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Trapping & cooling



Trapping & cooling

7Li 6Li

T/Tc=1.5

T/Tc=0.25

T/TF=1.5

T/TF=1.0
Truscott et al. Science 291, 2570 (2001)



Characteristics

Dilute n⋲1012-1015cm-3                        
Air n⋲1019cm-3     Solids⋲1022cm-3

Cold T≤10-5K,   record T⋲0.45nK

N⋲10-109

Flexible desk-top experiment: geometry, 
statistics, interaction, lattice, shake, 
rotate..
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Weak Coupling: kF |a|! 1

T =
4πa

m
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Open channel scattering:
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Dressed Molecule:
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A Taylor expansion yields 

Too =
Tbg(

1 + ∆µ∆B
ω̃+h(ω)−∆µ(B−B0)

)−1
− TbgΠinf

o (ω)

Closed channel 
many-body physics

Open channel 
many-body physics

Have now expressed Feshbach 
scattering in a medium i terms of the 

physical 2-body parameters: 
abg B0 ∆B∆µ

PRA 71, 052713 (2005)
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frequencyParameters
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Insert in Boltzmann Eq. and take moments: 
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Insert in Boltzmann Eq. and take moments: 
∫

d3rd3p(pxpy . . .)

Root of determinant yields

iω

τ
(ω2 − ω2

h) + (ω2 − ω2
c1)(ω

2 − ω2
c2) = 0

ωh =
√

ω2
x + ω2

y
ωc1 = ωx + ωy
ωc2 = |ωx − ωy|

hydrodynamic
 frequency

collisionless
frequencies
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New highly polarized Fermi 
Liquid of Spin Polarons

Universal
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Dipole oscillation of spin polaron

V↓(r)− αεF↑(r)

V↓(r) + αV↑(r)
V↑(r) + εF↑(r) = µ↑

Potential seen by spin polaron

α ! 0.6

Frequency of dipole oscillation: H = p2/2m∗
↓ + V↓ + αV↑

ωD = ω↓

√√√√m↓
m∗

↓

(
1 +

m↑ω2
↑

m↓ω2
↓
α

)

Depends only on density-> Universal

!



Momentum relaxation time:
dP↓
dt

= −P↓
τP

dP↓
dt

= −2π
|U |2

V 3

∑

p,p′,q

p [np↓np′↑(1− np−q↓)(1− np′+q↑)− np−q↓np′+q↑(1− np↓)(1− np′↑)]

×δ(εp↓ + εp′↑ − εp−q↓ − εp′+q↑)

PRL 100, 240406 (2008)



Momentum relaxation time:
dP↓
dt

= −P↓
τP

dP↓
dt

= −2π
|U |2

V 3

∑

p,p′,q

p [np↓np′↑(1− np−q↓)(1− np′+q↑)− np−q↓np′+q↑(1− np↓)(1− np′↑)]

×δ(εp↓ + εp′↑ − εp−q↓ − εp′+q↑)
Effective interaction between 

spin-polaron and majority atoms

PRL 100, 240406 (2008)



Momentum relaxation time:
dP↓
dt

= −P↓
τP

dP↓
dt

= −2π
|U |2

V 3

∑

p,p′,q

p [np↓np′↑(1− np−q↓)(1− np′+q↑)− np−q↓np′+q↑(1− np↓)(1− np′↑)]

×δ(εp↓ + εp′↑ − εp−q↓ − εp′+q↑)
Effective interaction between 

spin-polaron and majority atoms

Landau Theory:

U =
∂2E

∂n↑∂n↓
=

∂µ↓
∂n↑

= −α
2εF↑
3n↑

∝ 1
kF↑

µ↓ = −αεF↑

PRL 100, 240406 (2008)



Momentum relaxation time:

Damping of spin dipole mode: 
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Cross-over from polaron to molecule

At unitarity: kF |a|! 1

BEC regime: kF a! 1

 spin polaron

m∗ ! 1

ε ! −0.6εF↑

ε ! − !2

ma2

m∗ ! 2m

2-body bound state

?



Conclusions

Feshbach resonances

Developed Landau theory for many-body  
scattering

Medium effects for  Feshbach molecule-> 
Collective modes

Imbalanced Fermi gases -> Spin polarons 

Visible for low T in collective modes
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Pairing with different Fermi energies:

Clogston limit: ∆ < εF↑ − εF↓

Many predictions:
 FFLO, deformed Fermi surface, 

phase separation, breached pair state..

Pairing with different masses? (quarks..)


