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Two types of spin current
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thermal spin transport superfluid spin transport
(vanishes at zero temperature) (largest at zero temperature)

See, however, Meier and Loss, PRL (2003) Sonin, AP (2010)



Overview
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L ow-temperature interfacial torque

> |n the absence of spin-orbit interactions and spin-order
iInhomogenetlties, the collinear spin of scattered electrons is

conserved; the phase shift governs the spin-mixing conductance;
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Two-terminal spin superfluid
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nonlinear o model: Larpim,n| = L — 5(6’Mn) v b-m
X
kinetic term (Berry phase): L =sm - (n x on)
collective spin current: Jg=—-Anx Vn — —AV ¢
Gilbert damping:  sm= —an Xn -+ ---

Halperin and Hohenberg, PR (1969); Sonin, JETP (1978) and AP (2010); Kénig, Bensager, and MacDonald, PRL (2001)



Ferromagnetic analog

> Low-energy dynamics of easy-plane ferromagnet is fully equivalent:
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Spin-current circurt

spin mixing conductance spin mixing conductance
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Role of thermal magnons
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Negative DC electron drag
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for Pt|YIG|Pt heterostructure: I, ~1 um and D ~ 0.1

See also Eisenstein and MacDonald, Nature (2004) on BEC of excitons in bilayer electron systems



Possible materials: Perovskites

a~10"* — damping length Lq ~ 100 nm
anisotropy: K/J~10"° — critical length L. =+/A/K ~ 100 nm
J) =KL, =vVAK — J9 ~10'% A/m?

minimal magnetic field providing easy plane: B, =vKJ~1T

Takel, Halperin, Yacoby, and Y'T, PRB (20 14)



Topological magnetoresistance

> Circulating current through two metal films in series (a) spins the
order, reducing the overall dissipation

Pm — —

> |n the parallel configuration, the torques are balanced, and the

magnet remains stationary, causing more friction
Taker and YT, arXiv (2015)



AC transresistance

While the DC spin supercurrent (and corresponding drag) can be

quenched by an in-plane anisotropy, the AC transresistance is still
fully operative on spin-wave resonances:
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AF-mediated spin transfer

> Spin transfer torque and spin pumping mediated by AF:
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Spin transport through OLL in graphene
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edge states antiferromagnet
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Summary

> While antiferromagnets possess magnetic order that I1s hidden from
oeneric electromagnetic probes, they appear as potentially efficient
interconnects for spin transport

> It 1s natural to invoke a two-fluid picture, with the spin superfluid
dominating transport at low temperatures (compared to Tn)

> Spin transport can be transmitted through interfaces with normal
metals and ferromagnets, and thus manifested through spin Hall and
FMR probes; exhibrting long-ranged and topological characteristics

> Intriguing prospects for edge transport in strongly-correlated
symmetry-broken graphene under strong magnetic field
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