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Structure of heavy nuclei around **Pb has not been studied enough compared to that of light nuclei both in theory and

in experiment. In this study, large-scale shell-model calculations are performed for even-even, odd-mass, and doubly
odd nuclei around the doubly magic core of ***Pb. Nuclei in this region are classified in four regions with different
shell-model spaces (southwest: Z<82 and N<126, southeast: Z<82 and N>126, northwest: Z>82 and N<126, and
northeast: Z>82 and N>126). We performed a systematic shell-model calculation with only one optimized parameter
set of effective two-body interactions for each region. The results for energy spectra, B(E2) values, and electromagnetic
moments had been presented in the northwest and in the northeast regions.

In this thesis, we present a large-scale shell-model calculation in the southwest (Z<82 and N<126) region. We
establish one parameter set of effective interactions which can reproduce the experimental values of energy spectra,
electromagnetic transition probabilities, and electromagnetic moments. Using the effective interactions, we suggest the
mechanisms of long half-life excited states (isomers), the spins and parities of experimentally ambiguous states.

The atomic electric dipole moment (EDM) has long been expected to be measured in laboratory. In particular the
experimental limit on the atomic EDM of '"Hg gives the strictest constraints on some CP-violating couplings in
hadronic sector. In this thesis, we calculate the nuclear Schiff moments (NSMs), which dominantly contribute to EDMs
of diamagnetic atoms such as '’Hg and '*Xe. The NSMs of the heavy nuclei have been evaluated in some nuclear
models, but the model dependence is very large. We calculate the NSMs of '"’Hg, '*’Xe, and a paramagnetic atom of
*'°Fr in the nuclear shell model. The nuclear effective interactions are determined to systematically reproduce the nuclear
structure of 20-30 nuclei in each region of the nuclear chart. Thus, reliable effective interactions are now available. In

this study, the NSMs and EDMs of heavy nuclei are calculated in the nuclear shell model for the first time.
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