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ZEUS-EW QCD analysis
I. Abt, A. Cooper-Sarkar, C. Gwenlan, V. Myronenko, K. Wichmann
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What is ZEUS-EW
● ZEUS-EW based on experience and studies of Volodymyr&Co for 

electroweak fits using all available HERA data
● Data samples used in ZEUS-EW

● HERAI: separate data samples (input to data combination) → to 
preserve correlations between H1 and ZEUS for HERAI and between 
H1 data for HERAI and HERAII

● HERAII
– ZEUS polarised e±p data (8 samples for CC & NC)
– H1 upolarised e±p data (4 samples for CC & NC)
– Properly treated correlations

● QCD correction O(as) applied (not done for HERAPDF2.0) 
● Parameterisation

● 13 parameters for QCD fit + 4 free couplings
● All other settings as for HERAPDF2.0
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ZEUS-EW: fit results
● Fit results

● Shown for HERAII data sets, the rest in backup
● Reasonable chi2s
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Parton densities with total uncertainty
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Parton densities with total uncertainty
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ZEUS-EW: couplings
● Total uncertainty estimated on the results (includes experimental, 

model and parametrisation uncertainties → backup)

Au = 0.490  +0.065 -0.042 (total) SM: 0.5
            +0.062 -0.039 (exp) 
            +0.021 -0.016 (mod) 
            +0.003 -0.008 (par) 
Ad = -0.665 +0.245 -0.107 (total) SM: -0.5
            +0.238 -0.098 (exp) 
            +0.059 -0.037 (mod) 
            +0.009 -0.020 (par)
Vu = 0.150  +0.245 -0.107 (total) SM: 0.196
            +0.085 –0.089 (exp) 
            +0.014 -0.021 (mod) 
            +0.003 -0.003 (par) 
Vd = -0.301 +0.236 -0.238 (total) SM: -0.346
            +0.232 -0.229 (exp) 
            +0.042 -0.064 (mod) 
            +0.011 -0.005 (par) 
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Breakup of uncertainties

● Parameterisation uncertainty of adding DUbar to fit not included yet
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total
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experiments
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Data/theory comparison: CC e+p LH
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Data/theory comparison: CC e+p RH
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Cross checks

● Make ZEUS-13p fit with couplings set to SM values

● Compare with ZEUS-EW
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Comparison to ZEUS-13p
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Cross checks

● Check if QCD is decoupled from EW

● Make ZEUS-13p fit with couplings set to SM values

● Fix 13 parameters from QCD fit

● Fit only 4 couplings: ZEUS-EW-13fixed

● Compare with ZEUS-EW
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Comparison to ZEUS-EW-13fixed

● PDFs agree very 
well
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ZEUS-EW-13fixed: couplings
● ZEUS-EW → experimental uncertainty only

● ZEUS-EW-13fixed → symmetric experimental uncertainty only

● Fitted couplings agree very well within experimental uncertainties

Au =  0.490  +0.062 -0.039 SM: 0.5
Ad = -0.665  +0.238 -0.098 SM: -0.5
Vu =  0.150  +0.085 –0.089 SM: 0.196
Vd = -0.301  +0.232 -0.229 SM: -0.346

Au =  0.477  +/- 0.035 
Ad = -0.668  +/- 0.124 
Vu =  0.150  +/- 0.083 
Vd = -0.299  +/- 0.228 
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Comparison to HERAPDF2.0
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Comparison to HERAPDF2.0

● Most important 
issue – number 
of parameters in 
QCD fit
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Comparison to HERAPDF2.0

● Most important issue – number of 
parameters in QCD fit
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Comparison to HERAPDF2.0

● Fix 14 parameters to HERAPDF2.0 values

● Fit only 4 couplings: HERAPDF2.0-EW-14fixed

● Compare with ZEUS-EW
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Comparison to HERAPDF2.0-EW-14fixed  
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Comparison to HERAPDF2.0-EW-14fixed

● Similar effect for 14 parameters 
seen as for HERAPDF2.0
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ZEUS-EW-14fixed: couplings
● ZEUS-EW → experimental uncertainty only

● ZEUS-EW-13fixed → symmetric experimental uncertainty only

● Fitted couplings agree very well within experimental uncertainties

Au =  0.490  +0.062 -0.039 SM: 0.5
Ad = -0.665  +0.238 -0.098 SM: -0.5
Vu =  0.150  +0.085 –0.089 SM: 0.196
Vd = -0.301  +0.232 -0.229 SM: -0.346

Au =  0.473  +/- 0.033 
Ad = -0.694  +/- 0.109 
Vu =  0.153  +/- 0.080 
Vd = -0.278  +/- 0.225 
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Fit of W mass MW
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Fitted MW

● MW = 79.32 ± 0.68 GeV (exp. uncertainty, rest will be added)
● PDG14: MW = 80.385 ± 0.015 GeV (consistent but far less precise)
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Outlook
● Analysis well advanced

● Most results almost final

● Small adjustments to correlations of systematic uncertainties 

have to be mage → final data sets

● Plans to publish as ZEUS Collaboration material presented in 

this talk, maybe with some small additions

● Paper draft almost ready

● We plan to start editorial procedure in november
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Backup
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Color decomposition of uncertainties

 Experimental uncertainties:

- Hessian method
- Conventional Δχ2 = 1 => 68% CL

 Model uncertaintiesModel uncertainties
- all variations added in quadrature- all variations added in quadrature

  Parametrisation uncertaintiesParametrisation uncertainties
- largest deviation- largest deviation

Adding D and E parameters to each PDF
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