$: NSF

Resonant atomic gases

Umversnty of Colorado at Boulder

e

Leo Radzihovsky

for details see: Gurarie, L.R., Annals of Physics, 322, 2-119 (2007)
Sheehy, L.R., Annals of Physics, 322, 1790 (2007)

Giorgini, et al., RMP, 80, 885 (2008)
Ketterle and Zwierlein, Varenna lectures (2006)

Mysore, India, Dec 2010



Course outline

* L1: AMO renaissance overview
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Lecture 3: s-wave Feshbach resonant
superfluidity

 two-channel resonant pairing model: narrow resonance
* one-channel model: broad resonance

e large-N Sp(2N) theory

* universality

* resonant bosonic superfluidity
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S-wave Feshbach resonant scattering

e tunability (strength and sign) of interactions (sudden and adiabatic) U
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S-wave resonant fermionic superfluidity

e molecular BEC (Regal, Jin 03) @ o A
1
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* BCS supertluid (regal, Jin 04 (Ro %r‘
Zwierlein, Ketterle ‘04) @ T/T,=0.2 T/T-=0.1 T/T=0.05 |

* BCS-BEC crossover:
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S-wave resonant superfluidity
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S-wave resonant fermionic superfluidity

e molecular BEC (Regal, Jin 03) @ o A
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* BCS supertluid (regal, Jin 04 (Ro %r‘
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* BCS-BEC crossover:
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S-wave resonant fermionic superfluidity

e molecular BEC (Rregat, Jin 03)

* BCS superfluid (regat, Jin 04
Zwierlein, Ketterle 04) %{
°

* BCS-BEC crossover:
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S-wave resonant superfluidity: details
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S-wave resonant SF: small parameter
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y>>1 Broad resonance scattering
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y>>1 Broad resonance superfluidity: Large N

* no small parameter for k.a ~ n'3a >> 1 — introduce 1/N

- Sp(2N) p? A+
lch b F{yn = ¢aa(— - ,Uo-)waa + NwTawlawlﬁwTﬂ
B .
S[p] = —% : drd’r|¢|* — NTrlog [ — G Gl = (‘af+¢2§—m+“T o )
1
p— S — 10 D _S[¢] .
f 1% g / pe

— Nf(0)+_f(1/N)—|—...

z, RN
y74 - AN\
I \
+ i\ 7]
A\ /77
\\s——,/

MFT Veillette, Sheehy, LR
| A|2 Nikolic, Sachdev
f(o) = / (Ex — &) — Z /log [1 + e_ﬂ(Ek‘H’h)} also Nishida, Son
k — k

g-expansion



,~-1 Broad resonance superfluidity: N2
0 IA]° .
0. ﬂ)__fr_iéa%_@J—E;Lkgh+eﬂ(+-q

m|Al? 1
¢ Bp(Bo) =~ BE S (B - e - AP
k

. _m_l/ 1 1 n:/[1_ €r — I ]
drh?a 2 Jy | \flen —p)? + A2 e sl Ve — )2+ A2

[ A% 1
fora<0(BCS): A ~ pe?rreV - r ,u%q:(l—c 5 )
€ kF|CL|
F
f 0 (BEC A L hQ
> : ~ € _ ~ —
ora=>0(BEC) "\ kra H 2ma?
2.5 2 GF
2 1 2 1
1.5 € _m
A
0.5\
. 1
3 2 -1 1 2




y>>1.ka—  Universality at unitary point 1L o 04
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check in N—co (BCS) limit:
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0 Resonant bosonic superfluidity
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o, = .o Resonant bosonic superfluidity
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