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Introduction.

Molecular regime. Interaction between molecules
Collisional relaxation

Pauli principle and effect of the mass ratio
Bose-Fermi molecules
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Collaborations: D.S. Petrov, C. Salomon (ENS)



Mixtures of Fermi gases

Molecules of different fermionic atoms °Li*’K
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What happens with collisional stability and molecular BEC?

Is there something else interesting ?
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M olecule-molecule inter action

Interaction between the molecules (a,,;) Petrov et al 2005
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Nothing dramatic happens, but why | stop at M /m = 13.6?
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Collisional relaxation. Effective potential

Exact solution for the dependence on a and M /m

M>m — Born-Oppenheimer picture

r < a — One bound state of a light atom with two fixed heavy ones

D7) (exp<—A!f;é/2\/R> , exp(—Arfté/zvR))
7—R /2| 7+R/2

Bethe-Peierls boundary condition

FER/2] =0 o (1—af|Ff+R/2|)

A= 0.567 e(R) =U.fr(R) = —h*\°/2mR*

Mediated attractive potential ~ U.;; ~ —0.16h% /mR*
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Collisional relaxation. Role of the Pauli principle

Pauli principle = Centrifugal potential U. = 2h? /M R?

U
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Mediated attraction competes
with Pauli principle
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%<12.33 = U+ U.>0; s>0

o, decreases with increasing a, but
s decreases with increasing M /m
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Relaxation rate

M/m > 1233 — Ug ¢+ U, <0, s <0 — ap increases with a
M/m=136 — s=—-1 — Qg ~a

M/m > 13.6 — fall into center
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L ong-range repulsion between the molecules
m

r

Born-Oppenheimer
picture

R > a =2 bound states of a light atom with two fixed heavy ones
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Suppression of relaxation ?

There is a suppression of relaxation for a large M/m

U

R>a \

Uess(R) ~ (5 ) exp(~2R/a) 8

P ~ exp(—0.64/M/m)
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Fermionic molecules in Bose-Fermi mixtures

Heavy bosons and light fermions — long range repulsion

b h? 27
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p-wave scattering — both elastic scattering and relaxation
are suppressed
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large life time even at high densities
o K gy —7

Dipolar Fermi gas!
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|deas for future

ldea from Yalle studies of molecules of bosonic atoms

U
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Replace bosons by fermions

Large n Large 7

—> Dipolar gas
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Quantum transitions
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Crystalline phase

M
— ~ 100

How to obtain the crystalline phase?
Optical lattice for heavy fermions =
Increase of M /m

Formation of a superlattice
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Conclusions

# Remarkable physics of weakly bound molecules in cold
Fermi gases

#» Novel physics of molecular collisional stabllity in
mixtures of Fermi gases

#® Possibilities to create new macroscopic quantum
systems
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