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W/Z



MOTIVATION

  W/Z studies are useful for : 

  W/Z cross sections computed with FEWZ with MSTW2008 

  Luminosity monitors 

  First W/Z boson production studies : 
  Study identification and calibration of the first sample of isolated 

high-pT leptons 

  Missing ET studies 
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!NNLO
Z/!!!"" = 0.99± 0.05 nb for (m"" > 60) GeV

!NNLO
W+!!+" = 6.16 nb and !NNLO

W!!!!" = 4.30 nb

!NNLO
W!!" = 10.46± 0.52 nb

  Check detector performance (calibration and 
alignment) 

  Provide tests on QCD and understanding of 
collision environment (PDFs) 

  Important backgrounds for new physics searches 
  Advantage – known production cross sections.  



ATLAS DATA AND MC

  ATLAS has recorded: 21 pb-1 

  For analysis data have to fulfill  
data-quality requirements: 
sub-detectors used for specific channels 
must be in nominal conditions 

  Luminosity uncertainty: 11% using van-der-Meer scans 

  W and Z cross section with data taken up to July (L ≈ 310 - 330 nb-1). 
For complete information http://arxiv.org/abs/1010.2130 

  Updated plots with data taken up to end of August (L ≈ 3 pb-1)  

  Monte Carlo 
  W/Z pythia signal samples generated with MRST LO* PDF and 

normalized to σNNLO.  
  Cross checks and acceptance calculations performed with MC@NLO 4 
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ATLAS DETECTOR
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RECONSTRUCTION AND IDENTIFICATION  
 ELECTRON CHANNEL

  Central electron: |η| < 2.47 
o  Loose ID requirements  

– shape variables in 2nd sampling of calorimeter, hadronic leakage and 
excluding the calorimeter transition region |η| ∉ [1.37,1.52] 

o  Medium ID requirements [ Z→ e e ]  

–  loose + shape variables in 1st sampling of calorimeter, hits in the 
silicon tracker and track impact parameter (20 GeV jet rejection 
factor:  6 103) 

o  Tight ID requirements [ W→ eν ]  
– medium + hits in the innermost silicon layer, TRT high threshold 
hit ratio, conversion rejection and E/p matching (20 GeV jet rejection 
factor: 105) 
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RECONSTRUCTION AND IDENTIFICATION 
MUON CHANNEL

  Combined muon: |η| < 2.4 
  Muon spectrometer (MS) + Inner detector (ID) track. The 

association is performed using χ2 test, defined from the 
difference between the respective track parameters weighted by 
their combined covariance matrices. 

  Track Isolation : sum of the transverse momenta of tracks with 
pT > 1 GeV in the inner detector within a cone of ∆R < 0.4 
around the muon track, divided by the total combined muon p, 
is considered.   
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Track Isolation :
! pID

T

pT
< 0.2



W CROSS SECTION MEASUREMENT 
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L ≈ 310 - 315 nb-1 



W - SELECTION 

       Electrons: 
  ET > 20 GeV 
  Tight ID 
  Missing ET > 25 GeV 
  mT > 40 GeV 
  1069 Candidates 

       Muons: 
  pT > 20 GeV 
  Track isolation 
  Missing ET > 25 GeV 
  mT > 40 GeV 
  1181 Candidates 
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W CANDIDATE KINEMATIC DISTRIBUTIONS
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electrons 

muons 



W BACKGROUNDS
      Electrons: 

  EW + top background: W→τν + Z →e+e- + tt 

        NEW+TOP = 33.5 ± 0.2(stat) ± 3.0(syst) 

  QCD background is estimated with the template 
method using the missing energy distribution. 

        NQCD = 28.0 ± 3.0(stat) ± 10.0(syst) 

Muons: 

  EW + top background: Z →μ+μ-  + W→τν- + tt 

        NEW+TOP = 77.6 ± 0.3(stat) ± 5.4(syst) 

  QCD background estimated from comparison of 
events seen in data after the full selection to number 
of events observed if the isolation is not applied. 

        NQCD = 22.8 ± 4.6(stat) ± 8.7(syst) 
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Nloose = NnonQCD + NQCD

Niso = !iso
nonQCDNnonQCD + !iso

QCDNQCD



W CROSS SECTION MEASUREMENT

    The total cross section for each lepton channel can be obtained by: 

 AW is the geometrical acceptance calculated at generator level: 
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!W !BR(W " l") =
Nobs

W #N bkg

AW CW Lint

AW =
!

Nacc

Nall

"

gen
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CW – COMPONENTS AND UNCERTAINTIES

  CW is a factor correcting for reconstruction, identification and trigger 
efficiencies of the lepton.  

  Components to systematic uncertainties, are summarized below: 

Jose E. Garcia - HEP-LHC-2010 

!W !BR(W " l") =
Nobs

W #N bkg

AW CW Lint
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Electrons Muons 

W ! e! W ! µ!
CW 0.66 0.76



W CROSS SECTION RESULTS
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!W !BR(W " µ") = [9.58± 0.30(stat)± 0.50(sys)± 1.05(lumi)]nb

Theory prediction : 10.46± 0.42 nb
!W !BR(W " e") = [10.51± 0.34(stat)± 0.81(sys)± 1.16(lumi)]nb



Z CROSS SECTION MEASUREMENT 
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L ≈ 315 - 330 nb-1 



Z EVENT SELECTION

       2 Electrons : 
   ET > 20 GeV 

   Opposite charge 

   Medium ID 

   66 < mee < 116 GeV 

  70 Candidates 

       2 Muons : 
    pT > 20 GeV 

   Track isolation 

   Opposite charge 

   66 < mµµ < 116 GeV 

  109 Candidates 16 
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Z BACKGROUNDS AND CROSS SECTION  
WITHIN 66 < MLL < 116 GEV
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       Electron background: 

   EW + top background: NEW+TOP = 0.27 ± 0.00(stat) ± 0.03(syst) 

   QCD background estimate: NQCD = 0.91 ± 0.11(stat) ± 0.41(syst) 
Muon background: 

   EW + top background: NEW+TOP = 0.21 ± 0.01(stat) ± 0.01(syst) 

   QCD background estimate: NQCD = 0.04 ± 0.01(stat) ± 0.04(syst) 

Cross section measurement 
     Similar method as for the W 

     The correction factor CZ 
   Electron: 65.1% ± 6.1% 

   Muon: 77.3% ± 4.3% 

   AZ (table) 

! !BR(Z " ll) =
Nobs

Z #N bkg

AZCZLint
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Z/γ* CROSS SECTION RESULTS
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Theory prediction : 0.96± 0.04 nb for [66! 116] GeV mass window
!Z !BR(Z " e+e!) = [0.75± 0.09(stat)± 0.08(sys)± 0.08(lumi)]nb

!Z !BR(Z " µ+µ!) = [0.87± 0.08(stat)± 0.06(sys)± 0.10(lumi)]nb



W ASYMMETRY, W/Z RATIO, W/Z + JETS 
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W CHARGE ASYMMETRY

  W+ and W- are produced at different rates, which can be measured 
via the lepton charge asymmetry. This measurement is important 
to constraint PDFs. 

  Many uncertainties cancel fully or partially 
  Asymmetry is expected to increase with rapidity 
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A! =
!W+ ! !W!

!W+ + !W!



W/Z RATIO

   The measured ratios between the W+ and W－ and the Z cross 
section in the electron and muon decay channels compared to the 
theoretical predictions based on NNLO QCD calculations.  
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The calculations are based on the FEWZ program with the MSTW2008 
NNLO PDFs 



W + JETS

  W+jets is background for many physics searches. 
  W selection as described previously. 
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The jet algorithm used is Anti-kT with R=0.4 and the jets 
are selected with |eta|<2.8 and pT>20 GeV (left) 



WITH MORE STATISTICS… 
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MORE STATISTICS PLOTS
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CONCLUSION
  W and Z cross sections have been extracted with 310 – 330 nb-1 

with the ATLAS detector 
  W cross section measurement included 1069 W→eν and 1181 W→μν 
  Z cross section measurement included 70 Z→e+e- and 109 Z→μ+μ-

 

  The W asymmetry and the W/Z ratio have been computed 
  Results agree well with SM predictions   

Paper with results has been submitted for publication to JHEP 
http://arxiv.org/abs/1010.2130 

  Analyses are ongoing and being updated with more data 
  W and Z cross sections 
  Asymmetries 
  Differential cross sections 
  W/Z + jets cross sections 

  Looking forward to get more statistics to get even more precise 
and exciting results. 25 
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