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At fixed collider energy /s, lower-energy two pion pairs can be studied
via initial-state radiation:
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At fixed collider energy /s, lower-energy two pion pairs can be studied
via initial-state radiation:
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e'e —mT ﬂify’ M7'2r7r = (pﬂ'+ + Pr— )2 <s

The measured differential cross section relates to the pion production
cross section:

d T
ZM;TW’Y = H(Sa M72r7r) 0-71'+7T_(M721'7T)7

where H(s, M2_) is the radiator function.
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At fixed collider energy /s, lower-energy two pion pairs can be studied
via initial-state radiation:

+

e'e — 7T+7T7’Ya M7'2r7r = (pﬂ'+ + Pr— )2 <s

The measured differential cross section relates to the pion production
cross section:

d T
ZM;TW’Y = H(Sv M72r7r) 0-71'+7T_(M721'7T)7

where H(s, M2_) is the radiator function.

A precise theoretical treatment of radiative corrections is required to
extract the pion form factor at the sub-percent level. J
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LL resummation

Approximate calculation of
soft-virtual corrections to any order.
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LL resummation

Approximate calculation of
soft-virtual corrections to any order.

Exact calculation up to O(«) w.r.t.
the born scattering amplitude.

@ Virtual corrections
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@ Real corrections

I saw



BabaYaga@NLO

The perturbative accuracy INFN

<@ UNIVERSITA
&85 ) bl pavia

LL resummation

Approximate calculation of
soft-virtual corrections to any order.

Exact calculation up to O(«) w.r.t.
the born scattering amplitude.

@ Virtual corrections

o S o=

@ Real corrections

I saw



BabaYaga@NLO

The perturbative accuracy INFN (@)oo

LL resummation
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The Pion internal structure

The standard way which
respects IR cancellation is g} = } x Fr (M2;)
FxsQED: (@3
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To include the pion form factor into loop integration:
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(a) KLOEI Large-Angle (LA) (b) KLOE Il Small-Angle (SA)

V5 =1.02 GeV V5 =1.02 GeV

50° < 0F < 130° 50° < 0F < 130°

p¥ >90 MeV Vv pT > 160 MeV pE >90 MeV vV pf > 160 MeV

50° < 0, < 130° A E, > 20 MeV 05 < 15° V 65 > 165°

0.1 GeV? < M2y < 0.85 GeV? 0.35 GeV? < M2y < 0.95 GeV?

(c) BES Il (d)B

Vs =4 GeV Vs =10 GeV

[cos6F| < 0.93 A pE > 300 MeV 0.65 rad < % < 2.75 rad A pt > 1 GeV
[lcos6,] <0.8 A Ey > 25 MeV] 0.6 rad < 0, <2.7rad A E, >3 GeV
Vv [0.86 < |cosf,| <0.92 A E, > 50 MeV] 05 < 0.3 rad

3ly: E, > 400 MeV Mxx, > 8 GeV
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@ Multiple photon contributions are in general important for radiative return

experiments.
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Summary and Outlook

@ Multiple photon contributions are in general important for radiative return
experiments.

@ GVMD structure dependent corrections can be of the same order of HO
radiative corrections.

o An independent study of a subset of GVMD corrections has appeared
recently in arxiv:2603.13171.

@ This is part of a common effort (arxiv:2410.22882) to reduce and to
better estimate theoretical uncertainties using precision MC generators:
AfkQED,BabaYaga®@NLO, KKMC, MCGPJ, McMule, Phokhara and Sherpa.
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Summary and Outlook

@ Multiple photon contributions are in general important for radiative return
experiments.

@ GVMD structure dependent corrections can be of the same order of HO
radiative corrections.

o An independent study of a subset of GVMD corrections has appeared
recently in arxiv:2603.13171.

@ This is part of a common effort (arxiv:2410.22882) to reduce and to
better estimate theoretical uncertainties using precision MC generators:
AfkQED,BabaYaga®@NLO, KKMC, MCGPJ, McMule, Phokhara and Sherpa.

o Future developments

o Complete w7y with FsSQED.
o eey at NLOPS accuracy.
o Extension to other hadronic channels (K*K™...)
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