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Abstract

A recent time-of-flight expansion experiment for polarized fermionic erbium atoms managed to detect a Fermi surface deformation which is due to the dipolar interaction [1]. Here we perform a
systematic study of quench dynamics of trapped dipolar Fermi gases at zero temperature, which are induced by a sudden change of the magnetic field, which enforces the polarization of the magnetic
moments of the erbium atoms. As this modifies the equilibrium configuration, oscillations of the fermionic erbium cloud emerge around the new equilibrium, which are characteristic for the presence
of the dipole-dipole interaction. In order to analyze the emergent dynamics we follow Ref. [2] and solve analytically the Boltzmann-Vlasov equation within the relaxation approximation in the vicinity
of the new equilibrium configuration by using a suitable rescaling of the equilibrium distribution [3]. The resulting ordinary differential equations of motion for the scaling parameters are solved
numerically for experimentally relevant parameters in the collisionless regime. A comparison with a corresponding linear stability analysis reveals that the resulting quench dynamics can be understood
in terms of the low-lying collective modes due to the smallness of the dipolar interaction strength. All our theoretical and numerical calculations can be tested in current experiments with ultracold
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dipolar fermionic atoms.

% The sample in experiment [1] contains N = 7 - 10* fermionic 7Er atoms
* Atoms are confined into harmonic trap with frequencies (wg, wy, w,) = 2m(579, 91, 611) Hz

x The atomic cloud is imaged with an angle of o = 28° with respect to the y-axis
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Quench Dynamics in Real Space

*x Dynamics in the real space can be described in terms of scaling parameters b; and aspect ratio Ap(t):

Rg:b(1)

ARlt) = = -
(r3) cos? o + <T§> sin” \/ R2_b2(t) cos? a + R2, b2(t) sin® a

Case 1: z — x quench

ay~-y

/ =“NIIIIINE - 8 A A A A
T y 102 1.0005
Fig. 1. (a) Experimental setup in Ref. [1]; (b) case 1: z — x quench; (c) case 2: z — y quench 1.01
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where f denotes the anisotropy function |2|
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*x Dynamics in the momentum space can be described in terms of aspect ratios Ay;(t) = \/ (k?) /{k2), where
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expectation values are given by:
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Case 2: z — y quench

Fig. 5. Time evolution of b; and Ag after 2 — y quench.

x Using Fourier transformation we get dominant oscillation frequencies for b;(t) for z — y quench:

(), = 1165 - 27 Hz.
)y = 18527 Hz,

(2, =1230 - 27 Hz.
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Fig. 2. Aspect ratios in the momentum space after z — = quench.
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Fig. 3. Aspect ratios in the momentum space after z — y quench.
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