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Strong-coupling theory of an wultracold Fermi gas with mass imbalance and

component-dependent pseudogap phenomena

Abstract

In this thesis, I theoretically investigate an ultracold Fermi gas with mass imbalance. I
construct a  strong-coupling theory that enables wus to deal with BCS
(Bardeen-Cooper-Schrieffer)-BEC (Bose-Einstein condensation) crossover physics, in the
presence of arbitrary mass difference between the two components. Using this, I clarify the
superfluid phase transition temperature (7;) and effects of mass imbalance in the BCS-BEC
crossover region. I also discuss pseudogap phenomena in the normal state near 7.

I show that the (non-self-consistent) 7-matrix approximation (TMA), which has extensively
been used in the mass-balanced case, unphysically gives a double-valued 7. in the presence of
mass imbalance. As the origin of this, I point out a similarity between this system and the
spin-imbalanced case, where TMA also does not work. Indeed, the extended 7-matrix
approximation (ETMA) developed in the spin-imbalanced case is shown to eliminate the
above-mentioned double-valued 7.,. However, when the mass imbalance is remarkable to some
extent, I find that ETMA gives vanishing 7, in the BCS regime, because of insufficient treatment
of strong-coupling corrections to the Fermi surfaces of the two components. By further extending
ETMA to include strong-coupling corrections in a fully self-consistent way, I successfully
determine 7¢ of a mass-imbalanced Fermi gas in the whole BCS-BEC crossover region.

Within the framework of this self-consistent 7-matrix approximation (SCTMA), I also
examine single-particle excitations and effects of mass imbalance. In a strongly-interacting
Fermi gas, the formation of preformed Cooper pairs is known to induce a pseudogap (dip)
structure in single-particle excitation spectra. I show that the visibility of this strong-coupling
phenomenon is very different between the two components (that is, it appears more remarkably
in the light-mass component), in spite of the fact that both the components equally contribute to
the preformed Cooper pairs. I identify the region where both the components exhibit the
pseudogap, as well as the region where the pseudogap is only seen in the light-mass component

(°Li) in the phase diagram of a °Li-*’K Fermi-Fermi mixture.
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