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Long-lived fission products (LLFPs) are problem-
atic radioactive wastes in spent nuclear fuels. Because
LLFPs have long half-lives, special techniques for safe
management and disposal are required. A promising
way to solve this problem is “nuclear transmutation
technology”. The basic concept of this technology is
to change LLFPs into “short-lived nuclei” or “stable
nuclei” by using various kinds of particle beams from
accelerators and neutron flux in nuclear reactors. Re-
cently, the use of an accelerator-driven system (ADS)
has been studied globally for this purpose. In Japan,
J-PARC1) plans to establish ADS techniques.
From the viewpoint of nuclear data, various kinds of

cross section data for LLFPs are needed to design the
nuclear transmutation system reliably. Cross section
data of proton, neutron, and photon induced reactions
on LLFPs are required to establish more effective pro-
cedures and to estimate costs. However, as listed in
Table 1, most of the experimental data are still un-
available owing to the difficulty in preparing enriched
targets and in handling of activities.

Table 1. Half-lives of LLFPs and the current status of

the experimental data of photon, neutron, and pro-

ton induced reactions in EXFOR5). Numbers with and

without parentheses indicate those of the experimental

works and data points of cross sections or maxwellian

averaged cross section. “-” means no experimental data

in EXFOR.

Nuclei Half-life Status of experimental data
(year) photon neutron proton

79Se 65,000 - - -
90Sr 29 - 5(5) -
93Zr 150,000 - 3(8) -
99Tc 210,000 - 16(428) 2(82)
107Pd 6,500,000 - 2(2) -
126Sn 100,000 - - -
129I 16,000,000 1(27) 5(5) -

135Cs 2,300,000 - 4(4) -
137Cs 30 - 3(3) -
151Sm 89 - 4(47) -

One possible way to access the cross sections is the
inverse reaction method. For example, neutron cap-
ture cross sections can be estimated with photo nuclear
reactions2–4). In addition, unstable LLFP beams at
the RIBF facility are strong candidates to produce re-
lated nuclear data. In order to promote nuclear trans-
mutation technology, the sharing of knowledge and in-
formation among researchers in related fields, e.g., nu-
clear engineering and nuclear physics, is imperative.
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Simultaneously, management of the experimental
nuclear reaction database to survey information, as
shown in Table 1, and theoretical evaluations of the
cross sections is also essential. Due to the lack of ex-
perimental cross sections, we performed theoretical es-
timation using the calculation code TALYS6). Figure 1
shows the total reaction cross sections induced by pro-
tons on LLFPs. We were able to determine the cross
sections of the order of barn. The impact of this result
must be assessed and the cost of the transmutation of
LLFPs must be estimated.

Fig. 1. Calculation of total reaction cross sections induced

by protons on LLFPs by using the code TALYS.
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JCPRG-RNC joint workshop on nuclear data
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The Hokkaido University Nuclear Reaction Data
Centre (JCPRG)1) and RIKEN Nishina Center estab-
lished a collaborative research contract in 2010 to in-
crease the availability of the nuclear reaction data pro-
duced at the RIBF. Under the collaboration, the data
from the RIBF are compiled into two databases, Nu-
clear Reaction Data File (NRDF) and the EXFOR li-
brary. The former is the JCPRG original database and
the latter is maintained by the International Network
of Nuclear Reaction Data Centres (NRDC) under the
auspices of the International Atomic Energy Agency
(IAEA).

The major part of the compilation process has been
well established during the collaboration period of four
years2). Furthermore, we are continuously improving
the coverage and usability of the data from the RIBF.
For such improvements, the first JCPRG-RNC joint
workshop on nuclear data was held on August 8-9,
2013 (Fig. 1). Its purpose was to discuss and share
information on the following topics:

(1) Current status and problems of compilation
(2) Experiments at RIBF
(3) Usability of nuclear data
(4) Nuclear data evaluation

In this article, we briefly report on the workshop.
As reported in another article2), in 2013, we com-

piled 13 papers, which include experimental data from
the RIBF. In the compilation, however, there still re-
main some problems such as the compilation scope,
format, and author proofs. The compilation scope de-
pends on the purpose of each database. For instance,
the incident particles compiled in NRDF and transmit-
ted from JCPRG to the EXFOR library are restricted
to charged nuclei, mesons, and photons. Therefore, at
the moment, the electron scattering data with SCRIT
is outside the scope. Because of its importance, how-
ever, extension of the scope to include the SCRIT data
was discussed. In addition, we also discussed the ne-
cessity to compile papers published in other than peer-
reviewed journals such as proceedings and annual re-
ports. Such papers are also important from the view-
point of completeness, but in some cases, it is risky
to include results of the works under progress in the
reports.

As for the format, the two databases were initiated
more than 40 years ago; hence, it is difficult to for-
mat these databases using the present-day state-of-the
art experiments and physical quantities. Therefore we
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discussed the extension of the format for the RIBF ex-
periments. Furthermore, the format must be commu-
nicable to authors, as well as readable to nuclear data
users. The format is now being constructed using the
XML technology, which is both human-readable and
machine-readable3). It is necessary to use a human-
and machine-readable technology so as to enable the
experimentalists in directly inputting the data into the
databases and nuclear data users in retrieving the data.
Another format for a simulation code PHITS is also re-
quested from a participant.

In addition to the format extension, there is a re-
quest to create a new user interface to connect the
databases not only with nuclear data users but also
with nuclear physics experimentalists. The interface
makes it possible for the nuclear data users and the
experimentalists to interactively and directly access
the databases. We developed an interface using the
Webble World technology at the Hokkaido University
Meme Media Laboratory4).

Nuclear reaction data are useful in many application
fields; e.g., nuclear physics, nuclear engineering, and
radiation therapy. In the workshop, we focused on
two applications, nuclear transmutation and radiation
therapy. Two invited talks were devoted to these fields
in terms of the nuclear data point of view. We confirm
the importance of the fields.

The workshop helped the participants in under-
standing the present and future status of the RIKEN-
JCPRG research collaboration and related nuclear
data activities. We continue to exchange valuable in-
formation and requests with nuclear data users and ex-
perimentalists to improve our activity more effectively.
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