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FIG. 2: The dimensionless convex function h(y) [18]
that defines the average pressure density P(µa, µb) =
2
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[µah(y)]5/2/(6π2), where y = µb/µa. In addition

to the constraints discussed in [18] (with the updated value
ξ = 0.40 [15, 16]), we have included the constraint imposed
by the parametrization of the normal state energy defining
the aslda functional and shown in Fig. 1 (thin solid blue
line). The pressure of the lo states are shown by the thick
red curve. The y dependence of the amplitude of the pairing
field ∆ = max{|∆(z)|} and the period L are shown as in-
sets, with normalizations that are described in Fig. 3. In the
absence of any other phases, our calculations suggest a sec-
ond order transition at yLO−N , and a first order transition at
yLO−SF , with the amplitude ∆ rising smoothly from ∆ = 0
to just below ∆0 at yLO−SF . The period also rises from a
minimum value LLO−N at yLO−N , to a finite maximum value
LLO−SF at yLO−SF . Were the transition at yLO−SF smooth,
LLO−SF → ∞ would diverge. Sample profiles for the states
marked × are shown in Fig. 3. (Colour online.)

lack of scales at unitarity – between L and the average
energy and pressure densities: L ∂P/∂L = 2E−3P . This
ensures that the unitary relationship P = 2

3
E is satisfied

by the physical state.
At unitarity, one may fully characterize all stable

phases by the single parameter y = µb/µa as de-
scribed in [18]. We start by describing the homogeneous
and isotropic states supported in the aslda functional:
For y < y0 [18], the system is a fully-polarized non-
interacting Fermi gas (Na); between y0 < y < yLO the
highest pressure corresponds to a partially polarized two-
component Fermi gas; and above yLO < y < 1, the fully-
paired superfluid has the highest pressure. The point
yLO is where the pressures of the partially polarized nor-
mal and fully-paired superfluid states are equal. This is
where the energetic competition of the normal and su-
perfluid states is minimized, and thus where the lo state
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FIG. 3: A single period exhibiting the spatial dependence
of the pairing field ∆(z) (top) and the number densities
of the majority (dotted) and minority (solid) species (bot-
tom). Profiles are shown for the values of y = µb/µa ∈
(yLO−N , yLO−SF ) indicated by × on the curves in Fig. 2.
The pairing field is expressed in terms of the gap ∆0 of the
competing superfluid state of the same average chemical po-
tential µ+. The amplitude increases smoothly from zero at
yLO−N , where the profile is almost sinusoidal, to a critical
value slightly less than ∆0 at yLO−SF , where the profile as-
sumes a domain wall structure. The units of the densities
and periods are chosen by fixing the chemical potential differ-
ence µ− to facilitate comparison with trap experiments: In a
trap, µ− is globally fixed while the average chemical potential
µ+(r) = µ0 − V (r) varies with the trapping potential V (r).
The densities and length scales are normalized to the density
n0 and interparticle spacing l0 of a single species in the fully-
paired superfluid at yLO−SF . Thus, the changes in magnitude
demonstrate how the parameters decrease with y as one moves
towards the edge of the trap (see [13, 18] for details). Large
oscillations of the minority component break translation in-
variance, giving the lo state the crystalline properties of a
quantum solid. These induce large oscillation in the mean-
field potentials (not shown), and have a significant impact on
the normal correlation energy. For this reason, all the terms
in the energy density functional are critical for a proper de-
scription of the lo phase. The majority component exhibits
much smaller oscillations because the larger local kinetic en-
ergy density suppresses gradients. (Colour online.)

is most likely to occur. For y > 1, the picture is re-
versed with the species a ↔ b exchanged. Our aslda

parametrization does not admit any stable homogeneous
gapless superfluid (breached pair) states [10].

As shown in Fig. 2, we find competitive lo solutions
for a large range of the parameter y ∈ (yLO−N , yLO−SF )
with finite periods in the range LLO−N ≤ L ≤ LLO−SF .
At yLO−N , the transition appears to be second order, with
max{|∆(z)|} → 0 vanishing smoothly from the lo phase
to the normal phase, while at yLO−SF , the transition ap-
pears to be first order, with the order parameter abruptly
loosing its spatial oscillations at a finite period LLO−SF .
The remaining normal states between y0 < y < yLO−N

would be susceptible to the Kohn-Luttinger instability,


