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Tilted spin-current generated by the altermagnet RuO,
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Spin-orbit torques
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Types of SOT and measurement techniques
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Electronics with the altermagnet (RuO,) (Smejkal et. al. arXiv:2204.10844)
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(1) Longitudinal time odd spin-polarized current by the real space collinear AFM "
(strongly crystal axis dependent) i o ?
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(3) Unconventional time-odd spin-Hall current even in the absence of SOC
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Time even vs time odd transverse spin currents
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Spln-torque measurements by ST-FMR and SHH
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Detection of the tilted spin current in RUO, (4. Boseet. al. Nat. Electron. 5, 267 (2022)) - 11

S. Karube, et. al. PRL 129, 137201 (2022)
H. Bai, et. al. PRL 128, 197202 (2022)

X. Chen et. al. Nat. Mat. 20, 800 (2021)

d

7~ 40 .’.:’.' ; ; _.:+

';Ex b - HM f—s HM

"’S 30r .

& o ol

D [ thecosty e L shxeosy e o, Bicsinpeosy
90 180 90 180 70 90 180

 (degree)  (degree)  (degree)

The tilted spin-current is a consequence of the novel spin-split bands of the emerging new type of anti-ferromagnet
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Spin Nernst effect (SNE) detected by comparing transverse
MR driven by electric current and thermal gradient

A. Bose et. al. Phys. Rev. B 105, L100408 (2022)




What Is spin Nernst effect (SNE)?

Spin Hall effect (SHE)
J. Sinova et. al. RMP: 87, 1213 (2015)
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Spin Nernst effect (SNE)
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Hall effect (Am. J. Math. 2, 287 (1879))

Anomalous Hall effect (Philos. Mag. 12, 157 (1881))

Nernst effect (thermal Hall effect) (Ann. Phys. 265, 343 (1886))
Quantum Hall effect (Phys. Rev. Lett. 45, 494 (1980))

Spin Hall effect (Science 306, 1910 (2004), Nature 176, 442 (2005))
Magnon Hall effect (Science 329, 297 (2010))

Photonic spin Hall effect (Science 1405, 339 (2013))

Valley Hall effect (Science 344, 6191 (2014))

Etc....

10) Thermal spin Hall effect (Spin Nernst effect)

(Nat Mat. 16, 978 (2017),

Sci. Adv. 3, 1701503 (2017),

Nat. Comm. Nov. 8L1400 2017),

A. Bose et. al. APL 112, 162401 (2018), PRB 98 (184412) (2018), PRB

105, 100408 (2022))

A. Bose & A. Tulapurkar. IMMM 491 (2019)



Origins of SNE

Energy dependent scattering

A. Bose et. al. APL

arxv:2203.17037v1

112,162401 (2018)
——
I

spin2
Hot H Cold

SHC ("/,10° (Q-m)?)

Scattering independent

;S ¥

e

E, = SVT

A

Pa

A
{ ]
v




Experimental detection of SNE via SMR
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Origins of transverse thermal MR in TmIG/HM (Bose et. al. PRB (2022)) 17
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ANE and PNE from Mott’s expression
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Thermal spin drag (TSD)
[C. Avci et. al. PRL, 124,
027701 (2020)>n~10 — 15]

Role of thermal spin drag
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Summary
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Complete probable angular of spin-torques in (101) plane
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Angular dependence of imparted torque:
Angular dependence of spin current x angular dependence of spin flow direction
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