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Wave propagation in diffusive media is an important subject for numerous fields (medical imaging, acoustics,
seismology, stellar physics,…). The experiments that we pursue in our team make use of an original medium: a coldatom cloud. The peculiar properties of this diffusive medium (strong resonances, quantum internal structure of the
scatterers, mechanical effects of light on the atoms, quantum effects…) give rise to a very rich physics. One of the
subjects we are studying is cooperative scattering.
When a photon is sent onto an atomic ensemble, it interacts collectively with the N atoms of the cloud and not simply
with one of them. This results in measurable modifications in the scattering rate, the emission diagram or the temporal
dynamics. We study these cooperative effects experimentally and theoretically. Recently, we managed to observe
subradiance [1], and superradiance in the linear-optics regime [2]. We are now performing complementary
experiments on subradiance in order to understand the influence of multiple scattering and of the atomic thermal
motion.
The next step will be to add “on-site disorder” in the system, i.e., to change randomly the atomic resonant frequencies
of each atoms. One idea to do so is to use the light-shift (AC Stark shift) induced by a 3D speckle pattern illuminating
the atoms. There are two reasons to perform this experiment. First, it could be a way to enhance the relative weight of
the subradiance states, which would make them easier to detect and to use for quantum-optics applications. Second, as
suggested recently [3], it could induce a spatial localization of the subradiant modes with phase transition induced by
the disorder, sharing similitudes with the celebrated Anderson localization.
The internship can be either numerical or experimental. If numerical, the goal will be to use the coupled-dipole model
to test how on-site disorder can enhance subradiance, and to determine what experimental signature to look at for
detecting the localization effect. If experimental, the goal will be to design, set up and characterize the optical system to
produce the 3D speckle pattern, then to set it up on the cold-atoms apparatus and, if time allows it, to participate to a
first series of experiments on subradiance with on-site disorder.
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