Light in mesoscopic ensembles of atoms
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Abstract

In a dense and large ensemble of atoms, the atoms couple via the electromagnetic field

and their individual atomic states hybridize into collective atomic states. These collective
resonances can be largely de-tuned from the atomic resonance frequency and exhibit en-
hanced decay-rates (super-radiant states), lifetimes several orders of magnitude greater than
the one of single atoms (sub-radiant states) and even Anderson localization.
We study numerically the collective modes of ensemble of atoms randomly placed on a plane
in the middle of a Fabry-Pérot cavity whose boundary conditions allow only for one TM
propagative mode. Such geometry decouples the in-plane excitations (TM) from the out-of-
plane excitations (TE), allowing to study the impact of the scalar or vectorial nature of the
light on Anderson localization. Due to the cavity, the coupling between atoms via the TM
modes resembles the one of a 2D scalar problem, with a near field dipole-dipole interaction
inherited from the 3D nature of the problem. This allows to tune the effective dimension-
ality of the problem with the density of scatterers, giving rise to a localization transition.
Additionally, although not able to support transport in an empty cavity, TE modes allow
short range interaction between atoms that can restore transport at high enough densities,
giving rise to a different localization transition.
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