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Background

• Coupled Channel Approach: It describes interactions between different channels or 

pathways that a quantum system can take. Different possible states or interactions 

(channels) are considered simultaneously.  

T=V+VGT



Background

• Why Coupled Channel Approach?

• Non-perturbative effect / Loop contribution:  
1

1−𝑥
∼ 1 + 𝑥 + 𝑥2 +⋯

• Unitary: |S|=1

• Unified: Connection between different processes, conjoint analysis

• Resonance description:   BW：
1

𝒔−𝒎𝟐+𝒊𝚪𝒎
VS        Single channel ：

1

𝑬−𝒎𝟎−𝑹𝒆 𝚺 𝑬 +𝒊𝚪(𝐄)/𝟐

• ……

T=V+VGT



Coupled-Channel model for 𝐽/𝜓 → 𝛾𝑃𝑃

𝐽/𝜓 → 𝛾𝑃𝑃 : Three body final state, but electromagnetic interaction is 

much smaller than strong interaction, thus 𝛾𝑃 re-scattering is negligible.

𝐽/𝜓 → 𝛾𝑃𝑃: 

a. bare coupling

b. 𝑃𝑃 re-scattering

c. 𝑋 → 𝑃𝑃
d. ത𝑋𝑃 re-scattering and then ത𝑋 → 𝛾𝑃
e. d plus 𝑃𝑃 re-scattering



Coupled-Channel model for 𝐽/𝜓 → 𝛾𝑃𝑃

𝐽/𝜓 → 𝛾𝑃𝑃 : a. bare coupling

Lorentz structure



Coupled-Channel model for 𝐽/𝜓 → 𝛾𝑃𝑃

𝐽/𝜓 → 𝛾𝑃𝑃 : b. 𝑃𝑃 re-scattering



Coupled-Channel model for 𝐽/𝜓 → 𝛾𝑃𝑃

𝐽/𝜓 → 𝛾𝑃𝑃 :  c. 𝑋 → 𝑃𝑃

Additional Vertex for 𝐽/𝜓 → 𝛾 𝑋



Coupled-Channel model for 𝐽/𝜓 → 𝛾𝑃𝑃

𝐽/𝜓 → 𝛾𝑃𝑃 :  d. ത𝑋𝑃 re-scattering and then ത𝑋 → 𝛾𝑃
Additional Vertex for 𝐽/𝜓 → ത𝑌𝑐



Coupled-Channel model for 𝐽/𝜓 → 𝛾𝑃𝑃

𝐽/𝜓 → 𝛾𝑃𝑃 :  e. d plus 𝑃𝑃 re-scattering

Full Amplitude



Coupled-Channel model for 𝐽/𝜓 → 𝛾𝑃𝑃

𝐽/𝜓 → 𝛾𝑃𝑃 :  e. d plus 𝑃𝑃 re-scattering

Triangle Singularity

We should consider it 

additionally, here we do 

not express explicitly.



Toy model

𝐽/𝜓 → 𝛾𝐾𝑆𝐾𝑆 and 𝐽/𝜓 → 𝛾𝜋0𝜋0

Two 0+ bare states, 𝑓0~m = 1.221 GeV and 𝑓0
′~m = 1.451 GeV

One 1+ bare state for 𝛾𝐾𝑆 channel, 𝐾1~𝑚 = 1.403 GeV and Γ = 0.173 GeV



Toy model



Toy model



Summary

• We give a coupled-channel approach for 𝐽/𝜓 → 𝛾𝑃𝑃

• We also give numerical calculation based on a toy 

model 

• Such formalism will be used in the BESIII analysis 

in future.



Thanks very much!


