Transport of cold bosonic atoms in optical lattices
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Cold atoms in optical lattices provide a clean realization of the Hubbard model. While the focus of early experiments was on understanding quantum phase transitions driven by the interplay of hopping and local interactions [1], more recent experiments aim at studying quantum transport in these setups. The onset of bad-metal behavior, characterized by the resistivity linear in temperature, has been investigated recently [2, 3].  While the conductivity of of the fermionic version of the model has been addressed in much detail both from the theoretical and experimental perspective, far less is known about transport in the bosonic version [4]. We investigate conductivity in the strongly-interacting regime of the Bose-Hubbard model. We address the high-temperature regime and use numerically exact calculations for small lattice sizes. At weak tunneling, we find multiple peaks in the optical conductivity that stem from the Hubbard bands present in the many-body spectrum. This feature is slowly reduced as the tunneling rate gets stronger. Further, we find the regime of linear resistivity. When the interactions are very strong, the leading inverse-temperature coefficient in conductivity is proportional to the tunneling amplitude. As the tunneling becomes stronger, this dependence takes quadratic form.
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