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Feshbah resonanes in ultraold gases
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E�mov (70s): as |a| ≫ r0 there's more. . .
. . . . Universal saling: En

En+1
= 22.72, an

an+1
= 1

22.7Review: Braaten and Hammer (2006).Universality: physis depends on a and an additional (3-body or low-energy) parameter. 2
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Innsbruk experiment (Nature 2006)

First experimental evidene for E�mov physis in old gases.Measurement of the reombination rate for A+A+A⇋A+D(A:atom, D:dimer) in a thermal gas of bosoni aesium. dn/dt ∝ −n3ρ4
rec
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T3: T-matrix for atom-dimer sattering

2-body s-wave interation → STM eq. (Skorniakov&Ter-Martirosian, 1956):

T3(k, k
′
; E) = G(. . .) +

Z ∞

0

dk
′′
G(. . .)G(. . .)T2(. . .)T3(. . .).

G: atom propagator, T2 : dimer propagator (... more to ome)

Sattering length: aAD ∝ T3(0, 0; Eb).Brodsky, Kagan, Klaptsov, Combesot & Leyronas (2006); Levinsen & Gurarie (2006).5



3-body reombination rate: AAA⇋AD

Trec(p, q; Eb) ∝ T2(. . .) T3(. . .)

dn

dt
= −n3

3!

Z

Ω

dΩ

6π2
kf |Trec|2 = −

 √
3~

2m

!

n3ρ4
rec

.

.and the reombination length ρrec sales as a6



Aurate model of Feshbah resonanes with large abg

Sattering length: a = abg

“

1 − ∆B
B−B0

”

avoided rossing between the two bound states

T2 = Too + Toc

Bruun, Jakson, and Kolomeitsev (2005); Duine and Stoof (2004).7



Bakground sattering

T OO =
Tbg

1 − TbgΠ(E)

with Tbg=
4π~

2abg
m

pair propagator: Π(E) =

Z

d3
k

(2π)3
f

2
(k)

„

1

E − k2
+

1

k2

«

∝
p

−E + rbgE + . . .

f(k) : ut-o� funtion (rbg = 0 if f(k) =onst.) 8



TOC(E) =

„

g

1 − TbgΠ(E)

«2 1

E − ∆µ(B − B0) − ~Σ(E)

bare oupling between open and losed hannels: g g2 =
4π~

2abg∆B∆µ

mself-energy of the losed h. moleule: ~Σ(E) = g Π(E)
1−TbgΠ(E)g
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Pole struture of T2
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with rbg ≤ 0, T2 has 1 or 2 bound states: orret low-energy spetrumwith rbg > 0, T2 has an additional deep pole (with negative residue...) 10



Finite-range orretion for T2? With negative e�etive range?

Yes!, sine T3 with T2 ∼ 1
a−1+ik

is ut-o� dependent (Danilov 1961)

T3(. . .) = . . . +

Z Λ

0

dq . . . T2(. . .)T3(. . .).
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Why not!E.g., for narrow resonanes (see Landau, Petrov),
f(E) ≈ − γ

E − Eres + iγ
√

E
≈ − 1

−1
2req2 + 1

a + iq

with re(γ) < 0.
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Results for 133Cs: 2- and 3-body energy levels
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Results for 133Cs: reombination length
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✔ positions of min/max with a single free parameter (rbg) instead of the 4 needed in the original paper

✔ orret temperature dependene

• Additional predition: a minimum at a ≃ −200a0!(see also: Jonsell; Yamashita, Frederio and Tomio; Braaten and Hammer; Lee, Köhler and Julienne)14



Results for 133Cs: atom-dimer sattering lengths

Sattering lengths: 3π~
2a±

AD

m
= ZT3(0, 0; E±

b ).
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In onlusionWe have:
• found the energy dependene of the relevant 2-body and 3-body bound states

• reovered the temperature dependene of the experimental reombination

• predited atom-dimer sattering lengthsIn progress:

• why the numerial value of our rbg oinideswith rPetrov = − 2~
2

mabg∆µ∆B
∼ −0.27a0 (that is valid only if |rPetrov| ≫ r0)?

• alulation of atom-dimer loss rates by inlusion of deeper bound states
• an 3-body proesses stabilize a gas with attrative 2-body interations?
• 4-body problem: evaluate the in�uene of a large abg on the result ad = 0.6aaaPaper available as: Pietro Massignan and Henk T. C. Stoof, ond-mat/0702462.16
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