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We investigated the topological states in condensed matter systems. We focused on
the Kane-Mele model defined on the honeycomb lattice system. We took into account the electron-electron
correlation in this model by using the Stratonovich-Hubbard method, in which we introduced an auxiliary
field behaving like a gauge field. We obtained the effective action to integrate out the auxiliary field
and found a non-trivial electromagnetic response. We also discussed Cooperon condensation in the
Kane-Mele model and classified the pairing symmetry of Cooperon wave function by using the point group.
We pointed out that the recent discovered superconductor SrPtAs can be regarded as the suEerconducting
state of doped Kane-Mele model. The most plausible pairing symmetry is chiral d-wave which supports the
chiral surface state, and we investigated the transport phenomena at the surface of the system. Due to
the spin-orbit coupling, the surface state carries not only charge but also spin.
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