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Abstract

A recent experimental realization of an ultracold quantum degenerate gas of YK8"Rb molecules 1] opens up a new chapter in exploring strongly dipolar Fermi gases and many-body phenomena arising in
that regime. This includes the deformation of the Fermi surface (FS) for polarized systems, where the electric dipoles have a preferential orientation, which can be achieved using an external field. Compared
to atomic magnetic species |2, 3], this effect is significantly increased in ultracold Fermi gases of polar molecules, and the stability of the system is expected to strongly depend on its geometry. Here |4] we
generalize a previous Hartree-Fock mean-field theory for the Wigner function, which now takes into account that the cloud shape in the ground state is determined not only by the trap frequencies, but also
by the dipoles’ orientation. In the special case of a spherically symmetric trap, the cloud is elongated in the direction of the dipoles, similar to the F'S. We obtain a universal stability diagram for dipolar
fermions and calculate the corresponding F'S deformation for an arbitrary orientation of the dipoles, demonstrating the great promise for the exploration of degenerate molecules in electric fields, where the
strong dipole-dipole interaction dominates. These results are important for designing future experiments with polar molecules, as well as for the interpretation of measured data, including the dynamics and
the time-of-flight expansion.
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* Our system: quantum degenerate Fermi gas of IV polar molecules at T'= 0K Fig. 3. (a) Universal stability diagram for harmonically trapped ultracold dipolar Fermi gases at quantum degeneracy.
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x Molecules are trapped by a harmonic potential with frequencies (wy;, wy, w;)
* Shapes of molecular cloud and F'S are assumed to be ellipsoids Fermi Surface Deformation
* Ansatz for the Wigner distribution function in global equilibrium is a Heaviside function

* Cylindrical symmetry of the F'S remains in a plane perpendicular
to the direction of the dipoles d
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x Matrix B is determined by the orientation of the dipoles, and has a diagonal form in the coordinate 0 o) 0
system Sl B — ]RT(@/ / 7 gp/ / )BR(Q’ / 7 gpl / ) Fig. 5. (a) Angular stability diagram of trapped K8 Rb: critical value of the electric dipole moment d" as a function of
dipoles’ orientation for the same parameters as in experiments of Ref. [1]. (b), (¢) Angular dependence of A for a fixed
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where £; and K57 denote equilibrium radii and momenta of the atomic cloud and 5 in direction 2 * Dynamics is described by the quantum Boltzmann approach within the relaxation-time approximation

* The total number of fermions is (we drop prime and double prime symbols from &; and K) * System is in the collisional regime at very low temperature — self-consistently determined 7 [2]

N = — R:z; R,R. K, K K, * Number of molecules is N = 3 x 10% and the dipoles are parallel to z axis

48 x AR is calculated using the imaging angle of 68.5° [1], in geometry of Ref. |2]
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Lo ; yy ; Inset is done for d = 0.35 D and (w,, wy, w.) = 27 x (250, 150, 100) Hz.

x F'S orientation coincides with the orientation of the dipoles, i.e., 8” = 6 and " = ¢ Conclusions and outlook

x The variational parameters R;, K;, 0', and ¢ are determined by minimizing the total energy under the

constraint that the particle number IV is fixed to a given value * Fermi surface deformation strongly depends on the orientation of the dipoles of polar molecules
* Note that the generalized anisotropy function satisfies [3| x Self-consistent 7 needed for describing the TOF dynamics of polar molecules
* Obtained equations of motion for scaling parameters applicable to other non-equilibrium scenarios,
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Ea(z,y,0,0,0,0) = fa(z,y,0,p) =sin" 0 cos” pf oL + sin” 0 sin Sﬁf "y + cos” 0 f(x,y) e.g., parametric modulation of trap frequencies or strength of the dipolar interaction
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