
Nuclear Charge Radii of 10,11B

Impact 
• Atomic spectroscopy largely improves the 

experimental precision from electron scattering
• Perform most accurate QED mass-shift calculations 

for five-electron systems
• The charge radii are evaluated by folding in the 

proton and neutron intrinsic radii along with the 
relativistic Darwin-Foldy term; spin-orbit corrections 
were found to be negligible

• Benchmark the no-core shell model and the Green’s 
function Monte Carlo approaches, test and validate 
nuclear Hamiltonians and currents

• The experiment and nuclear theory results all agree 
that 11B has the smaller charge radius, although the 
theoretical values are systematically above the 
experiment by about one standard deviation.  

Accomplishments  
• Bernhard Maaß et al., Phys. Rev. Lett. 122, 

182501 (2019)

Objectives 
• Perform a multidisciplinary study of boron nuclei 

involving atomic physicists and nuclear theorists
• Measure the difference of charge of 10B and 11B radii 

with high precision using atomic spectroscopy
• Combine high-accuracy QED mass-shift calculations 

and ab-initio nuclear theory calculations of the 
nuclear charge radius

Nuclear charge radii as obtained in GFMC and NCSM nuclear 
structure calculations compared with the old experimental 
value from electron scattering data, and the new difference 
band established by the atomic physics experiment. 
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FIG. 3. Nuclear charge radii as obtained from various nuclear struc-
ture calculations. Results from no-core shell model calculations with
different nuclear potentials are plotted as squares. The result from
a Green’s function Monte Carlo calculation is depicted as a triangle.
For comparison, experimental data from an electron scattering exper-
iment [36] is plotted as a circle. The letters refer to the explanation
in the text and Tab. SI in the supplemental material. Our experimen-
tal determination of δ⟨r2c⟩ restricts the charge radii to lie along the
dotted line within the grey uncertainty band.

tal value for δ⟨r2c ⟩ within uncertainties. Absolute values of
the radii vary with different interactions, which is partly cor-
related to a variation of the ground-state energies of the two
isotopes; for the NCSM calculations with interaction (a) both
isotopes are overbound by about 4 MeV compared to experi-
ment, while for interactions (b,c,d) they are all underbound by
about 4 MeV. For GFMC the ground-state energies are repro-
duced by construction and tweaking the 3N potential to match
the experimental binding energies.

In summary, the value obtained from high precision laser
spectroscopy and novel atomic theory calculations for the 5e−

system show good agreement with ab initio nuclear structure
calculations. The advances made in all three fields of physics
open the window to explore a wider area of light nuclei to be
investigated with high precision experiments that will provide
valuable benchmarks for understanding and refining our nu-
clear models.
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