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 Fundamental physics-Precision measurements

 Quantum information-Atomtronics- Atom litography

 Strongly correlated ground statesF
o

r 
W

h
a

t Quantum ultracold gases are realized in labs by combined

atomic-physics techs of cooling and trapping

 Extreme quantum conditions by tuning: Temperature,

Interactions, Dimensions, Quantum statistics

 Controlled with high precision and amenable to modeling with

no significant number of fitting parameters
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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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Exceptionally long 

lasting Bloch oscillations

P
re

c
is

io
n

 m
e
a
s
.

])(sin[)( 0   tttf M



Hamiltonian of N atoms with mass M and permanent dipolar moments, arranged on a line with density n
Concept

Combine Bosonozation technique with a Numerical experiment, i.e. Reptation Quantum Monte Carlo

1D DIPOLAR QUANTUM GASES [3] 
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Ongoing

Work

 Enhanced SNR via non-destructive cavity-QED methods

Towards novel ground states of 1D quantum dipolar gases with spin-orbit coupling

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

 Superfluidity in Fermi gases with narrow Fano-Feshbach resonances

Results
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In conclusion: 

Luttinger-liquid is a unifying 

theory for low-energy behavior of 

1D dipolar quantum gases in the 

whole crossover region evolving 

into a Tonks-Girardeau gas at low 

densities and into a quasi-ordered 

state at high enough densities

It is a super-strongly coupled 

Luttinger Liquid 



Enhanced SNR in g-meas. via non-destructive cavity-QED

methods [4], where the standing optical-lattice mode amplitude

is slaved to atomic motion . How: Analytical and light numerical

methods (+ possible experiment)

Towards novel phase diagram of Fermi gases with attractive

cavity-induced interactions: from superfluidity [5] to spin ferro-

and antiferro-magnetic phases. How: Analytical+Exact

diagonalization methods

 Superfluidity in Fermi gases with narrow Fano-Feshbach

resonances [6], leading to tunable interactions and richer

crossover phenomena from BCS to BEC, depending on two

parameters. How: QMC+Analytical methods

Ongoing Work Thesis available
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