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The Pion Form Factor
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The energy scan

At an e+e− collider, the hadronic cross section can be measured directly
by varying the center-of-mass energy:

e+e− → π+π−,
√
s = variable

For each energy point, the pion production cross section is obtained from:

σπ+π−(s) =
Nπ+π−

L ε (1 + δrad)
,

where:

L is the integrated luminosity,

ε is the detection efficiency,

δrad accounts for radiative corrections.

By scanning different energies, the pion form factor can be measured
over a wide kinematic range.
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The radiative return

At fixed collider energy
√
s, lower-energy pion pairs can be studied via

initial-state radiation:

e+e− → π+π−γ, M2
ππ = (pπ+ + pπ−)2 < s

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

dσπ+π−γ

dMππ
= H(s,M2

ππ)σπ+π−(M2
ππ),

where H(s,M2
ππ) is the radiator function.

A precise theoretical treatment of radiative corrections is required to
extract the pion form factor at the sub-percent level, both in energy scan

and radiative return.
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The perturbative accuracy
NLO

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

Virtual corrections

×

Real corrections

×

LL resummation

Approximate calculation of
soft-virtual corrections to any order.

1

CLLα

(
CLLα

)2

2

NLO+LL (NLOPS) accuracy

dσNLOPS =
∞∑
n=1

exp {−CLL
α }FSV

1

n!

∣∣∣MX
n

∣∣∣2 dΦn({p}, {k}) .
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The Pion internal structure

The standard way which

respects IR cancellation is

F×sQED:

= × Fπ
(
M2
ππ

)

To include the pion form factor into loop integration:

GVMD FsQED

FBW
π (q2) =

nr∑
v=1

FBW
π,v (q2)

FBW
π,v (q2) =

cv

ct

Λ2
v

Λ2
v − q2

=
q

× FBW
π (q2)

Fπ(q
2) = 1−

q2

π

∫ ∞

4m2
π

ds′

s′
ImFπ(s′)

q2 − s′

1

π

∫ ∞

4m2
π

ds′

s′
ImFπ(s

′) = 1

Re(s)

Im(s)

4m2
π

Scan
2603.28621
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The charge asymmetry
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Subsets of GVMD corrections

9 of 19



The Pion Form Factor BabaYaga@NLO Phenomenology

The GVMD Form Factor
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Tuned comparison - F×sQED
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Internal checks - Soft limit
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KLOE-LA Mππ - F×sQED

KNLO =
dσNLO − dσLO

dσLO

KHO =
dσNLOPS − dσNLO

dσLO
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KLOE-LA Mππ, θπ+ - GVMD

KGVMD =
dσGVMD − dσF×sQED

dσF×sQED

FF = GVMD
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KLOE-LA Mππ, θπ+ - FsQED

PR
EL
IM
IN
A
RY
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KLOE-LA asymmetry
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BESIII Mππ - F×sQED
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BESIII Mππ, θπ+ - GVMD
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BESIII Mππ, θπ+ - FsQED
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Summary and Outlook

Multiple photon contributions are in general important for radiative return

experiment.

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

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

Future developments

ππγ with FsQED at NLOPS accuracy.
Extension to other hadronic channels (K+K−,KSKL, . . . )
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Thank you !
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Mππ
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θπ+
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θπ+
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