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Thesis Summary

In this thesis, | theoretically investigate strong-coupling effects in a two-dimensional ultracold Fermi
atomic gas. Including a tunable pairing interaction associated with a Feshbach resonance, we examine
how pairing fluctuations affect system properties near the Berezinskii-Kosterlitz-Thouless (BKT) phase

transition from the weak- to strong-coupling regime.

In the first part of this thesis, | theoretically assess a recent experiment on a two-dimensional ®Li Fermi
gas. This experiment states the achievement of the BKT phase transition, being based on the following
reasons: (1) A rapid increase of the number of Cooper pairs with zero center-of-mass momentum was
observed below a certain temperature, which can be interpreted as the onset of pair-condensation. (2) A
power-low behavior of the first-order correlation function of Cooper pairs was observed below this
temperature, as expected in the BKT phase. However, | clarify that, when pairing fluctuations are taken
into account, these can theoretically be explained, without assuming the BKT transition. | thus conclude

that this experiment is still not enough to confirm the realization of the BKT phase.

The latter part of this thesis is devoted to the study of pseudogap phenomenon associated with pairing
fluctuations, which is characterized by the appearance of a dip (pseudogap) structure around the Fermi
level in the normal-state density of states. Including pairing fluctuations within the framework of the
self-consistent T-matrix approximation (SCTMA), | determine the pseudogap regime, where the
pseudogap appears, in the phase diagram of a two-dimensional Fermi gas in term of the temperature
and the interaction strength. | also show that the BKT transition temperature Tgkr obtained by the
previous theory which only includes phase fluctuations of the superfluid order parameter under
assuming fixed magnitude of the order parameter is in the pseudogap regime. In the weak-coupling
regime at Tgkr, the calculated pseudogap structure in SCTMA (which includes both phase and amplitude
fluctuations) is found to be very different from the fully-gapped one, indicating that amplitude fluctuations
are actually important in evaluating the BKT transition, at least in the weak-coupling regime. To assess
the validity of SCTMA, | also employ this scheme to evaluate thermodynamic quantities, to show that

they agree well with recent experiments on two-dimensional Fermi gases.




	博士論文表紙
	博士論文要旨_日本語
	博士論文要旨＿英語V51

