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Fragmentation of single-particle strength around the doubly-magic
nucleus 132Sn and the position of the 0f5/2 proton-hole state in 131In†
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The neutron-hole and proton-hole nuclei 131Sn and
131In were studied using one-nucleon removal reactions
from doubly-magic 132Sn at relativistic energies. In
131In, a 2910(50)-keV γ ray was observed for the first
time, see Fig. 1, mainly thanks to the good energy and
time resolution of the eight LaBr3 detectors employed
in this experiment. This high-energy γ ray was ten-
tatively assigned to the decay of the 0f5/2 proton-hole
state to the known 1/2− level at 365 keV. Thus, the
excitation energy of the last so far unknown proton-
hole state in 132Sn was fixed to 3275(50) keV. From the
absolute intensities of the observed γ rays, the spec-
troscopic factors for the 1d5/2 and 0g7/2 neutron-hole
states in 131Sn and the 1p3/2 and 0f5/2 proton-hole
states in 131In were determined. They nicely agree
with those of the analog states with quantum numbers
n(ℓ+1)j+1 in 207Pb and 207Tl indicating that the close
resemblance between the shell structures around the
doubly-magic nuclei 132Sn and 208Pb established since
long also holds for the spectroscopic factors. To inves-
tigate the origin of the strong fragmentation of single-
particle strength state-of-the-art calculations based on
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Fig. 1. Doppler-corrected γ-ray spectra of 131In populated
via one-proton removal from 132Sn measured with a) 96
NaI crystals of DALI2 covering polar angles in the range
θ = 50–150◦ and b) eight LaBr3 detectors placed at θ =
30◦ (adopted from Fig. 1 of the original article).

the relativistic particle-vibration coupling model were
performed. While the coupling to the first excited 3−
states in the core nuclei 132Sn and 208Pb was identified
as the main origin for the reduced spectroscopic factors
measured for the 1d5/2/1f7/2 single-particle states in
131Sn/207Pb and the 1p3/2/1d5/2 levels in 131In/207Tl,
clearly more complex coupling scenarios are responsible
for the strong fragmentation and the small measured
spectroscopic factors in the case of the 0g7/2/0h9/2

states in 131Sn/207Pb and the 0f5/2/0g7/2 levels in
131In/207Tl.
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Experimental studies of the two-step scheme with an intense radioactive
132Sn beam for next-generation production of very neutron-rich nuclei†
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The usefulness of a two-step scheme with a 132Sn
beam proposed1) for the efficient production of mid-
heavy very-neutron-rich RIs was investigated, as an al-
ternate method for the in-flight fission of a 238U beam
(one-step scheme). The two-step scheme is a combina-
tion of an isotope-separation online (ISOL) system with
a thick U target and a high-intensity proton beam as
the first step, and the projectile fragmentation of re-
accelerated RI beams (e.g., 132Sn) as the second step.
We measured production cross sections beyond 125Pd,
up to which the cross sections had already been mea-
sured at GSI together with the neighboring RIs,2) to
evaluate the yields of RIs using the two-step scheme with
a 132Sn beam. The 278-MeV/nucleon 132Sn beam was
supplied from BigRIPS, and the very neutron-rich RIs
around the neutron number N = 82 were produced in
the ZeroDegree spectrometer with a 5.97-mm Be target.
Yields obtained by the two-step and one-step schemes
were estimated based on the measured cross sections,
and we examined whether and to what extent the two-
step scheme at future 1-MW beam facilities can reach
further into the neutron-rich region.

Figure 1 shows the production yields of Pd isotopes
obtained using the two-step scheme with a 132Sn beam
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Fig. 1. Yield comparison between the two-step scheme with
a 132Sn beam (orange circles) and the one-step in-flight
fission of a 238U beam (blue squares) for Pd isotopes.
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Fig. 2. Ratios of the Y2step with a 132Sn beam to the Y1step.
Orange and blue regions indicate that the two- and one-
step schemes are more useful than the other, respectively.
Dark-blue square dots represent the supernova r-process
path.

and the one-step scheme with 1-MW beam powers. The
two-step yields (Y2step) decrease more slowly with neu-
tron numbers than the one-step yields (Y1step), and
Y2step becomes larger than Y1step beyond 124Pd. The
ratio of Y2step/Y1step around the N = 82 region is shown
in Fig. 2. This ratio systematically increases, as moving
away from the stability line. Thus, the two-step scheme
is more favorable than the one-step scheme to yield more
neutron-rich region beyond our results, especially for the
region of the supernova r-process path. The calculated
Y2step with a cross-section formula COFRA4) indicated
by black lines reproduces the experimental results well.

ISOL systems can provide various RIs over the nu-
clear chart; thus, a wide region of very neutron-rich RI
beams can be produced by the two-step scheme. By us-
ing the ISOLDE yield database3) and the cross-section
formula COFRA, the Y2step in the whole region was es-
timated. The Y2step was expected to be larger than the
Y1step around the neutron-rich N = 50, 60, 82, and 90,
including the supernova r-process path. The two-step
scheme is considered a powerful tool to open a new win-
dow into the unknown region of mid-mass to heavy, very
neutron-rich nuclei.
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