VI. RNC ACTIVITIES RIKEN Accel. Prog. Rep. 57 (2024)

Accelerator Applications Research Division

Nuclear Transmutation Data Group

1. Abstract

The Nuclear Transmutation Data Group, which had been established in 2014, was reformed in 2023. The Group was orginally
designed to conduct a part of the ImPACT project entitled “Reduction and Resource Recycling of High-level Radioactive Waste
through Nuclear Transmutation.” In the project, nuclear reaction data for Long-lived Fission Products (LLFP) were systematically
obtained via inverse kinematics with radioactive isotope beams delivered at the RIBF facility. The data obtained were utilized to
construct a new nuclear reaction database of JAEA “JENDLE/ImPACT-2018.” In parallel, experiments of muon capture reaction for
LLFP’s were conducted at RCNP Osaka University, RAL and J-PARC.

After the InPACT project finished in 2019, the Group continues to provide the nuclear reaction data to solve the raioactive waste
problem as well as to meet other nuclear engineering needs and social demands.

2. Major Research Subjects
(1) Study of nuclear reactions via inverse kinematics with long-lived nuclear beams at RIBF and development of its applications.
(2) Study of muon capture reaction and development of its applications.
(3) Development of new radioactive isotope beams and of new methods in reaction studies.

3. Summary of Research Activity
(1) Nuclear data with fast radioactive isotope beams

The ImPACT project boosted up reaction study with LLFP’s and physics runs for study of spallation reaction were successfully
organized at RIBF in 2015-2017. The reaction data obtained with both fast and energy-degraded beams at RIBF encouraged the
nuclear data group of JAEA, and a new database called “JENDLE/ImPACT-2018" has been released. The new database has been
generated by a newly developed reaction model “DEURACS” which treats deuteron-induced reactions. DEURACS reproduces very
well cross section data, and much better than other reaction models. A simulation code “PHITS” has been re-coordianted to use the
database information.

Our activity has been demonstrated and recognized internationally. In December 2018, Hideaki Otsu, was invited to join Technical
Meeting of IAEA, “Novel Multidisciplinary Applications with Unstable lon Beams and Complementary Techniques.” In November
2020, Hideaki Otsu organized a domestic conference of “RIKEN Sympoium on Nuclear Data 2020.”

At the end of fiscal year 2021, the spallation reaction data with *Tc beam was obtained and a secondary beam test for 2’Np
production was conducted. The data analysis is in progress. In the experiment campaing, a new ion-chamber with Xe based gas,
which was proposed by the Group, was successfully operated to identify heavy secondary beams.

Two new projects have been discussed with JAEA. One is DPA measurement to develop radiation resistant materials, where heavy
ion primary beams such as a uranium beam will be irradiated to give a high LET to the materials. The other is study of the Pb/Bi
spallation reactions in inverse kinematics with Pb/Bi beams, of which data is useful in development of Pb/Bi targets for ADS.

Collaboration with the Super-Kaiokande group has been formed to obtain the spallation data for '®0, which is necessary to
precisely estimate backgrounds in detecting supernova relic neutrino. Intensive discussions have been made under the collobation
including reaction theorists.

The Group has joined JST ERATO “Sekiguchi Three Nuclear Force Project” since October 2023, and has been in charge of the
nuclear data applications for society, in collaboation with JAEA nuclear data group.

(2) Muon capture reaction

The muon capture reaction is a unique “tool” for nuclear transmutation and other applications, as well as for study of dynamics in
hot nuclei.

In the ImPACT project, the muon capture program started at RCNP, Osaka University in 2016 and the data for Pd isotopes were
successfully obtained in 2017-2019 via in-beam method with c.w. beams, and via activation method with pulsed beams at J-PARC
and ISIS-RAL/RIKEN facilities. In 2023, the ISIS data was published in Physical Review C. In this work, the in-beam activation
method was firstly employed.

Lifetime of muonic atoms is essenially important in deducing muon capture rate. The isotope depencence of the lifetime was
studied at J-PARC MLF in 2023-2024. The data analysis is in progress. The measurement was based on an achievement of de-
tector development for muonic X-ray and de-excitation gamma-ray measurements. A new calibiration method for Ge detectors was
successfully developed and the results were published in PTEP and NIM 2023.

Muon capture reaction can be uniquely applied to radioactive isotope production. Compared with other reactions, the range of
final reaction products in the muon capture is rather limited and their proton numbers are different from those in target. Hence, high
specific activity and simple chemical separation treatment are achieved. The applications for production of **"Tc and 2>’ Ac were
discussed in Journal of Radioanalytical and Nuclear Chemistry in 2024.

To create a muon capture database is being proposed by the Group and being discussed with with the nuclear data community in
Japan.
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