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e Quantum ultracold gases are realized in labs by combined
atomic-physics techs of cooling and trapping

« Fundamental physics-Precision measurements

. _ e Quantum information-Atomtronics- Atom litography
e Extreme quantum conditions by tuning: Temperature,

Interactions, Dimensions, Quantum statistics

For What

e Strongly correlated ground states

Why

e Controlled with high precision and amenable to modeling with
no significant number of fitting parameters

Precision measurements & Quantum transport
in modulated optical lattices. Theo and Exp [@LENS]

Spin& Density Structure and Transport in 1D coupled chains
with artificial magnetic fields: Meissner-to-Vortex phase transitions
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COHERENT DELOCALIZATION OF SR QUANTUM GASES IN PHASE AND AMPLITUDE MODULATED OPTICAL LATTICES [1-3]
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1D DIPOLAR QUANTUM GASES [3]
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experiment, i.e. Reptation Quantum Monte Carlo

It is a super-strongly coupled
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e Enhanced SNR via non-destructive cavity-QED methods
Ongoing eTowards novel ground states of 1D quantum dipolar gases with spin-orbit coupling
Work

e Towards novel phase diagram of Fermi gases with attractive cavity-induced interactions

e Superfluidity in Fermi gases with narrow Fano-Feshbach resonances
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where the standing optical-lattice mode amplitude
Is slaved to atomic motion . How: Analytical and light numerical
methods (+ possible experiment)

. from superfluidity to spin ferro-
and antiferro-magnetic  phases. How:  Analytical+Exact
diagonalization methods

leading to tunable interactions and richer
crossover phenomena from BCS to BEC, depending on two
arameters. How: QMC+Analytical methods
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