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Thesis possibility after internship:        YES 

Funding: YES                     If  YES, which type of funding: 

 

Realization of a topological superfluid in an ultracold gas of Dysprosium 

 

Since the observation of Bose-Einstein condensation in 1995 the research field of ultracold 

atomic gases expanded towards the study of complex physical systems, such as strongly 

interacting fermions or low-dimension systems. 

 

Recent theoretical developments proposed the existence of a novel superfluid state of matter, 

characterized by a non-trivial topology. By analogy with quantum Hall states, such a 

topological order is associated to particular states at the edges of the system. For topological 

superfluids, edge states are described as Majorana fermions, a novel type of exotic particle. 

We aim at realizing such a system with ultracold atoms: by dressing the atoms with laser 

fields, one can induce a coupling between the spin and motional degrees of freedom, which 

should lead to topological superfluidity. We are currently finishing the construction of an 

experiment producing ultracold Dysprosium atoms, which is the most suited atomic species 

for this project. 

 

Laser cooling and the spin-orbit coupling make use of laser light close to an optical transition 

at 626 nm. The internship will deal with the construction of such a laser by a non-linear sum 

frequency process, starting from two infrared lasers at 1050 nm and 1550 nm. We will also 

develop a laser spectroscopy system based on absorption in a vapor of molecular iodine, 

aiming at a 10 kHz bandwidth. This project will be the opportunity to get familiar with typical 

experimental techniques used in atomic physics experiments (optics, electronics…). 

 

During the internship we will also investigate theoretically how to describe the interaction of 

laser fields with Dysprosium atoms, which is characterized by a particularly rich structure of 

electronic levels. This understanding will allow us to design the optimum scheme for applying 

spin-orbit coupling on the atoms. 

 

The internship can be followed by a PhD. 

 

 
 
Please, indicate which speciality(ies) seem(s) to be more adapted to the subject: 
 

Condensed Matter Physics:  YES     Macroscopic Physics and complexity: YES 

Quantum Physics:  YES    Theoretical Physics: YES 


