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CMS detector

üExcellent detector for (exotic) quarkonium

ÅGood muon system

ÅHigh- purity muon ID, πͯȢφϷ for ὐȾ‪

ÅSilicon tracking detector

ÅB = 3.8 T, ρͯϷ & good vertex resolution

ÅDifferent triggers for different physics 
programs/purposes
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The tetraquark candidates at LHC

ÅStructures in ὐȾ‪ὐȾ‪ mass spectrum at CMS, LHCb and ATLAS 
from the LHC run 2 data

ÅStructures established but need more study to understand them

PRL132.111901(2024) PRL131.151902(2023)Sci.Bull.65(2020)23,1983- 1993
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Internal Structure of the tetraquarks

ÅTetraquark candidates observed in experiments

Å
Å

Å - parity either
ÅHow to study their spin- parity?

arxiv:2506.07944

ὢᴼὐȾ‪ὐȾ‪ᴼ‘‘‘‘

?

Tetraquark Molecule
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https://arxiv.org/abs/2506.07944


Infer spin- parity of X

ÅInfer ὐ  of ὢfrom angular distributions

ÅTheory
Åὃὢᴼὠὠdepends on ὐ

polarization of ὐȾ‪

Åὃὢᴼὠὠderermines angular distributions

ÅExperiment
ÅMeasure angular distributions 

of ὐȾ‪ȟ‘etc.
ÅInfer ὐ of ὢ

arxiv:2506.07944
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ὐȾ‪ polarizations
arxiv:2506.07944
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ὐȾ‪ polarizations
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Lorentz invariant  amplitude
ÅExpect three resonances to have the same tensor structure 

Helicities (0, - ) of two ὐȾ‪

arxiv:2506.07944
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Simplification in angular analysis
ÅFull amplitude analysis possible, but very complex

ÅSimplification in angular analysis

ᶿὃὢᴼὠὠ

arxiv:2506.07944
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Analysis of data

arxiv:2306.07164

arxiv:2306.07164

ÅTwo dimensions (ά ȟὈ ) analysis: 
ÅEvent selection from observation paper arxiv:2306.07164 

ÅBKG: data sideband & MC simulation with Pythia

Åά shapes: arxiv:2306.07164 

ÅDecay angles ɮȟ—ȟ— to identify Ὀ ɮȟ—ȟ—Ƞά

All steps till here prepared blinded

arxiv:2506.07944

signal region sideband
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Decay angles
ÅProduction angles not use ïconsistent with unpolarized

ÅDecay angles (consistency check): distinguish models

arxiv:2506.07944
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Optimal Observables
arxiv:2506.07944
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□

Hypothesis test of π ÖÓȢς

ÅHypothesis test for Ὦ π  vs. Ὥ ς

Å2D parameterization: 

ÅTest statistics:
ή ςÌÎfl Ⱦfl

ÅConfidence level:

arxiv:2506.07944

χȢς„

observed:
▲▫╫▼
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Hypothesis test of ὐὺίȢὐ

ÅCombined 2D fit:
üὐ ς model survives 

arxiv:2506.07944

mix

mix
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Summary of results

ÅData consistent with inconsistent with others
Åὖὅ

Åὐ ρat > 99% CL; ὐ πat 95% CL

Åὐ ςpossible, but highly unlikely, require ὒ ς

Åὐ ςconsistent, rare in nature, naively expected ὐ π
Scan mixture of two π  amp. (11 steps)

-- Constructive interf. most conservative

Scan of two ς (11 steps)

-- No interference (different 
spin projections)

arxiv:2506.07944

□
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Summary

Åὐ  of the three resonances in ὐȾ‪ὐȾ‪at CMS
ÅPC = ++

Åὐ ρat > 99% CL

Åὐ πat > 95% CL

Åὐ ςpossible, but highly unlikely, require ὒ ς

Å╙ consistent , rare in nature, 

naively expected J = 0

Thanks

arxiv:2506.07944
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Backup
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Production: ὴ and ὴ of ὢ

Simulation:
JHUGen+ Pythia

arxiv:2506.07944
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Discriminant 
arxiv:2506.07944
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Production angles
arxiv:2506.07944
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Production angles
arxiv:2506.07944
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Lorentz invariant  amplitude
arxiv:2506.07944
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Lorentz invariant  amplitude
arxiv:2506.07944
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Results of ὐὺίȢς
arxiv:2506.07944
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Data analysis
arxiv:2506.07944
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