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Figure 7. (color online) Comparison of the power spectrum
(averaged over the time after “switch off”) for different mo-
mentum modes for the tdslda and the etf. The fluctuations
in the slda drop down at a faster rate than the gpe.

breaking excitation, demonstrating the amplification of
short-wavelength modes.

All of this evidence is commensurate with the fun-
damental failure of the etf to properly describe pair-
breaking excitations above ! > 2� that appear to
be present in all simulations (except the vortex-less
vstir = 0.1 simulation). In the tdslda, these excitations
break superfluid pairs, transferring energy to the normal
component of the fluid which is absent in the etf. This
provides a damping mechanism for the superfluid in the
tdslda that allows the vortex lattice to crystallize. In
the etf, these excitations must remain in the superfluid
and scatter off of the vortices, preventing the lattice from
crystallizing.

To check this, we can consider the superfluid order
parameter �. Pair-breaking effects reduce the amount of
superfluid, resulting in a decrease in the total integrated
gap as the tdslda, whereas the corresponding quantity
in the etf, the particle number, remains conserved (9):

tdslda:
Z

d3~x |�|2 vs. etf:
Z

d3~x | |2. (13)

To realize pair-breaking physics in an etf-like model,
one needs to introduce an additional thermal “normal”
component to the system, transferring energy and mass
to this as excitations exceed the pair-breaking thresh-
old. To test the validity of this notion, we compare in
Fig. 8 the evolution of the integrated pairing gap (13)
in the tdslda with the integrated order parameter in
the etf after coarse-graining the field  with a filter
that removes excitations above q & 1.3k

F

. (We simply
smoothed the 64

2 simulation with a two-dimensional
Gaussian smearing function of spatial width 0.75/k

F

.)
The qualitative agreement here shows that this char-

acterization of the superfluid to normal conversion is
reasonable. This is visually confirmed in Fig. 5 where
we also include a coarse-grained representation of the
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Figure 8. (color online) Conservation of the integrated squared
pairing gap (squared smoothed  ) for the simulations for
vstir = 0.1v
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density (smoothing now the density ⇢ = 2| |2 rather
than  ).

A similar coarse graining of the evolved etf was per-
formed in [36] to compare with the shock-wave experi-
ment [9]. The agreement there confirms this picture that
the etf is suitable for modelling bulk dynamical prop-
erties. Note, however, that the difference in dynamics
here is in contrast with the implied claim of Refs. [36]
that the coarse graining is simply needed to replicate the
averaging implied by imaging. Contrasting the vortex
dynamics here suggests that the actual motion of topo-
logical defects through the Fermi gas cannot be properly
modelled by the simple etf. The agreement seen be-
tween [36] and [9] thus supports the conclusion that
these differences do not affect bulk dynamical proper-
ties.

Coarse graining also adds density to the core of vor-
tices, bringing the density more closely in line with that
of the slda. In a proper two-fluid model, these effects
would increase the effective mass of topological defects,
for example, altering their dynamical behaviour as was
observed for soliton dynamics.

The degree to which the integrated gap
R
|�|2 is con-

served provides a measure of the extent to which one
can trust the qualitative results of the etf model, and
Fig. 8 shows that a reasonable estimate of this can be
obtained from

R
| ̄|2 where  ̄ is  smoothed on a scale

of q ⇡ 1.5k

F

– i.e.  ̄ is the result of applying a low-pass
filter to  excluding Fourier components with k > 1.5k

F

.


