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Quantum magnetism with a dipolar gas in 2D geometry 
Dipolar quantum gases give rise to an intense theoretical and experimental activity due to the long 
range and anisotropic character of interactions in these systems. In the case of chromium atoms, the 
dipolar character originates from the large spin S=3 in the ground state: dipole-dipole interactions 
(DDIs) arise from the permanent magnetic dipole moments. Our group has studied properties of 52 Cr 
Bose Einstein Condensates (BEC) since 2007. We have recently obtained the first 53 Cr Fermi Sea. 
The internship will be about the study of the magnetic phase diagram of quantum gases in 2D 
geometry. Thanks to dipolar interactions, the magnetization of the cloud is free. It can therefore reach 
its most stable quantum phase, which is a result of the interplay between the different interactions: 
contact (Van der Walls) interactions, isotropic and short range; DDIs ; magnetic (Zeeman) energy set 
by the external magnetic field. We have already performed such studies in 3D traps [1,2]. We have 
demonstrated in particular a control of the external B field amplitude at a low enough value that new 
quantum phases emerge. 
Going to 2D trapping geometry is attractive because of both easier theoretical treatment, and new 
experimental possibilities. We will be able in particular to image spin domains, by sending an imaging 
beam orthogonal to the plane in which the atoms are trapped. We will study subtle effects of DDIs, 
like the influence of the angle between the dipoles and the atomic plane. We have already obtained [3] 
a 2D trap, and are currently finalizing loading optimization. 
The student will develop in particular a new Radio Frequency (RF) system, in order to perform spin 
selective imaging. An RF antenna, resonant at 400 MHz, will produce frequency sweeps in order to 
induce transitions between hyperfine states of 53 Cr. The sweeps will originate from a digital source 
built in our electronic shop, and then amplified by a 30 W amplifier. 
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