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Optical forces on two-level atoms from a single frequency of light have been extensively
studied and exploited for many years. The results have been beam slowing, optical molasses,
optical lattices, optical traps, band structure effects, and many others [1]. Within a few years
after the early experiments, it became clear that this simple view was inadequate, and that
the multiple level structure of real atoms was necessary to explain some experiments.

Perhaps the most dramatic impact came from the discovery of cooling below the Doppler
temperature TD ≡ h̄γ/2kB, where kB is Boltzmann’s constant [2]. This could be explained
only by polarization gradient cooling in atoms with multiple ground state levels, and was
labeled “Sisyphus cooling” in Ref. [3]. In addition to this Sisyphus cooling, many more
phenomena could be described. These include the magneto-optic trap (multiple excited state
levels) and velocity selective coherent population trapping (multiple ground state levels).

Thus the extension from two-level to multi-level atoms gave an unexpected richness to
the topic of atomic motion in optical fields. It seems natural to expect that a comparable
multitude of new phenomena is to be found for the motion of atoms in multi-frequency fields
[4], but this subject has not received as much attention.

We have studied the enormous increases in both the strength and velocity capture range
of optical forces on atoms resulting from both bichromatic and swept frequency light [5].
This talk will address the huge forces resulting from such polychromatic light, with partic-
ular focus on swept frequency light implemented by adiabatic rapid passage. It uses only
stimulated transition processes, and the absence of spontaneous emission allows coherent
exchange of momentum between atoms and light. The consequences are impressively larger
forces with comparably larger velocity capture ranges, and perhaps further exploration of
atom cooling without spontaneous emission [6].
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