
• Predictions for DA4 (EW)  with experimental 
binning. TauSpinner + Dizet 6.45 

• Factorizing QCD from EW corrections. 

• Draft v05 status 

Divers topics on EW virtual corrections 
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Status of the YR draft  (v04) 
Recently updated 



• Experimental binning 
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The DA4(EW) in the full phase-space 

Should start at 50 GeV, but I have no events below 60 GeV 

mll =   60-66 GeV 76-86 GeV 96-106 GeV 



• EW NLO+HO vs Effective Born v0 
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The DA4(EW) in the full phase-space 

mll =   60-66 GeV 76-86 GeV 96-106 GeV 



• EW NLO+HO vs Effective Born v0 
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The DA4(EW) in the full phase-space 

mll =   60-66 GeV 76-86 GeV 96-106 GeV 

EW NLO+HO, a(0) scheme 

dv =  ±0.00050 

+dv 
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The A4 in the full phase-space 

Powheg+MiNLO events with EW NLO+HO corrections  (TauSpinner + Dizet 6.45) 

DP, DM correspond to DA4 due to dV = ±0.00050 

mll = 86-96 GeV 
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The A4 in the full phase-space 

Powheg+MiNLO events with Effective EW Born corrections  (TauSpinner) 

DP, DM correspond to DA4 due to dV = ±0.00050 



E. Richter-Was, IF JU LHC EWWG meeting, 27.03.2020 8 

The A4 in the full phase-space 

EW NLO+HO -  Effective Born   (TauSpinner + Dizet 6.45) 

DA4 due to dV = +0.00050 



Factorizing QCD: Reweighting technique 
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Reweighting possible because of Drell-Yan  factorisation properties, 
Mirkes et al. arXiv:9406381.  
Method  follows  technique developed  for TauSpinner program  (for LHC!),  
arXiv:1201.0117; 1802.05459 
Define per event electroweak weight  wtEW  = sBorn/sBorn

 

x1, x2, cosq* (symmetrised) 
calculated using 4-momenta 
of outgoing leptons; 
asymmetry in sign of cosq* 
from average over PDFs  

Allows to reweight  MC event generated with any  EW LO scheme to  
• Improved Born Approximation including:  

– EW loop corrections to propagators  
– EW loop corrections to vector couplings without boxes 
– EW Loop corrections with boxes 

• Effective Born with LEP with improved norm. parametrisation 

new old 



• Polar and azimuthal angle  are defined in the rest-frame of 
outgoing leptons. But how? 
1) Collins-Soper frame: used for Ais 8 TeV measurement.  All Ais non-

zero at high pT. 
2) Mustraal frame: proven in 80’s (F.A.Berends at al. Comp. Phys. 

Com 29(1983) 185) that  for qqbar->Z->ll and single spin-1 emission 
in initial state (gluon or photon) matrix element can be presented 
as weighted sum of Borns. Addapted (ERW&ZW, Eur. Phys. J C76 
(2016) 473) to pp case and added definition of azimuthal angle. 
Only A4 non-zero at high pT. 

3) cosq* frame:  used in precision calculations for LEP to minimise 
some higher order corrections to optimal observables (eg. 
asymmetries).  

• Any of those frames can be used for Ais definition  or calculating  
wtsw2, wtEWloop . For now, for measurement we use (1) and for 
calculating weights we use (3). 

Different  rest frames (reminder) 

LHC EWWG meeting, 27.03.2020 10 



Ai
’s in different rest frames 
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Black: Collins-Soper frame 
Red: Mustraal frame  

ERW & Z. Was 
arXiv:1605.05450 

A0 

A2 

A4 

MC events generated with  Powheg+MiNLO  Zj  (NLO) 
 
In Mustraal frame,  NLO QCD event has „Born-like” 
angular correlations of leptons from Z decay. 
Preferred  frame to factorise EW and QCD 
corrections. Remaining  Ai’s close to zero.  



How sensitive is Afb to rest frame used 
for calculating wtEW 
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dAfb
frame = 20 10-5 

Shift in predicted Afb(MZ )  by    20  10-5    →  D sin2qw
eff  = ~ 10 10-5 

We can take it as proxy for systematics uncertainties from QCD corrections.  

Should fall into same category as PDFs uncertainties.  



• Started preparing Tables with binned DA4 (EW) 
– Quantify difference between EW NLO+HO corrections  and Effective Born 

– Next step will be to compare with those presented by Aleko. 

     Not straighforward, because I don’t have 13 TeV samples generated  

     consistently with setup of CMS pseudodata.   

 

• To which extend we can factorise EW and QCD corrections 

 

• Draft v05 status 
– No comments nor contributions received! 
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Summary 



SPARES slides 
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For now we took pragmatic approach: use defaults of each code: 
 

– Powheg_ew and MCSANC: pole-mass and fixed width propagator 
• Not clear to me if implementation includes NZ modification to couplings (?) 
• If yes, how it is share between ga, gf couplings, does it affect sin2weff 

interpretation (?) 
• If not included, does it count for „missing HO corrections” (?) 

 

– wtEW : calculated with on-shell masses and running width propagator,     
as it is standard used by Zfitter+Dizet 
 

We should keep it in mind, that  ones we reach precision of the 
comparisons which might be sensitive to the effect of c(s) 
implementation.  
 
It should be discussed as component of theoretical uncertainties of the 
predictions. 

Z-boson propagator 
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Z-boson propagator 
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Running width, on-shell  MZ, GZ 

  
Fixed width, on-shell  MZ, GZ 

Equivalent to  

Shifted MZ, GZ, no scaling NZ shifted MZ, GZ, scaled by NZ 



Z-boson propagator 
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used by LHC experiments 

used by Powheg_ew 

Reference:  LEP convention:  running width propagator, nominal MZ, GZ 

for Afb and around Z-pole 
very close to LEP convention  
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Virtual EW corrections 

MC events 
EW LO  

Gm: LO 

a(0) v1: LO 

a(0) v0: LO, NLO+HO 

Gm:         LO, NLO, NLO+HO                

a(0) v1: LO, NLO, NLO+HO 

a(0) v0: LO 

Powheg_ew: QCD LO 

wtEW 

MCSANC: QCD LO 

Gm:         LO, NLO, NLO+HO                

a(0) v1: LO, NLO, NLO+HO 

wtEW : TauSpinner + Dizet 6.45  

Arbitrary 
EW setup 

sin2
eff:  LO, NLO, NLO+HO               

sin2
eff:  LO 



EW schemes: benchmark input parameters  

19 

SM relation used to calculate EW LO parameters  for  different  schemes. On-shell mass.      
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LEP-legacy LHC-paradigm New scheme  



Pseudo-observables at Z-pole: benchmarks 
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„Best predictions” in each EW scheme, i.e. EW NLO+HO 

Dizet v6.45 

Experiments measure observables: cross-sections, asymmetries, distributions.   
We need predictions to interpret these measurements.   
For now, only TauSpinner + Dizet provides predictions for LEP-style pseudo-observables. 

Powgeh_ew  Powheg_ew, MCSANC 

??? 

??? 

??? 

??? 

??? 
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sin2
W

eff  at NLO in Gm scheme  

From S. Dittmaier 



Effective Born  
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Can we parametrise Effective Born to bring it closer to 
EW LO+HO Improved Born Approximation?   



Effective Born  
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Can we parametrise Effective Born to bring it closer to 
EW LO+HO Improved Born Approximation?   



Effective Born  
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Can we parametrise Effective Born to bring it closer to 
EW LO+HO Improved Born Approximation?   
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sin2qeff  scan for AFB and A4 

EW NLO+HO corrections vs „Effective Born v0” 
-  Shift in predicted Afb(MZ )  by    40  10-5    →  D sin2qw

eff  = ~ 20 10-5 
-  Different slope for Afb(sin2qW

eff(MZ)) 

D Afb (EW) nominal 



Ref: NLO+HO with a(0) scheme, Dizet 6.45 form-factors,  wtEW from TauSpinner 

s(EW)/s(LO)  „expected” for different EW schemes  
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EW LO sin2eff v2 

 EW NLO+HO  a(0) v0 

EW LO 

Using Dizet 6.45 form-factors and wtEW, 
table above presents expected size of  

EW corrections in different  EW schemes. 



Ref: NLO+HO with a(0) scheme, Dizet 6.45 form-factors,  wtEW from TauSpinner 

s(EW)/s(LO)  „expected” for different EW schemes  
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EW LO Gm 

 EW NLO+HO  a(0) v0 

EW LO 

Using Dizet 6.45 form-factors and wtEW, 
table above presents expected size of  

EW corrections in different  EW schemes. 



Ref: NLO+HO with a(0) scheme, Dizet 6.45 form-factors,  wtEW from TauSpinner 

D Afb(EW)  „expected” for different EW schemes  
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EW LO sin2eff v2 

 EW NLO+HO  a(0) v0 

EW LO 

Using Dizet 6.45 form-factors and wtEW, 
table above presents expected size of  

EW corrections in different  EW schemes. 



Ref: NLO+HO with a(0) scheme, Dizet 6.45 form-factors,  wtEW from TauSpinner 

D Afb(EW)  „expected” for different EW schemes  
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EW LO Gm 

 EW NLO+HO  a(0) v0 

EW LO 

Using Dizet 6.45 form-factors and wtEW, 
table above presents expected size of  

EW corrections in different  EW schemes. 



Electroweak Pseudo-Observables at LHC:  
the meeting point between data and theory 
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Electroweak Pseudo-Observables at LHC:  
the meeting point between data and theory 

31 E. Richter-Was, IF JU LHC EWWG meeting, 27.03.2020 

Observables:  
cross-sections and asymmetries (AFB, A4) , unfolded to truth level, in different  mll and y bins. 
 
 D sin2

eff
lep (scan) -> DA4(EW, QCD) predicted    <-> A4 (measured) -> fitted sin2

eff
lep (best) 

ATL-CONF-2018-037 



• This is not a „global fit”, but scan targeted to sensitivity to sin2qW
eff 

– One should therefore not impose EW LO relations for the scan, namely only sin2qW
eff 

should be varied and nothing else. Is this agreed by everyone? See arguments below. 

 

• What are options? 

– Change input parameter: mt, mW, Gm, recalculated EW corrections, find the „best 
matching”.  

• Cons: input parameters for scan outside measured values; it is indirect fit of that 
parameter  not of the sin2qW

eff 

– Change sin2qW
eff by adding  dv term, propagate to matrix element, find „best matching” 

• Cons: going beyond SM in arbitrary manner. 
 

• Compare scans between EW LO and EW NLO+HO.   

– Each calculation should precisely determine the difference in behaviour of asymmetry 
versus sin2qW

eff, since AFB/A4(sin2qW
eff)  is sensitive to EW corrections.  

sin2qeff  scan for AFB and A4 
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sin2qeff  scan for AFB and A4 
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EW corr. with a(0) scheme 

Varied mt, recalculated form-factors 

 Varied Gm, recalculated form-factors 

Varied  dV 

Varied ds2W 

  optME=1 

optME=3 
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sin2qeff  scan for AFB and A4 

EW NLO+HO corrections vs „Effective LEP” 
-  Shift in predicted Afb(MZ )  by    45  10-5    →  D sin2qw

eff  = ~ 20 10-5 
-  Different slope for Afb(sin2qW

eff(MZ)) 

D Afb (EW) 

EW NLO+HO 

nominal 



Recently updated 
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Status of the YR draft  (v03) 
Recently updated 



• New since  December 2019 
– Appendix from KKMC_hh on  QED ISR/IFI 
– Updated TauSpinner + Dizet 6.45 tables/plots 
– Final proposal for mass binning of calculations and how results could 

be tabulated 

• Expected soon: 
– Updates from MCSANC, Powheg_ew:  

• tables, plots, inputs 
• write-up  for Appendices 

– Feedback on the content/layout of the draft 

• Not settled yet:  
– What is the level of agreement in predictions from different codes 

and EW schemes. 
– Theory and parametric uncertainties of different EW schemes. 
– Discussion on how to scan  sin2qW

eff 
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Status of the YR draft  (v03) 
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LEP legacy: QED (radiative) corrections 
NOT discussed here.   
QED FSR can be simulated by PHOTOS (exponentiated multi-photon 
emission) implemented as after-burner step on already generated event.  

Real emission + pairs creation  Vertex corrections  

gg and gZ box diagrams  It is QED gauge-invariant set of diagrams 
(D. Bardin, hep-ph/9908433) 
which can be factorised  out and/or 
convoluted with QCD corrections.   
 
Calculated with fixed value of aQED  
aQED  = 1./137.0359895 
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LEP legacy: Genuine EW and lineshape corrections 

38 

Also gauge-invariant set of diagrams.  Calculated as form-
factor corrections to couplings, propagators and masses.   
Eg. running aQED(s),  aQED(MZ) = 1./128.86674175 
 

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 

40 
etc. etc.  

BOX 
Fermionic loops in g propagator 

interference 

LHC EWWG meeting, 27.03.2020 



EW form-factors , functions of (s,t)=(mll, cosq) 

Calculated with Dizet 6.21 library.  

Constructing wtEW: EW Improved Born (IBA) 
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Vacuum polarisation corrections, used low-
energy  experiment input. 
Warning: problem for analytic continuation. LHC EWWG meeting, 27.03.2020 

ERW and Z.Was,  
arXiv: 1808.08616 



 

EW schemes: details 
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EW schemes: come with „on-shell” or „pole” definitions! 

Shift: 
  -30  MeV for MZ 

 change on GZ 

  -0.00006 for s2w 
Scaling 
   0.99906 for a 

Runing GZ  in 
Z-propagator 

Fixed  GZ  in 
Z-propagator 
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Form of the Z-boson propagator 

• Discussed since fall last year, problem in nutshell 
– LEP1 legacy (Dizet+Zfitter,  experiments):  

• use running width in the Born propagator 

• form-factors calculated  with pole-mass/fixed width  (internally 
converted), applied to Born with on-shell mass/running width 

• see references: hep-ex/0509008, hep-ph/9908433 

– LEP2, LHC standard  
• use complex-mass scheme,  pole masses, fixed width propagator 

– Zfitter+Dizet v6.42, v6.45, FCCee standard 
• stayed with LEP1 convention 

 

Is that a concern for sin2qeff measurement at LHC ?  
 



Z-boson propagator 
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Topic discused in Fulvio’s talks at EW meetings on  13.03, 7.05 and 1.07 

How to model „resonance” 
Is the Breit-Wigner form good enough? 

But the propagator in ME 
is of the form 
 



Z-boson propagator 
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Topic discused in Fuvio talks at EW meetings on  13.03, 7.05 and 1.07 

!!! 



Z-boson propagator 
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Mathematically formulas for c(s) are equivalent,  ones MZ, GZ, NZ are 
properly implemented. 
At the Z-pole both formulas should lead to same calculated cross-section. 

Running width 

Fixed width 

Equivalent to  
running width 



Z-boson propagator 
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Running width, on-shell  MZ, GZ 

  
Fixed width, on-shell  MZ, GZ 

Equivalent to  

Shifted MZ, GZ, no scaling NZ shifted MZ, GZ, scaled by NZ 



Z-boson propagator 
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Cross-section ratios DAfb 

EW LO 

EW NLO+HO 



Z-boson propagator 
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