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FIG. 4. (color online) Oscillations of a vortex ring in a harmonic trap on a 24⇥ 24⇥ 96 lattice (left) and a 32⇥ 32⇥ 128 lattice
(right). We start with a cylindrical cloud (not shown, see Ref. [30, 38]) with central density nF = k

3
F /3⇡

2 where the Fermi
wavevector kF = 1/�x = 1. The harmonic trapping potential along z is then increased slowly while applying the quantum
cooling algorithm described in [38] to cool the system to a state with two separated clouds. These are the phase imprinted with
�� = ⇡ and the knife edge is removed, allowing the soliton to evolve as shown. Movies, including a case for a 48⇥ 48⇥ 128
lattice, may be found in [30]. This ring then oscillates along the axis of the trap. In the smaller simulation, the ring does not
fully form, and it collapses in on itself, re-forming as a dark-soliton near the turning points. This behavior mirrors that seen in
BEC [25], but is demonstrated here for the first time in a fermionic system. This new domain wall exhibits the same initial
instability, and a vortex ring of the opposite circulation and similar size forms and moves back along the trap in the opposite
direction. This oscillation is at the limit of the fermionic equivalent of the domain-wall branch of these types of excitations [26].
Note that [26] also discusses collisions of these excitations, which are elastic at low energies. Reducing the width of the trap,
one will continuously approach the quasi-1D situation of oscillating domain walls. Note that the period T ⇡

p
3Tz in this case

approximately agrees with other the quasi-1D simulations [14, 17, 18]


