
 

 

 

 

 

 

 

 

 

 

Light scattering by a dense, microscopic cloud of cold atom two level 
atoms 
S. Jennewein,  L. Brossard, Y.R.P. Sortais,  A. Browaeys (LCF, IOGS), P. Cheinet, J. Robert, P. Pillet (LAC, CNRS). 

The study of the coherent scattering of light in a dense medium has regained a new interest in the few last years, owing to its 
important implications for applications to atomic sensors, atomic clocks, nano-optics and the study of ultra-cold atomic 
gases. When the medium is dense and the frequency of the light is tuned near an atomic resonance, the light induced 
dipoles are large and interact via the dipole-dipole interactions, which in turn modify the scattering. This effect may 
ultimately affect the accuracy of atom-based sensors such as atomic clock. 
 

 
  
Many experimental works have been devoted to the study of scattering by dilute cold laser-cooled atomic samples. 
However the case of high density has been much less explored. In the first experiment in this regime, performed  in 2014 at 
the Institut d’Optique using a dense, microscopic cloud of cold rubidium atoms, the state-of-the art theoretical model 
failed to reproduce the data, most likely due to the complicated internal structure of the atoms. In the framework of the PhD 
thesis of Stephan Jennewein (project ECONOMIQUE, collaboration between LCF and LAC), we have measured the 
coherent response of the cloud (see figure a), but this time applying a strong magnetic field (300 G) to isolate a two-level 
structure in rubidium (figure b). We measured the trasnmission of a probe propagating through the cloud for different atom 
numbers (from 5 to 100, figure c). Moreover we developed a new model based on the generalization of the Bloch-Maxwell 
formalism, which bears the potential to explore the high intensity regime in the future. The results are in much better 
agreement wit the data than any previous studies: this is the first time a theory is able to fit experimental results in this high-
density regime. This opens new perspectives to realize recent proposals, such as a mirror consisting of a plane of atoms 
structured in an array, or non-linearities induced by the interactions that could provide new ways to generate non-classical 
states of light.  

S. Jennewein,  L. Brossard, Y.R.P. Sortais, P. Cheinet, J. Robert, P. Pillet, A. Browaeys, Coherent scattering of near-resonant light 
by a Dense, Microscopic Cloud of cold two-level atoms: experiment versus theory, to be submitted to PRX (2017) 

Résultats obtenus dans le cadre du projet ECONOMIQUE financé par le thème 1 du LabEx PALM et porté par Antoine 
Broaweys (LCF) et Patrick Cheinet (LAC). 
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FIG. 3: Measured transfert function |S(!)|2 as a function
of the detuning � = ! � !0 for an ensemble of N two-level
atoms, for various atom numbers. (Red, light green, black,
purple, green, blue): N = (5, 10, 20, 45, 60, 100). The lines are
fits by a Lorentzian function.

ment of the transmission function T (!) obtained with the
CCD camera. The results of a lorentzian fit are shown
in Fig. 4. As for the transfer function, the line shifts
towards the red with increasing atom number, broadens
and saturates. However, the amplitude of the transmis-
sion dip is smaller than for the coherent transfer function
S(!). We will give an explanation of this fact in Sec. V.

IV. THE MULTI-MODE MAXWELL-BLOCH
MODEL

We now introduce a model to explain our data. It is
a multi-mode generalization of the Maxwell-Bloch treat-
ment of the propagation of a light field in a medium con-
sisting of N two-level atoms with ground and excited
states |gi and |ei respectively [1, 40]. Our model has two
main assets: first it can easily be extended beyond the
regime of the linear response of the atoms and, second,
it requires much less computational power to solve than
the coupled-dipole model.

FIG. 4: (a) Shift �c, (b) width �c and (c) amplitude A, of
the transfert function |S(!)|2 extracted from a Lorentzian fit
of the data, as a function of the number of atoms. Red circles:
two-level atom case as shown in Fig. 3(a). Blue squares: for
comparison, multi- level atom case (B = 0), from our previous
work of Ref. [10]. The lines are phenomenological fits to the
data (linear function for the shift and width, and exponen-
tial for the amplitude). In green circle, the same quantities
deduced from the Lorentzian fit of the transmission shown in
Fig. 3(b). The error bars are from the fit (REALLY??).

A. Presentation of the model

In this Section, we outline the derivation of the equa-
tions of the model, with an emphasis on the main ap-
proximations. We leave the rather gory details of the
calculations to Appendix A.

We start from the master equation ruling the den-
sity operator �(t) describing a collection of N , two-level
atoms [1, 40] in the presence of a driving field propagating
in the e

z

direction with a wavevector kL (see the geome-
try in Fig. 1), and with amplitude EL = ~⌦L/d. Here d

is the dipole matrix element of the transition from |gi to
|ei, with frequency !0 = 2⇡c/�. We obtain the density
operator for the atom j of the ensemble by tracing over
the l 6= j other atoms: �

j(t) = Tr
l 6=j

[�(t)]. This leads
to the equation (in representation interaction) on the op-
tical coherence �

j

eg

of atom j in the presence of all the
other atoms:
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