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Detection of spatial correlations in an ultracold gas of fermions
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Spatial correlations are observed in an ultracold gas of fermionic atoms close to a Feshbach
resonance. The correlations are detected by inducing spin-changing rf transitions between pairs
of atoms. We observe the process in the strongly interacting regime for attractive as well as for
repulsive atom-atom interactions and both in the regime of high and low quantum degeneracy. The
observations are compared with a two-particle model that provides theoretical predictions for the
measured rf transition rates.

Close to a Feshbach resonance [1, 2, 3] ultracold
fermionic atoms form a strongly interacting quantum
gas. Recently it has become possible to study this exotic
quantum regime with 40K and 6Li atoms. Mean-field in-
teractions [4, 5, 6] and hydrodynamic behavior [4, 6, 7]
have been observed. However a Feshbach resonance does
more than simply alter the interactions between atoms.
The resonance occurs when the collision energy of two
free atoms coincides with that of a molecular state in
a closed channel. Fermionic atom pairs populating this
closed channel can be described by a composite-boson
field. It has been proposed that this composite-boson
field can lead to fermionic superfluidity at critical tem-
peratures Tc comparable to the Fermi temperature TF

[8, 9, 10].

For a magnetic-field detuning on the side of the res-
onance with repulsive atom-atom interactions, coupling
between the open and closed channels gives rise to a new
molecular bound state. By adiabatically scanning over
a magnetic-field Feshbach resonance large numbers of
these extremely weakly bound molecules have been cre-
ated reversibly in a 40K fermionic quantum gas [11] and
recently also with other fermionic [12, 13] and bosonic
[14, 15] atomic species. Bose-Einstein condensation of
these molecules is being pursued. By inducing radiofre-
quency (rf) transitions, these molecules have been pho-
todissociated into free pairs of atoms, and the corre-
sponding dissociation spectra provided precise informa-
tion about molecular wave functions and binding energies
[11].

With the opposite sign of the magnetic-field detuning
this new molecular state does not exist. However, cou-
pling to the resonance state in the closed channel still
significantly changes the atom pair wave function. For
example, a well-studied effect of the resonance, for ei-
ther sign of the magnetic-field detuning, is to modify the
scattering phase shift at large internuclear separation R,
and thus change the scattering length. In this Letter we
instead probe the effect of a Feshbach resonance on the
wave function for an interacting atom pair at small in-
ternuclear separation. Thereby we probe the population
of the closed channel or composite-boson field.

Coupling to the resonance state in the closed chan-

FIG. 1: Two-particle model of spin-changing rf transitions
between interacting pairs of atoms in the mf=−5/2 and
mf=−9/2 spin state. After the transition the spin state of
the first atom is changed to mf=−7/2. In addition the rela-
tive momentum of the atoms at large internuclear separation
can be changed by 2δk in this process if the applied radio
frequency νrf is detuned with respect to the mf=−5/2 →

mf=−9/2 transition of bare atoms. The total kinetic energy
of the free atoms is changed by an amount equal to the excess
energy of the rf photon.

nel enhances the amplitude of the wave function at very
small internuclear separation. The spatial size of the
closed channel resonance state, which is approximately
50 a0 where a0 is the Bohr radius, is two orders of mag-
nitude smaller than the average separation between par-
ticles for a typical trapped gas. Thus, the effect of the
resonance is to increase the pair correlation function at
R ∼ 0. To demonstrate how large this effect can be, we
calculate that near a Feshbach resonance the fraction of
atom pairs at R ≤ 50 a0 is five orders of magnitude larger
than away from the resonance.

We probe these atom pair correlations at R ∼ 0 by in-
ducing a class of spin-changing rf transitions that is only
expected to occur for spatially correlated and interacting
pairs of atoms. For bare atoms spin-changing transitions
can be induced by applying an rf field with a frequency ν0

corresponding to the Zeeman splitting of the spin states.
The transition probability diminishes if the detuning ∆
of the rf field is large compared to the Rabi frequency
Ω. In contrast, an interacting pair of atoms at small R
can have a significant transition probability for relatively
large detunings. In Fig. 1 we illustrate this process with
a two-particle model. Here an rf transition can occur, in
which not only the spin, but also the relative momentum
of the free atom pair is changed (Fig. 1).
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