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Quantum simulation of extended Bose-Hubbard
models
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The realization of the Bose-Hubbard model with cold atoms, twenty years ago, can be considered the birth of
quantum simulation. Today, advanced quantum simulators provide us with the opportunity to explore more
exotic models, includingmodels with flat energy bands, multi-bandmodels, or models with long-range interac-
tions. In these contexts, I discuss the intriguing scenario of Bose-Einstein condensation in a flat band system,
and show that, by adding Hubbard interactions, a topological superfluid can be produced [1]. I also present re-
sults for a two-band Bose-Hubbard model with nearest-neighbor interactions in 1D and 2D. Recently, excitons
in a quantum double well subject to a synthetic lattice potential have allowed for a realization of this model,
and signatures of the checkerboard phase have been observed - a Mott insulating phase that spontaneously
breaks a symmetry of the lattice [2]. The possibility of other exotic scenarios, such as “proximity-induced”
supersolidity from the combination of superfluid and symmetry-broken bands is analyzed.
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