
New trendsin Bose-Einsteincondensation Exercise1

Coherence prop erties of a contin uous atom laser

Considera non-interacting Bosegasin a one-dimensionalwaveguide: the transversemotion
of the atoms along the x; y directions is con�ned by a cylindrically symmetric, harmonic
trapping potential of frequency! ? , while the longitudinal motion along the z direction is
free. The gas is assumedto be at thermal equilibrium at a temperature T in a reference
frame moving at a speedv along the trap axis z.

1. Show that no Bose-Einsteincondensationcan occur in this systemat any value of
the linear density n1d.

2. Show that the maximal linear density of atoms that can be accommodated in the
excited states of the transverse harmonic potential has a �nite value nc

1d. What
happensif the density is higher n1d > nc

1d ?

3. Restricting your attention on the macroscopicallypopulated ground state of the
transverseharmonic trap, give an expressionfor the longitudinal momentum distri-
bution and the longitudinal one-body correlation function g(1) (z; z0) = h	 y(z) 	( z0)i
of the gas.

4. Give an explicit expressionfor the coherencelength `c as a function of the thermal
de Broglie wavelength � T =

p
2� ~2=mkB T and the linear density in the transverse

ground state n0
1d.

5. Comment these predictions of a "transverse BEC" e�ect in view of atom optical
applications.

NOTE : you should look on the web for the original research papers ONLY after having
performedyourselves the calculations.
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