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Ground State Properties of Finite Nuclei in the Relativistic Mean
Field Model
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Physicists have always tried to understand Nature in one, not more, simple and elegant theory. This year,
known as the World Year of Physics (Einstein Year), we have heard a lot about the unified field theory, in which
(initiated by Albert Einstein) one tries to unify the four elementary forces in Nature : the strong, weak,
electromagnetic and gravity forces. In a similar spirit but a smaller scale, nuclear physicists are now frying to
understand nuclear matter and finite nuclei at all dengities and temperatures within one theoretical framework.

During the last decade, the so-called radioactive ion beam facilities and relativistic heavy ion colliders around
the world have greatly extended the window from which we can access nuclear matter : At the low density region,
completely novel phenomena have been observed, i.e. the so-called halos and skins ; at the high density region,
nuclear matter at densities of several times of that of the center of heavy nuclei has been created, which enables
us to obtain a quantitative understanding of the interior of celestial bodies, such as those of neutron stars.

Theoretically, the relativistic mean field (RMF) model based on Quantum Hadrodynamics has achiew}ed great
success in describing a variety of nuclear phenomena both at the low density region and at the high density
region. However, a thorough study of all the nuclei throughout the periodic table is still missing. Such studies
are necessary to understand the success of the RMF model and to further improve it, since being a
phenomenological model ; its predictive power can only be checked by comparing its predictions with experiment.
Therefore the purpose of this thesis is to study the ground-state properties of all the nuclei throughout the
periodic table employing the relativistic mean field model. More specifically, we want to
1. take one parameter set in the RMF model and calculate all the nuclei from the proton drip line to neutron

drip line ;
compare the predictions with all existing experimental data and those of other theoretical models ;
3. see where the predictions agree with experiment and where they fail ;

discuss physics in a systematic way and find where and how further improvements can be made ;
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5. and many more. ‘

Needless to say, such a study is very demanding. First, it requires a large amount of éalculation. In fact, we
have calculated around 7000 nuclei in the framework of the relativistic mean field modél. ‘Second, it covers too
many subjects to be elaborated in detail in a thesis.” Although it is our purpose to cover as many subjects as
possible, it is inevitable that some of them cannot be studied thoroughly. Therefore, we wish that some
interesting subjects noted in this thesis can be further studied in-the future either by ourselves or by colleagues.
All in all, we hope to summarize the present status of studies of ground-state properties of finite nuclei in the

relativistic mean field model and inspire future works in this field.
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