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What is Triangle Singularity?
Happened Process

（1）All particles are on mass-shell;

（2）Particle 3 catch up particle 2.
L. D. Landau, NP 13, 181 (1960)

S. Coleman, R.E. Norton, Nuovo Cim. 38, 438 (1965)

R. Karplus, C.M. Sommerfield, E.H. Wichmann, PR 111, 1187 (1958).

J.D. Bjorken, Ph.D. Thesis, Stanford University, Stanford, CA, USA, (1959).

C. Schmid, PR 154, 1363 (1967)

BESIII collaboration,  

PRL 108, 182001(2012)

Wu, Liu, Zhao, Zou

PRL, 108, 081803 (2012)



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



A Proposal ----- Problem

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

Qi Huang, Chaowei Sheng, Jia-Jun Wu   PRD 103 (2021) 1, 016014



TS + Iso-spin breaking

BESIII collaboration,  PRL 108, 182001(2012)          Wu, Liu, Zhao, Zou,     PRL, 108, 081803 (2012)

𝑀+ −𝑀0
2 ∼ 𝑑Γ

No direct tree diagram obeying 

the isospin conservation

IDEA: Searching TS 

happen in the Iso-spin 

breaking process



TS in 𝐽/𝜓 → ഥΛΛ𝜋

Σ∗± = Σ∗ 1620
1

2

−

, Σ∗ 1670
3

2

−

Σ∗0 = Σ∗ 1385
3

2

+

, Σ∗ 1380
1

2

−

The mass difference 

considering here is:

Σ− = 1197.45 MeV,

Σ+ = 1189.37 MeV, 

and the positions of 

triangle singularities 

are 1409.09 MeV and 

1400.73 MeV Two questions: 

1. Other choices  2. Backgrounds
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Two questions: 

1. Other choices  

2. Backgrounds

The particle 

wave between 

exchange 𝜋∓

and Σ± prefers 

the S-wave.
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Two questions: 

1. Other choices  

2. Backgrounds

It may provide a 

investigation into 

the existence of the 

two 𝚺
𝟏

𝟐

−
states

around 1.4 GeV 

and 1.6 GeV.



TS in 𝐽/𝜓 → ഥΛΛ𝜋
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𝐽/𝜓 → Σ∗− 1385 തΣ+ 𝐵𝑟 = 3.1 ± 0.5 × 10-4

𝐽/𝜓 → Σ∗0 1385 ഥΛ 𝐵𝑟 < 4.1 ± 0.5 × 10-6

So the isospin ratio is about 1%
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Summary

We discuss the Triangle Singularity plus the iso-spin breaking, we find that 

the role of TS will be much more important in the iso-spin breaking process. 

We propose the triangle loop in 𝐽/𝜓 → ഥΛΛ𝜋, where

TS may play an important role. 

Once such TS peak can be confirmed, it would 

provide the existence of the two 𝚺
𝟏

𝟐

−
states

around 1.4 GeV and 1.6 GeV.

Thanks for attention!


