Precise calculations for the Muon Anomalous Magnetic
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The anomalous magnetic moment of the muon, a,, = (g — 2),/2, is a sensitive probe of the Standard Model of particle physics and a possible window to New Physics. Presently, the data-driven dispersive predictions for
a,, significantly disagree with the experimental world average. These calculations are based on the optical theorem and make use of the measurements of the hadron production cross sections in electron-positron
annihilation at low energies. In this context, the process of pion pair production is the dominant channel. We present precise predictions for the processes ete™ — 777~ and eTe™ — w7~ v that have been recently
implemented in the Parton Shower (PS) event generator BabaYaga and will be crucial for new measurements and data re-analysis.

The Muon Anomalous Magnhetic Moment

The Muon anomaly
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The current status of the theory—experiment comparison is the fol-
lowing:
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The dominant contribution to the theoretical uncertainty comes from
the HVP-LO
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Dispersive approach

Lattice QCD

The dispersive approach is a data-driven formulation where
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The pion form factor, defined as

Vector Pion Form Factor
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Is extracted from data, showing tensions between different experi-
ments.
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Precision calculation

Fixed order calculation

The acronym Next-to-Leading Order (NLO) stands for the exact calcula-
fion of the scattering amplitude at O («) w.r.t. the lowest order Feynman
diagram (LO). Namely we have to consider exactly the emission of one
(real or virtual) photon

and the total cross section will be the sum of o9, and o9_y(,, 1 1) defined
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Resummation techniques

In a realistic process, multiple photon emission can happen. This can be
taken into account by resummation techniques, like the PS. We define
the Sudakov Form Factor, that represent the probability of non-emission,
namely to emit photon with energy smaller then e4/s/2
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where P(z) is the Altarelli-Parisi splitting function. The latter takes into
account approximately Soft-Virtual emissions to all orders, namely
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Matching PS and NLO

In order to achieve exact O(«) accuracy and consistently exploit the re-
summation provided by the PS, the master formula is given by

NLO®PS accuracy
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Energy scan

The energy scan method determines the pion form factor by varying the
accelerator’s center-of-mass energy. By measuring the ete™ — nn™
cross section as a function of v/'s/, Fix(s') can be directly extracted.

Inclusion of the Pion Form Factor

The main technical challenge lies in integrating the pion form factor over
the loop momentum in the calculation of the NLO amplitude. The latter
Is Implemented in two different ways
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Numerical results

To obtain realistic numerical results, we apply event selection criteria
inspired by the kinematic cuts used in CMD-3.
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The charge asymmetry serves as a test of the approach for describing
F and is defined as
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Radiative return

At fixed collider energy +/s, lower-energy pion pairs can be studied
via initial-state radiation:
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The measured differential cross section relates to the pion production

Cross section:
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where H(s, M2_) is the calculable radiator function.
The pion form factor is included in the virtual calculation as follows
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Numerical results for the M, differential distribution are given in the
following figure in four different experimental scenarios with different
levels of accuracy.
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Existing Monte Carlo generators for radiative return, such as
Phokhara, are limited to NLO precision; to fill this gap, we have im-
plemented radiative processes at NLOPS accuracy in BabaYaga@NLO,
improving the description of multiple photon radiation effects.
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