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Introduction

Laboratoire
Leprince-Ringuet

o This talk: activities related to LHC proton-proton data
- HL-LHC upgrade in the next talk from Jean-Baptiste
- Heavy ion physics in the next session from Matt

e Overview - strong group commitment through complete chain:

CMS Preliminary 34.7 fb~' (13.6 TeV) CMS 138 b (13 TeV)
T T T T T T T T T T T T T T T T T T T T T T T T LI | T LA | T LI | l"_
; | | | $ 'Data E m,=125.38 GeV t .

- 1 g wZ.* ]
i } [ H(125) i ".o" ]

(o]
o

3 qq - ZZ ]
B g9 - ZZ ]
B Z+X

[e2]
o

Events / 5.0 GeV
(c); ~

i Vector bosons ]
¢ 3%genera tion fermions |
¢ 2" genera tion fermions

SM Higgs boson

Ratio to SM

1.05F H

. 1
0.95F
L I )

10
Particle mass (GeV)

Data-taking & Reconstruction Physics analysis: I:?;erp;f;::r%?s Dissemination:
operations i ' Conferences / outreach
P and object performance Higgs & EW focus Effective field theory
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Background

Leprince-Ringuet

LABOSATOIRE ELRCPEEN POLR LA PHYEICUE DES FARTICULES
CERN SURDFEAN LARORATORY FOR PASTIGLE FHYSLS

TCC-EB (« TCC68 ») EE Trigger Concentrator Card:
o FOU nd | ng mem bers Of CMS M 36 boards, 68 trigger towers 72 boards, 48 « pseudo-strips »
- LOI 1992 e ——

The Compact Muon Solenoid

: lmﬂmﬂ :F.;;r' _u f" ;
A AT

- Major contributions to CMS ECAL and e/y projects

» ECAL mechanics, tests of front-end cards,
team beam campaigns, e/y reconstruction & ID

» ECAL trigger conception & construction

Letter of Intent
: - . oL Engineers: M. Bercher, D. Lecouturier, Engineer.: T. Romanteau
B Com pUtI ng prOJeCtS° Y. Geerebaert Physicist: Ph. Busson

Physicists: Ph. Busson, P. Paganini

» CMS software framework (CMSSW) & reconstruction
» Development of major "GRID" facilities - LLR-GRIF

- CMS unblinds the critical masse range ...

Analysis groups meet separately Iund mid-June 2012
|

SE—

R. Salerno
S. Baffioni
C. Ochando
C. Charlot

Y. Sirois

- Significant contribution in search for the
Higgs boson in the decay to four leptons

» One of two "golden channels" leading
to discovery in 2012 and Nobel Prizes ;
for Higgs & Englertin 2013 Pot LLR poutllS @Bk Nobel»

Octobre 2013

- |

Frangois Englert, Peter Higgs

| 14 June 2012 _» e
'g%&‘é?m @ Nobelprize.org B> ~CMS H — 44 team

EP 2013, Prix Nobel 2013
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Current composition of the team

e 14 permanents:

Y. Sirois | Directeur du laboratoire
F. Beaudette
C. Ochando |Groupe resp. ad,j.

C. Charlot
R. Granier de Cassagnac

A. Zabi | CERN users office dep.

R. Salerno 16

M. Nguyen .

J.-B. Sauvan

- P.Busson (2021)

o Départ en retraite

Effectifs

A. Zghiche 2 /\/\_/\—_/\_/\/\/\/«\/

O. Davignon (arr 2020) ST
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A. Gilbert (arr 2023)
A. de Wit (arr 2023)

S. Ghosh (arr 2024)

e 4 postdocs:

18/11/24

G. Boldrini
L. Urda
G. Sokmen Sahin
S. Obraztsov
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Post-Doc PhD

e Départs 2024

- F. Damas
- A. Cappati

A. Gilbert (LLR)

Bruno A
Geliang
Ana Scu
Lida Kali
Marco C

Laboratoire
Leprince-Ringuet

e Doctorants: soutenance prévue

Bharadwaj Harikrishnan =
Elena Vernazza

2024
ves

iU

ac (co-tutelle univ. Split)

noliti

NIUSI

2025

Isaac Eh

Andro Petkovic (co-tutelle univ. Split)
Théo Cuisset

Martina Manoni
Trisha Debnath

| éa-Maria Rabour

Yuekai Song

Kirill Biriukov
Ruth Amella Ranz

e

2026



Amina Zghiche Amina Zghiche
ECAL DPG (L2) ECAL Run coordinator

LHC progress / data-taking 2019-2020 20222023 U/(I\_

o Excellent performance of the LHC & CMS in 2024
- Run 3 (2022-24): 180 fb-1 recorded by CMS (> 139 fb-1 in Run 2)
- Group fulfils its CMS "shift quota" (strong ECAL contribution) and service work commitments

o Full Run 3 will provide rich data set - will take several years to fully exploit for physics analysis
- Recent update of LHC schedule: Run 3 extended to mid 2026, HL-LHC Run 4 to commence 2030

o Our strategy for analysis: significant effort on Run 3 + concluding on Run 2 analyses in ~ 1 year
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Alex Zabi
L1 Trg. project manager (L1)

Olivier Davignon

L1 Trg. Upgrade Coord (L2) Trigger DPG (L2)

L1 trigger

2020-2024 2018-2020

o Sustained contribution to development and calibration of the level-1
trigger and the algorithms it relies on

- Critical to maintain performance with ever-increasing pileup
- Building advanced algorithms for HL-LHC

2019-2020

TRIGGER TOWER PREDICTOR

PREDICTIVE NETWORK MODEL

Laboratoire
Leprince-Ringuet

» E.g. MLin FPGAs CMS Preliminary A. Zghiche 2022 (13.6 TeV)
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Louis Portales (now CEA)

HLT & Reco

Higgs trigger contact
2022-2024

Development and deployment of vector boson
fusion "parking" triggers in Run 3

CMS Preliminary 22.1 fb'- 2023 (13.6 TeV)
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Significant increase of acceptance for Higgs, EW (VBS)
and BSM searches

18/11/24

Shamik Ghosh
E/y reco convener

2022-2024

Christophe Ochando
E/y reco convener
2024-2026

Matthew Nguyen
Reco convener / Offline release planning
2022-2024 / 2024-2026

Electron-1D Scale Factors pour le Run 3

+80fb'(13.6 TeV)

Laboratoire
Leprince-Ringuet

+28.7 b ' (13.6 TeV)
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= input for Higgs — 4l analysis
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Roberto Salerno

2 . CMS Physics coordinator Adinda de Wit Andrew Gilbert _
P h yS ICS dNa I yS IS 2023-2025 Higgs phys. convener SM phys. convener Leprne et

Higgs phys. convener 2022-2024 2022-2024
2018-2019

o Long-term physics programme in Higgs boson & electroweak physics, and heavy ion physics

Analysis of the 4l final state Di-Higgs production EW di-boson production Combinations & properties

x-z plane
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Christophe Ochando Alessandra Cappati

SMH—ZZ—4l [ | [

. . . CMS 138 fb' (13 TeV)
e Precise Run 2 cross section & properties S T T
' i - - A
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Laboratoire
Leprince-Ringuet

1 JHEP 08 (2023) 040

CMS Preliminary 34.7 fo~! (13.6 TeV)
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Presented ICHEP 2024
Analysis contact: A. Cappati



CMS-PAS-HIG-24-002

Heavy scalar search X—ZZ—4l| Analysis contact: |G L] e

Presented ICHEP 2024

o o 045C|V|S Simulation Preliminary 13 TeV
e Many BSM models feature additional heavy resonances 2 Eu VBFaagged | T T
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Di-Higgs production i U/(I\_

Vigg) =0 Leprince-Ringuet

e In SM, Higgs boson mass defines all other properties, including shape of potential V(o) == 3"
- Self-coupling, Avnn can be constrained directly in Di-Higgs production

Re(¢) Im(¢)

- Powerful test of SM = one of the primary physics goals of HL-LHC

Direct Di-Higgs searches

l S
BDT o —
| MC (WZTo3LNG) 10° XoT bb| 34.1% -'C:D
- S
g ::E :;J;;.Lflh::)son 10° 8)
B e (rr7mUN) WW| 25.1% c
107 4 O
C
©
g 10" 4 M
o ag '
10° 4 _,_'_.
. T ' '
o Challenge: many possible final states!
77 K5 4% 0.432% ( % 0.070%
- Principle target of the group: bbtt

- Also opening new channels for the first time: WWVV  [A. Sculac|

YYI.'.OI':'.II Yo U.029Y9% 0.0 o U.U01°

> Where VWV=WW/ZZ — multi-lepton + multi-jet topology = many combinations to consider
bb WW g9 TT 77 YY

e Building a long-term di-Higgs programme: studies for FCC underway, part of ESPP - more in talk from Vincent
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https://indico.cern.ch/event/1461211/#4-improving-the-sensitivity-of
https://indico.in2p3.fr/event/34379/#7-rd-ee-fcc

/
bbl l e H Laboratoire
/ Leprince-Ringuet

X
- &
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g N\
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Adinda de Wit

Higgs properties & combinations |4ictissscombinationgroup convener aregt

2024-2026

e Most precise measurements and limits come from combination of multiple channels

* Rare decay mode: main contribution in CMS+ATLAS H—Zy combination - first evidence!

 "Legacy" CMS combination of single Higgs production in Run 2 underway |M. Manoni]
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-23-002/index.html

Diboson & EFT

l. Ehle
Polarization fractions in pp—ZZ—4| ‘ ‘
9
- Run 3 data
- Exploit angular information to
extract longitudinal pol. fraction q
CMS Work in Progress 27 fo-', 2022 (13.6 TeV)
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Giacomo Boldrini

EFT forum convener
2024-2026

EFT in Wy diboson production
Run 3 analysis [T.Debnath |

= Most sensitive to anomalous TGC

[t CMS internal  Combined, 17.79 b (13.6 TeV)
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Group organisation & collaboration

Leprince-Ringuet
November 2024

Mon Tue Wed Thu Fri
4 5 6

o Typical fortnight:
- Whole group every 4 weeks - review of

data taking, roundtable of all activities & -

presentation highlight

- Regular working meetings (w/
collaborating institues) " 12 13

- + regular participation in official CMS
meeting (status reports, pre-approval,
approval etc)

e Global network of collaborations: =5 ‘;g; s /
\ = — ' THE UNIVERSITY
24
1 f"ﬂ WISCONSIN
RIGAS TEHNISKA TR
@ UNIVERSITATE C: 1
JOHNS HOPKINS ) i) University of 'emo
gy Zurich™ Energitess, Medioumbientles
H H — |ept0 ns y Tecnoldgicas
\ ¢ DEGLI STUDI
UNIVERSITA = 2
DEGLI STUDI Z z b
DI TORINO > = Tt
5 5
B A
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Papers & Talks U/(L'

e Recent papers as main author(s) or with significant contributions

Measurement of the Higgs boson mass and width using the four-lepton final state in proton-proton collisions at v/s= 13 TeV
( Submitted to PRD )

Search for nonresonant Higgs boson pair production in final state with two bottom quarks and two tau leptons in proton-proton
collisions at sv/= 13 TeV. Phys. Lett. B 842 (2023) 137531

A search for decays of the Higgs boson to invisible particles in events with a top-antitop quark pair or a vector boson in proton-proton
collisions at v/ s = 13 TeV. Eur. Phys. J. C 83 (2023) 933

Measurement of the W boson mass in proton-proton collisions at 13 TeV - CMS PAS SMP-23-002
Evidence for the Higgs boson decay to a Z boson and a photon at the LHC (Phys. Rev. Lett. 132 (2024) 021803)

Measurements of inclusive and differential cross sections for the Higgs boson production and decay to four-leptons in proton-proton
collisions at sv/= 13 TeV. J. High Energ. Phys. 2023, 40 (2023)

A portrait of the Higgs boson by the CMS experiment ten years after the discovery. Nature volume 607, pages 60-68 (2022)

Performance of the CMS Level-1 trigger in proton-proton collisions at sqrt{s}=13 TeV, CMS Collaboration, JINST 15 (2020) P10017

o ~ 20-30 talks per year at workshops and conferences on behalf of CMS
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Resources & fundin g Lepime R nsue

e Computing:
- All new arrivals provided with modern laptop (linux or mac)
- "Tier-3" farm with interactive nodes + 1600 batch cores
- Access to O(400) TB storage
- + machines equipped with 4 NVIDIA TeslaV100 GPUs for machine learning applications

¢ Funding:
- ANR (2025-2029) - COHERE [Adinda de Wit]
- CPJ (2023-2026) - STORM [Andrew Gilbert, sub. Y. Sirois] ©
- ANR (2018-2023) - HighGrants [Jean-Baptiste Sauvan] an r
- ANR (2017-2020) - HotShowers [Matthew Nguyen]
- ERC- QCDHighDensityCMS [Matthew Nguyen & Leticia Cunqueiro]
- Post-doc X (1 year): [Shamik Ghosh, sub. F. Beaudette]
- Eurotech cofund (2022) - [Alessandra Cappati, sub. R. Salerno]
- P2I0 1/2 thesis (2022) - [Christophe Ochando]
- CNRS-Imperial PhD Joint Programme (2022-2025) [A. Zabi]

e Funding related to upgrades discussed in next talk Imperial College
London

18/11/24 A. Gilbert (LLR) 17
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CMS Upgrade Week, CERN, 16.20" September 202,
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“Electron recanstruciion Iy the TS Phace-2 High Grarwarity Calarimeter Endoss”

e CMS Thesis prizes:
- J. Motta (2023), M. Bonanomi (2021), C. Martin Perez (2020)

CMS Awards 2019:
J. Rembser (O&Q)
L. Cadamuro (L1Trig)

CMS Awards 2023:

A. Zghiche (ECAL) Upgrade poster prize: Théo Cuisset

E.Vernazza (HGCAL) CMS Awards 2018:
J. Motta (L1Trig) A. Lobanov (HGCAL)

CMS Young Researcher Prize: A. de Wit

ICHEP poster prize 2024: G. Liu

S e . CMS Young Researcher Prize: M. Nguyen (2018)
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Other remarks Laporatoire.

e EPR & Shifts:

- Group exceeds our quota of service pledges to the experiment
- Shift quota also fulfilled
- PhD students contribute from start of thesis and join author list within one year (6 months EPR)

e Enseignements:
- ~200h teaching at I'X/bachelor (Alexandre, Andrew, Roberto) + Adinda (from 2024)
- >24 h M2 courses (Christophe, Roberto)
- Projets de Recherche en Laboratoire at M1, bachelor (Adinda, Matthew)
- 6 students engaged in teaching: travaux de recherche en laboratoire, travaux pratiques (Bachelor), Ana & Andro teaching in Split

e Students & postdocs regularly take advantage of 2-3 month ACV stays at CERN

- Very much apppreciated = provides opportunity for sustained & direct collaboration

- 2024: 13 months in total (5 persons)
- 2023: 10 months (4 persons)
- 2022: 6 months (3 persons)
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Outreach Laboratae
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