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Challenge
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Challenge

v" Spin-polarized current
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Magnonics

v Spin-wave (magnon) spin current
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v Thermal transport
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Magnonics
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Antiferromagnet
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Antiferromagnet

v Hard-axis & Easy-axis (NiO, MnO)

Acoustic (0.14 THz) Optical (1.1 THz)



Magnon Spin Current
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Interlayer Coupling

~

Interlayer RKKY A similar effect?

Review:
P. Bruno, Phys. Rev. B 52, 411 (1995) » Bose-Einstein Statistics



Interlayer Coupling
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Interlayer Coupling

v Dependence on AF thickness
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Interlayer Coupling

v Dependence on temperature
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Bilayer Effect

v Magnon-induced anisotropy
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Bilayer Effect
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Magnonic Spin-Transfer Torque
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All-Magnonic Switching
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Theoretical Model
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Theoretical Model
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Central Results

v Damping-like torque
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Central Results

v Damping-like torque
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» Spin Nernst Effect
> Data Modulation

» Outlook
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Symmetry

Dap -S4 X Sp

Dzyaloshinskii-Moriya Interaction (DMI)
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Spin Nernst Effect
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Spin Nernst Effect
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RC, Okamoto & Xiao, PRL 117, 217202 (2016)
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Spin Nernst Effect
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J1 Ja J3 J' gusHAa
S (meV) (meV) (meV) (meV) (meV)

25 =077 -007 -0.18 0.0019 0.0086
+0.09 +0.03 +0.01 +0.0002 +0.0009

Neutron Scattering: Wildes, Roessli, Lebech & Godfrey, JCM 1998
DEFT: Sivadas, Daniels, Swendsen, Okamoto & Xiao, PRB 2015
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Spin Nernst Effect

JsN = h(fT —J'i) = ay,Z X VT

Experiment

Theory
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Berry Phase Effect

re = Vw(kes) — ke x B(k.)

Nobel Prize in
Physics, 2016

D. J.Thouless F.D.M. Haldane J. M. Kosterlitz



Berry Phase Effect

re = Vw(kes) — ke x B(k.)

Effective ‘Lorentz’ Force
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Terahertz Spin Dynamics
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Terahertz Spin Dynamics

v Spin pumping
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RC, Xiao, Niu & Brataas, PRL 113, 057601 (2014)

J. > 0: excite right-handed mode
J. < 0: excite left-handed mode

RC, Xiao & Brataas, PRL 116, 207603 (2016)
RC, Zhu & Xiao, PRL 117, 097202 (2016)



One-Dimensional AF Chain
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RC, Daniels, Zhu & Xiao, Sci. Rep. 6, 24223 (2016)
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Data Modulation

RC, Daniels, Zhu & Xiao,
- Sci. Rep. 6, 24223 (2016);

H(t)x

Daniels, RC, Yu, Xiao & Xiao,
arXiv:1801.06535
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Electron (fermion) Magnon (Boson)
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Antiferromagnetics
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Starting in September v" Physics beyond Néel order
at UC-Riverside v__Information beyond binary

----------------------------------

------------------------------------

Opening:
New
1 Postdoc Tt

1 Student (Physics or ECE)

New New
Materials “ Technology

v' 2-D magnets (Cr,Ge,Teg, Crl,, MnPS.) i v Ultrafast data processing J
v' Metals (Mn,Au, CuMnAs) V" "Low-dissipation memory
¥ _Insulators (MnF,, Cr.O) Y' M-bit (vs. Q-bit)

--------------------------------------------
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eft > el
el
degenerate
F/AF coupling
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Magnonic Spin-Transfer Torque

F metal Normal Metal F metal
* Cheng, Chen & Zhang, Appl.
Phys. Lett. 112, 052405 (2018)
®
F insulator AF insulator F insulator
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RC, D. Xiao & J. Zhu,
arXiv:1802.07709




Spin Nernst Effect

Expand the spin Hamiltonian up to quadratic order in:

0S4, =S4 — 2z and 0Sgp = S + 2

Exchange H;=J,(1-653+655+3S4-6SB)

T: No! | (AB exchange): No!  T-l combined: Yes!
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