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Novel Phenomena in Unconventional Superconductors:
The role of topological spin-orbit coupling
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The purpose of this research is to clarify the role of topological spin-orbit coupling in several unconventional

electron-pairing states. We investigate a two-electron bound state, so-called Cooperon, and its condensation in the

Kane-Mele model of a topological insulator (quantum spin Hall system) on the honeycomb lattice. The spin-orbit

coupling in this model is crucial for the non-trivial topology of a bulk electron, and gives rise to a sort of selection rule

for the possible Cooperon channels within a general type of attractive interaction. We also argue a new superconductor

SrPtAs with local lack of inversion center. An intriguing point is that the local non-centrosymmetricity causes the same

type of topological spin-orbit coupling mentioned previously in the Kane-Mele model. The system thus shows the spin

Hall effect in the normal state. We point out theoretically that the stable pairing symmetry in the superconducting state is

chiral d-wave, and this state is supported by several experiments. As an analogy to the two-band chiral p-wave model of

Sr,RuO4, we could expect in SrPtAs that the topological spin-orbit coupling gives rise to the non-trivial spin transport

carried by the chiral edge mode in chiral d-wave state.
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