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Introduction

“The closer you look the more there is to see”
— Fred Jegerlehner
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Precision
SM tests

at present and future
ete- colliders

ete™ colliders are operating now and different
projects are expected in the future
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The muon g-2

The anomalous magnetic moment of the muon in the Standard Model
R. Aliberti et al.
Phys.Rept. 1143 (2025) 1-158

One of the most precise measurements in physics!
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The muon g-2 and Monte Carlo Generators

Radiative Corrections and Monte Carlo tools for low-energy hadronic
cross sections in e+e- collisions

R. Aliberti et al.

SciPost Phys.Comm.Rep. 9 (2025)

Hadronic Vacuum Polarisation

Non perturbative QCD correction
give most of the uncertainty

Lattice QCD
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The muon g-2 and Monte Carlo Generators

Radiative Corrections and Monte Carlo tools for low-energy hadronic
cross sections in e+e- collisions

R. Aliberti et al.

SciPost Phys.Comm.Rep. 9 (2025)
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Res \ Monte Carlo Generators
Analyse data with
ete- — hadrons high precision

Dispersive approach
Learn more in Marco's talk!

Hadronic Vacuum Polarisation

Non perturbative QCD correction
give most of the uncertainty

Lattice QCD



The pion form factor

Pion Pair production in e+e- annihilation at next-to-leading order matched to Parton shower
E. Budassi, C. M. Carloni Calame, M. Ghilardi, A. Gurgone, G. Montagna,
M. Moretti, O. Nicrosini, F. Piccinini, F.P.U., JHEP 05 (2025)

4, 0=—| —K@

HLO _ ¢ ro ds a(s) o(eTe~ — hadrons)
7 Jamy S 3 oletem = putuT)




The pion form factor

Pion Pair production in e+e- annihilation at next-to-leading order matched to Parton shower
E. Budassi, C. M. Carloni Calame, M. Ghilardi, A. Gurgone, G. Montagna,
M. Moretti, O. Nicrosini, F. Piccinini, F.P.U., JHEP 05 (2025)

4,

—K(s)

HLO _ ¢ ro ds a(s) o(eTe~ — hadrons)
- T Vg2 S 3 o(ete” - utu~)




The pion form factor

Pion Pair production in e+e- annihilation at next-to-leading order matched to Parton shower
E. Budassi, C. M. Carloni Calame, M. Ghilardi, A. Gurgone, G. Montagna,
M. Moretti, O. Nicrosini, F. Piccinini, F.P.U., JHEP 05 (2025)

a (% ds a(s) o(eTe” — hadrons
a}f“(’=—J ds o (a0 o )
7 a2 S 3 olete » utu-)
=
LL
40 -
0 |- | R
am?, m2p Vs [GeV]

0.77



The pion form factor

Pion Pair production in e+e- annihilation at next-to-leading order matched to Parton shower
E. Budassi, C. M. Carloni Calame, M. Ghilardi, A. Gurgone, G. Montagna,
M. Moretti, O. Nicrosini, F. Piccinini, F.P.U., JHEP 05 (2025)
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The pion form factor at NLO

Pion Pair production in e+e- annihilation at next-to-leading order matched to Parton shower
E. Budassi, C. M. Carloni Calame, M. Ghilardi, A. Gurgone, G. Montagna,
M. Moretti, O. Nicrosini, F. Piccinini, F.P.U., JHEP 05 (2025)
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The pion form factor at NLO

Pion Pair production in e+e- annihilation at next-to-leading order matched to Parton shower
E. Budassi, C. M. Carloni Calame, M. Ghilardi, A. Gurgone, G. Montagna,
M. Moretti, O. Nicrosini, F. Piccinini, F.P.U., JHEP 05 (2025)
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Numerical results

We studied the impact of Radiative corrections and of
the form factor approach in a typical scenario
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Charge asymmetry
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Cross section measurements

Luminosity converts
events Into cross sections
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Luminosity measurements
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Luminosity measurements
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Luminosity measurements
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Improving theory in SABS

Standard Model
Monte Carlo generators for radiative corrections
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New Physics contamination to precision luminosity measurements at future e+e- colliders
M. Chiesa, C. L. Del Pio, G. Montagna, O. Nicrosini, F. Piccinini, F.P.U.

Phys. Rev. D. 112 (2025) 1
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Light New Physics
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The pion form factor

The Pion FF is a key quantity to determine the (g — Z)ﬂ The FF has to be modelled due its non-perturbative nature
mo @ [ dsK a(s) o(ete~™ — hadrons)
a,u = — — (S) -~ =
2 )y S 3 olete = utu-)
g | Factorised sQED — The FF is attached to virtual
a ( ds amplitude as to cancel infrared divergences
) 2
~ — | —K()B2 | Fy(s) > f(s) ~ .
<) S
_ GVMD — A model based on the mixing of the
| | o | .~ photon with light resonances
In scan experiments, the PionFF is given by the ratio | . . A2
| r 1 r
4 BW, 2\ _ BW/ 2\ _ v
2 NJZ""]Z'_ bg 0£+e‘ ) ( T e+e‘) " Eoten b. F” (q ) o Z F”’V (q ) - Z Cy A2 — g2
‘Fn" T A ) 0 ) ~ ~ v=1 Ct v=1 V q
N, ete~ Ontn—" (1 5ﬂ+ﬂ‘) "€t

0.,+,- Radiative corrections are estimated via MC
-~ FSQED — Relies on the analytic properties of the

Also the acceptance has a MC dependence via the -~ . | . . |
FF, written via a dispersion relation
charge asymmetry |
2 o0 / /
o a [ 0344 — 5odd q ds’ ImF (s)
ARG = AR + Al = 0+ — | ——5- Fig*)=1+— —
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QED Structure functions

Master Formula

ED ted don(x;X,5)
Sose enton | 0(9) = deldxzdyldyzjdﬂmp 0)D(r,. QID(. QD (s, Q) —— =6 cuts
Convolution of SFs Hard-process

Cross section




QED Structure functions

DGLAP Equation

0>-2_py Q%—irﬁ (s")D (ﬁ Q2)
00?2 & 2 0 S S s

Structure Functions (FS) are solutions of the DGLAP equation

a [(° ds’ [

SV.V. V-V o J [(Q%, s)—TII(s’,m*) | dyP(y)d(x — y)
T ), \) J0

—~ALBLUALIN 4 ) bhotons

SF generate all the emissions in collinear approximation

51 )
Sudakov form factor

a [2ds [*
~ Jo

S1

Probability that the particle evolves from
virtuality §; to s, without emitting a photon

with energy fraction bigger thane = 1 — x,

Altarelli-Parisi splitting function (1 —x)E

1 + 72 E
P B

Splitting of a particle of energy E in a daughter
of energy xE




QED PS algorithm

The Parton Shower (PS) algorithm is a Monte Carlo
exact solution of the DGLAP equation

dops = (e, 07) Z o M| dD,
n=0
9 1—€
LL a 2 , a
EauIErs CR CIRA e, 0% =exp{ —— |  dzP() | dQI(k)
T 27 ),
Energy spectrum Angular spectrum Sudakov FF
Energy generated In the PS approach, you can generate The eikonal function I(k) is exponentiated, as it gives the
as the A-P splitting  the photon kinematics with p, # 0 same integral as of the PS kinematics

1 + 22 1(k) = Pi" Pj 2 a
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BabaYaga@NLO master formula

O(a)

Soft+virtual

Real

BabaYaga@NLO

1

donops = Fsyll(e, 0%) Z —

!
=0 n.

Exact NLO

virtual and real
corrections are exact

do

a

(1+C,) |4, dD,

W/ARY

LL PS

virtual and real emissions
are approximated

LL
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(1+ € | ,y)” do,

| A | dD

Matched PS

In BabaYaga@NLO, the PS is matched with
the NLO calculation via the correction factors
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M ’ M :

Fo =14 ‘ o ‘ I ‘ 1y exact Matrix Element
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Radiative return

Flavour factories can measure the Pion FF also by radiative return, i.e.
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Heavy New Physics

Leading Order
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Heavy New Physics: Results

The deviation is computed taking into A. Falkowski et al. arXiv:1706.03783

account correlations between WCs
C;  Ci£A(C)
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HL-LHC will not improve
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We do not make any flavour symmetry assumptions



Alternatie Scenarios

250 GeV run — ILC

For polarised beams A; » is not sensitive to all WCs.
We propose another polarisation asymmetry

Z peak runs — FCC-ee
We use the FB asymmetry as a function of 4 /s,

(0r—0p)®  (p+op)® | DAL, do(P,., P,-) — do(P,., — P,.)

icaf
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(0F + 0B)sm |

a

9

0
AFB N4

To fit the three WCs we can use three points

A7 (P, c0s0) =

Up-down asymmetry

dU(Pe+, Pe—) + dG(Pe+, — Pe—)
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We calculate the 68% CLs using
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