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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 



First observation of 𝑩𝑺
𝟎 → 𝑿 𝟑𝟖𝟕𝟐 𝝓

• X(3872) discovered in 2003 by Belle

• 𝐽𝑃𝐶 = 1++

• 𝜋+𝜋− favors from 𝜌0

• However, nature still not clear
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First observation of 𝑩𝒔
𝟎 → 𝑿 𝟑𝟖𝟕𝟐 𝝓

• CMS observed 𝐵𝑠
0 → 𝑋 3872 𝜙 decay for the first time

• 140 fb-1 data collected in 2016-2018

• 𝐵𝑠
0 → 𝐽/𝜓𝜋+𝜋−𝜙, 𝐽/𝜓 → 𝜇+𝜇−, 𝜙 → 𝐾+𝐾−

• Branching fraction ratio is measured
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First observation of 𝑩𝑺
𝟎 → 𝑿 𝟑𝟖𝟕𝟐 𝝓

• Yields of signal channel

• Yields of reference channel
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First observation of 𝑩𝑺
𝟎 → 𝑿 𝟑𝟖𝟕𝟐 𝝓

• BF ratio

• ℬ 𝐵𝑠
0 → 𝑋 3872 𝜙 ℬ 𝑋 3872 → 𝐽/𝜓𝜋+𝜋−

= 4.14 ± 0.54 𝑠𝑡𝑎𝑡 ± 0.32 𝑠𝑦𝑠𝑡 ± 0.46 ℬ × 10−6

• Consistent with that for 𝐵0

• Two times smaller than that for 𝐵+

• BF ratios of 𝐵𝑠
0/𝐵0/𝐵+ → 𝑋 3872 𝜙/𝐾 different to those to 𝜓 2𝑆 𝜙/𝐾

• 𝑋(3872) not a pure charmonium state
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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)
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𝐽𝑃𝐶 & mass

Two body

decays A pair of D meson A pair of 𝜓 meson



Observation of structures in 𝑱/𝝍𝑱/𝝍 mass spectrum

• 135 fb-1 data collected in 2016-2018

• Blind [6.2, 7.8] GeV when determine event selection

• .

8

Background = NRSPS + DPS + BW0

CMS-PAS-BPH-21-003

• Treat BW0 (significant structure) as part of background

• Inadequacy of our NRSPS model at threshold

• BW0 parameters are sensitive to other model assumptions

• A region populated by feed-down, e.g., 𝑋 6900 → 𝐽/𝜓𝜓 2𝑆 → 𝐽/𝜓𝐽/𝜓 𝜋𝜋

NRSPS: nonresonant single parton scattering
DPS: double parton scattering

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-003/index.html


Fit result of 𝑱/𝝍𝑱/𝝍 structures
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6.5𝜎

4.1𝜎

9.4𝜎

BW1

BW2

BW3

BW1 BW2 BW3

M (MeV) 6552 ± 10 6927± 9 7287± 19

Γ (MeV) 124± 29 122± 22 95± 46

N 474± 113 492± 75 156± 56

Significance

（Stat. only)

6.5𝜎 9.4𝜎 4.1𝜎

• Confirmation of BW2 [X(6900)] -- 9.4𝜎

• Observation of BW1 -- 6.5𝜎

• Evidence of 4.1𝜎

• Significance base on likelihood ratio: 2lnL0/Lmax

CMS-PAS-BPH-21-003

No-interference fit

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-003/index.html


The dips in data

• Possibility #1

• Interference among structures?

• Possibility #2

• Multiple fine structures to make dips?

• Mentioned in PAS

• More secrets to dig out

✓We explored #1 in detail
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CMS-PAS-BPH-21-003

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-003/index.html


Fit with interference

• Fit with interference among BW1, BW2, BW3 describes data well

11CMS-PAS-BPH-21-003

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-003/index.html


CMS results of 𝑱/𝝍𝑱/𝝍 structures

• Large mass difference (~200-300 MeV) indicates radial exciation

• Implication of interference fit

• Same production mechanism

• Same 𝐽𝑃𝐶

• Any theoretical prediction? 12

CMS-PAS-BPH-21-003No-interference Interference

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-003/index.html


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 13

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

CMS-PAS-BPH-21-003

Interf.

https://arxiv.org/abs/2108.04017
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-003/index.html


Comparison with ATLAS & LHCb

• CMS vs. LHCb

• 135/9 ≈ 15X (Int. lumi.)

• (5/3)4 ≈ 8 X (muon acceptance)

• Higher muon pT (>3.5, 2.0 GeV vs. > 0.6 GeV)

• Similar final events, but much less DPS

• ~2X yield of X(6900) at CMS
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• CMS vs. ATLAS

• ATLAS is 1/3~1/2 of CMS data (trigger?)

• ATLAS applied Δ𝑅 cut, removed events in 

high mass

• CMS has slightly better mass resolution

➢ CMS has good sensitivity to all-muon final states in this mass region 

arXiv:2304.08962v1Sci.Bull.65 (2020) 23CMS-PAS-BPH-21-003 CMS-PAS-BPH-21-003

CMS-PAS-BPH-21-003

Sci.Bull.65 (2020) 23

CMS-PAS-BPH-21-003CMS-PAS-BPH-21-003

arXiv:2304.08962v1 arXiv:2304.08962v1

https://doi.org/10.1016/j.scib.2020.08.032
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-003/index.html
https://doi.org/10.1016/j.scib.2020.08.032
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-003/index.html


Summary

• Observation of 𝐵𝑆
0 → 𝑋 3872 𝜙, first 

time!

• Observation of structures in 𝐽/𝜓𝐽/𝜓, 

X(6900) and new ones!
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Thanks!

Event display of a X(6600) candidate



Backup
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Interference PDF

• PDF of three interfering BWs

• Possible of interference with different 𝐽𝑃𝐶

• Two-way (two BWs) interference, three-way, four-way
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Interference 

amplitude
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