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Proton radius measurements

Spectroscopy of Elastic scattering of
hydrogen-like atom proton-lepton
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Nucleon electromagnetic form factors
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FF's are real below t; and complex above it.



Dispersive parameterization of NFFs

* Dispersion relation
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°* Many advantages

= Unitarity and Analyticity guaranteed,
*~ Works in the whole t-region,

= pQCD constraints on asymptotic behavior of NFFs can be added
consistently,

=~ Connects to data from various processes (e.g. 7]V scattering).



Spectral Function of DR NFFs

* Spectral Decomposition
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Theoretical constraints

* Normalizations--4
FY(0)=1,F"(0) =0, F5(0) = rp, F5'(0) = kn .
* Neutron charge radius--1 A. A Filin, ef al. PhysRevLett124, 082501(2020)

(r2) = —0.10570 005 fm”

* Superconvergence relations from pQCD--6

/ Im Fi(t) t"dt =0, i=1,2
to

withn = Ofor Fy, n = 0, 1 for F5



Data basis

Region Observables = Source |t| GeV? number
MAMI = 0.00384-0.977 1422
do [ dS)
PRad  0.000215-0.058 71
G /G, TLab 1.18-8.49 16
Spacelike(t < 0)  ,, G /GT. world 1.58-3.41 4
GL world 0.14-3.41 29
M world 0.071-10.0 49
Gy world 3.52-20.25 153
|Gl world 3.53-9.49 32
Timelike(t > 0) ——
\G"-/G";| = BaBar 3.52-9.0 6
do /dS) BESIII 3.52-3.80 10

Number of data points: 1792
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NFFs from best fits

* Spectral ingredients in the best fit
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Proton radius

®* Our determination

rh = 0.84010 5030005 fm, 78, = 0.849
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Zemach radius and third Zemach moment

Lin et al 2022, ep}
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pH spectroscopy observables

AEps = 206.0336(15) — 5.2275(10)(r?),, + 0.0347(r>) (5

AEnps = 22.9843(30) — 0.1621(10)r,
A. Antognini, et al. AnnalsPhys, 331 127(2013)
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Red bands taken from A. Antognini, et al. Science, 339 417(2013) "



Recoil—finite-size correction to 1S-HEFS

EglFS = Erp + AEqep + AE?

+ (1.01558(13) +0.99807(13) Al
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Recoil—finite-size correction to 1S-HEFS
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H
AR = (837.6T 1 (T571) x 107% = (837.6775) x 107% = (837.677;) ppm
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Summary

* NFFs is extracted from the latest experimental data over the full range of
momentum transfer by using dispersion theory for the first time.

= Spacelike data 0.000215-0.977 GeV"2
= Timelike data 3.52-20.25 GeV"2

° DR analysis on NFFs data provide robust and consistent proton radius
over decades, agrees with the small one.

* The obtained NFFs lead to a significant reduction on the theoretical
uncertainties of recoil-finite-size correction to HES.

AR — (837.6728) ppm
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Recent determinations

ep scattering MAMI e

u pspectroscopy CREMA ¢

All ep scattering data, no MAMI e
u pspectroscopy CREMA |
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