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Mass measurements of 123Pd was performed to investigate its influence in the r-process synthesis of
chemical elements tin and_antimony. Such measurement is only possible only at RIBF/RIKEN.

The results of this experiment was published in international journal and a press release was
prepared.

Mass measurement of rare isotope 123Pd produced at RIBF/ RIKEN was performed
with the Rare-RI Ring. The mass of this isotope was used to perform astrophysical calculation to
estimate the r-process abundances of mass A=122 and A=123. We find that the abundance ratio of these
two masses can be reproduced when using the new mass of 123Pd in the calculation.

We have also finalized the development of a new position-sensitive detector for the Rare-Rl Ring.
The detector position resolution is similar to that of the RIBF standard detector, with the
advantage of being operable under the high-vacuum condition in the Rare-RIl Ring.
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Background of the study at its inception

The origin of half of chemical elements, heavier than iron, is still a mystery. It is because it
involves nuclear properties of nuclei very difficult to produce in the lab and exist briefly in
extreme stellar condition, such as neutron stars mergers or supernovae explosion. The process
responsible for synthesizing these elements is called rapid neutron capture (or r-process). This
process relies on a fragile energy balance between beta-decay and neutron capture defined by
nuclear masses since they reflect the energy available to the system. Therefore, nuclear masses
are very important to describe the abundances of the chemical elements produced in the r-
process.

2. WHEDHM

Purpose of the research

By measuring nuclear masses of rare isotopes of neutron-rich nuclei produced at RIBF and
combining these measurements with astrophysical calculation, one can clarify the
abundances of elements that were produced by r-process. In this research, we measured the
mass of a rare isotope of palladium 123Pd and investigated its impact in the r-process
abundances of elements with mass number A=122 and A=123.

3. WD HIE

Research Methods

To measure the mass of a short lived isotope of 123Pd, we used the newly developed mass
spectrometer at RIBF, the so-called the Rare-RI Ring. To measure the mass, two kind of
measurements are required. On one hand, we measure the revolution time of the particle
inside the Rare-RI Ring (T0,T1) and on the other hand we measure the velocity of the
particle on the beam line (betal). By combining these two measurements and by using
reference particles, the mass of 123Pd could be determined as illustrated below.
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For the astrophysical calculation we used the Portable Routines for Integrated
nucleoSynthesis Modeling reaction network to estimate the impact of the new mass of
123Pd. With such calculation, we could estimate that changes to the mass propagate to
cross sections and branching ratios in neighboring nuclei. We simulate nucleosynthesis for
a set of 20 parameterized r-process conditions or trajectories (entropy of 40kB/baryon, time
scale of 20ms and electron fraction Ye varying between 0.15 and 0.35 in 0.01 intervals).
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Research Results

We determined the mass of 123Pd with an uncertainty of 265keV, resulting in a mass
precision of 2 x 106. The new mass is 3 times more precise than literature value, which
lead to more precise astrophysical calculation and estimation of the r-process abundances.
The astrophysical calculation shows that the impact of 123Pd mass is significant for
elements with mass number A=123 (Sb) and A=122 (Sn). As shown in the figure below, the
observed solar abundance ratio (straight line) is better reproduced when taken into account
our new 123Pd masses (red line) as compared with baseline ratio that takes into account
mass from FRDM mass model (grey line) with only 500keV mass difference compared to
our experimental mass.

In the figure below, I summarize the flow of matter by showing thinner and thicker arrows
for smaller and larger matter flow, respectively. In the figure, only the flow of matter
influenced by our new mass is shown.
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