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Charmonium-pentaquark states (I)
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Charmonium-pentaquark states (II)



Proposals [after 2019]
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Compact Pentaquark
Chromomagnetic model, JB Cheng and YR Liu, PRD100, 054002 (2019)

Compact diquark model,       Ali et al., JHEP10, 256 (2019)

Hadron-Charmonium
Eides et al., Mod. Phys. Lett. A 35, 2050151 (2020)

R. Zhu et al., PLB797, 134869(2019)
Giron et al., JHEP05, 061 (2019)
…...

Kinematic effect
Kuang et al., EPJC80,433 (2020)
Nakamura, PRD103, L111503(2021)
Burns et al., PRD106,054029(2022)
…...

                                                   ,       C.R. Deng, PRD105, 116021 (2022)

Hadronic Molecule
H.X. Chen et al., PRD100, 051501 (2019)
R. Chen et al., PRD100, 011502 (2019)
F.K. Guo et al., PRD99, 091501 (2019)
M.Z. Liu et al., PRL122, 242001 (2019)
Z.H. Guo et al., PLB793, 144 (2019)
L. Meng et al., PRD100, 014031(2019)
J.J. Wu et al., PRC100, 035026 (2019)
J.-Z. Wu et al., CPL41,091201(2024)
…...



Heavy Quark Spin Symmetry (HQSS)
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LO Contact Interaction: Only 2 LECs

7 Pc states! Xiao et al., PRD88, 56012 (2013)

baryon-meson system
(ground states)



Molecular Interpretation [EFT]
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2 LECs

2 LECs

7 LECs for contact Production

MLD et al., PRL124,072001(2020)
MLD et al., JHEP08,157 (2021)



“Contact” Fits to the LHCb data
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If is included, one more LEC

overdetermined

MLD et al., PRL124,072001(2020)
MLD et al., JHEP08,157 (2021)



Line shape and Pc Poles: Contact
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NOT the broad Pc(4380) 

reported by LHCb in 2015 

？

P. Ling et al., EPJC81,819 (2021)

MLD et al., PRL124,072001(2020)
MLD et al., JHEP08,157 (2021)



Including OPE
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Determined by exp. data

MLD et al., PRL124,072001(2020)
MLD et al., JHEP08,157 (2021)



Including OPE
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Determined by exp. data

MLD et al., PRL124,072001(2020)
MLD et al., JHEP08,157 (2021)



Analysis based on Born–Oppenheimer effective field theory
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衰变分析倾向于右边

 Brambilla et al., PRD112, 114037(2025)

Alasiri et al., PLB873, 140162(2026)

不束缚

HQEFT



HQEFT analysis of BOEFT results
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4 states!



Triangle Diagrams
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LHCb, PRL122, 
222001 (2019)

Burns et al., PRD106,054029 (2022)



A look at the data
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Burns et al., PRD106,054029 (2022)



Including Λc(2595)D 

15

S-wave

P-wave

S-wave P-wave
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Production of the LHCb Pc states

1

2

3
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Production of the LHCb Pc states

Solution B! not significant!
consistent with Yalikun et al., PRD104,094039(2021)

Preliminary

Preliminary



18

Production of the LHCb Pc states



Conclusions and Propects
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Conclusions

Propects
● The missing Pc’s from HQSS, Pc’s with strangeness

● Lattice simulations

● Molecular interpretation of the Pc’s and 7 Pc’s are predicted from HQSS

● A narrow Pc(4380), different from the broad one reporeted by LHCb in 2015

Thank you very much for your attention!

● Production through the triangle diagram

● The missing Pc’s from HQSS in LHCb is naturally explained

● Pc(4312): J=1/2,  Pc(4457): J=1/2,  Pc(4440): J=3/2



Thank you very much for your attention!



backup
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