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Determination of the spin and parity 
of all-charm tetraquarks



All-charm Tetraquarks on CMS
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• Analysis with Run 2 data
• Interference among three resonances with same 𝐽!— simplify
• Strongly motivated by dips observed in data
• Indicate coherent production process and share same 𝐽!



3

Spin parity analysis
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𝑱/𝝍 polarizations
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𝑱/𝝍 polarizations
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Angular Analysis

Valid
for any J
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Lorentz-Invariant Amplitude
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Lorentz-Invariant Amplitude
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Simplification in Angular Analysis
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Decay Angles Production angles not use
Consistent with unpolarized (backup)
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Optimal Observable
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Statistical Analysis

0$ 2%&

observed 𝑞!"#

• Hypothesis test with toy MC for 𝐽!" = 2#$ vs 𝐽%" = 0&

• Test statistic 𝑞 = −2ln(ℒ'!"/ℒ'#")

• Consistency of data with 𝐽!"/𝐽%" using p-value:
𝑝 = 𝑃(𝑞 ≤ 𝑞()*|𝐽!" + 𝑏𝑘𝑔)
𝑝 = 𝑃(𝑞 ≥ 𝑞()*|𝐽%" + 𝑏𝑘𝑔)

• Significance:
Converted from p-value
via Gaussian one-sided tail integral

• Confidence level

𝐶𝐿* =
𝑃(𝑞 ≥ 𝑞()*|𝐽%" + 𝑏𝑘𝑔)
𝑃(𝑞 ≥ 𝑞()*|𝐽!" + 𝑏𝑘𝑔)
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Hypothesis test
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Statistical Analysis

Scan mixture of 0!! amplitudes

Scan mixture of 2"! amplitudes
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Summary

CMS is painting a coherent picture of 𝑱/𝝍𝑱/𝝍 structures

THANKS! 
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𝑱/𝝍 polarizations
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New conventional hadrons at LHC
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New exotic hadrons at LHC
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Status

vModels of potential quark configurations for J/yJ/y mesons.
• Meson-meson “molecule” (𝑐 ̅𝑐- 𝑐 ̅𝑐) 
• Pair of diquarks (𝑐𝑐- ̅𝑐 ̅𝑐) 
• Hybrid with a valence gluon
• Peaks as artifact of dicharmonia production thresholds
• ……

Family of all-charm tetraquarks with same 𝐽"#
offers new perspectives on interpretation for exotics
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𝐽/𝜓𝐽/𝜓: 6-15 GeV fits



Fit model

q Final 2D fit model (0! vs. 0"):
𝑃(𝑚#, 𝐷$!) =……

+𝑁 %&'()*"+,-+,.+,/ ∗ 𝑓$"# ∗ 𝑃$"# %&'()*"+,-+,.+,/ (𝑚#, 𝐷$!
+ 1 − 𝑓$"# ∗ 𝑃$! %&'()*"+,-+,.+,/ (𝑚#, 𝐷$!)]

𝑓$"# : fraction of 00
! signal component
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Concept of Analysis: Production

match 𝑝$%

match 𝑝&%
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Concept of Analysis: Production
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Angular Analysis
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Polarization in Production

26



27

Lorentz-Invariant Amplitude

Backup



Production Angles
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Production Angles
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Discriminant Distributions
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Hypothesis test



Summary of Results
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