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In a two component fermion gas with attractive interactions
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Feshbach resonanceas The s-wave scattering length tells the
effective scattering in one channel.
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Correlations at short distances

In a gas consisting of particles of species |i> and [j> interacting with a potential with
range r_0, in the dilute limit r_0<<d (mean distance between particles), the correlation

functions have the asymptotic form
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Where a_ijj is the s-wave scattering length characterizing

the low energy scattering between |i> and |;>. r_0<<d

The Jastrow factor comes from solving the zero-energy Schrodinger equation of the
relative coordinates at short distances
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Correlation strength & free energy
The correlation strength (contact) is determined by non-trivial many-body physics
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Correlation strength & free energy
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Correlation strength at zero ternperature
The ground state energy per particle
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In the BEC limit, a—0", fermions form bosonic molecules with bound energy E,=—1/ma’
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the scattering length between molecules

In the BCS limit, a—0 , BCS pairing is exponentially small
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Correlation strength @ T=0

Generally, B can be calculated by quantum Monte Carlo simualtion

G.E. Astrakharchik, J. Boronat, J. Casulleras, and S. Giorgini, Phys. Rev. Lett. 93, 200404 (2004).
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In the BEC limit, «—0", fermions form bosonic molecules with bound energy E,=—1/ma’

In the BCS limit, a—0 , BCS pairing is exponentially small; the leading interaction energy
is the Hartree mean field energy.



rlow does C(T) vary with T 7?7

By thermodynamic identity

oC_ m 8 (FIV)_ m a(SIV)
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C is related to the isentropes in the T-a plane.

In the limit 7—0, in the superfluid phase, phonons are the only gapless excitations
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Correlation strength in the low T lirnit
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Correlation strength in the low T lirnit

At higher temperatures, pairs are dissociated by thermal energy; fermionic excitations
reduce C.
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Within the BCS mean field approach,
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NMustration of phonon enhanced correlations in the BEC limit
lim, _o (@ (F)w; (0)w,(0)w, (7))

measures the probability of fermions staying close to each other.
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The pair structure of the molecules is rigid since |Eb|>> T



Nustration of phonon enhanced correlations in the BEC limit

The same low temperature physics is described by the boson model
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The boson correlation function has the similar asymptotic form
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Bogoliubov approximation in the BEC limit

Let us assume the contact pseudopotential

V. (r)=U,5(7),U,=4ma,lM

Divide the field operator into the condensate and fluctuation parts
b (F)=do+0 p(F)
To the second order of the fluctuaions,
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Bogoliubov approximation in the BEC limit

To calculate 6C, ,

we only need to focus on the temperature variance of r-independent part of
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Physical picture of phonon enhanced correlation strength
In the number conversed state,
[ d7 (" (7)p (0)p(0)p(F))=(N—1)n  normalized

For repulsive bosons a,~r, a, <<d<E
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Correlation strength in nign T lirnit
Calculate the partition function
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Correlation strength in nign T lirnit

In the BEC-BCS crossover regime, we consider the only relevant bound state
with

E,=—1/ma’
For the scattering continuum
kcoté(k)z—l
a
(A a)= %_%jg’””e*dt) e
TT

T.-L. Ho and E. J. Mueller, Phys. Rev. Lett. 92, 160404 (2004)

. m 6logZ_¢— abz(A/a) 2n’
= > nn, —
41tBYV Oa o(Ala) mT
ob,(A/
for Ala—0, (Ma)_ 1

o(Ala) V2w



Correlation strength at finite T

A<La C~1/T

Virial expansion of fermions
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Correlation strength and isentropes
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FIG. 1. (Color online) The correlation strength C(7) in the (a)
BCS. (b) unitary. and (¢) BEC limits. The dashed lines at high T are
the virial results, and the dashed line at low T in (b) is from Eq.
(17). The solid lines are qualitative interpolations between the in-
creasing low T results and the decreasing high T results. The maxi-
mum in C(7) for T=T,,,, is prominent in the strong-coupling limit,
but in the BCS and BEC limits are too small to be visible here.

T _max~T_F prominent around unitarity



Correlation strength and isentropes
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FIG. 2. (Color online) Sketches of isentropes of a balanced two-
component Fermi gas, from which one can infer the temperature
dependence of C(T).
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FIG. 3: (Color online) Summary of results for C/(Nkp) as a
function of T'/ep. The solid datapoints are determined from
the large k/kp behavior of n(k), and the errorbars are dom-
inated by systematics related to the residual fluctuations in
the plateaux, as shown in Fig. 2. Also shown are the results
of the virial expansion of Ref. [29], as well as the f-matrix
calculations of Refs. [27, 28].



Photoassociation

v(r) 4

v(r)

A resonant electrical field E, coupled to the electronic
dipole moment, converts fermions into a molecular state
which loses from the trap.

The loss rate of the atoms from the trap
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Expt: G. B. Partridge, K. E. Strecker, R. |I. Kamair,
M. W. Jack, R. G. Hulet, Phys. Rev. Lett. 95, 020404 (2005).
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Photoassociation of °Li
BEC side, k F a=0.15
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Future questions
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FIG. 2. (Color online) Sketches of isentropes of a balanced two-
component Fermi gas, from which one can infer the temperature

dependence of C(T).
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