Two examples of high light results of HIP
projects at the CERN LHC

e Discovery of a Higgs boson by
CMS and ATLAS in 2012

e Observation of odderon
scattering by TOTEM/DO in 2021



Installation of the CMS Central Tracker
in 2007



CMS detector 2008



LHC Run 1

2010-2011

Collision energy: 3.5+3.5 TeV,
Integrated luminosity: L = 5.1. fb!

2012

Collision energy: 4+4 TeV,
Integrated luminosity: L = 19.6 fb™?



H->ZZ->u"uwe'e
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H-> 77 -> 4 leptons Runl

L=24.7 fb?
Most sensitive, high-resolution channel for low mass Higgs

ZZ continuum from

theoretical cross sections
modeled by POWHEG
ggZ7 modeled by GG277

Z+X from data driven estimates
based on fake rate method



H -> 4leptons Runl2011-2012
L=24.7 fb?

e ATLAS: Cut-in-Categories, FSR accounting, untagged + VBF + VH
e CMS: MELA (angular analysis), FSR recovery, untagged + VBF



L Runl
H -> 4/ significance L=24.7 fb?

Significance improved with
the kinematical discriminant



H-> 4] signal strength and mass

Runl

m,, = 125.8 + 0.5 + 0.2 GeV
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H->vy

Small branching fraction (0.23%), but experimentally
favourable.

Challenge: large irreducible QCD background from direct
diphotons + photons from neutral pion decays in jets.

— Background estimated from mass sidebands

Second challenge: selection of the correct vertex (pile-up).

— ATLAS: photon pointing
— CMS: dedicated Multivariate Analysis (MVA)
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CMS vy mass distribution  Runi
2012
Mass: 125 + 0.8 GeV

Analysis done

and cross-checked with
Cut-in-Categories method.

Significancies:

MVA: 3.2c (4.20
expected)
CiC: 390 (3.50

exp.)



H -> vy significance (CMS)



2012: start of Higgs physics at LHC

4.7.2012



LHC Run 2 : 2015-2018

e Collision energy: 13 TeV

e |Integrated luminosity 2016-2018: 138 fb™!
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H-> vy (Run 2, 2016-2018)

Run2:
m, =125.78 £ 0.26 GeV



Higgs boson mass 2022

e H-> vy and H-> 4leptons combined
m, =125.46 £ 0.16 GeV

e Runl and Run2 combined
m, =125.38 + 0.14 GeV



Summary of measured decay channels
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First measurements of the Higgs boson
Breit-Wigner

On-shell:

Off-shell

SM: m >2m, 10% of on-shell value
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NO Off‘She“ (“off-shell = O) |S
excluded by more than 99.9%
confidence level
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Leading protons detected LHC - IP5
—220 m & —-147 m from IP
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luminosity independent method:

16 7 de/dﬂ

Charged particles detected
inT1 & T2 telescopes

TOTEM

e Elastic & diffractive protons in RP detectors close to beam
e Charged particles at large [n| using T1 & T2 telescopes
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