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Exploration of topological orders in strongly correlated ultracold atomic
systems and development of their fundamental theory
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Topologically ordered states exhibit a number of intriguing properties such
as quantized responses and quasiparticles obeying fractional statistics. In this study, we have
theoretically explored novel topologically ordered states that can be realized in highly controlled
ultracold atomic systems, and investigated their physical properties. In particular, we have
determined detailed ground-state phase diagrams of two-component Bose gases in synthetic gauge
fields, and revealed (i) the appearance of a bosonic integer quantum Hall state with unusual edge
states and (ii) a nontrivial role of time-reversal symmetry in the interaction effect. We have also
shown that Bose-Einstein condensate in optical lattices can host an excitation band with nontrivial
topology, and that edge states originating from it can be observed by exploiting a macroscopic
guantum interference.
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