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Three-Body Recombination

u Two combine into a molecule, the 3rd one dissipates the energy.

u Fundamental & ubiquitous chemical reaction 

u Relevant to a wide variety of systems from Astro- to ultracold physics

u Important especially in buffer-gas cooling experiments

<latexit sha1_base64="jWJEt1Vqo1WKo2UybHLALZGY9Lk="></latexit>

A+A+A ! A2(v, l) + A+Ev,l

<latexit sha1_base64="l1/sYnvvQvYWTnN6yumORPvKJM4="></latexit>

Ev,l



The Scope of This Work: 
3B Recomb. Between He and Ag 

u Relevant to buffer-gas-cooling experiments by Brahms et al. 
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• Ag3He and Ag4He 
v.d.W. molecules 
observed



Previous Work on 3B Physics 

He+He+He→He2+He F+F+F→F2+F

Fermions’ Scaling Law: 𝐾! ∝ 𝑉"
#/!



Previous Work on 3B Physics
4He+4He+Alkali→… Triple-α Reaction



3B Schrödinger Equation in 
Hyperspherical Coordinates (𝑅Ω) ≡ (𝑅𝜃𝜑𝛼𝛽𝛾)
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• Grand Angular Momentum Operator:
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• Body-Fixed Frame Total Angular Momentum: 𝐉 = (𝐽%𝐽&𝐽')



Potential-Energy Surface for He2Ag

u He-He Interaction:
LM2M2 Rep. by 
Aziz&Slaman

u 4He2 supports one l=0 
bound state.

u He-Ag Interaction:
Analytical Form by Xie et 
al., Data by Gardner et al.

u 4HeAg supports one bound 
state each with l=0,1,2,3.

u 3HeAg supports one bound 
state each with l=0,1,2.
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V (R, ✓,') = vHeAg(r12) + vHeHe(r23) + vHeAg(r31)
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We first solve the fixed-R adiabatic 
Schrödinger equation: <latexit sha1_base64="77cCc0anFw4c4smNzIdWalnoO9M="></latexit>

Had(R,⌦)�⌫(R;⌦) = U⌫(R)�⌫(R;⌦)

• Adiabatic Hamiltonian:
<latexit sha1_base64="/fYkTE7W1wtJjnNnBy6I31X0MHU="></latexit>

Had(R,⌦) =
⇤2

2µR2
+

15

8µR2
+ V (R, ✓,')

• Potential Curves: 𝑈((𝑅)
• Channel Functions: Φ( 𝑅;Ω
• Give insight into the structure of 

the system.
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R-matrix Propagation Method
u Propagates, from small to large hyperradii R, the R-matrix:

u The hyperradial range is divided up into many subranges, across each of which 
the R-matrix is propagated. The propagation from a1 to a2 is given by

u The coefficient matrix R11, R12, R21, R22 are calculated by solving the 
Schrödinger equation within the subrange [a1,a2]:

u H is the Discrete Variable Representation (DVR) Hamiltonian matrix given 
either by the Smooth Variable Discretization approach (small R) or by the 
adiabatic approach (large R).

u Three-body recombination rate:

u For details, see J.Wang et al. PRA2011. 
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𝐽! = 0" Partial 3B Recombination Rates 
for 4He+4He+Ag
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𝐽 ≥ 0 Recombination Rates for
4He+4He+Ag->4HeAg(v=0,l=3)+4He
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𝐽!" = 0## Partial 3B Recombination Rates 
for 3He+3He+Ag

10-5 10-4 10-3 10-2 10-1 100

E (K)

10-34

10-33

10-32

10-31

K
3 (c

m
6 /s

)
[3He+3He+Ag](Jπκ=0++)→

3HeAg(0,0)+3He
3HeAg(0,1)+3He

3HeAg(0,2)+3He



𝐽 ≥ 0 Recombination Rates for
3He+3He+Ag->3HeAg(v=0,l=2)+3He
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to be checked!



Summary
u Considered the 3B recombination processes He+He+Ag-

>HeAg+He,He2+Ag

u The Schrödinger Eq. represented by the SVD and the adiabatic 
approaches is solved.

u The three-body recombination rates for 4He+4He+Ag at threshold are 
found to be generally less than about 10-29, one or two order smaller 
than that for 4He+4He+4He, ~10-27.

u The recombination rates for 3He+3He+Ag at threshold are still smaller.

u At higher collision energies, the J>0 rates may contribute in a 
complicated way, need to be checked.


