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Background

Exotic



Background   Observation of 𝑋 3872

𝐽/𝜓𝑋 mode :   3871.64 ± 0.06 MeV
𝐷 ഥ𝐷𝜋  mode:

PDG

• 𝐽𝑃𝐶= 1++. 

• Close to 𝐷∗0𝐷0 /𝐷0𝐷∗0thresholds

• Close to 𝑐 ҧ𝑐(23𝑃1) ∶ m=3953.5 MeV

𝛿𝑚 = 𝑚𝜒𝑐1 2𝑃 − 𝑚𝑋 3872 = 81.35 MeV

• Complicated coupled-channel effect: ത𝒄𝒄 & 𝑫∗𝑫 /ഥ𝑫𝑫∗

Phys. Rev. D 32, 189 (1985).

LHCb PRD 102, 092005 (2020)

𝑚𝐷0 = 1864.84 ± 0.05 MeV
𝑚𝐷∗0 = 2006.85 ± 0.05 MeV

𝑚𝐷0 + 𝑚𝐷∗0 = 3871.69 ± 0.07 MeV

𝑚𝜓(2𝑆) = 3686.097MeV



Various theoretical models but lack of 

experimental data & Lattice data.  

Large uncertainties of parameters: 

may describe a specific state

Background

Conventional ҧ𝑐𝑐: 𝜒𝑐1 2𝑃 . 
Eichten ,Lane, Quigg, Suzuki, Barnes, Godfrey,...

Compact tetraquark state.
Close, Maiani, Piccinini, Polosa, Riquer,...

The 𝐷∗𝐷 /ഥ𝐷𝐷∗ molecular state. 
Swanson, Wong, Guo, liu,....

the ҧ𝑐𝑐 core + 𝐷∗𝐷 /ഥ𝐷𝐷∗ 
Chao, H. Q. Zheng, Yu. S. Kalashnikova, P. G. Ortega...

G.-J. Wang, Z. Yang, J.-J Wu, M. Oka, S.-L. Zhu

Sci.Bull. 69 (2024) 3036-3041

C. H. Li, C. Z. Yuan, Phys. Rev. D 100, 094003 



Background  Observation of 𝑃𝑐 and 𝑃𝑐𝑠

LHCb 

 PRL 115 (2015) 072001 PRL 122 (2019) 222001

citation 2137                        citation 1030

Pc(4312) 𝟒𝟑𝟏𝟏. 𝟗 ± 𝟎. 𝟕−𝟎.𝟔
+𝟔.𝟖 𝟗. 𝟖 ± 𝟐. 𝟕−𝟒.𝟓

+𝟑.𝟕

Pc(4440) 𝟒𝟒𝟒𝟎. 𝟑 ± 𝟏. 𝟑−𝟒.𝟕
+𝟒.𝟏 𝟐𝟎. 𝟔 ± 𝟒. 𝟗−𝟏𝟎.𝟓

+𝟖.𝟕

Pc(4457) 𝟒𝟒𝟓𝟕. 𝟑 ± 𝟎. 𝟔−𝟏.𝟕
+𝟒.𝟏 𝟔. 𝟒 ± 𝟐. 𝟎−𝟏.𝟗

+𝟓.𝟕

Λ𝑏 → 𝐽/𝜓𝑝𝐾

PRL 128 (2022) 6, 062001    citation 175

𝐵𝑠
0 → 𝐽/𝜓𝑝 ҧ𝑝



Background  Observation of 𝑃𝑐 and 𝑃𝑐𝑠

𝑃𝑐𝑠(4459)      Ξ𝑏
− → 𝐽/𝜓ΛK−

Sci.Bull. 66 (2021) 1278-1287

4458.8 ± 2.9−1.1
+4.7 MeV

17.3 ± 6.5−5.7
+8.0 MeV

 P ∼ 3𝜎

𝑃𝑐𝑠(4338)      B− → 𝐽/𝜓Λ ҧ𝑝
arXiv:2210.10346

4338.2 ± 0.7 ± 0.4MeV
7.0 ± 1.2 ± 1.3MeV

P > 15𝜎

𝐽𝑃 =
1

2

−

𝑃𝑐 & 𝑃𝑐𝑠

ONLY 

LHCb??



Background  Observation of 𝑃𝑐 and 𝑃𝑐𝑠

𝑃𝑐 & 𝑃𝑐𝑠

ONLY 

LHCb??

HADRON2025, John Yelton’s talk



Searching Exotic in EicC

𝑒𝑝 → 𝑒 𝑃𝑐

    → 𝑒 𝑉𝑝′

    → 𝑒[𝑙+𝑙−𝑝′]

𝑒𝑝 → 𝑒 𝑋 𝑁′

𝑒𝑝 → 𝑒 𝑋 All

Front. Phys. 16(6), 64701 (2021)



𝜸𝒑 → 𝑱/𝝍𝒑 𝐨𝐫 𝚼𝐩  for searching Pc 
[1] Y. Huang, J. He, H.-F. Zhang, and X.-R. Chen, JPG 41, 115004 (2014).

[2] Q. Wang, X.-H. Liu, and Q. Zhao, PRD92, 034022 (2015).

[3] V. Kubarovsky and M. B. Voloshin, PRD92, 031502 (2015).

[4] M. Karliner and J. L. Rosner, PLB752, 329 (2016).

[5] Hiller Blin, Fernandez-Ramirez, Jackura, Mathieu, Mokeev, Pilloni,and 

Szczepaniak, PRD 94, 034002 (2016).

[6] E. Ya. Paryev and Yu. T. Kiselev, NPA978, 201 (2018).

[7] X.-Y. Wang, X.-R. Chen, J. He, PRD 99,114007 (2019)

[8] Xu Cao and Jian-ping Dai, PRD 100, 054033 (2019)

[9] J.-J. Wu, T.-S.H. Lee, B.-S. Zou PRC 100, 035206 (2019) 

[10] Zhi Yang, Xu Cao, Yu-Tie Liang, Jia-Jun Wu CPC 44, No. 8 (2020) 

084102

[11] ML Du, V Baru, FK Guo, C Hanhart, U-G Meißner, A Nefediev, and I 

Strakovsky, EPJC 80, 1053 (2020)

[12] X. Wang, X. Cao, A.-q. Guo, L. Gong, X.-S. Kang, Y.-T. Liang, J.-J. 

Wu, and Y.-P. Xie arXiv:2311.07008

[13] T. S. H. Lee, S. Sakinah, and Y. Oh, Eur. Phys. J. A 58, 252 (2022). 

[14] Ming-Xiao Duan, Chang Gong, Lin Qiu, Qiang Zhao, 2409.10364

[16] L. Tang, Y.-X. Yang, Z.-F. Cui, C.D. Roberts, PLB 856, 138904 (2024)

[17] Xu Zhang, Eur.Phys.J.C 85 (2025) 10, 1120

[18] Sang-Ho Kim, PLB 868 (2025) 139725

[19] Lin Tang, Hui-Yu Xing, Minghui Ding, Craig D. Roberts

EPJC 86 (2026) 3, 284

……

1.  Resonances? or Kinematics effects (Threshold & TS)?

No Threshold & TS effect because two bodies final state.

2.  If Resonances confirmed, what is the internal structure ? 

Meson-Baryon molecule or  5 quark configuration state ?

Decay width of channels

3.  What the spin and parity (Jp) ?

 Angular differential cross section,  Two body vs Three body



The background of 𝜸𝒑 → 𝑱/𝝍𝒑

T.-S.H. Lee, S. Sakinah, Yongseok Oh EPJA 58 (2022) 12, 252

J.-J Wu, T.-S.H. Lee, B.-S. Zou, PRC 100, 035206 (2019) 

Lin Tang, Hui-Yu Xing, Minghui Ding, Craig D. Roberts EPJC 86 (2026) 3, 284

L. Tang, Y.-X. Yang, Z.-F. Cui, C.D. Roberts, PLB 856, 138904 (2024)

Xu Zhang, Eur.Phys.J.C 85 (2025) 10, 1120

ML Du, V Baru, FK Guo, C Hanhart, 

U-G Meißner, A Nefediev, and I 

Strakovsky, EPJC 80, 1053 (2020)



The pentaquark state for 𝜸𝒑 → 𝑱/𝝍𝒑

J.-J Wu, T.-S.H. Lee, B.-S. Zou, PRC 100, 035206 (2019) 

Off shell

Pomeron Exchange

Resonance

550 MeV

750 MeV

1000 MeV



𝜸𝒑 → 𝑷𝒃 → 𝚼𝒑
• Pb

Y. H. Lin, C.W. 

Shen, B.S. Zou

NPA 980 21

(2018)

X. Cao, F.-K. Guo, Y.-T. Liang, J.-J. Wu, J.-J. Xie, Y.-P. Xie, 

Z. Yang, and B.-S. Zou PRD 101 (2020) 7, 074010



𝜸𝒑 → 𝑲𝑷𝒄𝒔 → 𝑲 𝚵𝐜
ഥ𝐃/𝚲𝐜

ഥ𝐃𝐬

𝐾

ഥ𝐾∗

𝐷

ഥ𝐷𝑠

Λ𝑐 / Σ𝑐

P𝑐𝑠

𝑝

ഥ𝐷𝑠 / ഥ𝐷

Λ𝑐 Σ𝑐  \ Ξ𝑐

𝛾



𝑒𝑝 → 𝑒𝑋 3872 𝑝
𝑒𝑝 → 𝑒𝑍𝑐 3900 𝑛

𝜎 𝑒𝑝 → 𝑒ℎ𝑁′ =  න 𝑑𝑘𝑑𝑄2
𝑑2𝑁 𝑘, 𝑄2

𝑑𝑘𝑑𝑄2 𝜎𝛾∗𝑝→ℎ𝑁′(𝑊, 𝑄2)

is the photon flux

𝜎𝛾∗𝑝→ℎ𝑁′(𝑊, 𝑄2) is the cross section of exotics photon-production

Xu Cao Front. Phys. 18(4), 44600 (2023)

COMPASS, PLB 783, 334 (2018)

EIC, EPJC81,710

JPAC, PRD 102 (2020) 114010

COMPASS, PLB 742, 330 (2015)

For X(3872) and Zc(3900)



For X(3872) and Zc(3900)

𝑒𝑝 → 𝑒𝑋 3872 𝑝

𝑒𝑝 → 𝑒𝑍𝑐 3900 𝑛

Xiong-Hui Cao, Meng-Lin Du, and Feng-Kun Guo. JPG, 51(10):105002, 2024.

JPAC, PRD 102, 114010 (2020）



Simulation

𝑒𝑝 → 𝑒𝑋 3872 𝑝

𝑒𝑝 → 𝑒𝑍𝑐 3900 𝑛

𝜎 𝑒𝑝 → 𝑒ℎ𝑁′ =  න 𝑑𝑘𝑑𝑄2
𝑑2𝑁 𝑘, 𝑄2

𝑑𝑘𝑑𝑄2 𝜎𝛾∗𝑝→ℎ𝑁′(𝑊, 𝑄2)

is the photon flux

𝜎𝛾∗𝑝→ℎ𝑁′(𝑊, 𝑄2) is the cross section of exotics photon-production



Simulation of Zc(3900)
Simulation of 𝒆 𝒑→ 𝒆 𝒏 𝒁𝒄, proton direction = z

The scattering angle 

of electron is large
The scattering angle of 

neutron is along the 

direction of incoming proton



Simulation of Zc(3900)
Decay of 𝒁𝒄(𝟑𝟗𝟎𝟎) → 𝝅

+
𝑱/𝝍→ 𝝅

+
𝒍

+
𝒍

−



Simulation of Zc(3900)
Detection of final state particles

Reconstruction of 𝑱/𝝍

Reconstruction of Zc(3900)



Simulation of Zc(3900)
Zc(3900) analysis with background mixing, L = 50 fb-1, Efficiency = 79.7%  πμμ 23.2%  eπμμ



Simulation of X(3872)
X(3872) analysis with background mixing, 

L = 50 fb-1

Efficiency = 

53.9%  𝝅𝝅𝝁𝝁
39.5%  𝒆𝒑𝝅𝝅𝝁𝝁



Summary and Outlook

Thanks for 

attention!



Backup



Simulation of ep→ epX(3872)→epππμμ



Simulation of ep→ epX(3872)→epππμμ



Detection of final state particles



Reconstruction of J/ψ and Zc(3900) 



Searching Exotic in EicC
Important !

𝑒𝑝 → 𝑒 𝑃𝑐

    → 𝑒 𝑉𝑝′

    → 𝑒[𝑙+𝑙−𝑝′]

𝑒𝑝 → 𝑒 𝑋 𝑁′

𝑒𝑝 → 𝑒 𝑋 All

Front. Phys. 16(6), 64701 (2021)
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