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Takeaways
We can study scattering amplitudes in 
2 to 3 coupled systems from the lattice

Integral equations involving 
scattering amplitudes can be 
parametrized with real 
functions (hint: K matrices) 



Lattice QCD for Stable States
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Why 2 to 3 coupled systems ?
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Exotic tetra quark decays 
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Unstable states !



Infinite Volume
Scattering theory

Finite Volume

La

Lattice QCD



Infinite Volume
S matrix theory 

Integral equations & scattering 
amplitudes from unitarity 

⃗k1, ⃗k2, ⃗k3⟩
in
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+ ∞
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- ∞
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Finite Volume
S matrix formalism 

No asymptotic states  



Hansen, RB, Edwards, Thomas, & Wilson (2020)

πππ 
(I=3 channel, )mπ ∼ 390 MeV

103 energy levels described by three numbers:  mπ, aππ, 𝒦3

Uncoupled 3 body systems 



S matrix Cluster Decomposition
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S matrix Unitarity 

Conservation of probability

⇓
S†S = 1

⇓

T2Im T†= T



Solutions to Unitarity Constraints



Solutions to Unitarity Constraints

K matrices are real 
analytic functions 
that can be 
parametrized

 (3m)2 ≤ s < (4m)2

2 and 3 particles 
intermediate states 
are allowed to go 
on shell

M22 K22

=

K23M22 M32+

M23

=

M23K22 + K23 T33

K22 +

K23 +

T33 = K33 + K23 M23 + K33 T33



Finite Volume Infinite Volume
Lattice QCD calculations 
Two point correlation functions 

Energy spectra predictions 
dependent on K matrix 
parameters 
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La Lattice spectra



Thank You !


