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All known heavy quark exotics
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Current and past experiments contributing 
to the studies of heavy exotics

arXiv:2410.06923



Good theories (Explanatory power, 
systematicity, and predictive power ）
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 Nuclear  Shell Model

 Quark Model 

            

      



Color Confinement
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 One of Seven Millennium 
Prize Problems

 QCD as fundamental theory
of Strong interaction but not 
been fully understood 

            

      

 1)Quark confining potential can not 
derived analytically;  support from 
Lattice QCD

2)Exploring infrared effective theory of 
quark confinement:
 such as dual superconductivity theory
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(1) Hidden double charm meson-like  exotics 
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  How to explain these exotic states?

Gluonic Tetracharm Hybrid

 Similar to alpha cluster;
 Different in diquark-
antidiquark  (color-confining)
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  Diquark-antidiquark  or charmonium molecule?

The masses (6.5GeV, 7.1GeV) are predicted previously and 
confirmed by ATLAS/CMS.



X(7100 ） 
M^2=[49-
52]GeV^2

X(6500 ） 
M^2=[42-
44]GeV^2

Fully charm tetraquark family: Linear Regge trajectories?
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LHCb 2020;  ATLAS 2023;  CMS 2023, 2025(>5 sigma)
See talks by 胡震，周漪琳

X(6200) hints  at Belle, 2305.17947
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Fully charm tetraquark production

Partonic processes:

LO+NLO virtual: 
 

NLO real:

QCD factorization:
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Bodwin-Braaten-
Lapage
1995

Pineda-Soto-
Brambilla-Vairo

2000
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       NRQCD/pNRQCD factorization



       Previous studies (selected)

Fragmentation mechanism (based on NRQCD), equally 
considering the NLO real diagrams  (valid for large Pt)

NRQCD LO ( Pt=0)
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F. Feng, Y. Huang, Y. Jia, W. L. Sang, X. Xiong and J. Y.Zhang,
arXiv:2009.08450; F. Feng et al, 2304.11142
Y.Q. Ma, H.F. Zhang, arXiv:2009.08376
l. Belov, A. Giachino, and E. Santopinto, arXiv:2409.12070

R.L. Zhu, arXiv: 2010.09082
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Differential cross section in NRQCD
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LO:64(gg) ， 4(qqbar)                  
  
NLO Virtual:2008(gg) ， 170(qqbar)
                                                           
NLO Real: 618(gg) ， 98(qqbar, qg)

       Full NLO calculation in NRQCD
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Wang,Zhu, arXiv:2510.02085
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Exact IR  cancellation 
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Collider energy dependence for different spin and scales

Reference at 7TeV:
σ(eta_c)~10^6nb

σ(2J/psi)~10nb

σ(T_4c)
~[0.1-0.5]nb

LDMEs extracted 
from LHCb data
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Rapidity dependence for different diquark configurations

[3 3_bar] 
plays a major role
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Soft gluon radiation produces large logarithms
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At low P_perp, the soft gluon radiations  
generate the divergence, which should be 
resumed to obtain reliable predictions.
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Collins-Soper-Sterman resummation
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Collins, Soper  81
Collins, Soper, Sterman 85



NLL Resummation results

Typical p_t 
around 2 GeV
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  Fully charm tetraquark decay properties

Chen-Liu-Zhao-Zhong-Zhu-Zou, 
arXiv:2412.13455

Major decay modes
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  Cascade decay angles
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  Helicity amplitudes

Symmetry constraint:
Parity conservation;
Identical particles
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  Polar angular distribution

Model I: quark model (QM); 
Model II: diquark model+heavy quark effective 

theory(HQET)
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  Plane angular distribution
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   Charmed meson pair channel
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  Quantum entanglement

If assume quantum entanglement as a basic principle, 
then a constraint formula for helicity amplitudes.
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   Recent results from Lattice QCD

Li,Shi,Chen,Sun,arXiv:2505.24213;2505.23220;
Meng,Liu,Tuo,Yan,Zhang,arXiv:2411.11533;

X(6500) resonance state
 is observed in LQCD

See talk by 李更



汇报提纲

30

(2)Hidden charm /open double charm
meson-like  exotics 
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   Unified study of Tcc and X(3872) from model, experimental data and 
Lattice data

Ren,Wang,Yang,Wu,PRD110,074007(2024);PRD 
110,114029(2024);……;
Meng,Liu,Tuo,Yan,Zhang,arXiv:2411.11533;
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They found X(3872) is 
A mixing state
With bare charmoinum,
And DD*_bar+D*D_bar 
molecule ；
Tcc as DD*+D*D 
molecule
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   Predicting isovector charmonium-like states
from X(3872) properties

Zhang, Ji, Dong, Guo, Hanhart, Meißner,  Rusetsky, JHEP 08 
(2024) 130;PRD 111 (2025) 014031;arXiv:2502.04458



 Overview the mass spectrum, the hadron-
production and decay properties for hidden double 
charm meson-like exotics

 Overview the recent studies for X(3872) and 
Tcc(3875)

Outlook: measuring the (differential) cross section (or) 
and the decay angular distribution  shall tell us the 
inner structure of exotics; Color confinement has not 
been really understood, and its deep investigation is 
needed. Thank you a lot!

Summary and outlook
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