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PREFACE

The Radiation Science Center is concerned with the management of both radiation and
chemical safety in KEK. In addition to the tight routine work, R&D work in this field is
conducted. The first part is the R&D activities reported in English and the second part is
the studies related to the routine work written in Japanese. The third part is the data
related to our activities including awards, name of outside committees we are engaged

in, workshops and symposia, publications, and funds we got.

In FY 2017, effort for earthquake disaster reconstruction was continued in the field of
measurement and estimation of radioactivity which was released in Fukushima Daiichi
Nuclear Power Plant Accident. This includes radioactivity measurement for samples
from Fukushima prefecture, setting up of radiation monitor, estimation of radioactivity
in air just after the accident, and talks on basic knowledge regarding radiation in

schools.

Yoshihito Namito
Head, Radiation Science Center

High Energy Accelerator Research Organization
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Chapter 1  Research Activity

The feature of the research activities in the Radiation Science Center (RSC), KEK is a
wide coverage of the research fields. Radiation physics, radiation measurements,
radiochemistry, radiation chemistry, health physics, radiation shielding, nuclear
engineering, analytical chemistry and environmental science are included in the
research fields of the RSC’s staff members. The status of these research activities

carried out in fiscal year 2017 is described.



1. Reasearch in Radiation Physics and Detector Development
1.1 Systematic measurement of double-differential neutron production cross sections for

deuteron-induced reactions at an incident energy of 102 MeV

S. Arakil, Y. Watanabe!, M. Kitajimal, H. Sadamatsul, K. Nakano?!, T. Kin!, Y.
Iwamoto?, D. Satoh2, M. Hagiwara3, H. Yashima4, T. Shima’
leuShu University, 2JAEA, *KEK, “KURRI, *RCNP

Double-differential neutron production cross sections (DDXs) for deuteron-induced reactions on Li,
Be, C, Al, Cu, and Nb at 102 MeV were measured at forward angles <25° by means of a time of
flight (TOF) method with NE213 liquid organic scintillators at the Research Center of Nuclear
Physics (RCNP), Osaka University. The experimental DDXs and energy-integrated cross sections
were compared with TENDL-2015 data and Particle and Heavy Ion Transport code System (PHITS)
calculation using a combination of the KUROTAMA model, the Liege Intra-Nuclear Cascade model,
and the generalized evaporation model. The PHITS calculation showed better agreement with the
experimental results than TENDL-2015 for all target nuclei, although the shape of the broad peak
around 50 MeV was not satisfactorily reproduced by the PHITS calculation.

Published at Nucl. Insrum. Meth. Phy. Res., A 842 62-70 (2017)

1.2 Applicability of the two-angle differential method to response measurement of

neutron-sensitive devices at the RCNP high-energy neutron facility

A. Masuda!, T. Matsumoto!, Y. Iwamoto®, M. Hagiwara®, D. Satoh?, T. Sato?, H. Iwase®,
H. Yashima®*, Y. Nakane?, J. Nishiyama!, T.Shima®, A. Tamii’, K. Hatanaka®, H. Harano', T. Nakamura®
TAIST, 2JAEA, KEK, “KURRI, 'RCNP, °CYRIC

Quasi-monoenergetic high-energy neutron fields induced by 7Li(p,n) reactions are used for the
response evaluation of neutron-sensitive devices. The quasi-monoenergetic high-energy field
consists of high-energy monoenergetic peak neutrons and unwanted continuum neutrons down to the
low-energy region. A two-angle differential method has been developed to compensate for the effect
of the continuum neutrons in the response measurements. In this study, the two-angle differential
method was demonstrated for Bonner sphere detectors, which are typical examples of
moderator-based neutron-sensitive detectors, to investigate the method's applicability and its
dependence on detector characteristics. Experiments were performed under 96-387 MeV

quasi-monoenergetic high-energy neutron fields at the Research Center for Nuclear Physics (RCNP),



Osaka University. The measurement results for large high-density polyethylene (HDPE) sphere
detectors agreed well with Monte Carlo calculations, which verified the adequacy of the two-angle
differential method. By contrast, discrepancies were observed in the results for small HDPE sphere
detectors and metal-induced sphere detectors. The former indicated that detectors that are
particularly sensitive to low-energy neutrons may be affected by penetrating neutrons owing to the
geometrical features of the RCNP facility. The latter discrepancy could be consistently explained by
a problem in the evaluated cross-section data for the metals used in the calculation. Through those
discussions, the adequacy of the two-angle differential method was experimentally verified, and

practical suggestions were made pertaining to this method.

Published at Nucl. Insrum. Meth. Phy. Res., A 849 94-101 (2017)

1.3 Development of the high-energy neutron fluence rate standard field in Japan with a peak

energy of 45 MeV using the "Li(p,n)’Be reaction at TIARA

T. Matsumoto', A. Masuda', H. Harano', Y. Shikaze?, Y. Tanimura?, H. Seito?, S. Kurashima?, S.
Nishino?, H. Yoshitomi?, J. Nishiyama', M. Hagiwara®, Y. Unno', M. Yoshizawa?
TAIST, 2JAEA, 3KEK

In this study, we developed a 45 MeV neutron fluence rate standard of Japan. Quasi-monoenergetic
neutrons with a peak energy of 45 MeV in the neutron standard field were produced by the
7Li(p,n)7Be reaction using a 50-MeV proton beam from an azimuthally varying field (AVF)
cyclotron of the Takasaki Ion Accelerators for Advanced Radiation Application (TIARA). The
neutron energy spectrum was measured using an organic liquid scintillation detector and a 6Li-glass
scintillation detector by the time-of-flight method, and using a Bonner sphere spectrometer by the
unfolding method. The absolute neutron fluence was determined using a proton recoil telescope
(PRT) composed of the liquid scintillation detector and a Si(Li) detector that was newly developed
in the present study. The detection efficiency of the PRT was obtained using the MCNPX code. The
peak neutron production cross section for the 7Li(p,n)7Be reaction was also derived from the
neutron fluence in order to confirm the neutron fluence of the TIARA high-energy neutron field. The
peak neutron production cross section obtained in the present study was in good agreement with
those of previous studies. The characteristics of the 45-MeV neutron field in TIARA were
successfully evaluated in order to calibrate high-energy neutron detectors and high-energy neutron

dosimeters.

Published at J. Nucl. Sci. Tech. 54(5) 529-538 (2017)



1.4 Uncertainty evaluation of fluorescent nuclear track detectors (FNTDs) for neutron dose

measurements

T. Hashizume!, T. Okazaki!, T. Sanami**, M. Hagiwara>*, H. Monjushiro®*, H.Hayashi’, I.
Kobayashi!
"Nagase Landauer, 2KEK, *Tokushima Univ., “‘SOKENDAI

Fluorescent nuclear track detectors (FNTDs) developed by Landauer Inc. are used as passive
dosimeters for neutron dose measurements. Commercial FNTD readers are operated in a track
counting mode for low dose neutrons (up to 50 mSv). In order to evaluate the ability of the reader to
detect recoil proton tracks, the relationship between track densities of FNTDs and etch pit densities
of CR-39 plastic nuclear track detectors (PNTDs) for 241 Am-Be neutrons was compared. The
relationship was linear in the range of the measured doses from 0.63 mSv to 13.30 mSv. The
correlation indicates that both neutron dosimeters similarly detect the recoil proton tracks. The low
limit of detection (LLD) using the reader was 1.44 tracks/mm2. In this measurement, the uncertainty
of track counting was also evaluated. The relationship between track counts and coefficients of
variation (CVs) agreed well with the Poisson distribution. According to the theoretical estimation
and the LLD, more than 11.11 counts per 2.08 mm2 are needed to obtain CVs below 30%. In
addition, decreasing the CV value was demonstrated by expanding the scan area. Therefore, there is

a possibility to improve the measurement accuracy for the LLD with a wider scan area.

Published at Radiat. Meas. 106 602-606 (2017)

1.5 Shielding experiments of concrete and iron for the 244 MeV and 387 MeV quasi-mono

energetic neutrons using a Bonner sphere spectrometer (at RCNP, Osaka Univ.)

T. Matsumoto', A. Masuda', J. Nishiyama', H. Iwase?, Y. Iwamoto®, D. Satoh?,
M. Hagiwara?, H. Yashima*, T.Shima®, T. Nakamura® H. Harano', A. Tamii’, K. Hatanaka®

'AIST, ’KEK, *JAEA, “KURRI, 'RCNP, °CYRIC

Neutron energy spectra behind concrete and iron shields were measured for quasi-monoenergetic
neutrons above 200 MeV using a Bonner sphere spectrometer (BSS). Quasi-monoenergetic neutrons
were produced by the 7Li(p,xn) reaction with 246-MeV and 389-MeV protons. Shielding materials
are concrete blocks with thicknesses from 25 cm to 300 cm and iron blocks with thicknesses from 10

cm to 100 cm. The response function of BSS was also measured at neutron energies from 100



MeV to 387 MeV. In data analysis, the measured response function was used and the pingpong
scattering effect between the BSS and the shielding material was considered. The neutron energy
spectra behind the concrete and iron shields were obtained by the unfolding method using the
MAXED code. Ambient dose equivalents were obtained as a function of a shield thickness

successfully.

Published at EPJ Web Conf. 153 08016 (2017)

1.6 Characterization of the PTW 34031 ionization chamber (PMI) at RCNP with high energy
neutrons ranging from 100 — 392 MeV

C. Theis', P. Carbonez!, E. Feldbaumer', D. Forkel-Wirth!, L. Jaegerhofer!, M. Pangallo', D. Perrin',
C. Urscheler!, S. Roesler!, H. Vincke', M. Widorski', Y. Iwamoto?, M. Hagiwara®, D. Satoh?, H.
Iwase?, H. Yashima®, T. Matsumoto®, A. Masuda’, J. Nishiyama®, H. Narano®, T. Itoga®, T.
Nakamura’, T. Sato?, Y. Nakane?, H. Nakashima?, Y. Sakamoto?, S. Taniguchi®, N. Nakao’, A.
Tamii'?, T. Shima'?, K. Hatanaka'’

!CERN, 2JAEA, 3KEK, *KURRI, SAIST, °RIKEN, "Tohoku University, 8Spring-8,
Shimizu Corporation,'’RCNP

Radiation monitoring at high energy proton accelerators poses a considerable challenge due to the
complexity of the encountered stray radiation fields. These environments comprise a wide variety of
different particle types and span from fractions of electron-volts up to several terra electron-volts. As
a consequence the use of Monte Carlo simulation programs like FLUKA is indispensable to obtain
appropriate field-specific calibration factors. At many locations of the LHC a large contribution to
the particle fluence is expected to originate from high-energy neutrons and thus, benchmark
experiments with mono-energetic neutron beams are of high importance to verify the
aforementioned detector response calculations. This paper summarizes the results of a series of
benchmark experiments with quasi mono-energetic neutrons of 100, 140, 200, 250 and 392 MeV
that have been carried out at RCNP - Osaka University, during several campaigns between 2006 and
2014.

Published at EPJ Web Conf. 153 08018 (2017)



1.7 Experimental analysis of neutron and background gamma-ray energy spectra of 80-400
MeV "Li(p,n) reactions under the quasi-monoenergetic neutron field at RCNP, Osaka
University

Y. Iwamoto!, T. Sato!, D. Satoh!, M. Hagiwara?, H. Yashima®, A. Masuda*, T. Matsumoto*, H. Iwase?,

T. Shima®, T. Nakamura®
!JAEA, *KEK, *KURRI, *AIST, >RCNP. °CYRIC

To develop the 100 to 400 MeV quasi-monoenergetic neutron field, we measured neutron and
gamma-ray energy spectra of the 7Li(p,n) reaction with 80-389 MeV protons in the 100-m
time-of-flight (TOF) tunnel at the Research Center for Nuclear Physics (RCNP) cyclotron facility.
Neutron energy spectra with energies above 3 MeV were measured by the TOF method, which had
been reported in our previous papers, and photon energy spectra with energies above 1 MeV were
measured by the automatic unfolding function of the radiation dose monitor DARWIN. For neutron
spectra, the contribution of peak intensity to the total intensity integrated with energies above 3 MeV
varied between 0.38 and 0.48 in the proton energy range of 80—389 MeV. For gamma-ray spectra,
high-energetic gamma-rays at around 70 MeV originated from the decay of n’ were observed with
proton energies higher than 200 MeV. For the 246-MeV proton incident reaction, the ratio of
gamma-ray flux above 20 MeV to total gamma-ray flux is 0.31 and the gamma-ray flux is almost
same with neutron flux at energies around 70 MeV. The experimental data will be useful to consider

the contribution of high-energetic gamma-rays on the neutron response of the radiation monitor.

Published at EPJ Web Conf. 153 08019 (2017)

1.8 Neutron spectrometry and dosimetry in 100 and 300 MeV quasi-monoenergetic neutron

field at RCNP, Osaka University, Japan

V. Mares', S. Trinkl!, Y. Iwamoto?, A. Masuda®, T. Matsumoto®, M. Hagiwara®*, D. Satoh?, H.

Yashima®, T.Shima®, T. Nakamura’
THMGU, °JAEA, 3 AIST, * KEK, >KURRI, °RCNP. "CYRIC

This paper describes the results of neutron spectrometry and dosimetry measurements using an
extended range Bonner Sphere Spectrometer (ERBSS) with 3He proportional counter performed in
quasi-mono-energetic neutron fields at the ring cyclotron facility of the Research Center for Nuclear
Physics (RCNP), Osaka University, Japan. Using 100 MeV and 296 MeV proton beams, neutron
fields with nominal peak energies of 96 MeV and 293 MeV were generated via 7Li(p,n)7Be
reactions. Neutrons produced at 0° and 25° emission angles were extracted into the 100 m long

time-of-flight (TOF) tunnel, and the energy spectra were measured at a distance of 35 m from the



target. To deduce the corresponding neutron spectra from thermal to the nominal maximum energy,
the ERBSS data were unfolded using the MSANDB unfolding code. At high energies, the neutron
spectra were also measured by means of the TOF method using NE213 organic liquid scintillators.
The results are discussed in terms of ambient dose equivalent, H*(10), and compared with the

readings of other instruments operated during the experiment.

Published at EPJ Web Conf. 153 08020 (2017)

1.9 Shielding experiments of concrete and iron for the 244 MeV and 387 MeV quasi-mono

energetic neutrons using an organic scintillator (at RCNP, Osaka Univ.)

M. Hagiwara!, H. Iwase!, Y. Iwamoto?, D. Satoh?, T. Matsumoto®, A. Masuda®, H. Yashima®, Y.
Nakane®, H. Nakashima?®, Y. Sakamoto®, T. Shima’, A. Tamii’, K. Hatanaka®, T. Nakamura®

"' KEK, °JAEA, * AIST, “*KURRI, *RCNP, °*CYRIC

A shielding benchmark experiment has been performed using a quasi-monoenergetic 7Li(p,n)
neutron source with the peak energies of 244 and 387 MeV at the Research Center for Nuclear
Physics (RCNP) of Osaka University, in order to assess the accuracy of nuclear data and calculation
codes used in high-energy accelerator shielging design. Energy spectra behind bulk shields of 10- to
100-cm-thick iron, 25- to 300-cm-thick concrete and their composite are measured using a NE213
organic liquid scintillator with a diameter and thickness of 25.4 cm each with a time-of-flight and an
unfolding method. The neutron attenuation lengths are illustared for iron and concrete as a function

of the incident energy.

Published at EPJ Web Conf. 153 08021 (2017)

1.10 Dose measurements through the concrete and iron shields under the 100 to 400 MeV

quasi-monoenergetic neutron field (at RCNP, Osaka Univ.)

Y. Nakane!, Y. Iwamoto', M. Hagiwara?, H. Iwase?, T. Sato!, A. Masuda®, T. Matsumoto?, T.
Nunomiya®*, H. Yashima®, D. Satoh', H. Nakashima', T. Shima®, A. Tamii®, K. Hatanaka®, T.

Nakamura’
IJAEA, 2KEK, 3AIST, *Fuji Electric Co. Ltd. SKURRL, SRCNP, "CYRIC

Shielding benchmark experiments are useful to verify the accuracy of calculation methods for the
radiation shielding designs of high-energy accelerator facilities. In the present work, the benchmark

experiments were carried out for 244- and 387-MeV quasi-monoenergetic neutron field at RCNP of



Osaka University. Neutron dose rates through the test shields, 100-300 cm thick concrete and 40-100
cm thick iron, were measured by four kinds of neutron dose equivalent monitors, three kinds of
wide-energy range monitors applied to high-energy neutron fields above 20 MeV and a conventional
type rem monitor for neutrons up to 20 MeV, placed behind the test shields. Measured dose rates
were compared one another. Measured results with the wide-energy range monitors were in
agreement one another for both the concrete and the iron shields. For the conventional type rem
monitor, measured results are smaller than those with the wide-energy range monitors for the
concrete shields, while that are in agreements for the iron shields. The attenuation lengths were
obtained from the measurements. The lengths from all the monitors are in agreement on the whole,
though some differences are shown. These results are almost same as those from others measured at

several hundred MeV neutron fields.

Published at EPJ Web Conf. 153 08022 (2017)

1.11 Double differential cross section for light mass fragment production on tens of MeV

proton, deuteron, helium and carbon induced reactions

T. Sanami'?, Y. Yamaguchi®, Y. Uozumi®, M. Hagiwara'?, Y. Koba*

'KEK, 2SOKENDAL, *Kyushu Univ., “NIRS

Double differential cross sections (DDXs) for light mass fragment production should be modeled
properly to evaluate amount of energy deposition in a finite volume due to single ion incidence.
Systematic experimental data are desired to evaluate nuclear reaction models not only for various
energy but also incident particles. The DDXs were measured for tens of MeV proton, deuteron
helium and carbon induced reactions. The experiments were performed using Cyclotron facility of
National Institute of Radiological Sciences, Japan. Protons with energies of 24, 50 and 70 MeV,
deuteron with 24 and 50 MeV, helium with 50, 70 and 100 MeV, and carbon with energies 50, 72
and 144 MeV were prepared as incident particles. The data for the energies allow us the comparison
of DDXs with same energy, 50 MeV, with different particles (p, d, He and C) and 70 MeV (p,He,C),
and, the comparison of DDXs with same energy per nucleon, 12 MeV/n with different particles (d,
He, C), 24 MeV/n (p, d, He). Targets were C, Al, Ti and Cu self-supported foils with thicknesses
less than 1 u m. The targets were set on a target changer ladder at the center of a scattering chamber.
Bragg curve counters placed at 30, 60 and 90 degrees of the scattering chamber are employed to
measure light mass fragments. DDXs for Li, Be, B, C, N, O, F and Ne production were obtained for

the targets. Evaporation like energy spectra are observed except for the fragment the mass of which



is close to the incident ion. The results are summarized to study incident particle type dependency on

DDX for each target nuclei.

Published at EPJ Web Conf. 146 11007 (2017)

1.12 Neutron production in deuteron-induced reactions on Li, Be, and C at an incident energy

of 100 MeV

S. Arakil, Y. Watanabe!, M. Kitajima?l, H. Sadamatsul, K. Nakano?!, T. Kin!, Y.
Iwamoto?, D. Satoh2, M. Hagiwara3, H. Yashima4, T. Shima’
1Kyushu Univ., 2JAEA, *KEK, “KURRI, *RCNP

In recent years, deuteron-induced reaction is considered as one of the effective reactions to produce
high intensity neutron beam for neutron application fields such as radiation damage evaluation for
fusion materials, boron neutron capture therapy and medical radioisotope production. Neutron
production data from neutron converter materials such as Li, Be and C are essentially important.
However, the experimental data are not sufficient, especially at incident energies above 60 MeV,
therefore the theoretical models are not validated. Under this situation, we measured the double
differential (d, xn) cross sections (DDXs) for Li, Be and C at 100 MeV and analyzed them with
theoretical models. The experiment was performed using the Time of Fight course at the Research
Center for Nuclear Physics in Osaka University. A deuteron beam accelerated to 102 MeV was
transported to the neutron experimental hall and focused on the thin lithium, beryllium and carbon
targets in natural compositions. The targets were placed on a beam swinger magnet. The DDXs were
measured at six angles (0, 5, 10, 15, 20 and 25 degrees) by changing the target position in the
swinger magnet. NE213 liquid organic scintillators were adopted as neutron detectors. The detected
neutrons were recorded event by event as a function of their time of flight. In the measured DDXs, a
broad peak due to deuteron breakup process is observed at approximately half of the deuteron
incident energy. The experimental results are compared with the calculations by PHITS. The
calculated DDXs have the broad peak structure, but the shape and magnitude do not necessarily
reproduce the experimental ones. Detailed analysis with an alternative theoretical model calculation
is also presented. In the calculation, elastic breakup and continuum stripping reactions are described
by the Continuum Discretized Coupled Channels (CDCC) theory and the Glauber model,
respectively. In addition, the DWBA is employed for the stripping reaction to bound state. The

Hauser-Feshbach theory and exciton model are adopted for statistical decay process.

Published at EPJ Web Conf. 146 11027 (2017)



1.13 Systematic measurements of double-differential (d,xn) cross sections at an incident energy
of 200 MeV

H. Sadamatsu', S. Araki', Y. Watanabe', K. Nakano', S. Kawase', T. Kin', Y. Iwamoto?, D. Satoh?,
M. Hagiwara®, H. Yashima®, T. Shima’
1Kyushu Univ., 2JAEA, *KEK, “KURRI, *RCNP

Double-differential neutron production cross sections (DDXs) for deuteron-induced reactions on Li,
Be, C, Al, Cu, Nb, In, Ta, and Au at 200 MeV were measured at forward angles < 25° by means of a
time of flight (TOF) method with EJ301 liquid organic scintillators at the Research Center of
Nuclear Physics (RCNP), Osaka University. The measured DDXs at 0° were compared with
theoretical model calculations by the DEURACS and PHITS codes. The DEURACS calculation
showed better agreement with the measured DDXs than the PHITS calculation.

This work was funded by ImPACT Program of Council for Science, Technology and Innovation

(Cabinet Office, Government of Japan).

Presented at 2017 Symposium on nuclear data, Tsukuba, Japan

1.14 Measurement of scintillation and ionization in helium mixed with xenon

A. Takeuchi!, K. Saito! 2, Y. Kishimoto" 2, T. Oyama?, T. Sanami'?
ISOKENDAL >KEK

He-3 proportional counter is widely used as a neutron detector. However, the time resolution is in
the order of several microseconds because it measures signal caused by collecting charges produced
by ionization. On the other hand, scintillation generally has a good time resolution because of a fast
rise and decay time. Scintillation photons in He lie in 70 nm with long decay time (about 10 ps).
Therefore, it is difficult to use helium as a scintillator. To solve these problems, we have investigated
the exchange of luminescence from He to Xe by adding a small amount of Xe to He. The reason for
selecting Xe is that the decay time of an excited Xe dimer is the fastest (about 99 nsec) among all
noble gases. Moreover, the peak wavelength in luminescence from the excited dimer of Xe is located
at 173 nm, which shows that it is easier to detect the luminescence of the excited dimer of Xe than
that of He. The purpose of this study is to understand scintillation and ionization property in He
mixed with Xe.

We measured the scintillation time profiles, scintillation yield, and ionization yields in He/Xe

mixture to understand the scintillation properties in anticipation of the development of neutron

-10 -



detector using a *He/Xe mixture. The observed rise and decay time of scintillation in He/Xe mixture
depends on partial pressure of He and Xe. The scintillation yields are saturated when the
concentration of Xe exceeds 10%. The measurements of ionization yields show to correspond with

the theoretical values.

Presented at ISRD2018, Tsukuba, Japan

1.15 Experiment on board the international space station using position sensitive

tissue-equivalent proportional chamber "PS-TEPC"

Y. Kishimoto!, S. Sasaki!, K. Saito!, K. Takahashi', K. Terasawa?, K. Miuchi®, A. Nagamatsu*, M.
Katsuta®, T. Fuse*, H. Matsumoto*, T. Tanimori’, H. Kubo®, Y. Uchihori®, H. Kitamura®

'KEK, ?Keio Univ., *Kobe Univ., *JAXA, ’Kyoto Unive., °QST

Radiation effects on human body are commonly evaluated using a dose equivalent H, defined as a
product of an absorbed dose D and a quality factor Q given as a function of the Linear Energy
Transfer (LET). In space, there exist many kinds of cosmic radiations, where primary charged
particles and neutrons generated secondarily are the main components contributing to the radiation
dose. Since the LET values of these radiations spreads over a wide range, it is essential to measure it
directly in order to evaluate H. We have been developing a space dosimeter named as “PS-TEPC
(Position Sensitive Tissue Equivalent Proportional Chamber)” .

PS-TEPC consists of a miniaturized p-PIC with a detection volume of 2.6x2.6x5.0cm3 and
tissue-equivalent materials. PS-TEPC works as a 3D time projection chamber. It allows to measure
not only the energy deposit but also to record the trajectories of the incident charged particles. Thus,
an event-by-event LET can be directly measured.

On December 9, 2016, a flight model of PS-TEPC was launched by a H-II transfer vehicle from
Tanegashima Space Center in Japan. It was installed on a wall in the Japanese experiment module
aboard the ISS on December 14, 2016. After starting up the flight system, configuring parameters
and performing initial tests, we started an experimental operation from December 28, 2016. From
the house-keeping data, it is recognized that the PS-TEPC has been operated well without fatal
trouble. From analyses of the detector data, we already have confirmed that the PS-TEPC has been
operated with typical gas gain without fatal discharge and three-dimensional trajectories of incident
particles have been successfully reconstructed. Including these results, we will report the initial

results of the experiment on board the ISS.

Presented at ISRD2018, Tsukuba, Japan

-11 -



1.16 Measurement for accurate extrapolation in 4 ¢ 8-y coincidence counting method using

plastic scintillator

Y. Unno!, T. Sanami’ S. Sasaki?, M. Hagiwara?, A. Yunoki'
lAIST, KEK

For accurate measurement of absolute value in radioactivity, apparatus to conduct the 4z B-v
coincidence counting method is usually composed of beta ray and gamma ray detector. Uncertainty
related with the extrapolation technique in beta ray counting efficiency to determine the absolute
value is often a dominant source of uncertainty. Higher beta ray counting efficiency make the
extrapolation uncertainty smaller as shown in our previous study. We aimed to develop new
apparatus for the 4 = 8-v coincidence counting with high beta ray counting efficiency.

A plastic scintillation detector was chosen for the beta ray counting because the high counting
efficiency was realized in a way that samples were placed in the sealed plastic scintillator as well as
Kawada (2004). Furthermore, pulse height distribution corresponding to emitted beta ray energy
spectrum could be obtained. In our previous setup, the plastic scintillator (ELJEN, EJ-212) was
optically connected with two facing large photomultiplier (Hamamatsu, H3177-50) via a light guide.
In the present study, another thimble-sized photomultiplier (Hamamatsu, R9880U-210) was selected
as a result of competition in the beta ray counting efficiency that was 93 % to radioactivity of Cs-134
(previously, 74 %). Combination with a gamma ray detector was considered in the point of size of
photomultiplier. The high efficiency was achieved by direct optical contact to two facing
photomultipliers in addition to inherent high sensitivity of the photomultiplier. It means that large
solid angle and short flight length of scintillation light strengthened signals to be detected. The
facing setup of two photomultipliers were useful to reject self-noise of the photomultiplier and
clarify threshold level in pulse height distribution.

To use this beta ray detector in the 4 = S -y coincidence counting method with sufficient counting
statistics, a through-hole type Nal(TI) scintillation detector was used. The through-hole have a 20
mm diameter at the center of side of ¢ 3” x 3” size cylindrical Nal(Tl) crystal. The beta ray detector
was inserted in the through-hole completely. The hole made pulse height resolution obtained by the
Nal(TI) scintillation detector worse actually (17% in FWHM at 662keV), but that had no concern for
the accuracy. The extrapolation uncertainty for absolute measurement of Cs-134 radioactivity was
evaluated at 0.3 % (k=1) at most. The result was comparable to ones in Kawada (2004). In
discussion about lower level limit to detect low energy beta ray, the result was reasonably explained

by calculation from the number of produced scintillation photons to electrical pulse heights.
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Presented at International Conference on Radionuclide Metrology and its Applications, Buenos

Aires, Argentina

1.17 Measurements and FLUKA Simulations of Bismuth and Aluminum Activation at the
CERN Shielding Benchmark Facility (CSBF)

E. Iliopoulou'?, R. Froeschl!, M. Brugger', S. Roesler!, A. Infantino', N. Nakao®, T. Sanami*, T.

Kajimoto®, A. Siountas?, P. Bamidis>

' CERN, ? Univ. Thessaloniki, 3 Shimizu Corp. * KEK, ° Hiroshima Univ.

The CERN High Energy AcceleRator Mixed field facility (CHARM) is located in the CERN PS East
Experimental Area. The facility receives a pulsed proton beam from the CERN PS with a beam
momentum of 24 GeV/c with 5x10'! protons per pulse with a pulse length of 350 ms and with a
maximum average beam intensity of 6.6x10'° p/s. The shielding of the CHARM facility also
includes the CERN Shielding Benchmark Facility (CSBF) situated laterally above the target. This
facility consists of 80 cm of cast iron and 360 cm of concrete with barite concrete in some places.
Activation samples of bismuth and aluminum were placed in the CSBF and in the CHARM access
corridor in July 2015. Monte Carlo simulations with the FLUKA code have been performed to
estimate the specific production yields for these samples. The results estimated by FLUKA Monte
Carlo simulations are compared to activation measurements of these samples. The comparison
between FLUKA simulations and the measured values from gamma spectrometry gives an

agreement better than a factor of 2.

Published in Nuclear Inst. and Methods in Physics Research, A 885 (2018) 79-85

1.18 Neutron energy spectrum measurement using an NE213 scintillator at CHARM

T.Kajimoto!, T.Sanami?, N.Nakao®, R.Froeschl*, S.Roesler*, E.Iliopoulou*’, A.Infantino*,

M.Brugger*, E.J.Lee®, N.Shigyo®, M.Hagiwara®, H. Yashima’, H.Yamazaki?, K.Tanaka!, S.Endo'

! Hiroshima University, > KEK, * Shimizu Corp. * CERN, 3 University of Thessaloniki, ¢ Kyushu

University, ’ Kyoto University

To establish a methodology for neutron spectrum measurement at the CERN High energy

AcceleRator Mixed field facility (CHARM), neutron spectra were measured using an NE213

-13 -



scintillator on top of the CHARM roof shielding where is the CERN Shielding Benchmark Facility
(CSBF). The spectra were derived as fluences into the scintillator by the unfolding method using an
iterative Bayesian algorithm. The methodology was verified based on the agreement of two spectra
measured for different positions and directions of incident neutrons by changing the detector
orientation. Since the spectra on the roof-top were obtained within a reasonable beam-time, this
methodology is suitable for measuring the spectrum when there is less shielding material. Thus,
experimental data for neutron transition can be obtained as a function of shielding thickness using

this facility.

Published as Nuclear Inst, and Methods in Physics Research B 429 (2018) 27-33

1.19 Characterizing the Position Sensitivity in Plastic Scintillators

Ngan N. T. Tran!, S.Sasaki'?, T. Sanami'?, Y. Kishimoto'~, E. Shibamura®
' SOKENDALI, 2 KEK, * Waseda University

A linear energy transfer (LET) spectrometer or a space dosimeter based on LET measurement can be
developed using plastic scintillators. Then, energy deposition and path length due to
incident radiation are necessary to be measured to calculate the LET in plastic scintillators. In this
study, the position sensitivity characteristic of plastic scintillators is examined. For this purpose,
multi-segmented photomultiplier tubes (PMT) are attached to the both ends of four square-aligned
plastic scintillator rods (NE102A) irradiated by radioactive sources which are placed at several
positions along the scintillator rod. The obtained signals from the measurement system can establish
a dependence of signals on the distance between the radioactive source and PMT. Thus, the position
of radiation incidence in the respective scintillator rod is evaluated. Based on the incident position,
the path length of radiation in the plastic scintillator rod can be determined. The experiments and

results will be presented in detail in our presentation.

Presented in Oral presentation at the 78th JSAP Autumn Meeting, 5 — 8 September, 2017, Fukuoka,
Japan.
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1.20 Scintillation Efficiency and Position Sensitivity for Radiation Events in Plastic

Scintillators

Ngan N. T. Tran!, S.Sasaki'?, T. Sanami'?, Y. Kishimoto'*?, E. Shibamura®
' SOKENDALI, 2 KEK, * Waseda University

Plastic scintillators are potential materials for the development of a dosimeter based on linear energy
transfer (LET) measurement for mixed radiation fields, such as the surroundings of accelerator
facilities and in space because plastic scintillators are composed mainly of hydrocarbon molecules,
and have the effective atomic number and density similar to those of water and human tissues.
Additionally, plastic scintillators have a wide range of application in particle physics experiments,
owing to their response to all types of radiation (photon, neutron, and charged particles). To use
plastic scintillators in designing and constructing a LET spectrometer, essential characteristics of
PLSs, such as light yields as a function of deposited energy and radiation species, and the position
sensitivity to observe trajectories of incident radiation must be studied. Previously, we performed a
procedure for determining the energy deposited in a plastic scintillator (EJ-200) for gamma rays
from a '*’Cs radiation source using Compton Coincidence Technique. In that measurement, the
scintillation efficiency, which was determined as a function of Compton electron energy, approaches
a saturation value in the high-energy region and decreases in the low energy region. The decrease in
efficiency possibly suggests the nonproportionality between the light yield and deposited energy. In
this study, the scintillation efficiencies, as well as the absolute light yield of plastic scintillators
(EJ-200, EJ-212, and EJ-252) are investigated. In addition, the position sensitivity characteristic is
studied by using a plastic scintillator rod, and photomultiplier tubes are attached to both ends of the
rod, and the position of radiation incidence in the rod can be evaluated by using signals from the

photomultiplier tubes.

Presented in 14th International Conference on Scintillating Materials and Their Applications, 18 —

22 September, 2017, Chamonix, France

1.21 Characterizing the Electron Response and Position Sensitivity for Radiation in Plastic

Scintillators

Ngan N. T. Tran!, S.Sasaki!, T. Sanami'?, Y. Kishimoto'-?, E. Shibamura®
' SOKENDALI, ? KEK, * Waseda Univ.

To develop a tissue-equivalent dosimeter based on LET measurement, we examine the
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characteristics of a candidate material, plastic scintillators. The energy resolutions of plastic
scintillators are examined by using the measured electron responses defined as the relative light
output per unit energy of three plastic scintillators EJ-200, EJ-212, and EJ-252. The position
sensitivity characteristic is examined by using a square-aligned plastic scintillator rod, and
multi-segmented photomultiplier tubes are attached to both ends of the respective rod. The relation

between signals from both end PMTs and the position of radiation incidence in the rod are obtained.

Presented in 2017 IEEE Nuclear Science Symposium and Medical Imaging Conference, 21 — 28
October, 2017, Atlanta, USA

1.22 Some Properties of Plastic Scintillators to Construct a LET Spectrometer

Ngan N. T. Tran!, S.Sasaki'?, T. Sanami'?, Y. Kishimoto!~, E. Shibamura®

' SOKENDALI, ? KEK, * Waseda Univ.

The properties of plastic scintillators as candidate materials for constructing a dosimeter based on
LET spectrometry are studied. In order to obtain LET, it is necessary to determine the deposited
energy and the trajectory of the incident radiation. For determining the deposited energy, energy
resolution is an important factor which must be evaluated. In this study, the energy resolution of
plastic scintillators EJ-200, EJ-212, and EJ-252 are determined based on the results of electron
response and the absolute light yield. Additionally, in the progress of determining the trajectory of
radiations, we examine the relationship between the incidence positions of radiation in the plastic

scintillator and signals from the photomultiplier tube.

Presented in the 2nd International Symposium on Radiation Detectors and Their Uses, 23 — 26

January
1.23 Neutron spectrum measurements at CHARM/CSBF facility
T.Sanami!, R.Froeschl?, E.Iliopoulou*?, S.Roesler?, A.Infantino?, M.Brugger?, T.Kajimoto®,
N.Nakao®, E.J.Lee®, N.Shigyo®, H. Yashima’, T.Oyama', M.Hagiwara', H.Yamazaki'
' KEK, 2 CERN, ? University of Thessaloniki,  Hiroshima University °> Shimizu Corp. ¢ Kyushu

University, ’ Kyoto University

Neutron spectrum measurements have been carried out at the CHARM/CSBF mixed-field facility,
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generating a radiation field through the interaction of a 24 GeV/c proton with a copper target. By
employing several type of neutron detectors such as a liquid scintillator, Bonner spheres and
activation foils, we successfully obtained neutron spectra measurements and reaction rates for a
broad range of shielding thicknesses and materials. The measured spectra and reaction rates were
compared with those obtained through Monte-Calro simulations to evaluate models for production
and transport. This lecture will cover outlines of the experiment, neutron detectors, simulation and

results; also providing a link to secondary particle evaluation on damage studies.

Presented at RADSAGA seminar, CERN, 6 Oct 2017

1.24 Spectrum measurement down to 1 MeV/u particles with hydrogen-identification using
bragg curve counter
Y.Yamaguchi!, T. Sanami?, Y. Koba®, Y. Uozumi'
'Kyushu University, ?’KEK/SOKENDALI, *NIRS

We have developed a low threshold detector consisting of Bragg curve counter (BCC) and two
built-in solid-state detectors (SSDs) to measure spectra of low energy charged particles emitted by
nuclear reactions. Since the BCC, ionization chamber offers advantages of self particle identification
capability and a few pm-thick entrance window, the threshold energy less than 1 MeV/u is expected
with particle identification. The detector is tested using 70 MeV protons for measurement of
double-differential cross sections (DDXs) of charged particle production. Protons produced down to
1 MeV have been identified and resultant DDXs for proton production have been obtained down to

1.5 MeV.

Presented in the 2nd International Symposium on Radiation Detectors and Their Uses, 23 — 26

January

1.25 Cross comparison on neutron spectra obtained by time-of-flight and unfolding methods

with liquid organic scintillator

E.J. Lee!, N. Shigyo!, T.Sanami?, T. Kajimoto®, N. Matsufuji*
'Kyushu Univ., 2 KEK/SOKENDALI, *Hiroshima Univ., *NIRS

The consistency of neutron energy spectra derived from unfolding light output from a liquid organic

scintillator and those using the time-of-flight (TOF) method were studied by measuring the

production of neutron double-differential cross sections (DDXs) for 100- and 290-MeV/nucleon 2Si
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ion beams on silicon targets at Heavy lon Medical Accelerator in Chiba (HIMAC), National Institute
of Radiological Sciences (NIRS). For neutron spectra ranging between 10 and 300 MeV, the
unfolding results were consistent with the experimental results obtained using the TOF method. Both

energy spectra were compared with those obtained with the PHITS Monte Carlo code.

Presented in the 2nd International Symposium on Radiation Detectors and Their Uses, 23 — 26

January
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2. Experimental Technology and Monte Calro Simulation Related to Radiation
Shielding

2.1 A revised Jenkins formula for electron induced neutron deep penetration calculation
H. Iwase, Y. Namito, H. Hirayama

KEK

In electron accelerator facility, neutron production induced by high energy electron above 1 GeV hitting
on thick target, and the neutron deep penetration for concrete shielding can be calculated by the Jenkins
formula. In the formula, the neutron source term is divided into three energy regions of GR, MID, and HE,
and neutron deep penetration is solved by summing up the attenuation of the three individual source terms
with different attenuation length. In this study, the concept of Jenkins formula is verified by using recent
Monte Carlo codes with evaluated data and cross sections, and some parameters of Jenkins formula are

revised.

Presented at ISORD-9

2.2 Study of personal dosimeters used for 3 mm dose equivalent due to p-rays

H. Hirayama
KEK

The reduction in the dose limit for the lens of the eye was recommended from the International
Commission on Radiological Protection (ICRP) in ICRP Publication 118, Part 2 (August 2012). This
recommendation is discussing at “The subcommittee of Radiation Protection of the Lens of the Eye”.

One of the issue in this subcommittee is the personal dosimeters to measure absorbed dose of the lens of
the eye. Personal dosimeters to measure 3 mm dose equivalent for X-rays were developed mainly at
Europe, like Dosiris developed at IRNS (France). Responses of dosimeters (“Dosiris” and “nanodot” ) to
measure 3 mm dose equivalent for parallel beam of mono energy electrons and B-rays from Y-90, which
must be considered at Fukushima Daiichi Nuclear Power Station, were studied using the egs5 Monte
Carlo code. Calculated absorbed doses of Al203 used at “nanodot” for Sr-90/Y-90 B-rays agreed well
with measured ones in absolute comparison. It became clear that the calculated absorbed dose of “Dosiris”

was generally agreed with 3 mm dose equivalent due to B-rays from Y-90 after various thickness of

polycarbonate.

Presented at 2017 Fall Meeting of the Atomic Energy Society of Japan, Sapporo, September 13-15, 2017.
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2.3 Anisotropic parameter of photo-neutron from Au in giant resonance region

Y. Namito'?, Y. Kirihara®, T. Sanami'? T. Itoga*, H. Nakashima®, S. Miyamoto®, and Y. Asano’
'KEK, 2Sokendai, *JJAEA, *JASRI, 3U. Hyogo

An anisotropic parameter of the direct component of photo-neutrons generated from the gold target in the
gigantic resonance region was determined and compared with the value reported by the past measurement
and the calculated value by Courant's equation. We measured the spectrum of photon neutrons generated
when 17 MeV linearly polarized photons entered the gold target and reported at the annual meeting of
AES]J in the spring of 2017. We obtained an angular distribution of direct components above 4 MeV as a
+bcos?@=a+b(2sin?0cos?¢-1),a=275e-4,b=9.66c¢ - 5. Here, O is the angle between the
direction of the linearly polarized photon and the neutron emission direction, 6 and ¢ are the polar angle
and the azimuth angle of the neutron emission (the direction of the linearly polarized light is the origin).
On the other hand, in the past measurement, when only electric dipole transition is considered, the angular
distribution at the incidence of unpolarized photons is expressed as 1 + a » P > (cos 0). Since linearly
polarized photon was used in our measurement, we convert it to unpolarized photon with ¢ = 45°, -a, is
obtained as 0.26 70.04 from the values of a and b, and compared with a, obtained in past measurements.
A comparison of anisotropic parameter -a; is performed. £y and E, are the incident photon energy and the
neutron energy, respectively. When an incident photon has a bremsstrahlung photon spectrum, energy is
indicated with the maximum energy and "- brems". The calculated value by Courant's formula is

converted to -a; using Mutchler's equation (82), which is shown in the same table.

-a> Ey (MeV) Method | E, (MeV) References

0.26+£0.03 | 22-brems Al(np) | >1.8 Price

0.30+0.12 | 22-brems Si(n,p) | >3.9 (>6) Tabliabue

0.15+£0.05 | 55-brems Si(n,p) | >3.9 (>6) Reinhardt

0.45+0.03 | 14 TOF >4 Mutchler
0.38+0.03 | 13 TOF >4 Mutchler
0.26+0.04 | 17 TOF >4 Present work
0.4 <Calc> Courant

Presented at 2018 Spring Meeting of the Atomic Energy Society of Japan, Osaka, Mar 26-28, 2018.
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3. Radiation Protection Study in Accelerator Facilities
3.1 Monitoring system for the gold target by radiation detectors in Hadron experimental
facility at J-PARC

R. Muto, K. Agari, K. Aoki, K. Bessho, M. Hagiwara, E. Hirose, M. Ieiri, R. Iwasaki, Y. Katoh, JI.
Kitagawa, M. Minakawa, Y. Morino, K. Saito, Y. Sato, S. Sawada, Y. Shirakabe, Y. Suzuki, H.

Takahashi, K. Tanaka, A. Toyoda, H. Watanabe, Y. Yamanoi
KEK

At the Hadron Experimental Facility in J-PARC, we inject a 30 GeV proton beam into a gold target
to produce secondary particle beams required for various particle and nuclear physics experiments.
The gold target is placed in a hermetic chamber, and to monitor the soundness of the target, the
chamber is a hematic chamber, and helium gas is circulated in the chamber to monitor the soundness
of the target. The radioactivity in helium gas is continuously monitored by gamma-ray detectors
such as a germanium detector and a Nal(T1) detector. Beam operations with those target-monitoring
systems were successfully performed from April to June and from October to December, 2015, and
from May to June 2016. In this paper, the details of the helium gas circulation system and the

gamma-ray detectors, and the analysis results of the obtained gamma-ray spectra are reported.

Published at EPJ Web Conf. 153 07004 (2017)

3.2 Measurement of residual activities induced in copper by 148 MeV carbon

H. Yashima' , M. Hagiwara?, T. Sanami’, S. Yonai®

'KURRI, ? KEK, °*NIRS

The decommissioning of old accelerator facilities requires activation cross section data to estimate
the residual activities induced in the accelerator components. But experimental data of activation
cross section are very scarce for low energy (lower than several tens MeV) heavy ions which were
required for decommissioning of accelerator facilities such as tandem accelerator and cyclotron.

We therefore irradiated 148 MeV (12.3 MeV/nucleon) carbon ions onto a Cu target to obtain
experimental data of residual radioactivities for low energy heavy ions. Irradiation experiment was
performed at cyclotron facility (NIRS-930), National Institutes for Quantum and Radiological
Science and Technology. The Cu target was composed of a stack of natural Cu foils and total
thickness of Cu target was thicker than the range of projectile carbon ions. The average carbon beam
intensity was 5 pnA and irradiation time was 1 hour. After irradiation, we measured the gamma-ray

spectra from Cu samples with a HPGe detector. The reaction rates of radionuclides produced in Cu
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samples which were identified from the gamma-ray spectra and the decay curves were estimated
after being corrected for the peak efficiency of the HPGe detector.

From the reaction rates, the spatial distribution of residual activities within Cu target depth was
obtained. For heavier mass products than Cu, residual activities increase with the Cu target thickness.
On the other hand, residual activities decrease with the Cu target thickness for lighter mass products

than Cu. In this symposium, excitation functions of residual products will also be presented.

Published at JAEA-Conf 2017-001 (2018)

3.3 In-situ determination of residual specific activity in activated concrete walls of a

PET-cyclotron room

H. Matsumura', A. Toyoda', K. Masumoto!, G. Yoshida!, T. Yagishita®, T. Nakabayashi?, H. Sasaki’,
K. Matsumura?, Y. Yamaya® and Y. Miyazaki®
'KEK, 2Japan Environment Research Co. Ltd., *The Medical and Pharmacological Research Center

Foundation

In the decommissioning work for concrete walls of PET-cyclotron rooms, an in-situ measurement is
expected to be useful for obtaining a contour map of the specific activity on the walls without
destroying the structure. In this study, specific activities of y-ray-emitting radionuclides in concrete
walls were determined by using an in-situ measurement method employing a portable Ge
semiconductor detector, and compared with the specific activity obtained using the sampling
measurement method, at the Medical and Pharmacological Research Center Foundation in Hakui,
Ishikawa, Japan. Accordingly, the specific activity could be determined by the in-situ determination
method. Since there is a clear correlation between the total specific activity of y-ray-emitting
radionuclides and contact dose rate, the specific activity can be determined approximately by contact
dose-rate measurement using a Nal scintillation survey meter. The specific activity of each
y-ray-emitting radionuclide can also be estimated from the contact dose rate using a Nal scintillation
survey meter. The in-situ measurement method is a powerful tool for the decommissioning of the

PET cyclotron room.

Presented at 4th International Workshop on Accelerator Radiation Induced Activation (ARIA’17),
Lund, Sweden, May 22-24, 2017.

-22 -



3.4 Evaluation of induced activity in various components of a PET-cyclotron

A. Toyoda!, G. Yoshida!, H. Matsumura!, K. Masumoto!, T. Nakabayashi?, T. Yagishita® and H.
Sasaki®

'KEK, 2Japan Environmental Research Co. Ltd.

For decommissioning a cyclotron facility, it is important to evaluate the induced activity of the
various components of the cyclotron; however, activation of the metal components has been rarely
investigated. In this study, two types of cyclotrons were examined; one is a proton acceleration type
using a deflector, and another is a hydride ion (H-) acceleration type using a carbon stripper foil for
beam extraction to the target port. The samples were obtained from various metal components such
as the yoke, sector magnet, coil, and vacuum chamber by the core boring method, and the depth
distribution of the radioactivity was determined via a germanium semiconductor detector. The
activities of **Mn and °Co were detected from the surface to a deeper site of the yoke and sector
magnet. Most of the observed activities of the cyclotron components were higher than the clearance
levels, suggesting that a clearance system should not be applied to the yoke and sector magnet. In the

case of a high activity sample, we have to wait for 30 years to reach the clearance level.

Presented at 4th International Workshop on Accelerator Radiation Induced Activation (ARIA’17),
Lund, Sweden, May 22-24, 2017.

3.5 Establishment of measurement and evaluation procedure of activated materials for

decommissioning of accelerator facilities

H. Matsumura, T. Miura, G. Yoshida, A. Toyoda, K. Bessho, H. Nakamura, K. Masumoto
KEK

In order to make a plan for decommissioning of accelerator facility, we proposed the three important

key points, such as (1) the defining of activated area of accelerator room and parts of accelerator

components, (2) the standard procedure for the evaluation of actvation levels and (3) the manual for
the decommissioning work.

(1) As the research target of this year, four facilities of electrstatic type acceleretors were selected
such as 1.7MV tandem accelerator of Kobe Univ., 4.5MV dynamitron of Tohoku Univ., 6MV
tandem of Univ of Thsukuba and 20MV tandem of JAEA,Tokai. As neutrons are major souce of
activation of surrounding materials, Au foils, TLD and CR-39 were used for neutron detection

during operarion of accelerators. After irradiation, Surface dose and induced activity after
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operation were measured by survey meter and gamma-ray spectrometer, respectively. As the
results, activation was very low except for target, slit and beam pipe. Neutron flux on the wall,
floor and accelerator tank was 10> cms ! during operation.

(2) As the model facility, the cyclotron facilitiies of the Advanced Medical and Pharmaceutical
Research Center, Ishikawa pref., and National Cerebral and Candiovascular Center was selected.
At the former facility, we tried to perform the evaluation scheme of residual activity in the
concrte wall and floor by using the in-situ gamma-ray spectrometry and several types of survey
meter. We also evaluated the suitable shield thickness for detector. At the latter facility, we
measure the neutron flux in the cyclotron vault during the production of *F and !'C by proton
and deuteron irradiation, respectively. And we also obtained the concrete core samples and
measure depth profiles of residual activity.
In order to grasp the activity profiles on accelerator magnets, three types of imaging detectors
such as mask method, Compton method and collimeter method were compared.

(3) In order to discuss and make the manual for the decommsionig work, we organized the editorial

committee.

3.6 Measurements of depth profile of activity in the concrete and contained elements shielding
wall of the J-PARC MR accelerator tunnel

K. Nishikawa', A. Kanai?, S. Sekimoto®, M. Hagiwara', K. Bessho!, T. Miura!,
H. Yashima®
'KEK, *Tokyo Nuclear Service Co., Ltd, ’KURR

J-PARC consists of three accelerator facilities and three experimental facilities, and it generates the
world-class high-intensity proton beams. Large beam loss present around the beam injection points
where activation of the beam lines including the collimator is remarkable. Activation of the concrete
wall is relatively weak compared to those of the accelerator components, but it is also detected
around such beam-loss points. Concrete core samples were installed in the concrete walls at the
accelerator tunnels to survey production of radionuclides in the concrete materials at these
environments.

In this study, concentrations of radionuclides produced in the concrete samples installed near the
beam injection point at the J-PARC MR facility were investigated into detail. The depth profile of
gamma-emitting radionuclides in the concrete core was obtained by radioactivity measurement with
a Ge detector. In addition, Monte Carlo method was also applied to study the transportation of
neutrons inside the concrete wall. Observed depth-profiles for thermal-neutron producing nuclides

and fast-neutron producing nuclides can be explained by the neutron-transportation mechanism
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simulated by the calculations.

Presented in the 19th Workshop on Environmental Radioactivity, Tsukuba, March, 2018.

3.7 Analysis of the radionuclides produced in the circulating helium gas for inspecting the gold

target installed in the J-PARC Hadron Experimental Facility

K. Bessho'?, M. Hagiwara'?, H. Watanabe!~, K. Nishikawa!-?, R. Kurasaki'?,
R. Muto'?, K. Saito!?, Y. Kasugai!
! J-PARC, 2KEK

At the J-PARC Hadron Experimental Facility, a gold target bombarded with proton beam is placed in
a hermetic chamber, which is filled with circulating helium gas. The radioactivity of the circulating
helium gas is continuously monitored in order to confirm the soundness of the target with a Ge
detector and a Nal(Tl1) detector.

Various y-emitting nuclides such as C-10, O-19, O-20, F-20, Ne-23, Ne-24, Na-24 (daughter of
Ne-24), Ar-41, Hg-191m, Hg-192, Hg-193m, Hg-195, Hg-195m, Au-192 (daughter of Hg-192), and
annihilation peak are detected with the Ge detector. Detected activity in gas phase and calculated
activity produced in the solid components were obtained for various nuclides, and the rates released
to gaseous phase was compared for various nuclides. The results indicate that C, N, O, F, Ne, Ar and
Hg nuclides are selectively released to gas phase reflecting their elemental volatility. The rates
released to gaseous phase were analogous for C, N, O, Ne and Ar nuclides. On the other hand,
corresponding rates for F-20 and those for Hg nuclides were smaller compared to those of C, N, O,
Ne, Ar nuclides, which suggest that F and Hg nuclides tend to remain partially on the target and
window surfaces. It is possible that these characteristics are related with fluoride formation for F-20
on the metal surface and low volatility for Hg nuclides reflecting their vapor pressure depending on

the target temperature.

Presented in the 19th Workshop on Environmental Radioactivity, Tsukuba, March, 2018.

3.8 Radiation control of radioactive mercury at high intensity proton accelerator

K. Takahashi'*, M. Hagiwara'#, K. Saito'*, Y. Kasugai**, F. Kouno®, T. Miura!
'KEK, 2JAEA, 3TNS, “J-PARC

In J-PARC, various kinds of radionuclide are generated due to activation of not only the accelerator
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components but also the air in the accelerator tunnel that are induced by the intense proton beam
accelerated to high energy and its beam loss followed by production of a number of secondary
particles. In this study, we focused on a radioactive mercury (°’Hg), which was detected in the air of
most of the accelerator tunnels in J-PARC and investigated the migration characteristics by
measuring the '°’Hg concentration in the air before and after air ventilation of the tunnel which was
confined during beam operation.

The '°’Hg concentration in air of the accelerator tunnels in J-PARC is generally between N.D. and
5.0x10* Bg/cm?®. The concentrations 24 and 96 hours after ventilation of the air were 9.0x107°
Bg/cm® and 2.9x10¢ Bg/cm?, respectively. The decrease of the '°’Hg concentration is slower than an
expectation based on the ventilation capacity.

We suppose that ’Hg may be continuously supplied from the wall of the accelerator tunnel as a
cause of the slow ventilation of '*"Hg. We therefore measured the amount of !°’Hg released from a
wall of a tunnel and confirmed that 4.5x103 Bg/(cm? - h) of '""Hg was released from a wall of a
tunnel 9 hours after stopping the beam operation.

In conclusion, '""Hg released from walls of the accelerator tunnels could affect the slow ventilation
of ’Hg in air. To understand the migration of radioactivity mercuries in the air of tunnel, we will

continue to investigate the source and dynamics of radioactivity mercuries in air.

Presented at 16th Annual Meeting of Japanese Society of Radiation Safety Management

3.9 Evaluation of radioactivity in mouse body induced by neutron exposure from epi-thermal
neutron source of accelerator-based boron neutron capture therapy system using a solid Li

target

S. Nakamura', S. Imamichi', K. Masumoto?, M. Ito!, A. Wakita!, H. Okamoto', S. Nishioka', K.
lijima!, K. Kobayashi', Y. Abe!, H. Igaki', K. Kurita, T. Nishio*, M. Masutani', J. Itami'
"National Cancer Center Hospital, 2KEK, *Tokyo Women’s Univ., “Nagasaki Univ.

This study aimed to evaluate residual radioactivity in mice induced by neutron irradiation with an
accelerator-based boron neutron capture therapy (BNCT) system using a solid Li target. The
radionuclides and their activities were evaluated with a high-purity germanium (HP-Ge) detector.
Saturated radioactivity of the irradiated mouse was estimated to consider the radiation protection in
case of using the accelerator-based BNCT system. The >*Na, 38Cl, 8*™Br, #Br, 3*Mn, and **K were
detected, and their saturated radioactivities were 1.4+0.1 X 10?, 2.2+0.1x10", 3.4+0.4x10?, 2.8+0.1,
8.0£0.1, and 3.8+0.1x10' Bq/g/mA, respectively. When the thermal neutron fluence in the mouse

was 2.4+0.2x10" to 1.2+0.1x10'% n/cm?, total activity of **Na induced in a mouse was 8.9+0.2x10?
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Bq at the end of irradiation, and its activity was similar to the reported value of BNCT experiment
using a thermal column of reactor. The induced activity of each nuclide can be estimated by
substituting inputed saturated activity of each nuclide, sample mass, irradiation time, and proton

current into the deliverd activation equation in our accelerator-based BNCT system.

Published in Proc. Jpn. Acad., Ser.B93(2017)
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4. Nuclear Chemistry and Radiochemistry
4.1 Improvement of a high-frequency induction furnace combined with a size-analysis system

for metallic aerosols generated from molten metals

Y. Oki!, T. Miura? and H. Matsumura?
IKUR, ?KEK

In this work, a new system of high-frequency induction furnace has been developed for simulation of
radioactive aerosol release in accidents. The furnace was connected to a low-pressure impactor system to
analyze the size of the aerosol particles. The radioactive acrosols were released to the environment in both
accidents of the J-PARC in 2013 and Fukushima Daiichi Nuclear Power Plant (FDNPP). The release
occurred due to melting of the metallic target or the highly radioactive nuclear fuel. The particle size of
the aerosols is very important information to clarify their formation mechanism. Highly pure carbon
crucibles were used for melting of the metal samples. To minimize the concentration of back ground
aerosol particles emitted from the heated crucibles, their aerosol concentration was precisely measured in
various heating conditions with a condensation particle counter. The back ground particles rapidly
increased in number above 1,400 °C under the nitrogen atmosphere. The concentration was largely
affected by the applied power; however, the concentration could be decreased by pre-heating of the

crucible in the furnace.

Presented in the 19th Workshop on Environmental Radioactivity, Tsukuba, March, 2018.

4.2 Development of muonic atom beam generation system and the first assessment using

intense negative muon beam of J-PARC MUSE

G. Yoshida!, N. Kawamura', Y. Miyake', K. Ninomiya?, M. Inagaki?, J. Aoki?, M. Toyoda?, A.
Shinohara?

'KEK, 2Osaka Univ.

Muonic atom is an atomic system which has a negative muon substituted an orbital electron.
Because a muon mass is 200 times heavier than an electron, the radius of muonic orbital is much
smaller than that of electronic orbital. Orbital muon strongly shields a charge of nucleus (Z), thus,
muonic atom behaves as if Z-1 atom. However, electron structure of muonic atom is slightly
different from Z-1 atom [K. Ninomiya et al., J. Radioanal. Nucl. Chem. 272 661 (2007)]. Our
research group aims to provoke a chemical reaction of muonic atom as a novel chemical species. In

the initial stage of this purpose, we developed muonic atom beam extraction system.
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When a muonic atom formation, the muonic atom becomes highly positively charged ion due to
emission of Auger electrons [L.Bacher ef al., Phys. Rev. Lett. 54 2087 (1985)]. Using this property
of muonic atom, we had developed the muonic atom extraction system by electric field. The system
consists of vacuum chambers, electrodes for muonic atom acceleration, muonic atom ion production
target (poly tetra fluoro ethylene: PTFE and graphite) and micro channel plate for muonic atom ion
detection. Some muonic atoms which are created very close to the target surface may escape to
vacuum from the target material and accelerated by the electric fields. Muonic atom can be identified
using a time of flight mass spectrometer (TOF-MS) technique. Our system is expected to be able to
create muonic atom beam which is whole new type of quantum beam.

After development of the system, the first evaluation was performed by laser ablation. Various ions
which were generated by laser bombardment for the target surface were accelerated by the electric
fields, and ion yield and mass resolution were optimized. We could obtain resolution of R>260; this
is sufficient for the detection of uF*". Also, we performed the beam experiments for assessment of
the system using high intensity negative muon beam of J-PARC. In the first experiment, background
signals originated from various particles which were accompanied to muon beam were observed, and
the signal which was attributed to muonic atom beam was not detected. From this result, the beam
bending system was installed for reduce background noises. We performed the second experiment
and succeeded to remove the noises significantly. In the presentation, we would like to report the

other results of the beam experiments, and details of developed system.

Presented at The 14th International Conference on Muon Spin Rotation, Relaxation and Resonance

(USR2017)

4.3 Further examination for the chemical environmental effect in muon transfer by using low

pressure gaseous carbon sulfide samples

G. Yoshida!, K. Ninomiya?, M. Inagaki?, W. Higemoto®, N. Kawamura', K. Shimomura', Y. Miyake!,
T. Miura!, M.K. Kubo?, and A. Shinohara®
'KEK, 20Osaka Univ., *JAEA, ‘ICU

Muonic atom is an atomic system which has a negative muon substituted an electron. A coulomb
field of nucleus captures a muon then the muonic atom is formed. There are two different ways for
muonic atom formation, one is an atom captures muon directly, another is firstly a muon is captured
by a hydrogen atom then the muon transfers to heavier atom (Z > 2). The later process is called
muon transfer. Although the radius of the muon in muonic atom is very small due to its heavy mass,

muonic atom formation processes are influenced by orbital electrons. When a muon is captured by a
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molecule, muon capture probability for constituent atom and initial quantum state of the captured
muon are changed by chemical environment such as molecular structure (K. Ninomiya et al., J.
Korean Phys. Soc. 2011). It is known as the chemical effect for muon capture. On the other hand, it
has been believed that the chemical effect hardly appears in muon transfer, because binding energy
of the muon in muonic hydrogen is too large to interact with orbital electrons. However, our result
which is obtained from the experiments in MLF suggests appearance of chemical effect in muon
transfer. Unfortunately, due to not enough statistics, we could not discuss in detail.

In this study, we performed muon irradiation to Hx+COS (1%) and H+CS, (1%) gases at
sub-atmosphere conditions, and obtained good statistical data of muonic X-rays. The experiment was
performed at D1 experimental area in J-PARC/MUSE. The experimental setup was written in

elsewhere (G. Yoshida et al, 1.

. . v HS-Ks pS-K.  pS-K, w
Radioanal. Nucl. Chem. 2015). Muonic ¥ VS, (s Ky e 650
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spectrum could be obtained with high *
30

counts

TTLITTTTTTTTIITT T IoaT IIIIIIII '5,
v
~

intensity and high quality negative

muon beam of J-PARC. Transition 20

series from pS-K, to puS-K, (n=10 to 1)

could be determined from the spectrum. o0 DR 5500 B G750 R 5500 B G500 B 7000 B 71 0O B

. . Channel / energy (keV) X 10
Currently, we are analyzing muonic

3 . 1 V)
Xray spectra and discussing the Figure 1: Muonic X-ray spectrum of Hx+CS»(1%)

chemical environmental effect on the sample

muon transfer process.

The experiment was performed at J-PARC:2017B0150
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5. Environmental and Analytical Chemistry at Accelerator
5.1 Adsorption behavior of trace beryllium (II) onto metal oxide nanoparticles dispersed in

water

S. Katsuta', N. Kanaya', K. Bessho?, H. Monjushiro?
!Chiba Univ.,”’KEK

Radioactive trace "Be produced in cooling water systems for high-energy accelerators is known to
be captured by metal-oxide colloidal nanoparticles generated through corrosion of metal components
in water. This study is aimed at investigating the adsorption behavior of trace Be’" onto various
oxide nanoparticles (Al,O3, SiO,, TiO,, Fe203, CoO, and CuO) dispersed in water at 25 °C in order
to clarify the tendency and features of the interaction of Be’" with metal oxides. From pH
dependence of the distribution ratio of Be*" between the nanoparticle phase and the aqueous solution
phase, the surface complexation constants (fs,) have been determined for the reaction of Be*" with
the hydroxyl groups on the oxide surface (>S—OH), i.e., Be’" + n >S—OH 2 (>S—0),Be®* ™" + n H".
The n values are generally 1 and 2 and the sequences of the fs, values are Fe,O3 > TiO; = ALLO3; >
Si0; for s and Fe,O3 > TiO; > SiO, > Al,O3; >> CoO = CuO for f;». The dependences of the the
Psn values on the kind of oxide are explained based on the electronegativity of the metal (or Si)

composing the oxide.

Published as Int. J. Chem., 9, 62-70 (2017)
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6. Research related to Accident of Fukushima Daiichi Nuclear Powere Station
6.1 Relationship between age and '*’Cs concentration in Japanese dace from lakes in

Fukushima Prefecture after the Fukushima fallout

K. Takasaki', A. Tomiya?, T. Wada®, H. Nakakubo!, T. Sato!, G. Kawata',

I. Matsumoto', K. Masumoto®

"Fukushima Pref. Inland Water Fisheries Experimental Station,> Fukushima Pref. Agricultural

Promoion. Div. *Inst. Environ. Radioactivity, Fukushima Uni. * KEK

It is revealed that size effect may be observed because of the difference of the age in fish. We
collected Japanese dace from lakes in Fukushima Prefecture and Their '*’Cs concentration, body
weight and age were measured. The age assessment was conducted by counting the number of the
rings of the otolith.

Correlation between age and *’Cs concentration was observed for 19 cases within the 27 cases
where the correlation of body weight and '*’Cs concentration was confirmed. No correlation was
found between body weight and '*’Cs concentration for 71 groups within 84 cases collected in the
same year. From these, it is thought that size effect of Japanese dace can illustrate by age well.

As the next step of our research, feeding habit and metabolism should be examined to make use

for the prediction in the future of '3’Cs concentration of Japanese dace.
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153 (2017) 07004.

K. Terasawa, T. Fuse, M. Katsuta, Y. Kishimoto, H. Kitamura, T. Komiyama, H. Kubo, D.
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V. Chouhan, H. Hayano, Y. Ida, S. Kato, H. Monjushiro, K. Nii, T. Saeki, M. Sawabe, T.
Yamaguchi : “Study on Vertical Electropolising of 9-cell Niobium Coupon Cavity”, Proc.
SRF2017, 18th Int. Conf. on RF Superconductivity (SRF'17), (2017)602-606.

V. Chouhan, H. Monjushiro, T. Saeki, S. Kato, M. Sawabe, H. Hayano, Y. Ida, T. Yamaguchi,
K. Nii :  “Analysis of Niobium Surface and Generated Particles in Vertical Electropolishing
of Single-cell Coupon Cavity”, Proc. SRF2017, 18th Int. Conf. on RF Superconductivity
(SRF'17), (2017) 607-611.

BIPTYEARES, AL —, #KIFHEZ, REm KRR, Blo 0, M0, ks, &R
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Symposium on Radiation Detectors and Their Uses, 23 — 26 January, 2018, KEK Tsukuba,
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Shimomura, Y. Miyake, T. Miura, M. K. Kubo, A. Shinohara, “Chemical Environmental Effect
on Negative Muon Capture by an Atom Targeted to Gaseous Simple Carbon Oxides: CO, CO>”,
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BRARGE, AT —, WOk, ZRER, g, 0EET, REWSh, HIPTEK
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5. Presentation at Conferences (2017.4.1~2018.3.31)
5.1 International Conference
(1) The 14th International Conference on Muon Spin Rotation, Relaxation and Resonance (u
SR2017), 25-30th June, 2017, Sapporo, Hokkaido, Japan.
1) G. Yoshida, K. Ninomiya, M. Inagaki, M. Toyoda, J. Aoki, N. Kawamura, Y. Miyake and A.
Shinohara : “Development of muonic atom beam generation system and the first assessment

using intense negative muon beam of J-PARC MUSE”.

(2) 4th International Workshop on Accelerator Radiation Induced Activation (ARIA’17), Lund,
Sweden, May 22-24, 2017.
1) K. Masumoto et al. : “Present status of accelerator decommissioning project in Japan”.
2) A. Toyoda et al. : “Evaluation of radioactivity induced in various components of PET-
cyclotron”.
3) H. Matsumura, A. Toyoda, K. Masumoto, G. Yoshida, T. Yagishita, T. Nakabayashi, H.
Sasaki, K. Matsumura, Y. Yamaya and Y. Miyazaki : “In-situ determination of residual

specific activity in activated concrete walls of a PET-cyclotron room”.

(3) International Technical Safety Forum 2017 (ITSF 2017), September 18-22, 2017, TRIUMEF,
Vancouver, Canada.
1) K. Bessho, Y. Makida, M. Ukai, K. Kasuya : “Safety guidelines on liquid hydrogen target

systems for particle and nuclear physics experiments at J-PARC”.

(4) SRF2017 18th Int. Conf. on RF Superconductivity (SRF'17), Lanzhou, China, July 17-21, 2017.

1) K.N. Nii, V. Chouhan, Y. I. Ida, T. Y. Yamaguchi, H. Hayano, S. Kato, H.Monjushiro, T.
Saeki, M. Sawabe : “Nb Single-cell Cavity Vertical Electro-polishing with Ninja Cathode
and Evaluation of its Accelerating Gradient”.

2) V. Chouhan, Y. Ida, K. Nii, T. Yamaguchi, H. Hayano, S. Kato, H. Monjushiro, T. Saeki, M.
Sawabe : “Study on Vertical Electropolising of 9-Cell Niobium Coupon Cavity”.

3) V. Chouhan, Y. Ida, K. Nii, T. Yamaguchi, H. Hayano, S. Kato, H. Monjushiro, T. Saeki, M.
Sawabe : “Analysis of Niobium Surface and Generated Particles in Vertical Electropolishing

of Single-Cell Coupon Cavity”.
(5) 27th International Conference on Nuclear Tracks and Radiation Measurements, Strasbourg,

-61 -



August 28th to September 1st, 2017
1) T. Hashizume, T. Okazaki, T. Sanami, M. Hagiwara, H. Monjushiro, H. Hayashi, I.
Kobayashi : “Evaluation of interceptive effect of gamma rays on alpha particle track readout

for fluorescent nuclear track detectors”.

(6) The Ninth International Symposium On Radiation Safety and Detection Technology (ISORD-9),
Nagoya, Japan, 10-14, July 2017.

1) M. Hagiwara, A. Kanai, J. Kitagawa, T. Oyama, S. Nagaguro, H. Nakamura, K. Seki, T.
Miura : “Measurements of activation profile in the concrete shield of the J-PARC
accelerator tunnel”.

2) T. Oyama, H. Iwase, A. Toyoda, N. Yoshihara, T. Sanami : “Thermal neutron
distribution in the beam line tunnel of the KEK electron/positron injector linac”

3) Kl.ijima, T.Ishikawa, Y.Kishimoto, H.Iwase, T.Sanami, S.Sasaki : “Ambient Dose Rate
Monitoring at Several Site in litate”.

4)  H. Iwase, Y. Namito, H. Hirayama : “A revised Jenkins formula for electron induced neutron

deep penetration calculation”.

(7) 2017 IEEE Nuclear Science Symposium and Medical Imaging Conference, Atlanta, U.S.A.,
21-28, October, 2017
1) Y. Kishimoto, S. Sasaki, K. Saito, K. Takahashi, K. Terasawa, K. Miuchi, A. Nagamatsu, M.
Katsuta, T. Fuse, H. Matsumoto, T. Tanimori, H. Kubo, Y. Uchihori, H. Kitamura : “The
Initial Results of Experiment on board the International Space Station using Position

Sensitive Tissue-Equivalent Proportional Chamber ‘PS-TEPC’”

(8) The Second International Symposium on Radiation Detectors and Their Uses (ISRD2018),
Tsukuba, Japan, 22-24, January 2018

1)  A. Takeuchi, K. Saito, Y. Kishimoto, T. Oyama, T. Sanami : “Measurement of scintillation
and ionization in helium mixed with xenon”.

2) Y. Kishimoto, S. Sasaki, K. Saito, K. Takahashi, K. Terasawa, K. Miuchi, A. Nagamatsu, M.
Katsuta, T. Fuse, H. Matsumoto, T. Tanimori, H. Kubo, Y. Uchihori, H. Kitamura :
“Experiment on board the International Space Station using Position Sensitive
Tissue-Equivalent Proportional Chamber ‘PS-TEPC’”.

3) T. Hashizume, T. Okazaki, T. Sanami, M. Hagiwara, H. Monjushiro, H. Hayashi, I.
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Kobayashi : “Gamma ray effect on reading alpha particle tracks using fluorescent nuclear
track detectors (FNTDs) ~Track angle dependency~"

4)  Y.Yamaguchi, T. Sanami, Y. Koba, Y. Uozumi : “Spectrum measurement down to 1 MeV/u
particles with hydrogen-identification using bragg curve counter”.

5) E.J. Lee, N. Shigyo, T.Sanami, T. Kajimoto, N. Matsufuji : “Cross comparison on neutron
spectra obtained by time-of-flight and unfolding methods with liquid organic scintillator”.

6) Ngan N. T. Tran, S.Sasaki, T. Sanami, Y. Kishimoto, E. Shibamura : “Some Properties of
Plastic Scintillators to Construct a LET Spectrometer”.

7) T.Sanami, R.Froeschl, E.Iliopoulou, S.Roesler, A.Infantino, M.Brugger, T.Kajimoto,
N.Nakao, E.J.Lee, N.Shigyo, H. Yashima, T.Oyama, M.Hagiwara, H.Yamazaki : “Neutron
spectrum measurement for 24 GeV/c proton on thick copper target at CERN/CHARM”.

8) T. Okazaki, T. Hashizume, Y. Hashimoto, M. Shirakata, H. Nakamura, H. Yamazaki, V. LE
Cruz, C. Wei Hsin, H. Hayashi, 1. Kobayashi : “Evaluation of dose response characteristics
of a small type optically stimulated luminescence dosimeter irradiated with more than 10

Gy”.

5.2 Invited talk
(1) FEAEPRL T BRIREE s EES - MEFFE BT — 7 v a v 7 (BB KEIER S v /3 &, 2017
HF6HIH)

1) BUFTEKES : ”J-PARC (2551} DD E Y fHA.

5.3 Domestic Conference
() AARFF %S 201780 RS (ALRERY)  20165F913H ~15H
1) BREE, PUTEE, 1RARI, ifst, TR, SR, &, W, R
Froeschl, M. Brugger : “CERN/CHARM (2351} % 24GeV W& 7l 325k (4)H
PEF R F— AT NV OBERRE SR
2)  FIFHEZ, REERE], T —, @SR, SRR, ISR cm s kL — ik
TN R DI~ TF~— 7 FER,
3)  EANKE, EDSEE, PEECKR, JIBEME RS, SBOE, JEoTlEr, TR, B
Z, NG, WiEE  “LLFP ZEMHAL « FFFmb D720 ORAIEDRHTE (9 F
U LUK % 200MeV BB A T V- AR R B A W A .
4y FEREAOUR, [RRL, PRk, IR, SCERIUBSFEE, MRS, Ik BR el
JETREMR HIRE (FNTD) OR&bsO A L 7oKL FIRBIGE B0 (2351 D y #sg 8.
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5)
6)

Wl BRICE D 3 I U A— PR S ENEHE AR EROBRE”
WREFAZ, gk, LHRE  “EGSS Ol Dtk BTV

QBEANFR T FE 2018 FEOFES (KRS 201843 H26H ~28H

Y

2)

3)

4)

5)

6)

7)

8)

9)

RIFHE S, I\ G, ek, KB “Het' — A% W2 [EHH Mo-99/Tc-99m
ORERAT O FLRERFFE (1) *Zr(o,n) Mo S O g BEEGH &,

faEah PN, BN R, e BREk, B HEZ, AR OHRSE, SCERIURR FHHE, /AR
BR HOERBME R (FNTD) O AST L 7RI - REFOFEAE D (IZ8B1T 5 v ##

B JHR»

s

KILFESL, #FHE, ik, BT, HREMES, 228%, R, Froeschl, E. Iliopoulou,
S. Roesler, A. Infantino : “CERN/CHARMIZ 351} %24 GeV 1 & MV o liEfic 28R (7)
ETEEHETEIS K 2 B PR T-22 [ 454 O RIE”.

BRI, Ml EG—, ek, SREERY, TEZ, BEAMENR, REHE BRI
I TR B RAET LT OIFFETMEANT A —27,

Ve Beitk, SRBEEH, HEE—, WEA 1, FEZ, SAER, BEER bRt
AN F =AY NSRS D NI T L — (R AR OB,

TR, BB, I\ETE, SR, KILPEIL, PeARml, =R, $UTER, R
Froeschl, M. Brugger : “CERN/CHARMIZ 351} 524Ge V51 % W 7l 5280 (5) ik
SHbAR R I 2 i PN MG S AT L E

B, BUTER, etk RS, AR, KR, BT, KILFESL R
Froeschl, E. Iliopoulou : “CERN/CHARMIZ 351} 524Ge V51 % FV 7=l 5250 (6) £k
DHERIRIEI KT D =RV F—ART [ L LEEHRE.

KILFESL, #IFHEZ, edtk, S, RS, 2E%, R Froeschl, E. Iliopoulou,
S. Roesler, A. Infantino : “CERN/CHARMIZ 331F 524Ge V51 % H W 7 #5258 (7)
BTE BRI & 2 B M- 22 [ 0 AR O JUE.

WP RER], SEAEA, FRHEENE, BB, ook, MRkl I, Ao,
BRI “EEMeV/u bl - AFHT IS 1T 2 3 SO ORISR

10) =l R, WE 5T, P SR R R o AGYLR R E A OB

Q) ISHWELTS  FHIRES B SRS (E M E PR Si%Y) 201749 H5H
~8H

1)

PrNEELE, RILFEIL, A —, Feiliftik, 7Rkt  “He/XelR B AITBIT ¥ F

,—L’,,

L—a VHIE
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2) AR, Ea KB, @E R, BEEETE, FIRENTE, BNECRE, KIRE T, B
BB, RSO, HERE —, WAARKE/A, RRIEIME, AR, EHF], NIREIe, ok,
ST 1B AT IR FE B EH B PS-TEPC DO BRI %S + 1 3RER O 41 Ak 5.

4 ICHYET S BeSS B PR AR AINEH S (PR H T - v — b S S)
201853 H17H~20H
1) PrNEERE, FRERTE, RILFESL, A —, EiifRak : “He/Xel & A A 231 % FEHEIN

BHE

(3) BARIFF )5 dbBIRECH B R e RS GBS - (HFl 7 7% (Vi) ) 201744
H14H
1) EEEROR, AL, Pei ek, AR, MRS, SUERIMARTEIE, /IMRE R « <y Hiik
HHZ X % FNTD ORLF-TREFHEAEL D ~DH 2,
2)  RILFESL, A, BHGL, EREA, A - m T L X —E IR R
(ZB1T 222K DN« BAPPET- 22/ 0 A & Ar-41 ZERCE OHIE.

(6) HALRMEN PR 55 S0RIBF IR R K2/ B AU A 28 PP 2 8 16 AT RS B AR %,

RV b AR—IV RSy, RS, 201742628 H ~30H

1) SRR, R, Ve, ARHES, MREESE, SUERIUARTEIE, /IRE R © <y MR
$HZ X % FNTD DR TREFE G~ D52,

2)  BHHERIL, BEAFNZE, FE, U ERIT, TR, e Rtz EIREE o g
SR = > 7 U — N BEF O SR RS RE O R R eI I E B O R () — A
7a haEORILHEEO DT

3)  HhAkEZ, BVNERTT, Yex KL, k1, ILa s, BHERIL, R, BT
#, BIREAR  IEIBERS 2> 7 U — NEET O RO R O FERY I A RE
FEREEORFQ)—V A 7 v hu VEOREIEHED DI

4)  RESHERE, mhLEEHh, (LR RHL, SOR=ESR, BEATIZE, A 7%, BERIL o ISR
a7 Y — b B AR s AR o HERERHAmIZ DU T,

5) EJRSCHE, BHERIL, TR, AR, W, Kb B CRis
AV PET AV 7 v ka7 3.

6) BHEAFNZR, WEEES, MY, A BURBRIEERBE L~ = 2 7L OUGET IR

7)) RHEBEET, B, MARE, BHRIL . A RXA -7 L —FFEHW
7= At f A R BE 43 AR O FR AT
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8) Wk —, AIF iz, RmE BKE, BH %L, 5E : “J-PARC B>/ m br
YD RSFAVNTOT 72 b LEAWTHIE BORIE”.

9) EiE —F, AR Rz, Rk g, BRSO, el A8, = OK— ¢ <cRIREE
B - MR RR 3% L2 35 T 2 7K SR D it Ik R AR 0D Jise S A B,

10) KILPEL, ek fenk, SEFE, LA, BIHR, BAF « BEENEEHR S O
MBI T2 kT -y BRIE.

(7) BARHSHRZREIEFS 12 AV VARV U A, FUORRFRFMIRE#E Sk —L, K

FUERSCRUX, 2017 4F 11 H30 H~12 A 1 H

1) BEAFNZE : ML F G 5 - KL kF B L PH o B e AE

2) R = IEEYE - EBEHME OFHEFINE D fET

(8) AAMH 2 2017 KFERE (FHE RFIEFX v /3 Z) 2017F9H12H~15H
D) ), AR, AT, (TBREE, FAEMG, MEEs, ArmRn R, e —,
e, MR, PATIRE, NRAR—ER, TEKEE, SnARBHA, TIIBES, LR, 1L
I #& =], fth FOREST collaboration : “y d —»n’n® d StZ K 5 & A /XU A2 ORFFE 117,

(9) 2017 A ARG RS « 56 61 BIGHE RS, FURK PR T v /3 A, KR
SIEH, 20179 H 6 H~9 H 8 H
1) BIFTERER, AFTZ:, =K —, BRARE, KT —, WOk, ZRER], §EE—,
M b, RRESH, ZHE—RR, “BREEAUEE] MFRRICRIT 2 itE N EEH —
JR -7 FE R S BT SE R D & D E &~

(10) F1alEmEgEF2FE (ERT 7 7 — 7 2fF, Pt tE, 2017488 A 1H ~3
H)
1) EAEE, NS, T, R, R, R, RRM ], Wi,
RV, KGR, 48EW, RNRIR, BILAGE, Z2WeE, e A-F, Sk
—, REB=, ZHAK—, KEFENT, H45, @EFL, T5F, V)R, &,
F A HIRE, IR, mORIE, SRMGE, W BIE, JRRE RS, RUEHEE, ek,
WSAE =S, SLEAE, BI%E, NIINEAN, 7= FU, ERJ)IRE, Z#HEE, gk
E—, TAUWLE]  “iIBNCT Mg RO TR,
2) SIS, JRHEZEH, SCRIUERHWE, R, IR 7 vyBEFWiRn=F 7
BRI L DOPRER.
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(1) 201 7R R T — 2 WH9E2,  SIBAPESE - 57 7 (74 7 4 /1), 2017411 16 A ~
17H
1)  H. Sadamatsu, S. Araki, Y. Watanabe, K. Nakano, S. Kawase, T. Kin, Y. Iwamoto, D. Satoh,
M. Hagiwara, H. Yashima and T. Shima, “Systematic measurements of double-differential

(d,xn) cross sections at an incident energy of 200 MeV”.

(12) KEKAF 2—F >k + 74201 7(KEK/MKA—/1) 2017410524 H
1)  A. Takeuchi, K. Saito, Y. Kishimoto, T. Oyama, T. Sanami : “Measurement of scintillation
and ionization in helium mixed with xenon”.
2) T. Hashizume, T. Okazaki, T. Sanami, M. Hagiwara, H. Monjushiro, H. Hayashi, 1.
Kobayashi : “Research of fluorescent nuclear track detectors for practical use as personal
neutron dosimeters - Evaluation of interceptive effect of gamma rays on reading alpha

particle tracks - “.

(13) PR L RS e« lils (R ERE % —)  20174F7H11H
1) AR FEBRICE D0E L ERREFHA

(14) JBEHRE# L 2 DISHFE 186K B 224N 5E S (R RY) 201747H31H
1) FAHE P iE AR B E G PS-TEPC D B 38

(15) Z14[FIMPGDIF%EE (A FKTF)  20174F12H2H
1) AT PrE AR FIRH R PS-TEPCIZ L D [HEEFH AT — > a > TOEME
FEREAER.

(16) F-Re284F FE HUF BRI AR S WFSEHT « BRL THRAS A TRICHE B S L [RIFI A JE Al SR s R s
(RTNAR— T F7HHIEX) 2017F4H17H~18H
1) SFRFNVE, A, Vex RIE—, @is—%, B, k%, INEKR, K%
I, B, MEEKHEE, AR, AAARREA, SAILNT A, RN, 5, PR,
BRREE, EHA, AR, SEMRES, SHed, AR - hLE AR GIEEE O
A A ATKT D IRE.

(17) EREFHEEMHA S VR T L (FHAEIZEFT)  2018FE1H15H~16H
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D) SFRENEE, NECKE, EHA], BRE, e KM —, &1, S8, Hik%,
AR, ARARHE, AN, ATHEETN, KARSE -, B OCHE, B R, bk
“BIRICH AT AR D T8 e A e .

(18) % 24 [F] EGS #9t4=(KEK, 8/6-8)
1) WFEE, ELER “EGSS AiR—X T 4 7T U O

(19) #32[0] [E{RFEEIMR HasiF 702, 201843 H29 H (OK) « 30 H (4), & B HE i 78 B R H%
 BEVECRERTSERT - 2 B —L
1) HEREROR, REREL, Ve, AIRHES, PRERSE, SCERIUBRTEIE, /IRE R “HOETR
BB tH s FNTD 0D H: -3 L2 8V 72 TR R HH E oD RFA .

(20) %5 19 [a] [EREEHCARE) WFFE4, 2018 453 H 13 H~15 H, &= /L X — NIRRT
(FI I < 1)

1) EHEE, RAZE, BRI, ZHAK—, BRI, TR, BIFTERER - R
PRI ZEHEE 3 TR RR D B I E AR D 2 b ORE, TG FIED
WESL ] DIFENIZDOUVNT™.

2)  BUPFTYERER, #RHE, WO, W —, AlFD 0, s KRS, 7EHEZ, & H
HAFC : “J-PARCN B v o B R O SRR I A TSR RE O fiftT 2) — T A
S REDBLIIE & > 2 2 L—3 a VEMERE ROk —

3)  AHECL, BEHEZ, WIS —, RREERE], GRS, ESOSCR - “J-PARC N FR v
LB PE B — A T A TR D SR,

4y PINE—, ek, B, FIEHEZ, BUFTERRS, =HK—, \E#E © “J-PARC MR
IHERZHB T D207 U — MESVRNOE R ITHR & U BERE 7345 ORI E”.
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