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FIG. 5: σ-T phase diagram for a homogeneous spin-polarized
Fermi gas with resonant interactions. The critical polariza-
tions σc (black solid circles and square) and σs (gray solid cir-
cles) are displayed along the local T/TF↑ at the phase bound-
ary. The yellow area (σs < σ < σc) represents a thermody-
namically unstable region, leading to the phase separation.
Above the tricritical point, the phase transition in the center
of the cloud was observed by the onset of pair condensation.
For this, a cloud was evaporatively cooled, until it crossed
the phase transition on a trajectory almost perpendicular to
the phase transition line (see appendix). The critical spin
polarization and temperature were obtained by interpolating
between points without and with small condensates (black
solid square). The linear fit to the σc’s is shown as a guide
to the eye for the normal-to-superfluid phase transition line.
Each data point consists of five independent measurements
and error bars indicate standard deviation. The blue open
symbols show theoretical predictions for the critical tempera-
ture of a homogeneous equal mixture (!: Bulgac et al. [7], ":
Burovski et al. [8], !: Haussmann et al. [9]) and the critical
polarization at zero temperature (": Lobo et al. [10]). The
blue solid square is the measured critical temperature from
Luo et al. [22], multiplied by

√
ξ with ξ = 0.42 [11] to obtain

local T/TF at the center. Finite temperature correction may
increase the effective value of ξ.

teractions in the normal phase in an accurate way, also
predict a high critical imbalance σc0 > 90%. Strong in-
teractions between the atoms in the normal phase, how-
ever, have been observed through the compressed shape
of the minority cloud [18] and the shift in the RF excita-
tion spectrum [27]. The data in Figure 5 clearly establish
a zero-temperature CC limit for σc0 in the range of 30%
to 40%.

The density profiles at our lowest temperature pro-
vide quantitative information on the zero-temperature
thermodynamics [28, 29]. At zero temperature, the
global chemical potential of a fully-paired superfluid in
the core is given as µs0 = ξεF = ξh̄2(6π2ns0)2/3/2m

where εF is the local Fermi energy and ns0 is the ma-
jority (or minority) density at the center, whereas µ↑0 =
h̄2(6π2n0)2/3/2m and µ↓0 = η0µ↑0. From the thermo-
dynamic equilibrium condition µs0 = (µ↑0 + µ↓0)/2, we
obtain the chemical potential ratio as

η(r) =
η0 − r2/R2

↑
1− r2/R2

↑
= 2

ξ(ns0/n0)2/3 − 1
1− r2/R2

↑
+ 1. (1)

In our coldest sample (δ ≈ 45%), the normalized cen-
tral density and the radii for the phase boundary and
the minority cloud were measured to be ns0/n0 =
1.72(4), Rc/R↑ = 0.430(3), and R↓/R↑ = 0.728(8), re-
spectively, yielding ηc = η(Rc) ≈ 0.03 and η↓ = η(R↓) ≈
−0.69 with ξ = 0.42 [11]. Furthermore, the critical dif-
ference is given as hc/µ = (1− ηc)/(1+ ηc) = 0.95. Since
theory clearly predicts µ < ∆ [9, 11], we have hc < ∆.
If hc were larger than ∆, polarized quasi-particles would
have negative energies and form already at zero temper-
ature. Therefore, up to our observed value of hc, the
fully-paired superfluid state is stable, and a polarized su-
perfluid exists only at finite temperature.

The interface between two immiscible fluids involves a
surface energy, leading to at least a small violation of the
LDA. However, the observed sharp interface along the
an equipotential line and the flattop structure of the lin-
ear density difference profiles (Fig. 2d and e) imply that
corrections to the LDA are smaller than the resolution
of our experiment. These observations are inconsistent
with the interpretations given for the experimental re-
sults reported in ref. [20, 21], where it has been shown
that highly-elongated small samples are deformed by sur-
face tension [30, 31]. The scaling of those surface effects
to our parameters predicted a deviation of the aspect ra-
tio of the superfluid core of ≈ 15% from the trap aspect
ratio [31], whereas we observe this deviation to be smaller
than 2%. Note that surface tension would add energy in
the phase-separated superfluid regime and would shift
the CC limit to smaller values. Ref. [20, 21] concluded
that the CC limit should be δc0 > 95% which is ruled
out by our observations. We are not aware of any sug-
gested effect which can reconcile the data of ref. [20, 21]
with our phase diagram for a resonant superfluid. To in-
dentify this finite size effect and to fully understand the
nature of the normal state [27] are still open questions
for imbalanced Fermi gases.

Conclusions
We have established the phase diagram of a homogeneous
spin-polarized Fermi gas with resonant interactions in the
σ-T plane. This includes the identification of a tricritical
point where the critical lines for first-order and second-
order phase transitions meet, and the final confirmation
of a zero-temperature quantum phase transition, the CC
limit of superfluidity, for a gas at unitarity. So far, pre-
dicted exotic superfluid states such as the breached-pair
state in a stronger coupling regime (“BEC side”) [13, 32]


