
RIKEN Accel. Prog. Rep. 57 (2024)

Mass measurements of neutron-rich A ≈ 90 nuclei constrain element
abundances†
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Neutron-rich nuclei in mass region of A ≈ 90–100,
distinguished by a rapid shape transition at N =601)

and the presence of a sub-shell closure at N = 56,2)

hold particular significance for studying astrophysics.
In astrophysics, neutrino-driven winds3) from Super-
novae explosions are believed to contribute to the for-
mation of light elements via the r-process. Initial ob-
servations lacked conclusive evidence of nucleosynthe-
sis in such environments. However, a breakthrough
came with the observation of GW170817, accompa-
nied by a kilonova event. This provided the first
proof of r-process nucleosynthesis driven by a neutron
star merger (NSM).4) Specifically, strontium (Z = 38,
A=88) was uniquely identified in the nucleosynthesis
event following GW170817.5) Calculations for stron-
tium production contribute to constraining the as-
trophysical conditions of NSM. This study presents
the first high-precision mass measurement for 86Ge,
88, 89As, and 90, 91Se. The shell evolutions of Ge, As,
and Se of the isotopic chain were evaluated, and these
new mass data constrained the uncertainties of the re-
action rate calculation.
This experiment was conducted symbiotically

through γ-ray spectroscopic measurements in RIBF, as
introduced in the previous APR.6) In this experiment,
35 nuclides were measured. The masses of 88, 89As were
determined for the first time, and the mass uncertain-
ties of 86Ge, and 90, 91Se were reduced by two orders
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of magnitude. Using these new precise mass data, the
Hauser-Feshbach statistical code TALYS was executed
to calculate the neutron capture reaction rate. To vi-
sualize the reduction in the uncertainties of the calcu-
lated reaction rate owing to new mass data, an index
Ierror is defined as

Ierror =
∆⟨σv⟩exp
∆⟨σv⟩AME

, (1)

where ∆⟨σv⟩exp and ∆⟨σv⟩AME represent the uncer-
tainties of reaction rate based on experimental results
in this study and AME2020, respectively. The loga-
rithm results of Ierror are illustrated in Fig. 1, where
the color index indicates the magnitude of uncertainty
reduction for the calculated reaction rate. The most
substantial improvements in precision of the reaction
rate were observed for 85Ge, 88As, and 90Se, consistent
with the anticipated outcome of achieving a reduction
in mass uncertainties of approximately two orders of
magnitude for 86Ge, 89As, and 91Se. These results un-
derscore the importance of this study in constraining
the uncertainty of r-process calculations.
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Fig. 1. N -Z plane with color code indicating the logarithm

of Ierror. Black blocks represent stable nuclides.
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