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very high angular and energy resolution. The major remaining challenge in studies of the nuclear
structure of nuclei with a light neutron-proton ratio is the short life-time of excited states with the
same valence neutron-proton configurations. In particular, the states in odd-odd nuclei are difficult to
be detected due to the small abundances compared to the states in the neighboring odd-even
nuclei. In the past, various theoretical ideas for methods to overcome the life-time problem have
been proposed: an indirect method relies on measuring the reaction cross section of one-neutron
transfer to “unbinding” nuclei [@Gao0.2007], that is, on measuring the ($n,n$) cross section, which is
not sensitive to the details of the decay process. Another idea involves the use of ground-state
proton transfer reactions in which the valence neutrons remain bound into the target nucleus
[@Schwengner.2011], which may provide a way to bypass the life-time problem if their energies are
properly chosen. In yet another idea, the decay of the excited state is simulated by the impact of a
moving target in a lattice representation of the target nucleus [@Zinser.2015]. Another possible
approach to overcome the life-time problem is to look at two-proton radioactivity for which the half-
lives can reach several minutes [@Dossat.2007]. It is suggested that this method should allow one to
observe the decay of the first excited states of the ground-state double-magic nuclei, which has not

been achieved yet. Nuclear structure with coupled-cluster method
The systematic efforts to reveal the nature of the nuclear structure have been made by many
researchers (see, for example, Ref. [@Edwards.2017] for a recent review). It is now widely accepted
that the variety of the nuclear structure reflects the many-body correlations within nuclei. The
structure of nuclei is described in terms of the correlations in nuclear wave functions in the
framework of the theory of quantum many-body systems. In particular, the nuclear wave functions
are 6d1f23a050
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