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OUTLINE

I. Run 3 data taking & detector performances

II. Recent Physics Highlights
¢ SM Physics

¢ B-Physics
y Many more recent results !

% Top Physics This is a personal (biased) choice of analysis

% Higgs Physics
% BSM Physics

III. LS3 & CMS Phase II Upgrade



Proton Physics :
< Efficiency:92 %
< Data certification efficiency : 97 %
ML usage - improvement of 3-4%
w.r.t Run 2

CMS B LHC delivered: 355 15fb™
[0 CMS recorded: 326.03 fb™!
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2025 = BEST YEAR EVER
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Heavy Ion (PbPb) physics :
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2025 special run : 10 days of light ions
% p-0(9.62 TeV) : 46.6 nb™ recorded
< 0-0(536TeV):9nb?

% Ne-Ne (536 TeV):0.87 nb1 AQ*

N

HIN-25-008  HIN-25-014 HIN-25-015

2026 special run:

Low PU=5 (3 weeks)

- W mass

- SM cross-sections precisions
- PU=1,2 for diffractive physics

Integrated luminosity vs time for LS with PU=1,2 or 5

Overall time efficiency 70.62 % (cryo, vdM excluded)

—— Delivered Iummos\ty 2176.33 pb!
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Recorded luminosity
PU=1 2.56 pb~!
PU=2 4.95pb~!
PU=5 2071.31 pb~!
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Trigger strategy:
maximizing physics coverage within
bandwidth and computing limits

Proton Physics :

< L1 Trigger : ~100kHz

¢ HLT rate (main+parking) : ~10kHz
¢ HLT scouting rate : ~30kHz

CMS Preliminary _ 1.0 fb-! zozs 13 6 TeV)

.......................................................

........................

HLT Stream rates [kHz]

Parking
= Standard
Fill 11524, March 2026

Ion Physics :
< L1Trigger: ~120-130kHz
¢ DAQ Bandwidth up to 38 GB/s

Collection of all hadronic events +
enhancement of ultraperipheral collision
(UPC) triggered events from tracking zero
suppression

L1T Rate [kHz]



https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-25-008/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-25-014/index.html
https://cds.cern.ch/record/2959202/files/HIN-25-015-pas.pdf

< The detector is beyond design luminosity / radiation dose

>  Large radiation damage can be seen in tracker and endcap+forward calorimeters

> Enormous effort to mitigate the radiation damage effects

Run 2 (13 TeV), Run 3 (13.6 TeV)

o
:.(_B' 26 r CMS Linear fit on thick sensors
— o4 Preliminary Igl:terce}:’t;::/m‘
Q % iy CMS Preliminary
(/)] *
‘'~ I CMS DP 2025 020 T T T ul T T T T T T T IIIII T T T T T
TraCker S/B 8 i \\\* *, Inf<14 ® 18<|n/<21 ® 24<|n <27
ratIO through _é 20 - 9 1VE15<|”|<18 ® 21<|n|<24 ® 27<]n| ° |
i & N R ’: I
time © 184t : SE [ \\“-’ N\ix‘; “ﬂ\{ Qfl’ o Sl s W \V M e ]
2 46l Tl gs v 7= Nig= o T T —x e T
o 16 s o & ! \w v\ W
1af | To8 A& 2s \ L% \AW L '\/\ \W \\“} g’
TID Linear fit on thin sensors E o \\\' \"\E‘/ \« \\‘ o] 3 ’\'&/_
121 TEC (thin) [‘mcrccpt: 18 ‘ & \ ] \\/ ’\
TEC (thick) Slope: -0.007/fb’ 4\“/*
Yo ) TSRS S S N FUN FE SR S Wi ’\\’ :
0 50 100 150 200 250 300 350 400 0 i S Vs £ e
; ; -1 237 Runl Run2 : Run3
Integrated luminosity (fb™) 2% 30 71y srey 13t 136 T80 ]
£ ,, 1 CMS-DP-2026- 060 ,
20 CMS Preliminary Run 3 (13.6 TeV) g S <
o “VF ! =<
Lef 0% 10 -
Number of bad % 6 * ™™  CMS-DP-2025-020 = 0.0 bosmell m Y i ,,. ;
© 14 .
components in E b 2022 2023 2024 @\SQ'\, 6\'1,\,3,@\% \ \\'\/’\6;\'\"\)\’ c)\'7:1’ {lib Q \”%o\"lf;\'f’
© = 7 s = m .:J'. E...i o8
Tracker through §_1gf_ M‘%‘W‘Aﬁﬁ ’f‘ Date (month/year)
. E F H ' : A Nl ‘;“" Y .
time 8 6 W g -+ ECAL response to laser light
T aF ¥
SN Sl e — Crystals transparency loss
0" B0 B0 800 350 400

Integrated luminosity (fb™) 4


https://cds.cern.ch/record/2932521
https://cds.cern.ch/record/2932521
https://cds.cern.ch/record/2962729

The detector is beyond design luminosity / radiation dose

Large radiation damage can be seen in tracker and endcap+forward calorimeters
Enormous effort to mitigate the radiation damage effects

2024, 109 fb™' (13.6 TeV)
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But our global performances stay excellent !
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Measurement of Vector Boson Scattering (VBS) in WW and WZ channels at 13.6 TeV

Motivation : VBS directly probes the EW sector and quartic gauge couplings

Goals : After observation with Run 1+2 (arxiv 2005.01173)-> getting into precision measurement

< Using pure leptonic channels

CMS 171 1b" (13.6 TeV)
. . —_ FrT 1T rrrrrrrrrrrrrr1+
% With data collected in 2022-2024 (171 fb™) at 13.6 TeV SMP-25-013 2 s = e ACONLOsPyG wilhout O cor
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Results : 3 o :
* I e 1 . i
¢  EW-induced production of WXrW=* and WZ observed at significance of > 5¢ each o2 S
¢  Differential measurements performed in my, my, N, Ang, A, : : :
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< Inclusive and differential fiducial cross section in good agreement with SM predictions -y — ST f
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https://arxiv.org/abs/2005.01173
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-25-013/index.html

Measurement of time-dependent CP violation in B?s) — J /¥ K?— CMS enters the sin(2p) program !

¢ Motivations : BPH-26-005

> Key flavour probes of CP violation

> Precise measurements of the CKM elements - indirect constraints on generic BSM scale
%  First measurement of sin(2p) and sin(2ps) at CMS

%  With data collected in 2022-2025 (274 fb™) at 13.6 TeV, >1.5 millions candidates

4  Online Selection by a high-rate dimuon trigger (Data parking)

1 CMS Preliminary 274 fb" (13.6 TeV)
T T

Ace(t)
°
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<  State-of-the-art Al-based flavour tagging 05

+ novel precision-analysis techniques (for time calibration, etc)
< Results: 0
> CPVin B% precision comparable to LHCb Run 2 result 04
> CPVin B factor ~2 improvement over previous precision

.
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M. . t [ps
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CPV O oaf —oMs ]

Cyo = 0.013 = 0.011 (stat) & 0.006 (syst), B &
Sgo = 0.00 = 0.19(stat) = 0.00 (syst), R =
Direct CPV s o ]
Cgo = —0.18 £ 0.23 (stat) =+ 0.01 (syst).
S
All results are in agreement with SM ! of | N
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-26-005/index.html

Measurement of differential branching fractions and
angular observable of B? — ¢putp~at 13 TeV (Run 2)

BPH-23-003

Exploring rare decays

%  FCNC process, sensitive to NP effects in the loops
¢  Differential BF in bins of dimuon invariant mass (q?)
<  Differential angular analysis determining :
> A CPasymmetry parameter (A,)
> Thelongitudinal polarization of the ¢ meson (F,)
<  Results:
> Competitive with LHCb results
> Angular observables in agreement with SM and LHCb
> BF exhibits up to 4.2¢ tension w.r.t SM theory predictions
(consistent with LHCb results)
> Still statistically limited (expect improvement with Run 3)
138 b (13 TeV. 138 fb™ (13 TeV) 138 fb”! (13 TeV)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-003/index.html

BPH-23-003

Exploring rare decays

BPH-24-001
Submitted to PRL

Measurement of differential branching fractions and Observation of n»>p*pe‘e”
0 +,,—
angular observable of B; — ¢uTp~at13Tev (Run 2) ¢  Motivation : a Double Dalitz rare decay, sensitive to NP effects + provides
%  FCNC process, sensitive to NP effects in the loops hadronic light-by-light input to muon g-2 calculations
#  Differential BF in bins of dimuon invariant mass (q*) %  Follows the observation of rare decay n>uppp in 2023 (BPH-22-003)
¢  Differential angular analysis determining : %  Using data parking with high-rate dimuon trigger with 2022 data (38 fb™)
> A CPasymmetry parameter (A() ¢  Normalization channel : noppy '
> Thelongitudinal polarization of the ¢ meson (F,) &  Results: "
¢  Results: >  First observation of this rare decay )
> Competitive with LHCb results ~ Consistent
P ) ) > |B(n = ptp~ete™) = (2.4 +0.8) x 1076 ith SM
>  Angular observables in agreement with SM and LHCb wi
>  BF exhibits up to 4.2¢ tension w.r.t SM theory predictions > 2 orders of magnitude improvement in experimental sensitivity !
(consistent with LHCb results) > 30 M ' S(:: 0D (RATE)
F  Signal :
> Still statistically limited (expect improvement with Run 3) 5 o5b chf::a ,,,,,,,, "Comb. background
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-24-001/index.html
https://cms-results.web.cern.ch/cms-results/public-results/superseded/BPH-22-003/index.html

Heavy quark bound-state spectroscopy

BPH-25-009
Observation of a peaking structure in thi}((IS)¢(1020) final state with Run 2 data
- K'K
< Motivation : The strongly bound bottomonium (bb) system = rich spectrum - tool for verifying perturbative and nonperturbative
QCD
< A peaking structure is observed, consistent with X1 (3P) bottomonium state
> Yield: 45059 ( ) CMS Preliminary 140 fb " (13.0 TeV)
>  Peak mass :10512.60 + 0.21 (stat) + 0.20 (syst) + 0.11( MY) MeV = i Xb1?
_ . | = 300 * pata Xb2?
BUT : absence of the expected Xb2(3P) Spin-2 partner ! = — Fit
- -- Signal Peak 1
— ----Signal 2
l 1] Comb. bkg.
S 200
Intriguing interpretation.... kT

—_—

% Isthere a source of suppression ? ¥ ] /(

> Could be same process than for X, (2P), x,; (2P) — Yw? 100

- factor 4 suppression according to arxiv:2512.08363 (BaBar)

> Additional suppression due to detector acceptance and/or reconstruction S N S N ot SU——
ici ? = o .1 . v
efficiency * T ol }”%m { A it ﬂ IH,H l{ fst L b, }Hl} }H{{]
% Exotic interpretation ? X —2f—T{ 1 J i *I T | i #T H* ! T{ BEE
> Tetraquark bbss state or hybrid state ? Accidental X1 mass proximity ? B 0 o —

> Contributions from X b1+ exotic state (possible to disentangle?) M(Y(1S)K'K") [GeV]
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https://arxiv.org/abs/2512.08363
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-25-009/index.html

Toponium ? TOP-25-002

Observation of a pseudoscalar excess at the top quark pair production threshold in the single lepton channel
<+  Based on Run2 data (138 fb)
< Less sensitive to top quark mass and jet energy scale than dileptons channel TOP-24-007
<  Examines the relative velocity between t and t + exploits the angular distributions of the tt decay products

(sensitivity to the spin correlation and parity of the tt system) - 63 bins in total

CMS Preliminary 138 fb' (13 TeV) x10°CMS Preliminary 138 fb' (13 TeV)
o Results : £ i Data Wi Postit] £ 300f t Data [T Postiit ]
|_T>_|) 107 F Single t Multijet/EW L% 250% Single t Multijet/EW
>  Excess observed with a cross-section o (7;) = 5.1 £ 0.9 pb ol e [ Unetany apf oo/ W Uncerany
> Bkg-only hypothesis excluded with 6.1¢ significance 10°}
>  Consistant with a color singlet pseuscalar toponium e
S—"1 05 5
. . . . . . . o 1. o 1.
>  New statistically independent confirmation of toponium production e e e
g g
%  Further theoretical investigations needed to accurately model the tt threshold region g o 5 098
£ 0 02 04 06 08 1 £ A 05 0 05 1
138 o' (13 Tev) = B & Coot (B<0.75)
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2 10f 1 Daam I Single t Prefit % 70 (F?rg’lliginary (E))l()s::t/:j 1 2 psof D:a/ ry = (PO:m)
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https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-24-007/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-25-002/index.html

T0P-24-017

4-top production in final states with hadronic tau at Run 2

t t

t
_ Z/y
t

t

Multi-top final states

TOP-24-006

Search for 3-top production in leptonic channels at Run 2

%  This 25% BR channel was still unexplored ' .
%  Motivations :
> Sensitivity to BSM scenarios with enhanced third-generation couplings | &  Final states with 1, 2 (same sign) or > 3 leptons
> Complement established multi-lepton searches #  First LHC analysis specifically targeting 3-top-quark production
> Possible deviation from SM seen in other final states &  Results
* .
%  Three channels explored : r, + 0,1,2 leptons (e or . _—
i p n* O 1€p €orm) > No deviation from SM predictions
% Results: Lo . .
. . . L L > Upper limit set on the signal cross-section :
> Cross-section consistent with SM prediction within 16
> Lower limit set to 830 GeV in search for vector-like leptons (4321 model) _ 13810 (13TeV)
— 14 12 18 é CMS 95% expected
o (tEtE) = 16 1 (stat) 12 (syst) fb = 16 + ¥ b Sam Prlminary pavichiineily
CMS Prelimii -1 2 - v
CMS Preliminary 138 fb~! (13 TeV) remnan. _;,_f:szved(l”ew Ottt < 25 (26 ewp.) fb £ 50l Cpeerved |
~==- SM expectation --- Median expected g
Combination| ———®——— _e— Observed r(+10) 12311 == 68% expected =
E 10 95% expected SM d 200 —
= —— 4321 model
. — 2. S
12| ————————— LR E Uttt 2 05 ‘fb 3 150l |
g ;
1Tt 12422 5 100] J
X
9 I 50|
17,0¢ 0.0*53 Expected 109} 17h0f + 1741Z + 1732/ combined 1
0.0 == Observed | ‘ ‘
0 2 3 4 & 6 0.0 0.2 04 0.6 0.8 1.0 1.2 | | i | 0 Single Lepton Di-/Multi-lepton Combined
700 800 900

Signal strength r = ogi/olh; Significance (standard deviations) 600

VLL mass [GeV]

1000
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-24-017/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-24-006/index.html

Higgs Properties

HIG-25-015

Measurement of inclusive and differential Higgs production cross-sections in H>ZZ->4] at 13.6 TeV
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Based on 2022+2023+2024 data (171 fb™) CMS Preiiminary 171 b (13.6 TeV)
> FT rrrrrr T L B R |
Motivations : probing couplings, inspecting the process kinematics, and isolate BSM effects & 20— | =
Y r Data B
Cross sections measured in a fiducial region closely matching the experimental acceptance g 20 — el =
. . . o E I 99— 2Z B
Extended set of differential cross-sections are measured @ 150 — 5 =
Dedicated measurements targeting the production of the Higgs boson via vector boson fusion 100 ﬁfﬁ
. . . E i g
Results : All cross-sections are in agreement with SM 50 =
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4| 1 1 1 Il 1 1073 1 ° 02 . . . . .
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0 e §0 . “o e\\‘ 0 T 2 800 375 450 525 * L\\‘ ) > T 5 5 10
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Measur

doya/dp], (fb/GeV)

Higgs Properties

HIG-25-015

Bas
Mot
Cro
Ext
Ded

CMS P
F T}

p-value =

> Improved Run 2 mass :

> Systematics are now at statistical uncertainty level

Measurement of the Higgs boson mass in H>YY in Run 1and 2

[my; = 125.14 £ 0.10 (stat) + 0.11 (syst) GeV]

H1G-24-007

> New m(H->YY) reference using Run 1+2 data (consistent with other measurements)

51" (7 TeV)+19.7fb" (8 TeV) + 138 b (13 TeV)

138 b (13 TeV)
b CM]S Pre/ilminaryI ; : I ]

TTTTTTT

T

S/(S+B) Weighted Events / GeV

TTTT T T

CMS Preliminary

ATLAS H—4/ Run1 + Run 2

Phys. Lett. B 843 (2023) 137880

CMS H—4f Run 1 + Run 2

Phys. Rev. D 111 (2025) 0920 14
ATLAS H-yy Run1+Run 2

Phys. Lett. B 847 (2023) 138315

=

23]

Stat Syst
Tot Stat  Syst

124.94 £0.18 ( £0.17 £ 0.03) GeV

125.08 £0.12 ( £0.10 £ 0.05) GeV

12522 £0.14 ( £0.11£0.09) GeV

T[T

Ratio to
NNLOPS+POWHEG ~ ©

=)

! | ! !
120 130 140 150

CMS H—yy Run 1 +Run 2 P 12507 +0.13( £0.09 +0.10) GeV
CMS-PAS-HIG-24-007
PENEPE B PR T 1 | - P |
123 124 125 126 127 28
m,, (GeV)

80 Dedicated talk by Fabio lemmi this afternoon

o

25)

22
N
NN

b (13.6 TeV
LU AL LA

htnia) + xH
yhia) + xH

171 o' (13.6 TeV)
T

G + JHUGen + Pythia) |

et

[An]
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Rare Higgs decays
Search for the rare Higgs boson decay H->ZY in Run 2 + Run 3

CMS Preliminary 138 fb™! (13 TeV) + 62 fb' (13.6 TeV)
w Z q Z Z ‘qC: 50:_ —e— Data
o E —— S+B
H--- a H-- N o
2 F 20
230
w ¥ 4 T Y @ F k=110 708
& 20 '
¢  Motivations : e
10—
> Loop induced process » BSM sensitive to new particles entering the loop diagram g £] 1 +
. . . . . . . S 0 | “l Tl:l« lA‘ I + lr+J..TIr ++ llrlTI-‘né‘
>  Probe if Higgs is a composite Nambu-Goldstone particle arising from the strongly = °=711 ; R S P8 Ak T L
EE "
interacting sector S o 120 130 140 150
m,,(GeV)
<  Run2 +2022-2023 data samples (200 fb™) HIG-25-010 S
‘:. Dﬂepton ﬁnal State (Zéll) 138 b~ (Vs =13 TeV), 62 fb~" (Vs = 13.6 TeV) ‘I:l Stat. unc. Syst.unc. ke Total unc. --- SM p— STr:l::'aneo:jst:‘
P ; —— a3 B
<  Newly optimized trigger strategy ol i oot o
o . . 9oF 3 — RIS T
%  Optimized categories for ggF, VBF, ttH and VH (13 categories) o0F 4  — anil B
#  Challenge : large non-resonant background from SM (pp->ZY) and Z+fake Y "' zj‘ o
¢  Results: vBF4 T — | 4
. +0.52 +0.49 | !
> . M = . . VH Ny 23 | F 1| weig B 2
Obs (exp.) signal strength: |y = 1 10—0.61 (1 00_0. 46) ol ; IV s
1tH leptonic r——— P T ]
. oL H hadroni L ; | 22 %% % %2
> Obs (exp.) excess significance: |0 = 1.9 (2.3))| " Uiagged . — i
Simultaneous fil_ = 110 58 58 10w
. . g o -15 -10 -5 0 5 10
>  High degree of compatibility across the categories ’ R
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HIG-24-010
Submitted to PRD

Measurement of HH production in 4b final state
% 2022-2023 data (62 fb?) + Re-analysis or Run 2 data
4% Independently measures both resolved and merged topologies
%  Targets ggF and VBFHH productions
% Improved sensitivity w.r.t Run 2 thanks to :
> Dedicated parking stream (larger rate : 150Hz in 2023)

> Improved trigger

> Analysis sophistication (ML, b-tagging based on a particle transformer)

138 fb" (13 TeV) + 62 b (13.6 TeV

— SM — Observed
---- Expected

CMS

tio
+26

Run 2
Obs. 7.5
Exp. 3.8

Run 3
Obs. 4.4
Exp. 4.4

a|qedwo)

Combination
Obs. 4.7
Exp.2.8

SR ) e

P P

10

95% CL upper limit on [

pea < 4.4

46% improvement w.r.t
Run 2 analysis

Double Higgs & nggs potential

1 agF

138 fb! (13 TeV) +62fb' (13 6 TeV)
T

—q. <2 30 observed 1
-q.< 5.99 observedf

q\ < 2.30 expected - g

q.< 5.99 expected]

+ Best fit

osM

........

B.4A< ry<9.7
[0.68 < kay < 1.38

Most stringent limit to k,,, to date !

N 2 leptons
. N
" o
\
O

() P > 40GeV

[9.1 < kx < 15.7]

HIG-25-018
Submitted to JHEP
HH-bbWW

202242023 data
Resolved + boosted topologies
Search for ggF and VBF HH productions

Targeting di-leptons events
Sensitivity improved with :
> refined classification strategy
> additional triggers

z I btagged jet > enhanced b-tagging (particle

transformer based)

g < 12.0 (exp. 18.5)|

~30% improvement w.r.t Run 2 analysis

F0.20 < Koy < 2.25|

B CMS‘ . : : i 62 ! (136 TeV) __ Cms . : i 62 lb" (13.6 TeV)
£ == Theory prediction  95% CL limit £ 55 Theory prediction  95% CL limit

T % SM prediction —— Observed ~ swes 68% expected T ¥ SM prediction — Observed --== 68% expected
T e Median expected 2% 95% expected T | e Median expected =2 95% expected
i) ) K=K =1

8 8 wp 4
© ©

- = 2
RS Ky 16
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HIG-24-010
Submitted to PRD

Double Higgs & Higgs potential

HIG-25-018

Submitted to JHEP

N
- 2022—2]
¢ Indepe
% Targety <
< Improy| «
> Dedic
> Improj
> Analy

Run 2
Obs. 7.5
Exp. 3.8

Run 3
Obs. 4.4
Exp. 4.4

Combination
Obs. 4.7
Exp.2.8

HH

46%
Run ]

HH-bbYY at Run 3

2022+2023 data (Early Run 3 results)
Resolved + Boosted topologies
4 2 complementary & consistent approaches :

> IDFitto My : | < 7.4 (8.7)|

[—3.9 < Ky < 10.1]

> 2Dfitto (Myy,myj;): [paa < 11.0 (7.3)]

[6.1 < ky < 12.§]

Dedicated talk by E.Didier-Esteve
this afternoon !

Boosted
Expected: 49
Observed: 50

Resolved cat3
Expected: 44
Observed: 35

Resolved cat2
Observed: 28
Resolved cat1

Expected: 14
Observed: 12

Combined
Expected: 8.7
Observed: 7.4

CMS Preliminary
ST T

HIG-25-007

1D strategy
My =0

61.9 fb” (13.6 TeV)
T T T T T T
—e— Observed ~ ==eer Median expected
—— SM prediction ===+ 68% expected

<224 95% expected

3 2

95% CL limit on o(pp — HH) (fb)

1D

CMS Preliminary
e e

| 1D strategy

61.9fb7 (13.6 TeV)
T

T

K= Ky = Ky = 1 — Observed

¥ SM prediction

= Theory prediction----- 68% expected
----- 95% expected

----- Median expected

bductions

~

A1

Boosted
Expected: 49
Observed: 50

Resolved cat3
Expected: 28
Observed: 29

Resolved cat2
Expected: 18
Observed: 20

Resolved cat1
Expected: 11
Observed: 18
Combined
Expected: 7.3

Observed: 11

CMS Preliminary
e

L L L L 1 L
80 100 120 140 160 180
95% CL limit on o(pp — HH) / .
Theory

61.9 b (13.6 TeV)
T T T

2D strategy

My =0

CMS Preliminary
e A

61.91b" (13.6 TeV)
T

—e—Observed ~ -=-- Median expected T
—— SMoprediction ===+ 68% expected K=Ky = Kpy =1 — Observed
----- 95% expected 2D strategy

0

|
95% CL limit on o(pp —> HH) (fb)

2D

X SM prediction

== Theory prediction----- 68% expected

..... Median expected

..... 95% expected

1 L 1 L 1 L
60 80 100 120 140 160 180

95% CL limit on o(pp — HH) / .
Theory

18.5)]

analysis

2.25

621b” (13.6 TeV)
L

-+ 68% expected
=2 95% expected
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Inclusive search for high-mass dilepton resonances

Run 3 data collected in 2022-2025 (283 fb™)
Improvement w.r.t run 2 analysis :

2
%

2
%

X4

X4

L

@

1 (13.6 TeV)

Events / GeV
22
Events / GeV

2333

EX0O-25-021

> Double dataset in size

> Increased collision energy
Focus on two very energetic same-flavor leptons

B /2 - eelpw/tt
1, tW, WW, Wz, 2z

Gy WM, =005,

»M=2TeV

Covering large mass range from 200 GeV to 6 TeV

(Data - Bkg)/ Bkg
(Data - Bkg)/ Bkg

> No significant excess above SM has been observed
> Largest excess : 2.6¢ (local) at 5.2 TeV
> Interpretation and mass limits (most stringent to date) :
m Spin-1: Heavy Z’ gauge boson (SSM or E-based models)

CMS Prellmlnary

m Spin-2: Kaluza-Klein gravitons 283 fb-' (13.6 TeV, ee + p* 1)

m(u) [GeV]

One very energetic event at 5.2 TeV !

283fb‘(136TeV ee+ u)

—_
O

_y CMS Preliminary
TS

T
— Obs. 95% CL limit
== Exp. 95% CL limit, median

[pb]
[pb]

theory

theory
4

z

x 0
x 0

[o6xB]Z
[0xB|Z
[0xB]Z

[0 x B] Gkk

Channel

—_ Obs 95% CL |IIT:I! ]
—— Exp. 95% CL limit, median ]
B Exp. (68%)
[ Exp. (95%)

G (LO x 1.6)

=== /My =0.
N, —-- kM, =01
\.

ee
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| eetpp
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Search for leptoquarks (LQ) coupling to 3rd gen quarks and lst/2nd gen leptons at13.6 TeV collisions B2G-25-011

Motivation : LQ emerge in many BSM scenarios e
Based on 2024-2025 Run 3 data (220 fb) ° i

Both Right (RH) and Left handed (LH) Yukawa couplings are considered ~1q
TeV 6Te
Selecting events with 1 to 4 leptons + >1 b-tagged jet + hadronic top jets 3 1oL e OIS 1 34 R (13<6‘ )
. ‘Z" grglfgmar S,(LQ—>tefbv, LH,B=05) ] ‘Z" Srg,![?ma S, (LQ— twbv, LH, =0.5)
> 1-2 leptons targets LQ LQ~> tl bv -> LH couplings only il ” 2 o) o i V= oato) oy
> 2-4leptons targets LQ LQ ~> tl tl -> LH or RH couplings - LH e A | w LH T ey e
S N Median expected A N Median expected

Considers both events with or wjo large radius (dR=1.2) jets, for hadronic 102k I 5% expected

95% expected

I 68% expected E 102
95% expected 1

top quark consideration

10°F 10°

No discrepancy with SM prediction observed s 104

Measured the most stringent limits to date on LQ masses for such 105 Jm(LQ) < 1720GeV| 105
500 1 000 1 500 2000 2500 3000 500 1000 1500 2000 2500 3000

models 220 fo' (13.6 TeV) LQ Mass (GeV) LQ Mass (GeV)
10 ET GG oy T T T T T T T T T T T 220 1™ (13.6 TeV 220 1b™' (13.6 TeV,
107 CMS Preliminary t Data [ Other [l Singlet MisID 310'“'I"“I""\""(\"") 310H'w""\"‘w‘"‘(w“‘)
) N b a 10 E Q -

10¢ | SR electron channel: postfit  yw [ Hov % Unc. o gﬁgi"ary S,(LQ - te, RH,p=1) EY ,?,Zﬁma,y S, (LQ— tu, RH, B=1)
e’ Prefit — S, (LQote/by, LH, p=0.5, m,=1.75TeV) L = 6(LQLQ) (NNLO+NNLL) | 1 = (LQLQ) (NNLO+NNLL) ]
a . 3 3

95% CL upper limits
—— Observed 3 107

o(LaLQ)=1fb RH 95% CL upper limits

—— Observed 3

------ Median expected ----- Median expected
I 68% expected *g 102 Il 68% expected 3
95% expected ] 95% expected 1

m(LQ) < 1860GeV|§

107 107
107 10°
500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000

SR bins LQ Mass (GeV) LQ Mass (GeV) 19
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New detector !

Fully replace ! Only the magnet remains untouched!
Tracker < MIP timing detector
* High granularity (pixels + strips) sesces _ * Barrel: crystals + SiPMs

*  Endcap: LGADs (Low Gain Avalanche Diodes)

* Extended coverage to n=3.8
*  ~30 ps timing resolution

»  Tracking for L1 trigger

Muon detectors
DT+ CSC: new FE/BE readout

* RPC: new BE electronics
*  New GEM/RPC
* Extended coverage to n=3

Barrel calorimeter
e ECAL+HCAL: New BE electronics

* ECAL single crystal granularity for
L1 trigger with precise timing

i |
New electronics ! Change electronics + RPC/GEM

Endcap calorimeter (HGCAL) Beam radiation and luminosity
. /I:ISIng: gc;?;]:;:\]gz: precision timing Level-1 Trigger DAQ and High Level Trigger xivr\:i?;rl;tron and mixed-field radiation
*  Sihexagonal pads and SiPM on * 750kHzL1 OUtp“t' *  Full optical readout + Beam abort and timing capabilities
Pb/W-SS Tiles * 40 MHz data scouting *  Heterogenous architecture «  Bunch-by-bunch luminosity
* Tracks at 40 MHz + 60 TB/s event network
\ » Particle Flow selection e 7.5 kHz HLT output

New detector ! ) )
Production done or in progress for all components

Slide from Filip Moortgat at LHCP 2026 Integration in preparation 20



Run 3 is now over
>  Best data taking period, recorded large pp and PbPb datasets + special runs
>  Excellent performances despite large radiation damages, thanks to the collaboration efforts
Many new physics results in Standard Model, B- ,Top, Higgs, Beyond the Standard Model & Heavy Ion physics :
> Many new results with (partial) Run 3 data + Continuing analysing Run 2 data
>  Still alot of data to process and analyse -> The journey is just beginning !
Phase-2 CMS Upgrade is in preparation & production started
> 6 times more data to come at HL-LHC era with a brand new fantastic detector

Other analysis and more details will be presented this afternoon :
m—sasw cMs

Higgs boson property with H
Speaker: Fabio lemmi

Search for non-resonant HH->bbgg with Run3 data
Speaker: Eva Didier-Esteve

Search for (very)low-mass Hgg resonances

Speaker: Benjamin Massoteau

VBS WWgamma and HHWWZZ

Speaker: Ruobing Jiang

Multiboson et HGCAL
Speaker: Tianyu M

Combined Higgs boson measurements at CMS
Speaker: Chen Zhou

A A AR RAH

Search for X->HH/HY->WWgammagamma at CMS
Speaker: Mingshui Chen

21
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SMP-25-013
Measurement of Vector Boson Scattering (VBS) in WW and WZ channels at 13.6 TeV Submitted to JHEP

171 fo™' (13.6 TeV) 171 b (13.6 TeV)

3" 3 - e
¢ WeWsj> L+v 2+vij SULoMS R (. 8 .
2 . v W £ v . EW WW
. . . . < -,V N QCD WW* 4 -V ) B QCD W'w*
> 2 same sign-lepton away from Z, missing transverse energy, VBS jets o Moo WRENWEZ “ Wmworgsn  EREWWEZ
zz 4 zz

> main bkg due to non-prompt leptons (data driven) ,
% WZjj> 2+v 2+07 jj }

> 3 leptons, two opposite-sign same-flavor under Z window, missing transverse B4 2.l f }
§1.2 § E 1 ?
energy, VBS jets osp T HTY R ) 7
. . . . . 500 1000 1500 2000 2%00[GeV] 100 200 "iil)[%ev]
> main bkg due to QCD WZ (MC): BDT for discrimination i R 71550 36
. . % | cms [ Nonprompt Data W Nonprompt ¢ Data
#  Key improvements with respect to Run 2 : A e St m e
. . . | -V B QCD WW* -.Vy [ QCD W'W*
>  Increased integrated luminosity I e Gz b
zz
> Refined signal extraction with an updated fitting strategy anl .

>  Improved non-prompt background estimate enabled by better lepton selections

171 fb™' (13.6 TeV) 171 o™ (13.6 TeV) F12 i\ g2 \\£
] + Data 3 + Data £ &\i\w*\x\\\\\\x&&ﬁx\ S RN \\ﬁ&\\\&\\x\\\w\\\x\\#\\\\%\ s
@2 N\ Total unc. ~ AN Total unc. 0.8 1 ‘8
q‘:, EW wz g EW Wz 3 4 5 6 A 1 2 A
@ [ QCD WZ g B QCD WZ y ; %
7z w 7z . 171 o' (13.6 TeV)
[ Nonprompt [l Nonprompt 8 CcMS = cscpmmpt o\\ ?a(al
1%] X Total unc.
WY £ - \- EWWW
firad -V 9 QCD W'W*

B Wrong sign EWWZ
N QCD WZ
2z

[\ \\\\\\}\\\\\\ \\\\\\*\\\\&\

bt B

1000 1500 2000 2500
BDT output m, [GeV]

Data/SM
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SMP-25-013
Measurement of Vector Boson Scattering (VBS) in WW and WZ channels at 13.6 TeV Submitted to JHEP
Variable WETWTE SR WZ SR
Leptons 2 leptons, pr > 25/20GeV 3 leptons, py > 25/10/20 GeV
|y — my| >20GeV (ee) <15GeV
Myy >20GeV —
Mgy — >100 GeV
piniss >30GeV
b quark veto Required
P >50 GeV
max(z}) < 0.75 <1.0
s >500 GeV
A >2.5
Predictions ( fb)
Process o B (fb) MADGRAPH5.aMC@NLO MADGRAPH5_aMC@NLO SHERPA
without NLO corrections with NLO corrections without NLO corrections
3.81 +0.38
7+
EW W=W 0.33 (stat) + 0.18 (syst) 4.27 +0.38 3.514+0.31 3.37 +0.50
4.32 +0.40 —
+\Wt
EW+QCD W=W 036 (stat) + 0.18 (syst) 4.75+0.52 3.99 + 0.44
1.43 +£0.26
EW WZ 0.23 (stat) + 0.12 (syst) 1.45+0.13 1.25+0.11 1.24 +0.19
4.75 +0.35 -
EW+QCD WZ 0.27 (stat) + 0.22 (syst) 4.59 +1.07 4.39 + 1.05

24
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(a) Penguin diagram

\4

(b) Box diagram

138 o' (13 TeV)

Events / 20 MeV

r Preliminary

Exploring rare decays

Measurement of differential branching fractions and angular observable of B? — ¢utp~

138 fb' (13 TeV)
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Events /0.1
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HIG-24-007

damage

Measurement of the Higgs boson mass in H>YY in Run 1and 2
Refine detector calibration : new precise ECAL calibration to correct for radiation

State-to-the-art analysis techniques

Results :

> Improved Run2 mass: |my = 125.14 £ 0.10 (stat) £ 0.11 (syst) GeV|
> New m(H->YY) reference using Run 1+2 data (consistent with other measurements)
> Systematics are now at statistical uncertainty level

5.1 " (7 TeV) + 19.7 o™ (8 TeV) + 138 ib” (13 TeV)

ATLAS H-4/ Run1 + Run2
Phys. Lett. B 843 (2023) 137880

CMS H—4f Run 1 + Run 2
Phys. Rev. D 111 (2025) 092014

ATLAS H->yy Run1+Run2
Phys. Lett. B 847 (2023) 138315

CMS Preliminary e Total Stat Syst

Tol Stat  Syst

- 124.94 +0.18 ( £0.17 £ 0.03) GeV
23] 125.08 £0.12 ( £0.10 £ 0.05) GeV

e 12522 +0.14( £0.11£0.09) GeV

CMS H—yy Run1+Run2
CMS-PAS-HIG-24-007

- 125.07 £0.13 ( £0.09 £0.10) GeV I

Higgs Properties HIG-25-015

Measurement of inclusive and differential Higgs
production cross-sections in H>ZZ~>4] at 13.6 TeV
Based on 2022+2023+2024 data (171 fb™)
Cross sections measured in a fiducial region closely matching
the experimental acceptance
Extended set of differential cross-sections are measured
Dedicated measurements targeting the production of the
Higgs boson via vector boson fusion are also performed

4 Results: All cross-sections are in agreement with SM

0fd — 3.11
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-007/index.html
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b PO L — DCDC converter inside the detector
Some facts il

Weibull probability plot

10
TTF (minutes)

bPOL_V6 has issues after irradiation (TID), enhanced by cold
Detrimental overvoltage after ‘time in stress zone’ .

TTF shows an exponential behavior

& drift of internal voltage

& basic functionality (does not regulate to 2.5V)
Stress condition: V_

& ...

in applied while chip disabled

bPOL_V6: Unconstrained operation is likely possible for TID of 1MRad

bPOL_V6: Limit time in stress zone for TID> 1 Mrad,;

Time to Fail (TTF) for 1% of detectors is in the order of 30 - 200 seconds (95% CL)
& time in stress zone is 10 — 40 ms per power cycle

First version of the new ASIC, bPOL12V_FX1 launched in new technology -

* There is a clear risk, FX1 may not work

expect bare ASICs in June

A working FX1 ASIC addresses most, probably all issues and is for sure better




