PRad experiment demonstrates the power of the calorimetric

technique in measuring the proton charage radius.

A Novel calorimeter based electron scattering W. Xiong et al., Nature, 575, 147 (2019)
experiment carried out at JLab in 2016.

/1
J 1

Antognini 2013 (uH spect.) 4 : ® i CODATA-2014 (ep scatt.)
Pohl 2010 (uH spect.) bl S CODATA-2014 (H spect.)
Beyer 2017 (H spect.) j ®

) 1 Fleurbaey 2018 (H spect.)

— Bernauer 2010 (ep scatt.)

This work (ep scatt.) r—f—

o

Q2 range of 104 — 6x10-2 GeV?= T

| | | I | ] | | ] | | ] ] | | | |
covered in a single setting 0.78 0.8 0.82 0.84 0.86 . 0.88 0.9 0.92
(lowest Q2 for ep experiments) Proton charge radius r | [fm]

it

Critical input to the recent revision of the CODATA recommendation for the proton charge radius.

In direct conflict with all modern electron scattering data: ~3c smaller than the 2010 Mainz result.

An as yet unresolved controversy in hadronic physics.
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PRad-ll — push the precision frontier in electron scattering

experiments

Will use upgraded PRad apparatus
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Address the direct conflict with modern electron scattering data

Explore possible difference between muonic hydrogen and ep scattering and evaluate
the consistency of systematic uncertainties of muonic hydrogen spectroscopy.

Will enable a new program of high precision measurements using the PRad method
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Search for X17 and 3 - 60 MeV hidden sector particles with the PRad

setup.
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The PRad appratus will be used to measure the neutral pion

space-like transition form factor.
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Will provide first experimental constrain on hadronic light-by-light scattering — the largest
uncertainty in the SM prediction for muon g-2
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A deuteron radius (DRad) program using the PRad method

IS being developed.
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Will address the “deuteron radius puzzle” — the large discrepancy between
results from muonic deuterium and regular deuterium spectroscopy.
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Excellent, training and future opportunities for a number of early career scientists.

This extensive, high precision & high scientific impact

program — such as, proton charge radius, X17 search,

contribution of light-by-light scattering on muon g-2 —
based on an existing high resolution calorimeter
should be an integral part of the long range plan.



