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Systematic Study on Ground State Properties of Nuclei

SU Xuedou!, QI Shengmei', LIU Xiao!, WANG Yanzhao®>31

(1. Department of Mathematics and Physics, Shijiazhuang Tiedao University, Shijiazhuang 050043, China;
2. Institute of Applied Physics, Shijiazhuang Tiedao University, Shijiazhuang 050043, China;
3. China Institute of Atomic Physics, Beijing 102413, China)

Abstract: The nuclear ground state properties of Ca, Ni, Sn and Pb isotopes, such as the binding energies, the
charge radii, are studied systematically by 4 sets of new Skyrme parametrizations SKC, SKD, SkOP1 and SkOP2
in the framework of the Skyrme-Hartree-Fock-Bogoliubov (SHFB) method. The new magic numbers of neutron-
rich Ca isotopes and the isotopic shift of Pb isotopes are discussed emphatically. By the comparisons between the
calculations and the experimental data and results from the SLy5 interaction parametrization, it is found that the
experimental binding energies can be reproduced accurately by all parametrizations. The calculated accuracies
of SKC, SKD SkOP1 and SkOP2 parametrizations are higher than the ones of SLy5 parametrization. For the
neutron-rich Ca nuclei, the shell effect of N=28 can be reproduced by the SKC and SKD parametrizations, but the
magic numbers at N=32 and 34 are not found by the calculations of all the parametrizations. For the charge radii,
the experimental evolution tendency of Ca isotopes and isotopic shift of Pb isotopes can not be reproduced by all
the parametrizations. In addition, all Skyrme parametrizations are extended to study the structure of the nuclei
far from the p stability line, it is shown that the single-particle energy evolutions with the isospin are not suitable
for being studied by these parametrizations. Thus the tensor force component should be considered besides the
isospin dependence in spin-orbit coupling term when the Skyrme interaction parametrizations are fitted.

Key words: Skyrme interaction; SHFB method; binding energy; charge radius; single-particle energy spectrum
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