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® The Large Hadron Colllder (LHC) at CERN is the
# world's largest particle collider. It lies in a tunnel 27
i kilometres in circumference and as deep as 175

metres beneath the France—Switzerland border near




';1 CMS B Physics Group @

87 publications: https://cms-results.web.cern.ch/cms-results/public-
results/publications/BPH/index.html

L3: Production

Sie Brosares L3: Rare Decays

L3: Violation of L3: Spectroscopy
Fundamental :
Exotic states

Symmetries

« L2 Convener short list: 24 (F!/)

« L3 Convener: 882 (%) , FKSFR (KX) . EMT (85)
— BPH conference contact: £ (E3)

— BPH MC contact: EH# (EB) |, FHAEXR (5%)

— BPH trigger contact: &%—1 (;5%)
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* Muon system
— High-purity muon ID, Am/m~0.6% for | /s
» Silicon Tracking detector, B=3.8T
— Ap1/pr~1% & excellent vertex resolution

Excellent detector for studies with muons

Majority of analyses rely on dimuon triggers

* Special triggers for different analyses

[22]

2
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CMS Preliminary L=021fb"' (V5 =136TeV,2023) ,
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Y
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{108
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Significant acceptance improvement in Run-3!
Apr 25, 2026



Recent CMS BPH results @

« Production & properties
— Y(nS) cross section measurements at 13.6 TeV (submitted to JHEP)
— Full angular analysis of B® — K*0uu (PLB)
— Differential B measurement and angular analysis of BO — ¢up
« Search for new rare decays
— Observation of n = p*u-e*e-
— Search for BO (B%) — 4p

— Search for T — 3p

« Spectroscopy
— Observation of X(6600) and X(7100) in J/Y J/Y — 4u
— Observation of X(6900) — J/Y Y(2S) — 4 (submitted to Sci. Adv.)

— JPC measurement of the tetraquark family X(6600),X(6900),X(7100)
(Nature)

Y A i)
Wenalerss Zhen Hu Apr 25, 2026 5
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Y(nS) differential cross sections

e Measurement of Y (1S), Y(2S), and Y (3S) production cross sections at
V5 = 13.6 TeV

e Important input to global fits to derive inclusive quarkonium production

o Analysis done with 2022 data (37.4 fb—1)
» Y(nS)— pTp~ = dimuon triggers

@ The cross sections are measured differentially in pT, in the range 20-200 GeV
» First time this measurement is extended to 200 GeV

» Two rapidity categories are considered: |y| < 0.6 and 0.6 < |y| < 1.2

«102 CMS 37.4 fb~! (13.6 TeV)
g t 40 < pr < 43 GeV
e Cross sections measured using o5 | y1<0.6
b, ¢ Data
. . 12 I S
» Signal yields extracted from a fit Eool _ X(;?
to the dimuon invariant mass o | o YESS;
spectrum 15} ---- Background
» Efficiencies measured in data — Jotl
(Y (nS) assumed to be produced 10}
unpolarised)

) Feed—dowil contributions from
heavier bb states are included

arXiv:2601.20023
Apr 25, 2026 6
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http://arxiv.org/abs/2601.20023

Y(nS) differential cross sections

» Reasonably good agreement with non-relativistic QCD (NRQCD) predictions

« CMSXMES |7 REEISZRIITTE:
Y. Feng, B. Gong, C.-H. Chang, and J.-X. Wang Chin. Phys. C 45 (2021) 013117

— 103

10_2 3
103}

104}

37.4 b (13.6 TeV)

¢/ Zhen Hu

444 1106 4 4 Y(1S)x100
H4 0.6<|y|<1.2 4 4 Y(28)x 10
& & YSS
*
:Q= — ——
— —
I = NRQCD |y|<0.6 —*—
== NRQCD 0.6<|y|<1.2 ——
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L6 Y 44 <06
08; igz; Dl o06<y<1.2
S ¢ YOS
0.6; W % H [
ety |
0.41 ﬁ*##ﬁ% ++
A
O'Zf — NRQCD [y|<0.6
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0.055 40 60 80 100
pr (GeV)

Experimental Review of the Quarkonium Physics at the LHC
Symmetry 2025, 17(9), 1521 https://doi.org/10.3390/sym17091521

Apr 25, 2026
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Full angular analysis of B = K™ upu @

Golden indirect Y’Z_ p
probes of NP ° W s b tou :
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g’soo} 43 <q? <6 GeV? i Data "7_200* 4.3<q? <6 GeV?
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http://dx.doi.org/10.1016/j.physletb.2025.139406

Full angular analy5|s of B® = K0up L_

140 fb' (13 TeV)

il.o

1 o
EOS

HEPfit HEPfit
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0.5) S
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CMS CMS
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e Differential B measurement and angular analysis
of BY — ¢utpu~ decays

P First study of these decays at CMS

@ Sensitive probe for new physics B? ¢

S —— S

o Analysis performed using Run 2 data (138 fb—1)

1. Differential B measurement

138 fb™ (13 TeV)
= T T T I T T T T l T T T T l T T T T
- CMS

>
@ B measured in bins of the squared dimuon §150_ - b <q2<668vz__
invariant mass 1.1 < g% < 19 GeV? 8
; i } Data
o Normalisation to BY — ¢J/9(ut ™) process ‘qc';1 dol- eeBlepuy |
|_|>_| i = BY = Koty

» Similar kinematics = strong suppression

. . . Combinatorial |
of systematic uncertainties

i — Total fit
e Signal and normalisation yields extracted 0

from a fit to the data

o Peaking background from B? — K*Oputpu— OJ T e, MR ﬂ
decays 5.2 5.3 5.4 5.5 5.6
m(K*Kuw) (GeV)

CMS-PAS-BPH-23-003
Apr 25, 2026 10
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o Differential B measurement and angular analysis

of BY — ¢utpu~ decays

P First study of these decays at CMS

e Sensitive probe for new physics

o Analysis performed using Run 2 data (138 fb—1)

1. Differential B measurement

e Measurement is limited by
statistical uncertainties

@ 20 compatibility with the
latest LHCDb results

e Up to 4.20 tension with the
various theory predictions

Apr 25, 2026
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2. Angular analysis

o Goal is to measure CP-asymmetry (Ag) and
the fraction of longitudinal polarisation of
the ¢-meson (Fp,)

e Measurement performed in bins of ¢ from a
simultaneous fit to m(BY), cosfxk, and cosb,

» Angular decay rate integrated over ®

@ Results are in good agreement with LHCb measurement

@ Good compatibility with theoretical predictions

1
I
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Recent CMS BPH results @

« Search for new rare decays
— Observation of n = p*u-e*e-
— Search for BO (B%) — 4p

— Search for T — 3p

8% Zhen Hu Apr 25, 2026 .



« Double-Dalitz decay used as test of the SM

— Contribute to light-by-light hadronic component of the muon anomalous
magnetic moment

— Sensitive to new physics [Rep. Prog. Phys. 86 016201]
« Latest (2008) experimental result

— BR < 1.6 x 104 [Phys. Rev. D 77, 032004] P

_ CELSIUS/WASA Collaboraton
« CMS

— Run 3 data collected in 2022 from new inclusive di-muon trigger (38 fb)

— Measure BR of n = uuee wrt a normalization channel n — uuy

Bapze  Nouze €2y

(3.1+0.4)x107* From MC simulations

BZuy NZ/.ty €2u2e

CMS-PAS-BPH-24-001
Apr 25, 2026 14



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-24-001/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-24-001/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-24-001/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-24-001/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-24-001/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-24-001/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-24-001/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-24-001/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-24-001/index.html

Observation of n = utu-ete-

« A peak in the invariant mass of the 2p2e is observed

35CMS Preliminary 2022, 38.0 fb'' (13.6 TeV)
Statistical significance > 50 2 E 0 [ s Comb. Background fit
= 30E signal || newwete” i
Bz & 250 Chamnel gl oAb
P22 = (6.9 +0.9(stat) + 1.8(syst)) X 1073 § ¢ Daa
BZ u>.| - n—>u+u_e+e MC
il 15 —— =y MC
= Nypo =122 13
-6 10 x2/ndf = 60.4 / 62
B(Mm — 2p2e) = (2.1 £0.7)x 10 )
/ . FIsLL -
0.3(stat) + 0.6(syst) + 0.3(132“) g 2 —— e
= 2% ..... Mullll Igren L*él% H’; lﬁ lg;;&ﬁu“ﬂd*}. ..;l; 4y
L; g—“. $aTTTTeT TorM Trge vee [T 0 T0 | LR AT ‘0 ®
Compatible with the expected value of the SM: SaE | | | | |
B(n > 2u2e) ~ 2.3 X 1076 45 05 055 06 065 07 075 0.8
' GeV
[Chinese Phys. C 42 (2018) 023109] Mayze (GOV)
%, CMS-PAS-BPH-24-001
Zhen Hu Apr 25, 2026 15
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* *
‘/237 ‘/td

o Search for BO(BY) — putpu—ptpu—
(flavour-changing neutral currents) decays

e Sensitive probe for new physics (useful
input for effective field theories)

@ Analysis of 2022-2024 data recorded with B-parking dimuon triggers
@ No excess over background observed

o Observed limits: B(BY — 4u) < 5.7 x 10719 and B(B? — 4u) < 1.3 x 10—10

» Improvement of ~ 30% over previous best limits

e First limits in 2D plane are provided

CMS Preliminary 170.7 o™ (13.6 TeV) _ CMSereliminary _17071b"" (13.6 TeV)
> |I'||Ill|'|||I|l’I‘lll"‘ll'llllllll'llz vl I l ]
g 4.5 Category A1l 3 T
E @
g ¢ b £ T 1090 :
O Background-only fit 3 3]
2] 3.5 ~—— Signal —E
$ 9 BRE! —41) =32x 10" =
Lﬁ 25 BR(B® —» 4y =52x10"" 3
2 = I
i} --- Expected
—; — Observed
3 - W Expected +10
I Expected +20
SM prediction
ENPERI AR WAL ‘ 10-"0L .
52 54 56 58 6 6.2 64 “'ib‘.m r— "'1‘6'_1, L —t
m(4up) (GeV) BR(B® — 4p)

Apr 25, 2026 CMS-PAS-BPH-24-007 16
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Search for T — 3u decays

The SM allows charged LFVs through neutrino oscillation, but with vanishing BRs
B(t — 3u)~0(10-23) [Eur. Phys. J. C (2020) 80:438]

Extensions to the SM predict a much higher BRs
Expected values: B(t = 3u)~0(10-10- 10-8) [JHEP10(2018)148]

o Run 3 (2022+23) data (62 fb—1) i

© W/Z and heavy flavour production K

channels Zl . L._//

2023 27 7 (13 6 TeV)

e
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Recent CMS BPH results @

« Spectroscopy
— Observation of X(6600) and X(7100) in J/Y J/Y — 4u

— Observation of X(6900) — J/W Y(2S) — 4u
— JPC measurement of the tetraquark family X(6600),X(6900),X(7100)

Yuniess Zhen Hu Apr 25, 2026 18
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¢ Data —Fit
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------ BW;, Background

---Interfering BWs

New Structures in the J/¢J /1 Mass 160

Spectrum in Proton-Proton Collisions at
Vs =13 TeV

A. Hayrapetyan et al. (CMS Collaboration)

Phys. Rev. Lett. 132, 111901 (2024) — Published 15 March 2024
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Three structures, X (6900) and two new ones around 6.64

and 7.13 GeV, are seen in the J/vJ /¢ mass spectrum that 6'5 7 7|_5 8 8.5 9
are consistent with being part of a family of radial excitations.

X(6600) X(6900) X(7100)

« Fit with interf. among BW1, BW2, and BW3 describes data well

« Measured mass and width in the interference fit

BW, BW, BW,
43416 44448 48+41
Interference  m [MeV] 663873213 6847155 7134727
[[MeV] 440555005, 1915575 9775075

2 7hen Hu Apr 25, 2026 PRL 132 (2024) 111901 .



http://dx.doi.org/10.1103/PhysRevLett.132.111901
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— no interference (different spin projections)

e Data are consistent with a 27" model, inconsistent with others

More details in 5K&SK’s talk 14:20 tomorrow
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J/WJ/W Run 3 ? @
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Observation a family of all-charm tetraquarks
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135fb™' (13 TeV) + 180 fb™" (13.6 TeV)
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More details in E%&# s talk 10:45 Monday
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Summary of new exotic hadrons at LHC
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« 10 new J/y¢ and J/YK structures have been claimed in B - J/y¢K
decays by LHCb

« Not confirmed by other experiments apart from X(4140) and X(4274)

« Width of X(4140) by LHCb is inconsistent with previous measurements

Year Experiment Luminosity Process/Yield Structure Mass Width J= Significance
b~ B — J/voK [MeV] [MeV] [o]
2009 CDF 2.7 75 + 10 X(4140) 4143.0+29+1.2  11.7733 +£3.7 3.8*
2010 Belle 825 vy = J/bé X(4350)  4350.673% +0.7 13728 +4 3.2
2011 CDF 6.0 115+ 12 X(4140)  4143.4729 + 0.6 15.37104 4+ 2.5 > 5.0
_ _ -1 -3.0 -6.1
> 3009'\./',8’. \IS - .7,T,e.v,’ LTS,',Z L AAREARES ERRERS: X(4274) 42744757 +£1.9 32.313,9+£7.6 3.1
o N —+— Data . 2012 LHCb 0.37 346 + 20 X (4140 4143.0 (fixed) 15.3 (fixed)
= s o |
= 250 Data TS B, | - 2013 CcMS 5.2 2480 + 160 X(4140)  4148.0 +2.4+£6.3 28T 19 > 5.0"
a g:4 1 4 0) ?::::';‘;dy ps | ] 2013 DO 10.4 215 + 37 X(4140)  4159.0£4.3+6.6  19.9+12.6%L9 3.1%
—_ FT AL XUV ) A 00 a - - I . i 3 (fi
-h 2001 — - Three-body PS | — 2014 BaBar 422.5 N 189 + 14 X (4140) 4143.4 (fixed) 15.3 (fixed) 1.6
Z r extrapolation | b 2014 BESIII ete” = ~J/Ye - - - -
150 - 2015 DO 10.4 pp — J/d + anything X (4140) 4152.5 +1.7+¢%2 16.3+ 5.6+ 11.4 4.7
F | E Average X (4140) 4146.8 + 2.4 |EsESS
100— | - 2016 LHCb 3 4289 + 151 X (4140) 4146.5 £ 4.5755 83 £ 21121 1+ 8.4
Fl NLF egeerge | b X(4274)  4273.3 +£8.3737:2 56 + 1115 1t 6.0*
sob gl : 3 X (4500) 4506 + 11712 92% 2172 ot 6.1*
o :%7 * ] X (4700) 4704 £ 1013) 120 + 31733 (Vg 5.6"
0 : Iy 2021 LHCb 9 24220 + 170 X (4140) 4118 £ 11752 162 + 217322 1+ 13
T R e F TR R e X (4150) 4146 + 18 + 33 135 + 28759 2- 4.8
X (4274) 4294 + 473 53+5+5 1+ 18
Am [GeV] ° 10 + .
X (4500) 4474+ 343 77+ 611 0 20
X (4630) 4626 £ 16115, 174 o9 i 5.5
Phys. Lett. B, 734:261, 2014 X (4685) 4684 + 7H13 126 £15737 1+ 15
X (4700) 4694 + 4716 87+ 818 ot 17
2024 LHCb 5 pp — J/¥¢ + anything X (4274) 4298 £ 6+ 9 92122 £+ 57 4.1
X(4500)  4512.5759 £+ 3.0 65132 + 39 6.1
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Notable shoulder between 4.32 and 4.39 GeV in the J/{¢ mass spectrum

Remind: 2010, Belle, yy - J/y¥ ¢, Evidence of X(4350), 3.2¢0
Several tetraquarks have been predicted around 4.3 GeV

Potential resonance around 4.35 GeV

CMS has higher sensitivity in the low-mass region, doing amplitude analysis for B —»
J/¥¢K with comparable statistic

More details in [&5A8#s talk 11:00 Monday
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| Summary and outlook @

Production & properties

— First quarkonium measurements at 13.6 TeV
— Full angular analysis of BO = K*0uu and B% — ¢up

Rare decays

— First observation of N = p+u-e*e-
Spectroscopy

— CMS paint a full picture of fully-charm tetraquarks

— Measurement of spin-parity reveal their JPC = 2++

Stay tuned for more results with much larger Run 3 dataset
Chinese teams playing leading roles for CMS BPH

Thank youl!
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