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1. Reentrant Effect in Optical Lattice

3
e Periodic potential [1,2]: V(x) = Vo Zsinz(kﬂi) , Er =
i=1

e Tight-binding approximation [3]:
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e Quantum phase diagram from Bose-Hubbard model [4,5]:
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2. Reentrant Effect in Power Potentials

e Trapped Bose gas with d-interaction:
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e Trapping potential [8-10]: | = relfe
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e T.-shift: —y = c1a+ (3 Ina +c2)a” + O (a%)
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e Methods: perturbative and nonperturbative [23,24]

3. Canonical Approach to BEC

e Recursion for partition function [25,26]:

1 N

Zn®) = 5 > (e )Zn_n(B) with Zo(B) =1
n=1 k
e Ground-state occupancy [27]:
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e Goal 1: Treat two-particle interaction
e Goal 2: Determine depletion and superfluid density
e Method: Variational perturbation theory [23,24]

4. Chrom BEC
e Stuttgart experiment in the group of T. Pfau [28]:
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e Interaction potential:
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. 5
magnetic moment of 52Cr: m = 6 mp

s-wave scattering length [29]: as = 105 ap

Critical temperature versus particle number:
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e Goal: Temperature dependence of condensate density and heat
capacity

e Method 1: Mean-field theory

e Method 2: Exact canonical calculations

5. Rotating BEC

e Potential in co-rotating frame [30,31]:

e Goal 1: Collective modes at T' =0
e Goal 2: Melting of vortex lattice [32] due to central depletion [30]

e Method: Variational perturbation theory [23,24]

6. Josephson Effect near Feshbach Resonance

e Hamiltonian: Hiot = Y, Ho+ Hr

a=L,R
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e Goal 1: Study phase coherence between Cooper pairs and mole-
cules on different sides

e Goal 2: Control Josephson oscillations via detuning 61, r
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