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This talk

2

• Recent results from Eur. Phys. J. C 84 (2024) 5, 539 

    most recent report on Z_ew-BMNNPV with comparison of different input schemes 

• Results including NLO QCD 
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Main features of POWHEG Z_ew-BMNNPV
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• Possibility to select among different EW input and renormalization schemes:  

                            

                             

• Different options for resonance treatment: complex-mass scheme, pole scheme, 
factorization scheme 

• Results for weak corrections are presented in the Z-peak region and high energy 
region (Sudakov regime)

(α0 / α(M2
Z) / Gμ, MW, MZ) (α, Gμ, MZ)

(α0 / α(M2
Z) / Gμ, s2

eff, MZ) (α(μ2), s2
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Comparison among input schemes
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Tuning (LEP inspired) I

Tuning from reference scheme 
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Tuning (LEP inspired) II

Higher orders in Born Improved Approximation with  and 
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Results of tuning
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Resonance treatment
Complex-mass scheme


Pole scheme


Factorization scheme
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+ Ñ(p2)

Argyres et al., Phys. Lett. B 358 no. 3-4, 339–346, 1995

Kurihara, Perret-Gallix, Shimizu, Phys. Lett. B 349 no. 3, 367–374, 1995 

S. Dittmaier and M. Krämer, Phys. Rev. D 65 no. 7, 2002

fP(p2) =
p2 − M2

P

p2 − μ2
P



C. Del Pio 9

Sudakov regime

Channel with d-quarks only: no PDFs dependence 
 no large unphysical distortions at high energies
→
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Sudakov regime
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Sudakov regime
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NLO QCD effects
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Code inputs and definitions

13C. Del PioUpdate on NLO QED results from POWHEG

• EW scheme:  

• CMS scheme 

•  

• PDF: MSTW2008nlo68cl (LHA 21100) 

• factorisation scheme:   
 

(α, MZ, MW)

s = 8 TeV

MS
μF = μR = Mℓℓ̄

* Automatically translated to 
pole values

*
*

*
*
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QED corrections

14C. Del PioUpdate on NLO QED results from POWHEG

From last General Meeting 
July 2024  

Overall agreement of the codes
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QED corrections

15C. Del PioUpdate on NLO QED results from POWHEG

From last General Meeting 
July 2024  

Overall agreement of the codes
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NLO QED and QCD corrections - how to combine them?

AQED+QCD
FB = (σF − σB)NLOQED + (σF − σB)NLOQCD − (σF − σB)LO

(σF + σB)NLOQED + (σF + σB)NLOQCD − (σF + σB)LO

1: additive method

σQED+QCD = σNLOQCD + σNLOQED − σLO = σLO (1 + δQCD + δQED)

2: factorized method

AQED+QCD
FB

σQED+QCD = σLO (1 + δQCD) (1 + δQED)

to be computed bin-by-bin from  - has more complicated expressiondσ/d cos θ
dσQED+QCD

d cos θ
=

dσNLOQCD

d cos θ (
dσNLOQED

d cos θ / dσLO

d cos θ )

Equivalent at NLO 
difference due to  terms𝒪(ααS)

starting point:
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QED and QCD corrections
μR = μF = Mℓℓ̄ A4 = 8/3 ⋅ AFB

NLOQCD + QED : [AFB (NLO QCD + QED) − AFB (NLO QCD)]/10−2

QED : [AFB (NLO QED) − AFB (LO)]/10−2

PRELIMINARY
Numbers obtained with additive method
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QED and QCD corrections
A4 = 4 < cos θ >μR = μF = Mℓℓ̄

NLOQCD + QED : [A4 (NLO QCD + QED) − A4 (NLO QCD)]/10−2

QED : [A4 (NLO QED) − A4 (LO)]/10−2

PRELIMINARY
Numbers obtained with additive method
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Scale variations at NLO QCD
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Scale variations at NLO QCD+QED
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Hp. QED corrections 
do not depend on μF

This bulk is due to 
NLO QED corrections: 
multi-photon emission


would reduce the 
effect
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Summary and roadmap

• Systematic study of different renormalization and input parameter schemes, as well as tuned 
realisations of some schemes, can be useful in our discussion on theoretical uncertainties


• Comparison of different schemes at high energy and effects of the Sudakov approximation 
for NC DY


• NLO QCD corrections with POWHEG and their combination with QED effects studied for  
and  together with preliminary exploration of scale variations


To be done:


• plots for asymmetry with QCD+QED combination (higher stat will probably be needed)


• quantification of the impact of using  or  at NLO QCD+QED to follow-up 
previous discussions

A4
AFB

μF = Mℓℓ̄ μF = Mℓℓ̄γ


