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Abstract

Recent experimental progress in trapping and cooling heteronu-
cler molecules down to their rovibrational ground state [1–5]
has brought fermionic systems interacting through the long-
range and anisotropic electric dipole-dipole interaction within
experimental reach. In order to describe such a polarized dipo-
lar Fermi gas in the hydrodynamic regime, where collisions as-
sure local equilibrium, we work out a variational time-dependent
Hartree-Fock approach. We then determine statical as well as
dynamical properties of such a system as, for instance, the equi-
librium aspect ratios, the frequencies of the low-lying excitations
and the time-of-flight expansion.

Time-dependent variational approach [6,7]
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Factorization of 1-p orbitals [8] ⇒ Time-even Slater determinant
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•Time-even 1-p density matrix
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•Wigner transformation
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•Mean-field energy contributions
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•Variational ansatz
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•Equations of motion (•̃ represents • in units of the free gas)
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with the auxiliary functions
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F (ϕ, q) and E(ϕ, q) are elliptic integrals with ϕ = arcsin
√

1 − x2 and
q2 = (1 − y2)/(1 − x2); f1(x, y) = ∂xf(x, y), f2(x, y) = ∂yf(x, y)
⋆ f(x, x) = fs(x) positive (negative) for x < 1 (x > 1) [9,10]

Equilibrium properties [11,12,6,7]

•Equilibrium conditions
d2R̃i
dt2 = 0

•Aspect ratio in real space

0 2 4 6 8
0

1

2

3

4

5

6

ǫdd

R̃xλ

R̃z

λ = 5

λ = 6

λ = 5

λ = 4

λ = 3

λ = 2

λ = 1

0 2 4 6 8
0

1

2

3

4

5
Rxλx

Rz

λy = 3

λy = 4
λy = 5

λy = 6

λy = 7

ǫdd

•Aspect ratio in momentum space and stability diagram
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Low-Lying excitations [13,14,6,7]

•Linerization of the equations of motion

R̃i = R̃i(0) + ηie
iΩt; K̃i = K̃i(0) + ζie

iΩt

equilibrium, oscillation amplitude, oscillation frequency

•Anisotropic momentum
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•Monopole (Ω+), quadrupole (Ω−) and radial quadrupole (Ωrq)
oscillation frequencies

For λ = 5 as a function of ǫdd As a function of λ for ǫdd = 0.5, 1.0
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Time-of-flight pictures [6]

The equations of motion are solved
while setting the harmonic restoring
force to zero.
On the right: Real-space (continu-
ous) and momentum-space (dashed)
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Perspectives

• Interpolation between hydrodynamic [6,7] and collisionless regimes [14]

• Spinorial degrees of freedom

•Crystal phases in harmonic traps and optical lattices
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[11] K. Góral, B.-G. Englert, and K. Rza̧żewski. Semiclassical theory of trapped fermionic dipoles. Phys. Rev. A 63, 033606 (2001).

[12] T. Miyakawa, T. Sogo, and H. Pu. Phase-space deformation of a trapped dipolar Fermi gas. Phys. Rev. A 77, 061603(R) (2008).
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