
Hidden-charm pentaquarks
Meng-Lin Du (杜孟林 )

@
University of Electronic Science and Technology of China (UESTC)

电子科技大学

味物理前沿研讨会  暨  味物理讲座 100 期特别活动
2026.2.3 @ 三亚

Collaborators: V. Baru, X.-H. Dai, F.-K. Guo, Z.-H. Guo, C. Hanhart, P. Ling, U.-G. Meißner, A. Nefediev, I. Strakovsky, J. Oller, Q. 
Wang, W.-J. Wang, B. Wu

Interpretation of the LHCb Pc states as Hadronic Molecules and Hints of a Narrow Pc(4380)
Revisting the nature of the Pc states
Prompt production of the hidden charm pentaquarks in the LHC
Insights into the nature of the Pcs(4459)
Deciphering the mechanism of near-threshold J/ψ photoproduction
In preparation



Conventional hadrons vs. Exotic hadrons
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Conv. Hadrons

meson baryon
Hundreds of hadrons can be 
described as 

Exotic Hadrons

The multiquark states were predicted at 
the birth of Quark Model.

The experimental and theoretical study of 
such states is a key to understand QCD



Light-flavor Pentaquarks
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Hidden-charm Pentaquarks: Predictions
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 2006: SU(4)+unitarity, by Hofmann et al., NPA776,17-51

2010: local hidden gauge + unitarity, by J.J. Wu et al., PRL105, 232001

2012: + Schrödinger Eq., by Z.C. Yang et al., CPC36, 6

 Chiral quark model, W.L. Wang et al., PRC84, 015203 (2011)
Hyperfine interaction, S.G. Yuan et al., EPJA48, 61 (2012)
…...

Review papers:
H.X. Chen, et al., Phys. Rept. 639, 1 (2016)
F.K. Guo, et al., Rev.Mod.Phys.90,015004(2018)
...

2013: HQSS + local hidden gauge + unitarity, by C.W. Xiao et al., PRD88, 56012



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)



Prompt production in the LHC
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P. Ling et al., Eur.Phys.J.C 81, 819 (2021)

A B

+



(Some) More Molecular Interpretations...
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JPAC, PRL123, 092001 (2019)

Burns et al., PRD100, 114033(2019)

FZ Peng et al.,2211.09154 ZY Zhang et al., Sci.Bull.68,981(2023)

JZ Wu et al., CPL41,091202(2024)



    photoproduction

16

J / ψA look at the
T γ p→J /ψ p=gγ ψT J /ψ p→ J /ψp

MN

No evidence for Pc.

GlueX (2019)

GlueX(2023)

MLD et al., EPJC80,1053(2021)

JPAC, PRD108,054018(2023)

GlueX,PRL123,072001(2019)

MX Duan et al., 2409.10364

The production of Pc 
suppressed

A similar result by
X Zhang, 2410.1015

Q Wang et al., PRD92(2015)
JJ Wu et al.,PRC100(2019)



Triangle Diagrams
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LHCb, PRL122, 
222001 (2019)

Nakamura, PRD103,L111503 (2021)



A Production/Rescattering Model
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Burns et al., PRD106,054029 (2022)

ZW Liu et al., PRD108,114022 (2023)



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



Including Λc(2595)D 
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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
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Production of the LHCb Pc states



Charmonium-pentaquark states (III)
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LHCb, PRL128,062001(2022)

Proposals

Hadroncharmonium: 
Ferretti et al., Sci.Bull.67,1209(2022)

Nakamura et al.,PRD104,L091503(2021)

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

A few of possibilities are reviewed, including 

MJ Yan et al.,EPJC82,574 (2022)
…..



Hidden-charm Pentaquarks with strangeness (I)
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JJ Wu et al., PRL105, 232001(2010); 
HX Chen et al.,PRC93,065203(2016) ...

Molecular Interpretation
B. Wang et al., PRD101,034018(2020)

MLD et al.,PRD104, 114034(2021)

LHCb, Sci.Bull.66,1278 (2021)

See review papers:
An updated review of the new hadron states, HX Chen et al., 
Rept.Prog.Phys.86,026201(2023)
ChPT for heavy hadrons and ChEFT for heavy hadronic molecules, L. 
Meng et al., Phys. Rept.1019,1(2023)

…...



Hidden-charm Pentaquarks with strangeness (II)
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(Some) Proposals

WX Zhang et al., PRD109,114037 (2024)

HQSS+local hidden gauge

and much more works ...

Burns et al., PLB838,137715 (2023)

Feijoo et al., PLB839, 137760(2023)



More Pentaquarks ...
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B Wang et al., PRD109,074035(2024)XK Dong et al., Progr.Phys.41,65(2021)



Lattice QCD study of the Pc states
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Single-Channel

Coupled-Channel still going!

HY Xing et al., 2210.08555



Conclusions and Propects
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Conclusions

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

● Lattice simulations

● STCF: charmonium-like, clearly defined IS&FS properities, full event reconstruction

● 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!
Pc: Pcs(s): Pcsss:

● Production through the triangle diagram

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



Thank you very much for your attention!



backup
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