Universal structure of a strongly interacting Fermi superfi uid
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Universality is a remarkable property of strongly interacting systems of fermions. For sufficiently strong
interactions, all dilute Fermi gases behave identically on a scale given by the average particle sepa-
ration. Ultracold Fermi gases in the Bose-Einstein condensate (BEC) to Bardeen-Cooper-Schrieffer
(BCS) superfluid crossover display such universality, although their universal properties are not exactly
known. In 2005 Shina Tan [1] developed several elegant exact relations for the BEC-BCS crossover,
which connect the bulk thermodynamic properties to the microscopic parameters using a single short-
range parameter known as the contact, Z.

Using Tan’s result for the pair correlation function, we have derived a universal relation for the spin-
up/spin-down static structure factor, S;|, of a Fermi gas in the BEC-BCS crossover [2].
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where N is the atom number, kg is the Fermi wavevector, ¢ is the momentum and « is the s-wave
scattering length. Apart from some factors which we can easily determine, this depends only on the
dimensionless contact Z/Nkr. We have previously shown how S;|(¢ >> kr) can be measured with
high momentum transfer Bragg spectroscopy [3].

We have performed Bragg spectroscopy
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Figure 1: Universal behaviour of the static structure factor of  \ynhich has a slope of 0.75 & 0.03, slightly
a strongly interacting Fermi superfluid below the T = 0 prediction of 0.81, due to

reduced pairing at finite temperature.

Our new Tan relation is seen to accurately describe S(q) on both sides of the Feshbach resonance.
Pair correlations are not only universal but follow a simple power law dependence. These results verify
Tan’s predictions linking microscopic and bulk properties of these gases and provide the first measure
of the contact 7.
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