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Purpose of the present study is to investigate phase diagrams of various
gauge models and apply the obtained results to interesting quantum many-body systems. In particular,
we focus on ultra-cold atomic systems and possibility of the quantum simulation using the
ultra-cold atomic gases. Quantum simulations are very usuful tool to inveatigate physically
interesting various quantum systems and models by mimicking them. In particular, real-time dynamics
can be studied by the quantum simulation with ultra-cold atomic systems. We studied lattice gauge
theory by the quantum simulation, and proposed feasible experimental set up for it.We also study the
bosonic analogs of Haldane model, which is also realized in experiments on ultra-cold atomic
systems in recent years.
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