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At fixed collider energy /s, lower-energy two pion pairs can be studied
via initial-state radiation:

e+ei — 7T+7T7")/, M1'2r7r = (pﬂ'+ + Pr— )2 <s
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At fixed collider energy /s, lower-energy two pion pairs can be studied
via initial-state radiation:

+ +

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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The perturbative accuracy INFN (B o™

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

@ Virtual corrections

5= e

@ Real corrections

e
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LL resummation

Approximate calculation of Exact calculation up to O(«) w.r.t.
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NLOPS master formula
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The standard way which respects IR cancellation is F x sQED: FxsQED
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The standard way which respects IR cancellation is F x sQED: FxsQED
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To include the pion form factor into loop integration:
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The standard way which respects IR cancellation is F x sQED: FxsQED
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2025

@ Tuned NLO comparisons
Completed for both put =~
and w7~ channels.

@ Preliminary look at
NLOPS matching accuracy.

F. Piccinini, Tl 2025
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2025 Today
o Tuned NLO comparisons e Full NLOPS
Completed for both put = Achieved for utp=~ and
and 77~y channels. Ttr .
1 Year, GitHub ©

@ Preliminary look at

NLOPS matching accuracy. ® Beyond FxsQED for pions

e GVMD
e FsQED

F. Piccinini, T1 2025
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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

I san


https://arxiv.org/pdf/2410.22882

The Pion Form Factor

Scenarios of arxiv:2410.22882 inen ()

BabaYaga@NLO Phenomenology

(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

I san


https://arxiv.org/pdf/2410.22882

The Pion Form Factor BabaYaga@NLO Phenomenology

M[L,UJ Mmr B FXSQED

UNIVERSITA

DI PAVIA

donvo —doro donLops — doNLO
Knpo=——"7—— Kio = ———> N9
doro doro
KLOEI LA _ KLOEI LA
TR
5=
1073
107
02 L 050
z Z oo
iz 2025
0.0
01 R o5l |
2 2:))0 g 002
Z 0 1 iz |
~0.01 i 0.000
Il Il Il
0 ) 50 100 600 300
My, [MeV] M, [MeV]

I eans




The Pion Form Factor Baba ONLO Phenomenology

KLOEI LA

R(s") =

0.2
0.1

0.021

Kno

0.00

| | |
400 600 800
s’ [MeV]

e (@)

do(ete™ = ntry)/ds
do(ete” — ptpu—v)/ds’’




The Pion Form Factor BabaYaga@NLO

Phenomenology

M., 0_+ - Structure Dependent (INPN () B0ic™

do; — dorxsQED

K; = i = GVMD, FsQED

doF xsQED

KLOEI LA KLOEI LA

0.055F
F—— GVMD
FsQED

CrS

0.050F
0.045F

0.040F

1079

0.035F

0.030F

0.025F,
’ —— FxsQED

107 0.020F

0.015F

0.000F

— Kl - Kl 001

— oo g
Ko Kithen

0.00F
—0.01
pomb— K — KEEY K
) KEGD - K o f
T B3
= 0.000 17 (27" ISR) 51
oo™ 0.02f-- K ke ]
400 500 600 700 800 900 60 70 80 90 100 110 120 130

M, [MeV] 6+ [deg]




The Pion Form Factor

BabaYaga@NLO Phenomenology

Real-World Data Ana|ysis T% UNIVERSITA

DI PAVIA

Pion Form Factor at BESII| 7 o

Intermediate result

e — Status
2024: KKMC&AFKQED v i i
2026 samyagman0 ] | ¥, Selecton fxed
o v' MC calibrations evaluated
[ i~ S I * HLO: MC comparison
L V. i TR
T i
L - . ‘
HIMEIMI A T T i
L T T
IIVARNRENETNEANE
T
i

1
104
109,
102
101

099
098
097,
09|

e _


https://indico.phys.uconn.edu/event/3/contributions/130/attachments/82/116/Muon_g-2_general_workshop_2026.pdf

The Pion Form Factor BabaYaga@NLO Phenomenology

Summary and Outlook NN B%‘Xﬁi”’*

@ Multiple photon contributions reach the percent level across various key
observables in radiative return experiments.
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Summary and Outlook , ()

@ Multiple photon contributions reach the percent level across various key
observables in radiative return experiments.

@ Structure-dependent corrections are of the same order as higher-order
(HO) radiative effects:

o FSQED and GVMD results agree at the 10~ level, despite GVMD
theoretical limitations.
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Summary and Outlook , (&) e

@ Multiple photon contributions reach the percent level across various key
observables in radiative return experiments.

@ Structure-dependent corrections are of the same order as higher-order
(HO) radiative effects:
o FSQED and GVMD results agree at the 10~ level, despite GVMD
theoretical limitations.
@ Future Developments

o e"e "~y at NLOPS accuracy.
o Extension to other hadronic channels (K*K~,...).
o NNLOPS matching for ISC on eTe™ — ptu™ and ete™ — 7.
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