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Molecules
1. 2-body

• Very accurate, coupled channels, bound + scattering
• Long-range potential (van der Waals length, energy)
• Weakly bound, near threshold (e.g., Feshbach molecules)
• Near ground state (deeply bound, “normal”)

2.   3-body
• Weakly bound, near threshold (Efimov, universality?)
• 3-body recombination

Loss rate, magnitude, “shape” vs B or T
Product distributions-–role of spin

• Atom-dimer collisions (Efimov, chemistry)
• Accurate 3-body calculations: pairwise long-range 2-body + numerical

3.   “4-body”
• Chemical reactions of diatomics
• Universal rates
• Resonance spectrum (chaotic or non-chaotic)?
• Product distributions



Phys. Rev. Lett. 123, 233402 (2019)

Secker, Li, Mestrom, Kokkelmans, 
Phys. Rev. A 103, 022825 (2021) 
Numerical, multichannel AGS



Adiabatic hyperspherical potential energy curves, 87Rb3
4 s-wave bound states

Wolf et al, Science 358, 921 (2017), Supplementary Material
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Na + NaLi



Long range Asymptotic

Cold species
prepared

Chemistry

Scatter off
long-range
potential

“Universal” van der Waals capture model
Quantum version of classical Langevin (1905) and Gorin (1938) models

100% loss

Reflect

“Black hole”
model

A+B

K loss
�=0(E) = 2h

µ āã0 = ā(1� i)

Identical fermions (p-wave): K loss
�=1(T ) = 1513 ā3

kBT

h

Gao , PRA 78, 012702(2008); PRL 105, 263203(2010); Idziaszek, PSJ (2010); Frye, PSJ, Hutson, New J. Phys. 17, 045019 (2015)



“grey hole” reaction rate theory
Partial

Absorption
0 ≤ y ≤ 1 s = a/a and  y

Parameterised by

R0

1 nm

a
_

6 nm

vdW: analytic

Gao , PRA 78, 012702(2008); PRL 105, 263203(2010); Idziaszek, PSJ (2010); Frye, PSJ, Hutson, New J. Phys. 17, 045019 (2015)

Universal(vdW)  “black hole”:
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