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Study of exotic quantum states emergent from strong spin-orbit coupling on the
basis of exactly solvable models
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We studied strongly correlated electron systems with strong spin-orbit
coupling to clarify exotic quantum phenomena emergent in these systems. It is generally difficult to
take account of electron correlations, spin-orbit coupling, and anisotropy intrinsic in the orbital
degree of freedom, on an equal footing. To overcome this difficulty, we started from the strong
coupling limit and systematic calculations were performed. As the results, we obtained the following
outcomes.
1) We consider the Kugel-Khomskii model describing the spin and orbital degrees of freedom and
analyze the stability of ordered states in the presence of the spin-orbit coupling.
2) We discussed the possibility of a superconducting state with spontaneously orbital selection. In
addition, we clarified the phase diagram including symmetry-broken states. We also discussed the
validity of the results by introducing the effective model in the strong coupling limit.
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