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The LHC
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LHC parameters
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LHC is 100m underground

LHC is 27 km long

Magnet Temperature is 1.9 

Kelvin = -271 Celsius

LHC has ~ 9000 magnets

LHC: 40 million proton-proton 

collisions per second

LHC: Luminosity 100 fb-1/year

(after start-up phase)



LHC experiments
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10 Years of LHC
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ATLAS and CMS
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ATLAS and CMS
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ATLAS    muon toroid
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Particles in detector
Electromagnetic 

Calorimeter

Inner Tracker 

Muon Spectrometer

Return flux

Hadron Calorimeter
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LHCb and ALICE experiments
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Data flows
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       Level-1  Event Storage 
  kHz MByte MByte/s 
 

 ATLAS 100 1 100 
 
 
 
 
 CMS 100 1 100 
 
 
 
 
 LHCb 400 0.1 20 
 
 
 
 
 ALICE 1 25 1500
  



The CMS Experiment
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Total Integrated Luminosity in Run 3 (13.6 TeV
p-p data only)
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Interactions per Crossing 2022-2023
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2024 LHC schedule

Closure of LHC and experimental caverns on March 6th 2024
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Z->μμ event with ~20 reconstructed vertices 
(2012)
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Physics performance
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Physics Objects

For an “massless particle” (E ≫ M)

y = ½ ln (1+cos θ)/(1-cos θ)
= −ln tan (θ /2)  = η

Muons     (transverse momentum pT)
Electrons (energy and tr. momentum pT)
Photons (energy)
Jets (energy and η)
Missing energy and pT vectorial sum of all 
transverse momentum
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p pT





Particles in detector
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Jets at Hadron Collider

Anti-kT algorithm
Primary goal is to find correspondence between
Detector measurements
Particles in final state
Hard partons
Classes of algorithms
Cone algorithms
Sequential recombination
Requirements
Infrared and collinear safe
Order independence
Ease of implementation
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NLO pQCD describes data
over 14 orders of magnitude
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B-tagging
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Fat jets
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Fat jets clearning
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Hadron-Hadron Collision
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Drell-Yan Production   pp-> l+l- + X

Hadron production of lepton pairs
Factorising “hard” and “soft”
components
Calculate hard partonic subproc

Weight cross section with probability to
end partons with momenta x1 and x2
Integrate over all possible parton momenta
Sum over all possible parton flavors
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Hadron-Hadron Cross Section
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Multi-Boson Production

Large number of processes study
Generally good agreement
between experiment and theory
Constraint on anomalous   couplings
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Ratio of diboson cross-section measurements 
to theory
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TGC,QGC

Larger cross sections:
• More precise measurement for SM test
• Possibly accurate differential cross section
Multiboson couplings:
• T(Q)GC: WWZ, WWγ, WWZγ, WWγγ
• BSM TGC: ZZγ, Ζγγ
• BSM QGC : ZZγγ, ΖΖΖγ,Ζγγγ
BSM Higgs decay by Z → νν
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Multi-Boson Production
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VBS/VBF    Physics motivation

The Higgs boson contribution cancels exactly the E2 dependance of the
cross section at high energy in massive VBS only
• Unitarises the scattering amplitudes
• Key process linked with Electro-Weak Symmetry Breaking (EWSB)Alexey Myagkov , MISP 2024



Ratio of diboson EWK cross-section 
measurements to theory
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EW Vector Boson Scattering
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Triboson Measurements

• Triboson final states are rare and some are only now becoming accessible at the 
LHC

• - Many first observations 

• - Probe of non-Abelian self couplings of the electroweak

• gauge bosons in the Standard Model (SM)

• - Sensitive to anomalous Quartic Gauge Coupling

• (aQGC) operators

• - Can be used to set limits within Effective Field Theories (EFT)

• - Backgrounds to SM processes like ZH(γγ) and WH(γγ) that will become 
accessible at run 3 and beyond

• Some final states can be used to probe Higgs couplings

• to light quarks
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Multi-Boson Production
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Some Measurements - Wγγ, Zγγ and WZγ by 
ATLAS   (ATLAS-CONF-2023-014)
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Wγγ ATLAS-CONF-2023-005

First observation at 5.6σ (5.6σ) obs.(exp.)
- σ_meas = 12.2+2.1-2.0 fb    (fid!), 
- in agreement with SM
- Dominant uncertainties : systematic on j→γ
followed by stat. uncertainty
- e/μ channels, 13 TeV, 140 fb-1
- b-jet veto to reduce top backgrounds
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WWγ CMS-PAS-SMP-22-006

First observation at 5.6σ (4.7σ) obs. (exp.)!
- σ_meas = 6.0 ± 1.0 (stat.) ± 1.0 (syst.) ± 0.9 (theo.) fb,
- in agreement with SM
- Statistical, systematic and theory uncertainties 
comparable
- Limits set on Higgs Yukawa couplings to u, d, s, c quarks
- e/μ channel, 13 TeV, 138 fb-1
- OFOS (W+W- → eνμν)
- b-jet veto to reduce WZγ and top backgrounds
- Important backgrounds :
- j→γ, largest background
- Data-driven fake rate estimate in W+jets CR with a fit to 
the photon
shower width to extract non-prompt component
- j→l, significant background
- Data driven fake rate estimate in dijet CR
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Z boson invisible width

arXiv:2206.07110
Accepted by PLB

Constraint on the number of neutrino types
•Look for very energetic jet accompanied 
by a large missing  transverse momentum

Simalteneous fit to kinematical distribution for
Two datasets- one dominated by Z-boson 
decays to invisible particles and other Z boson 
Decays to muon and electron pairs
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Z boson invisible width

The single most precise direct measurement!
•Competitive to combined LEP value and 
compatible with expected in SM.
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WZ (lνll) polarisation
ATLAS-CONF-2022-053, arXiv:2110.11231 (CMS)

Electroweak VVjj production can proceed in transverse
(T) or longitudinal (0) polarisation states
Longitudinal (00) component intertwined with Higgs
mechanism VBS unitarization: long term goal
Probes for the HL-LHC
currently measurements focus on polarisation or VBS
New: first measurement of joint polarisation states in
inclusive WZ production by ATLAS using DNN
reconstruction techniques – observation of
double-longitudinal component with > 7σ

Measured joint helicity fractions f00, f0T, fT0 and fTT of the W 
and Z bosons in W±Z events, compared to NLO QCD fixed-order 
predictions Alexey Myagkov , MISP 2024



Measurement of the W Mass at the LHC
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Methods of W mass measurements
The transverse mass is
• less sensitive to the qT(W) spectrum
• much more sensitive to the hadronic recoil

But, due to pile-up, lepton pT is more
promising at the

Experimental challenges
• control the lepton energy scale at < 0.1%
• pile up conditions
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Top physics
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Measuring the top mass from event 
kinematics    Submitted to PRL    2402.08713
•
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Cross sections of the processes with top
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Single top
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The simultaneous extraction of the mt
measured by ATLAS and CMS from a  
combination of the 15 input measurements

Submitted to PRL
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• THANK YOU FOR YOUR ATTENTION!
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