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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
dipolar fermionic atoms.

Experiment

⋆ The sample in experiment [1] contains N = 7 · 104 fermionic 167Er atoms

⋆ Atoms are confined into harmonic trap with frequencies (ωx, ωy, ωz) = 2π(579, 91, 611) Hz

⋆ The atomic cloud is imaged with an angle of α = 28◦ with respect to the y-axis

a) b)
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Fig. 1. (a) Experimental setup in Ref. [1]; (b) case 1: z → x quench; (c) case 2: z → y quench

Equations

⋆ The total number of fermions is:

N =
1

48
RxRyRzKxKyKz ,

where Ri and Ki represent variational parameters for the Thomas-Fermi radii and momenta, respectively

⋆ Static equations for the parameters Ki and Ri before the quench:
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where f denotes the anisotropy function [2]

⋆ Static equations after z → x and z → y quench can be obtained by permuting indices in static equations
before the quench according to the rules: {x → y, y → z, z → x} and {x → z, y → x, z → y}

⋆ Boltzmann-Vlasov equation in the vicinity of the new equilibrium configuration (after the quench) is solved
by using a suitable rescaling ansatz of the equilibrium distribution [3]

⋆ Equations of motion for scaling parameter bi after z → x quench in the collisionless regime:
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⋆ Equations for scaling parameter bi after z → y quench can be obtained by permuting indices in above
equations according to the following rule: {x → y, y → z, z → x}

⋆ Differential equations for bi(t) are solved numericaly with inital conditions bi(0) = Rbi/Rai, where indices b
and a denote the values of static parameters before and after the quench

Quench Dynamics in Momentum Space

⋆ Dynamics in the momentum space can be described in terms of aspect ratios AKi(t) =
√
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expectation values are given by:
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Fig. 2. Aspect ratios in the momentum space after z → x quench.
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Fig. 3. Aspect ratios in the momentum space after z → y quench.

Quench Dynamics in Real Space

⋆ Dynamics in the real space can be described in terms of scaling parameters bi and aspect ratio AR(t):
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Case 1: z → x quench
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Fig. 4. Time evolution of bi and AR after z → x quench.

⋆ Using Fourier transformation we get dominant oscillation frequencies for bi(t) for z → x quench:

Ωx = 1154 · 2π Hz ,
Ωy = 181 · 2π Hz ,
Ωz = 1220 · 2π Hz .

Case 2: z → y quench
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Fig. 5. Time evolution of bi and AR after z → y quench.

⋆ Using Fourier transformation we get dominant oscillation frequencies for bi(t) for z → y quench:

Ωx = 1165 · 2π Hz ,
Ωy = 185 · 2π Hz ,
Ωz = 1230 · 2π Hz .

Conclusions and Outlook

⋆ Quench dynamics is a consequence of dipole-dipole interaction

⋆ Dominant frequencies of the oscillations are nearly twice the trap frequencies Ωi ≈ 2ωi

⋆ Study of time-of-flight images obtained for various holding times after the quench

⋆ Eigenvectors and eigenfrequencies for collective oscillation modes: from collisionless to hydrodynamic regime

⋆ Development of the formalism for arbitrary magnetic field and imaging direction

References

[1] K. Aikawa, S. Baier, A. Frisch, M. Mark, C. Ravensbergen, and F. Ferlaino, Science 345, 1484 (2014).
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