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We have theoretically extended the equilibrium strong-coupling theory
developed in cold Fermi gas physics, to the non-equilibrium case, such as cooling process of a
neutron star. Using the non-equilibrium Keldysh-Green function method, we clarify the superfluid
phase transition is remarkably suppressed in the whole BCS (Bardeen-Cooper-Schrieffer)-BEC
(Bose-Einstein condensation) crossover region, by an non-equilibrium effect. The superfluid phase
transition is shown to exhibit a reentrant behavior, originating from FFLO
(Fulde-Ferrell-Larkin-Ovchinnikov) type pairing fluctuations. We have also examined transport
properties of an ultracold Fermi gas, within the linear response theory, to confirm the quantitative
validity of the strong-coupling theory, extended to the non-equilibrium case.
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