CMS Experiment Highlights:
and Achievements
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P Proton & heavy ions collider

» 27 km circumference

» Up to 13.6 TeV of energy available at \/E

P Host of 4 large experiments
( + several others)

» ATLAS
» CMS
» LHCb
» ALICE
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Experimental setup: LHC
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- Compact Muon Solenoid

Experime setup: LHC
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CMS mission
CReciJoe for the universe: fxy[om’ng the ﬁmofamenm[ structure of tﬁings! .'

Taken from Symmetr
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https://www.symmetrymagazine.org/article/whats-up-with-the-w-boson-mass

Compact Muon Solenoid

CMS mission -

P CMS is many experiments at once

Overview of CMS cross section results
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Measured cross sections and exclusion limits at 95% C.L. Inner colored bars statistical uncertainty, outer narrow bars statistical+systematic uncertainty o [fb] August 2023

See here for all cross section summary plots
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CMS preliminary

3 ub~!-138fb~!(2.76,5.02,7,8,13,13.6 TeV)

Light to Dark colored bars: 2.76, 5.02, 7, 8, 13, 13.6 TeV, Black bars: theory prediction
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CMS mission >

Compact Muon Solenoid
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CMS mission >
\\ 3

P CMS is many experiments at once

» Span over 15 orders of cross-sections

» Versatile for various physics analyses

» Exceeded projections and expectations

» Competitive among experiments

Tau g-2

» Precision physics
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CMS mission D
\\\\\

P CMS is many experiments at once

T op quantum entanglement|
» Span over 15 orders of cross-sections 2o oo ]

» Versatile for various physics analyses B ———— |
{ I/l MG5_aMC@NLO(FxFx) + PYTHIAS + 7, / ‘

. . . | /!l POWHEGv2 -+ PYTHIAS + 1, / y; j

» Exceeded projections and expectations /I wosa.
MC Stat. @ Syst. "

.. . 1 — Entanglement boundary _ |

» Competitive among experiments | | o Dataext wih PH:Ps i) < 400 Gev |

‘@ Data extr. with PH+P8+7, Ba(t) <0.9 left handed right handed

» Precision physics

n

= ~0.491+3928

\CP violation in B}

-~ Top and B quark physics
CMS |

68% CL contours ‘

B% - J/wyK* K~ channels only |}

9|qeledag

-0.480%3928  ——e—+

o Higgs physics
» BSM physics

o Heavy resonances

-0.35

CMS 116.2 fb~!

LHCb 9 fb~1
o Exotica -> dark-sectors, new

signatures, ... ATLAS 99.7 fb?
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CMS mission

P CMS is many experiments at once
» Span over 15 orders of cross-sections
» Versatile for various physics analyses
» Exceeded projections and expectations
» Competitive among experiments ...

» Precision physics

L
7

138 fb-' (13 TeV) |

95% CL CMS (2022) Q|
Bl <99.99% CL (50) obs. {

W/

SM expected
Bl <95% CL (20) obs.

-~ Top and B quark physics
o Higgs physics

» BSM physics
o Heavy resonances

o Exotica -> dark-sectors, new
signatures, ...

-10 -06 -02 02 06 10 1.4
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{ bb 27
«z & Expected: 40
1 # Observed: 32

H coupling to vector bosons||

Multilepton

§ § Expected: 19
4 ¢ Observed: 21

i bb vy
§ Expected: 5.5
§ Observed: 8.4

£ bb Tt
y Expected: 5.2
! Observed: 3.3

§ bb bb
Expected: 4.0
§ Observed: 6.4

§ Combined
$ Expected: 2.5
§ Observed: 3.4

H self-coupling

138 b (13 TeV) {
1 1 1 1 1 1 I

UL I I I I I I I LI I
K=K =1 —e— Observed ~ ----- Median expected
Ky =Koy =1 B 68% expected
----- 95% expected
L1 1 1 1 | | I 1 | | I
1 10 100

95% CL limit on o(pp — HH) / o

Theory




How to extract physics from collisions

CMS Experiment at the LHC, CERN
Data recorded: 2023-Jul-01 19:20:24.645120 GMT
Run / Event/LS: 369942 / 30195524 | 74
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IIHE responsibilities in CMS >

Gerrit Nordin Andrea ' Juhee Yanwen Eliott
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lIHE responsibilities in CMS

Trigger Coordinator
Marino Missiroli, Mia Tosi

Sep 2024

4 A
icer o &
. A hair: E. By
Andrea Bocci L

cms-tsg-office-gpu@cern.ch

Tracker Upgrade Steering Group
Chair, K Hahn, AVentur

Phase-2 Upgrade :

Software Tools, Online
Releases and Menus

Strategy, Trigger Upgrade

Evaluation And Monitoring

Field Operations
Group

Marco Rovere
Emmanouil Vourliotis

Martin Grunewald
Marco Musich

Bhawna Gomber
Karim El Morabit

Daniele Trocino
Siddhesh G. Sawant
Soohwan Lee

cms-tsg-fog-conveners@cern.ch

l o
cms-tsg-phase2-conveners@cern.ch

cms-tsg-steam-conveners@cern.ch cms-tsg-storm-conveners@cern.ch

Scouting

POG & PAG & DPG/AICa
trigger conveners

(Physi coordination)
Artur Lobanov
Aruna Nayak

cms-phys-office-trigger@cern.ch

Elisa Fontanesi
Silvio Donato

cms-trigger-XXX-conveners@cern.ch
(where XXX is the POG/PAG abbreviation:

U0, B2G. BPH BIV. )

inner Tracker Upgrades “Phase 3"

cms-tsg-scouting-conveners@cern.ch

Hugues

13.6 TeV Run 2 (13 TeV), Run 3 (13.6 TeV)
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Former Muon-RPC IB Chair

Isabelle

Former

G. Pugliese

Dep. T. Kim

DPS = Detector

performance summary

Muon Management Board

Muon Office Coordinators

Muon Upgrade Coordinator

See Gilles’s talk

DPS on tracker performance

GEMPr. Eng.

A. Conde Garcla
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Muon IB Chair
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Deps. P. laydjiev, R. Erbacher

Conf. & Pub. Board

B.Pavlov (Chair), I. Vai, D. R Lopez (co-chairs
{CSC) M. Herndon, J.Richman, R Breedon, D.Loveless

(DT) M.B.K

(GEM) V. Bhatnagar, O.
P. laydjiev, J. Merlin, P.
(RPC) M.F.Shopova S.Qian, E.F.
(DPGO) A. Sharma
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Vazquez, K.5.Lee

\ Muon Institution Board

CMS Muon Organization (Sept 2023- Aug 2025)
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https://cds.cern.ch/record/2853675/files/DP2023_007.pdf
https://cds.cern.ch/record/2916532/files/DP2024_101.pdf

lIHE responsibilities in CMS =
CMS physics organization (2024-2025)

_ Physics Coordinators
OUth’”Q Maurizio Pierini
CO”t/”.U’”Q Roberto Salerno B
Incoming Andreas Meyer

SM Physics Higgs physics
Andrew Gilbert Adinda De Wit
Mario Pelliccioni Emanuele Di Marco

Yurii Maravin Meng Xiao
Top physics SUS

Jan Kieseler Mario Masciovecchio
Alexander Grohsjean Cecile Calllol
Sergio Sanchez Cruz Sezen Sekmen

B physics EXO

Chiara Rovelli Livia Soffi

Dima Kovalskyi Cristian Pena
Georgios Karathanasis Benedikt Maier
Heavy lons physics B2G

Georgios Krintiras Loukas Gouskos
Jing Wang Arne Reimers
Leticia Cunqueiro Mendez

PAGs
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lIHE responsibilities in CMS =

Former Current

Steven

Gerrit
Former

L3 coordinators

L2 coordinator

EXO
Livia Soffi
Cristian Pena
Benedikt Maier

B2G

Loukas Gouskos
Arne Reimers

Strong involvement in 3 review papers

Andrea Malara IIHE annual meeting .



Outgoing
Continuing
Incoming

Shared groups

MC generators
Meng Lu
Bugra Bilin
Lorenzo Viliani

lIHE responsibilities in CMS

CMS physics organization (2024-2025)

Physics Coordinators

Maurizio Pierini

Roberto Salerno

e X-POG:

Physics Officers
H.Qu, J.R. Vlimant, Felipe Silva
Phys Comm: C.Lourenco, A.Jafari, A.Igbal, A.Delannoy

Machine Learning
Jennifer Ngadiuba
Javier Duarte
Pietro Vischia

Andreas Meyer Trigger: M.Tosi, J.Alimena, A.Lobanov, A.Nayak
ely Muons SM Physics Higgs physics
Anshul Kapoor Jan Frederik Schulte Andrew Gilbert Adinda De Wit
Riccardo Salvatico Federica Primavera Mario Pelliccioni Emanuele Di Marco
Afig Anuar Matteo Bonanomi Yurii Maravin Meng Xiao
Jets/MET B-tagging & Vix Top physics SUS

Alexis Kalogeropoulos
Anna Benecke
Matteo Cremonesi

Spandan Mondal
Sebastian Wuchterl

Jan Kieseler
Alexander Grohsjean
Sergio Sanchez Cruz

Mario Masciovecchio
Cecile Caillol
Sezen Sekmen

Particle Flow
Swagata Mukherjee
Riccardo Bellan

Taus
Daniel Winterbottom
Andrea Cardini
Michat Bluj

Tracking
Slava Krutelyov
Kirill Skovpen
Mario Masciovecchio

B physics
Chiara Rovelli
Dima Kovalskyi

Georgios Karathanasis

EXO
Livia Soffi
Cristian Pena
Benedikt Maier

Common Analysis Tools

Clemens Lange
Piergiulio Lenzi
Aliya Nigamova

Luminosity
Anton Babaev
Francesco Romeo
Jose Benitez

Protons
G. Gil da Silveira
Andrea Bellora
Laurent Forthomme

Heavy lons physics
Georgios Krintiras
Jing Wang
Leticia Cunqueiro Mendez

B2G

Loukas Gouskos
Arne Reimers

Andrea Malara
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lIHE responsibilities in CMS

Shared groups

MC generators
Meng Lu
Bugra Bilin
Lorenzo Viliani

L2 coordinator L3 coordinator

Gerrit

ltana L 4 /iR " B Eliott
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lIHE responsibilities in CMS

Former L3 coordinators

Alexandre

Jets/MET

Alexis Kalogeropoulos
Anna Benecke
Matteo Cremonesi

B-tagging & Vix
Spandan Mondal
Sebastian Wuchterl

Andrea Malara

5 DPS on jet perfomance
3 DPS on b-tagging performance

Tracking
Slava Krutelyov
Kirill Skovpen
Mario Masciovecchio

IIHE annual meeting
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performance summary
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IIHE physics contributions in CMS >

Showall Total Exotica  Standard Model  Supersymmetry Higgs Top  Heavy lons

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

1332 collider data papers submitted as of 2024-11-05 Se avc ﬁe S

L

240 -

220 —

@ ‘Precision measurements
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lIHE physics contributions in CMS

P> Precise test of the standard model

hy

» Important input to parton distribution functions and gluon resummation

» Recent publication with 2016 data ( ~ 36 fb™1) cur phys o 83 608 2003 Db

P Ongoing efforts:
» Full Run2 data

» Scouting data (Run2 + Run3)

» Single -> multi-dimensional fit

Prompt offline
reconstruction

Standard data stream:
~1 kHz, ~ 1000 MB/s

No offline
reconstruction

Scouting data stream:
~5 kHz, ~ 40 MB/s

Andrea Malara

CMS Internal

Muon channel

137.6 b (13 TeV)
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https://link.springer.com/article/10.1140/epjc/s10052-023-11631-7

IIHE physics contributions in CMS b

\\\\\\

P > (::::::) > I+t e {et, ut)

\\\\\\

P Looking for new particles in the tail of DY process

» Bump hunt search

P Ongoing efforts:

\\\\\\

P2 — {0 New Physics !~ €17, 47}

\\\\\\

» Focus on new Run3 data

» Improve sensitivity with new targeted categories

Franco

Run 3, 13.6 TeV
—-+ 2022 + 2023 |
% 2022 Pait1: |
R Pl 52022Paﬁ2§ é
o= oot
& 2023 Part2! |
R %2024%‘”1
- bbb k- 2024 Part2; |
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IIHE physics contributions in CMS

P Large inter-university project (iBOF)
» VUB/UGent/UAntwerp

CMS 138 fb' (13 TeV)
E>‘; 1Fr T Ty
- m,=125.38 GeV WZte
S 107 -
£ |2 b
% .
-2 L T ¥ i
10 ‘
¢ Vector bosons
103k ¢ 3" generation fermions |
l;. ¢ 2" generation fermions
R, ) SM Higgs boson
10_4:—,,I N N o o i
C% W'4:”|] P - : ]
2 1 g:I """""""" Shbhb 'r+ -------------------- 122:{{ ________ :
2 08f ! A
&U O:6E”| I TEEEEE T L] L L I-|||||| :
107 1 10 107

Particle mass (GeV)
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Steven

Jorgen
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Michael

BTV & Muon & e/y POGs

WP1 Flavour & Lepton ID

, / ”~ 1 9 ? ~ml . -y -~
b/c-tagqging & calibration

high-p, & boosted

SM & Top PAGs

$ b o e e
\f«' ( VEersus cc

WP2 SM-candles

\

DCAA -~ T AACTY
4 \ riento S L
JS‘- “Qrieriead owicr |

- N\ 7 4 ~
WP3 ttH WP4 VH WPS5 Hc WP6 H to meson
i\ > ] d s “ s
L H L ." » " .- a
L y <
9 { 4 ¢ « H q 2
{74 A A ented H->1/ps 7
I ¢ COf H.5D* W
\_ VAN - f J \1/ y
- - 1
WP7 combination
"'(* breaking the degeneracy
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N/©

E7

Exploring the Charm-Higgs Coupling

IIHE physics contributions in CMS e

T
=S

P Large inter-university project (iBOF)
» VUB/UGent/UAntwerp

P> Several analyses sensitive to this vertex

Nordin

» It + cC

Saranya

» H — mesons

= Chirayu

» H+c

Gerrit

t

J O 0 00 0 0 C ZT
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P Large inter-university project (iBOF)
CMS Simulation Work in Progress
> VUB/UGent/UAntwerp Efficiency at 1% Mistag
S I — T T T
P Several analyses sensitive to this vertex 5 | RO R -
B =] O * DeepJetTransformer
= l‘l‘ _|_ CE' ¢ ParticleTransformer
¢ ParticleTransformer (Big) |
70 N & ParticleTransformer (MoE) .
» [ — mesons i ® RWKV-Jet
i MambadJet
> H + C I % GatelLoop
60 [~ =
P Measurements <> searches -
50— —
> SM/BSM/EFT |
P ML as common thread w0l :
» Improved techniques _ 4%
. . 30 * % _
» Crucial aspect of the project ‘ J. .
. C Aenie ¢
» |IHE has a key role in ML development o~ Demse Alexandre  Pavlo et Poan
S R | | A
b vs_all b vs c b vs | c vs_| uds_vs g
Class
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lIHE physics contributions in CMS

P Higgs boson in the Standard Model

» good compatibility between observations and predictions

» upper bound on Higgs boson decays to new particles is ©O(10%)

» ... still room for exotic Higgs decays

b H— 5SS

» Decay to a pair of muons and hadrons

» Excellent mass resolution

» Looking at displaced and prompt signatures

Jas Soumya David Steven Barbara

Andrea Malara - IIHE annual meeting
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lIHE physics contributions in CMS b

P Long-standing effort for H — invisible

P A0
By q 1
» Worked on full Run2-data until 2y ago
. X
» Already analysing Run3 data v H<
y
» Focus on VBF production mode X
PN _
{1 q 7
Run3 ...
2016
VBF + VH + ggH
98<0.24(0.23)

. Hugues ~ Aamir Laurent

Andrea \WEIETE IIHE annual meeting



http://www.arxiv.org/abs/1610.09218
http://www.arxiv.org/abs/2107.13021
http://www.arxiv.org/abs/2201.11585
http://www.arxiv.org/abs/1404.1344
http://www.arxiv.org/abs/2303.01214

lIHE physics contributions in CMS

P Long-standing effort for H — invisible

P Ann
» Worked on full Run2-data until 2y ago T :
» Already analysing Run3 data
» Focus on VBF production mode
» Development with ML —( ¢
» Tagging production mode (first time in CMS)
» Strong synergy between ULB and VUB
Run3 .

2016
VBF + VH + ggH

%<0.24(0.23)

Andrea Malara
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http://www.arxiv.org/abs/2303.01214
http://www.arxiv.org/abs/2107.13021
http://www.arxiv.org/abs/1404.1344
http://www.arxiv.org/abs/1610.09218
http://www.arxiv.org/abs/2201.11585

lIHE physics contributions in CMS

CMS Internal

o I :
(&) |
’ Search for photon + dark_photon Eog__ ...... 1Ofﬂ|neraSS|nQPh0t0nmVﬂIDWPBO ............................
o = ;
Q — :
> FOCUS On Run3 data §0_85_ .................................................................................................................................
) o 07:_ .................................................................................................................................
» Complementary to H — invisible search 3
P Investigating ggF production too 05
» First time at LHC 0.4
» Potentially feasible thanks to newly developed triggers 0.3
0.2
p S - 3 : : : - i
> ::::::: q IIII|IIII|I-II|IIII|IIII|IIII|IIII|IIIIIIII
~~~~~ 0 30 40 50 60 70 80 90 100 110 120
E.(v) (GeV)
Longsheng Andrea Pascal Laurent
DTN -
{1 q
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CMS, !
Summary B
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CMS Simulation Work in Progress
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lIHE responsibilities in CMS

2022, 20.6 fb"' (13.6 TeV)
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DPS = Detector
performance summary
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SRR - CMS, |
IIHE responsibilities in CMS EEEEST
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] ] \
CMS mission D
pZ=

P CMS is many experiments at once

» Precision physics

“HH resonant Joroo[uction Vector-like clum’ﬁ

f 138 fo (13 TeV) | }' 23736713610 (13 Tev) §

-~ Top and B quark physics e HH Combination ' | CMS Singlet, I't /m 7 <5% §
' . —— HH — 4W/4t/2W2t — =21 1 | _ )

i i ] . ‘ U\ , »

- I S SICS HH — bb,WW — = 1] (resolved) } ‘ { [ \‘\_\\\.\\i\“\'\‘\‘ 7
g g p y —— HH — bb,WW — > 1] (merged-jet) 1 ' 3 '.‘

—o— HH — bb, tt
HH — bb,yy
—o— HH — bb,bb (merged-jet)

» BSM physics

o Heavy resonances

= RO T I o

Narrow Width Approximation

' X
: \ \\\\o\\\-\\\-\\ -
,,,,,, > \{\}_\_\_\\_\\}} .

o Exotica -> dark-sectors, new
signatures, ...

5% CL upper limit on o (pp — X — HH) [pb]

_ Spin 0, ggF production

95% CL upper limit on coupling factor (k)

T
‘e,
",
"
v,
LN
"
T
"y
L]
,
L)
Ya,,
L]
"y
ey,
LN}
ty,

» Competitive among experiments
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CMS mission D
\\\\\

P CMS is many experiments at once

" Dark sector searches|
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CMS mission
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lIHE physics contributions in CMS b

P Search for photon + dark-photon P AT
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» Focus on Run3 data

» Complementary to H — invisible search =

P Investigating ggF production too H
» First time at LHC
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» Potentially feasible thanks to newly developed trigger
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lIHE physics contributions in CMS =
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