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Valence particle/hole-core couplings in neutron-rich,
exotic nuclei

The couplings between single-particle/hole degrees of freedom and collective and non-collective excitations
are of primary importance in nuclear physics, as they are responsible for many phenomena observed in atomic
nuclei, from the damping of giant resonances, to the quenching of spectroscopic factors and the anharmonic-
ity of vibrational spectra [1].
While such properties have been investigated in the past in a limited number of stable nuclei, it is still under
discussion whether neutron rich, exotic nuclei display similar features and how couplings with core excita-
tions are influenced by the proton-to-neutron ratio and shell evolution.
To answer these questions, we present recent experimental results in the medium-heavy mass regions around
the doubly-magic, neutron-rich 48Ca and 132Sn nuclei. In particular, we discuss new spectroscopic informa-
tion on the 47Ca, 49Ca, 133Sb and 131Sn isotopes, obtained in different experimental campaigns, at ILL (France)
and LNL (Italy), by using large γ-ray setups based on HpGe Detectors.
Experimental results will be interpreted by a new microscopic theoretical model, the Hybrid Configuration
Mixing Model [2-3], specifically designed to describe the structure of nuclear systems with one valence par-
ticle/hole outside a core. The model includes couplings between valence nucleons and core excitations in a
self-consistent way, by means of Hartree-Fock (HF) and Random Phase Approximation (RPA) calculations
using the Skyrme effective interaction and it accounts for both collective phonons and non-collective config-
urations.
The agreement between experimental and theoretical energies, electromagnetic transition probabilities and
spectroscopic factors will be outlined, especially in the case of 133Sb and 49Ca, showing the relevance of the
new approach, as compared to traditional shell model calculations with a frozen core. Recent improvements
of the model and possible future experimental developments with radioactive beams will be discussed.
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