
Making predictions for hadron colliders 
• From Feynman diagrams to cross-sections 
• From cross-sections to events 

Standard Model measurements 
• W and Z  bosons 
• Hard QCD 
• Prompt  photons 
• b-jets 
• Top quarks 
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Experiment = probing theories with data 
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Monte Carlo event structure 
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Monte Carlo event structure 
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Parton showers 
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Parton showers 
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Proton-(anti)proton collisions 

 



 

26 

The ATLAS detector 
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Cross-sections at LHC 
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Cross-sections at LHC 



 

QCD hard scattering processes 
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Parton kinematics 
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Parton kinematics 
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Year 2010: Retracing history of particle physics 
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The discovery of the W and Z bosons at CERN SppS 

 



The primary decay 
chanel is through 
leptonic decays: 

  

Bosons at hadron colliders 
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2010 



• Well measured by 
previous experiments 

• Still educational at LHC 
– Cross-sections 

– New PDF constraints 

• „Standard candles” for 
high pT analyses 
– Calibration, alignment 

– Independent luminosity 
measurements 
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Bosons and top quark at LHC 
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W and Z boson decays 
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W and Z boson signatures 
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Lepton identification 



 

40 

Electrons and jets 
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W selection   (2010) 
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Z selection   (2010) 
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W backgrounds  
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Cross-section  & Luminosity 
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W cross-section measurement   
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W cross-section measurement   
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CW correction factor and uncertainties 
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W cross-section measurement 
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Z cross-section measurement 
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W and Z cross-section measurement 
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Production cross-sections 



 

52 

Measurement of the MW at the LHC 
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Jet physics 
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Confinement, hadronisation, jets…. 
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Inclusive jet production 
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Jet reconstruction 
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Di-jet cross-section 
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2 → 2 process 
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Quark Compositeness? 
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Three jets 
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Constraints on Strong Coupling 
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Multi-jet events 
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Azimuthal decorrelations 
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Confinement, hadronisation, jets…. 
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b-jet cross-sections 
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Why measure prompt photons 
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Prompt and isolated photons 
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Measuring photons with ATLAS 



 

69 

Photon identification 
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Photon isolation and background estimate 
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Isolated di-photon cross-section  
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Complicated topologies…. 
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Fundamentals of top-quark physics 
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Top pair production cross-section 
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Range of top-quark physics 
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Top quark mass measurement (2017) 
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Top quark mass measurement (2026) 
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Electroweak measurements (2023) 


