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FIG. 3: Density profiles of trapped Fermi mixtures with imbalanced populations. The first row (a-d) shows the averaged
column density profiles for various temperatures (red: majority, blue: minority, black: difference). The majority radius R↑
was determined from the outer region (r > R↓, R↓: the radius of the minority cloud) of the majority profiles using a fit to a
zero-temperature Thomas-Fermi (TF) distribution (black dotted lines). The column densities are normalized by the central
value of the fitted TF distribution. The second row (e-h) and the third row (i-l) show the reconstructed 3D profiles and the
spin polarization profiles σ(r) corresponding to the profiles in a-d. The core radius Rc was determined as the peak (and/or
kink) position in the column density difference (only for a-c), indicated by the up arrows and the dashed lines. The two spin
polarizations σc at r = Rc and σs at r = Rc − 0.05R↑ are marked by the right and left arrows, respectively. T ′, σc, Rc/R↑, R↑
(in µm), N↑, δ (in %) and λ were respectively: (a, e, i) 0.03(1), 0.34, 0.43, 385, 5.9(5)× 106, 44(4), 6.15; (b, f, j) 0.05(2), 0.24,
0.39, 416, 1.0(1) × 107, 48(4), 6.5; (c, g, k) 0.07(1), 0.21, 0.29, 443, 1.2(2) × 107, 54(4), 6.5; (d, h, l) 0.10(1), not determined,
not determined (σr=0 = 0.15 and condensate fraction = 2(1)%), 398, 5.3(4)× 106, 54(4), 7.7.

was restricted depending on the type of analysis. The
density profiles n(r) were determined from the 3D recon-
struction using the inverse Abel transformation of the
column densities ñ(r) [25]. Deviations from the trap as-
pect ratio were only found for the outer thermal wings
and will be discussed below. More detailed description
of the experimental procedure and the image process-
ing is provided in appendix. Most of our measurements
were performed at a total population imbalance δ ≈ 50%,
where δ = (N↑ −N↓)/(N↑ + N↓) refers to the total atom
numbers in the sample, N↑ and N↓ of the spin ↑ and ↓
components, respectively.

Figure 3 displays the radial profiles of the densities
n↑(r) and n↓(r) of each component and the correspond-
ing spin polarization σ(r) for various temperatures. The
discontinuity in the spin polarization, clearly shown at
very low temperature, demonstrates the phase separa-
tion of the inner superfluid of low polarization and the

outer normal gas of high polarization. At low tem-
perature the core radius Rc is determined as the kink
(and/or peak) position in the column density difference
profile. At high temperature (but still in the superfluid
regime), the discontinuity in σ(r) disappears. At our
lowest temperature, the radii of the minority cloud and
the core region were measured as R↓ = 0.73(1)R↑ and
Rc = 0.430(3)R↑ (at δ = 44(4)%), respectively, and agree
with recent theoretical calculations [10, 29] within the ex-
perimental uncertainties due to the determination of δ.
Here, R↑ is the radius of the majority cloud, measured
as R↑ ≈ 0.95RTF (RTF is the Thomas-Fermi (TF) ra-
dius of a non-interacting Fermi gas with the same atom
number of N↑), reflecting the attraction between the two
components.

Thermometry of a strongly interacting Fermi gas
In most cold atom experiments, temperature is deter-


