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4. Conclusions

In summary, we re-formulated the path-integral approach for
interacting Fermi gases [24] to the case of a two-band system.
The Hubbard–Stratonovich transformation and the integration
over the fermion fields lead to an effective bosonic action with
Josephson interband coupling. The gradient expansion of the effec-
tive bosonic action results in the GL-like free energy functional in
which the amplitude of the pair field is not a small parameter.
Therefore the obtained free energy represents an extension of the
Ginzburg–Landau formalism to temperatures below Tc . The range
of applicability of the gradient expansion is determined by the
same conditions as for the standard GL approach, where that
expansion is also used. Thus the present extended GL-like method
is valid under the same conditions as the GL approach – but in a
wider temperature range.

As an example, the method has been tested for vortices in a
two-band system of ultracold fermions. It has been shown that
the ‘‘hidden criticality’’ far below Tc , treated previously using the
BdG equations [25] is captured by the extended GL-like approach.
Because of the validity of the present approach at temperatures far
below Tc , it can find a wide spectrum of applications, e.g., for the
analysis of distributions of trapped fermionic atoms, vortices, soli-
tons and other spatially non-uniform phenomena in ultracold
Fermi gases.
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