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Experiment: News from BESIII

Observation of p+pbar state?

利用100亿J/psi事例，分析 衰变道
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Experiment: X(1840)+X(1880)

Supports the existence of  p+pbar states

BESIII, PRL 132 (2024) 151901, BESIII, PRD 87 (2013) 012002
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Theoretical prediction of baryonium

M.-L. Yan, S. Li, B. Wu, B.-Q. Ma, PRD 72 (2005) 034027, hep-ph/0405087



8

An earlier BES experiment

Observation of a new state X(1859)?

利用5800万J/psi事例，分析 gamma+p+pbar 衰变道
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Different interpretations

• Baryonium p+pbar state

A. Datta and P.J. O’Donnell, Phys. Lett. B 567 (2003) 273

M.-L. Yan, S. Li, B. Wu, B.-Q. Ma, PRD 72 (2005) 034027, hep-ph/0405087

• Flavorless gluon state

J. L. Rosner, Phys. Rev. D 68 (2003) 014004

• Final state interaction

B. S. Zou and H.C. Chiang, Phys. Rev. D 69 (2004) 034004

B. Kerbikov, A. Stavinsky, and V. Fedotov, Phys. Rev. C 69 (2004) 055205

• Quark fragmentation process

J. L. Rosner, Phys. Rev. D 68 (2003) 014004
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Baryonium from  a Skyrmion-type potential model

• Skyrmion: Skyrme proposed that solitons from the SU(2) 

chiral fields can describe nucleon static properties from the 

theory. 

• The soliton picture of baryons is consistent with QCD in the 

large N_c limit, as shown by Witten.

• We treat the skyrmion and anti-skyrmion system and find a 

solution of bound state near the 2m_p.

• Then we construct a Skyrmion-type potential model for 

proton-anti-proton with the existence of a protonium.

M.-L. Yan, S. Li, B. Wu, B.-Q. Ma, PRD 72 (2005) 034027, hep-ph/0405087
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The skyrmion and anti-skyrmion system

M.-L. Yan, S. Li, B. Wu, B.-Q. Ma, PRD 72 (2005) 034027, hep-ph/0405087
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A phenomenological model with skyrmion-type potential

M.-L. Yan, S. Li, B. Wu, B.-Q. Ma, PRD 72 (2005) 034027, hep-ph/0405087
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A Skyrmion-type potential model

• We conclude that the near-threshold narrow enhancement 

in the ppbar invariant mass spectrum from J/psi to 

gamma+p+pbar might be interpreted as a state of    

protonium.

• We predict new decay mode: the baryonium hadronic decay 

should also mostly favor processes with 4 to 7 

pseudoscalar mesons in the final states over those with 

two or three mesons.

• This prediction is nontrivial and has been confirmed by 

EBS  experiments.

M.-L. Yan, S. Li, B. Wu, B.-Q. Ma, PRD 72 (2005) 034027, hep-ph/0405087
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Prediction of a new baryonium decay mode

M.-L. Yan, S. Li, B. Wu, B.-Q. Ma, PRD 72 (2005) 034027, hep-ph/0405087
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Earlier suggestions to attribute pion as protonium

• E. Fermi and C.N. Yang, Phys. Rev. 76, 1739 (1949).

• Y. Nambu and G. Jona-Lasinio, Phys. Rev. 122, 345  (1961); 124, 246 (1961).

Such ideas have been superseded by the creation of the quark 

model
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Other theoretical works

• Gao G, Qiao C F and Zhang A. 0−+ trigluon glueball and its implication for a recent bes

observation[J/OL]. Phys Lett B, 2006, 642(1):53-61 

• Zou B S and Chiang H C. One pion exchange final state interaction and the p anti-p near threshold 

enhancement in J / psi —> gamma p anti-p decays[J/OL]. Phys Rev D, 2004, 69:034004

• Liu X H, Zhang Y J and Zhao Q. A Possible mechanism for producing the threshold enhancement in J/psi 

-> gamma p anti-p[J/OL]. Phys Rev D, 2009, 80:034032. 

• Rosner J L. Low mass baryon anti-baryon enhancements in B decays[J/OL]. Phys Rev D, 2003, 

68:014004

• Tao Huang, Shi-Lin Zhu, X(1835): A Natural candidate of eta-prime's second radial excitation, 

Phys.Rev.D 73 (2006) 014023 
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More detailed BES analyses

With the inclusion of Julich-FSI effects, the mass is measured to be M=1832 MeV/c^2.
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More theoretical works on baryoniums

• G.J. Ding and M. L. Yan, Phys. Rev. C 72, 015208 (2005).

• G.-J. Ding and M.-L. Yan, Eur. Phys. J. A 28, 351 (2006).

• G.-J. Ding, J.-L. Ping, andY.-L.Yan,  Phys Rev D 74, 014029 (2006). 

• Z.-G. Wang and S.-L. Wan, J. Phys. G 34, 505 (2007).

• Shi-Lin Zhu, Chong-Shou Gao, Commun.Theor.Phys. 46 (2006) 291

• X.Liu, X.Q.Zeng, Y.B.Ding, X.Q.Li, H.Shen and P.N.Shen, hep-ph/0406118, 高
能物理与核物理 30，1-12 (2006).

• X.G. He,X.Q. Li,  and J.P. Ma, Phys Rev D 71, 014031  (2005).

• ……
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Theoretical works on heavy baryoniums

• C.-F. Qiao, Phys.Lett.B 639 (2006) 263-265

One explanation for the exotic state Y(4260)

• C.-F. Qiao, J.Phys.G 35 (2008)

A Uniform description of the states recently observed at B-factories

• Y.D. Chen &  C.-F. Qiao, Phys.Rev.D 85 (2012) 034034 

Baryonium Study in Heavy Baryon Chiral Perturbation Theory

• ……
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This talk is based on a review 

科学通报 (2004) 

https://doi.org/10.1360/TB-2024-0578

arXiv:2406.19180 



Protonium: 质子偶素的理论预言及BES实验发现

M.Yan, S.Li, B.Wu, B.-Q. Ma, Phys.Rev.D 72 (2005) 034027
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BESIII, PRL 132 (2024) 151901, BESIII, PRD 87 (2013) 012002
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Conclusions

• BES earlier observation of near-threshold enhance of J/psi to 

gamma+p+pbar could be interpreted as the existence of 

p+pbar bound state. 

• A skyrmion-type potential model was established to explain 

such state.

• A new decay channel was predicted to test such p+pbar

bound state: decay to 4 to 7 mesons.

• The new BESIII experiment of J/psi to gamma+3 (pion+pion-) 

aligns with such prediction.

• More theoretical and experimental investigations are still 

needed to confirm the existence of protonium or baryoniums.  


