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Quark model and Exotic hadron

“Exotic” hadron

Meson BaryonColor Charge

Quark model

Molecule Diquark-antidiquark

Possible tetraquark states Possible pentaquark state Glueball

Prospects: A family of all-charm tetraquarks?

CMS report 3 tetracharm candidates

• X(6900) [all 3 LHC exps]

• X(6600) observed with 7σ

• Evidence of X(7100) [4.7σ in Interf.]

CMS adopt “3-way” interference model

• Threshold BW (non-interfering) + three interfering BWs

• Interference for each individual dip < 4σ

ALL states over 5σ ?
Interference over 5σ ?

Same 𝑱𝑷𝑪 ?
> 200 MeV mass splittings ==> Radial excitations ?

A radial family of all-charm tetraquarks with same 𝑱𝑷𝑪 ?

With CMS Run III data

§ 1964: Gell-Mann & Zweig → hadrons = meson or baryon

§ Possible tetraquark & pentaquark states

§ QCD allows exotic hadrons: hybrids, glueballs

Data and Event Selection

Run II: 135 fb-1 in 2016~2018 @13TeV
Run III: 180 fb-1 in 2022~2024 @13.6TeV

v Datasets
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qSingle muon: 
• Soft muon ID 
• 𝜼 𝝁 ≤ 𝟐. 𝟒

qSingle 𝑱/𝝍:
• 𝟐. 𝟗𝟓 < 𝑴 𝑱/𝝍 < 𝟑. 𝟐𝟓 𝑮𝒆𝑽
• 𝒑𝒓𝒐𝒃𝒗𝒕𝒙 𝑱/𝝍 > 𝟎. 𝟏%
 𝑴 𝝁!𝝁" constrained to𝑴 𝑱/𝝍
• Final mass window cut for 𝑱/𝝍 candidate: 

|𝑴 𝝁$𝝁% −𝑴(𝑱/𝝍)| < 𝟑𝝆𝝈
qFour muons: 
• 4𝝁 charge zero
• 𝒑𝒓𝒐𝒃𝒗𝒕𝒙 𝟒𝝁 > 𝟎. 𝟓% 
• 𝒑𝒓𝒐𝒃𝒗𝒕𝒙 𝑱/𝝍𝑱/𝝍 > 𝟎. 𝟏%

qMultiple candidates treatment:
• Select best combination from one 4𝝁 based on

 𝝌𝒎𝟐 = 𝒎𝟏 𝝁"𝝁# %𝑴𝑱/𝝍

𝝈𝒎𝟏

𝟐
+ 𝒎𝟐 𝝁"𝝁# %𝑴𝑱/𝝍
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• Keep duplicate combination if have non-overlapping muons

v Event Selection
qHLT Trigger: 
§ HLT_Dimuon0_Jpsi3p5_Muon2 
• Level 1 requirements: 3 muons
• 𝟐. 𝟗𝟓 < 𝑴 𝝁!𝝁" < 𝟑. 𝟐𝟓 𝑮𝒆𝑽
• 𝒑𝑻 𝝁 > 𝟑. 𝟓 𝑮𝒆𝑽

§ HLT_DoubleMu4_3_LowMass
• Level 1 requirements: 2 muons
• 𝟎. 𝟐 < 𝑴 𝝁!𝝁" < 𝟖. 𝟓 𝑮𝒆𝑽
• one muon 𝒑𝑻 𝝁 > 𝟒 𝑮𝒆𝑽, the other 𝒑𝑻 𝝁 > 𝟑 𝑮𝒆𝑽
• 𝒑𝑻 𝝁!𝝁" > 𝟒. 𝟗 𝑮𝒆𝑽

Interference Fit Model
vSignal shape: Relativistic Breit-Wigner 

vBackground component: NRSPS+NRDPS+Comb+Feeddown+BW0

vInterference model:

CMS Run II & III interference fit result

✔All states and dips well above 5σ !

✔Quantum interference among structures validated!

✔ Large mass splittings (> 250MeV) exist, with improved precision

X(6600) ~ 15σ
X(6900) ~ 17σ

X(7100) ~ 8σ

Interf of BW12~ 10σ

Interf of BW23~ 7σ

X(6600)

X(6900)

X(7100)

VS. Run II result:
 Stat. unc. X1/3; Syst. unc. X1/2

Summary and Discussion
📝 Update 𝑱/𝝍𝑱/𝝍 result with the addition of Run III data 

üThe first analysis including 2024 Data among LHC 3 exps

ü Include Feed-down and combinatorial background

üUpdate parameterization of Run II&III background

🌟A family of all-charm tetraquarks !!!
§ X(6600), X(6900), and X(7100) well above 5σ

§ Quantum interference among structures validated well above 5σ

§ Large mass splittings, more precisely

==> Comparisons possible

==> States have common JPC

==> radial family of states

🧩 CMS is painting a coherent and compelling picture of J/ψ J/ψ structures!

Stat. significantly
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