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➢Conventional quark model

➢Exotic hadron states (multiquark, hybrid, glueball)

I. Exotic hadron studies
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I. Exotic hadron studies

A. Hosaka, et al.,
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I. Exotic hadron studies

R. Aaij et al., Sci. Bull. 65, 1983 (2020) 
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I. Exotic hadron studies

➢ Without soft photon

✓ Exclude exotic quantum number

✓ Do not contain light quarks

➢ Consisting of four charm quarks

Model I:

Model II:
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I. Exotic hadron studies

G.-J. Wang, L. Meng, and S.-L. Zhu, PRD 100, 096013 (2019) 
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I. Exotic hadron studies
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W. Chen et al., PLB 

773, 247  (2017) 

I. Exotic hadron studies
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I. Exotic hadron studies
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I. Exotic hadron studies

B.-C. Yang, L. Tang, and C.-F. Qiao, arXiv:2012.04463
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I. Exotic hadron studies

A. Czarnecki, B. Leng, and M.B. Voloshin, PLB 778, 233 (2018)

➢ It was argued by Czarnecki that stable tetrons, such as a 

double charmonium 𝑐𝑐 ҧ𝑐 ҧ𝑐 system, may not exist.
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➢ It is higher than double J/ψ threshold by about 700 MeV.

➢ X(6900) may not be stable as a tetracharm.
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II. Hybrid explanation of X(6900)

➢ Double hidden-charm hybrid 

✓ Constituent

◆Diquark

◆Antidiquark

◆Dynamic Gluon
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✓ The mass is heavier

✓ Avoid what Czarnecki have argued 

✓ OZI suppress



II. Hybrid explanation of X(6900)

➢ Color structure

✓Quark= fundamental representation 3

✓Gluon= Adjoint representation 8

✓Observable particles=color singlet 1

◆Mesons

◆Diquark
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II. Hybrid explanation of X(6900)

➢ Color structure

✓Molecular

✓Diquark-antidiquark

✓Hybrid
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II. Hybrid explanation of X(6900)

➢ Double hidden-charm hybrid 

✓ Constituent

◆Diquark

◆Antidiquark

◆Dynamic Gluon
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⚫ Interpolating currents for double hidden-charm hybrid 

III. Double hidden-charm hybrid via QCDSR
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⚫ The two-point correlation function

⚫ The OPE side of the correlation function

⚫ The phenomenological side of the correlation function

III. Double hidden-charm hybrid via QCDSR

21Bing-Dong Wan   UCAS



⚫ The Borel transformation

⚫ The quark-hadron duality approximation

⚫ The mass function

III. Double hidden-charm hybrid via QCDSR
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⚫ The moments

⚫ Ratios to constrain the windows of 

III. Double hidden-charm hybrid via QCDSR
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⚫ Typical Feynman diagrams of double hidden-charm hybrid

III. Double hidden-charm hybrid via QCDSR
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0++ double hidden-charm hybrid with current A

III. Double hidden-charm hybrid via QCDSR
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0-+ double hidden-charm hybrid with current B

III. Double hidden-charm hybrid via QCDSR
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III. Double hidden-charm hybrid via QCDSR

27Bing-Dong Wan   UCAS



Contents:

⚫Exotic hadron studies

⚫Hybrid explanation of X(6900)

⚫Double hidden-charm hybrid via QCDSR

⚫Summary

28Bing-Dong Wan   UCAS



IV. Summary

➢A  novel double hidden-charm hybrid configuration, i.e. 

[3c]cc⊗[8c]G⊗[3c] ҧ𝑐 ҧ𝑐
, is proposed to interpret the hadronic 

structure X(6900) recently observed in LHCb experiment.

➢We obtain two stable double hidden-charm hybrid with masses 

about 6.92 GeV and 7.10 GeV with JPC=0++ and 0-+, respectively.

➢Their b-sector partners are also evaluated with masses 

(19.30±0.23) and (19.46±0.20) GeV for 0++ and 0-+, respectively.
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➢QCDSR
CFQ & Liang Tang, PRL113 (2014) 221601

CFQ & Liang Tang, NPB904 (2016) 282

➢ Field strength tensor

➢ In coordinate gauge

CFQ & GH, PLB642 (2006) 53



➢ Some contractions



➢ Gluon condensates



➢ The spectral densities for 0++ double hidden-charm hybrid 





➢ The spectral densities for 0-+ double hidden-charm hybrid 


