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Experimental platform for the study of emergent collective light-scattering phenomena

When light impinges on an atomic ensemble, it polarizes the atoms. The induced dipoles can then interact with each 
other. If the light is nearly resonant with the atomic transition, and the ensemble is dense, the induced interaction is 
strong enough to modify starkly the atomic radiation pattern. In our group, we have already measured the effect of this 
resonant dipole interaction of the optical response of a dense cloud of ultracold atoms trapped in an optical tweezer 
[Pellegrino, PRL 2014, Jennewein, PRL 2016]. Our measurements demonstrated that the effect of interactions is not 
properly accounted-for in the existing theoretical models. This is a very hard quantum many-body problem: the 
atomic ensemble in the presence of spontaneous emission is indeed a dissipative spin system. In controlled 
experimental conditions, one can then expect emergent collective quantum phenomena. It was thus suggested that 
interactions could lead to strong collective effects in ultracold atoms, notably a full reflection is predicted for a dense, 
single layer of atoms, arranged in a particular geometry [Bettles, PRL 2016, Shahmoon, PRL 2017] (Figure). Such 
interface with a strong light-matter interaction could have application in quantum optics protocols.  

We are looking for a motivated graduate student on this project to prepare such atomic layer with controlled geometry, 
based on the techniques developed in our group. We will then optically probe the layer and study its response to light, 
its dependence on disorder, atomic spacing… 
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Figure: In an ordered atomic layer, the light-induced resonant dipole-dipole 
interactions can lead to emergent collective effects such as a full reflection 
for a given geometry at a particular spacing (right, From Bettles, 2016).
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