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Abstract: For over 15 years, the “Radiative Corrections and Monte Carlo Generators for Low
Energies” Working Group (Radio MonteCarLow WG) has been providing valuable support to the
development of radiative corrections and Monte Carlo generators for low energy positron-electron
data and tau-lepton decays. The Radio MonteCarLow WG held 20 meetings in which theorists and
experimentalists, experts working in the field of positron-electron physics and partly also from the
tau community, produced the higlhy-cited report “Quest for precision in hadronic cross sections at
low energy: Monte Carlo tools vs. experimental data”. Recently, parts of the program have been
included as a Joint Research Initiative in the group application of the European hadron physics
community, STRONG2020, to the European Union. A specific goal of the working group is to create
the annotated “PrecisionSM database” for low-energy hadronic cross sections in positron-electron
collisions. The database will contain information about the reliability of the data sets, their systematic
errors, and the treatment of Radiative Corrections. This proceeding reviews the results published by
the Radio MonteCarLow WG and describes the status of the PrecisionSM database.
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1 Introduction

The efforts of the Radio MonteCarLow Working Group (see http://www.lnf.infn.it/wg/sighad/)
have recently been revived. In 2021, the first results of the Muon 𝑔 − 2 experiment at Fermilab
confirmed the long-standing discrepancy between the experimental value of the muon anomalous
magnetic moment (𝑎𝜇) and the Standard Model prediction based on the dispersive data-driven
approach, bringing its significance to 4.2𝜎 [1, 2]. In 2021, using the lattice QCD approach, the
BMW collaboration presented a prediction of 𝑎𝐻𝑉𝑃

𝜇 which was in tension with the prediction from
the dispersive approach, and which stands 1.5𝜎 away from the experimental value [3]. The recent
measurement of the 𝑒+𝑒− → 𝜋+𝜋− cross section with the CMD-3 detector evaluated the hadronic
contribution to the muon anomalous magnetic moment that was significantly larger than the value
obtained from previous measurements [4], and hence it was less in tension with the experimental
measurement of 𝑎𝜇.

2 The Radio MonteCarLow WG activities

During 20 meetings from 2006 to 2019, the synergetic cooperation between experimentalists and
theorists of the Radio MonteCarLow WG focused on technical details and on the progress of radiative
corrections and Monte Carlo generators, and produced a final report divided in 5 sections [5]:
high-precision luminosity measurements at low energies meson factories; aspects of the direct 𝑅
measurement performed at 𝑒+𝑒− → ℎ𝑎𝑑𝑟𝑜𝑛𝑠 experiments with energy scans; Initial State Radiation;
𝜏-lepton physics; calculation of vacuum polarization with emphasis on the hadronic contributions.
The report contained overviews of experimental results and the status of Monte Carlo generators for
each section, as well as the achievements in hadronic cross section measurements and in 𝜏-lepton
physics, and finally it outlined the future prospects for the following years.

3 The annotated PrecisionSM database in the Strong2020 Project

The European Union Strong2020 Project (see http://www.strong-2020.eu/) recently incorporated
parts of the Radio MonteCarLow WG, with the aim of studying strong interactions by combining
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knowledge from many frontiers: high and low energy physics, instrumentation and research
infrastructures. Within this project, the PrecisionSM activity focuses on the hadronic contribution
to the anomalous magnetic moment of the muon: 𝑅 measurements, Radiative Corrections and
Monte Carlo generators for time-like and space-like processes (see the report in ref. [6]). One of the
goals is to compile an annotated database for low-energy hadronic cross sections in 𝑒+𝑒− collisions,
which involves several steps: we collect inputs from experiments published on InspireHEP; the
Point-of-Contact of a published experiment submits data (tables of cross sections and/or form factors
as a function of the energy) to the public repository HepData; a reviewer is appointed for cross
checks, to make sure there are no mistakes and that the data follows the HepData prescriptions; when
the data is validated, it is catalogued in the PrecisionSM database https://precision-sm.github.io/.
As shown in figure 1, we have catalogued 𝑒+𝑒− → 𝜋+𝜋− measurements, a particularly important
channel for the calculation of the Hadronic Vacuum Polarization diagram to the Muon 𝑔 − 2, and we
are in the process of reviewing other channels.

Figure 1. Screenshot of the table from the PrecisionSM website that lists all published measurements
in the 𝑒+𝑒− → 𝜋+𝜋− channel. The up-to-date version of the table is accessible from the following link:
https://precision-sm.github.io/2pi-db/.

Ultimately, users will be able to access responsive plots of hadronic cross sections and form
factors, like the ones that are currently present for a selection of channels. Some examples are
shown in figure 2: these tools allow users to toggle on/off different experiments or channels when
displaying the physics plots.

Figure 2. Example of responsive plots of hadronic measurements stored in HepData.
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4 Conclusions

The Radio MonteCarLow and the Strong2020 Working Groups have been facilitating the collaboration
between the experimental and theoretical groups with the goal of understanding the status of Monte
Carlo generators for low energy hadronic 𝑒+𝑒− processes. The PrecisionSM activity is contributing
with a database for low-energy hadronic cross sections with relevant information (e.g. Radiative
Corrections treatment and systematic errors). All these efforts have been recently revived by the new
high-precision measurement of the anomalous magnetic moment of the muon at Fermilab [7], and
by the measurement of the 𝑒+𝑒− → 𝜋+𝜋− cross section with the CMD-3 detector.
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