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1. Finite-Size Effects of Bosons in Harmonic Trap

•Grand-canonical partition function:
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•Evaluation of functional integral [1]:
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•Effective potential:
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•Gross-Pitaevskii equation:
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•Particle number equation:
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• Semiclassical approximation 0<b=~ωβ�1 [2]:
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•Robinson formula for natural indices l [3]:
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•Results [2,4–7]:
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2. Critical Temperature of Dirty Bosons in Harmonic Trap

•Experimental realization: laser speckles [8,9]

Experimental setup: [8]
N ≈ 3·105 87Rb atoms

ε ≈ 10 µm

harmonic trap:

ω = 2π·40 Hz

los =
√

~/Mω ≈ 1.7 µm

Top: Density profiles of BEC for different speckle intensities
after 28 ms of expansion.

Bottom: Dipole oscillations for varying speckle intensity.

•Properties of random potential U(x) [6]:

Ensemble average: • =
∫

DU • P [U ] , 1 = 1
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•Grand-canonical partition function:
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•Effective potential: perturbative calculation

Γ[Ψ∗,Ψ] =
1

β





 + − − −
1

2
+ . . .







G0(x1, τ1;x2, τ2) = 1 2 ,
−1

~

∫

~β

0
dτ1

∫

d3x1U(x1) =
1

,

Ψ∗(x1, τ1) = 1 , Ψ(x1, τ1) = 1

Extremalization:
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•Thermodynamic limit: ω → 0, ε→ ∞, and N → ∞
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•Results for N = 105 and R̃ = R/(~ω)2 l3os:
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•Remark: interaction-induced shift of critical temperature experimentally resolved [11,12]
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