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We present a kinetic model of optomechanical instabilities in a cold, collisionless atomic gas

driven by a single pump laser beam. Using this model we investigate optomechanical instabilities
which result in structuring of the light intensity and the atomic density transverse to the pump
propagation direction.

FIG. 1. Atomic distribution func-
tion f(x, v) showing optomechan-
ical instability-induced transverse
spatial modulation. The modula-
tion period Λc is much larger than
the pump wavelength.

Optomechanics, where the optical response of a medium re-
lies on the mechanical action of light, is a rapidly develop-
ing field. Laser cooled atoms, in particular, are an attractive
medium because they offer a high degree of experimental con-
trol and flexibility. In recent years, self-organizing instabilities
due to the opto-mechanical coupling of light and cold or ul-
tracold atoms have attracted remarkable interest. In many of
these schemes a pump beam is scattered by the gas into an
externally imposed mode (often selected by a cavity). The
interference between this mode and the pump then provides
a modulated light pattern, which via dipole forces leads to a
spatial rearrangement of atoms. The emerging density gratings
which result provide positive feedback by scattering photons
into the self-sustained mode. In these arrangements, the spa-
tial scale of the emerging structure is predetermined by the
light wavelength and the geometrical configuration.

We investigate a different type of instability, where spatial
organization emerges in the plane transverse to the propaga-
tion of a single beam, with self-selected scales which are typi-
cally much larger than the pump wavelength. Self-organization
in a counterpropagating geometry was first analyzed in [1]. In [2] it was shown that optomechanical
forces alone in a ring cavity configuration can lead to a self-structuring instability. In these studies,
strong velocity damping was provided by optical molasses. Recent experiments involving cold Rb
gas in a single feedback mirror configuration have shown self-structuring (and spontaneous sym-
metry breaking) due to optomechanical coupling, but in the absence of velocity damping [3]. The
need for a satisfactory understanding of these results has been a strong motivation for extending
the theoretical analysis of [1] and [2] to the velocity damping-free (kinetic) regime. We present a
kinetic model which describes the spatio-temporal dynamics of the optical field, the atomic density
and the atomic velocity distribution in the absence of velocity damping. Results from this model
show good agreement with the experimental observations of [3].
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