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First Identification of Quantum States in Superheavy Nuclei

—Nuclear Structure Studies for Superheavy Nuclei through a-y Spectroscopy —
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Fig.6-5 Production of *’No and a-y coincidence
measurement

The ®No nuclei were produced by bombarding a **Cm
target with a C beam, and transported into a detector
station within 1 s using the gas-jet transport technique. « -
particles and vy -rays were detected with high efficiency
using Si and Ge detectors, respectively.

The very heavy nuclei containing more than 100 protons
are called “superheavy nuclei”. The superheavy nuclei are
very unstable because of Coulomb repulsion among the many
protons. Thus, they cannot exist without an additional
stabilizing effect that originates from nuclear shell structure.
How heavy nuclei can exist? How stable are they? The
answers strongly depend on the shell structure of superheavy
nuclei.

Since the production of superheavy nuclei is extremely
difficult, the discovery of the superheavy nuclei was the first
aim in previous studies. However, beyond this, if excited
states of superheavy nuclei are investigated in detail, the shell
structure of superheavy nuclei can directly be clarified. In
this work, we have successfully measured y -rays from the «
decay of nobelium-257 (*’No), an isotope of the 102"
element, and investigated its quantum level structure. This is
the first detailed spectroscopic study of superheavy nuclei.

The *’No nuclei were produced by bombarding a
curium-248 (**Cm) target with a carbon-13 (°C) beam
accelerated by the JAEA Tandem Accelerator. The *'No
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Fig.6-6 y-ray spectrum of *’No
Four vy -rays and characteristic X-rays associated with the «
decay of *’No were observed.

3/2* Ground state

. . Excited states
Spin-parity (keV)
5/2+ 159 a-transitions

3/0+ y-transitions 124

5/2+ 47

32+t 22

1/2+ 0
253Em

Ground state

Fig.6-7 Quantum states in *’"No and **Fm
Energies and spin-parities of excited states of **Fm as well as
the ground state of *’No were identified for the first time.

nucleus decays with an « -particle emission with a half-life
of 25 s, and its « -particles and accompanying y -rays were
measured with high efficiency (Fig.6-5). In previous studies
for superheavy nuclei, only a few or at most 100 « -particles
could be detected. In this study, we have detected 5000
a -particles of *'No and observed 4 y -transitions in
coincidence with these « -particles (Fig.6-6). As a result,
excited states of the daughter nucleus fermium-253 (*”Fm)
have been established as shown in Fig.6-7, and spin-parities
of the ground state of *’No as well as the excited states of
**Fm have been identified for the first time.

This is the first successful y -ray measurement and first
spin-parity assignment for such heavy nuclei. The present
result revealed that the spin-parity of the ground state of *’No
is different from that expected. The experimental
identification of quantum states in superheavy nuclei enables
us to test the validity of various theoretical calculations. This
is a great advance in elucidating the shell structure of
superheavy nuclei.

Reference

Asai, M. et al., Experimental Identification of Spin-Parities and Single-Particle Configurations in *’No and Its « -decay Daughter *’Fm, Physical Review

Letters, vol.95, 2005, p.102502-1-102502-4.

JAEA R&D Review 2006 91





