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Proton Radius Puzzle

Discrepancy between radius measured
by electrons and muons
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Proton Radius Puzzle
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Update on scattering experiments
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Update on scattering experiments
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MUSE — Accessing further physics

Lepton-universality
= Simultaneous electron and muon scattering experiment

= Comparison gives direct test of lepton non-universality

Radiative Corrections
=" Muons have a mass approximately 200 times that of an electron
= Radiative effects are much smaller

= Comparing these results can provide a greater understanding of these effects

Two Photon Exchange
= Both polarities provide access to explore two-photon contributions

W. Xiong and C. Peng, 'Proton Electric Charge Radius from Lepton Scattering,”’ Universe 9, no.4, 182
(2023), d0i:10.3390/universe9040182, [arXiv:2302.13818 [nucl-ex]].
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MUE MUon Scatterm Expenment at PS\

The world’s most powerful low-energy separated p beam
=Simultaneous, separated beam of (r,e’,w’) or (rt*,e*,u*) on liquid H, target

“Beam momentum of 100 — 500 MeV available gives a broad low Q?range



M1 MUSE Beamline

. =Secondary beams of m,e,u produced at M-target with
asuis 590 MeV protons
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MUSE Experiment — Beam Particle Separation

I, e, beam particles separated by RF

RF of all planes, p = 160 MeV/c
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MUSE Experiment — Reaction ldentification

Outgoing beta of particles identified as muons, p = +115 MeV/c
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Muon scattering events

p =+115 MeV/c, Left: Reconstructed Z vertex, Right: Reconstructed angle
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Muon decay events

p =+115 MeV/c, Left: Reconstructed Z vertex, Right: Reconstructed angle
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Normalized Counts
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Vertex Reconstruction
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Anticipated results
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Status of MUSE

Currently taking data
= ~5 months beamtime allocation received this year
= 2 years data taking left

Ongoing:

=Extracting preliminary, blinded cross sections with good agreement to simulation within
blinding

Future:

=Calibrations and alignment
=Simulations (radiative corrections, digitization, trigger)

=Systematic errors
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Conclusion

*Proton radius puzzle still unsolved

"Large variety of scattering experiments, e and

*MUSE will play a crucial role in the proton radius puzzle

=" MUSE will expand our understanding in other areas
= Lepton universality
= Radiative corrections
= Two photon exchange
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