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In this talk, we will summarize our research results on geometric phases. Since Berry’s discovery in 1984 that a quantum system in a pure state undergoing adiabatic cyclic evolution acquires a geometric phase, there has been an immense interest in holonomy effects in quantum mechanics and has led to many generalizations of the notion of geometric phases. The original notion of geometric phase for pure states in cyclic and adiabatic evolution has been immediately extended to that for pure states in noncyclic  and nonadiabatic evolution. Geometric phases are useful in the context of quantum computing as a tool to achieve fault tolerance. However, practical implementations of quantum computing are always done in the presence of decoherence. Thus, a proper generalization of the geometric phase for pure state to that for mixed state is central in the evaluation of the robustness of geometric quantum computation.  Since 2003, our group has worked on extending the notion of geometric phases of pure state to that of mixed states. We put forward a kinematic approach to geometric phase of mixed states in unitary evolution, and we further generalized the approach to mixed states in nonunitary as well as to off-diagonal geometric phase.
