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The nuclear spectroscopic properties of low-lying states are important physics quantities that
reveal rich structure information of atomic nuclei, including the nuclear quantum phase transition,
evolution of the shell structure, isomeric states, shape coexistence, and so on. In particular, the
nuclear quantum phase transition, characterized by the abrupt evolution between different ground-
state shapes, is governed by the interactions of the valance nucleons. In recent years, it becomes
to be one of the frontier areas of research in nuclear physics.

The Covariant Energy Density Functional (CDF) theory has achieved great success in the de-
scription of nuclear structure over almost the whole nuclide chart, In general, the framework based
on the static nuclear mean field approximation can only describe ground-state properties. Ex-
citation spectra and electromagnetic transition probabilities can only be calculated by including
correlations beyond the static mean field through the restoration of broken symmetries and con-
figuration mixing of symmetry-breaking product states. One effective approach is to construct a
collective Bohr Hamiltonian with deformation dependent parameters determined from microscopic
self-consistent mean-field calculations.

The developed model has been applied to the systematic investigation of the first order phase
transition between spherical and prolate shapes in the N ∼ 90 rare earth region and the second
order phase transition between spherical and γ-soft shapes in Ba and Xe isotopes. It has reproduced
not only the general features of nuclear quantum phase transitions, but also the singular critical-
point symmetry and discontinuities of the order parameters.
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