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Observation of a family of all-charm tetraquarks

with spin-2 and positive parity at CMS
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Status

Sci. Bull., 65(23):1983, 2020

Ç ALL exp observe X(6900) 

Ç All exp use interference, but in diff ways

Ç All exp see a threshold excess, NOT explained! Classified as background

Phys. Rev. Lett., 131(15):151902, 2023

+ additional structure 

Å Hump @ 6.6GeV: Different modeling

ü Only CMS claimedX(6600) & X(7100)

Å LHCb: extra BW interfere with SPS, X(6900) NOT interfering!

Å ATLAS andCMS: differentmulti-resonance interference A number of unresolved questions!

Å Hint @ 7.2 GeV: LHCb not consider; ATLAS 3ůhint in ὐȾ‪‪ςὛ

× All -charm Tetraquark on LHC in J/yJ/ychannel

Phys. Rev. Lett. 132:111901, 2024

https://www.sciencedirect.com/science/article/pii/S2095927320305685?via%3Dihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151902
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
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ὐ/‪ὐ/‪yield: two -dimensional fit

üRun2+3 luminosity is 2.3Xof Run2

Ç Luminosity

Run2 135 fb-1

Run3 180fb-1

Ç ╙Ⱦⱶ╙Ⱦⱶyield

Run2:       12622 ± 165

Run2+3 44936 ± 692

Ç ╙Ⱦⱶ╙Ⱦⱶyieldperunit luminosity

Run2 ~ 93events/ fb-1

Run3 ~ 177events/ fb-1

üRun2+3 ╙Ⱦⱶ╙Ⱦⱶyield is 3.6X of Run2 

CMS-PAS-BPH-24-003

https://cds.cern.ch/record/2929472?ln=en
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Signal and background models

Á Signalshape:Relativistic Breit-Wigner 

× Non-interference model:

Á Signal-hypothesis:NRSPS+ NRDPS+ Comb+ Feeddown+ BW0 + BW1 + BW2 + BW3

ὖὨὪά ὔ ɇὄὡάȟὓȟɜ ṧὙὓ ὔ ẗὪ ά

ὔ ẗὪ ά ὔ ẗὪ ά ὔ ẗὪ ά

× Interference model:

Á Signal-hypothesis:NRSPS+ NRDPS+ Comb+ Feeddown+ BW0 + BW123 Interf . Term

Á Background component:NRSPS+ NRDPS+ Feeddown+ Comb+ BW0

SPS

DPS
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Run 2 & 3 no - interference fit result

× No-interference model:

Á Signal-hypothesis:NRSPS+ NRDPS+ Comb+ Feeddown+ BW0 + BW1 + BW2 + BW3

ὖὨὪά ὔ ɇὄὡάȟὓȟɜ ṧὙὓ ὔ ẗὪ ά

ὔ ẗὪ ά ὔ ẗὪ ά ὔ ẗὪ ά

üDips poorly described ð no-Interf. model no longer sufficient!

Run2 No-Interf Run2+3No-Interf

Phys. Rev. Lett. 132:111901, 2024 CMS-PAS-BPH-24-003

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.111901
https://cds.cern.ch/record/2929472?ln=en
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Run 2 & 3 interference fit result

ü All statesand dips well above5ů!

ü Quantum interference among structures validated!

Stronglyimply that they havesame╙╟╒

17̀

8ˋ

15̀

Dip1:10̀
Dip2:7ˋ

× Interference modelwith Run 2 + 3:
CMS-PAS-BPH-24-003 CMS-PAS-BPH-24-003

https://cds.cern.ch/record/2929472?ln=en
https://cds.cern.ch/record/2929472?ln=en
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ATLAS onlyclaim X(6900) 4.7ůin ὐ/‪‪( ἡ) channel 

Params ὐ/‪‪(2S) [MeV] ὐ/‪ὐ/‪[MeV]

M(BW2)

ũ(BW2)

M(BW3)

ũ(BW3)

VConsistentwith ὐ/‪ὐ/‪result!

VConfirmed in a differentchannel!

üSignificanceof X(6900)= 7.9ů

üSignificanceof X(7100)= 4.0ů

Explore ὐ/‪‪( ἡ) channel with Run 2 & 3 data

arXiv:2602.02252

https://arxiv.org/abs/2602.02252
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Spin parity analysis
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╙Ⱦⱶpolarizations
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Angular Analysis

Valid
for anyJ
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Simplification in Angular Analysis
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Decay Angles

π

π

π

ὧέί—

ὧέί—

ɮ

1Dprojectionsfrom 4D
(limited information)

Nature 648 (2025) 58

https://www.nature.com/articles/s41586-025-09711-7
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Optimal Observable

Nature 648 (2025) 58

https://www.nature.com/articles/s41586-025-09711-7
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Statistical Analysis

π ς

observedή

Å Hypothesistestwith toy MC forὐ ς vsὐ π

Å Teststatisticή ςÌÎfl Ⱦfl

Å Consistencyof datawithὐȾὐ usingp-value:

ὴ ὖή ή ȿὐ ὦὯὫ
ὴ ὖή ή ȿὐ ὦὯὫ

Å Significance:

Convertedfrom p-value

via Gaussianone-sidedtail integral

Å Confidencelevel

ὅὒ
ὖή ή ȿὐ ὦὯὫ

ὖή ή ȿὐ ὦὯὫ

Nature 648 (2025) 58

https://www.nature.com/articles/s41586-025-09711-7
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Discussion

A FAMILY of all -charm tetraquark states with same ὐ

╟╒ very certain

╙ at > 99% CL

╙ at > 95% CL

╙ lesslikely

╙ consistent,rare

arXiv:2602.02252

ü Interference imply sameὐ quantum numbers

ü > 200 MeV mass splittingsamongtriplet similar toɭfamily

ü Squaredmassesof triplet alignReggetrajectory==> Radial excitations

ü Reggeplot favorsspin-1 diquarkmodel

ü Width trendsimilar toɭfamily

Nature 648 (2025) 58

https://arxiv.org/abs/2602.02252
https://www.nature.com/articles/s41586-025-09711-7
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Summary

THANKS! 

×A family of all-charm tetraquarkswithὐ ς

ü Three structures X(6600), X(6900), X(7100) established with significances > 5ů

ÅThefirst two analysesincluding2024dataamongLHC 3 exps

ÅPrecision improved by factor of 3

ÅMultiple states makescomparisons possible

üQuantum interference among structures validated with significances > 5ů

==> States have common JPC, measuredasς

ü Large mass splittings, Reggetrajectory 

==> radial family of states

CMS is painting a coherent picture of ╙Ⱦⱶ╙Ⱦⱶstructures
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Datasets, MC, trigger, and event selection

×Triggers

ü Run 2 trigger:

Å Level 1 requirements: 3 muons

Å ςȢωυ ὓ‘‘ σȢςυ'Å6

Å ὴ ‘ σȢυ'Å6

ü Run3 trigger (new):

Å Level 1 requirements: 2 muons

Å πȢς ὓ‘‘ ψȢυ'Å6

Å One muon ὴ ‘ τ'Å6; The other ὴ ‘ σ'Å6

Å ὴ ‘‘ τȢω'Å6

ü increase30%╙Ⱦⱶ╙Ⱦⱶstatisticscomparedto old trigger

×Signaland Background simulated events:

Å SignalὢᴼὐȾ‪ὐȾ‪ᴼ‘‘‘‘ by JHUGen

Å NRSPSandFeeddownby Pythia8

Å DPSevent-mixing

Å Feeddown:ὢφωππOὐȾ‪‪ςὛO ὐȾ‪ὐȾ‪ ὥὲώὸὬὭὲὫ

SPS DPS

× Event selection

Å Follow Run2 cuts+ newtriggerfor Run3

×Data samples(315fb-1)

Å Run 2: 135 fb-1 data taken in 2016, 2017 and 2018

Å Run3: 180 fb-1 data taken in 2022,2023and2024
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Signal and background models

Á Signalshape:Relativistic Breit-Wigner 

× Non-interference model:

Á Signal-hypothesis:NRSPS+ NRDPS+ Comb+ Feeddown+ BW0 + BW1 + BW2 + BW3

ὖὨὪά ὔ ɇὄὡάȟὓȟɜ ṧὙὓ ὔ ẗὪ ά

ὔ ẗὪ ά ὔ ẗὪ ά ὔ ẗὪ ά

× Interference model:

Á Signal-hypothesis:NRSPS+ NRDPS+ Comb+ Feeddown+ BW0 + BW123 Interf . Term

Á Background component:NRSPS+ NRDPS+ Feeddown+ Comb+ BW0
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Run 2 & 3 interference fit result

Params M(BW1) ɱ(BW1) M(BW2) ɱ(BW2) M(BW3) ɱ(BW3)

RunII & III Interf.
[MeV]

RunII Interf.
[MeV]

φφσψ ττπ φψτχ ρωρ χρστ ωχ

× VS.Run 2 result

V Statistical uncertainty reducedby a factor of 3

V Systematic uncertaintyreducedby abouta factor of 2

V Large mass splittings (> 200MeV)still exist,with improved precision
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Explore ὐ/‪‪( ἡ) channel with Run 2 & 3 data

Å X(6900)nearthresholdobvious

Å X(7100)is visible

Å AccordingtoὐȾ‪ὐȾ‪channel,shouldbean X(6900)and anX(7100)

Å Signaldominatedby Run3

Å Two dimensionalfit for╙Ⱦⱶⱶ ἡyield ~2.6X of Run 2
Run2 ~109± 14 

Run3 ~281± 22

Run2+3 ~386± 26
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╙Ⱦⱶpolarizations
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Hypothesis test

╟╒ very certain

╙ at > 99% CL

╙ at > 95% CL

╙ lesslikely

╙ consistent,rare


