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in this letter, we present a new ab initio method to study the nuclear size evolution in very neutron-rich n=32 isotones across the mid-shell, z=20. it is based on a
combination of a number of key ingredients: (1) a modified jj4b interaction of a realistic hamiltonian, (2) state-of-the-art shell-model calculations, and (3) a new
method to obtain the single-particle wave functions with known accuracy. the new jj4b interaction, in particular, provides a correct description of the n=32 shell

structure, which was missing in the previous jjj4 interaction. the detailed calculations, including the new shell-model calculations, show that the first n=32
nucleus k=31 is predicted to be at the mid-shell on the z=20 line, with a new magicity at the n=32 shell, where k=32 nuclei become stable. the predicted k=32
band is also in agreement with the recently discovered k=32 band in k=31 nuclei, which is confirmed by the new shell-model calculation. this k=32 band is the

first n=32 shell-model band beyond the mid-shell, and the first stable k=32 band on the z=20 line. the results provide important information for the study of the
shape evolution of very neutron-rich nuclei. after many years of research, advanced supercomputers and theory developments, the relation between atomic

structure and charge radii has been established through the so-called'magic lines'. these are identified for charge radii, and the magic numbers that correspond
to the magic lines are known to very high accuracy. the magic line concept was initially introduced by talmi 15 and broglia 16 , and since then, it has been

extended by the treaty of the chemical elements, which states that all nuclei exhibit shell closures at these magic numbers, and that all nuclei beyond these
magic numbers exhibit deformations, ranging from very weak to very strong deformations. for this reason, magic numbers are called deformation-induced shell

closures. the existence of magic lines is a direct consequence of the nuclear shell model. indeed, the shell model predicts that two nucleons from a spherical
nucleus cannot be rearranged in a single-particle shell below the fermi level. [2] in addition, the shell model predicts that the fermi level for an even-even nucleus
is always at the middle of an even-even proton and neutron shell. similarly, for odd-odd nuclei, the fermi level is at the middle of an odd-odd proton and neutron
shell. as a result, the nuclei that are closer to the magic numbers exhibit larger deformations. consequently, the magic lines correspond to regions of maximum

deformation for each isotopic chain. in the neutron-rich side of the isotopic chains, magic lines have been observed experimentally in n=50, 82, 126 and 184
(refs. 5, 12, 13, 14 ).
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the charge radii exhibit a large dependence on nuclear deformation, and can therefore be described for specific deformation ranges. the magic lines are
identified by a sudden increase in the charge radius just above the corresponding magic number. the absolute value of the charge radius at the magic line is

called the magic radius, which is expected to scale with nuclear mass as a1/3. the magic radius was first predicted by talmi 15 and broglia 16 through the study
of the deformation energy of some even-even, even-odd, odd-even and odd-odd nuclei. this was later verified by experiment [3] . the magic radii were also

predicted for odd-odd nuclei by talmi, [4] but to a lesser extent. ab initio nuclear methods using realistic hamiltonians with nucleonnucleon and three-nucleon
potentials have been used to study the evolution of the nuclear charge radii of exotic isotopes with large neutron-to-proton imbalance. the most successful are
the nuclear density functional theory (dft) and the relativistic mean field theory (rmft). in both methods, the one-body density is used to construct a nucleus-

dependent density functional. the rmft method uses a dirac-hartree-fock single-particle basis, constructed from an energy-dependent single-particle basis. it has
been shown that the rmft method is able to reproduce the experimental charge radii of n=32 isotopes of calcium and tin with very good accuracy. it is thus a

natural choice for the study of the evolution of the nuclear charge radii of n=32 isotopes with mass number z=19. the rmft can also be used in conjunction with
dft, in which case the relativistic correction to the nuclear potential is included in the lagrangian. the relativistic correction to the potential in rmft has been shown

to have little effect on the binding energy of nuclei with neutron number n=32 and z=20. it is thus possible to use the rmft relativistic correction for the
calculation of charge radii of nuclei with n=32 and z=19. however, the proton-magic tin and lead isotopes cannot be treated in the same way as the proton-magic
calcium isotopes. the rmft with a proton-dependent potential is not able to reproduce the experimental data for proton-magic tin and lead isotopes. this is due to
the fact that, due to the isospin symmetry breaking, the nucleus-dependent potential is unable to generate a proton-proton attraction that is of the same order as
the proton-neutron interaction. in this case, the nucleus-dependent potential must be made proton-independent, in which case the finite-size correction will not

be important. 5ec8ef588b
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