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The MUonE experiment proposes a novel approach to determine the hadronic contribution to the
muon anomalous magnetic moment, by measuring the running of the QED coupling through the
analysis of elastic scattering events. The experiment will be carried out at CERN North Area, by
scattering the high intensity 160 GeV muon beam available on a low-Z target. The detector would
have 40 stations comprising a low-Z target followed by a tracking system, which can measure the
scattering angles with high precision; further downstream lies an electromagnetic calorimeter and
a muon detector. To validate the basic concepts, a run was performed in 2023 with two stations
followed by a calorimeter. This showed, for the first time, the ability of the detector to measure
elastic events with high rate 160 GeV muons of 40 MHz and is considered a milestone to proceed
with a Technical Proposal of the experiment. The results from the test run will be presented.
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1. The MUonE experiment and Test Run 2023
MUonE [1, 2] is proposing an innovative method to measure the hadronic contribution to the

muon 6−2, which is the main source of uncertainty for the Standard Model prediction. The new
method is based on the extraction of the hadronic component of the QED coupling from the shape of
the `+4− → `+4− differential cross section. The elastic interactions will be observed by colliding
the 160 GeV M2 muon beam available at CERN off a low-Z target, followed by a tracking system
composed of six Si strip sensors with a lever arm of 1 m. The final apparatus, foreseen after the Long
Shutdown 3, will be composed of 40 (target + tracking station) units, followed by an electromagnetic
calorimeter (ECAL) and a muon ID system. A spectrometer will be placed before the first station to
measure the beam momentum. Further details on the status of the experiment can be found in [3].

A three weeks Test Run was performed in Summer 2023 at the M2 beam line to validate the
basic concepts of this proposal. The detector was composed of two tracking stations followed by
an ECAL. Graphite targets of 2 cm and 3 cm thickness were alternatively installed between the two
tracking stations, which were instrumented with prototype 2S modules, Si strip detectors developed
for the CMS Outer Tracker Phase-2 upgrade [4]. The ECAL was a 5 × 5 matrix of PbWO4 crystals
with 22 cm length, covering an area of 14 × 14 cm2.

2. Preliminary results from the Test Run 2023
The angular resolution of the tracking stations is evaluated by selecting a sample of single

passing muons, reconstructed separately in the two stations. The difference between the tracks
polar angles in the two stations, Δ\ = \1 − \2, depends on the intrinsic resolution of the stations,
the multiple scattering effects and residual misalignments. Figure 1 shows the Gaussian width of
the Δ\ distribution as a function of the track polar angle in the first station, measured relative to
the average beam direction. The error bars represent the statistical uncertainty. Results for runs
without target, and with a 2 or 3 cm target are displayed. Variations within 5% are visible for
the three configurations. The average results are reported in Table 1, where the uncertainties are
dominated by residual misalignments. The latter have been estimated by the variations of the Δ\
distribution as a function of the tracks polar angle and position. The angular resolution of a tracking
station for beam muons can be estimated from the run without target, resulting in (28.3± 1.6) µrad.
This value is dominated by the 2S modules intrinsic resolution, and includes multiple scattering
effects in the Si sensors. Multiple scattering effects of the target can be evaluated by quadratic
subtraction of the Gaussian widths with and without target. Uncertainties are again dominated by
residual misalignments. Results are shown in Table 2, and are in good agreement with the expected
Gaussian approximation of multiple scattering through small angles [5] for 160 GeV muons.

The vertex resolution can be estimated from a sample of events with one track in the first station
and two tracks in the second station within geometrical acceptance, [0.2, 32] mrad, representing
candidate elastic events. Fig. 2 shows the vertex position along the beam axis for runs with 2 and
3 cm targets. A clear peak is visible at the target location, as well as smaller peaks representing
elastic events occurred in the Si sensors. The vertex resolution has been determined by fitting the
target peak with the convolution between a Gaussian and a box distribution, whose width was fixed
to the target thickness. The peak location is displaced by 0.5 cm between the two runs, as expected,
and the resulting resolution is ∼ 8 mm.
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The analysis of Test Run data is progressing to assess precisely the detector performance and
optimize the reconstruction algorithms, with the ultimate goal of providing a first measurement of
the leptonic running of the QED coupling.
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Figure 1: Gaussian width of the Δ\ distri-
bution as a function of the tracks polar an-
gle. Results for runs without target (green),
andwith 2 cm (blue) or 3 cm (red) target [2].

target fΔ\ [µrad]
3 cm 48.9 ± 2.1
2 cm 46.8 ± 2.1

no target 40.0 ± 2.2

Table 1: Average results for the Gaussian width of the Δ\
distribution for the three runs analyzed [2].

target fMS(target) [µrad] f
expected
MS (target) [µrad]

3 cm 28.1 ± 0.6 28.2
2 cm 24.3 ± 1.4 22.6

Table 2: Measured target multiple scattering effects and
comparison with the expectations for the two targets used in
the Test Run [2].
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Figure 2: Vertex position along the beam axis for runs
with 2 cm (blue) or 3 cm (red). Adapted from [2].
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