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Description

In this project the problem of neutrons and/or protons placed in a single-j shell is
considered. Realistic shell-model calculations require a larger valence space and, as
known from effective-operator theory, the restriction to a single-j shell will induce
higher-order interactions among the nucleons. The question addressed in this project
is the following: To what extent can the energy spectra of nuclei be described with a
shell-model Hamiltonian with up three-body interactions in a single-j shell?

We propose to study this problem for nuclei situated in the f72 region, that is, with
neutron number N and proton number Z between 20 and 28. Energy spectra can be
taken from NNDC [1]. The data are randomly divided into a training and test set [2].
The interaction matrix elements are fitted to the former and the fitted values are
subsequently used to reproduce the latter. This procedure is executed for a two-body
Hamiltonian and for a two-plus-three-body Hamiltonian, respectively, and the relative
merits of both approaches are compared.

Outline

e Introduction to the shell model with neutrons and protons in a single-j shell.

e C(lassification of two- and three-body interactions in a single-j shell in isospin
formalism.

e (Collection of the energy data from NNDC.

e First application to semi-magic 72 nuclei with T=1 two-body and T=3/2 three-
body matrix elements.

e Application to all f72 nuclei with T=0,1 two-body and T=1/2,3/2 three-body
matrix elements.
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