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CMS detector & trigger
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𝜂 coverage (track & muon): [-2.5, 2.5]

Int. lumi. of 2016 + 2017 + 2018: ~145 fb-1

Excellent detector for (exotic) quarkonium
➢ Muon system

High-purity muon ID, Δ𝑚/𝑚~0.6% for 𝐽/𝜓
➢ Silicon tracking detector

B = 3.8 T, Δ𝑝𝑇/𝑝𝑇~1% & excellent vertex resolution
➢ Special triggers for different analyses at increasing int. lumi

Requirements on 𝜇 & 𝜇+𝜇− pT, mass and vertex of 𝜇+𝜇−,
and addition muon 



Exotic hadrons
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Conventional hadrons in quark model
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Exotic hadrons in QCD

g

gg

Pentaquark Glueball

…

Tetraquark



New Domain of Exotics: All-heavy Tetra-quarks

• First mention of 4c states: Y. Iwasaki, Prog. Theo. Phys. 54, 492 (1975)

• First calculation of 4c states: K.-T. Chao, Z. Phys. C 7, 317 (1981)

• Many other theoretical studies in recent years 5

𝐽𝑃𝐶 & mass

Two body 

decays A pair of D meson A pair of 𝜓 meson



Exotic hadrons with four-charm: in experiment

• Structures in 𝐽/𝜓𝐽/𝜓 mass spectrum at CMS, LHCb and ATLAS
• This talk focus on the CMS result
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𝐽/𝜓𝐽/𝜓 events at CMS

• Dataset:
• 135 𝑓𝑏−1 pp collision at 𝑠=13 TeV taken at CMS in 2016-2018 

• Final state:
• 𝐽/𝜓𝐽/𝜓 → 𝜇+𝜇−𝜇+𝜇−

• MC simulations for
• Signal: 

• Generated using Pythia8, JHUGen

• Background: 
• Generated using Pythia8, Cascade, HelacOnia
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Background in 𝑋 → 𝐽/𝜓𝐽/𝜓 process
• Two main background contributions

• NRSPS: Non-Resonant Single Patron Scattering
• DPS: Double Parton Scattering

• Combinatorial background
• Events contain one or zero 𝐽/𝜓
• Well described by NRSPS + DPS
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Non-Resonant Single Parton Scattering Double Parton Scattering
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New resonances in 𝐽/𝜓𝐽/𝜓 mass at CMS

• Three resonances in 𝐽/𝜓𝐽/𝜓 mass spectrum
• X(6600) – 7.9𝜎 (NEW!)
• X(6900) – 9.8𝜎
• X(7100) – 4.7𝜎 (NEW!)

9PRL312.111902(2024)
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Event display of a X(6600) candidate

X(6600) X(6900) X(7300)



New resonances in 𝐽/𝜓𝐽/𝜓 mass at CMS
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Comparison with some theoretical predictions

• P-wave radial excitation (like 𝜓)?

• Or S-wave radial excitation?

• Theoretical situation difficulty & confusing
• Important next step: measure 𝐽𝑃𝐶 to clarify 12

No interf.

M[BW1] = 6552 ± 10 ± 12 MeV

M[BW2] = 6927 ±  9 ±  5 MeV

M[BW3] = 7287 ± 19 ± 5 MeV

P-wave

M[BW1] = 6638 ± 10 ± 12 MeV

M[BW2] = 6847 ±  9 ±  5 MeV

M[BW3] = 7134 ± 19 ± 5 MeV

S-wave

arXiv:2108.04017

Nucl. Phys. B 966 (2021) 115393

Interf.

PRL312.111902(2024)

https://arxiv.org/abs/2108.04017


Summary & outlook
• New resonances in 𝐽/𝜓𝐽/𝜓 mass spectrum at CMS 

• X(6600) – 7.9𝜎 (NEW!)

• X(6900) – 9.8𝜎

• X(7100) – 4.7𝜎 (NEW!)

• The coming Run III data will help in 

further study of their properties

• Spin-parity, new decay mode …
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Event display of a X(6600) candidate

Thanks



Backup
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Mimic of LHCb model I
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Mimic of LHCb model II
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First evidence of 𝐽/𝜓𝐽/𝜓 events in 1982
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CERN NA3 CERN NA3

SPS PLB114(1982)457

Was interpreted as 2++ 4-quark state

PLB158 (1985) 85
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Possible explanations of 𝐽/𝜓𝐽/𝜓 states
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2++ four-quark states, PRD29 (1984) 426

There were other attempts
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