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Nustration Philippe Mouche

Accelerates protons (mostly) and heavy ions

27 km circumference

Collisions reaching 13.6 TeV centre of mass energy
Four large experiments: CMS, ATLAS, LHCb, ALICE
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* Run 3 collisions at 13.6 TeV!
* Run 3 planned to conclude in June 2026




pgrades

* Major detector upgrades planned for Long Shutdown 3
(Phase 2 upgrade) in preparation for High-Luminosity
LHC Run!

o

New Tracker (silicon pixel + strip detectors)

Brussels group: strong involvement in Tracker
construction and QA, operating clean-room facilities
for module assembly and testing

Will be covered in detall in the Aloke’s talk

Muon system upgrades (new GEM and improved RPC
chambers)

Brussels group: participation in GEM detector R&D and
commissioning

Will be covered in Yanwen's talk



https://indico.iihe.ac.be/event/2448/#29-cms-phase-2-tracker
https://indico.iihe.ac.be/event/2448/#43-highlights-from-instrumenta

* 2026 European Strategy for Particle Physics Update
Process started in Summer ‘24, physics inputs by March ‘25
* CMS + ATLAS updated projections for key HL-LHC
measurements
© Single Higgs precision
© Higgs self-coupling from double-Higgs discovery
° Electroweak potential shape and stability

Steven Lowette co-coordinated as 2024-2025 Physics Officer

= r(lv > hep-ex > arXiv:2504.00672

High Energy Physics - Experiment

[Submitted on 1 Apr 2025]

Highlights of the HL-LHC physics projections by ATLAS and CMS

ATLAS, CMS Collaborations
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* CMS has recorded ~ 300 fb* in Run 3 and goes on!  * Already recorded more than double the luminosity
compared to Run 2
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We need shifters to assure high data quality and data-taking stability!
o Actively contributing in various P5 central shifts (CMS control room)
o Several GEM, RPC, L1, Tracker DOC (experts on-call)




Congratulations to Itana who received a well-deserved award:

"For her deep competence and exemplary commitment in consistently
undertaking DAQ shifts every year of Run 3"
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Fits into the CMS Puzzle

Martin

Current L2 convener
in Tracker DPG

Tracker

K. Hahn

K. Kizir
M. Dragicevic

L1 Trigger
A, Bundock
J. Barryilf

G. Pafruccian)

Muons
G. De Lentdecker

L T Warig
Gilles
Laurent Project manager of the
Former L2 convener CMS muon system
in L1 Trigger DPG




How IIHE Fits into the CMS Puzzle

Each group has:

* 2 main coordinators (“L2 conveners”)
* Various subgroups with 2 coordinators
each (“L3 conveners”)

CMS physics organization (2025-2026)

Qutgoing
Continuing
Incoming

Physics Coordinators
Roberto Salerno
Andreas Meyer

x-POG:

Physics Officers
H.Qu, Felipe Silva, Carlo Battilana
Communications A.lgbal, A.Delannoy

Lorenzo Viliani

Raffaella Tramontano

Matteo Bonanomi

Yurii Maravin

T ] Guillelmo Gomez-Ceballos Trigger: A.Lobanov, A.Nayak
Contact positions = experts on topics
Shared groups
MC generators ely Muons SM Physics Higgs physics
Bugra Bilin Riccardo Salvatico Federica Primavera Mario Pelliccioni Emanuele Di Marco

Meng Xiao

Kostas Theofilatos Davide Valsecchi Celia Fernandez Madrazo Ankita Mehta Mauro Donega
Machine Learning Jets/MET B-tagging & Vix Top physics NPS
Javier Duarte Anna Benecke 1 Spandan Mondal, Sebastian Alexander Grohsjean Cecile Caillol
Pietro Vischia Matteo Cremonesi Wuchterl, Alexandre de Moor, Sergio Sanchez Cruz Sezen Sekmen
Miaoyuan Liu Nurfikri Norjoharuddeen Alessandro Calandri Robert Schéfbeck Halil Saka
Particle Flow Taus Tracking B physics EXO
Swagata Mukherjee, Andrea Cardini i Kirill Skovpen Dima Kovalskyi Cristian Pefia
Riccardo Bellan, Michat Bluj Mario Masciovecchio Georgios Karathanasis Benedikt Maier

Andreas Hinzmann, Andre Stahl

|zaak Neutelings

Enrico Lusiani

Valentina Mariani

Caroline Collard

Common Analysis Tools
Piergiulio Lenzi
Aliya Nigamova
Andrew Wightman

Luminosity
Francesco Romeo
Jose Benitez
Peter Major

Protons
Andrea Bellora
Laurent Forthomme
Miguel Alves Gallo Pereira

Heavy lons physics
Jing Wang
Leticia Cunqueiro Mendez
Christopher McGinn

B2G
Loukas Gouskos, Arne Reimers
Swagata Mukherjee, Julie Hogan

POGs

PAGs
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f Former L2

Fits into the CMS Puzzle
CMS physics organization (2025-2026)

Physics Coordinators

Xx-POG

Communications
Trigger:

Physics Officers

MC generators ely Muons SM Physics Higgs physics
Bugra Bilin
Lorenzo Viliani T 11
Kostas Theofilatos
A §
\Machine Learning Jets/MET B-tagging & Vix Top physics NPS
4 P— | —
e Flow Taus Tracking B physics EXO
usis Tools Luminosity Protons Heavy lons physics B2G

Current L3 in
generator tuning

POGs

PAGs
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How IIHE Fits into the CMS Puzzle

Organisation of workshops at IIHE

8 g \ GEN & CAT hackathon
Bugra
' >

A P
W F LEARNING &
/ Former L2 @enero’ror CMs/| 22 6 t m INNOVATION
<, L - < BRUXELLES CENTER
MC generators y =
Bugra Bilin

Lorenzo Viliani
Kostas Theofilatos

27 - 31 October 2025
IIHE & LIC, Brussels

Current L3 in
generator tuning
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f Former L2

MC generators
Bugra Bilin
Lorenzo Viliani
Kostas Theofilatos

Fits into the CMS Puzzle

Current L3 in

Jets/MET
Anna Benecke
Matteo Cremonesi
Nurfikri Norjoharuddeen

generator tuning

Former L3
in JERC

Former L2
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f Former L2

MC generators
Bugra Bilin
Lorenzo Viliani
Kostas Theofilatos

gAlexandreg

| Current L2 | Current L3 in SW

Fits into the CMS Puzzle

A

e

Current L3 in

5__

Jets/MET
Anna Benecke
Matteo Cremonesi

B-tagging & Vix
Spandan Mondal, Sebastian
Wuchterl, Alexandre de Moor,

Nurfikri Norjoharuddeen Alessandro Calandri

generator tuning

Former L3
in JERC

|y
“{

Former L2
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Fits into the CMS Puzzle

grow | Current L2 | Current L3 in SW

MC generators
Bugra Bilin Y~ A
Lorenzo Viliani
Kostas Theofilatos
Jets/MET B-tagging & Vix ;
Anna Benecke Spandan Mondal, Sebastian Former L3 m_ Very
Matteo Cremonesi Wuchterl, Alexandre de Moor, heavy fermions
Alessandro Calandri

Nurfikri Norjoharuddeen

%/

{

Current L3 in Y Lauren ’ =L : Loukas Gouskos, Arne Reimers

B2G

Swagata Mukherjee, Julie Hogan

generator tuning Former L3 Former L2 Former L3 in

in JERC diboson resonances




f Former L2

gAlexandreg

| Current L2 |

Fits into the CMS Puzzle

’ Current Trigger
; coordinator contact
Pavlo A

Current L3 in SW

Current L3 in

Nurfikri Norjoharuddeen

/N

MC generators SM Physics
Bugra Bilin Y~ A Mario Pelliccioni
Lorenzo Viliani Yurii Maravin
Kostas Theofilatos Ankita Mehta
Jets/MET B-tagging & Vix ;
Anna Benecke Spandan Mondal, Sebastian Former L3 In_ Very
Matteo Cremonesi Wuchterl, Alexandre de Moor, heavy fermions
Alessandro Calandri

generator tuning

Former L3

Former L2

Former L3 in

in JERC

diboson resonances

B2G
Loukas Gouskos, Arne Reimers
Swagata Mukherjee, Julie Hogan
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Fits into the CMS Puzzle

’ Current Trigger
: g coordinator contact
f Former L2 gAlexandrey Pavlo A Former L2
grow | Current L2 | Current L3 in SW A
MC generators SM Physics
Bugra Bilin Y~ A Mario Pelliccioni
Lorenzo Viliani Yurii Maravin
Kostas Theofilatos Ankita Mehta
Jets/MET B-tagging & Vtx Former L3 in very Current electron
Anna Benecke Spandan Mondal, Sebastian . contact
Matteo Cremonesi Wuchterl, Alexandre de Moor, heavy fermions
Nurfikri Norjoharuddeen Alessandro Calandri o~

7 { \4

EXO
Cristian Pefia
Benedikt Maier
Caroline Collard

B2G
| Loukas Gouskos, Arne Reimers
Swagata Mukherjee, Julie Hogan

Current L3 in

generator tuning Former L3 Former L2 Former L3 in
in JERC diboson resonances 18




nalyses in CMS

Show all  Total Exotica Standard Model Supersymmetry  Higgs Top Heavy lons

B and Quarkeonia Forward and Soft QCD Beyond 2 Generations Detector Performance

1415 collider data papers submitted as of 2025-11-05

Searches

Vi
- <

Precision
easurements

19



International collaboration with

-Yan chronicles Korea, Lithuania and US groups

Recent publication with 2016 data

d2g/dmdpr @ 13 TeV
(Eur. Phys. J. C 83, 628 (2023))
CMS 36.31b~" (13 TeV)
1MG573.MC(OJ)+CAS‘ I Statistical
L 50 < my < 76 GeV - scale . .
3 (& TMD unc. On-going effort with full Run 2 data
S8 T
g %1‘0 : 3CMS Internal Muon channel137.6 fb' (13 TeV
* Main physics analysis: 208 =" 10°F Muon channel
amn pPhys y _ s 3 e 40 < m(ll) < 3000 GeV
Differential DY cross section | P 8 10F .. —— D
H K] 2 el W‘ %
measurement as a fUI’lCtIOﬂ Of E§0_87 I £ :% °'-,. —e— Theory (Powheg, MiNNLO)
dilepton variables (mass, pr, rapidity) ..o | Sieel e,
> Precise test of the standard model z[z'° 107 e
. L. . “igosft -‘ 10‘45— o
° ConStralnt Of parton dIStrlbuuon =1.0F 170 < my <350 GeV 10°F Fiducial phase space (dressed level) ==
functions (PDF) and multiple §§1 of . 10k :o‘;?"l(l)>20 GeV, pP() > 15 GeV =
i 2z = e -7 bk —
gluon resummation treatment FBosf = = L e —
jl\ull\ Ll Ll L 10_85_| | L I R | I
=4 o[ 350 < my < 1000 GeV © 13E
SIEE R
ggmj [ 14 l”'}llé—-l— | s ;-Q;Erw“ : B G A =
EEU_BE = == g oﬁsEE
BT T 108 %7750 100 200 300 1000 2000

pr(Ee) [GeV] m(uu) [GeV]



-Yan chronicles

. .- Scouting Stream

* Scouting data: Additional measurement for the - reduced data format

low mass (10 < m(ll) < 40 GeV) is also planned ol reaueed
US|ng a SpeC|aI|Sed dataset (“Scou‘ung”) - based on online reconstruction at HLT

(no offline reconstruction)

—— (ree—— Standard Stream
—|F— () - ~2.5kHz
‘ ‘ —— ‘ -- ~ 1.1 MB/event
LT | e (o) - fullevent
) - offline reconstructed

CcMS L1 Trigger HLT Storage at Tier0 after 48 h

Intrinsic kr partons in proton

2.0 1 — ¢ =1.04+0.08 GeV ¢ DO (2000) 1.8 TeV
$  CMS (2022) 13 TeV $ CDF (2012) 1.96 TeV
1.84 ¢ LHCb (2022) 13 TeV & CMS (2021) 8.16 TeV
$  ATLAS (2015) 8 TeV § PHENIX (2019) 200.0 GeV
LB R e [Intrinsic transverse momentum is tuned in MC with a
1+Dependence with sqrt(s) non-physical energy dependence
=
S 129 [ * kr measured on low-pr Drell-Yan events — No strong
10 .I —4 dependence on centre-of-mass energy observed
0.8 1 T
S
0.6
0.4 1 3
10-1 100 10! 21

V3 [TeV]
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Ratio to SM

g future
he Higgs-charm coupling

charm-Higgs coupling y. next milestone at LHC — Currently only limits on y.

Large inter-university project iBOF (VUB + UGent + UAntwerp) -
Probe various processes sensitive to y. and combine for ultimate
precision

Nature 607 (2022) 60-68

Michael

Steven

BTV & Muon & e/y POGs SM & Top PAGs
WP1 Flavour & Lepton ID WP2 SM-candles
b/c-tagging & calibration tthb versus ttce
high-p; & boosted Z+b/c

] e
CMS 138 b (13 TeV)
1_‘" R EEREL L L R ll.""
m,=125.38 GeV y
o W..z.-"'. CMS Supplementary 138 tb~" (13 TeV)
- + Observed 68% expected
1071k 4 1 - Median expected 95% expected
2 b . Combined [
= Exp. 5.6 :
o] % ) P
10 . - o Obs. 9.3 |
i Vector bosons HH(H-cE)
3 f 3 generation fermions Exp. 8.7
107 ” E Obs. 7.8
’,.-" i 2" generation fermions AL
(— SM Higgs boson VH(H-cE) |
i Exp. 7.6 H
-4 L 4 Obs. 14|
1(1)4" L L Lol - © 1 P H PR ey e o | 1
“HETT SIS PSSR = T 0.0 2.5 5.0 75 10.0 12,5 15.0 175
1.2k 1.08f 3 95% CL upper limit on pi_z
-1, S  S— R S
0.8F * 0.95F ¥ -
06 il L PR R | Lol M |
. 2
10 1 10 10

Particle mass (GeV)

-. \ .__] ) /L

WP7 combination

breakir

ng the degeneracy

SM-oriented k-, Ky, K;
BSM-oriented SMEFT
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g future
cess

H+c with H = ZZ* - 4%

= VBF ¢ Data

|

Gerrit Felix Nordin Stef Saranya

g ) ) ) CMS Work in Progress 59.83 fb~', 2018 (13 TeV)

Higgs boson candidate E [ T T T T e ez ]

. | = 3 . ]

> reconstruction from 4 muons e = —
: 3 tH — H+c:10'

b
=
(]

no
[4)]
g

- Via likelihood ratio using @
kinematic properties

* Run 2 dataset (2018 data): Set limit on y. by fitting jet c-tag

discriminator shapes sf
* Run 3 dataset: Joined SM-oriented effort, focus on BSM-oriented
approach on longer term 15 T TB] T [ \I Sk ]l B 1 ‘ U
: | |

1.0} , :

Collaboration within CMS with Antwerp, Athens, Brown groups : { o } | * T | { ’
s TR T 300 350 200

m(H)

Invariant mass of H candidate 23



g future

cess : L
Constraints on new physics in H+c

. * |
H+c with H » WW* - 282v using EFT
N
p 1 (6)
) Challenge: ZLSMEFT = ZLsm + 2 z C;0.
" H candidate ?
Ve _recolnstrucjuon Pheno paper in preparation: target draft end of year
et/ e iilzally |dentified EFT operators relevant in H+c events
transverse
momentum * Checked validity regimes of Wilson Coefficients C

_ _ e Approximating systematic uncertainties & derive
* Run 3 dataset: Joined SM-oriented effort, explore BSM expected constraints on C

interpretation (with Saranya)

Collaboration within CMS
with Antwerp group

Chiray [ Nordin
Gerrit Chirayu Felix N



g future
SS section

e Aim: Measurement of tt+cc inclusive cross section

* tt+heavy flavour is an irreducible background in many

analyses including ttH
e Full Run 2 dataset

* Use deep learning architecture for event classification

True Label

Classification performance: ttcc
shows 51% accuracy, while ttc is
more challenging

ttc

ttother

L 0.05

} 0.01

0.08

0.04

el

0.51

0.23

0.09

0.05 0.09 {
0.09

0.13

0.7

(@17

el
ttbb

ttb

ttcc

N O
ttc ttother

Predicted Label

0.3
0.2

H0.1

ol

Alexandre Gerrit

t TT—b
uzszmggmzsm»<c
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g future
r identification

MS simulation Preliminary
T e R [RGB D S

—
o
=]

—_—
<

102

c/udsg-jet misidentification efficiency
2

104

it — 4q
pr > 30 GeV, |n| < 2.5
B UParT v2
o UParT vi
Bl ParticleNet
B RobustParT
i DeepJet
—=—pvsc

o
o

L . L L I |
0.2 0.4 0.6 0.8 1.0
b-jet tag efficiency

Pavio Alexandre

e Jet flavour identification is crucial for all the previous
analyses

* Major involvement in BTV POG

¢ Milestone of 2025, UParTv2: New state-of-the-art flavour
tagging (faster, optimised, larger model and dataset size)

* Continuous work ongoing for UParTv3

* Phase-Il developments: Study on HLT and Offline /
Software contributions
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g future
gs decays Higgs decay Ds meson and

. , W boson
Higgs/Z-boson decay to Psi

Meson and Photon .

(Z,H) ---- T

* Probes charm-Higgs Yukawa
coupling + sensitive to BSM physics

e Alternative to direct H— cc searches

* Direct search on H-cc

lf+ 13 TeV, 2017 Simulation
1 1

 2D-fit for signal extraction: e u_;fﬂ“?-m — sgna J
. . ._ @ Wejets
Simultaneous fit in my, and myy B RS E -

;

F 005

E L

zI:,I | ¢

Kai
[ e % =
i— I 'Th—-mhﬁ T nw-,,._
1935 14 1895 2.05

fm*x‘ G 5'1
(K*K =) [GeV) 97



t of the True Muonium

True Muonium (TM) is an unobserved QED bound state of p+u-
© m~ 210 MeV, ct ~.5mm - predicted by the SM
o Serves as precision test of QED + sensitive to BSM physics
Look at dissociated muons from TM after material interactions

Current work: first background estimations from photon conversions
and hadron decays in the form of displaced muon pairs

Future work: Signal simulation and background reduction optimisation

-~ ——

10°
10°
10*

10°

L TM
\
,’
5l
H 4
3" (13 TeV)
Trigger paths
CMS -
2015 pp data -
iy —
0 , e,
v . Y
Y B Low-mass double-muon + track
Bs Double-muon inclusive
®
Z
il il |
1 10 10°
My (GeV)
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For all the above analyses precise tracking

ight Track

is crucial!

—_
iy

1.05

0.95

0.9

0.85

7.66 fb” (13.6TeV,2022BCD)

CMS ~-Data

- Preliminary
B . Simulation

; L I L1 ‘ L1 | I | | | | LY I S L ¢ | ' Gl I L1 ‘ L1l I
4 6 8 10 12 14 16 18 20
muon p_ (GeV)

13.6 TeV, 2022 preEE

E & :_ CMs Unbiased collision events
< | Preliminary
£ 40— e Data
S r « Simulation
3 ros
2 30—
o C S
> : ...
S x.‘
e SSLEE : * Run-3 primary vertex and track
. Impact parameter resolution
P\ | 5y 5 51 21 & xg § calibrations
% B F T .:.. Py TS I.%.I.....l. p T i T I. I:
Q o 3
8 0.8
Lp GeV]

as

Run-3 tracking efficiency at
low pr with 3/ - pp decays

Run-3 displaced vertexing

calibrations

Software development for Phase-2
Outer Tracker

;) almaka

2 \ {
SIMUIlATION REALlDATA Ste f

Digitizer Detector DAQ Data gets compressed
» Bandwidth optimization

‘ Mimic the DAQ behaviour ChipID — Clusters (address, width)

Packer ——— > Unpacker



m,,, [GeV]

ne Exotic

First search ever for exotic Higgs decay H —» SS - 2u + 2K/21t
When S low mass —» dominant decay to pair of kaons or pions
Nearly background free using m(S1) = m(S2)
Considered prompt as well as displaced decay
Unique sensitivity at low mass, down to below 10!
L CMS simutation Preliminary (13 TeV) p 1§ T e .1?:?.]‘}3'1 (13 TeV)
Taehe W red 2w R A S oEa R LR R w E
N 102 E [ CMS
2.5:— Z107F Preliminary
C o E mg =06 GeV
o[ 10 5 - BR(S—uw) = 0.095
B +102 F BR(S—m'w) = 0.603
r E 3 =
1.5 e g
L 1 0] 2=
i a10°F =
1~ CHEE B
g = [ LA—
C & & . Mg =0.6GeV, 88 10" 3104 LB 3 e
0.5 ct=0.1mm ) A [ 68% expected
C &) s [[] 95% expected
s T 75 3z zs 3 ¢ 10° 1(}2' "'"1"[',71' '1 ' """1“0 BT
m,, [GeV] ct [mm]

Barbara

Public:
CMS-PAS-EXO-24-034
CMS physics briefing
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https://cds.cern.ch/record/2938044
https://cms.cern/news/hunting-exotic-higgs-bosons-decaying-lightweight-scalar-particles

q 0
eavy Resonances

q / + Laurent Franco | Barbara

* Current work: Inclusive search for high mass dilepton resonances (Run 2 + partial Run 3 data)
* Future plan: Sophisticated analysis strategy with exclusive categories (Full Run 2 and Run 3 data)

CMS Experiment at LHC, CERN
Data recorded: Mon Oct 24 13:22:42 2022 EDT
Run/Event: 360991 | 104755783

Events

CMS Internal 17117, 13.6 TeV — Signal
Data ——— Background

Hl Jets

I Drell-Yan

Events/GeV
=

Y
Search for resonances
in m(/l) distribution tail

b oon

PP PR

0000 —mmoo

Highest mass event in Run 3
with m(ee) = 5.2 TeV!

o

" " m(ii) [GeV] 31



Data efficiency

Data / MC

0.8

0.6

0.4

0.2
1.1

1.05

0.9
0.85

0.8

the Electrons

For such analyses measuring the electron identification efficiency is crucial

Derived Run 3 electron ID scale factors

+109.9 b (13.6 TeV)

E g
- | =i
r CMS g
[ Preliminary 2
=
= )
r ©
L £
[: ©
N (=]
ﬂ_-
r T T
= 1 1
E o
= =
E -_r -~
} —— E
= 3
E s 1 o
E —_—— -
; L L 1 L 1
-2 -1 0 1

2
SuperCluster n

p: bins: 10-100 GeV

IS

L RN MR LA RN L L L | O L L L I

0.8

0.6

0.4

0.2
1.1

1.05

0.95
0.9
0.85

0.8

+109.9 fb ' (13.6 TeV)

CMS —— 0.000 <| 71| < 0.800
e ———— 0.800 <| 7| < 1.444
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dercover

Search for H — invisible
°© B(H - inv) = 0.1% in SM

© Higgs could be a portal to
dark matter

Long standing effort for Higgs to invisible
o Worked on full Run 2 analysis

o Current work: Run 3 analysis focusing
on vector boson fusion production mode

Tagging production mode with machine
learning techniques

True Positive Rate

04

02

ROC Curves: Signal vs Background

Aamir
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dercover

* Team also involved in mono-jet analysis

Andrea Hugues Aamir  Chaochen Laurent  Pascal

¢ Results from VBF and mono-jet categories

will be combined

Monojet

9
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e Search for photon + dark-photon with Run3 data

. Light Meets Dark

© Complementary to H — invisible search

Investigating gluon fusion production mode
too for the first time feasible thanks to newly
developed triggers

Preliminary studies with new triggers -

expected improved sensitivity for both ggF -
and VBF o
.,
2 :.."- G -
» RO N,

o o
w0

Acceptance
o
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CMS Internal
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gg—H—py, 13 TeV
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g the Future

* Development of new triggers is crucial for all searches

Laurent

New low pr single-photon trigger running since 24
CMS Preliminary 13.6 TeV New triggers targeting low mass dielectron/diphoton resonances
= 0 running since 25
; 1 Z-»ee.candidates
il - "W CMS Prel.'mmatry 13.6 TeV N 300000CMS Preliminary 13.6 TeV
uny Wimc Betisie > EE s Rt > - 2 offline photons
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A Summary in Diagrams
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Back-up slides
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sdron Collider

Nustration Philippe Mouche




CMS DETECTOR

STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter :15.0m Pixel (100x150 pm?) ~1.9 m? ~124M channels
Overall length :28.7m Microstrips (80—-180 um) ~200 m? ~9.6M channels
Magnetic field :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000 A

MUON CHAMBERS

PRESHOWER

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCA 3 X
Brass + Plastic scintillator ~7,000 channels ‘ ,
B

Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

Silicon strips ~16 m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels
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’E

Siliecon L
Tracker

Electromagnetic -/ 75K
Calorimeter Y /

. . : Hadron <
high-pileup fill of last month Callorimetss Superconducting '

Soleneid Iron return yoke interspersed

with muen chambers
CMS Experiment at the LHC, CERN P i |
'/ Data recorded: 2025-Oct-08 20:55:40.834048 GMT / ‘ Muon Electron
Y= | Run/Event/LS: 397962/ 179871689 / 556 /

- =«=-Neutral hadron (e.g. neutron)

Charged hadron (e.g. pion)
----- Photon
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