
Light Scattering from Cold Rubidium Atoms

M.D. Havey,1 Brent Jones,1 Joshua Carter,1 Kasie J. Kemp,1 Stetson

J. Roof,1 William Guerin,2 I. M. Sokolov,3 and D.V. Kupriyanov3

1Department of Physics, Old Dominion University, Norfolk, VA 23529
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Recent research has shown that a dense, cold, and nondegenerate sample of atoms, subject to near resonance
optical excitation, can show surprising physical responses significantly different than the corresponding warmer
atomic gas. Among the intriguing effects are subradiant or superradiant optical response for spatially extended
and quite low density samples. For cooperative behavior like subradiance or superradiance, one emerging picture is
that the atomic gas is collectively excited by a weak and near-resonance probe, and that the radiative dipole-dipole
interaction leads to cooperative coupling among all the particles in the system. The presence of the longer
range part, scaling as (1/kr), can lead to substantial effects even at relatively low atomic densities. Even when
interactions are small, an atomic sample can reveal collective behavior in fluorescence channels. Such behavior
emerges directly as a function of the on-resonance optical depth, detuning from atomic resonance, and sample
geometry, but the natural scale parameter is the on resonance optical depth.

We have performed both quasi steady state and time resolved experiments which investigated, over a fairly wide
range of atomic sample characteristics, the intensity and time evolution of light scattered from a dense and
cold atomic gas of atomic rubidium. The steady state measurements showed strong variations in the intensity
of scattered light as a function of experimental variables such as sample aspect ratio, number of atoms in the
sample, and spectral detuning. All these data show the same scaling with optical depth; both microscopic
quantum simulations and a random walk calculations yield good agreement with experiment. In time resolved
measurements, done in a single photon regime, we have observed super radiant emission in the near forward
direction. The rate of decay in a range around 2 ns → 20 ns is found to scale linearly with the on resonance optical
depth; the rate is in good agreement with a coupled dipole model of the process.

In this talk we summarize the results of the studies described above, with particular attention to data and analysis
considered in the steady state. As time permits, we also discuss our measurements of the number of atoms
in our samples based on an optical pumping method, and the dependences observed on detuning and probe intensity.
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