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Spatial selection of a ultra-cold cloud

Cold atom experiments offer a very high degree of control, making them interesting for the
investigation of interacting quantum gases. The atom chip experiment at LCF is dedicated to
the study of one-dimensional Bose gases. The physics of this system differs from its three-
dimensional counterpart, for instance Bose Einstein condensation doesn't occur. Interactions
and fluctuations play an enhanced role and a strongly correlated regime, also called the
fermionised regime, can be achieved. A strongly correlated regime also exist in 3D, when
one applies a periodic potential: a quantum phase transition (the Mott transition) between a
localised  and  a  delocalised  regime  happens.  In  1D,  the  intrinsic  strong  correlations
strengthen  the  effect  of  the  periodic  potential,  affecting  drastically  the  physics  of  the
transition. The Mott transition is characterised by the behaviour of the first order correlation
function, also the Fourier transform of the momentum distribution. This quantity has not
been measured  accross  the  Mott  transition  in  1D so far.  We are  currently installing  an
optical lattice on our experiment to realise the periodic potential for the atoms. We have also
recently developed a technique to measure momentum distributions. We thus hope to shed
new light on the Mott transition.
The atomic cloud in confined longitudinally in a slowly varying harmonic potential, and the
atomic density is position-dependant, such that the central part of the cloud can be in the
localised regime while the edges are in the delocalised phase. To measure the momentum
distribution on the central (localised) region only, a spatial selection of the atoms prior to the
momentum distribution measurement is required. We propose to perform such a selection
optically, using an objective which we are currently installing on the experiment, whose
numerical aperture enables the required spatial precision.  
The objective of the internship is to realise a new optical system for selecting a part of the
atomic cloud. The idea is to shine resonant light on the spatial area we wish to remove, to
blow  the  atoms  away  by radiation  pressure.  The  student  will  inverstigate  the  physical
parameters required and concieve the optical system, using dedicated software. We consider
acquiring a spatial light modulator which the student will  learn to program. Finally,  the
student  will  be  fully  integrated  in  the  team and  participate  in  running  the  experiment
together with the PhD student.
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