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We theoretically discuss superfluid properties of a polarized dipolar Fermi gas. In considering
this system, it is usually believed that a cutoff is needed to eliminate the well-known ultraviolet
divergence coming from a long range dipole-dipole interaction. However, when one solves the
superfluid BCS-gap equation, apart from formal discussions, the ordinary regularization method,
which is valid for a superfluid Fermi gas with an s-wave contact interaction, is not useful in the
present case, due to the momentum dependence of the dipole-dipole interaction. Because of this,
so far, any reliable prediction of the magnitude of the superfluid phase transition temperature Tc

(which does not depend on the uncontrollable cutoff) has not been reported.
In this talk, we present a superfluid theory of a polarized dipolar Fermi gas, that does not involve
any unphysical cutoff. Regarding each Fermi molecule as an electric dipole consisting of two atoms
with positive charge (+q) and negative charge (−q), we evaluate the interaction between dipoles
as the sum of Coulomb interactions among these charges atoms. The resulting interaction in
momentum space is found to be free from the ultraviolet divergence, when it is used in the BCS
gap equation. That is, using this formalism, one can safely evaluate Tc from the BCS gap equation
without introducing a cutoff and employing a renormalization method. In this case, the dipole-
dipole interaction is simply described by two physical parameters, a dipole size and a coupling
constant. To assess the validity of this approach, we examine the detailed structure of the pairing
symmetry realized in this system within the mean-field BCS theory. We will also discuss how
to extend this theory to include strong-coupling pairing fluctuations beyond the mean-field level,
which is necessary to quantitatively evaluate Tc.
Recently, it has been predicted that the deformation of the Fermi surface originating from the
anisotropic dipole-dipole interaction enhances Tc [1, 2]. We also examine this interesting property
based our cutoff-free formalism.
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