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Weakly interacting Bose-Einstein condensates
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The atom-atom interaction allows to study
» superfluidity

» correlated quantum phases
» strongly entangled states

But at the same time it forbids

» the study of very low energy phenomena
» the implementation of ultraprecise interferometers




Two-body interaction in atomic systems
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G. Roati, et al., Phys. Rev. Lett. 99, 010403 (2007); M. Fattori et al. Phys. Rev. Lett. 100, 080405 (2008).



Atom interferometry with Bose-Einstein condensates

The atomic analogous of the optical Mach-Zehnder interferometer
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» Very appealing for the measurement of local fields
» Atoms have a mass: high sensitivity detection of forces, rotations
» Atoms have a naturally strong nonlinearity (atom-atom interaction)
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Atom interferometry in a trap
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The interaction can be exploited to
prepare entangled input states

Coherent state — shot noise limit
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The same interaction provides
decoherence of the interferometer

J. Esteve et al., Nature 455, 1216 (2008).



A lattice interferometer

Our strategy:
1) Employ a Bose-Einstein condensate: maximal coherence, minimal size

2) Une a large nonlinearity to create appropriate entangled input states
3) Cancel the nonlinearity to operate the interferometer

M. Fattori, et al. Phys. Rev. Lett. 100, 080405 (2008).



A novel set-up for potassium-39 BECs
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« improved control of magnetic fields
* high resolution imaging
* high repetition rate

FIRB Futuro in Ricerca: Marco Fattori (INFN) + Luca Pezze (CNR- Trento)




Search for non-newtonian gravitational forces
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Disorder physics with ultracold atoms

Disorder is ubiquitous in nature. Even if weak, it tends to inhibit transport.

Superfluids in Superconducting thin Light propagation in
porous media films random media

Still much has to be understood:

» Single-particle localization and dimensionality
» interplay of disorder and interactions

» strongly correlated systems

Bose-Einstein condensates in disordered potentials are very useful:
» massive particles

» tunable nonlinearity

» large control over disorder and dimensionality



Anderson localization in quasiperiodic lattices
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Anderson localization is

observable in both spatial and
momentum analysis

G. Roati et al., Nature 453, 895 (2008)

A realization of the Aubry-Andre
(or Harper) model
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Delocalizing effect of a repulsive interaction
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B. Deissler, et al., Nature Physics (11 April 2010)
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Three-body physics in BECs

atomic threshold

Three-body recombination is
the first step in the collisional

decay of a BEC ... deeply bound state

... but also carries information of the underlying few-body (Efimov) states
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... and can allow to have large effective three-body interactions

M. Zaccanti, et al., Nat. Phys. 5, 586 (2009).



Strong tunable dipolar interactions in guantum gases
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Strong tunable dipolar interactions in guantum gases
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Strong tunable dipolar interactions in guantum gases

Long-range nature of the dipolar interaction: novel quantum phases
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» simulation of spin lattice hamiltonians Selels

> lattices of quasi-2D systems: quantum phases of dimers AL
or chains erC

> three-body interactions larger than two-body one i
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How to produce ultracold polar dimers?

1) Take an ultracold quantum
degenerate atomic mixture

2) Associate a weakly-bound N
molecular quantum gas

Energy

2) Transfer it optically to deeply
bound states (v=0, J=0)
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