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Ø  Use leptonic decay e/µ channels 
Ø  Sensitive variables to W mass: pT(e/µ), mT, pT(MET):  
      Jacobian edge provides the mass of  W 
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Ø mT method: 
•  Insensitive to  pT(W) 
•  Reconstruction of  pT(ν) 

sensitive to hadronic response 
and multiple interactions 

Ø  pT(l) method: 
•  Sensitive to  pT(W): PDF, PS,UE 
•  Sensitive to W helicity (+1,-1,0) 

(different from Tevatron) 
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Ø  Use Z (-->ee,µµ) to derive “physics model” for recoil and lepton 
calibration 

 
Ø  Validate the physics model by extracting mz from pT(l) and mT 
 
Ø  Extract mW in several categories and combine 
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ATL-PHYS-PUB-2014-015 

Ø  Heavy-flavor-initiated processes play a larger role (25%): 
 5% at Tevatron, especially due to strange sea PDF 

Ø  Different rapidity dist. for W+, W-  (larger gluon-quark contribution too) 

Ø  Hard to extrapolate to W from pT(Z) data 
 

Ø  Tevatron: mostly one polarization  +1  for W+, -1 W- ,   
      but at LHC, (+1,-1,0) for W+ 

 

pT(W) 

pT(l) 
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Ø  Symmetric  
     at Tevatron 
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Ø  Electron energy measurement from the EM calorimeter  
Ø  Corrections for scale and resolution are derived from the Z events:          

phi dependent corrections are important for MET   
Ø  Validations using J/Psiàee, Zàeeγ (~0.05%)
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Ø  Muon identified from combined ID+MS tracks, but momentum 
measurment from ID only simplifies calibration 

Ø  Calibration factors from ID-only muons from Zàµµ and sagitta bias from 
Zàµµ and E/p of  W(+,-)àeν   (~0.05%) 
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Ø  Vector sum of  the all cluster momentaàa measure of   pT(W) 
Ø  Calibrate the scale and resolution corrections from the pT balance in Z 

events 
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Ø  W, Z samples are generated by Powheg + Pythia 8.  
Ø  Each event is reweighted to include the higher-order QCD and EWK 

corrections, as well as the fit results to match kinematic distributions 

Ø  The Z cross section is reorganized by factorizing the dynamics of  the 
boson production and kinematic of  the boson decay 

Ø  Use this model to fit the free parameters of  the model using Z events 
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Ø  EWK corrections: 
     QED I/FSR and missing higher order 
 
Ø  QCD corrections:  
     pT(W), W polarisation and rapidity 



Ø  The rapidity dist. and Ai coefficients modelled with NNLO predictions and 
the CT10nnlo PDF: validated by 8 TeV Z data 

Ø  The rapidity dist. is very sensitive to PDF. (the CT10nnlo PDF is consistent 
with the unsuppressed strange quark PDF. 
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Ø  Good agreement Ø  An observed discrepancy for A2 



Ø  Parton shower MC Pythia 8 tuned to the pT(Z) data – AZ tune 
Ø  Better than 1% for  pT(Z) < 40 GeV 
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Ø  Pythia 8 is used to transfer 
from the pT(Z) to the  pT(W) 
dist. and to evaluate the theory 
uncertainty on the W/Z pT ratio 



Ø  The Pythia 8 AZ tune is used to extrapolate to W, considering relative 
variations of  the W and Z  pT distributions 

Ø  The Pythia 8 predictions are softer than the NNLL resummed predictions 
(DYRES,Resbos, CuTE) for a give Z  pT distribution 

Ø  But the resummed predictions disfavored by the data, and the Pythia is in 
a good agreement: the extrapolation works!  
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Ø  Current precision of  the data (~3%) and broad bin size (~8 GeV) limit in 
reducing syst. uncertainty 

Ø  Measurements with ~ 5 GeV bin size with ~1% precision will be useful 



Ø  Production with heavy flavor quarks makes a difference between W and Z 
Ø  But higher-order QCD effects are mostly correlated between W and Z 

produced by light quarks 

16 



Ø  PDF uncertainty series of  CT10nnlo are applied simultaneously to the 
boson rapidity, Ai, and pT distributions 

Ø  Only relative variations of  the pT(W) and pT(Z) induced by the PDFs are 
considered as the PDF uncertainty 
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Ø  PDF uncertainties are anti-
correlated between W+ and W- 
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Ø  PDF uncertainties is the dominant followed by pT(W) uncertainty 
due to the heavy-flavor initiated production 



Ø  EWK and top bkgds are estimated by using MC 
Ø  Multijet bkgds is done using data-driven techniques 
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Ø  After all corrections are applied, consistent results are 
obtained 
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Ø  Results are consistent with the combined LEP values within 
uncertainties 

Ø  mT method slightly lower due to recoil modeling? 



Ø  Results were checked in different categories, but also in 
different pile-up and uT bins 
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Ø  W pT(l): 
     lepton calib. (15~35 MeV) 

Ø   mT(l): 
     recoil calib. (15 MeV) 
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Ø  Lepton & pT(l),  
    mT(W) correlated: 
    lepton effect is  
    reduced 
 
Ø  PDF anti-corr.  
     for W+ and W- 
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