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There has recently been much interest in the study of collective light-matter 

interactions, where the dynamics of an individual scatterer depend on the state of the entire 
multi-scatterer system.  In contrast to systems in which the atom-atom coupling and scatter 
mechanism are based on stimulated emission (e.g. lasers), ensembles displaying emergent, 
global synchronization can lead to light sources [1] and materials [2] with novel properties. 
Superradiance (or superfluorescence) is a particularly interesting example of this 
phenomena.  While early studies of superradiance focused on collective scattering via the 
emitters’ internal degrees of freedom, recent work in cold atoms demonstrates that formally 
identical behavior arises through the manipulation of the center-of-mass positions and 
momenta of cold atoms: instead of the atoms scattering light individually, a self-assembled 
density grating enables the entire ensemble to coherently scatter light as a single entity. 
    In this talk, I discuss my 
observation of a collective, 
superradiant instability that results in 
the steady-state emission of intense, 
multimode optical fields from a cloud 
of cold atoms [3].  Unlike in previous 
works, superradiance occurs in the 
absence of an optical cavity and 
without requiring quantum 
degeneracy. The system’s transition 
to a superradiant state coincides with 
the onset of global spatial organization 
in   three dimensions through the 
breaking of continuous translation 
symmetry in the cold atomic vapor. To explain and interpret these results, I discuss the 
physical mechanism underlying this emergent self-organization in terms of a wave mixing 
process [4] and map out the boundary between the normal and superradiant phases.  This 
result has applications in the areas of quantum information, all-optical switching, 
multidimensional optical soliton formation, and the generation of tunable short-wavelength 
light. 
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