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Electromagnetic / Hadronic Physics Issues in Proton Radius Measurements

• Inconsistency between/within
form factor and spectroscopy data

• Radiative corrections/Two-photon
exchange

• All current measurements with
negative polarity leptons

0.8 0.82 0.84 0.86 0.88 0.9

MUSE (future)

Brandt (2022)
Grinin (2020)
Xiong (2019)
Bezignov (2019)
Alarćon (2019)
Mihovilovič (2019)
Sick (2018)
Fleurbaey (2018)
Beyer (2017)
Antognini (2013)
CODATA’10 (2012)
Zhan (2011)
Pohl (2010)
Bernauer (2010)
CODATA’06 (2008)

rp [fm]

0.95

0.96

0.97

0.98

0.99

1

1.01

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08

G
E
/G

st
d.

di
po

le

Q2 (GeV)2

PRad data
PRad fit
Mainz data
Mainz fit
Mainz fit uncertainty
Mainz fit, forced rp = 0.841 fm
Arrington 07
Alarcón 19, rp = 0.841 fm
MUSE data uncertainty on GE

Projected MUSE uncertainty

2 / 4



Precise measurement of cross sections and first high precision measurement of µp scattering
for Q2 relevant to resolve puzzles

e±, µ±, π±; Pbeam: 115, 161, 210 MeV; θ: 20-100◦; Q2: 0.0016-0.08 GeV2

• Simultaneous elastic ep and µp
scattering → test lepton universality

• Both lepton charge polarities → direct
test, cancellation of two photon exchange

• Low energy πp scattering important for
χPT , search for σ(π+p)/σ(π−p)
resonances

• PSI only facility world-wide suitable for
these measurements

• Substantial progress, multi-year effort
remaining
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The MUSE Collaboration

Approximately 70 Collaborators, past and present, from four countries, supported by
countless PSI staff!
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