New trendsin Bose-Einsteincondensation Exercise8

The ground state of a BEC

The ground state of a BEC is de ned in the Bogoliubov theory asthe vacuum state of the
guasi-particle modes
Bjgi=0  forall k (1)

As the quasi-particle operators are a linear conmbination of destruction and creation oper-
ators and Y, the Bogoliubov ground state doesnot correspnd to a pure condensate.
In this exercisewe proposeto study someof its mostimportant propertiesin the simplest
caseof a homogeneousystem.

1. Calculate the ground state momerium distribution n(k) of non-condensegatrticles.
In particular, determineits asymptotic form for small and large values of the mo-
mertum k. What is the characteristic length scaleseparatingthe two regimes?

2. Prove the Wiener-Khintchine theoremthat statesthat the Fourier transform of the
one-body density matrix

D (r;r9 =) " (r9i (2)
is proportional to the momertum distribution:
Z
dRd € OR:R+ )= n(k): (3)

3. Usingthe Wiener-Khintchine theorem,determinethe asymptotic behavior of M (r;r9
in the limits jr  r9 ! 0;1 . Give a physical interpretation of the former result in
terms of the scattering wavefunction for two-body collisions

a
jirr9

(r;r9 ' 1 for jr r§! 0 (4)

4. What happensif the value of the atom-atom scattering length a is suddenly varied
in time? What is the maximum rate at which a can be varied without creating
excitations in the system?

5. Characterizethe properties of the excitation that is createdin the system. In partic-
ular, what is the e ect of the changeof a in the density-density correlation function
of the gas?



