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Color confinement
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➢ One of Seven Millennium 

Prize Problems

➢ Distinct from other 
fundamental interactions; Its 
understanding is not clear

1)Quark confining potential is not 

derived analytically

2)Heavy quark system provides a vivid 

picture to the confining mechanism; 

linear confining potential is support 

from Lattice QCD

arXiv, 1108.1579



Charm family spectrum
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1974 by Ting and Richter 1976 at SLAC LHCb, 2006.16957

(1976)

2017
中国科学十大进展



The first discovery of X(6900): a fully charm tetraquark candidate 

LHCb,2006.16957 (Science  Bulletin)

Discovery of X(6900)
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Current spectrum from LHCb/ATLAS/CMS

CMS, 2306.07164;    135fb-1 data; 

P_t(muon)>2GeV;|eta(muon)|<2.4;

P_t(di muon)>3.5GeV;

ATLAS, 2304.08962;    140fb-1 data; 

P_t(mu1,2,3,4)>4,4,3,3GeV; |eta(mu1,2,3,4)|<2.5;

2.94(3.56)GeV<M(dimuon)<3.25(3.80)GeV

LHCb, 2006.16957;     9fb-1
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The spin-parity for three states is determined as 2^{++}

CMS,2506.07944  (Nature)
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How to explain these exotic states?

Gluonic Tetracharm Hybrid

Similar to alpha cluster;

Different in diquark-

antidiquark  (color-confining)

tetraquark
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X(7100） 
M^2=[49-52]GeV^2

X(6500） 
M^2=[42-44]GeV^2

Fully charm tetraquark family: Linear Regge trajectories? 9

LHCb 2020;  ATLAS 2023;  CMS 2023, 2025(>5 sigma)

X(6200) hints  at Belle, 2305.17947

Zhu, 2010.09082

Current  perspectives and challenges 



CMS data supports spin-parity  2^++; 

However,  derivation from the data and MC
10



the derivation appears

from the data and 

(diquark)quark model

Chen-Liu-Zhao-Zhong-Zhu-Zou:2412.13455
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the signal 

significance

is different for

different 

transverse

momentum cuts
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汇报提纲
Outline

➢ Transverse momentum resummation formulae 
for fully charm tetraquarks production at 
hadron-hadron colliders

➢ Extraction of LDMEs and comparison with 
experimental data

➢ Summary and Outlook
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(1)Transverse momentum resummation formulae 

for fully charm tetraquarks production at hadron-

hadron colliders

14



汇报提纲
Hadronic production cross-section

Partonic processes:

LO+NLO virtual: 

NLO real:

QCD factorization:

15



Bodwin-Braaten-

Lapage

1995

Pineda-Soto-

Brambilla-Vairo

2000

16

NRQCD/pNRQCD factorization
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Quark configurations from symmetry

1)They are equivalent according to Fierz Transformation when deal with local 
observables.

2)Heavy diquark is very different to light diquark(isospin symmetry):         
good diquark is 1^+ for heavy sector  but 0^+ for light sector



汇报提纲
Amplitudes calculation in NRQCD
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Feng, Huang, Jia, Sang, Xiong and Zhang, arXiv:2009.08450;  

Zhu, 2010.09082



汇报提纲

LO:64(gg)，4(qqbar)                  

NLO Virtual:2008(gg)，170(qqbar)

NLO Real: 618(gg)， 98(qqbar, qg)

Complete NLO calculation
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汇报提纲
Exact IR  cancellation and no additional renormalization at NLO 
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The renormalization constant for four heavy quarks in a color singlet  is 1 at NLO



汇报提纲
Soft and collinear gluon radiation produces singularities
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At low transverse momentum P_\perp, the soft and collinear gluon 

radiations  generate the divergence, which should be resumed for a

reliable prediction.



Transverse momentum resummation in various processes

Drell-Yan, vector boson production, DIS processes,  Higgs production,… 

Collins, Soper  81; Collins, Soper, Sterman 85

CP Yuan 1992; Ji-Ma-Yuan 2004; CS Li, HX Zhu, DY Shao, P Sun, Gao, Wang, 

Cao, Liu, Li, Yan, et al, 2010s,……. 22



汇报提纲
Fourier transformation to impact-parameter b space
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汇报提纲
Collins-Soper evolution equation
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Separation of scales around 

1/b and M respectively

Collins, Soper  81

Collins, Soper, Sterman 85



汇报提纲
Sukakov form factor

25



汇报提纲
Nonperturbative Sukakov form factor
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Solve the nonperturbative problem when 



汇报提纲
Transverse momentum resummation formula for T4c

27



(2)Extraction of LDMEs and comparison with 

experimental data
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Extraction of LDMEs 

LHCb, 2311.14085

LHCb, 2006.16957

Using the 2J/\psi cross section and R-value data from LHCb, we extracted 

the LDMEs based on the NLO+NLL QCD formula 
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A test of the predictive power of our formula

Well agreement with 

LHCb measurement
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Another test but currently lack of decay information
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Transverse momentum distribution results at NLO+NLL
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Rapidity distribution results
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Total cross section dependence on center-of-mass energy
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✓ QCD resummation formulae for T4c production at 

LHC are established.

✓ The LDMEs are extracted from the LHCb data, 

then the transverse momentum, rapidity 

distributions are predicted.

Outlook:  1) production differential cross section and 

decay angular distribution; 2J/psi entanglement

2)EM and hadronic transitions between T4c

3)T4c near threshold?  T4b, T_{2b2c}?

Thank you a lot!

Summary and outlook

35
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