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We discuss cooperative effects in light scattering by a cold atomic cloud, with a special emphasis on an ab 

initio microscopic description of the atoms in vacuum, the particles being coupled to each other only 

through their radiation. Many fundamental cooperative phenomena can be recovered, such as 

superradiance, subradiance or collective Lamb shift. 

Many effects are well captured by mean-field approaches, using either Rayleigh scattering or the so-called 

‘timed-Dicke state’. Yet optically dense samples require a non-homogeneous description of the dipole 

excitation profile in the cloud. Mie scattering is one such theory that describes the various anisotropic modes 

present in a cloud, yet this continuous description of the cloud fails to capture disorder-related phenomena 

(e.g. coherent back-scattering). This continuous 

approximation is also commonly used to study one-

dimensional photonic band-gaps (transfer matrix 

theory), yet it cannot be generalized to higher 

dimensional systems. 

We thus discuss the validity of these various 

approaches, in particular the observables that are 

correctly by each theory. The microscopic modelling 

remains superior in the number of well-described 

phenomena, although it is a challenging many-body 

problem. As an example of analytical result that can be 

obtained, we discuss results for coherent back-

scattering from clouds of arbitrary geometries. 
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Figure: Incident and radiated field from an optical lattice 
composed of 104 atoms, using an ab initio microscopic 
description. The model describes correctly both coherent 
backward radiation and speckle. 
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