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Lecture 2. Molecular regimesin Fermi-Fermi mixtures
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Mixtures of Fermi gases

Molecules of different fermionic atoms SLi*°K 6Li®"Sr
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What happens with collisional stability and molecular BEC?
Is there something else interesting ? —pa



M olecule-molecule inter action

Interaction between the molecules (a4,;) Petrov et al 2005
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Nothing dramatic happens, but why | stop at M /m = 13.67
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Collisional relaxation. M ediated 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
- exp(—\F—R/2|/R) | exp(—A|F+R/2|/R)
h(r) e l -
[7— R /2| 7+ R /2|
Bethe-Peierls boundary condition
F+R/2] -0 oo (1—af|lFf+R/2|)
A~ 0.567 e(R) =U(R) = —h?)\?/2mR?

Mediated attractive potential  U(R) ~ —0.16h%/mR?
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Effective potential

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

U

A

Mediated attraction competes

with Pauli principle K
Uet(R) = U(R) + Uc(R) K
= —0.16A* /mR? + 2h? /M R?

>
R

M/m >13.6 — fall into center  short-range physics
Many nodes of the wavefunction. Many (trimer) bound states

M/m <13.6 — Qe ~a*
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Relaxation rate

M/m
el N a °

M/m > 1233 = Ugs >0, —5>0

M/m > 1233 = Ugss <0, s <0 — aye increases with a
M/m=136 — s=—-1 = aqp¢~a

M/m >13.6 — fall into center
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L ong-range inter molecular repulsion

Molecules of heavy and light fermions Born-Oppenheimer picture
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U(R) =2 (1) exp(~2R/a)

M . h
P ~ exp (—0.9 )
m

M >>> m — Collisional stability independent of a
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Many-body system of molecules

./. .\.
Petrov, Astrakharchik,

o ./ £ Papoular, Salomon, GS

No interaction between light fermions
Born-Oppenheimer approach NV lowest single-particle states for a light atom
Zero-range appr. for light-heavy interaction. Large inter-heavy distances =

Narrow band of N light-atom states, by ~ ¢, below the continuum

Total energy ' = —Neog+ (1/2) >, U(Ryj)
€0 = h°k%/2m = molecular binding energy, n;gl — molecular size
Usp(R) = 4ep[1 — 2(koR) )] exp(—2k0R); (1/koR) exp(—koR) < 1
UQD(R) — 460[%0RK@(/€0R)K1(/€0R) — Kg(/ioR)]; Ko(/i()R) < 1
R =~ 2/kq or larger
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Phase diagram

2D motion of heavy atoms
H = —(h*/2M) 3 Ag, + (1/2) 32, ; U (R )
(M/m) > (M/m). — crystalline phase

2D motion of light atoms = (M /m). = 120 triangular lattice
3D motion of light atoms = (M /m). = 200 triangular lattice
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Quantum transitions

M M .
— > (—) and n fixed
m m c
Increase a
a

A

M
depends on — but always na? < 1
m

first-order transition
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Realization of the crystalline phase

M ~ 200 or M ~ 100 — no gas phase possible
m m
How to obtain the crystalline phase?
Optical lattice for heavy fermions
Small filling factor = Increase of M /m

Increase of M by a factor of 20 or more is possible

Formation of a superlattice
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Stability of the crystalline phase

Relaxation into deep bound states

heavy atoms in neighboring sites = P; ~ nL? exp(—+/M.,/m)
jump to the same site = P, ~ (t/Uy)?; t = h?/M,L*, Uy~ hw; = h*/M]I?
undergo relaxation process = 7, ' ~ (h/M1)(1/13) at worst

Relaxation rate 7! ~ Py Pyry ' ~ nL?(M/M,)?(l/L)?(h/M) exp(—+/M,/m)
T exceeds 10s even for n ~ 10°cm—?2

Formation of trimer states (2 heavy and 1 light atom)

4-body problem in a lattice = 7 can range from 0.1 to 100s for n ~ 10° cm—2
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Conclusions

# Remarkable physics of weakly bound molecules in cold
Fermi gases

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

# Possibilities to create new macroscopic quantum
systems
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