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Recombination of cold atoms in traps

A+A+A→ D +A



Effective range expansion; Feshbach resonance
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Using Feshbach resonances one can tune a at wish:

−∞ < a <∞

Two-channel zero-range model describes Feshbach resonances
quite well.



Effective range expansion; Feshbach resonance

k cot δ = −1

a
+

1

2
Rk2 +O(k4)

U(r) = a
4π~2

m
δ(r)

1

ψ

∂ψ

∂r

∣∣∣∣
r=0

= −1

a

Using Feshbach resonances one can tune a at wish:

−∞ < a <∞

Two-channel zero-range model describes Feshbach resonances
quite well.



Effective range expansion; Feshbach resonance

k cot δ = −1

a
+

1

2
Rk2 +O(k4)

U(r) = a
4π~2

m
δ(r)

1

ψ

∂ψ

∂r

∣∣∣∣
r=0

= −1

a

Using Feshbach resonances one can tune a at wish:

−∞ < a <∞

Two-channel zero-range model describes Feshbach resonances
quite well.



Effective range expansion; Feshbach resonance

k cot δ = −1

a
+

1

2
Rk2 +O(k4)

U(r) = a
4π~2

m
δ(r)

1

ψ

∂ψ

∂r

∣∣∣∣
r=0

= −1

a

Using Feshbach resonances one can tune a at wish:

−∞ < a <∞

Two-channel zero-range model describes Feshbach resonances
quite well.



Effective range expansion; Feshbach resonance

k cot δ = −1

a
+

1

2
Rk2 +O(k4)

U(r) = a
4π~2

m
δ(r)

1

ψ

∂ψ

∂r

∣∣∣∣
r=0

= −1

a

Using Feshbach resonances one can tune a at wish:

−∞ < a <∞

Two-channel zero-range model describes Feshbach resonances
quite well.



Recombination into shallow dimer
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⇒ ṅ = −αrecn

3 , αrec ∝
~a4

m



Recombination into shallow dimer

−Ṅ = 3
N3

6

2π

~
|Tfi|2

dνf
dEf

∣∣∣∣
Ef=

~2
ma2

dνf =
V d3qf
(2π)3

∣∣∣∣
qf=

2√
3
a−1

=
2

3
√

3π2
V m

~2a
dEf

Tfi =

∫
d3rd3R

[
ψD(r)

eiqfR

√
V

]
U(R− 1

2
r)

[
eikr√
V

eiqR√
V

]

ψD(r) ∝ a−1/2 e
− r

a

r
, Tfi ∝

~2a5/2

V 3/2m

n =
N

V
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Recombination into shallow dimer

Figure: The recombination coefficient αrec for 39K as function of the
scattering length a; experimental data from [Zaccanti 2009].



Recombination into deep dimers

There is no more ψD(r) = a−1/2 e−
r
a

r but rather a number of
short-range dimers.

We shall try to describe recombination into those deep dimers
using a short-range optical potential (square well, actually),

(1 + iε)Vshort range(ρ) , ρ2 = r21 + r22 + r23
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Temperature dependence
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Recombination into deep dimers

Figure: The recombination coefficient αrec for 7Li as function of the
scattering length a; experimental data at 1.5µK from [Dyke 2013].


