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Proton radius measurements

Spectroscopy of 
hydrogen-like atom

Elastic scattering of 
proton-lepton

Lamb shift
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Rich data
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0.84 fm Nucleon form factors

Radius data taken from 
A. Antognini et al. Annual Review of Nuclear and Particle Science 72 389(2022) 
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Nucleon electromagnetic form factors
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Dispersive parameterization of NFFs
 Dispersion relation

 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.        scattering).
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Spectral Function of DR NFFs 
● Spectral Decomposition
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Theoretical constraints
 Normalizations--4

 Neutron charge radius--1

 Superconvergence relations from pQCD--6
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Data basis

Number of data points: 1792
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NFFs from best fits
 Spectral ingredients in the best fit

isoscalar
isovector
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Proton radius
 Our determination
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Zemach radius and third Zemach moment

● Zemach radius

● third Zemach moment
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      spectroscopy observables

Red bands taken from 
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Recoil–finite-size correction to 1S-HFS
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Recoil–finite-size correction to 1S-HFS
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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 HFS.
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Recent determinations
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