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Spectrum of Light Scattered from a Weakly Interacting Bose-Einstein Condensed Gas
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Light scattered off a dilute Bose-Einstein condensed gas of atoms at large detuning, besides a broad
background, shows two symmetrically placed peaks whose intensities are related by detailed balance and
whose frequencies depend on the product of the number of atoms in the condensate and the scattering
length.

PACS numbers: 03.75.Fi

The recent achievement of Bose-Einstein (BE) condentreatment [7] to that end. As the detuned light couples
sation in a gas of atoms confined by a magnetic trap [1] hat® the local number density of the atoms [7] the relevant
stimulated renewed interest in the question as to what sigscattering function is as usual [14] given by
natures Bose-Einstein condensation imprints in the spec- 1 —BE
trum of light scattered from atoms in such a condensate Sk, w) = 7 Z,e :

[2-7]. Recently, Javanainen [7] calculated the spectrum K
of light, in the limit of large detuning, when scattered from X Ku'lp®)Iw*8(ho — E, + Eu),(2)

atoms in anideal Bose gas of a size much larger thanwherew andk denote the change of frequency and wave

the scattered Wave_length. He identified a two-peak SUGector of the photon. The detailed balance condition
ture of the scattering functio§(k, w) at o = *wg as S(k, 0) = e P S(k, —w) at finite temperature will au-

an indicator for the presence of a Bose condensate. He . — :
hw and ik are the energy and momentum transfer in theESmatlcally give rise to a symmetrically placed two-peak

light scatteringiwg — Jik?/2m andk = |k|. Similar re- structure ifS(k, w) develops a sufficiently sharp peak at a

sults for the scattering function are discussed in [8]. nonzero frequency. The density fluctuation operatd)

S o . for k # 0 can be expressed in terms of the atom creation
The quasiparticle excitation spectrum of a dilute Bose-, S
. : ) . ) and annihilation operators as
Einstein condensed gas, according to Bogoliubov’s theory

[9—12] is given by [13] p(k) =N (ax + al) + D alaxiq, @3)
hk ) 1 q#0,—k
@k = 5o (k% + 16mnaf)2, (1) and (2) is most conveniently evaluated after diagonalizing

the Hamiltonian by performing the transformation to

where n is the number densityf’ the fraction of atoms pggggliubov's quasiparticles in a standard manner [8,12].
in the condensate (which may take any value between %16 result takes the following form:

and 0 if Huang's formulation of the theory is used [11]),
and a the scattering length fos-wave scattering. For
k* > l6mnaf Eq. (1) predicts a frequency shifty, —

wRp = % mnaf which is constant, i.e., given sufficient
resolution, never becomes negligible. For application to
experimentally realized Bose condensates it is therefore + Sk, w), 4)
necessary to ask how the results of [7] are modified by

the two-particle interaction. We extend here Javanaine|n’where the background is given by

N — ay)
B Al + ay) (1

X [6(w + wi) + e PTs(w — wy)]

Sk, w) + (nk))

1+ (ng) (1 + (n + 2 1+ 2
Sh(k,w) _ Z ( < q>)( <2q+k>) (ag aq+k) |:2< aqaq+k> e*ﬁhwq«#ké(w + wq — wqﬂ()
q#0,—k 2h(1 — aq)(l — agik) aq T ag+k
+ 6(w + wq + wqrk) + e Plleqtoud gy — wq — wq+k):|. (5)
Here, | For temperatures above the critical temperature for BE
condensation these formulas apply with
wyg - 2
<nk> = [e'Bh - 1] 1’ akg = O’ Wk = % — %, f = 0,
_ 272 _ / 27,2
ak = 1+ A%k 1 ARV + ATKZ, n (< 0) is the chemical potential. The two peaks (4)
A = (8wnaf) 2. above the broad background generalize the result of [7]
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and go over into that result #> > 167 naf is satisfied, sate in light scattering [7] contains essential information
apart from the constant frequency shift already mentionedabout the condensate and the interaction.

Therefore, given sufficient resolution in frequency, the R.G. wishes to thank the Physics Department of the
important parametetaf can be determined from the po- University of Auckland for hospitality during his visit.
sition of the sharp line. FAdF — 0 the double peak struc- The authors would like to thank Lev Plimak and Péter
ture, required by detailed balance for finife disappears. Szépfalusy for useful remarks. This research was sup-
Then f — 1 — 8/3/na®/m [11] and the spectrum (4) ported by the Deutsche Forschungsgemeinschaft SFB237

has a single sharp line ai = —wy from the excitation Unordnung und grosse Fluktuationen, the New Zealand
of single quasiparticles, and a broad background from th&oundation for Research Science and Technology, and the
excitation of pairs of quasiparticles. Marsden Fund.
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