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Muon anomalous magnetic moment

Particle interaction with a static magnetic field:

µ⃗ = g
( e

2m

)
S⃗, aµ =

g − 2
2

Muon anomalous magnetic moment:
• Precision benchmark of the Standard Model.
• High-sensitivity probe for physics beyond the
Standard Model.

• Current experimental average shows a 5σ discrepancy
with respect to the SM prediction.

aµ = aQEDµ + aEWµ + aQCDµ + aNPµ

Current status:

aµ(exp) = 116592059(22)× 10−11

[Phys. Rev. Let. 131 (2023) 161802]

aSM
µ = 116591810(43)× 10−11

[Phys. Rep. 887 (2020) 1]

Hadronic contribution to aµ cannot be calculated with
perturbative QCD, and contributes mostly to the error.

MUonE experiment:
• New method to reduce the uncertainty of the
hadronic contribution aQCD

µ .
• Based on a precise measurement of µe → µe
scattering angle.

• Increases the sensitivity of the aµ test to potential
New Physics.
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MUonE experimental setup & status

• Location: CERN SPS; 160 GeV muon beam

• Design: up to 40 modular tracking stations

• Station layout:
• low-Z target (Be or C) to minimize scattering,
• 6 tracking modules for precision angle measurements.

• Technology: CMS 2S silicon strip sensors with closely
spaced layer pairs.

• Precision:
• hit resolution: ∼ 10 µm,
• systematic control: 10 ppm.

[Letter of Intent SPSC-I-252 (2019)]

• Test Run 2022/2023:
• 3 stations + ECAL + Muon ID,
• 160 GeV muon beam,
• ∼ 108 elastic µe events collected,

• Test Run 2025:
• data will form the basis for the full-scale 40-station
proposal after LS3.
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Machine learning techniques for MUonE tracking

Conventional Event Reconstruction
• High computational overhead due to combinatorial scaling.
• Online reconstruction requirements for the final MUonE
configuration (trigger-level).

• High efficiency depends on precise and comprehensive
event processing.

• Pattern recognition is the primary bottleneck
in the reconstruction chain.

Graph Neural Networks (GNNs) for Pattern Recognition
• Superior flexibility compared to standard Deep Neural
Networks (DNNs).

• Single-step processing (low latency, ideal for real-time
triggers).

• Capable of track reconstruction despite missing hits.

[arXiv:2304.05293]

Network task: the model acts as an edge classifier,
assigning weights between 0 and 1:

• 1 indicates a true track fragment,
• 0 indicates a false connection.
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GNN based tracking for MUonE

Data Representation
• Setup: 3 tracking stations (xyuvxy configuration,

u and v – rotated) as in 2025 test run.
• Inputs: No 3D hits; 2D strips only
(x-z and y-z projections).

• Edges: Connected across consecutive layers;
network implicitly learns geometry and orientations.

Network Architecture (PyTorch Geometric)
• Framework: Message-Passing GNN.
• Node Network: 2-layer MLP (128 nodes/layer).
• Edge Network: 2-layer MLP (256 nodes/layer).
• Training: 500 epochs for full convergence.
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GNN-based pattern recognition

• Graph Construction: Hits as vertices; edges connect
adjacent layers. Orientation is learned implicitly.

• Training: Simulated MUonE data (80/20 split)
to classify true vs. false track fragments.

• Edge classification accuracy: ∼ 99.4%

• Particle identification: Extended GNN provides
simultaneous track reconstruction and muon/electron
identification with 12–14% muon / electron
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Summary:
• GNNs can provide fast and efficient pattern recognition for the MUonE trigger.
• The proposed approach achieves high efficiency without explicit detector orientation information.
• Future work will focus on optimization for high-performance trigger applications.
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Backup
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• Test Run 2018
• First complex proof of concept was performed downstream COMPASS.
• Beam rate – few kHz.
• Clean sample of elastic events was obtained.

• Test Run 2022 / 2023
• M2 muon beam in the CERN North Area.
• 160 GeV beam at 40 MHz;∼ 108 elastic events collected.
• Stations consisting of a thin graphite target and 6 CMS tracking layers.
• Goals: test DAQ, tracking/vertexing, FPGA processing, sensor
alignment.

• Test Run 2025
• 3 stations + ECAL + Muon ID (3-month run).
• BMS integration completed.
• Analysis campaign underway.

• Outlook: 2025 data will form the basis for the full-scale proposal
(40 stations) following LS3.

[G. Abbiendi et al 2021 JINST 16 P06005]
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