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● Charmed mesons [D0*(2300), Ds0(2317)]

● Hidden-charm tetraquarks [Zc(3900)]

● Hidden-charm pentaquarks [Pc]

● Doubly-charmed tetraquarks [Tcc(3875)]

● Summary an Propects



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.



Ds mesons
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The relativized quark model:
Godfrey, Isgur, Phys. Rev. D 32, 189(1985)

Figure taken from Zhi Yang.



Lattice studies on the charmed strange meson

5

ChPT + unitiarization:



Ds mesons: Exp. + EFT + Lattice
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bare+DK       Yang PRL128(2022)112001

Belle II



Positive parity charmed meson [ D0*(2300) ]
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369 MeV
439 MeV

PDG

Gayer et al. [Hadron Spectrum], JHEP07(2021)123
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Lattice Calc.
Yan et al. PRD111(2025)014503

Du et al., PRD99(2019)114002



Two-pole structure of D0*(2300) 
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SU(3) + chiral symmetry Two-pole structure

Alabladejo et al., PLB(2017)465

LHCb, PRD94(2016)072001

Du et al., PRD98(2018)094018



       scattering length
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D π

determined by fitting the experimental 
correlation functions with a model that 
employs a Gaussian potential. 

The extracted values are small and compatible 
with zero.

ALICE, PRD110(2024)032004

Questioned in

Epelbaum et al., 
2504.08631

Du et al., 2509.12133

Chiral symmetry



Zc(3900)
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Molecule:
Wang et al., PRL111(2013)
Guo et al., PRD88(2013)
He et al., EPJC73(2013)
Gong et al., PRD94(2016)
……...

Compact:
Braaten, PRL111(2013)
Dias et al., PRD88(2013)
Qiao et al., EPJC74(2014)
Deng et al., PRD90(2014)
……...

Cusp w/o pole:
Chen, et al., PRL110(2013)
Swanson, PRD91(2015)
Ikeda et al., PRL117(2016)
……...

Triangle Singularity:
Wang et al., PRL111(2013)
Szczepaniak, PLB747(2015)
Albaladejo et al., PLB(2016)
Pilloni et al., PLB772(2017)
……...

Review:  Chen et al., PR639(2016), Liu et al., PPNP107(2019), Brambilla et al., PR873(2020), Guo et al., PPNP112(2020)...



Zc(3900): TS + CS + FSI
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Chen et al., Sci. China Phys. Mech. 
Astron. 67 (2024)291011

Data: BESIII, PRD92(2015)092006 Data: BESIII, PRL119(2015)072001



Zc(3900): Lattice
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Prelovsek et al., PLB737(2013)172

Prelovsek et al., PRD91(2015)014504

Chen et al., PRD89(2014)094506

Liu et al., PRD101(2020)054502

HAL QCD, PRL117(2016)242001

HAL QCD, JPG45(2018)024002

+ more meson-meson + quark-diquark  (22 interpolating operators)

no exotic state below 4.2 GeV.

weakly repulsive! 

Three-channel Ross-Shaw effective range theory
Multi-channel Luescher formula



Zc(3900): Lattice + EFT
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Yan et al., PRD109(2024)014026
No TS.



Zc(3900): Lattice + EFT
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Sadl et al., PRD111(2025)054513

More than one volume + moving frame



Zc(3900): Lattice + EFT
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Sadl et al., PRD111(2025)054513More than one volume + moving frame

No triangle diagrams!



Zc(3900): Lattice + EFT
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Guo, NPR37(2020)406

prediction

Yu et al., PRD110(2024)114029
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Zhang et al., PRD112(2025)016014



Zc(3900): Lattice + EFT
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Guo, NPR37(2020)406

prediction

Yu et al., PRD110(2024)114029
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Zhang et al., PRD112(2025)016014

No crossed-channel effect!
Thus do not describe 
? SU(3) Zcs(3985)
? OPE

π π



Hidden-charm pentaquarks
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Compact 
Pentaquark
Cheng and Liu, PRD100, 054002(2019)
Ali et al., JHEP10, 256 (2019)
Deng, PRD105, 116021(2022)
Zhu et al., PLB797, 134869(2019)
Giron et al., JHEP05, 061 (2019)
…...

Chen et al., PRD100, 051501 (2019)
Chen et al., PRD100, 011502 (2019)
Guo et al., PRD99, 091501 (2019)
Liu et al., PRL122, 242001 (2019)
Guo et al., PLB793, 144 (2019)
Meng et al., PRD100, 014031(2019)
Wu et al., PRC100, 035026 (2019)
…...

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

Hadron-Charmonium

Eides et al., MPLA 35, 2050151 (2020)



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)



LHCb pentaquarks: EFT w/o pion
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If is included, one more LEC

overdetermined

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



LHCb pentaquarks: EFT w/ pion
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Determined by exp. data

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



LHCb pentaquarks: EFT w/ pion

23 Yalikun et al., PRD104,094039(2021)

Determined by exp. data

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



Lattice QCD study on the Pc states
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Single-Channel

Coupled-Channel still going!

HY Xing et al., 2210.08555



Doubly charm tetraquark state
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[MeV]



Doubly charm tetraquark on the Lattice
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Chen et al., PLB833(2022)137391

attractive Virtual state
Lyu [HALQCD], PRL131(2023)161901

Twisted boundary 
conditions.

Nagatsuka et al., 2507.20712

attractive 
virtual



The left-hand cut vs three-body cut
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The phase shift with a left-hand cut
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Limit ERE
Du et al., PRL131(2023)131903

Meng et al., PRD111(2025)034509
meson-meson + quark-antidiquark

Prelovsek et al., PRD112(2025)014507



Effective-range expansion (ERE) with the left-hand cut
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Du et al., PRL135(2025)011903

DD* scattering amplitude

Preliminary results



Long-range force on the Lattice
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Green et al., PRL127(2021)242003

Dibaryon

Sadl et al., PRD111(2025)054513

Integral equations!

quantization conditionfor 
the ERE w/ the lhc?



Summary and Propects
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● Charmed mesons (chiral symmetry + SU(3) )

● Hidden charm tetraquark (OPE + SU(3) + crossed-channel + triangle singularity)

● Hidden charm pentaquark (production mechanism, lattice: coupled-channel)

● Doubly charm tetraquark (the long-range force, in hidden charm tetraquark also)

Thank you very much for your attention!



Thank you very much for your attention!
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