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@BEPCII

𝑒𝑒+𝑒𝑒− → 𝛹𝛹 2𝑆𝑆 → 𝛾𝛾𝜒𝜒𝑐𝑐𝑐𝑐
(𝐽𝐽 = 0,1,2)

𝑒𝑒+𝑒𝑒− → 𝑐𝑐 ̅𝑐𝑐

Introduction

𝑒𝑒+𝑒𝑒− → 𝜒𝜒𝑐𝑐𝑐
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𝑒𝑒+𝑒𝑒− → 𝐽𝐽/Ψ

more attention less attention



QCD Asymptotic Freedom

Mass of charmonium

pQCD or non-pQCD ?

Introduction

Short-ranged mechanism：

Long-ranged mechanism：

Xiao-Hai Liu, and Qiang Zhao,
PRD 81, 014017 (2010)

SU(3) flavor symmetry

D. Wang, C. P. Jia, and F. S. Yu, JHEP. 21, 126 (2021).
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Parametrization
Simplify the complex



𝜒𝜒𝑐𝑐𝑐𝑐→ 𝐵𝐵8𝐵𝐵8,𝐵𝐵10𝐵𝐵10
I-spin U-spin

symmetry breaking
R. B. Ferroli, A. Mangoni, S. Pacetti, and K. Zhu,
Phys. Lett. B 799, 135041 (2019).

R. B. Ferroli, A. Mangoni, S. Pacetti, and K. Zhu, 
Phys.
Rev. D 103, 016005 (2021).

X. H. Mo, P. Wang, and J. Y. Zhang, 
Phys. Rev. D 107, 094009 (2023).

L. Kopke and N. Wermes, Phys. Rep. 174, 67 (1989).

𝛹𝛹 2𝑆𝑆

𝐽𝐽/𝛹𝛹

● octet

● decuplet

→
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𝜒𝜒𝑐𝑐𝑐𝑐→ 𝐵𝐵8𝐵𝐵8,𝐵𝐵10𝐵𝐵10

𝐵𝐵8𝐵𝐵8

R. H. Dalitz and F. Von Hippel, Phys. Lett. 10, 153 (1964).

A. Gal and F. Scheck, Nucl. Phys. B2, 110 (1967).

N. Isgur, Phys. Rev. D 21, 779 (1980); 23, 817(E) (1981).

J. Gasser and H. Leutwyler, Phys. Rep. 87, 77 (1982).

N. Yagisawa, T. Hatsuda, and A. Hayashigaki, Nucl. Phys.A699, 665 (2002).

S. L. Zhu, W. Y. P. Hwang, and Z. S. Yang, Phys. Rev. D 57,1524 (1998).

M. Radici, Nucl. Phys. A699, 144 (2002).

T. M. Aliev, T. Barakat, and M. Savcı, J. High Energy Phys. 08 (2016) 068.

T. M. Aliev et al. (QCDSF-UKQCD Collaboration), Phys. Rev. D 91, 074512 (2015).

The mixing angle 𝜶𝜶 : [0.14,2.0] × 10−2

We choose 𝜶𝜶 : 1.5 ± 0.1 × 10−2

𝐵𝐵10𝐵𝐵10

The quark model,
Chiral perturbation theory,
QCD sum rules,
Lattice QCD

The 𝜶𝜶 cite from:

SU(3) amplitude:
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Branching ratio:

× 10−5× 10−5

× 10−4

𝜒𝜒𝑐𝑐𝑐𝑐→ 𝐵𝐵8𝐵𝐵8

Case I: No mixing Case II: 𝚲𝚲 − 𝚺𝚺𝟎𝟎 mixing 𝜒𝜒𝑐𝑐0

𝜒𝜒𝑐𝑐1 𝜒𝜒𝑐𝑐2

𝐵𝐵8𝐵𝐵8

The impact of the 𝚲𝚲 − 𝚺𝚺𝟎𝟎 mixed effect is not significant
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Branching ratio:

× 10−5× 10−5

× 10−4

𝜒𝜒𝑐𝑐𝑐𝑐→ 𝐵𝐵8𝐵𝐵8

𝜒𝜒𝑐𝑐0

𝜒𝜒𝑐𝑐1 𝜒𝜒𝑐𝑐2

𝐵𝐵8𝐵𝐵8
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The latest experimental data provides 
better constraints！



𝜒𝜒𝑐𝑐𝑐𝑐→ 𝐵𝐵10𝐵𝐵10

Branching ratio:

× 10−4

× 10−5× 10−5

𝜒𝜒𝑐𝑐0

𝜒𝜒𝑐𝑐1 𝜒𝜒𝑐𝑐2

Need more experimental data to do the analysis

Large error! 

𝐵𝐵10𝐵𝐵10

9



𝜒𝜒𝑐𝑐𝑐𝑐→ 𝑃𝑃𝑃𝑃,𝑉𝑉𝑉𝑉,𝑃𝑃𝑃𝑃,𝑃𝑃𝑃𝑃

𝜃𝜃𝑃𝑃 = [−20∘,−10∘]

𝜃𝜃𝑉𝑉 = 36.5∘

𝜃𝜃𝑇𝑇 = [26∘, 28∘]

The 𝜽𝜽 cite from PDG

singly OZI-suppressed doubly OZI-suppressed

I-spin breaking
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𝜒𝜒𝑐𝑐𝑐𝑐→ 𝑃𝑃𝑃𝑃,𝑉𝑉𝑉𝑉,𝑃𝑃𝑃𝑃,𝑃𝑃𝑃𝑃

doubly OZI-suppressed

𝑃𝑃𝑃𝑃/𝑉𝑉𝑉𝑉 𝑃𝑃𝑉𝑉/𝑃𝑃𝑃𝑃

SU(3) amplitude:
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Branching ratio:

𝜒𝜒𝑐𝑐𝑐𝑐→ 𝑃𝑃𝑃𝑃

× 10−3

× 10−4

Br(χ𝑐𝑐𝑐→𝜋𝜋+𝜋𝜋−) = (6.06 ± 0.15) × 10−3

Br(χ𝑐𝑐𝑐→𝜋𝜋+𝜋𝜋−) = (1.61 ± 0.04) × 10−3

M. Ablikim et al., (BESIII), arXiv:2502.08929 [hep-ex]

Latest Results from BESIII:

𝜒𝜒𝑐𝑐1→ 𝑃𝑃𝑃𝑃 are forbidden by spin-parity conservation

𝜒𝜒𝑐𝑐0

𝜒𝜒𝑐𝑐2
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𝑃𝑃𝑃𝑃

BESIII symmetry breaking
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BESIII symmetry breaking

0.0011
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0.0014
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0.0017

χ𝑐𝑐𝑐→𝜋𝜋+𝜋𝜋− χ𝑐𝑐𝑐→𝜋𝜋+𝜋𝜋−



Branching ratio:

𝜒𝜒𝑐𝑐𝑐𝑐→ 𝑉𝑉𝑉𝑉

× 10−3

× 10−4× 10−4

𝜒𝜒𝑐𝑐0

𝜒𝜒𝑐𝑐1 𝜒𝜒𝑐𝑐2
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𝑉𝑉𝑉𝑉

SU(3) approach can explain the doubly OZI-suppressed



Branching ratio:

𝜒𝜒𝑐𝑐𝑐𝑐→ 𝑃𝑃𝑃𝑃,𝑃𝑃𝑃𝑃

× 10−3 × 10−4𝑃𝑃𝑃𝑃:

𝑃𝑃𝑇𝑇: × 10−3 × 10−3

𝜒𝜒𝑐𝑐0→ 𝑃𝑃𝑃𝑃,𝑃𝑃𝑃𝑃 are forbidden by spin-parity conservation

𝜒𝜒𝑐𝑐1

𝜒𝜒𝑐𝑐1

𝜒𝜒𝑐𝑐2

𝜒𝜒𝑐𝑐2
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Summary
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● SU(3) symmetry/breaking approach is applicable to charmonium decays

● The results of SU(3) can describe the OZI-suppressed decays

● More theoretical studies 

● More accurate experimental data 

Thank you for your attention!



Back up
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𝜒𝜒𝑐𝑐𝑐𝑐→ 𝐵𝐵8𝐵𝐵8



Back up
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𝜒𝜒𝑐𝑐𝑐𝑐→ 𝐵𝐵10𝐵𝐵10



Back up
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𝜒𝜒𝑐𝑐𝑐𝑐→ 𝑃𝑃𝑃𝑃



Back up
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𝜒𝜒𝑐𝑐𝑐𝑐→ 𝑉𝑉𝑉𝑉



Back up
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𝑃𝑃𝑃𝑃:

𝑃𝑃𝑇𝑇:
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