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Mediated by Magnon

Zutic et al., Nature.Mater, (‘11).
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K.Ando et al., Nature.Mater. (‘11). v Ferromagnet acts as a source of spin angular
Q momentum.

v' Electrons flip their spins from down to up by
absorbing the momentum.

4 are pumped into adjacent
non-magnetic metal.

» Our aim is
to go beyond phenomenology and
to describe it as fully quantum dynamics.

H —2]a3f d3x S(x,t) - s(x, t)
Xx€Einterface
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K.Ando et al., Nature.Mater. (‘11); v' Ferromagnet acts as a source of spin angular
momentum.

v' Electrons flip their spins from down to up by
absorbing the momentum.
4 are pumped into adjacent

non-magnetic metal.

= —2]a3f d3x S(x,t) - s(x, t)
Xx€Einterface

» The dynamics of the interface should be treated a
(quantum) nonequilibrium transport.
= “Schwinger-Keldysh formalism”
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Zutic et al., Nature.Mater, (‘11).

Heg = —2]a3J d3x S(x,t) - s(x, t)
XEinterface
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Zutic et al., Nature.Mater, (‘11).

Heg = —2]a3j d3x S(x,t) - s(x, t)
XEinterface

v’ Apply transverse magnetic field;

Quantum generates a spin current
fluctuation < at the interface.
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Zutic et al., Nature.Mater, (‘11).

Heg = —2]a3j d3x S(x,t) - s(x, t)
XEinterface

< “Two temperature model”

S.I.Anisimov et al.,
Sov.Phys.JTEP 39, 375 (1974).

Thermal also generates a spin

Thermal grad*’,“ P . gradient current at the interface.
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