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Scien2fic descrip2on:  

The use of high-dimensional entangled states has recently a<racted much a<en6on as they enable the 
possibility of encoding large amounts of informa6on on correlated photons with a major interest in applied 
as well as in fundamental quantum op6cs. On the other hand, integrated photonics on Silicon substrates holds 
the promise of technological breakthroughs in quantum informa6on technology, due to the possibility of 
integra6ng on single photonic chips complex quantum op6cs experiments, that can be controlled externally 
and that are compa6ble with CMOS technologies.  

The proposed work sets in the context of the host group ongoing research on quantum correla6ons in 
frequency combs out of SiN microresonators opera6ng in different regimes. More specifically, it focuses on 
entanglement in con6nuous variable observables of different frequency modes. Quantum correlated modes 
at emi<ed each at a different op6cal frequency but all in the same waveguide; this approach allows scaling 
up the number of entangled par6es without increasing the physical size of the experiments while benefiLng 
of the possibility of easily separa6ng the entangled subsystems thanks to their different colors. Inves6ga6ng 
these features for microresonators represents an hot topic in the integrated photonics community at it is 
primordial to validate their applica6ons to complex quantum technologies tasks as well as to conceive new 
op6mized systems architectures.  
The work demanded for this internship focuses on the experimental implementa6on and verifica6on of 
entanglement between bright frequency-entangled states, addressing a working regime only poorly 
inves6gated so far. The short-term goal of this research is developing experimental toolboxes for the complete 
characteriza6on of the high-dimensional quantum light from mul6mode resonators. On the longer term, the 
demanded works casts the bases to explore applica6ons of the spectral mode entanglement in the quantum 
comb plaNorm for quantum simula6on and quantum communica6on.   
The project benefits of mul6ple ongoing collabora6ons. Knowing how to interface with interlocutors and 
exper6se from different scien6fic backgrounds is one of the skills that will be developed by the candidate 
during the internship. The theore6cal study of entanglement out of microresonators is conducted in 
collabora6on with the university of Lille and the university of Virginia, USA; the candidate will thus be asked 
to par6cipate to exchanges with these partners in the perspec6ve of contribu6ng to the development of 
original theore6cal tools for entanglement witness. At the same 6me, exchanges with the partners at LETI 
CEA that fabricated the microresonators are also to be expected. The prac6cal work allows the candidate to 
develop competences in both theore6cal and experimental mul6mode quantum op6cs, thus offering the 
possibility of achieving a unique and extremely vast panel of skills. The candidate will also develop skills in 
guided op6cs, with a special a<en6on to integrated photonics compa6ble with classical telecommunica6on 
and fiber components, as well as in data acquisi6on and digital processing.   



We look for candidates with competences on quantum op6cs, previous knowledge on con6nuous variable 
regime is welcome but not mandatory. Competences on non-linear op6cs, basic python, electronics and 
ac6ve control systems are equally welcome.  

Techniques/methods in use: mul6mode quantum op6cs, integrated photonics  
Applicant skills: Quantum physics and op6cs, experimental op6cs  
Industrial partnership: N 
Internship supervisor(s): Virginia D’Auria, virginia.dauria@univ-cotedazur.fr ;  0489 15 28 58  
Internship loca2on: Ins6tut de Physique de Nice, Nice, University Côte d’Azur  
Possibility for a Doctoral thesis: Y. Possibility to candidate to a MESRI scholarship. In addi7on a funding 
demand is currently ongoing for a PhD fellowship.  
 


