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     Dilepton production Hadron colliders 

The axial and vector neutral currents interfere 
 

Weak neutral current strength related to sin2θeff  
sin2θW = sin2θWon-shell = 1-Mw

2
  / Mz

2  
 
 

 

    With a known Higgs mass, Standard Model is over constrained. 
     A measurement of sin2θeff  is equivalent to a measurement of Mw 
 
      ±0.00050 error  in sin2θw is equiv. to  ±25 MeV error in Mw (indirect) 
          This new CMS measurement has a total error of ± 0.00052   
             All  errors reported in this talk are quoted to five decimal places. 
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1.  Fraction of valence u vs. d 
2.  Dilution (y dependent) from high x antiquarks  

True Diluted 
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Diluted (observed) 
In |y| bins 

Dilution (y dependent). 
Therefore bin data in 
rapidity. 
 
Extract sin2θeff  by fitting 
the observed AFB to 
templates generated with 
different values of sin2θeff  
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   A  precision measurement using three new techniques: 
 
1:  Precise lepton momentum/energy scale  (and modeling resolution) 
    Reduces contribution to  Δsin2θeff   to  ±0.00008 
 
      
 
 
2: Angular Event weighting method for AFB analyses:  
    systematic errors in acceptance & efficiency cancel:  Δsin2θeff   ±0.00008 
 
 
 
 
3:: New PDF constraints using the same Drell Yan Data above and below  
    the Z peak. Reduced contribution to Δsin2θeff  from ±0.00054 to ±0.00030) a 

±0.00050 error  in sin2θw is equiv. to  ±25 MeV error in Mw (indirect) 
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 Precise Lepton Energy/Momentum 

New technique used for both  µ+µ-  and  e+e-  for both data and MC. Used in CDF and CMS  for 
muons and electrons.    

Step I : Remove the correlations between the scale for the two leptons by getting an initial 
calibration using  Z events and requiring that the  mean <1/PT> of each lepton in bins of  η, Φ  and charge be correct. 
 
Step II: The Z mass used as a reference scale.  The  Z mass  as a function of  
 η, Φ, (and charge for µ+µ- )  of each lepton be correct (done in bins of  η, Φ ).   
 
• Reference scale for muons:  Expected  Z mass (post FSR) smeared by resolution (with acceptance cuts). 
( J/Ψ and Υ are also used for tuning dE/dx).   
 
• Reference scale for  electrons:  Expected  Z mass post FSR with FSR photons  clustered to form a dressed 
electron ) smeared by resolution (with acceptance cuts). 

• Usually, both data and MC are misaligned (or mis-calibrated for electrons) 
     Corrections must be apply to both data and MC to agree with the Z  reference scale. 



July 6, 2017                                    
EPS HEP 2017   (CMS collaboration) 

Arie Bodek, University of Rochester  7 

Angular event weighting method (used in CMS and CDF)  

Uncertainties in acceptance & efficiency cancel 
Event weighted AFB is the same A as FB for full 
acceptance 
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muons electrons 
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Combined   ± 0.00018 (syst) 

Combined   ± 0.00036 (stat) 

Combined   ± 0.00016 (theory) 
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Vary sin2θeff for fixed PDF in GREEN (left), PURPLE (right) 
Vary 100 NNPDF replicas for fixed sin2θeff in ORANGE 

All rapidity 
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muons electrons combined 

PDF reweighting constraints 
reduce PDF error by factor of 2 
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PDF nominal With PDF re-weighting constraints 

With larger statistical samples and new analysis techniques (including precise 
lepton scale calibration, angular event weighting and additional PDF 
constraints) the errors are significantly reduced. 
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Results 
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Additional Slides 
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With constraints from PDF reweighting the extracted values for different PDF are closer to each other 
PDF reweighting constraints reduce PDF error by factor of 2 

PDF nominal With PDF re-weighting constraints 
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