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Let us consider a bipartite collinear antiferromagnet
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S,+S;: uniform spin accumulation->ac Torque
S,-Sg: staggered spin accumulation->dc Torque




Let’s take the simplest-minded antiferromagnet
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See also Cheng & Niu, PRB 86, 245118 (2012)
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Polarization of the local density of states, but no spin current out of an antiferromagnet!!




NiO (Mott insulator)
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MnPt; (metal)
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Ferromagnets

Drift-diffusion theory in metals

Valet & Fert, PRB 48, 7099 (1993)
Zhang, Levy, Fert, PRL 88, 236601 (2002)
Petitjean, Luc, Waintal, PRL 109, 117204 (2012)

Normal metals
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Shchelushkin & Brataas, PRB 72, 073110 (2005)
Shen, Raimondi, Vignale, PRB 90, 245302 (2014)

Antiferromagnets

?7?

Manchon, arXiv:1608.00140v1

Objective: derive the drift-diffusion equation in a G-type AF
H=y,7 ®1+AT. @5 ii+V

Quantum kinetic

equation
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Manchon, arXiv:1608.00140v1



SA SB S,+Sg: uniform spin accumulation
S,-Sg: staggered spin accumulation

We obtain the drift-diffusion equation for the uniform spin density
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Lifetime/precession time

» In the diffusive regime, an antiferromagnet behaves like an anisotropic normal metal

» The source of uniform spin accumulation is the spin current
» The staggered spin accumulation is a correction to the uniform one

Manchon, arXiv:1608.00140v1



Spin Torque in F/AF spin-valve

I AF
Everything works like Valet-Fert theory

The torque is robust and damping-like
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Manchon, arXiv:1608.00140v1

0 X (p X n).

Antiferromagnet/normal metal bilayer

Again, the torque is damping-like and
resemble the one in ferromagnetic bilayers
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» Not limited to collinear AF!
» Also expected in NiO, CoO etc.

Manchon, arXiv:1609.06521



Let us finally consider a thin antiferromagnet embedded between dissimilar interfaces

Js S=0
The antiferromagnet
possesses spin Hall effect
J.=0
Again, we obtain the torque
Spin Hall effect
Precession Spin relaxation = Damping-like

(uniform-to-staggered
Spin conversion)
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Spin current 2D map
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See also Ndiaye, Akosa, Manchon arXiv:1609.05480
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Topological charge and spin Hall effects
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Gigantic topological spin Hall effect! ’
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“Emergent magnetic field” model
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> F- skyrmlon topological torque induces transverse motion
» AF-skyrmion: topological torque induces longitudinal motion
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Spin-Orbit Torques with Topological Insulators

Courtesy of Hyunsoo Yang, NUS



Spin-Orbit Torques with Topological Insulators

Dirac surface state
+ Rashba surface state
+SOC-coupled bulk states

Wray, Nature Physics 7, 32 (2011)

Quantum Anomalous Hall effect
The “true” signature of topological states

Chang, Science 2013; Nat. Mat. 2015
Kou, PRL 2013; Nat. Comm. 2015

» What is the nature of the
torque in F/TI?

» Can we have magnetic
order while keeping the
topological protection




Ferromagnetic surface

Antiferromagnetic surface



S. Ghosh

Ghosh and Manchon, arXiv:1609.01174
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» Spin-polarized edge states are robust
» Onset of staggered spin density upon disorder
» Now...3D AF-TI

Ghosh and Manchon, arXiv:1609.01174
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