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OPTOMECHANICS WITH A QUANTUM FLUIDS OF LIGHT 
 
General Scope: 
 
Owing to spectacular progress in the design and fabrication of solid states quantum systems, the 
control one can get over photons has become exquisite. At the individual photons level, semiconductor 
solid-state systems are nowadays moving from laboratories to the market, in which quantum state of 
light involving one or two photons can be produced and delivered reliably. At this point, a challenge is 
now to extend this degree of control and understanding, over large number of photons. This is a much 
harder task due to many-body decoherence and the complexity of the quantum states involved in 
many-body systems. 
 
In adequately designed systems, light can be trapped in high-Q solid-state cavities, dressed by 
electronic excitation to engineer tunable two-body interactions (i.e. excitons), and manipulated by 
optical means. Recently, in collaboration with our Australian partner (Macquarie Uni., Sydney), we 
have demonstrated the preparation of non-classical states of light in such a many-body photonic 
system [G. Muñoz-Matutano et al. Nature Materials 18, 213 (2019)].  
 
Research topic and facilities available: 
 
In this project, we build up on this knowledge to investigate how a quantum fluid of light can be used 
as a quantum working fluid capable of conveying mechanical forces and producing entropy, both in 
new ways due to its quantum features and to its nonequilibrium character. We will for instance 
investigate experimentally the motion of particles travelling within, and/or dragged by, the fluid of 
light, when it is prepared in one of its possible quantum states (e.g. superfluid), and we will investigate 
a quantum optomechanical engine that we have designed on paper recently and theoretically simulated, 
and that we will investigate experimentally in this context. (An example of our preliminary results is 
published in [P. Stepanov et al. Nature Comm. 10 3869 (2019)]) 
 
Possible collaboration and networking: 
 
This work involves a close collaborations with a renowned team of theoreticians (A. Minguzzi and 
colleagues, LPMMC, Grenoble), as well as several international collaborations (Australia and 
Germany in particular). As an intern, the candidate will participate in the development of a new 
experimental tool based on Doppler spectroscopy to detect particle motion within the fluid, and in the 
research of the “first light” signal. The internship can be followed by a 3 year PhD position. 
 
Required skills: 
 
The applicant should have a solid base in one of the 
following: photonics, quantum mechanics and/or 
thermodynamics, solid-state physics/optoelectronics. 
 
Starting date: Contact the supervisor.  
 
Contact:  
Name: Maxime RICHARD 
Institut Néel - CNRS   
e-mail: maxime.richard@neel.cnrs.fr 
 
More information: http://neel.cnrs.fr 

Fig.: Illustration of a new cooling mechanism that we 
have demonstrated using a quantum fluid of light 
[S. Klembt et al. Phys. Rev. Lett. 114, 186403 (2015)]. 


