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What is Triangle Singularity?

Actually Happened Process
（1）All particles are on mass-shell;
（2）Particle 3 catch up particle 2.
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Why Triangle Singularity interesting ?
Guo, Liu, Sakai PPNP 112, 103757 (2020)

1.It is a pure kinematic effect   −> Model independent

2.The effect of Loop                 −> Understand hadronic loop contribution

3.Provide a peak structure        −> May mixing with resonance

4.Extract the nature of hadron  −> Study the coupling at the energy point

5. …… 

But not confirm yet …
COMPASS Collaboration PRL 127, 082501 (2021) 

𝜋𝑝 → 𝑎1 1420 → 𝑓0 980 𝜋 → 3𝜋

Mikhasenko, Ketzer, 

Sarantsev

PRD 91, 094015 (2015)



How to confirm Triangle Singularity?

Λ𝑏 → 𝑐 ҧ𝑐 Λ∗

→ 𝑐 ҧ𝑐 Λ 𝐾−

→ 𝐽/𝜓𝑝𝐾−

X. H. Liu, M. Oka and Q. Zhao, 

PLB 753, 297-302 (2016)

1.Threshold

2.Width of the internal 

particle of the loop

3.Unknow vertex
Guo, Meißner, Wang, Yang, 

PRD92, 071502 (2015)

Achasov, Kozhevnikov, Sobolev IM, 

Shestakov PRD 92 (2015) 3, 036003



First proposal

1.Threshold

2.Width of the internal particle of the loop

3.Unknow vertex

Far away from pη threshold. Singularity point is  1.563 
GeV of p η invariant mass.

All narrow internal particles, J/psi,  p, η

All vertices are constrained from experimental data



First proposal
Signal    +       Background

Take a cut to remove the contribution 
of 𝐽/𝜓 tree diagram as done in BESIII 

𝑚𝑝 ҧ𝑝 < 3.067 GeV

BESIII PRD 88,032010 (2013)



First proposal

1.There exists a visible enhancement at the right shoulder of N(1535).

2.The width of the peak is enlarged to 5 MeV.

3.The enhancement of the peak VS the tree diagram is about 10%.

Signal    +       Background

4 billion 𝜓(2𝑆) ⇒ about 120 events.

Weakness:

1. Ask for high resolution, 2-3 MeV,

2. Generated from interference between TS and BG with an assumption that phase is 0.



Second proposal– Moving Triangle singularity

1.Threshold

2.Width of the internal particle of the loop

3.Unknow vertex

Far away from 𝜋𝜂 threshold. Singularity point is from  
1.158-1.181 GeV of KK invariant mass with the width of 𝜌.

All narrow internal particles, 𝐽/𝜓,  𝜋, 𝜂

All vertices are constrained from experimental data



Second proposal– Moving Triangle singularity

1.Threshold

2.Width of the internal particle of the loop

3.Unknow vertex

Far away from 𝜋𝜂 threshold. Singularity point is from  
1.158-1.181 GeV of KK invariant mass with the width of 𝜌.

All narrow internal particles, 𝐽/𝜓,  𝜋, 𝜂

All vertices are constrained from experimental data

Background



Second proposal– Moving Triangle singularity

Two important parameters,
ΔΓ: the width of bin；Δ𝑚: the distance from the 
center mass of 𝜌.

4 billion 𝜓(2S) 
→ about 10 events/MeV



Summary

We discuss how to confirm the Triangle Singularity, we should 
consider the following three points,
1.Threshold 
2.Width of the internal particle of the loop
3.Unknow vertex

Then we propose two processes 𝜓 2𝑠 → 𝑝 ҧ𝑝 𝜂 through 𝐽/𝜓, 𝑝, 𝜂
loop and 𝜓 2𝑠 → 𝜌 𝐾𝐾 → 𝜋𝜋 𝐾𝐾 through 𝐽/𝜓, 𝜋, 𝜂 loop. 

But the signals of both two processes are not very stronger.



More discussion

∼ ΓJ/𝜓→pഥp In ΓJ/𝜓

We will continue to find some broader 

states with width around 10 MeV.

V. R. Debastiani1, S. Sakai, E. Oset    EPJC  79, 69 (2019) 



Thanks for attention!


