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Abstract

In this thesis, I theoretically investigate pairing fluctuations and pseudogap
phenomena in the BCS-BEC crossover regime of a superfluid Fermi gas.

Including effects of pairing fluctuations within a 7'matrix approximation, I
calculate single-particle excitations of a uniform superfluid Fermi gas in the entire
BCS-BEC crossover region. Near the superfluid phase transition temperature 7, I
show that the pseudogap structure can be clearly seen in the Fermi density of
states, as well as the single-particle spectral weight. Using these results, I identify
the pseudogap regime in the phase diagram of a uniform Fermi gas with respect to
the strength of a pairing interaction, as well as temperature.

I also extend our strong-coupling superfluid theory to include effects of a
harmonic trap. Using a combined 7'matrix approximation with the local density
approximation, I show that the pseudogap appears in a spatially inhomogeneous
manner, leading to a shell structure. That is, at a certain temperature below 7z,
while the ordinary BCS-type density of states can be seen around the trap center,
this region is surrounded by the one where the pseudogap associated with the
strong pairing fluctuations dominates the superfluid density of states. Around the
edge of the gas cloud, the free particle density of states appears. I also clarify how
such a shell structure affects the photoemission spectrum, as well as the local
pressure of a Fermi gas, comparing our results with experimental data. The
recently observed photoemission spectra in a quasi-two-dimensional Fermi gas are

found to agree well with our results including the two-dimensional pseudogap effect.




