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Outline

Three-body threshold effect in hadron-hadron scattering 

Complex scaling method

Complex scaled Lippman-Schwinger equation (CSLSE)

Application to the recently observed 𝑻𝒄𝒄
+
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Three-body threshold effect in 

hadron-hadron scattering 

……

Three-body dynamics

One-pion exchange (OPE)
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The importance of the three-body dynamics

Nature Commun. 13, no.1, 3351 (2022)
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The revised OPE potential involving three-body threshold dynamics

Partial-wave potential
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The re-summation in the dynamical equation-

Lippmann-Schwinger equation (LSE) and SchrÖdinger equation 

Two-body threshold unitary cut

Three-body threshold cut

Left-hand or right-hand cut
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Complex scaling method (CSM) 

in SchrÖdinger equation
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Different Riemann sheets in T matrix
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Complex scaling method (CSM) 

in SchrÖdinger equation

It is okay for searching 

for pole position!

More information:T matrix, 

cross section, line shape, 

etc,--- LSE 
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The cut structures of three-body threshold dynamics

Critical point

Half-on-shell amplitude
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Complex scaled Lippmann-Schwinger equation 

(CSLSE)
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Complex scaled Lippmann-Schwinger equation (CSLSE)

Proper analytical 

extension of LSE
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Application to the recently observed 𝑻𝒄𝒄
+

The solved on-shell T matrix 

with the energy below 𝑫𝑫∗ 

threshold
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The solved on-shell T matrix with the 

energy above 𝑫𝑫∗ threshold (physical 

region!)

An observable singularity structure in addition to 𝑻𝒄𝒄
+

𝑘0
2

2𝜇
= 𝑀 −𝑚𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 ≃ 100 keV

The right-hand cut from the revised OPE 
potential involving three-body dynamics
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Phase shift of the 𝑫𝑫∗ scattering-Lattice QCD

Effective-range expansion

HAL QCD approach
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Phase shift of physical 𝑫𝑫∗ scattering-rhc effect



Summary

Thanks for your attention!

Based on cut structures, we developed a complex-scaled LSE 

to properly treat the interaction involving the three-body 

threshold dynamics 

Three-body threshold effect will induce an observable 

singularity in the physical on-shell T matrix, which can be 

tested in Lattice QCD

We study the complicated cut structures of the three-body 

threshold dynamics from the OPE 
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