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Abstract

We investigate the influence of quantum fluctuations upon dipo-
lar Bose gases by means of the Bogoliubov-de Gennes theory.
Thereby, we make use of the local density approximation to eval-
uate the dipolar exchange interaction between the condensate
and the excited particles. This allows to derive the Bogoliubov
spectrum analytically in the limit of large particle numbers.
After discussing the condensate depletion and the ground-state
energy correction, we derive quantum corrected equations of
motion for harmonically trapped dipolar Bose gases by using
superfluid hydrodynamics. These equations are subsequently
applied to investigate the equilibrium configuration, the low-
lying oscillation frequencies, and the time-of-flight dynamics.
We find that both atomic magnetic [1–3] and molecular electric
[4–6] dipolar systems offer promising scenarios for detecting be-
yond mean-field effects.

Bogoliubov-de Gennes theory [7,8]
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• Interaction (s-wave, dipolar and relative interaction strength)
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•Bogoliubov prescription (mean-field and quantum fluctuations)

Ψ̂(x) = Ψ(x) + δψ̂(x)

•Fluctuation decomposition (Bogoliubov amplitudes)
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•Bogoliubov-de Gennes equation
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•Fluctuation Hamiltonian

HFl(x) = h0 − µ +
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• Semiclassical approximation [9]

εν → ε (x,k) , Uν → U (x,k) eik·x, Vν → V (x,k) eik·x

•Local density approximation for the exchange interaction [10,11]
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• Semiclassical Bogoliubov spectrum

ε2 (x,k) = ε2LDA (x,k)− ξ2 (x,k)

with the abbreviation εLDA (x,k) =
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and the Bogoliubov amplitudes
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•Condensate depletion
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•Ground-state energy correction
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•Auxiliary functions
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Variational superfluid hydrodynamics [7,8,12]

•Action
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•Mean-field energy density
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•Equations of motion with quantum corrections
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•Auxiliary functions A (x) = 1 +
3
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•Anisotropy function [13–18] fs(x) =
1 + 2x2
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Beyond mean-field aspect ratio [7,8]

•First order correction Ri = R0
i + δRi ⇒ κ ≈ κ0 (1 + δκ)
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Low-Lying excitations [7,8]

•Linearize the equations of motion according toRi(t) = Ri(0)+ηi sin (Ωt + ϕ)
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Time-of-flight dynamics [7]

• Set ωi = 0 in the equations of motion
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