
Figure 1.6: Condensate fraction hn
k=0i/N vs temperatures T/t of a 202

square lattice at interaction U/t = 8 and average density hni = 1. In the
limit of high temperatures T/t, the condensate fraction vanishes and the
bosonic system becomes a normal fluid. Decreasing the temperature drives
the system into the superfluid phase, characterised by a large condensate
fraction. These values are computed from numerical exact Quantum Monte
Carlo methods.

1.1.5 Parabolic trapping

Bosons in an optical lattice are confined in a trapping potential V
T

(x), oth-
erwise they would fly apart. In the Greiner experiment, the confinement has
been realised with a tight Gaussian laser focus[?], as schematically illustrated
by figure 1.1.5. Here, pairs of counter-propagating gaussian laser beams set
up an optical lattice, with an additional parabolic trapping term due to the
Gaussian beam waists in the vicinity close to the trap centre. Taking into
account also all other parabolic trapping, i.e. V

T

(x) = V
T

x2, where V
T

is the
strength of the parabolic trapping, the trapped boson Hubbard hamiltonian
reads
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For a weak parabolic trap (small V
T

), the local density approximation (LDA)
readily estimates the density profile, i.e.
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i
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uniquely determines the density hnLDAi as if the system
is locally homogeneous. In the validity regime of LDA, we get a first insight on
how the Mott plateau emerges with increasing interactions U/t, as illustrated
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