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While consistent results for the charge radius of the proton have been extracted from elastic
electron-scattering data and through the spectroscopy of atomic hydrogen, high-precision studies
of muonic hydrogen found notably smaller values for the charge radius. This so-called proton-
radius puzzle raises questions ranging from experimental and methodological issues to physics
beyond the standard model. The puzzle certainly calls for new measurements. The MUon proton
Scattering Experiment (MUSE) at the Paul Scherrer Institute (PSI) will provide elastic scattering
data off the proton with electron and muon beams of positive and negative charge in a four-
momentum-transfer range from 0.002 to 0.08 GeV?/c?. Each of the four sets of data will allow
the extraction of the proton charge radius; in combination, the data test possible differences of the
electron and muon interactions and additionally two-photon exchange effects. The experiment is

presently being commissioned at PSI. An overview of the experiment will be presented.
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Recent high-precision measurements of the Lamb shift in the muonic hydrogen atom [1, 2] ob-
tained a significantly smaller value of the proton charge radius compared to values based on, both,
electronic hydrogen spectroscopy and on electron scattering [3]. In the scattering experiment the

radius is found from the slope of the electric form factor, rf, = —6h? ng /d 0? where Q7 is

2—()°
the four-momentum-transfer to the proton. A recent review article [4] discusses rr’gmyosuggested so-
lutions to the puzzle. First, there may be problems with the experiment, including underestimation
of uncertainties, difficulties in fitting the slope of the electric form factor for the radius extraction
in case of scattering experiments, or issues in QED calculations in the analysis of spectroscopy
data. Second, novel hadronic physics may be important for ttp but not for ep systems. Finally, the
discrepancy may be an indication of the violation of (/e universality and hint at physics beyond
the standard model. Several ideas have been ruled out, and none have gained universal acceptance.

Since then, several pieces of the puzzle are coming together: New hydrogen spectroscopy
measurements have been obtained, but with conflicting results, supporting the case for both, a
smaller [5] and larger [6] proton charge radius. New electron scattering experiments will improve
on the precision of the form factor extraction and reach lower values of Q?, e.g., the proton radius
(PRad) experiment at JLab Hall B [7] or the Initial State Radiation (ISR) experiment at MAMI
[8]. What is missing, however, are high-precision scattering data with muons. This void is filled
with the Muon Scattering Experiment (MUSE) [9] at the Paul Scherrer Institute (PSI). This unique
experiment is the only one, which will directly compare ep and up in an elastic scattering experi-
ment. The MUSE experiment will measure e*p and p* p elastic-scattering cross sections in a Q>
range between 0.002 and 0.08 GeV?/c? in overlapping kinematic settings with beam momenta of
115, 153, and 210 MeV/c. Measurements with both charges for the lepton allow for studies of
possible two-photon exchange mechanisms. The use of both e and y beams provides for a direct
test of lepton-type-dependent effects. In the absence of inelastic reactions off the proton, the de-
termination of the lepton scattering angle at a given beam momentum completely determines the
kinematics of the reaction. A magnetic spectrometer to measure the scattered particle momentum
is not needed. A schematic diagram of the setup is shown in Fig. 1. The low beam flux requires
large-acceptance detectors. Electrons, muons, and pions from the secondary 7M1 beam line are
timed relative to the radio-frequency of the accelerator and identified in the beam hodoscope. Elec-
trons and muons are then tracked with a set of GEM detectors into the liquid-hydrogen target inside
of the target chamber. The GEM detectors have achieved a position resolution of 70 um. A veto
detector in front of the target chamber reduces trigger rate from background tracks. The straw-tube
tracker provides high-resolution and high-efficiency tracking of the scattered particles from the
target. The high-resolution, < 60 ps, scattered-particle scintillators serve in the event trigger and
provide timing for the rejection of muon-decay background. The beam monitor, downstream of the
target, helps to measure beam properties and to suppress background from Mgller and Bhabha scat-
tering. Together with the beam hodoscope it also allows for a precise muon- and pion-momentum
determination using the time-of-flight technique.

The experiment aims for systematic uncertainties of the elastic cross sections below 0.5%. The
sensitivity to differences in the extracted proton radius from e and u scattering data is expected to
be +0.005 fm. A detailed discussion of the experiment is given in the MUSE Technical Design
Report [9]. The setup and the detectors are mostly commissioned and await production runs in
2019.
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Figure 1: Geant4-based schematic view of the detector setup for the MUSE experiment at the M1 beam-
line at the Paul Scherrer Institute including beam-line instrumentation and scattered particle detectors.
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