OiTj‘O(/J) Kij 7 %Gﬁ‘o(p)

Lorentz ratio: Lz‘j — ;gij/giij Sommerfeld constant
LZJ(T — 0) = Ly :71'2’{?%/362

inelastic
Traditionally believed to give an estimate for extrinsic / intrinsic origins

small-angle inelastic scattering has stronger impact on
heat flow than electron momentum flow [Ziman, 1972]

Mn;Sn and Mn,Ge: intrinsic by far, negligible inelastic scattering

Where does WF law violation come from?

Sugii et al. arXiv:1902.06601 (2019)
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Wiedemann-Franz Law Violation

Zhou, Feng, LS, JS, YM et al., arXiv:2305.01410

At T = 0 pondering function gives WF law: Fy,(g) = ( k—T)
B

Oe

WF law deviations can be caused by pondering function

Purely antisymmetric AHC around the chemical potential:
WF law is satisfied
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Wiedemann-Franz Law in RuO,

Zhou, Feng, LS, JS, YM et al., arXiv:2305.01410
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Photophysics with RuO,? actually has

Adamantopoulos, YM, WF, LS, JS et al. (2023) inversion symmetry...

PHYSICAL REVIEW LETTERS 130, 166302 (2023)

Time-Reversal-Even Nonlinear Current Induced Spin Polarization

Cong Xiao®,"”"" Weikang Wu®,>” Hui Wang®,*" Yue-Xin Huang," Xiaolong Feng®," Huiying Liu®,>"*

Guang-Yu Guo,>"* Qian Niu,® and Shengyuan A. Yang ¢
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Strong canting in RuO,,

Photo Orbital Magnetism : RuQO,

Adamantopoulos, YM, WF, LS, JS et al. (2023)

Giant induced moments in CoF,
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Outlook

Clearly, altermagnets combine properties of FMs, PT-AFMs, and NC-AFMs

Crystal symmetries play a role in classification of topological features / excitations

Electrically and thermally altermagnets are not worse than (e.g.) Mn;X type

S UL AN

Canting properties in ground state and out of equilibrium: anisotropic!
may give a handle on dynamics driven by magnetic field

A

Expect some exciting orbital properties
Sublattice-dependent currents and response may be more relevant

+ Interplay of structural and magnetic chirality: new ideas for magno-phononics?
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