New trendsin Bose-Einsteincondensation Exercise4

Bose condensates with attractiv e interactions

Consider a condensateof N atoms with a negative scattering length a < 0 trapped in
a harmonic potential of frequency! . Using a variational Gaussianansatz of the form

(r) = C exp( r?=2 2?) for the macroscopicwavefunction, determine the conditions for
the existenceof a stable stationary state as a function of a, N, ! and the dimensionality
d = 1;2; 3 of the system.

1.
2.

Calculate the normalization constart C as a function of N and

Determine the qualitative shape of the energylandscape Egp( ) as a function of
the variational parameter . To this purpose,it can be useful to identify the
dependenceof the di erent energyterms, namely the kinetic, the trapping and the
interaction energiesand then to comparetheir behavior in respectively the ! 0
and ! 1 limits.

. Point out the qualitativ e di erences betweenthe d < 2 and the d > 2 cases.

. In the d = 3 case,calculate the maximum number of atomsthat canbe presen in a

condensatebeforethe cloud collapses.

. In the d = 1 case,calculate the exact solution of the stationary GP equationin the

untrapped! = 0 case.Provide a physical interpretation for this self-bound state.



