Global properties of atomic nuclei



How to probe nuclear size?
= Electron Scattering from nuclei

For low energies and under conditions where the electron does
not penetrate the nucleus, the electron scattering can be
described by the Rutherford formula. The Rutherford formula is
an analytic expression for the differential scattering cross
section, and for a projectile charge of ¢, it is
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As the energy of the electrons is raised enough to make them an effective nuclear probe, a
number of other effects become significant, and the scattering behavior diverges from the
Rutherford formula. The probing electrons are relativistic, they produce significant nuclear
recoil, and they interact via their magnetic moment as well as by their charge. When the

magnetic moment and recoil are taken into account, the expression is called the Mott cross
section.



A major period of investigation of nuclear size and structure occurred in the 1950's with
the work of Robert Hofstadter and others who compared their high energy electron
scattering results with the Mott cross section. The illustration below from Hofstadter's
work shows the divergence from the Mott cross section which indicates that the
electrons are penetrating the nucleus - departure from point-particle scattering is
evidence of the structure of the nucleus.
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The cross section from elastic electron scattering is:
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Calculated and measured densities
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Protons and neutrons aren’t point particles

charge distribution in the neutron charge distribution in the proton
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Proton size puzzle

Muon has a mass of 105.7 MeV, which is about 200 times that of the electron
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Pohl et al.



Aug. 2016: Pohl et al. (Science 353) determined the charge radius of the deuteron,
a nucleus consisting of a proton and a neutron, from the transition frequencies in
muonic deuterium. Mirroring the proton radius puzzle, the radius of the deuteron
was several standard deviations smaller than the value inferred from previous
spectroscopic measurements of electronic deuterium. This independent
discrepancy points to experimental or theoretical error or even to physics beyond
the standard model.
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|Isotope Shift

Laser trapping of exotic atoms.
RMP 85, 1383 (2013)

TABLE 1. Contributions to the electronic binding energy and
their orders of magnitude in atomic units. a, is the Bohr radius,
a = 1/137. For helium, the atomic number Z = 2, and the mass
ratio u/M ~ 1 X 107%. g, is the nuclear g factor. a, is the nuclear
dipole polarizability.
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