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Short description of possible research topics for a PhD: 
 
 The controlled, coherent manipulation of quantum systems is an important challenge 
in modern science, with significant applications in quantum technologies. Solid-state quantum 
emitters such as single molecules, quantum dots and defect centers in diamond are promising 
candidates for the realization of quantum bits and quantum networks. Because coupling 
mechanisms such as dipole–dipole or tunneling occur on a nanometer scale, it is crucial to 
develop experimental schemes that optically resolve quantum emitters at this scale and allow 
the manipulation of their degree of entanglement. Recently, we introduced a simple super-

resolution optical nanoscopy method 
operating at cryogenic temperatures 
and achieved a sub 10-nm far-field 
optical resolution. We propose to use 
this technique to reveal the rich 
space-frequency signatures of 
coherent coupled quantum emitters 
and manipulate on demand their 
degree of entanglement. 

 The formation of collective quantum states from coupled optical emitters being a 
general phenomenon, these experimental schemes can also be useful for the study of many 
other systems including light harvesting complexes polymer conjugates, quantum dots 
molecules and hybrid systems. 
 
Required background of the student: 
 
Quantum mechanics, optics, light matter interaction. 
The candidate's thesis will be mainly experimental. He/she will also develop the theoretical 
simulations necessary for the results interpretation. He/she will acquire a strong background 
in laser spectroscopy, single photon detection, quantum physics...  
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