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CMS detector & trigger
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L _ Excellent detector for (exotic) quarkonium
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High-purity muon ID, Am/m~0.6% for J /i

» Silicon tracking detector
B=3.8T, Ap;/pr~1% & excellent vertex resolution

» Special triggers for different analyses at increasing int. lumi
Requirements on u & u*u~ pT, mass and vertex of u*u~,
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First observation of B! — X(3872)¢
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» X(3872) discovered in 2003 by Belle
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First observation of B! - X(3872)¢

« CMS observed B? — X(3872)¢ decay for the first time
140 fb* data collected in 2016-2018
* B - J/pntnT ¢ ]/ o utuT, ¢ > KTKT
« Branching fraction ratio is measured
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First observation of B! — X(3872)¢

PRL125.152001(2020)

* Yields of signal channel
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First observation of B! - X(3872)¢

* BF ratio
R = [2.21 £0.29(stat) £+ 0.17(syst)|%

- B[B? > X(3872)¢]|B[X(3872) - J/ymtr™]

PRL125.152001(2020)
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B[B? — X(3872)¢|B[X(3872) — J/wa'n"]

B[BY — y(25)¢|Bly (2S) —» J /yn*a~]
N[BY — X(3872)]| €p—y(25)

= (4.14 £ 0.54(stat) + 0.32(syst) + 0.46(B)) x 107°

« Consistent with that for B°
« Two times smaller than that for B*

* BF ratios of BY /B° /Bt - X(3872)¢ /K different to those to ¥/(25)¢ /K

* X(3872) not a pure charmonium state



New Domain of Exotics: All-heavy Tetra-quarks

~irst mention of 4c states: Y. lwasaki, Prog. Theo. Phys. 54, 492 (1975)
~irst calculation of 4c states: K.-T. Chao, Z. Phys. C 7, 317 (1981)
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Observation of structures in J/YJ/1 mass spectrum

« 135 fb-! data collected in 2016-2018 CMS-PAS-BPH-21-003
 Blind [6.2, 7.8] GeV when determine event selection

NRSPS: nonresonant single parton scattering
BWO DPS: double parton scattering
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« Treat BWO (significant structure) as part of background
« Inadequacy of our NRSPS model at threshold
« BWO parameters are sensitive to other model assumptions
» Aregion populated by feed-down, e.g., X(6900) — J/Yy(2S) - J/Y] /Y i .


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

Fit result of /] /Y] /Y structures

CMS Preliminary 135 fb™' (13 TeV)
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CMS-PAS-BPH-21-003

| oW | ow | ows

M(MeV) 6552 + 10 6927+ 9 7287+ 19

[ (MeV) 124+ 29 122+ 22 95+ 46
N 474+ 113 492+ 75 156 + 56
Significance 6.50 9.40 410
(Stat. only)

No-interference fit

» Confirmation of BW2 [X(6900)] -- 9.4¢

 Observation of BW1 -- 6.50
 Evidence of 4.1¢0

* Significance base on likelihood ratio: 2InLg /Ly ax


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

The dips in data

S

CMS _Preliminary _ 135 b (13 TeV

* Possiblility #1

« Multiple fine structures to make dips?
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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

_ CMS Preliminary 135" (13 TeV) . CMS Preliminary 135 b7 (13 TeV)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-003/index.html

CMS results of J/YJ /¢ structures

BW1 BW2 BW3 BW1 BW2 BW3
m 2+10+12 27 +9 + 7287 +19 +
6552 = 10 27 EoES 7287195 | I TMeV] 6638753 3¢ 6847 aa a5 7134755141
r 124 29 4+34 122 4+22+19 95+46 4+ 20
T [MEV] 444+226+109 191+66+25 97+40+29

N 474 + 113 492 + 75 156 + 56 —199-235 —49—-17 —29-26
Source AMBWl AMBWZ AMBWS ArBWl AFBWZ AFBWS Dominant sources AMBWl AMBWZ AMBW3 AFBWl AFBWZ ArBw3
signal shape 3 4 3 14 7 7 :
NRDPS 1 <1 <1 3 3 4 Signal shape 7 12 7 56 8 7
NRSPS 3 1 1 18 15 17 NRDPS 1 3 2 18 6 2
momentum scaling 1 3 4 - - - NRSPS - 9 14 13 85 9 20
mass resolution <1 <1 <1 <1 <1 1 Resolution 8 4 1 24 7 13
combinatorial background <1 <1 <1 2 3 3 Combinatorial bkg. 7 2 <1 5 3 2
efficiency <1 <1 <1 1 <1 1 Feeddown shape =27 +44 +38  —208 +19 +12
feeddown shape 11 1 1 25 8 6 . +16 +438 +41 4109 +25 +29
total 12 5 5 34 19 50| | Full uncertainty 31 -20 15 -5 17 26

« Large mass difference (~200-300 MeV) indicates radial exciation
 Implication of interference fit

« Same production mechanism

« Same JP¢

« Any theoretical prediction?
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-003/index.html

Comparison with some theoretical predictions

18P,  1-+ 356.6 320.3 -366.7 337.5 -7.2 -284 215 -2.7| 6554
23P,  1-t 4100 689.6 -263.4 548.6 -5.6 -23.1 17.2 -1.6 | 6926
33p,  1-t 475.1 982.6 -215.5 727.7 -4.6 -20.9 155 -1.2 | 7220 M[BW3] = 7287 + 19 + 5 MeV

M[BW2] = 6927 + 9 + 5 MeV
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https://arxiv.org/abs/2108.04017
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-003/index.html

Comparlson with ATLAS & LHCb
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* CMS vs. LHCDb « CMS vs. ATLAS
CMS-PAS-BPH-21-003 Sci.Bull.65 (2020) 23 CMS-PAS-BPH-21-003 arXiv:2304.08962v1

* 135/9 = 15X (Int. lumi.)

« (5/3)* = 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

« ATLAS is 1/3~1/2 of CMS data (trigger?)
» ATLAS applied AR 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
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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
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Summary

Event display of a X(6600) candidate

- Observation of B¢ — X(3872)¢, first

CMS Experiment at the LHC, CERN [I [ @
Y| Data recorded: 2016-Aug-13 06:39:34.675328 GMT [ “, ' e“‘?i’
. Run / Event/ LS: 278769 / 13873923/ 76 It =/

time!

» Observation of structures in J /Y] /4,
X(6900) and new ones!

Thanks!
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Backup



Interference PDF

* PDF of three interfering BWs

Pdf(m) = Ny, - [BWy|* @ R(M,)

+ Nx and inter f '[|7”1 ' exp(i(pl) -BWy + BW, + 13- exp(ing) ' BW3|2]

+ Nsps * fsps(m) + Npps - fpps(m)

l

« Possible of interference with different JF¢

Interference
amplitude

« Two-way (two BWSs) interference, three-way, four-way
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