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Second-order optical susceptibility of a pure spin current1 REN-
BAO LIU, Department of Physics, The Chinese University of Hong Kong, JING
WANG, Department of Physics, Tsinghua University, BANG-FEN ZHU, Depart-
ment of Physics and Institute of Advanced Study, Tsinghua University — Spin
currents are an essential element of spintronics. A pure spin current, formed by
opposite spins moving in opposite directions with the same amplitude, bears nei-
ther net magnetization nor charge current and therefore is difficult to be detected
by traditional electromagnetic induction method. While indirect measurement of a
spin current via the inverse spin Hall effect or spin accumulation at stopping edges
is possible, a fundamental question remains: How can a pure spin current be di-
rectly seen? By a systematic analysis of the peculiar symmetry properties of spin
currents and microscopic calculations, we show that a pure spin current can have
sizable second-order nonlinear optical susceptibility. This forms the basis of direct,
non-destructive measurement of pure spin currents by standard nonlinear optical
spectroscopy.
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