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Normalizing VV with Z(*) 

 Strong similarities of diagrams since 
dominant cross-section comes from qq->V(V) 
via EW couplings 

 Ratios VV/V expected to reduce pdf and a 
significant portion of the scale uncertainty 
 This is an asset especially at the very 

beginning of data taking when global pdf fits 
will not be available 

Prediction Theory Experimental 
efficiencies Observed 

M. Dittmar, F. Pauss, D. Zurcher , Phys.Rev.D56:7284-7290,1997 



Ratio ZZ(WW)/Z(*) 

 The production of ZZ and WW is enhanced by 
large contributions from gg->VV with gluons 
in the initial state 
 Formally a part of the NNLO contribution, but 

enhanced due to the large gluon flux 
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Z/γ*/W+ Including decays into leptons 
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Move to NNLO (?)  



Nominal Values of ZZ/Z* 
 Ratios are constructed such that the invariant mass 

of Z* and ZZ are in the same bin 
 Contribution from gg->ZZ increases sigma by ~13%  
 Ratio depends weakly with Mass (nice surprise!) 

  Need to understand better behavior at very large masses  
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Scale Errors of ZZ/Z* 
  Treat qq->ZZ and gg->ZZ independently 

 Get maximum deviation by changing renormalization and 
factorization scales in opposite directions 
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Ratio WW/Z(*) 
 Scale-relates uncertainties arise from 

changing scales by factors of 4 (*4,/4) 
 Pick biggest deviation of changing at the same 

time and in opposite directions 

Same as above after multiplying σ(gg->WW) by two  

MZ* >185 GeV (pb) (fb) (fb) (fb) 



Ratio ZW/Z(*) 

 Ratio evaluated to NLO  
 For ZW require PT or leading lepton to be >20 and 

the two sub-leading, >10 GeV 
 \sqrt{s} dependence of ratios evaluated 

MZ* >195 GeV 



 Dependence 

 The Ratio ZZ/Z* seems to be flat as a function 
of \sqrt{s} and different mass ranges 
 The ratio ZZ/Z is less flat 

Flatness of ratio indicates reduction of pdf uncertainties  
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PDF Uncertainties 
(ratios) 

 Use CTEQ6.1 and evaluate 
the 40 pdf checks 
 Results depends weakly 

on cms energy 

Uncertainties in % 

 Pdf-related errors of VV 
are more correlated with 
Z* and with Z 

Shown errors on ratios to NLO 
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EXTRA SLIDES 



MCFM  Settings 



Ratio WW/ZZ 

 The ratio WW/ZZ will diminish the error due to 
the gg->VV contribution.  
 The errors will probably be dominated by the 

experimental uncertainties 

 Results above include gg->WW 



    Dependence of WW/Z(*)  

 Results reported to NLO and  
 Results were obtained with a dynamic scale  

  (ET of the weak-boson system) € 
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 Dependence of VV/Z* 

 Ratios are relatively stable w.r.t. \sqrt{s} 
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PDF Uncertainties 
 Use CTEQ6.1 and evaluate 

the 40 pdf checks 
 Results depends weakly 

on cms energy 

Uncertainties in % 

Shown errors on cross-sections to NLO 



PDF Uncertainties 
(ratios) 

 Use CTEQ6.1 and evaluate 
the 40 pdf checks 
 Results depends weakly 

on cms energy 

Uncertainties in % 

 Pdf-related errors of VV 
are more correlated with 
Z* and with Z 

Shown errors on ratios to NLO 



Pdf errors for gg->WW 

 Independent study of pdf errors on gg->WW 
with various versions of CTEQ 
 Obtain an errors of 5-10% to the total cross-

section of gg->WW with CTEQ6 
  This is significantly smaller than the scale-driven 

uncertainties 
 We did not investigate the correlations of the 

pdf errors of the qq,qg initial states with 
those of the gg initial states and the resulting 
effect on the ratio 
 This is homework for the future 



Petrielo et al 

The NLO band does contain the NNLO result for Z,W+,W- production 
Same applies for the gg->H production 



 Dependence of Jet Veto 

Results of ε shown for PT=30 GeV € 
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 Dependence of Jet Veto 
Values with respect to  
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s =14 TeV
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Scale Errors of ZZ/Z* 
 Multiply the contribution of gg->ZZ by a factor 

of 2 (potential QCD NLO K factor) but keep 
the relative errors at the LO level 
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