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from “conclusions” of talk at the MPP2023

? In the last ~20 years BabaYaga/BabaYaga@NLO has been developed for high-precision
luminometry at flavour factories

? It simulates QED processes
↪→ e+e− → e+e− (+nγ)

↪→ e+e− → µ+µ− (+nγ)

↪→ e+e− → γγ (+nγ)

with multiple-photon emission in a QED Parton Shower framework, matched with
exact NLO matrix elements

? A theoretical precision at the 0.5× 10−3 level is achieved (at least for Bhabha),
with a systematic comparison to independent calculations/codes and assessing the
size of missing higher-order corrections (part of the O(α2L) contributions)

? future improvements
? addition of pion final state
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Extension to di-pion final state

Prepared for submission to JHEP
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Abstract: The pion pair production in e+e− annihilation at flavour factories plays a cru-
cial role in the determination of the hadronic contribution to the muon anomalous magnetic
moment. The recent CMD-3 measurement of the pion form factor via energy scan displays
a significant difference with the previous experimental determinations. In order to con-
tribute to an improved theoretical description and simulation of energy scan experiments,
we present a calculation of the e+e− → π+π−(γ) hadronic channel at next-to-leading order
matched to a Parton Shower algorithm in QED and sQED. According to the recent ad-
vances in the literature, particular attention is paid to the treatment of the pion composite
structure in loop diagrams beyond the commonly used factorised sQED approach, as well
as to the modelling of multiple photon radiation through the Parton Shower algorithm. In
particular, we carry out a detailed discussion on the inclusion of the pion form factor in the
virtual sQED corrections according to two independent methods, inspired by the generalised
vector meson dominance model and the dispersive approach. We show phenomenological
results for inclusive and differential observables which are relevant for precision energy scan
measurements, focusing on the impact of the radiative corrections and the effect of the var-
ious approaches for the treatment of the pion form factor. Our calculation is implemented
in an updated version of the Monte Carlo event generator BabaYaga@NLO, that can be
used for fully exclusive simulations in data analysis.

Keywords: e+e− Experiments, Precision QED, NLO Corrections, Parton Shower

ar
X

iv
:2

40
9.

03
46

9v
1 

 [
he

p-
ph

] 
 5

 S
ep

 2
02

4 arXiv:2409.03469

• NLOPS in sQED
• pion form factor in three approaches

• F×sQED
• GVMD
• FsQED
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Extension to di-pion final state
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Extension to di-pion final state
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Extension to di-pion final state
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Plans for 2025

• NLOPS accuracy for radiative signatures
• e+e− → µ+µ−γ
• e+e− → e+e−γ
• e+e− → π+π−γ (with F×sQED)

• and possibly other interesting channels (e.g.: K+K−, K+K−γ)
• first preliminary NLO results for e+e− → µ+µ−γ and e+e− → e+e−γ

(KLOE-I event selection of arXiv:2410.22882)

e+e− → µ+µ−γ at NLO
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