Experiments with ultracold Fermions in optical lattices:
A quantum simulator for the Hubbard model

Ultracold fermionic atoms in an optical lattice represent a versatile quantum simulator for correlated
electrons in a solid, as they allow for a clean and defect-free implementation of the Fermi Hubbard
model with tunable parameters.

During the last two years, significant advances in combining optical lattices with Feshbach
resonances have allowed for the first experimental observation of strongly correlated phases of
fermionic atoms in these lattices.

For repulsive interactions, we experimentally observed the crossover from a metallic into a Mott
insulating regime and compared our results with a DMFT calculation [1].

In the attractive Hubbard model an anomalous expansion of the atomic cloud in the pseudogap
regime of the BEC-BCS crossover [2] could be observed, which represents a new possible way to
investigate the properties of low entropy phases using a high entropy sample.

Furthermore, ultracold atoms offer the possibility to control all relevant parameters in real time
during the experiment. By suddenly changing the harmonic confinement at constant lattice depth
we could create an out-of-equilibrium situation which allows us to study transport properties of the
Hubbard model.
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