
QED/EW corrections in data analysis 
- EWPOs at LEP: theory meeting the data 

- Ai and sin2qeff measurement with ATLAS 

- EWPOs at LEP:  QED ISR/FSR/IFI  

 Discussion on theory and parametric 
uncertainties 
- Few comments on the EW schemes 

 

Theory issues for sin2qW measurement: 
QED and EW part 
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LEP data analysis 
• Libraries in semi-analytical fitting programs  

– ZFITTER ( DIZET ), TOPAZO 

• Code of ZFITTER (DIZET) used in sophisticated MCs: KORALZ, BHLUMI, 
BHWIDE, KORALW, KKMC 

Year 2010 and later 
• ZFITTER  GFITTER, same/rewritten code for EW libraries, now being 

improved with more complete two-loop calculations. But the scheme of 
calculations has not changed 

• PDG reviews: since several years based on MSbar scheme for defining EW 
observables, GAPP program 

• Tevatron analyses: based on LEP codes for QED/EW corrections  
• FCCee: for now back to LEP codes as a starting point, 10-100 better precision 

needed 
LHC data analysis 
• Changed approach for QED/EW calculations, motivated by easier? handling of 

QCD, QED and EW  corrections simultaneously?  
• Used widely in LHC MC’s but  precision not established to the LEP standards.  
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QED/EW corrections in data analysis:          
how it evolved with time  
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Electroweak Pseudo-Observables at LEP:  
the meeting point between data and theory 

EWPOs at LEP1 (OPAL ) 

FCCee report 
arXiv:1809.01830 
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Electroweak Pseudo-Observables at LEP 

arXiv:1809.01830 
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Electroweak Pseudo-Observables at LEP 

arXiv:1809.01830 
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Electroweak Pseudo-Observables at LEP 

arXiv:1809.01830 



EWPO’s: cross-sections, asymmetries  
– Measurements at different energies,  

– Extrapolated to the Z-peak 

– Corrected for: QED ISR, imaginary 
part  of the couplings, pure photon 
exchange, presence of box diagrams, 
etc. 

 

Example of functional dependence 
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Electroweak Pseudo-Observables at LEP 
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Electroweak Pseudo-Observables at LEP 

Combination from four LEP experiments 

Then combined assuming lepton universality. 
   

It is not a result of a single measurement 
at fixed energy!! 

At the Z-pole 
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ATLAS ZAi analysis:   A4  measurement  

ATL-CONF-2018-037 
(A) -> (C)  process 

A4(mll, Y) 
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ATLAS ZAi analysis:   sin2qW measurement  

sin2qeff 
lep (MZ) 

ATL-CONF-2018-037 
(A) -> (D)  process 
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ATLAS ZAi analysis:  sin2qW measurement 

N exp. in data 
phase-space 
(uncorrected 

data) 

Templates  
tij folded with 

MC to data 
phase-space 

Likelihood fit 

Fit model 

Instead of fitting A4j, we fit  sin2qeff, 
given predicted A4j (q) 

EW fit model 

single value at M2
Z 
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ATLAS ZAi analysis:  sin2qW measurement 

Exp. data 
detector depend. 

Templates tij   
folded with MC to 
data phase-space 

Powheg+PYTHIA8  
+ PHOTOS for QED FSR 
+ 1-D K-factor 
   taking into account 
     EWcorr(SANC) 
     QCDcorr(DYNNLO) 

fit 

QED FSR: treated as part  
of folding into data phase-space 
 
Template shapes: 
 -> no QED IFI  
 -> no EW box correction  (s,cosq)  

EW corrections to A4j : 
    EW genuine and lineshape , estimated with wtEW 

         using Improved Born Approximation and Dizet form-factors 
    QED ISR (not yet) 
    QED IFI  (not yet, negligible?) 

DYTURBO 
 + EWcorr: form-
factors (DIZET) 
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ATLAS ZAi:  EW corrections to A4  

Step A: 
A4 calculated using PowhegZj MC. Adding 
term dV to vector couplings allows to derive 
A4(sin2q 

eff) dependency.  
 
    1) EW weights with form-factors from   
         Dizet library 
    2) EW weights with effective Born-like  
          couplings 
 daEW, dbEW calculated assuming linear 

relation for sin2qeff
LEP ± 100 10-5 

 
Step B:       
A4, a, b  calculated using DYTURBO with 
sin2qW = 0.23152 ± 100 10-5 and Born ME 
 
 daEW, dbEW  derived in step (A) applied as 

shift to a, b in step (B)  
       nominal 



In nutshell 
– KKMC : Monte Carlo, complete O(a2), soft resummation 

for QED ISR, FSR, IFI 

– ZFITTER, TOPAZO: integrators, complete  O(a),      
including  IFI,  combined with „QED radiatior” functions  
for ISR, FSR 

– Why rather crude QED treatement in ZFITTER/TOPAZO  
worked for LEP 1?:  
• Suppressed hard photons in ISR due to resonance structure of 

the Z boson. The „QED-radiator” function was sufficient. 

• Suppressed IFI because of GZ/MZ ratio around the Z-peak. 

    Kinishite-Lee-Naunberg theorem for FSR.  
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QED corrections: LEP legacy 



Precision: calculations are not done order-by-order 
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QED corrections: LEP legacy 
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Residual QED corrections: LEP EWPO’s 



QED IFI: (arXiv:hep-ph/9907547) 
– 0.02% corrections to cross-section 

shad at the Z peak 
– 0.15 MeV for the Z mass shift at MZ 
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QED corrections: LEP legacy 

• Suppressed by  the GZ/MZ  factor , does not contain mass logarithms. 
Additional factor 10 of suppression comes from partial cancellation  
of contributions from different quark flavours  

• Codes used at LHC should reproduce LEP benchmarks around Z-pole  

QED Initial-final state Interference (IFI) 

hep-ph/9907547 



• The remaining theoretical uncertainties were estimated  to be 
4 MeV on mW and 0.000049 on sin2qeff

lep.  We can use this 
estimate @ Z-pole. 

• The parametric uncertainties were dominated by Dahad(MZ
2).    

The uncertainty of ±0.00035 caused  an error of ±0.00013 on 
sin2qeff

lep.  
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Theoretical and parametric uncertainties 

ALDO+ SLD + Tevatron,  arXiv:1012.2367 

• We are using the same code for calculating EW genuine 
corrections. We can use this estimate. 

     Theoretical uncertainties (EW, @Z-pole):  5 10-5 
• The parametric uncertanties should be updated for better 

precision on Dahad(MZ
2) and mt. 

 
 
 

ATLAS: 
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Re-discovered impact  of Dahad
(5)(MZ

2)  
arXiv:hep-ex/0112021 

Recent measurements: 
  
arXiv: 1706.09436 
       Dahad

(5)(MZ) = 0.02753 ± 0.00009 
 
arXiv: 1711.06089 
        Dahad

(5)(MZ) = 0.02774 ± 0.00016 
                           = 0.02752 ± 0.00012 
arXiv: 1802.02995 
      Dahad

(5)(MZ)  = 0.02761 ± 0.00011 

±0.00036 on Dahad
(5)(MZ

2)  ->  ±0.00013 on sin2qeff  
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Re-discovered impact  of Dahad
(5)(MZ

2)  
Dominant uncertainty for LEP sin2qeff measurements 

Dizet 6.21, 6.44,  both  version have implemented old parametrisations: 
    Eidelman&Jegerlehner (95) 
    Burkhard&Pietrzyk (95) 

used by LEP EW WG 
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aQED(s) and sin2qW(s) 
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Impact  of Dahad
(5)(MZ

2)  
Dizet 6.21, 6.42 NEW parametrisation 
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Impact  of AMT= 4  > AMT=6 

 AMT4=4: Subleading two-loop corrections and                 
re-summation recipe  (best option Dizet 6.21) 

 AMT4=6: Complete two-loop corrections to MW  
and fermionic two-loop corrections to sin2qeff

lep 

      (best option in Dizet 6.42) 

Updated to  Dizet 6.42, which comes with more complete two-loop corrections 
NEW 
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Parametric uncertainties 

Parametric uncertainties:    4 10-5  [35 10-6  (from  Dahad ) and 16 10-6 ( from mt)]  

At Z-pole: 
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EW schemes:  LEP and  LHC paradigms 

LEP 
• EW scheme: „on-mass-schell” regularisation; input: (a(0), GF, MZ), the 

most precisely known quantities:  
               Da/a ~ 3.6 10-9;   DGF/GF ~8.6 10-6;   DMZ/MZ ~ 2.4 10-5 
• TH precision @Z-pole:  4 MeV on mW; 5 10-5 on  sin2qeff 

• Parametric precision on sin2qeff :  4 10-5 (dominated by Dahad ) 
• Used and develloped still today: GFitter,  FCCee preparation.  
 
LHC 
• EW scheme: „pole-mass” regularisation; input: (GF, MZ, MW) 
         DGF/GF ~8.6 10-6; DMZ/MZ ~ 2.4 10-5;  DMW/MW ~ 1.9  10-4  
• Relations to EWPO’s: not established. 
• EW corrections complete at EW NLO, only some  at EW NLO+HO 
• TH precision @Z-pole: not established. 
• Parametric precision:  ±15 MeV on MW  -> 30 10-5 on sin2qW 



• Conclude on question asked at some meetings 
if „sin2qeff

lep” measured at LEP and LHC are the 
same physics quantities.   

• Explore more LEP legacy benchmarks @Z-pole.  

– Eg. to confirm consistency of  LHC estimates for IFI.  

• Concise and conclude on theory and parametric 
uncertainties between „LEP EW scheme” and 
„LHC EW scheme”    
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My „shoping list” 



Extra slides 
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Genuine EW and lineshape corrections 

28 

Gauge-invariant set of diagrams.  
For IBA approach calculated form-factor corrections to couplings, 
propagators and masses. 

Zff and g ff vertices  Bosonic self-energies 

WW, ZZ boxes  Fermionic self-energies (shown only WW diagrams) 
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Zfitter  is a semi-analytical program for calculating  total cross-sections and   
pseudo-observables  (eg. Afb, sin2qW

eff), used by LEP1, and to a lesser  
degree by LEP2.  
DIZET is a library for calculating form-factors and some other corrections. Provides complete 
EW O(a) weak-loop corrections supplemented with selected higher order terms (eg. vacum 
polarisation, aQED(Q2) ). 
For analyses at LEP1, LEP2  used aways in parallel with MC generators (KoralZ, KoralW)  eg. to 
evaluate systematics of simplified cuts used in analysis integration.  

From Zfitter/Dizet documentation 

Vacuum polarisation 
corrections 

one loop 
amplitude 

D. Bardin et al. 
arXiv:9908433 
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LEP legacy: from Zfitter/Dizet documentation 

30 
etc. etc.  

BOX 
Fermionic loops in g propagator 

interference 

Orsay W/Z worshop, 6.02.2019 
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Predicting DA4(sin2qeff) 

Formulas used for this plot, varied dV 



• LEP legacy: input ( a(0), Gm, MZ )    
– Inputs are very precisely measured physics quantities 

– MZ, MW are on-shell masses 

– Genuine EW and lineshape corrections in form of 
(multiplicative)  form-factors to LO couplings   

 

• LHC paradigm: input (Gm, MZ, MW).  
– MZ, MW are pole-masses or complex masses. 

– Most of universal corrections absorbed into lowest-order 
couplings 

– Higher-order corrections redefine couplings in non-
multiplicative manner  
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EW schemes  

S. Dittmaier, M. Huber 
arXiv:0911.2329 

D. Bardin et al. 
arXiv:9908433 


