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The Proton Radius Puzzle

- Originally arose from the 70 discrepancy between muonic hydrogen measurements and electron measurements.
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The Proton Radius Puzzle

- Originally arose from the 70 discrepancy between muonic hydrogen measurements and electron measurements.
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The Proton Radius Puzzle
- Originally arose from the 70 discrepancy between muonic hydrogen measurements and electron measurements.

- This led to possibility of interesting new physics: lepton universality violation? new forces? hadronic structure?
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The Proton Radius Puzzle

- Originally arose from the 70 discrepancy between muonic hydrogen measurements and electron measurements.
- This led to possibility of interesting new physics: lepton universality violation? new forces? hadronic structure?

- Most recent results point to a smaller radius, but there remain issues in the data, questions about the radiative
corrections, and a lack of understanding about what might be wrong with earlier results
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The Proton Radius Puzzle
- Originally arose from the 70 discrepancy between muonic hydrogen measurements and electron measurements.
- This led to possibility of interesting new physics: lepton universality violation? new forces? hadronic structure?

- Most recent results point to a smaller radius, but there remain issues in the data, questions about the radiative
corrections, and a lack of understanding about what might be wrong with earlier results
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Lepton Universality
- Standard Model assumes that all leptons have the same interactions (aside from trivial mass effects)
- Violation of lepton universality would be an important clue to new physics:

- LHCDb results show 3.10 deviation in the branching ratio of B - KTete  vs. Bt - K u*u~

- Muon g-2 shows 4.20 deviation to the anomalous magnetic moment predicted by the standard model

- MUSE will directly compare form factors determined by ep and pp scattering, a more general lepton universality test

than just the charge radius
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surements by the BaBar [113] and Belle [114] collaborations, which combine B* — K1¢*¢~ and 9
B® — KQ¢1¢~ decays, are also shown. au x10 -1165900
LHCDb collaboration, Test of Lepton Universality The Muon g - 2 Collaboration, Measurement of the Positive Muon

in beauty-quark decays, arXiv:2103.11769 Anomalous Magnetic Moment to 0.46 ppm, arXiv: 2104.03281




The Proton Radius Puzzle

- More new data are needed to understand the puzzle

- In need of high precision data for pyp scattering

- Good to have more ep scattering data to compare results

re(fm)
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ep

0.877 +/- 0.007
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up
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*Original motivation of MUSE in 2012
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The Proton Radius Puzzle
- MUSE will directly compare ep and pp scattering results at sub-percent level precision

- MUSE will test the two photon exchange contribution by comparing measurements of both polarities

ro(fm) ep HP

Spectroscopy 0.877 +/- 0.007 0.841 +/- 0.0004

Scattering 0.875 +/- 0.006

*Original motivation of MUSE in 2012
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Two Photon Exchange
- Extractions of form factors and the radius might be affected by higher-order Feynman diagrams

- TPE can be measured by comparing the elastic scattering cross section of + vs - beam polarities

- Recent data shows R,, = 0,+,/0,-, is within a few percent of unity, but these percent level effects can

D
change the slope of the form factor and affect the radius extraction

- MUSE will directly test TPE in ep and pp scattering at low Q2 in the range of € from 0.26 - 0.94
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The MUon proton Scattering Experiment
Quantity Coverage - Located at the Paul Scherrer Institut in Villigen, Switzerland

Beam momenta 115, 160, 210 MeV/c - Uses the PIM1 beamline: secondary beam with e+, y+- and

Scattering angle 20 - 100 degrees /- at 3.3 MHz beam flux
Q2 range for e 0.0016 - 0.0820 (GeV/c)?

Q2 range for p 0.0016 - 0.0799 (GeV/c)?

> MUSE at PiM1 §
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MUSE Detectors
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MUSE Detectors
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MUSE Detectors
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MUSE Detectors

Timing and PID for scattered

particles, trigger
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MUSE Detectors

Scattered Particle
Scintillator (SPS)
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Full View of the Experiment
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Current plan and schedule
- We will start production data in September - December 2021

- Further plan includes 6 months of data taking in 2022 and 3 months in 2023

Publications:
- E. O. Cohen et al., Development of a scintillating-fiber beam detector for the MUSE experiment, NIM A
https://doi.org/10.1016/j.nima.2016.01.044

- P. Roy et. al., A Liquid Hydrogen Target for the MUSE Experiment at PSI, NIM A
https://doi.org/10.1016/j.nima.2020.164801

- T. Rostomyan et al., Timing Detectors with SiPM read-out for the MUSE Experiment at PSI, NIM A
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- (In press) E.Cline, J Bernauer, E.J. Downie, R. Gilman, MUSE: The MUon Scattering Experiment, SciPost Physics
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MUSE Collaborators:

/2 collaborators from 25 institutions in 5 countries:
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