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Correlations and temperature regimes in the one-dimensional  Bose-Hubbard model

One-dimensional bosonic gases, despite being described by a simple Hamiltonian, display 
rich physics due to the fact that quantum and thermal fluctuations are particularly strong in 
such low-dimensional system and compete with strong interactions [1]. Furthermore, thanks 
to the existence of powerful one-dimensional analytical and numerical techniques and to 
many experimental realizations, they have become a playground for the study of quantum 
fluids, in particular out-of-equilibrium. While thermal regimes are well understood for 
bosons in the continuum (Lieb-Liniger model) [2] and are relevant to recent experiments 
[3], we would like to systematically understand them for bosons on the lattice (Bose-
Hubbard model). This is motivated by recent experiments [4] and in particular by the 
development of a new setup at Institut d’Optique (IOGS), which offers the perspective of an 
active collaboration with the group of Marc Cheneau.

Using exact diagonalization, matrix-product state techniques and quantum Monte-Carlo, we 
wish to explore the different regimes of the Bose-Hubbard model from zero to high 
temperatures, and from weak to strong interactions. We aim at devising simple 
phenomenological laws by connecting them with the behavior of elementary quasiparticle 
excitations in the system [5]. This would prepare for a PhD extending and confronting these 
results to two-dimensions and out-of-equilibrium situations relevant for the IOGS 
experiment.
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