
New trendsin Bose-Einsteincondensation Exercise11

The Goldstone mode of a non-equilibrium BEC

A genericmodel of non-equilibrium condensationcan be obtained starting from the semi-
classicalLamb-Haken theory of laser. In a spatially extendedplanar geometry, this ap-
proach leadsto a classical�eld equation of the form:
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The cut-o� frequencyof the planar cavit y is ! 0, m� is the e�ective photon mass,g is the
nonlinear interaction constant,  is the linear lossrate, P0 is the pump strength and P1 is
the gain saturation. All parameterswill be kept �xed but for the pump intensity P0 which
is spannedacrossthe condensationthreshold at P0 =  .

1. Assumingthat condensationtakesplaceat k = 0, evaluate the steady-stateconden-
satewavefunction as a function of P0 and identify its singularity at the threshold.

2. By linearizing the �eld equationaround the steady-statesolution, study the behavior
of the e�ective damping rate of uctuations as the pump strength P0 tends to the
threshold from below, P0 !  � .

3. For a pump strength above the condensationthreshold P0 >  , discussthe spectrum
of Bogoliubov excitations around the condensate.In particular:

(a) Identify the Goldstonebranch and discussthe qualitativ e shape of its dispersion
in the low-k region

(b) Provide a physical interpretation of the two branches

(c) Discussthe behavior of the density relaxation rate asa function of P0 when the
threshold is approached from above. How would density uctuation appear in
an intensity correlation measurement?
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