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2 Hanse-Wissenschaftskolleg, Lehmkuhlenbusch 4, 27753 Delmenhorst, Germany

Bogoliubov theory
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•C-number approximation: N0 ≫ 1 b̂0 ≈ b̂†0 ≈
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•Bogoliubov transformation: B̂k = ukb̂k + vkb̂
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•Diagonalized Hamiltonian:
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•Effective potential:
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Landau theory

•Quantum and thermal fluctuations: smallness parameter η
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•Condensate density:
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•Superfluid density: (ns)ij = nδij − (nn)ij
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Dipolar Bose gas

• Interaction potential: Cdd = µ0m
2 (atomic origin) ,Cdd = 4πd2 (molecular origin)
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•Condensate depletion:
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•Validity range: blue: ǫdd = 0 , yellow: ǫdd = 0.8
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•Superfluid density: (nn)|| ≤ (nn)⊥

Sound velocities

•Anisotropic Landau-Khalatnikov two-fluid model [1]

•Long-wave length dispersion relations:

ω2
1/2 = (k sinϑ k cosϑ)

(

u2⊥ 0
0 u2||

)

(

k sinϑ
k cosϑ

)

•Sound velocities perpendicular to dipoles (γ = 0.06):
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•Sound velocities parallel to dipoles (γ = 0.06):
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first sound: pressure and density wave (red) , second sound: entropyand temperature
wave (blue)

[1] C. Wille and A. Pelster, to be published


