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Hadron Collider Physics 

2009 - 

Lecture  2
 QCD jets
 W, Z bosons

Disclaimer: 
 shown results based 

on 2010-2011 data for 
LHC

 the 2012 news left to 
topical lectures of the 
next week 
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Standard Model

 Most quarks/leptons/bosons deeply scrutinised already
 Neutrinos not really testable at hadron colliders
 Many open issues about top quark
 Higgs (?)
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Cross -section
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Cross-section
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Cross-section

(?)
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Cross-section

(?)
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The proton composition
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Physics cross-section

20
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Parton density structure 
functions: HERA
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QCD factorisation and parton model

 Asymptotic freedom guarantees that as 
short distances (large transverse 
momenta) partons in the proton are 
almost free

 Sampled ”one at a time” in hard collisions
 QCD improved parton shower model
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ATLAS Calorimeters
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Jet reconstruction in ATLAS
 Jet finding: from 

partons/particles/energy 
deposits to jet
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Jet reconstruction in 
ATLAS

 Jet calibration:restore the jet energy scale 
(JES) starting from the EM energy scale
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Shower
50 GeV showers of 
electron (left) 
and pion (right) in iron
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Jet energy calibration
 Jet measurements require calibration of the jet energy scale

 Derives a calibration which restores average JES with (,E)-
dependent calibration constants from MC



HASCO12: Hadron Collider Physics Elzbieta Richter-Was, IF UJ 16

Jet energy calibration
 In-situ techniques used to validate JES and its uncertainty

 Use well calibrated objects as reference for jet pT

 Compare calibrated JES in data and Monte Carlo simulation
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Inclusive jet cross-section
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Inclusive jet cross-section
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Cross-section

(?)
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Measurement: W → l
 Signature:

 Single charged lepton and missing transverse energy (MET)

 Leptons are high pT and isolated

 MET from neutrino
 Peaking at transverse invariant mass
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Lepton identification
 
 Electron: 

 Compact electromagnetic cluster in 
calorimeter

 Matched to track

 Muons:
 Track in the muon chambers
 Matched to track

 Taus:
 Narrow jet
 Matched to one or three tracks

 Neutrinos
 Imbalanse in transverse momentum
 Inferred from total transverse 

energy in detector
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Electrons and jets

 Jets can look like electrons
 Photon conversion from 0's
 Early showering charged pions

 And there is lot of jets
 Difficult to model in Monte Carlo

 Detailed simulation in tracking 
and calorimeter volume

 There is also lot of true 
electrons  from 
semileptonic decays inside 
jets

DATA: loose electron ID

MC
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W selection 
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Missing transverse energy
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W backgrounds
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Cross-section measurement
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Scale factor: tag-and-probe studies
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W cross-section measurements
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CW components and uncertainties
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W cross-section results
 



HASCO12: Hadron Collider Physics Elzbieta Richter-Was, IF UJ 31

Z cross-section measurement

 Signature:
 Pair of charged leptons with opposite-charge

 Leptons are high pT and isolated
 Peak in l+l- invariant mass
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Z events selection



HASCO12: Hadron Collider Physics Elzbieta Richter-Was, IF UJ 33

Z backgrounds and cross-section 
within 66 GeV < mll < 116 GeV 
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Z/* cross-section results
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The Standard Model 
 SM measurements are the foundations of all 

searches
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W mass: 
SM consistency check

 Derive W boson mass from precisely 
measured electroweak quantities

 Measuring the W boson mass and top 
quark mass precisely allows for 
predictions of the mass of the Higgs 
boson

 r – large radiative corrections
 Dominated by tb and Higgs loops
 Sensitive to new physics

2010
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W mass measurement strategy
 At hadrons colliders, rely on transverse variables: mT, pT

l , 
MET (inferred neutrino pT)

 Requires precise measure of  charged lepton pT and 
hadronic recoil

 Requires detailed knowledge of the detectors
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Experimental observables

added

pT(e) most affected by pT(W)

mT most affected by 
measurement of MET
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W mass measurement: D0
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W mass combination 

Not yet final word!
Further precision improvement
possible with complete dataset
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