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1. ldeal Bose Gas

Partition Function: ZO0(p) = 7{ Dy Dap e~ A 1T/
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2.2. Calculations for Ideal Bose Gas

Field Decomposition:  (z,7) = Uo(x) + Y S‘ Uy W () €727 T/ 10

n#0 m=—o0

Free Energy: FO) = (FEo — M)/d35€ (Uo(x ) 4 — Z In {1 _ o B(En— u)}
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Order Parameter: No = /dSZU \\110(513)\2

Extremalization Condition: (Fy—pu)Vo(x) =0 = (Eyg—pu)Nog =0



2.3. Semiclassical Approximation
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Two Phases: Ny /N
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Critical Value: TC(O) — [



2.4. Critical Point
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Propagator: G(x, ;&' 7') = Z /27rh 27Tm D2 R
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Integral Kernel: G~ (m, p; X) = L] zmm + i +V(X)—p !
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Condition for Ground State: m=0 and p=20
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3.1. Dipolar Interacting Systems

Harmonic Trap: Vix) = %(wi T + wz y? + w2 22)
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Configurations in ®?Cr-Experiment:

Interaction: v nt) ()
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3.2. Theory

Partition Function: Z = %Dw* Dy =AW I/
h3

Action: Aly*, 4] :/ deT//dSZE &Pz’ (x, 1) G N, 132", 7) (2!, )
0

Full Integral Kernel: G~ Yz, 7;2',7) = GO (2, 712/, 7))

+ % S(r—1) (e, 7) VI (z—a) * (', )

1
Grand-Canonical Free Energy: F = 3 In Z



Approximation:

Direct Term:

Exchange Term:

Feynman Rules:

3.3. Perturbative Approach
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3.4. Perturbative Result
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Particle Number for T > T,:
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3.5. Renormalisation

Mean-Field Integral Kernel: Gz, r;2',7) = GO Y a, 7,2/, 7) — (e, 732, 7)

Self-Energy: (e, 72, 7)) = SE -+ 4@ R

1 2

Fourier Representation: G~ '(m,p; X) = _{_ mm- P

5 Tam

: FVX) | = S(m,pi X)

Renormalised Chemical Potential:  p+ A 3X(m=0,p=0; X 1in) = L

4a € W
Result for T > T M(I/H) = [y T [1 - 2P fs(I/H) ( —1 )] C3/2 <€BW)
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Critical Point:

3.6. Results

G~ (m=0,p=0; X nin) — 0

Critical Temperature Shift:
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3.7. Totaly Anisotropic Case

Trap Frequencies: wq > wo > ws Anisotropy Function: fs(k) — f(k,n)
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