Topological spin transport in superconductor and spin Hall insulator
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We study the spin transport properties of the non-centrosymmetric superconductor with time-reversal-symmetry where spin-triplet helical p-wave and spin-singlet s-wave pair potential can mix each other. We show that when the amplitude of helical p-wave pair potential is larger than that of s-wave one, the superconducting state belongs to the topologically nontrivial class analogous to the quantum spin Hall system, and the resulting helical edge modes as Andreev bound states are topologically protected. We find that the incident angle dependent spin polarized current flows through the interface due to the presence of the helical edge modes. With a weak magnetic field, also the angle-integrated current is strongly spin polarized. 

 We have further studied about the reflection problem in the junction between a normal metal and an insulator characterized by a parameter M, which is a usual insulator for M > 0 or a quantum spin Hall system for M < 0. The spin rotation angle.  at the reflection is obtained in the plane of M and the incident angle  measured from the normal to the interface. The shows rich structures around the quantum critical point M = 0 and  = 0, i.e., can be as large as at an incident angle in the quatum spin Hall case M < 0 because the helical edge modes resonantly enhance the spin rotation, which can be used to map the energy dispersion of the helical edge modes. As an experimentally relevant system, we also study spin rotation effect in quantum spin Hall/normal metal/quantum spin Hall trilayer junction.
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