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Nuclear Shell Structure Properties Described by Relativistic
Hartree-Fock Theory

LIU Jia', LI Jiajie!?, GENG Jing!, LONG Wenhuilf

(1. School of Nuclear Science and Technology, Lanzhou University, Lanzhou 730000, China;
2. Institute of Modern Physics, Chinese Academy of Science, Lanzhou 730000, China)

Abstract: For a long time, nuclear shell structure is an important issue of nuclear physics. In particular, with rap-
id development of new generation of nuclear radioactive ion beam facilities and detectors, new shell structures ap-
pearing in neutron-rich nuclei have largely attracted the interests of the field, including the mechanism behind and
the evolutions. Under the frame of relativistic Hartree-Fock theory founded on the meson-exchange diagram of nuc-
lear force, taking calcium isotopes, doubly magic nuclide 208p}, and the selected superheavy and exotic nuclei as ex-
amples, this paper reviews the occurrence of new sub-shells in neutron-rich nuclei, the pseudo-spin symmetry (PSS)
restoration and the in-medium nuclear attraction-repulsion balance, the PSS restoration/violation and nuclear shell
structure, novel phenomena, etc., in which the roles of the Fock terms are intensively discussed.

Key words: new magic structure; Pseudo-spin symmetry; superheavy nuclei; exotic nuclei; Relativistic Hartree-Fo-
ck

Received date: 16 Feb. 2020;  Revised date: 20 Apr. 2020
Foundation item: National Natural Science Foundation of China(11675065, 11875152, 11765015, 11905088)
1 Corresponding author: LONG Wenhui, E-mail: longwh@lzu.edu.cn.


https://doi.org/10.1016/0370-2693(93)91561-Z
https://doi.org/10.1016/0370-2693(93)91561-Z
https://doi.org/10.1016/0370-2693(93)91561-Z
https://doi.org/10.1016/0370-2693(93)91561-Z
https://doi.org/10.1016/0370-2693(93)91561-Z
https://doi.org/10.22323/1.281.0373
https://doi.org/10.22323/1.281.0373
https://doi.org/10.22323/1.281.0373
https://doi.org/10.22323/1.281.0373
https://doi.org/10.1038/nphys3645
https://doi.org/10.1038/nphys3645
https://doi.org/10.1038/nphys3645
https://doi.org/10.1038/nphys3645
https://doi.org/10.1103/PhysRevLett.59.1405
https://doi.org/10.1103/PhysRevLett.59.1405
https://doi.org/10.1103/PhysRevLett.59.1405
https://doi.org/10.1103/PhysRevLett.59.1405
https://doi.org/10.1103/PhysRevLett.59.1405
https://doi.org/10.1103/PhysRevLett.64.1654
https://doi.org/10.1103/PhysRevLett.64.1654
https://doi.org/10.1103/PhysRevLett.64.1654
https://doi.org/10.1103/PhysRevLett.64.1654
https://doi.org/10.1103/PhysRevLett.64.1654
https://doi.org/10.1103/PhysRevC.44.R1745
https://doi.org/10.1103/PhysRevC.44.R1745
https://doi.org/10.1103/PhysRevC.44.R1745
https://doi.org/10.1103/PhysRevC.44.R1745
https://doi.org/10.1103/PhysRevC.44.R1745
https://doi.org/10.1016/0370-2693(94)90144-9
https://doi.org/10.1016/0370-2693(94)90144-9
https://doi.org/10.1016/0370-2693(94)90144-9
https://doi.org/10.1016/0370-2693(94)90144-9
https://doi.org/10.1016/0370-2693(94)90144-9
https://doi.org/10.1103/physrevc.58.r628
https://doi.org/10.1103/physrevc.58.r628
https://doi.org/10.1103/physrevc.58.r628
https://doi.org/10.1103/physrevc.58.r628
https://doi.org/10.1103/PhysRevC.88.024311
https://doi.org/10.1103/PhysRevC.88.024311
https://doi.org/10.1103/PhysRevC.88.024311
https://doi.org/10.1103/PhysRevC.88.024311
https://doi.org/10.1103/PhysRevC.88.024311
https://doi.org/10.1016/0375-9474(84)90240-9
https://doi.org/10.1016/0375-9474(84)90240-9
https://doi.org/10.1016/0375-9474(84)90240-9
https://doi.org/10.1103/PhysRevC.101.064302
https://doi.org/10.1103/PhysRevC.101.064302
https://doi.org/10.1103/PhysRevC.101.064302
https://doi.org/10.1103/PhysRevC.68.034323
https://doi.org/10.1103/PhysRevC.68.034323
https://doi.org/10.1103/PhysRevC.68.034323
https://doi.org/10.1103/PhysRevC.68.034323
https://doi.org/10.1103/PhysRevC.68.034323
https://doi.org/10.1088/0954-3899/42/4/045108
https://doi.org/10.1088/0954-3899/42/4/045108
https://doi.org/10.1088/0954-3899/42/4/045108
https://doi.org/10.1016/0370-2693(93)91561-Z
https://doi.org/10.1016/0370-2693(93)91561-Z
https://doi.org/10.1016/0370-2693(93)91561-Z
https://doi.org/10.1016/0370-2693(93)91561-Z
https://doi.org/10.1016/0370-2693(93)91561-Z
https://doi.org/10.22323/1.281.0373
https://doi.org/10.22323/1.281.0373
https://doi.org/10.22323/1.281.0373
https://doi.org/10.22323/1.281.0373
https://doi.org/10.1038/nphys3645
https://doi.org/10.1038/nphys3645
https://doi.org/10.1038/nphys3645
https://doi.org/10.1038/nphys3645
https://doi.org/10.1103/PhysRevLett.59.1405
https://doi.org/10.1103/PhysRevLett.59.1405
https://doi.org/10.1103/PhysRevLett.59.1405
https://doi.org/10.1103/PhysRevLett.59.1405
https://doi.org/10.1103/PhysRevLett.59.1405
https://doi.org/10.1103/PhysRevLett.64.1654
https://doi.org/10.1103/PhysRevLett.64.1654
https://doi.org/10.1103/PhysRevLett.64.1654
https://doi.org/10.1103/PhysRevLett.64.1654
https://doi.org/10.1103/PhysRevLett.64.1654
https://doi.org/10.1103/PhysRevC.44.R1745
https://doi.org/10.1103/PhysRevC.44.R1745
https://doi.org/10.1103/PhysRevC.44.R1745
https://doi.org/10.1103/PhysRevC.44.R1745
https://doi.org/10.1103/PhysRevC.44.R1745
https://doi.org/10.1016/0370-2693(94)90144-9
https://doi.org/10.1016/0370-2693(94)90144-9
https://doi.org/10.1016/0370-2693(94)90144-9
https://doi.org/10.1016/0370-2693(94)90144-9
https://doi.org/10.1016/0370-2693(94)90144-9
https://doi.org/10.1103/physrevc.58.r628
https://doi.org/10.1103/physrevc.58.r628
https://doi.org/10.1103/physrevc.58.r628
https://doi.org/10.1103/physrevc.58.r628
https://doi.org/10.1103/PhysRevC.88.024311
https://doi.org/10.1103/PhysRevC.88.024311
https://doi.org/10.1103/PhysRevC.88.024311
https://doi.org/10.1103/PhysRevC.88.024311
https://doi.org/10.1103/PhysRevC.88.024311
https://doi.org/10.1016/0375-9474(84)90240-9
https://doi.org/10.1016/0375-9474(84)90240-9
https://doi.org/10.1016/0375-9474(84)90240-9
https://doi.org/10.1103/PhysRevC.101.064302
https://doi.org/10.1103/PhysRevC.101.064302
https://doi.org/10.1103/PhysRevC.101.064302
https://doi.org/10.1103/PhysRevC.68.034323
https://doi.org/10.1103/PhysRevC.68.034323
https://doi.org/10.1103/PhysRevC.68.034323
https://doi.org/10.1103/PhysRevC.68.034323
https://doi.org/10.1103/PhysRevC.68.034323
https://doi.org/10.1088/0954-3899/42/4/045108
https://doi.org/10.1088/0954-3899/42/4/045108
https://doi.org/10.1088/0954-3899/42/4/045108
https://doi.org/10.1016/0370-2693(93)91561-Z
https://doi.org/10.1016/0370-2693(93)91561-Z
https://doi.org/10.1016/0370-2693(93)91561-Z
https://doi.org/10.1016/0370-2693(93)91561-Z
https://doi.org/10.1016/0370-2693(93)91561-Z
https://doi.org/10.22323/1.281.0373
https://doi.org/10.22323/1.281.0373
https://doi.org/10.22323/1.281.0373
https://doi.org/10.22323/1.281.0373
https://doi.org/10.1038/nphys3645
https://doi.org/10.1038/nphys3645
https://doi.org/10.1038/nphys3645
https://doi.org/10.1038/nphys3645
https://doi.org/10.1103/PhysRevLett.59.1405
https://doi.org/10.1103/PhysRevLett.59.1405
https://doi.org/10.1103/PhysRevLett.59.1405
https://doi.org/10.1103/PhysRevLett.59.1405
https://doi.org/10.1103/PhysRevLett.59.1405
https://doi.org/10.1103/PhysRevLett.64.1654
https://doi.org/10.1103/PhysRevLett.64.1654
https://doi.org/10.1103/PhysRevLett.64.1654
https://doi.org/10.1103/PhysRevLett.64.1654
https://doi.org/10.1103/PhysRevLett.64.1654
https://doi.org/10.1103/PhysRevC.44.R1745
https://doi.org/10.1103/PhysRevC.44.R1745
https://doi.org/10.1103/PhysRevC.44.R1745
https://doi.org/10.1103/PhysRevC.44.R1745
https://doi.org/10.1103/PhysRevC.44.R1745
https://doi.org/10.1016/0370-2693(94)90144-9
https://doi.org/10.1016/0370-2693(94)90144-9
https://doi.org/10.1016/0370-2693(94)90144-9
https://doi.org/10.1016/0370-2693(94)90144-9
https://doi.org/10.1016/0370-2693(94)90144-9
https://doi.org/10.1016/0370-2693(93)91561-Z
https://doi.org/10.1016/0370-2693(93)91561-Z
https://doi.org/10.1016/0370-2693(93)91561-Z
https://doi.org/10.1016/0370-2693(93)91561-Z
https://doi.org/10.1016/0370-2693(93)91561-Z
https://doi.org/10.22323/1.281.0373
https://doi.org/10.22323/1.281.0373
https://doi.org/10.22323/1.281.0373
https://doi.org/10.22323/1.281.0373
https://doi.org/10.1038/nphys3645
https://doi.org/10.1038/nphys3645
https://doi.org/10.1038/nphys3645
https://doi.org/10.1038/nphys3645
https://doi.org/10.1103/PhysRevLett.59.1405
https://doi.org/10.1103/PhysRevLett.59.1405
https://doi.org/10.1103/PhysRevLett.59.1405
https://doi.org/10.1103/PhysRevLett.59.1405
https://doi.org/10.1103/PhysRevLett.59.1405
https://doi.org/10.1103/PhysRevLett.64.1654
https://doi.org/10.1103/PhysRevLett.64.1654
https://doi.org/10.1103/PhysRevLett.64.1654
https://doi.org/10.1103/PhysRevLett.64.1654
https://doi.org/10.1103/PhysRevLett.64.1654
https://doi.org/10.1103/PhysRevC.44.R1745
https://doi.org/10.1103/PhysRevC.44.R1745
https://doi.org/10.1103/PhysRevC.44.R1745
https://doi.org/10.1103/PhysRevC.44.R1745
https://doi.org/10.1103/PhysRevC.44.R1745
https://doi.org/10.1016/0370-2693(94)90144-9
https://doi.org/10.1016/0370-2693(94)90144-9
https://doi.org/10.1016/0370-2693(94)90144-9
https://doi.org/10.1016/0370-2693(94)90144-9
https://doi.org/10.1016/0370-2693(94)90144-9
https://doi.org/10.1103/physrevc.58.r628
https://doi.org/10.1103/physrevc.58.r628
https://doi.org/10.1103/physrevc.58.r628
https://doi.org/10.1103/physrevc.58.r628
https://doi.org/10.1103/PhysRevC.88.024311
https://doi.org/10.1103/PhysRevC.88.024311
https://doi.org/10.1103/PhysRevC.88.024311
https://doi.org/10.1103/PhysRevC.88.024311
https://doi.org/10.1103/PhysRevC.88.024311
https://doi.org/10.1016/0375-9474(84)90240-9
https://doi.org/10.1016/0375-9474(84)90240-9
https://doi.org/10.1016/0375-9474(84)90240-9
https://doi.org/10.1103/PhysRevC.101.064302
https://doi.org/10.1103/PhysRevC.101.064302
https://doi.org/10.1103/PhysRevC.101.064302
https://doi.org/10.1103/PhysRevC.68.034323
https://doi.org/10.1103/PhysRevC.68.034323
https://doi.org/10.1103/PhysRevC.68.034323
https://doi.org/10.1103/PhysRevC.68.034323
https://doi.org/10.1103/PhysRevC.68.034323
https://doi.org/10.1088/0954-3899/42/4/045108
https://doi.org/10.1088/0954-3899/42/4/045108
https://doi.org/10.1088/0954-3899/42/4/045108
https://doi.org/10.1103/physrevc.58.r628
https://doi.org/10.1103/physrevc.58.r628
https://doi.org/10.1103/physrevc.58.r628
https://doi.org/10.1103/physrevc.58.r628
https://doi.org/10.1103/PhysRevC.88.024311
https://doi.org/10.1103/PhysRevC.88.024311
https://doi.org/10.1103/PhysRevC.88.024311
https://doi.org/10.1103/PhysRevC.88.024311
https://doi.org/10.1103/PhysRevC.88.024311
https://doi.org/10.1016/0375-9474(84)90240-9
https://doi.org/10.1016/0375-9474(84)90240-9
https://doi.org/10.1016/0375-9474(84)90240-9
https://doi.org/10.1103/PhysRevC.101.064302
https://doi.org/10.1103/PhysRevC.101.064302
https://doi.org/10.1103/PhysRevC.101.064302
https://doi.org/10.1103/PhysRevC.68.034323
https://doi.org/10.1103/PhysRevC.68.034323
https://doi.org/10.1103/PhysRevC.68.034323
https://doi.org/10.1103/PhysRevC.68.034323
https://doi.org/10.1103/PhysRevC.68.034323
https://doi.org/10.1088/0954-3899/42/4/045108
https://doi.org/10.1088/0954-3899/42/4/045108
https://doi.org/10.1088/0954-3899/42/4/045108
mailto:longwh@lzu.edu.cn.

