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Titre du stage / internship title: Quantum metamaterials for light-emitting metasurfaces 
Incandescence, that is thermal emission, is generally seen as emitting only polychromatic, isotropic radiation. It is then 
possible to modify the properties of the emitted light by adding filters, polarizers, or optical components. This tends to 
make light sources less energy efficient (the flux is reduced), bulky and less compact, more difficult to design. One of 
the focus of our research group is to investigate the fundamental processes of spontaneous light emission to understand 
how to build light sources providing on-demand properties, without requiring external components. 
 
Indeed, our group has shown that an adequate design of a photoluminescent or electroluminescent, or even of a 
thermal source can produce a directional, polarized and a spectrally narrow lightflux : light with on-demand 
properties. 

 
Then, how can we engineer these properties ? We know that cavity quantum 
electrodynamics or antenna physics teaches how to optimize the emission of a 
single emitter using a cavity or a resonator, therefore controlling the polarization, 
wavelength or the directivity of the source. Many light sources and related 
applications requiring much more power than few single photons however rely on 
the use of many emitters (like an ensemble of fluorescent molecules), spread over 
a much larger volume and area, and coupled to an array of resonators or antennas. 
We call these systems light-emitting metasurfaces. Providing models for such 
systems cannot be performed by simply extending the case of a single emitter to 
a direct sum of the contributions of all independent emitters. Many emitters close 
to each other happen to interact and build more collective behaviors best described 
using statistical physics.  
 
The goal of the internship is to engineer and characterize light sources based on ensembles of quantum dots directly 
delivering light with controlled properties, that is quantum metamaterials for light-emitting metasurfaces. The work 
will involve theory, numerical modelling, experiments, and topics including light-matter interactions at the nanoscale, 
electromagnetism, statistical physics. 

 
A PhD can follow the internship after successful application to relevant funding 
sources. The Quantum Nanophotonics and Plasmonics team investigates the 
physics and engineering of spontaneous light emission (fluorescence, 
incandescence, electroluminescence, at different scales (quantum regime with 
single photon and single atoms, condensates, collective effects, photon 
condensates, condensed matter). 
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