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Introduction
Interaction between particles. BCS-BEC cross-over
Molecular BEC regime

Strongly interacting regime
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Ideas for future:
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Collaborations: D.S. Petrov (ITAMP, Harvard)
C. Salomon (ENS, Paris)
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Experiments with Fermi gases 40K 6Li

Quantum degeneracy — JILA 1998 40k
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JILA, LENS K Innsbruck, MIT, ENS, Rice, Duke
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Dilute limit nR, <<1  Ultracold limit A, >>R
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] na’<<1 Gas of bosonic molecules
a>>R, BEC of weakly bound bosonic molecules
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BCS-BEC cross-over; Leggett, Nozieres-Schmitt-Rink
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Il resonance superfluidity (JILA, Toronto)

Il molecular BEC



lll Strongly interacting regime
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T=0 kela[>>1— Only one distance scale J]
h2 n2/ 3
Only one energy scale  Ep ~———
m

Universal thermodynamics  J.Ho

Monte Carlo studies —» u=fE;

(Carlson etal, Giorgini/Astracharchik)

Nature of superfluid pairing
Superfluid transition temperature
Excitations etc.

Holland, Timmermans, Giriffin, Stringari, Strinati, Tosi,
Bulgac, Levine, Ho, Pethick, Bruun 5 S'tcos  Chen g

Experiments

1. JILA — MIT — BEC-type behavior of fermionic
atom pairs
2. “Wrong” behavior of quadrupole excitations
— Innsbruck, Duke
3. Measurement of the gap (Innsbruck)
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Il Weakly interacting gas of bosonic dimers
Elastic interaction BEC stability

“Old answer” —— 2g

4-body problem  Exact solution for a >> R,
Petrov et al, 2003

Y — O9Yvariables

Zero-range approximation

Y— f(7,R)1/4m -1/ 4m)

for 1, —0

Integral equation for f

k — 0 s-wave scattering; 3variables

R —«c< ‘P=¢0(r1)¢0(r2)(1—add/R)

1
@o(r)= r@ exp(=r/a)

R FFR)= iRexp(-r/a) (-ay/R)
r.

Add =0.6a

Monte Carlo Giorgini/Astracharchik 2004



Weakly bound dimers —— The highest
rovibrational state of the diatomic molecule
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Collisional relaxation to deep bound states
(~1ms for Rb, at n~10"° cm™)

Atom-dimer collisions (a>>R.)
Weakly bound dimer ~ a
Size Deep bound state ~ R,(50 A )<<

2
y 4 R 2 particles are identical fermions
e
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Pauli principle

(P R)*~(R,/a)*
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Also Rice °Li,

linear density (1000/um)
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Zeno-range  appreocimatisn
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Mixtwe of heavy and
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