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How were the heavy elements from iron to uranium produced in the universe?

Elements heavier than iron are not produced through fusion reaction in stars. Instead, asymmetric and
non-equilibrated explosive environments such as supernovae and neutron star mergers play an important
role in their production. Today, it is thought that such elements were produced through nuclear reaction
networks with beta decays of unstable nuclei. However, scientific evidence is still scarce. Among several
processes of nucleosynthesis, we focus on the s-process, namely, the slow neutron capture process. The
s-process occurs in AGB stars, which have relatively low neutron density. Nuclei absorb neutrons slowly
and then undergo beta decays, resulting in elements having larger Z along the line of stability in the
nuclear chart. Here, the properties of beta decays are important because atoms in stars are highly ionized.
For example, decay electrons of fully ionized ions are not emitted in free space but are bound in atomic
orbitals of daughter nuclei. This exotic decay mode is called bound-state beta decay. The lifetime of fully
ionized '®’Re, famous for its use in cosmic clocks, reduced by 9 orders of magnitude. We succeeded |n
obtaining simultaneous observations of the continuum-state and bound-state beta decay of unstable *°'Tl.
The goal of the present study is to quantify the environmental parameters of nucleosynthesis by using
realistic beta decay lifetimes of stars. This can be realized by employing heavy-ion storage-ring
spectroscopy coupled with a high-energy fragment separator. The nuclei of interest are produced through
high-energy nuclear reactions and are separated in-flight by the fragment separator. Subsequently, they
are injected and stored in the storage ring. The momenta of decay daughters of the stored ions are
analyzed using the sector magnets of the storage ring, and the decay daughters reach the dispersive focal
plane out of the storage orbit. A position-sensitive detector located at such a place provides particle
identification information on the decay products. Therefore, the development of such detectors is crucial
for in-ring decay spectroscopy. In the present study, we developed silicon strip detectors and a fiber
scintillation detector. The beam test results showed excellent performance. The fiber scintillation detector

with a new configuration showed a position resolution better than 100 um. Both detectors will be applied to
in-ring decay experiments at storage-ring facilities.




