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1. Introduction

•Anharmonic Trap:
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•Experimental Data [1,2]:

ω⊥ = 2π × 64.8 Hz, ωz = 2π × 11 Hz,

k =
(h̄/Mωz)

2

h̄ωz
K = 0.4, N = 3 · 105, as = 5 nm

Ω = 0...1.04 × ω⊥, Mass = 87Rb x
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Fig. 1: Schematic plot of the trapping potential.

Thermodynamic

•Grand-Canonical Ensemble:

Z =
∑

ν

exp [−β(Eν − µNν)] , Semiclassic:
∑

ν

→

∫

d3xd3p

(2πh̄)3

•Grand-Canonical Free Energy: F = N0(µc − µ) −
ζ4(e

βµ, Ω)
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Dynamic

•Gross-Pitaevskii Equation: i∂tΨ(x, t) =

[

−
h̄2

2M
∆ + V (x, Ω) +

4πh̄2as

M
|Ψ(x, t)|2

]

Ψ(x, t)

•Hydrodynamics [3]: Ψ(x, t) = |Ψ(x, t)|eiS(x,t) , Thomas-Fermi Density: S = −
µt

h̄
+ s(x)

•Dynamic Properties: Eigenmodes and Expansion out of the Trap with Variational Method (Ritz) [4-6]
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2. Thermodynamic Properties

•Number of Particles [7]: N = N0 +
ζ3(e

βµ, Ω)

β3h̄3ωz(ω2
⊥ − Ω2)
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Fig. 2: Critical temperature Tc versus rotation
frequency Ω for various anharmonicities k.
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Fig. 3: Condensate fraction N0/N versus temper-
ature T for two rotation frequencies Ω.

•Heat Capacity [7]: F = U − TS − µN −→ CV =
∂U

∂T
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Fig. 4: Heat capacity CV versus temperature T .
For high temperatures T → ∞, the
heat capacity approaches the Dulong-Petit
limit (DP) of 2.5 kBN .
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Fig. 5: Heat capacity CV versus temperature T . Hori-
zontal line is the Dulong-Petit limit T → ∞, the
solid lines correspond to the heat capacity, and
the dashed lines are approximations.

3. Dynamic Properties

•Thomas-Fermi Density [3,8]: N =

∫

d3x
M

4πh̄2as

[µ − V (x, Ω)]Θ[µ − V (x, Ω)]
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Fig. 6: Thomas-Fermi density n(r) in the xy-
plane for various rotation frequencies Ω.
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Fig. 7: Thomas-Fermi radii versus rotation fre-
quency Ω.

•Eigenmodes and Expansion [6,8]:
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Fig. 8: Three eigenmodes of the condensate versus rotation frequency
Ω. Blue lines correspond to the variational calculation, the
dashed red lines to the Thomas-Fermi approximation.
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Fig. 9:

Aspect ratio of the condensate widths versus
time. Part (a) compares harmonic and anhar-
monic trap for Ω = 0, part (b) shows the effect
of rotation.
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[4] V.M. Pérez-Garćıa, H. Michinel, J.I. Cirac, M. Lewenstein, and P. Zoller, Low Energy Excitations of a Bose-Einstein Condensate: A Time-Dependent Variational Analysis, Phys. Rev. Lett. 77, 5320 (1996)

[5] S. Stringari, Collective Excitations of a Trapped Bose-Condensed Gas, Phys. Rev. Lett. 77, 2360 (1996)

[6] T.K. Ghosh, Vortex Formation in a Fast Rotating Bose-Einstein Condensate, Phys. Rev. A 69, 043606 (2004)

[7] S. Kling and A. Pelster, Thermodynamic Properties of a Rotating Ideal Bose Gas, cond-mat/0604162

[8] S. Kling and A. Pelster, to be published


