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The normal state of the polarized Fermi gas at unitarity
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Changing the in teract ion s :
Intera tom ic p otentia l d epends on the
m a gnetic fie ld . By chang ing it w e ca n
m od ify the s- w ave p ha se shift of the
potentia l (w ith a Feshbach resonance)

Provid es u s with a “knob” to tune the in teract ion s !

If the s - wave scat t er ing length (p hase sh ift / 2) then� � � .
th e atom s are s t rongly in teract ing – the u n itary lim it

The in teract ion in cold atom ic gases

r

Only s- wave collis ion s at low T

For ferm ion s :
- on ly op p os ite sp in in teract ion s
- sam e sp in non in teract ing

rad iu s of in tera tom ic p oten t ia l (R) ~ few ten s Å
s- wave scat ter ing length (a ) ~ few hund red Å
in tera tom ic d is tance (n - 1/ 3) ~ few thou sand Å



a < 0 at t ract ive in teract ion
no bound s tate

r

V(r)

Changing the in teract ion with a Feshbach resonance

a > 0 repu ls ive in teract ion
bound s ta te (d iatom ic m olecu le)
E=- /2/ m a2

r

V(r)

B

a (B)

Scat ter ing length a tu nable with an external m agnet ic field B

V(r) – p oten t ia l between two atom s



Many- bod y case: th e BEC- BCS crossover

- 1/ k
F
a ( - 1 /� n 1/ 3a )

B

a (B)

BEC of d iatom ic
m olecu les

BCS (Coop er p airs )

Un itar ity

0

Eagles 1969
Legget t 1981

Cond ensate of d iatom ic
m olecu les goes sm ooth ly
(crossover) in to a “cond ensate”
of Coop er p air s

Molecu lar b ind ing energy
� BCS gap

(2- body bound s tate) (no 2- body
bound s tate)

(T= 0)

Sup er flu id ity p reserved across
th e resonance (MIT 2005)
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The Rice experim en t:
Par t r id ge et al, Scien ce 503 311 (2006)
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un itary superf lu id

Phase separa ted
un itary SF/ fu lly
polariz ed ideal gas
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The MIT experim en t:
M. W. Zwier lein et al, Scien ce 492 311 (2006)



What is th e na tu re of th e partia lly polariz ed region?
What is its equation of sta te as a function of concen tra tion? – energy (x=n �/ n �)?
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Colum n in tegrated d en s it ies
M.W. Zw ierlein , C.H. Schunck ,
A . Sch irotz ek , W. Ketterle,
Nature 442, 54- 58 (2006)
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We propose that the unitary Fermi gas at
high polarizations is a normal Fermi liquid 
composed of weakly interacting quasiparticles 

associated with the atoms.�
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