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Pairing and superfluidity in an imbalanced Fermi mixture has been an intriguing subject for

many decades, especially because of the possibility of new exotic ground states such as the

Fulde-Ferrell-Larkin-Ovchinnikov (FFLO) state
(1)
in which either the phase or the density of the

superfluid has a spatial periodic modulation. Mismatched Fermi surfaces can be created in electron

gases by applying magnetic field. However, the situation in conventional superconductors is quite

complicated due to spin-orbit coupling (i.e., the field is shielded by the Meissner effect). On the

other hand, in atomic Fermi gases one can prepare a sample with an arbitrary population ratio of

constituent components, since collisional relaxation processes are very slow. This unique feature,

together with tunable interactions using Feshbach resonances, allows the ultracold atomic Fermi gas

system to be a highly controllable model system for studying interacting Fermi mixtures. Recently,

the phase diagram of a strongly-interacting, polarized Fermi gas has been experimentally established

in the parameter space of temperature, spin polarization and interaction strength, verifying a

zero-temperature quantum phase transition from a balanced superfluid to a partially-polarized normal

gas at unitarity
(2)
.

Radio-frequency (RF) spectroscopy has been a successful method to probe the strongly

interacting Fremi gas. It measures a single-particle excitation spectrum by flipping the spin state of

an atom to a third spin state. Since a fermion pair can be dissociated via spin flip, RF spectroscopy

provides valuable information to understand the nature of pair correlations, such as binding energy

and pair size. In early experiments, a spectral shift has been observed in a Fermi gas at low

temperature and interpreted as a manifestation of pairing. However, it turned out that the spectral

line shape is severely affected by strong interactions of the third, final spin state and broadened due

to the inhomogeneous density distribution of a trapped sample, preventing clear comparison of the

experimental results to theory. We have developed new experimental techniques to overcome these

problems. In order to minimize final state effects we have exploited a new spin mixture of Li
6
, and

using a tomographic technique we have obtained local RF spectra from an inhomogeneous

sample
(3,4)
.

Figure 1 shows the RF spectra of the various phases in a trapped Fermi gas with population

imbalance. For a balanced superfluid, the majority and the minority spectra completely overlap,

showing the characteristic behavior of pair dissociation, i.e., a sharp threshold and a slow

high-energy tail. From the spectral width, we have determined the pair size to be 2.6(2)/kF at
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unitarity, about 20% smaller than the interparticle spacing
(4)
. These are the smallest pairs so far

observed in fermionic superfluids, highlighting the importance of small fermion pairs for superfluidity

at high critical temperatures. In a polarized superfluid, we have obtained a local bimodal spectral

response from majority component [Fig.1b]. This additional peak is the contribution of the excess

fermions, which can be identified as fermionic quasiparticles in a superfluid. RF spectroscopy of

quasiparticles provides a direct way to observe the superfluid gap in close analogy with tunneling

experiments in superconductors. At unitarity, the superfluid gap has been determined to be Δ=

0.44(3)EF
(5). In a polarzed normal phase, the spectral peak positions of two components become

different. At large spin polarization, a polaron picture has been suggested, in which minority atoms

are associated with weakly interacting quasiparticles in a normal Fermi liquid. Above a critical

coupling strength, this polaron evolves into a molecular dimer.

Figure 1: Tomographic RF spectroscopy of strongly interacting Fermi mixtures. A trapped, inhomogeneous sample has

various phases in spatially different regions. The spectra of each region (red: majority, blue: minority) reveals the nature of

pairing correlation of the corresponding phase. (a) Balanced superfluid. (b) Polarized superfluid. (c) Intermediate transition

region. (d) Highly polarized normal gas.
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