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Our group is experienced in controlling interspecies interaction in potassium 39 condensates, in reduced 
dimensionalities (1D and 2D) and in introducing disorder by laser speckle. We can thus probe the properties of 
a variety of interacting quantum systems. Our apparatus allows for the production of Bose-Einstein condensates 
in a few seconds, and for highly sensitive imaging. Fast magnetic field sweeps permit to accurately and quickly 
change the scattering length that is the only parameter characterizing interaction at low temperatures. This 
ability is clearly demonstrated in the production of bright solitons, i.e. one-dimensional self-trapping 
condensates that do not diffuse in the absence of any trap because of attractive interaction (see figure).  

We now focus our activities on the study of quantum droplets, 
i.e. self-bound mixtures of two condensates (with attractive 
interspecies and repulsive intraspecies interaction) that have 
recently been discovered. Interestingly, such droplets exist in the 
absence of a trapping potential because of a vanishing mean-
field term that competes with quantum fluctuations. The latter 
thus play an unusual dominant role in a dilute system. Although 
the quantum droplets remain a dilute gas, allowing a precise 
theoretical description, they are predicted to demonstrate a 
liquid like behavior, i.e. a flat density profile. 

More specifically, our first goal is to create droplets in the unexplored quasi-1D regime. In this regime, the 
droplet is expected to have a size of several tens of microns such that we could observe their predicted flat top 
profile for the first time. In addition, a lower density as compared to previous experiments in 3D will also permit 
a longer lifetime and thus a more detailed study of their properties such as the excitation spectrum. The work 
will be done in the framework of an ANR collaborative project together with Dmitry Petrov, the theoretician at 
the origin of the droplet proposal (PRL 117, 100401, 2016). 

Other perspectives include interaction-quench experiment in condensates in a coherent spin mixture. In this 
setup, we could for example study the role of quantum fluctuations in the dissociation of bright solitons (PRL 
119, 220401, 2017).  

We are looking for talented applicants with background in 
quantum physics, optics or condensed-matter physics, with a 
strong motivation in performing challenging experiments 
involving cutting edge technologies (optics, electronics, lasers, 
computer control, ultra-high vacuum,…). The applicant will be 
immersed in the stimulating environment of Institut d’Optique 
and of the atom optics group. Financing is secured in the ANR 
project. 

Please contact Thomas Bourdel for more information  
E-mail : Thomas.bourdel@institutoptique.fr  
Tel : 01 64 53 33 35 
Institut d’optique, 2 av. A. Fresnel, 91120 Palaiseau 
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