
NLO QCD  
in POWHEG-BOX-ew

Clara Del Pio 
with Mauro Chiesa and Fulvio Piccinini 
EWWG 27-11-2024



C. Del Pio

From previous meeting of 8 September 2024

2

Work to be done since last meeting: 

• Tables with higher statistics 

• Tables with factorised QCD+QED combination 

• Scale variations with higher statistics

*

* the best with our computation power
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Code inputs and definitions
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• 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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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 - additive combination

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

QED : [AFB (NLO QED) − AFB (LO)]/10−2

A4 = 8/3 ⋅ AFB
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QED and QCD corrections - additive combination
A4 = 8/3 ⋅ AFB

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

QED : [AFB (NLO QED) − AFB (LO)]/10−2

* the best with our computation power
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QED and QCD corrections - additive combination
A4 = 4 < cos θ >

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

QED : [A4 (NLO QED) − A4 (LO)]/10−2
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QED and QCD corrections - factorised combination

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

additive

factorised

additive

factorised

A4 = 8/3 ⋅ AFB

A4 = 4 < cos θ >
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Scale variations at NLO QCD

Cross section Asymmetry
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“Envelope” of scale variations
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Scale variations at NLO QCD+QED

Cross section 
factorised method

Cross section 
additive method

Hp. QED corrections 
do not depend on μF

Bulk due to QED
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Scale variations at NLO QCD+QED

Asymmetry 
factorised method

Asymmetry 
additive method

Hp. QED corrections 
do not depend on μF −0.006
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