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]

One-particle (1 p) Hamiltonian
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Action becomes
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Wigner transformation
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Variational ansatz
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Equations of motion (e represents e in units of the free gas)
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F(p,q) and E(yp, q) are elliptic integrals with ¢ = arcsin /1 — 22 and

C]2 — (1 - yQ)/(l - $2)7 fl(may) — axf(xay)a fQ(may) — ayf(a:,y)
* f(x,z) = fy(x) positive (negative) for x < 1 (x > 1) 9,10

Equilibrium properties [11,12,6,7]
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Aspect ratio in real space
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Low-Lying excitations [13,14,6,7]

Linerization of the equations of motion
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The equations of motion are solved
while setting the harmonic restoring
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force to zero.
On the right: Real-space (continu-

ous) and momentum-space (dashed) . cad ]
for eqq =0, 0.3, 1.8 and A = .75 S e

Perspectives

[nterpolation between hydrodynamic [6,7] and collisionless regimes |14]
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Spinorial degrees of freedom

Crystal phases in harmonic traps and optical lattices

Acknowledgements

We acknowledge financial support from the German Academic Exchange Ser-
vice (DAAD), from the Innovationsfond of the Freie Universitat Berlin, and
from the German Research Foundation (DFG) within the Collaborative Re-
search Center SFB/TR12 Symmetries and Universalities in Mesoscopic Sys-
tems.



Dipolar Fermi Gases in the Hydrodynamic Regime

Aristeu Limal and Axel Pelster®:?
I Institut fiir Theoretische Physik, Freie Universitit Berlin, Arnimallee 14, 14195 Berlin, Germany

UNIVERSITAT
2 Fachbereich Physik, Universitat Duisburg-Essen, Lotharstrasse 1, 47048 Duisburg, Germany D U IS BURE

STnstitut fiir Physik und Astronomie, Universitit Potsdam, Karl-Liebknecht-Str. 24 /25, 14476 Potsdam-Golm, Germany

References

K.-K. Ni et al. A high phase-space-density gas of polar molecules. Science 322, 231 (2008).

S. Ospelkaus et al. Efficient state transfer in an ultracold dense gas of heteronuclear molecules. Nat. Phys. 4, 622 (2008).

J. J. Zirbel et al. Heteronuclear molecules in an optical dipole trap. Phys. Rev. A 78, 013416 (2008).

S. Ospelkaus et al. Ultracold polar molecules near quantum degeneracy. Faraday Discuss. 142, 351 (2009).

K.-K. Ni et al. Dipolar collisions of polar molecules in the quantum regime. Nature 464, 1324 (2010).

| A. R. P. Lima and A. Pelster. Collective motion of polarized dipolar Fermi gases in the hydrodynamic regime. Phys. Rev. A 81, 021606(R) (2010).
A. R. P. Lima and A. Pelster. Dipolar Fermi gases in anisotropic parabolic traps. Phys. Rev. A 81, 063629 (2010).

M. J. Giannoni et al. Variational derivation of nuclear hydrodynamics. Phys. Lett. B 63, 8 (1976) and references therein.

D. H. J. O'Dell, S. Giovanazzi, and C. Eberlein. Ezxact hydrodynamics of a trapped dipolar Bose-Finstein condensate. Phys. Rev. Lett. 92, 250401 (2004).
10| K. Glaum et al. Critical temperature of weakly interacting dipolar condensates. Phys. Rev. Lett. 98, 080407 (2007).

11] K. Goral, B.-G. Englert, and K. Rzagewski. 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).

13] K. Goral, M. Brewczyk, and K. Rzagewski. Hydrodynamic excitations of trapped dipolar fermions. Phys. Rev. A 67, 025601 (2003).

14] T. Sogo et al. Dynamical properties of dipolar Fermi gases. New J. Phys. 11, 055017 (2009).

15| M. Amoruso et al. Collective excitations of a degenerate Fermi vapour in a magnetic trap. Europ. Phys. J. D 7, 441 (1999).

e R S T O N

—
L OI




