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We investigate a cold atomic Bose-Fermi (BF) mixture confined in an optical lattice potential
solely affecting the bosons with the objective of simulating the physical behavior of electrons
in a dynamic background. We do so by assigning tractable degrees of freedom to the lattice,
which renders its description dynamic and enables the simulation of some analog of phonon-
like interactions. In mixtures of bosons and spin-polarized fermions, it is well known that an
attractive BF interaction leads to a so-called pairing phase in the strongly correlated regime
[1]. This phase collapses if the interaction becomes too strong, resulting in clumping of the
atoms and breaking of translational invariance. At the same time, deep optical lattices on BF
mixtures render their description amenable to the BF Hubbard model, since an insulating phase
of composite fermions is formed [2].

In our work, the bosons reside in the deep superfluid regime and inherit the periodicity of the
optical lattice, subsequently serving as a dynamic potential for the polarized fermions. Owing
to the atom-phonon interaction between the fermions and the condensate, the coupled system
exhibits a Berezinskii-Kosterlitz-Thouless transition from a Luttinger liquid to a Peierls phase.
However, under sufficiently strong BF interaction, the Peierls phase loses stability, leading
to either a collapsed or a separated phase. We find that the primary function of the optical
lattice is to stabilize the Peierls phase. Furthermore, the presence of a confining harmonic trap
induces a diverse physical behavior, surpassing what is observed for either bosons or fermions
individually trapped. Notably, under attractive BF interaction, the insulating phase may adopt
a fermionic wedding-cake-like configuration, reflecting the dynamic nature of the underlying
lattice potential. Conversely, for repulsive interaction, the trap destabilizes the Peierls phase,
causing the two species to separate [3].
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