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The management of long-lived fission products
(LLFPs) in nuclear reactors is one of the most impor-
tant tasks in nuclear engineering. The transmutation
of LLFPs is a promising technology to reduce and reuse
high-level radioactive nuclear wastes. Reaction cross
sections of the transmutation are fundamental and es-
sential information in nuclear applications. The cross
sections of proton- and deuteron-induced reactions on
the LLFPs 93Zr and 107Pd were measured using the
inverse kinematics technique in RIBF.1,2)

Furthermore, macroscopic simulations based on a re-
alistic condition are essential for the feasibility study
of the transmutation. A Monte-Carlo simulation code
PHITS3) is adopted and used to design the nuclear
applications for the transmutation of LLFPs in our
project. However the transmutation reaction cross sec-
tions calculated using PHITS are partially different
from the experiment data.1,2) To avoid the discrepan-
cies, we need to induce the recent experimental data
directly in simulations. A function named Frag Data
is implemented in PHITS to use external cross section
data. By using this function, we can reflect the exper-
imental data in the macroscopic simulations.

The Frag Data function requires an external data
file of cross sections for each reaction system consist-
ing of a target and projectile. The file includes the
total, production and double differential cross sections
of each outgoing particle for several incident energies.
The production cross sections of heavy residual nu-
clei in a target could be obtained in previous experi-
ments.1,2) The double differential cross sections of sec-
ondary light particles (neutron, proton, deuteron and
4He) are also required because the data are expected
to have large effects on the transmutation. The cross
sections of such light particles, however, were not mea-
sured in the experiments. Therefore, we adopt results
for the secondary particles calculated using the default
PHITS simulation as inputs of the file.

For the simulation of the proton-induced reaction,
the process to prepare the Frag Data input files is
as follows. First, simulations for 100- and 200-MeV
proton-induced reactions on thin 107Pd and 93Zr tar-
gets (5 µm thickness) were performed with the trial
number set to 106. From the simulations, the double
differential cross sections of the secondary light parti-
cles were obtained and inserted into the file. Next, the
experimental data, e.g. production cross section of the
residual nuclei (49 isotopes from Ag to Mo for 107Pd
and 44 from Nb to Br for 93Zr), were inserted. After
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the preparation of the Frag Data file, we can perform
PHITS simulations of a more realistic situation based
on the experimental data.

A simulation using the Frag Data function for
proton-induced reactions on a thin 107Pd target was
performed for confirmation. The simulation result of
production cross sections of Ag isotopes (open squares)
is shown in Fig. 1, which is compared with the experi-
mental data (filled squares) and the result without the
Frag Data function (filled circles). We can confirm that
the result with the Frag Data function reproduces the
same result as the experiments.
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Fig. 1. Production cross sections of Ag isotopes in the
107Pd+p reaction at 200 MeV.

The Frag Data function in PHITS can directly im-
port bare experimental data of cross sections to sim-
ulations. We performed simulations of transmutation
with the function and then confirmed the reproduction
of experimental cross sections. Based on the Frag Data
files, we can perform macroscopic simulations with re-
alistic conditions for the feasibility study of transmu-
tation.
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EXFOR Compilation of RIBF data in 2017

D. Ichinkhorloo,∗1 M. Aikawa,∗1,∗2 S. Ebata,∗1 S. Imai,∗3 S. Jagjit,∗1 N. Otuka,∗2,∗4 and M. Kimura∗1

Nuclear reaction data are used in various fields, e.g.
nuclear physics, engineering and medicine. Accessi-
ble databases are therefore required worldwide. One
such database open to the public is the EXFOR (EX-
change FORmat) library, which is maintained by the
International Network of Nuclear Reaction Data Cen-
tres (NRDC) under the auspices of the International
Atomic Energy Agency (IAEA).1) The Hokkaido Uni-
versity Nuclear Reaction Data Centre (JCPRG)2) is a
member of NRDC and compiles charged-particle and
photon induced nuclear reaction data obtained in the
institutes located in Japan. About 10% of charged-
particle nuclear reaction data in the EXFOR library is
contributed by JCPRG.
Our compilation process involves the following steps.

Papers in agreement with the EXFOR scope are ba-
sically surveyed in peer-reviewed journals. Informa-
tion to be compiled includes bibliographic information,
experimental setup, physical quantities and numerical
data, respectively. The information is retrieved from
the papers, formatted and input into the database.
During the compilation process, the corresponding au-
thors are contacted for queries over the contents of
paper and requests for numerical data.
JCPRG has cooperated with the RIKEN Nishina

Center for compilation of data obtained in RIBF since
2010. In this article, we report our activities related
to the RIBF data. In 2017, we compiled three new
papers including the experiment data of RIBF. Out
of the three papers, the corresponding authors of two
papers provided us the numerical data for compilation.
The compiled data are accessible by the entry numbers
listed in Table 1.
Figure 1 shows the number of papers compiled from

2011 and already reserved for compilation in 2018. The
number in 2017 is rather small in comparison with the
yearly average of 13.7 papers between 2011 and 2016
due to reassignment of compilation staff. Thirteen pa-
pers were already reserved for compilation as listed in
Table 1. The entries of ten papers among them have
been prepared in the EXFOR format and are waiting
for transmission to IAEA.
We have established an effective procedure to com-

pile all new publications during the last seven-year col-
laboration with the RIKEN Nishina Center. There-
fore, most of the recent experimental nuclear reaction
data are provided by the corresponding authors. This
cooperation is valuable and effective, and therefore it
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is needed to be continued for rapid and reliable com-
pilation.

Table 1. Entry numbers assigned to papers of RIBF data

compiled and to be compiled.

Status Entry number Total

Compiled E25063) E25184) E25395) 3

E25006) E25047) E25078)

E25119) E251510) E251611)

Compiling E252212) E254213) E254314) 13

E254915) E255316) E255417)

E255718)
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Fig. 1. Number of papers including RIBF data already

compiled until 2017 and reserved for compilation in

2018.
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