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Single Atom Register in an Optical Cavity for Entanglement of Many Atoms 

Creating and characterizing multi-particle entanglement in systems of material particles is becoming a 

major focus of experimental quantum physics. Besides its fundamental importance, such entanglement 

is the key ingredient for new applications such as quantum metrology, quantum simulations and 

quantum information.  

 

The goal of this project is to extend the generation of multi-particle entanglement to “mesoscopic” 

ensembles of up to ~100 neutral atoms while maintaining analysis at the single-atom level. To achieve 

this goal, we will combine methods of optical Cavity Quantum Electro-Dynamics (CQED) with 

quantum gas microscope techniques developed in the field of optical lattices. We will realize a 

single-atom qubit register in a one-dimensional (1D) optical lattice, where each lattice site is strongly 

and identically coupled to the mode of a high-finesse optical cavity.  

 

We use a new type of fiber-based Fabry-Pérot (FFP) cavity 

developed in our group, which allows creation of symmetric 

entangled states thanks to the collective interaction of the atoms 

with the cavity mode. The high-resolution microscope will add 

the capability to perform local operations on each atom of the 

register, opening the way for the generation and analysis of 

entangled states beyond the symmetric ones. This system 

provides an ideal test-bed to investigate different methods for 

multi-particle entanglement generation and to study their 

fundamental limits.  

The goal of the internship is to optimize the loading of cold 

atoms inside the cavity mode by implementing an optical dipole 

trap with a flat top profile. The student will work first on his/her 

own setup to characterize and optimize the profile by 

holographic beam shaping using a spatial light modulator. Once 

completed, he/she will implement the flat top optical trap on the cold atoms experiment and work on 

the improvement of the loading of cold atoms inside the cavity. During the internship, he/she will have 

the opportunity to gain experiences in optics, lasers, and cold atoms physics.   

 

 

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

Condensed Matter Physics:  YES        Macroscopic Physics and complexity: NO 

Quantum Physics:  YES    Theoretical Physics:      NO 


