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Abstract: The mLPDA approach offers an efficient way to investigate inhomogeneous superconducting
systems, treating pairing fluctuations and inhomogeneity on equal footing, with no need for external
parameters, providing a simpler alternative to previously developed approaches.

The investigation of the Josephson effect plays a pivotal role in the design of superconducting devices for
the implementation of quantum technology, ranging from the standard Al-based [1] to the more exotic twisted
high-Tc junctions [2]. To properly investigate these inhomogeneous superconducting systems, a theoretical
approach that treats inhomogeneity and pairing fluctuations on equal footing needs to be developed. In this
regard, efforts have been made to provide a suitable generalization of the Bogoliubov-de Gennes (BdG)
equations through an extension of density-functional theory to superconductors [3,4]. However, these
approaches retain the numerical complexity of the BdG equations, and their reliance on external parameters
limits their application to T=0 along the BCS side of the crossover up to unitarity.

For these reasons, we have developed a new approach, called mLPDA (modified Local Phase Density
Approximation) [5], which include pairing fluctuations at the level of the non-self-consistent t-matrix
approximation, on top of the LPDA equation (based on a coarse-graining of the BdG equations) [6]. We have
applied this approach to investigate the experimental systems realized in Refs. [7, 8] with superfluid atoms, and
obtained a good quantitative agreement for the Josephson critical current both as a function of coupling at low
temperature and as function of temperature at unitarity [9].
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Fig. 1 (a) (b) (c) Comparison between the theoretical results (the orange squares and the green diamonds represent the
LPDA and mLPDA outcomes, respectively) and the experimental data (blue dots) for the Josephson critical current vs
coupling at low temperature. (d) Comparison between the theoretical results (green diamonds) and the experimental
data (blue dots) for the Josephson critical curret at unitarity as a function of temperature.

The usefulness of the mLPDA approach relies on the fact that it could be further improved due to its built-in
modularity, it does not need external parameters and can be applied to investigate inhomogeneous superfluid
systems throughout the whole coupling-temperature phase diagram in the broken-symmetry phase, without
limitation.
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