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We have observed Fermi polarons, dressed spin-down impurities in a spin-up Fermi sea of ultracold

atoms. The polaron manifests itself as a narrow peak in the impurities’ rf spectrum that emerges from a

broad incoherent background. We determine the polaron energy and the quasiparticle residue for various

interaction strengths around a Feshbach resonance. At a critical interaction, we observe the transition from

polaronic to molecular binding. Here, the imbalanced Fermi liquid undergoes a phase transition into a

Bose liquid, coexisting with a Fermi sea.
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The fate of a single impurity interacting with its environ-
ment determines the low-temperature behavior of many
condensed matter systems. Awell-known example is given
by an electron moving in a crystal lattice, displacing
nearby ions and thus creating a localized polarization.
The electron, together with its surrounding cloud of lattice
distortions, phonons, forms the lattice polaron [1]. It is a
quasiparticle with an energy and mass that differ from that
of the bare electron. Polarons are central to the under-
standing of colossal magnetoresistance materials [2], and
they affect the spectral function of cuprates, the parent
material of high-TC superconductors [3]. Another famous
impurity problem is the Kondo effect, where immobile spin
impurities give rise to an enhanced resistance in metals
below the Kondo temperature [4]. In contrast to the elec-
tron moving in a phonon bath, a bosonic environment, in
the latter case the impurity interacts with a fermionic
environment, the Fermi sea of electrons.

Here we study a small concentration of spin-down im-
purities immersed in a spin-up Fermi sea of ultracold
atoms. This system represents the limiting case of spin-
imbalanced Fermi gases and has been recognized to hold
the key to the quantitative understanding of the phase
diagram of imbalanced Fermi mixtures [5–16]. Unlike in
liquid 3He, the s-wave interaction potential between the
impurities and the spin-up atoms in this novel spin-
imbalanced Fermi liquid is attractive. The vicinity of a
Feshbach resonance allows tuning of the interaction
strength at will, characterized by the ratio of the interpar-
ticle distance!1=kF to the scattering length a, where kF is
the spin-up Fermi wave vector [17]. Figure 1 depicts the
scenario for a single impurity: For weak attraction
(1=kFa " #1) the impurity propagates freely in the
spin-up medium of density n" ¼ k3F=6!

2 [Fig. 1(a)]. It
merely experiences the familiar attractive mean field en-
ergy shiftE# ¼ 4!@2an"=m < 0. However, as the attractive
interaction grows, the impurity can undergo momentum
changing collisions with environment atoms, and thus
starts to attract its surroundings. The impurity ‘‘dressed’’
with the localized cloud of scattered fermions constitutes

the Fermi polaron [Fig. 1(b)]. Dressing becomes important
once the mean free path !1=n"a

2 of the bare impurity in
the medium becomes comparable to the distance !1=kF
between environment particles or when ðkFaÞ2 ! 1.
Collisions then reduce the bare impurity’s probability of
free propagation, the quasiparticle residue Z, from unity.
The dressed impurity can instead move freely through the
environment, with an energy E# shifted away from the
simple mean field result. This polaronic state is stable until,
for strong attraction (1=kFa! 1), equivalent to a deep
effective potential well, the spin-down impurity will bind
exactly one spin-up atom, thus forming a tightly bound
molecule [Fig. 1(c)]. This molecule is itself a dressed
impurity, albeit a bosonic one [13].
To prepare and observe Fermi polarons, we start with a

spin-polarized cloud of 6Li atoms in the lowest hyperfine
state j1i (spin-up), confined in a cylindrically symmetric
optical trap (125 "m waist, 145 Hz=22:3 Hz radial/axial
trapping frequency) at a magnetic field of 690 G [17]. A
two-photon Landau-Zener sweep transfers a small fraction
into state j3i (spin-down), and further cooling results in a
cloud containing 2% j3i impurities immersed in a degen-
erate Fermi gas of 5' 106 j1i atoms at a temperature T ¼
0:14ð3ÞTF, where TF is the Fermi temperature. A 100 G
wide Feshbach resonance for scattering between these
states is centered at 690 G. For various fields around the

FIG. 1 (color online). From polarons to molecules. (a) For
weak attraction, an impurity (blue) experiences the mean field
of the medium (red). (b) For stronger attraction, the impurity
surrounds itself with a localized cloud of environment atoms,
forming a polaron. (c) For strong attraction, molecules of size a
form despite Pauli blocking of momenta @k < @kF " @=a by the
environment.
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