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THE PROTON RADIUS PUZZLE (2010)

Muonic and electronic measurements give different proton charge radii
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RECENT SITUATION
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DISAGREEMENT OF DIFFERENT DATA

1,5% disagreement between PRAD highest Q2 and Mainz form factor values
leads to 3,0% discrepancy in cross-sections. According to Domínguez,
Alarcón and Weiss dispersion + effective field theory calculations (radius is
treated as a free parameter): these discrepancy leads to ∼0,04 fm
divergence in extraction of the radius.
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THE MUON PROTON SCATTERING EXPERIMENT
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MUON SCATTERING EXPERIMENT MUSE

Direct comparison of ep and µp scatterings at sub-percent level
precision at 3 different beam momenta: 115 MeV/c, 160 MeV/c,

210 MeV/c in πM1 area at PSI:
1 Higher (similar) precision for muons (electrons) than previously

2 Low Q2 kinematics for sensitivity to the proton charge radius
3 Simultaneous cross-section measurements for e±p and µ±p elastic

scattering reactions

4 Independent and combined determination of charge form factor and
Proton Charge Radius in e±p and µ±p elastic scatterings tests lepton
universality

5 With µ+, µ− and e+, e− → study Two-Photon Exchange (TPE)
mechanisms

6 Tests of initial-state radiative corrections
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Data Analysis

DETECTOR SETUP
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MUSE TRIGGER
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ANALYSIS TRAJECTORY
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DATA BLINDING
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GEM AS INCIDENT-PARTICLE TRACKER
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VETO DETECTOR

Annular 4-element, with double PMT
read-out, VETO detector, surrounding
target entrance window

Eliminates upstream scattering and
beam decays, reduces trigger rate from
background events by ∼ 30%

σT ≤ 200 ps (1 ns); ϵ > 99.0%

Dr. Tigran Armand Rostomyan The MUSE experiment 12 / 26



Motivation / Introduction
MUSE Experiment

MUSE activities and outlook
Data Analysis

STT TRACKING
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VERTEX RECONSTRUCTION: CARBON
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VERTEX RECONSTRUCTION: LH2
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INCOMING PARTICLE IDENTIFICATION
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REACTION IDENTIFICATION
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REACTION IDENTIFICATION

Dr. Tigran Armand Rostomyan The MUSE experiment 20 / 26



Motivation / Introduction
MUSE Experiment

MUSE activities and outlook
Data Analysis

MUSE PSEUDO-DATA FOR CROSS SECTION RATIOS
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OUTLOOK
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THANK YOU FOR YOUR ATTENTION!

MUSE will be the first muon scattering measurement with the required
precision to address the Proton Radius Puzzle!

MUSE publications:
P. Roy et al., NIM A 949 (2020) 162874
T. Rostomyan et al., NIM A 986 (2021) 164801
E. Cline et al., SciPost Phys. Proc. 5, 023 (2021)
E. Cline et al., Physical Review C 105 (2022) 055201
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https://www.sciencedirect.com/science/article/abs/pii/S0168900219312963
https://www.sciencedirect.com/science/article/pii/S0168900220311980
https://scipost.org/SciPostPhysProc.5.023/pdf
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.105.055201?ft=1
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BACKUP SLIDES
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LIQUID HYDROGEN TARGET

280 ml LH2 target
Target T = 20.67 K, stable at σT = 0.01 K level
Density = 0.070 g/cm3, stable at 0.02% level
Safety review passed (PSI; Aug.2018)
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pe

E. Cline et al., Physical Review C 105 (2022) 055201
Characterization of µ and e beams in the PSI PiM1 channel:

Average momentum of particles passing through the channel agrees
with the central set momentum to within 0.03%

The positions of the different particle species were observed to be
consistent at roughly 2 mm level, indicating their momenta are
consistent to within approximately 0.02%

RF time measurements of particles propagating through the channel
showed approximately 0.1% agreement with the set momentum

Muon and electron beams have quite similar properties to the pion
beam and to each other: knowing pπ or pµ means we know pe quite
precisely
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