Excitation of phonons in a Bose-Einstein condensate by light scattering

Light scattering imparts momentum to the condensate and creates an excitation (which
can be a phonon or a free particle). A detailed study of the scattered light should
therefore reveal a detailed picture of the Bose condensate similar to the case of superfluid
helium where neutron scattering was used to obtain the spectrum of elementary
excitations.

In previous work [1] we showed how a condensate responds to a large momentum
transfer which lead to particle-like excitations. Light scattering at small angles does not
impart enough momentum to the condensate to create arecoiling atom. Instead, it creates
a sound wave by “optically imprinting” phonons into the gas. A sound wave is a
collective excitation of all the atoms in the system and therefore requires that the atoms
don’'t act as individual atoms, but show correlated motion. It has been predicted that this
correlated motion results in much weaker light scattering than for free atoms. We found
a significant decrease of the rate of light scattering in the phonon regime, providing
dramatic evidence for the presence of correlated momentum excitations in the many-body
condensate wavefunction [2]. For high-density condensates, even large-angle scattering
is in the phonon regime. Therefore, this effect should turn a “pitch-black” condensate
transparent since the collective nature of the condensate suppresses its ability to scatter
light.
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