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! Relativistic Mean Field (RMF) Theory
? Non-Relativistic Mean Field Theory

* Spin-Orbit Potential

* Shell model

> Cluster model

® Weakly bound nuclei

7 Yukawa potential

® Rosen-Morse potential

® Pseudo-Hellmann potential

' Hulthen potential
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! Supersymmetric Shape-Invariance method.
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F.Rezvani and M. R. Shojaei (2017) "Relativistic effects in study of weakly
bound *'F and *Be nuclei" Pramana — J. Phys.
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with Relativistic effects " U.P.B. Sci. Bull., Series A.

F.Rezvani and M. R. Shojaei (2017) "Relativistic shell model in Study of
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Abstract

The relativistic mean field (RMF) theory has been successful in explanation of nuclear
phenomena related to unstable nuclei as well as stable nuclei. Compared with non-
relativistic mean field theory, relativistic mean field theory can reproduce the real
characteristics of nuclear saturation in nuclear matter, and therefore provide the spin-
orbit coupling potential. In this thesis, the relativistic mean field theory was employed
through the shell and cluster models in order to calculate the group energy levels of
weakly-bound nuclei. Likewise, non-relativistic calculations were performed to be
compared to the results of relativistic calculations. The Yukawa potential in
combination with other potentials, and then, the deformation of this potential was
utilized as the effective potential in the calculations. As the first study, two bound nuclei
Be and *'F were considered in the shell model using a hybrid of Yukawa and Rosen-
Morse potentials. The weakly-bound *'F nucleus with two cluster models of 0 + 'H
and N + *He as well as the deformed Yukawa potential was also studied. In addition,
the results of calculated group energy levels from weakly-bound nuclei He, Be, C, and
O were presented in the shell model with second-order Yukawa potentials. The energy
levels and charge radii of doubly-magic nuclei with an excessive nucleon ('O ,*’F *'Ca,
*1Sc) in combination with Yukawa potential and Hulthen-like potential were calculated
in the shell model. To calculate the energy levels and charge radii, two mirror, bound
nuclei of "Li and "Be were used as cluster structures of o+ °H and o + *He, respectively,
using the combined Yukawa and Hulthen potentials. All calculations were performed by
the Supersymmetric Shape-Invariance method. The numerical results and comparison to

the experimental data and other published studies are presented in Section 4.

Keywords: Relativistic Mean Field (RMF) Theory, Dirac Equation, Weakly bound
nuclei, Shell model, Cluster model, Energy levels.
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