
Lectures on LHC physics  Elzbieta RichterWas 1

Physics  Program 
of the experiments at 

Large HadronCollider

Lecture 6

Physics with 

W and Z bosons: 
part II
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Latest news!!!
 The 50ns bunch spacing 

achieved but large 
electron background 
preventing going higher 
than 36 bunches per 
train.

 First heavy ion 
collisions during night 
6/7 November 
 Ebeam = 3.5 TeV x Z 

             = 287 TeV, 

    sqrt(sNN) ~ 2.76 TeV

 Peak luminosity: 1.3 1024

 Goal is up to 128 bunches
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Luminosity measurement at ATLAS
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Luminosity measurement at ATLAS
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Hadron colliders

 Run 1992-2007
 Accumulated:

 ~ 200pb-1 in e-p 
 ~ 300pb-1 in e+p

 RunII started in 
2002

 Delivered 
~9fb-1/exp.

 Run phase I at 
sqrt(s)= 7 TeV  
started in 2010

 Delivered 
~50pb-1/exp.

RHIC is also joining with polarised pp program 
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The Tevatron

 1.96 TeV p-anti p  collider
 RunII since 2002, 

    expect to end in 2011
 Further running 

   2012-2014 is being considered
 Had delivered ~ 9fb-1 per 

experiment since 2002, and is 
running smoothly: 

 Expect ~ 12fb-1 by end 2011
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The Tevatron experiments

 Similar detectors in both experiments 
 Inner trackers

 CDF highlight: large volume, high precision

 Calorimeters
 Outer muon detectors

 D0 highlight: high acceptance & low background
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W and Z at Tevatron

 Probe QCD and EW interactions
 Hard and soft gluon emission
 Sensitive to parton distribution 

 Leptonic decay used for precision measurements
 Extract Electro-weak (EW) parameters: sin2w and mW

 In 1fb-1/experiment: W→ l  106 events, Z→ ee  105 events
 High statistics samples and low background
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Detecting W and Z
 Z→ l+l-

 Signature: pair of charged leptons 
with  opposite sign charge
 Leptons are high pT and isolated

 Peak in  l+l- invariant mass

 W→ l±±

 Signature: single charged lepton and 
missing transverse energy (MET)
 Leptons are high pT and isolated

 MET from neutrino
 pT is inferred

 Peak in transverse invariant mass 
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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
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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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Template fitting

 Custom fast Monte Carlo makes smooth high-statistics 
templates. Perform binned maximum likelihood fits to the data
 And provides analysis control over key ingredient of the simulation 
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Lepton energy/momentum scale

 D0
 Calibrate  calorimeter using 

precisely MZ from LEP 

 Detailed corrections for 
uninstrumented regions

 CDF
 Calibrate lepton momentum 

scale using Y, J/, mZ

 Calibrate calorimeter against 
precision tracker (E/p), MZ
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Recoil model
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Recoil model
 Recoil due to:

 QCD radiation “recoil” against W
 Underlying event
 Overlapping min bias

 Use Z→ ee ( D0 and CDF) + 
Z→  (CDF) balancing to 
calibrate recoil energy scale 
and to model resolution 
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Z/* transverse momenta

 Sensitive to parton 
initial state 
radiation => 
stringent test on 
QCD

 Low pT spectrum 
sensitive to multiple 
soft gluon emission 
=> requires 
resummation 
techniques/models
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Mass fit
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W mass results   (presented at PIC2010)
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W mass systematic uncertainties
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W mass combination 
(presented at PIC2010)
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W mass from Tevatron

 Beyond few fb-1 overall uncertainty does not improve 
significantly without better understanding of systematics, but 
energy scale systematics still statistically limited.

 Goal: mW < 25 GeV per experiment by the end of  Run II 
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W-widthW
 Don't expect new physics here

 The high mT tail contains 
information on W 

 Exploit slower falloff of Breit-
Wigner compared to Gaussian 
resolution 
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W charge asymmetry

 At the Tevatron mainly produced 
by the valence quarks

 On average, u quark carries 
higher momentum than d quarks
 W+ boosted in proton direction
 W-  boosted in anti-proton 

direction

 W asymmetry [A(yW)]

 Sensitive probe of the 
difference between u and d 
quarks at Q2 = mW

2
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Lepton charge asymmetry

 Experimentally more accessible is lepton charge 
asymmetry 

 Convolution of both the W charge asymmetry and V-A 
decay structure
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A(yW) measurement

 CDF measurement using W→ einfb

 Use W mass constrain to infer pZ
   (weights)

 Applying weighting method i.e. calculate 

    2 solutions and weight them with matrix element
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A(l) measurement
 D0 measurement using W→  in 4.3 fb-1

 Observed deviation from theory (reported already in previous 
measurements by CDF (0.17 fb-1) in electron channel

 Global fitters (MSTW, CTEQ)  have problem incorporating 
those data.
 Tension with low-x data 
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W and lepton charge asymmetry
 Preliminary re-analysis from CDF confirms those 

results (presented at PIC2010)
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Z cross-section and rapidity
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Z forward backward asymmetry
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RHIC: World's only polarised 
proton collider
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Proton spin structure
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PHENIX
 First published 

measurement in 
pp collision 

 Main interest is 
polarised beam
 Sensitivity to the 

polarised sea 
structure functions

 Single longitudinal 
asymmetry.
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The H1 and Zeus exp. at HERA

 6.3 km long accelerator
 Two multi-purpose detectors
 Particle energies allow to 

probe proton structure down 
to x ~ 10-18m 

 



Lectures on LHC physics  Elzbieta RichterWas 35

Polarised lepton beam
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Deep inelastic scattering 
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Electroweak physics
 

 Inclusive differential 
cross-section at Q2 ~ 
mW,Z
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Polarisation asymmetry in NC

 From polarisation asymmetry clear observation of parity 
violation of NC electroweak exchange

 Well described by SM predictions
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Charged current cross-section
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CC cross section vs polarisation

 Linear dependence on 
average polarisation

 Measurements agree 
with SM predictions
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W at HERA: high pT isolated lepton



Lectures on LHC physics  Elzbieta RichterWas 42

W at HERA: high pT isolated lepton
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Next topics
 17.11 –

 W + jets
 Tops: xsection, mass 

 24.11  – Hot topics:  new exclusion limits 
   1.12  – dibosons and anomalous
                couplings 
   8.12, 15.12 – Higgs
   5.01  - Hot topics:  ??? 
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