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Motivation: By means of the Boltzmann-Vlasov equation (BVE) we investigate dynam-
ical properties of a trapped dipolar Fermi gas at zero temperature. In order to determine
an approximative solution, we follow Ref. [1| and rescale both space and momentum vari-
ables, thus obtaining ordinary differential equations for the respective scaling parameters.
Then, we procced by linearizing these equations around the equilibrium in order to study
the low-lying excitations of the system. Within the relaxation-time approximation for the
collisional integral, our approach is able to describe the low-lying excitations all the way
from the collisionless |2] to the hydrodynamic |3,4] regime.

Equation of Motion of the Fermi (as

* Many-body Hamiltonian
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* Field operators satisty anticommutation relations
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* Dynamics described by Wigner function
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spatial density is given by
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* Time evolution of v governed by Boltzmann-Vlasov equation derived by applying per-
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turbation theory in interaction up to second order and by assuming a weakly varying
trapping potential [5]
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* Description of collision integral in terms of relaxation time approximation |6]
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with relaxation into local equilibrium I..[v'¢] = 0

Frequency-interpolation under assumption of collisions do
not change spatial distribution (b; = b\°)
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Scaling Ansatz

x Perform the scaling ansatz with global equilibrium ¢/ [1]

v(x,q,t) = I’ (r(t), k(t))
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* Taking moments of the rescaled BVE leads to ordinary differential equations for respective

scaling parameters (r;k; for b;’s and k7 for ©,’s)
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with rescaled variables r; =
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x Ansatz for the global equilibrium distribution function 2/
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* Consider dipole-dipole interaction and harmonic trap
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where Cyq = pom?* in magnetic case and Cyq = 4md?* in electric case with electric (d) and
magnetic dipole moments (m)

* Differential equations for scaling parameters
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where f is the anisotropy function, w; the trap frequency in the i-th direc-

tion and coupling constant ¢y measuring the strength of the dipolar interaction

* Determining the scaling parameters O
via a minimization of Hartree-Fock en-

ergy
* Plot of the anisotropy function |[7—10]

10

Frequency-interpolation under assumption of collisions can

change spatial distribution (b; # b%e)

* Plots of real and imaginary parts ot three-dimensional quadrupole, radial quadrupole and x Plots of real and imaginary part of three-dimensional quadrupole and monopole mode for

monopole mode for cylinder symmetric system over relaxation time
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*Interg;ol_ations give the hydrodynamic limit of |3,4] and the
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Numerical values: A = 5 and dimensionless dipole-dipole strength €4q = =
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a cylinder symmetric system over relaxation time
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collisionless limit of [2]* The hydrodynamic limit is different from |3,4], so that we included horizontal lines showing
the correct limit
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where @ is the geometric average of trap fequencies
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