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We have developed theories of nonlinear non-reciprocal response of electrons

for metals, semiconductors, magnetic materials, and superconductors. In electron transport
phenomena, we have revealed (i) the mechanism of large nonreciprocal conduction in magnetic
topological insulators, (ii) nonreciprocal conduction due to spin cluster scattering, (iii)
nonlinear electrical resistance due to skyrmion strings, and (iv) nonreciprocity due to
superconducting fluctuations, and proposed (v) the superconducting diode effect.
As for the nonreciprocal optical response, we clarified the physical properties of the shift current
and predicted new phenomena. We have predicted (vi) shift currents due to magnon and phonon
excitations, (vii) shift current in Anderson insulators, and (viii) constructed a general theory of
nonlinear optical effects based on Riemannian geometry.
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