Collective spin transport through
antiferromagnets

Yaroslav Tserkovnyak

in collaboration with So Takei ( ) and Se Kwon Kim ( ),
Bert Halperin and Amir Yacoby (Harvard), Teruo Ono (Kyoto) and Eiji Saitoh (Tohoku)

E

4



Scope

insulating AF as a
spin/heat-current interconnect

spin bias thermal bias

microwave driving

= two-"fluid” dynamics



Two types of spin current
easy-axis AF
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Overview
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Two-terminal spin supertluid
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Interfacial spin transfer

# |n the absence of spin-orbit interactions and spin-order
inhomogeneities, the collinear spin of scattered electrons is
conserved; the phase shift governs the spin-mixing conductance:
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Negative DC electron drag (revealed by SHE)
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Nonlocal magnetoresistance

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

V Takei and YT, PRL (2015)

# In the parallel configuration (b), the torques are balanced, and the
magnet remains stationary, causing more friction

Cf. Eisenstein and MacDonald, Nature (2004) for BEC of excitons in bilayer electron systems



Quantum phase slips

# The parallel magnetoresistance geometry can be used to extract
the thermal and quantum phase slip rates:
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# The effective action for a gas of QPS’s in the presence of a spin
superflow;
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Possible materials: Perovskites
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AF-mediated (coherent) spin transfer

# Spin-transfer torque and spin pumping mediated by AF (NI1O):
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AF-mediated (thermal) spin transfer

# Spin pumping mediated by AF (CoO and NiO):.
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summary

# While antiferromagnets possess magnetic order that is hidden from
generic electromagnetic probes, they may serve as efficient

interconnects for spin transport (manifested, e.g., through spin Hall,
spin Seebeck, and FMR probes)

# [t 1s natural to invoke a two-fluid picture, with the spin superfluid
taking over the transport at low temperatures and thermal
magnons at elevated temperatures

# Quantum phase slips, which exhibit unique properties in the AFM
materials, dominate dissipation of spin transport at low
temperatures
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