KEK Progress Report 2017-1
September 2017
R

Activity Report of

Radiation Science Center
1n Fiscal 2015

Radiation Science Center
Applied Research Laboratory

() High Energy Accelerator Research Organization




© High Energy Accelerator Research Organization (KEK), 2017
KEK Reports are available from:

High Energy Accelerator Research Organization (KEK)
1-1 Oho, Tsukuba-shi

Ibaraki-ken, 305-0801

JAPAN

Phone:  +81-29-864-5137
Fax: +81-29-864-4604
E-mail: irdpub@mail.kek.jp
Internet: http://www.kek.jp



B RE ' o 2 —
2015 5 JEEHRE

i TR L — IR G AT TR

M@ AR e R R 2 —






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 2015, 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 2015 are described.



1. Reasearch in Radiation Physics and Detector Development
1.1 Development of a tissue-equivalent space dosimeter with an ability of charged-particle

tracking

Y. Kishimotol, S. Sasakil, K. Saitol, K.Takahashi', K.Terasawaz, K.Miuchi’, A.Nagamatsu4,
M. Katsuta4, H. Matsumoto4, T.Tanimori’ , H.Kubo’, Y.Uchihori®, T.Kitamura®
'KEK, *Keio Univ., *Kobe Univ., *JAXA, *Kyoto Univ., °NIRS

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
v -PIC with a detection volume of 2.6X2.6X5.0cm> 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. We plan to perform an experiment in the international space station using PS-TEPC for an
operation check and an evaluation of the performance to measure dose equivalent in space crafts.
The flight model of PS-TEPC has been constructed. Now we proceed to perform several
experiments on the ground for detailed calibration of the flight model. In this presentation, we will
report about performance of PS-TEPC and current status of preparation for the experiment in the

international space station.
Presented at ISRD2016.

1.2 Experimental data of light mass fragment production for intermediate energy nucleon and

nucleus induced reactions

T. Sanami and M. Hagiwara

KEK

Double differential cross section (DDX) of light mass fragment (LMF) production has been
measured for proton, deuteron helium and carbon induced reactions. The data are convenient to

evaluate LMF production model and its implementation for multi-particle transport code that is



adopted to study local energy deposition in um scale. Until now, plenty of experiments have been
performed to obtain the DDX, however most of the experiments focused on several GeV energy and
relatively heavy targets to describe spallation process. Light target and a few hundreds of MeV are
important from the viewpoint of accelerator application. In this study, the data were taken for light
target nuclei with incident energies below 300 MeV.

The experiments were performed using Ring Cyclotron facility at Research Center of Nuclear
Physics (RCNP), Osaka University, Japan and Cyclotron facility of National Institute of
Radiological Sciences (NIRS), Japan. Protons with energies ranging from 40 to 300 MeV, deuteron,
helium and carbon with energies 6 to 12 MeV/u were prepared as incident particles. Targets were
self-supported with thicknesses less than 1 um. LMFs from this target were separated and measured
using Bragg curve counters mounted on 30, 60, 90 and 120 degree ports of a scattering chamber.
DDXs for Li, Be, B, C, N, O, F and Ne production were measured for C, Al, Ti and Cu targets.
Through the comparison of DDXs among different projectiles, several components from different
fragment production processes are observed according to emission angles and fragment masses. In
this talk, the data are presented in comparison with one obtained by theoretical calculation to see

tendency.

Presented at 14th International Conference on Nuclear Reaction Mechanisms, Varenna (Italy), June

15-19, (2015).

1.3 Time-of-flight measurements for low-energy components of 45-MeV quasi-monoenergetic

high-energy neutron field from 7Li(p, n) reaction

A. Masudal, T. Matsumotol, H. Haranol, Y. Tanimuraz, Y. Shikazez, H. Yoshitomiz, S. Nishinoz,
S. Kurashimaz, M. Hagiwara3, Y. Unno', J. Nishiyamal, M. Yoshizawaz, H. Seito’

'AIST, 2JAEA, *’KEK

A quasi-monoenergetic neutron field generated in the 'Li(p, n) reaction consists of a high-energy
monoenergetic peak and a continuum to the low-energy region. In this study, the spectral fluence of
the continuum was measured with the time-of-flight (TOF) method using a ®Li-glass scintillation
detector and an organic liquid scintillation detector for the keV and MeV region, respectively. The
neutron spectral fluence was determined down to the keV region by implementing a new beam
chopping system and the results showed that the neutrons that came directly from the target had a
lower energy limit about 100 keV. Discussions were made also on the effect of the time-independent
neutrons which are assumed to be room-scattered neutrons. The obtained information is expected to

contribute to understanding the quasi-monoenergetic high-energy neutron field and improvements of



calibrating neutron detectors in the field.
Published as IEEE Transactions Nuclear Science, on 62 (2015) 1295-1300.

1.4 Characterization of high-energy quasi-monoenergetic neutron energy spectra and ambient

dose equivalents of 80—389 MeV "Li(p,n) reactions using a time-of-flight method

Y. Iwamotol, M. Hagiwaraz, D. Satohl, S. Araki® , H. Yashima4, T. Sato'. A. Masudas, T. Matsumoto® ,
N. Nakaoé, T. Shima7, K. Tadahiro3, Y. Watanabe3, H. Iwase” and T. Nakamura®®
'JAEA, *’KEK, *Khushu Uni., *Kyoto Univ., AIST, °Shimizu Co. ltd, '"RCNP, *Tohoku Univ.

We completed a series of measurements on mono-energetic neutron energy spectra of the 'Li(p,n)
reaction with 80-389-MeV protons in the 100-m time-of-flight (TOF) tunnel at the Research Center
for Nuclear Physics cyclotron facility. For that purpose, we measured neutron energy spectra of the
80-, 100- and 296-MeV proton incident reactions, which had not been investigated in our previous
studies. The neutron peak intensity was 0.9—1.1x10'" neutrons/st/uC in the incident proton energy
region of 80-389 MeV, and it was almost independent of the incident proton energy. The
contribution of peak intensity of the spectrum to the total intensity integrated with energies above 3
MeV varied between 0.38 and 0.48 in the incident proton energy range of 80-389 MeV. To consider
the correction required to derive a response in the peak region from the measured total responses of
neutron monitors in the 100-m TOF tunnel, we proposed the subtraction method using energy
spectra between 0° and 25°. The normalizing factor k against 25° neutron fluence to equalize it to 0°
neutron fluence in the continuum region ranges from 0.74 to 1.02 depending on the incident proton
energy and angle measured. Even without the TOF method, the subtraction method with the k factor
almost decreases the response in the continuum region of a neutron spectrum against the total

response of neutron monitors.
Published as Nucl. Instrum. Meth. A 804, 50-58 (2015).

1.5 Characterization of hundreds of MeV 7Li(p,n) quasi-monoenergetic neutron source at

RCNP using a proton recoil telescope

M. Hagiwaral, Y. Iwamotoz, H. Iwasel, H. Yashima3, D. Satohz, T. Matsumoto4, A. Masuda4,
Y. Nakanez, A. Tamiis, T. Shima’ , K. Hatanaka’ , T. Nakamura®
'KEK, “JAEA, * Kyoto Univ., *AIST, ’RCNP, “Tohoku Univ.



A "Li(p,n) quasi-monoenergetic neutron source for the 100400 MeV range has been established at
the Research Center for Nuclear Physics (RCNP) of Osaka University, to promote the experiments
on accelerator shielding, response measurements of neutron detectors and nuclear data
measurements. For the analysis of these experiments, the intensity and the energy spectrum of the
neutron source should be known accurately. We have measured the energy spectra of the 'Li(p,n)
quasi-monoenergetic neutron source with a time-of-flight (TOF) method employing an organic
liquid scintillation detector (NE213) in the previous study. The accuracy of the measured data was
limited by that of the detection efficiency determination (~15%) with a Monte-Carlo method,
because the detection efficiency of NE213 is rather uncertain in this energy region due to the
neutron-carbon interaction in the scintillator and the light outputs of the reaction products which are
not sufficiently known.

In this study, we have measured absolute intensity of source neutrons using a proton recoils
telescope (PRT), because the detection efficiency of PRT can be determined accurately using the
well-known differential n—p scattering cross section. The intensity of peak neutrons were obtained
from the measurements for the incident proton energies of 100, 137, 200 and 300 MeV, and
compared with that obtained with the TOF method employing NE213.The neutron spectra obtained
by PRT and by TOF were generally in good agreement.

Presented in the 8th International Symposium on Radiation Safety and Detection Technology
(ISORD-8) to be held in Jeju Island, Korea from July 14 to 16, 20135.

1.6 Comparison of several state-of-the-art deexcitation models coupled with an intranuclear-

cascade model for proton-induced reactions at intermediate energies

M.Hagiwaral, D.Mancusiz, A. Boudardz, J. Cugnon3, S. Leray2
'KEK, *CEA, *Univ. of Liége

Proton-induced nuclear reactions at intermediate energies ranging from tens of MeV to GeV are of
importance to estimate radiation effects, heat estimation, material damage and radionuclide
production in recent practical applications of quantum beam. We have calculated cross-sections for
proton-induced reactions producing residues heavier than « -particles at intermediate energies from
10 to 1000 MeV using several state-of-the-art deexcitation models (GEM, SMM, ABLA, GEMINI)
coupled with the Li¢ge Intranuclear Cascade model (INCL4.6) improved to reproduce the measured
DDXs for charged particle production including fragments. Figure 1 show typical results of mass
yields of *°Fe(p,x) reaction at 1-GeV and excitation function of *’Al(p,x)**Na reaction. The hybrid
model of INCL+SMM+GEM generally reproduces experimental data for wide incident energy and



target mas range.
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Fig.1 Mass yield from the 1-GeV p+Fe reaction (left figure). Excitation function of 27Al(p,x)zzNa
reaction (right figure). Symbols indicate experimental data and blue and red lines indicate
the calculation results using INCL4.6+GEM and INCL4.6 model, respectively.

Presented in the Nuclear Data Symposium 2015 to be held in Ibaraki Quantum Beam Research
Center (IQBRC), Ibaraki, Japan from November 19 to 20, 2015.



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

2.1 Progress and prospects of calculation methods for radiation shielding

H. Hirayamal, H. Nakashimaz, M. Morishima3, M. Uematsu4, and O. Sato’
"KEK, *JAEA, *MHI, “Toshiba, "MRI

Progress in calculation methods for radiation shielding are reviewed based on the activities of
research committees related to radiation shielding fields established in the Atomic Energy Society of
Japan. A technological roadmap for the field of radiation shielding; progress and prospects for
specific shielding calculation methods such as the Monte Carlo, discrete ordinate Sn transport, and
simplified methods; and shielding experiments used to validate calculation methods are presented in
this paper.

In this review, the “Technological Roadmap in the Radiation Shielding Field,” prepared by the
“Radiation Shielding” research committee established in the AESJ, is first presented for considering
future prospects, technological levels that need to be confirmed in light of current needs, and
remaining issues that need to be resolved for technological development. Subsequently, the progress
and prospects of individual calculation methods for radiation shielding, such as the Monte Carlo,
discrete ordinate Sn transport, and simplified calculation methods, are presented. Finally, shielding
experiments used to establish benchmarks for shielding calculation methods are presented.

Activities of the standardization of shielding codes recently appear for licensing in Japan. Currently,
old shielding design codes developed and imported a few decades ago have been used mainly for
licensing in Japan, although many codes have been modified and newly developed. Thus, the newest
knowledge has not been applied for licensing except for some special cases. Moreover, code
copyright and export control problems have come to the forefront in the last few years. To overcome
these problems, it is better that a protocol to accept new codes is defined and stated clearly by an
authority. The protocol may include processes to develop codes, evidence of reliability of the codes
provided by the developers, an endorsement of the codes by authorities, and a demonstration that the
code is standardized. Additionally to guarantee reliability, validation and verification of the codes

may be carried out in the processes of development and maintenance.

Published in J. Nucl. Sci. Tech. 52 (2015) 1139.



2.2 Response of organic photodiode fabricated directly on plastic scintillator to x-rays

E. Takada' K. Fujiil, H. Imail, H. Okadaz, Y. Namito® , T. Nakamura®
'NIT Toyama College, U.Toyama, *KEK, “Tohoku U

Organic photodiodes (OPDs) have attracted considerable interest in the field of photonic devices
because they are useful for large and flexible photodetectors. To assess their applicability to radiation
measurement, the authors have been studying their response to X-ray irradiation. For a previous
study, OPDs with a bulk heterojunction structure were fabricated. Then, their response to X-rays was
evaluated. However, the X-ray-induced current was extremely low and the necessity to increase the
efficiency was apparent. In this study, to increase X-ray-induced current, the authors fabricated
OPDs directly on plastic scintillator plates. The device structure was a plastic scintillator substrate (1
or 5 mm)/ITO (150 nm) or IZO (100 nm)/PEDOT: PSS (30 nm)/P3HT:PCBM (200 nm)/Al (70 nm).
The fabricated devices were irradiated with X-rays. Then their responses were evaluated. Results
demonstrated that the X-ray-induced current can be increased by fabricating OPDs directly on
plastic scintillator plates. The measured energy responses of the devices were compared with the
energy deposition calculated using EGS5 code. Both results show coincident tendencies. However,
because the collected charges were smaller than expected from simulations in the low-energy region,

further study should be conducted to specify the factors.

Published in J. Nucl. Sci. and Tech. 52 (2015)104.

2.3 X-ray distribution measurement with organic photodiodes fabricated on plastic scintillator

plate

E. Takadal, H. Nogamil, H.Imail, F. Nishikido?, Y. Namito®, T. Nakamura4, H. Okada’ and S. Naka’
'NIT Toyama College, NIRS, *KEK, *Tohoku U, °U Toyama

In order to develop “tissue equivalent” radiation detector which does not disturb inspection result in
Interventional radiography (IVR), the authors have been developing a new radiation sensor where
organic photodiodes (OPDs) are fabricated directly on plastic scintillator. The fundamental
possibility of applying the detector to X-ray measurements have been shown in the previous studies.
In the present study, the authors have tested an X-ray distribution sensor for applying it to X-ray
distribution measurement. The device structure of bulk hetero junction OPD was plastic scintillator
plate (1 mm)/ IZO (200nm)/ PEDOT: PSS (30 nm) / PCBM: P3HT (300 nm) / Al (70 nm) with five

sensing areas of 2 mm x 4 mm. The measured results have shown that the detector could measure



X-ray distribution. By comparing with the simulated results, it has been shown that the measured
results have reproduced the movements of the scintillation photons as reflected at the boundary of

the scintillator.

Presented at IEEE Nuclear Science Symposium.

2.4 Radiation Shielding design of super KEKB factory

T.Sanami

KEK

The SuperKEKB factory, which was scheduled to start operation early 2015, is an electron-positron
collider designed to produce an 80x10** 1/cm*s luminosity, which is 40 times greater than the
KEKB factory. Built to investigate CP violation and “new physics” beyond the Standard Model, the
facility consists of a 7 GeV electron/3.5 GeV positron linac, a 1.1 GeV positron damping ring, beam
transport, and a 7 GeV electron/4 GeV positron collider. To meet this level of luminosity, the collider
will be operated with a small beam size and a large crossing angle at the interaction point. According
to particle tracking simulations, beam losses under these conditions will be 35 times more than those
previously operated. To help optimize shielding configurations, leakage radiation and induced
activity are estimated through empirical equations and detailed Monte-Carlo simulations using
MARSI15 code for the interaction region, beam halo collimators, emergency pathways, ducts,
forward direction tunnels, and positron production target. Examples of shielding strategies are

presented to reduce both leakage dose and airborne activity for several locations in the facility.

Published in workshop proceedings of Shielding Aspects of Accelerators, Targets and Irradiation
Facilities - SATIF 12.

2.5 Code inter-comparison and benchmark for muon fluence and absorbed dose induced by an

18 GeV electron beam after massive iron shielding

A. Fassc‘)l, Al Ferrariz, An. Ferrari3, N. V. Mokhov4, S.E. Mﬁller3, W. R. Nelsons, S. Roeslerz,
T. Sanamié, S. L. Striganov4, R. Versaci'

'ELL “CERN, *HZDR, “FNAL, *SLAC, *KEK

In 1974, Nelson, Kase and Svensson published an experimental investigation on muon shielding,

using the SLAC high-energy linac. They measured muon fluence and absorbed dose induced by a 18



GeV electron beam hitting a copper/water beam dump and attenuated in a thick steel shielding. In
this paper, the authors compared the results with the theoretical models available at the time. In order
to compare their experimental results with present model calculations, we use the modern transport
Monte Carlo codes MARS15, FLUKA2011 and GEANT4 to model the experimental set-up and run

simulations. The results will then be compared between the codes and with the SLAC data.

Published in workshop proceedings of Shielding Aspects of Accelerators, Targets and Irradiation
Facilities - SATIF 12

2.6 Radiation safety study for conventional facility and siting pre project phase of

International Linear Collider

T.Sanami, S.Ban, S.Sasaki
KEK

The International Linear Collider (ILC) is a proposed high-energy collider consisting of two linear
accelerators, two dumping rings, electron and positron sources, and a single colliding hall with two
detectors. The total length and CMS energy of the ILC will be 31 km and 500 GeV, respectively (and
50 km and 1 TeV after future upgrade). The design of the ILC has entered the pre-project phase,
which includes site-dependent design. Radiation safety design for the ILC is on going as a part of
conventional facility and siting activities of the pre-project phase. The thickness of a central wall of
normal concrete is designed to be 3.5 m under a pessimistic assumption of beam loss. The beam loss
scenario is under discussion. Experience and knowledge relating to shielding design and radiation

control operational work at other laboratories are required.

Published in workshop proceedings of Shielding Aspects of Accelerators, Targets and Irradiation
Facilities - SATIF 12

2.7 Shielding experiment for secondary neutrons from 24 GeV proton on thick copper target at

CERN/CHARM facility
T. Kajimotol, T. Sanamiz, N. Nakao3, R. Froeschl4, S. Roesler4, M. Brugger4, E. Iliopoulou4,

A. Infantino4, E. Lee’, N. Shigyos, M. Hagiwaraz, H. Yashimaé, H. Yamazaki’, K. Tanakal, S. Endo'
"Hiroshima Univ., ZKEK, 3 Shimizu-corp., 4CERN, 5 Kyushu Univ., 6Kyoto Univ.

-10 -



Neutron energy spectra for 24 GeV/c proton induced reaction on the copper and aluminum targets
were measured behind the iron and concrete shield, 90 degrees with respect to the proton line at
CERN High energy AcceleRator Mixed field facility (CHARM). The targets were cylindrical shape,
8 cm indiameter, 50 cm long. The thickness of iron and concrete were 80 cm and 360 cm,
respectively. The beam intensity was 3 X 10'" protons/spill, typically. Neutron detector of a 12.7 cm
in diameter 12.7 cm long NE213 scintillator was employed with two veto plastic scintillators. The
plastic scintillators were placed in front and side of the neutron detector to reject charged particle
events. The signals from these detectors were recorded event by event using standard NIM and VME
modules. The data were post processed with pulse shape discrimination and unfolding technique to
obtain neutron energy spectrum. The responses of the neutron detector were obtained by the

calculation of SCINFUL-QMD code with considering track length and direction of neutrons.

2.8 Measurement of photo-neutron energy spectra for quasi-mono energetic photons on thick
gold target at New SUBARU BL1

Y.Asanol, T.Itogaz, T. Sanami3, Y.Namito3, S.Kamada® , H.Iwase3, Y.Kirihara3, H.Nakashima4,
A. Takemoto’, M. Yamaguchi’ and S.Miyamoto’
'RIKEN, “JASRI, *KEK, *JAEA, LASTI

Neutron spectra for the '*’Au(y,xn) reaction was measured with 16.95 MeV quasi-monoenergetic
photon beams at NewSUBARU-BLO1. The photon beam was prepared using laser backward
Comptron scattering technique with 20 W, 1.064 um laser and 982 MeV electron. The scattered
photon was collimated using two lead collimates, the inner radiuses of which were 3 and 2 mm,
located at 13.8 and 16.6 m from the laser-electron colliding point, respectively. The energy
distribution and intensity of photon were measured using GSO scintillator. The target is cylindrical

shaped '’

Au with 5 cm in length, 1 cm in diameter. Neutrons from the target were measured using
NE213 liquid scintillators contained by aluminum housing coupled with photo-multipliers, the size
of which was 12.7 cm length, 12.7 cm in diameter. Three neutron detectors were placed at 70 cm
away from the target, 60 and 90 degrees on horizontal plane and 90 degrees on vertical plane.
Neutron energy was determined by using time-of-flight technique. Neutron spectra having

Maxwellian shape with bump were observed at the three angles.

-11 -



3. Radiation Protection Study in Accelerator Facilities
3.1 Investigation on radionuclides released in the radioactive material leak incident at the

J-PARC hadron experimental facility.

M. Hagiwara, K. Saito, M, Numajiri, K. Takahashi, J. Kitagawa, H. Matsumura, T. Sanami, T. Miura,
K. Masumoto, M. Ieiri, Y. Sato and A. Toyoda
KEK

The radiological feature of the radioactive material leak incident at the J-PARC Hadron
experimental facility has been investigated. From the systematic analysis focusing on the species and
behavior of radionuclides originated in the gold target that had been used for nuclear and particle
physics experiments since December 14, 2012, we have figured out the major process that resulted
in the release of radioactive materials into the user working areas in the Hadron experimental hall as
follows; 1) a variety of radionuclides had been produced in the gold target via nuclear spallation
reactions, 2) radionuclides with boiling points lower than the melting points of gold were mainly
discharged from the gold target because of the instantaneous overheat which raised the temperature
of the gold target above the melting point of gold by injection of the anomalously intense-pulsed
beam, 3) the radionuclides diffused in the primary beam line room by the air circulation system and
leaked into the user working area through the inadequate hermetic sealing for cables and bulk shields

between the primary beam line room and the user working areas.

Published as JPS Conf. Proc., 8, 051007 (2015)

3.2 Yield measurements of radioactive nuclides produced by muon in J-PARC Neutrino

experimental facility

J. Kitagawa', M. Hagiwara', T. Miura', A. Kanai®, K. Seki’
'J-PARC (KEK), *TNS, *J-PARC (JAEA)

J-PARC is constructed to enabling studies on the latest basic science and the advancement of nuclear
technology using secondary particle generated by high-energy proton accelerator complex with the
world’s highest instantaneous intensity. The T2K experiment is designed to verify the physics
phenomenon such as neutrino oscillation. Neutrino beam is generated by the reaction that pion decay into
a neutrino and a muon in Neutrino experimental facility (NU). Therefore, high-intensity fast muons are
available for activation experiments. We measured the yields of radioactive nuclides produced by

muons on Al, Fe and Cu targets set in muon pit. Charge of muons is selected by electromagnetic horn

-12 -



installed in NU. So we measured the yields of positive and negative charged muon irradiation respectively.

The results are compared to estimation by Rudstam’s empirical formula and MARS code simulation.
Published as KEK Proceedings 2015-4 (2015) 82-89.
3.3 Development and operational experience of magnetic horn system for T2K experiment

T. Sekiguchi', K. Bessho', Y. Fujii', M. Hagiwara', T. Hasegawa', K. Hayashi', T. Ishida', T. Ishii',
H. Kobayashil, T. Kobayashil, S. Koikel, K. Koseki', T. Maruyamal, H. Matsumotol, T. Nakadairal,
K. Nakamural, K. Nakayoshil, K. Nishikawal, Y. Oyamal, K. Sakashital, M. Shibatal, Y. Suzukil,
M. Tadal, K. Takahashi', T. Tsukamoto', Y. Yamadal, Y. Yamanoil, H. Yamaoka', A. K. Ichikawaz,
H. Kuboz, Z. Butcher’, S. Coleman’ AL Missert® ). Spitz3, E. D. Zimmerman® , M. Tzanov* and
L. Bartoszek”

'KEK, *Kyoto Univ., *Univ. of Colorado Boulder, *Louisiana State Uni., *Bartoszek Engineering

A magnetic horn system to be operated at a pulsed current of 320 kA and to survive high-power
proton beam operation at 750 kW was developed for the T2K experiment. The first set of T2K
magnetic horns was operated for over 12 million pulses during the four years of operation from 2010
to 2013, under a maximum beam power of 230 kW, and 6.63x10%° protons were exposed to the
production target. No significant damage was observed throughout this period. This successful

operation of the T2K magnetic horns led to the discovery of the v — v . oscillation

phenomenon in 2013 by the T2K experiment. In this paper, details of the design, construction, and

operation experience of the T2K magnetic horns are described.
Published as Nucl. Instrum. Meth. A 789 (2015) 57-80.
3.4 Indirectly water-cooled production target at J-PARC hadron facility

H. Takahashil, K. Agaril, K. Aokil, M. Hagiwaral, E. Hirosel, M. Ieiril, R. Iwasakil, Y. Katoh',
M. Minakawa', R. Mutol, M. Naruki’®, H. Noumi® , Y. Sato', S. Sawadal, Y. Shirakabel, Y. Suzukil,
K. H. Tanakal, A. Toyodal, H. Watanabe' and Y. Yamanoi'

'KEK, *Kyoto University, 'RCNP

After the radioactive material leak accident at the J-PARC hadron experimental facility on May 23,

2013, we designed a new production target, which is capable of a primary proton beam with the

energy of 30 GeV and power of 50 kW. It is made of gold and cooled by water through a copper
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block. For the countermeasures of the recurrence of the accident, the target is enclosed by an airtight
chamber and helium gas is circulated to monitor the target soundness. In this paper, technical details

of the new target design are presented.
Published as J. Radioanal. Nucl. Chem.,305 (2015)803-809.

3.5 Production of Radionuclides in the Cooling Water for Electromagnetic Horns at the

J-PARC Neutrino Experimental Facility.

K. Bessho, M. Hagiwara, H. Matsumura, J. Kitagawa, K. Takahashi, A. Takahashi, K. Masumoto,
H. Monjushiro, Y. Oyama, T. Sekiguchi and Y. Yamada
KEK

The cooling water for the electromagnetic horns is exposed to intense high-energy protons,
neutrons and charged pions at the J-PARC neutrino experimental facility. These high-energy
particles produce various radionuclides in the cooling water; dominant radionuclides were *H
and 'Be, and various 7 emitting nuclides were also detected by a Ge detector. Specific activities of
individual nuclides in the circulating cooling-water were determined and compared with the results
obtained by Monte Carlo calculations. The results demonstrated that *H and "Be were directly
produced in water by nuclear spallation of oxygen in water molecules, and that other nuclides were
produced in metal components and transferred into water, in accordance with the observations at

other high-energy accelerator facilities.

Published as JPS Conf. Proc. 8, 051005 (2015)
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4. Nuclear Chemistry and Radiochemistry
4.1 Muon capture phenomena for CO, CO,, COS and CS; molecules with low-pressure

condition in hydrogen containing system

K. Ninomiyal, G. Yoshidal, M. Inagakil, A. Nanbul, A. Shinoharal, W. Higemotoz, M. K. Kubo® R
N. Kawamura®, Y. Miyake® and T. Miura®
'Osaka Univ.,”JAEA, *ICU, *J-PARC(KEK)

An atomic system that has one negatively charged muon instead of an electron is called muonic
atom. There are two muonic atom formation processes; direct muon capture and muon transfer
processes. Muon transfer process is observed only in hydrogen containing system. In direct muon
capture, chemical environmental effect is known. Muon capture phenomena are strongly influenced
by the electron state of muon capturing molecule. In fact, muon capture probability and initial
quantum level of captured muon are changed by molecules. On the other hand, such a chemical
environmental effect have never been examined in muon transfer process. In this study, we
performed muon irradiation experiment for low-pressure hydrogen containing system and
investigated chemical effect on muon transfer process.

The experiments were carried out at D1 experimental area in J-PARC/MUSE. The experimental
setup was written in elsewhere (G. Yoshida et. al., J. Radioanal. Nucl. Chem. 2015). We performed
muon irradiation experiment for CO(1%)+H,, CO,(1%)+H,, COS(1%)+H,, and CS,(1%)+H, gases
with 0.99 bar conditions. Muonic X-rays emitted after formation of muonic atom were measured by
high purity germanium detectors.

Figure 1 shows one of the example of

Laa
=

the muonic X-ray spectrum. Muonic '4':* -

X-rays originated muon capture in % cfa-2) ./ c(31) 0[2:5 "
carbon and oxygen atoms are clearly % “ s / 0(3-2) f f“‘“ / ol-1)
found. From the muonic X-ray E ) 013-1!\
intensities, we determined per atom E i

muon capture ratios A(C/O) for CO, § .

CO, and COS molecules as 0.65, 0.66 = 0 20 40 &0 80 100 120 140 160 18(

and 0.53, respectively. Although no Energy/ hev

- . 3 0
chemical environmental effect on muon Figure 1: Muonic X-ray spectrum for Hy+CO(1%)

transfer process were found between sample
CO and CO, molecules, we found clear
difference on muon capture ratio A(C/O) in COS molecule among these carbon oxides. We also

found difference on muon capture ratio in muon transfer reaction in A(C/S) in COS and CS,
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molecules. The reason why such differences are obtained in muon capture have not been investigated,
but we conclude chemical environment of muon capturing molecule also affect in muon transfer

formation process.

Published as Radioisotopes 65(2016) 113-118, DOI: 10.3769/radioisotopes.65.113

4.2 Size of radioactive aerosol particles generated from molten activated metals in

High-Energy Proton Accelerator Facilities

Y. Okil, T. Miuraz, H. Matsumura® and K. Masumoto®
'KURRI, ’KEK

Radioactive aerosols formed by heating of activated metals were studied in order to clarify the
formation mechanism of radioactive aerosols accidentally released to the environment in both the
J-PARC accident in 2013 and the Fukushima Daiichi Nuclear Power Plant accident. The activated
metal samples containing various radionuclides were melted under an argon atmosphere using a
high-frequency induction furnace system. The particle size of the generated radioactive aerosols was
analyzed using a low pressure cascade impactor. The preliminary results obtained in the experiment
using the metal samples activated in the former 12-GeV PS were re-evaluated. It was suggested that

volatile impurity elements in the metal samples affected the particle size of some radionuclides.
Published as KEK Proceedings 2015-4, (2015) 149-153.

4.3 Activation experiments at the NuMI and M-test beamline in Fermilab

H. Matsumural, K. Takahashil, A. Toyodal, A. Levelingz, G. Lautenz, N. Mokhovz, and K. Vaziri’
'KEK, *FNAL

Activation experiments were performed at the NuMI and M-test beamline in Fermilab, USA. In the
NuMI beamlibe, gold target was activated by fast muons in order to investigate recoil property of the
muon-induced nuclear reactions. In the M-test beamline, metallic foils in bottles filled with water
were irradiated with 120-GeV protons, in order to investigate chemical properties of product

radionuclides.
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4.4 Activation reduction method for a concrete wall in a cyclotron vault

M. Kumagai', K. Sodeyama', Y. Sakamoto', A. Toyoda?,
H. Matsumuraz, T. Ebaral, T. Yamashital, K. Masumoto’

'ATOX Co., Ltd, *KEK

In order to reduce the induced activity in concrete wall of the cyclotron vault in operation, we tried
to use the additional neutron shield using the set of a polyethylene plate and a boron-doped
aluminum sheet. Neutron absorption behavior was monitored by using several kinds of polyethylene
thickness. It was found that the combination of polyethylene of 4 cm and a boron-doped aluminum

sheet was the most suitable and effective for neutron shielding.

4.5 Measurement of neutron fluence from various types of electrostatic accelerators

K. Masumoto
KEK

Electrostatic accelerators have been used for many scientific fields such as material, environmental
and archeological science. Protons to heavy ion beams are accelerated for above research. As the
acceleration energy is low, activation induced by beam is generally very low and activation is
located in the small area. If neutrons are secondarily produced by nuclear reaction, materials near the
beam loss points might be activated. In order to confirm the activation condition and activated area,
neutron fluence has been monitored at 14 accelerators of 11 accelerator facilities by the neutron
track counting method using CR-39.

Neutrons could not be detected at three 1.7 MV-tandem accelerators except for one facility, which
is used for neutron production. Although neutrons have been detected at the energy of 20, 4.5 2.5

and 3 MV, it was found that neutron fluence observed was not so high at most of the facilities.

4.6 Evaluation of radioactivity induced in the cyclotron componrnts by the in-situ

measurement using Ge detector

A. Toyoda, H. Matsumura, K. Masumoto
KEK

It is very important to measure the radioactivity induced in the accelerator components in case of

decommissioning work. We tried to measure the radioactivity in PET cyclotron componrnts directly

by using the portable Ge-detector and compared with the data measured by the measurement of the
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core samples obtained from metal components. Calculation of detection efficiency of the cyclotron
components was evaluated by ISOCS software provided by Canberra.

In case of decommissioning work, it is also very convenient to obtain directly the specific activity
by using a survey meter in cace of decommissioning work. Then, we tried to obtain the relationship

between the activity (Bq/g) and surface dose rate(uSv/h) .
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5. Environmental and Analytical Chemistry at Accelerator
5.1 Development of Direct Raman Imaging Microscopy by using a Pair of Tunable Band-Pass

Filters

H. Monjushiro
KEK

Raman imaging spectroscopy has become one of the key analytical tools for an extremely
diverse range of applications such as biology, material sciences, etc. However, with a point mapping
method, it takes enormous amount of time to get an image with high-resolution and wide spacial
range. In this study, a Raman direct imaging system with global laser illumination was constructed
by using a pair of tunable band-pass filters and a high sensitivity CCD camera. The schematic
diagram of the constructed direct Raman imaging system is shown in figure. The global illumination
of sample surface was achieved by a defocusing lens, and a Raman scattering image was captured by
a CCD camera. A pair of tunable band pass filters was used to select the transmission wavelength
and its range. In this system, the transmission wavelength range was tuned by controlling the angles
of the tunable band-pass filters by PC. The direct Raman images at different wavelength were
successfully obtained for the mixed sample of sulfur, potassium nitrate, and niobium oxide particles

on niobium metal surface.
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Figure: Direct Raman imaging system
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5.2 Development of a New Electropolishing Method of Niobium without Hydrofluoric Acid

H. Monjushirol, K. Niiz, Y. Idaz, S. Kawamura’ , S-7. Kure-Chu® , H. Yashiro®
'KEK, *Marui Galvanizing Co., Ltd., 3Iwate Univ.

In an international linear collider (ILC) plan, superconducting radio frequency (SRF) cavities
are essential components for acceleration of the charged particles. The cavities are made of high
purity niobium (Nb) and the inner surfaces of these cavities are required to be smooth enough
because they play a crucial role in the performance of cavities. Typically, in order to obtain a good
surface finish, direct current electropolishing is used for the SRF cavities made of Nb. Typical
electropolishing process uses the electrolyte composed of hydrofluoric acid (HF, about 50 mass%)
and sulfuric acid (H,SOy4, about 97 mass%) in a volumetric ratio of 1:9. However, there is a strong
demand to replace the electrolyte with less hazardous one. In this study, we made a preliminary
search for less hazardous electrolyte that could change the traditional HF/H,SO, electropolishing
system. Diluted H,SO, is used as electrolyte and anodic and cathodic pulse voltages are applied to
Nb coupon. The electropolishing of Nb surface is successifully achived by appropriate pluse
voltages. The polishing rate was about 1.2 pm/min at +3V and -9V pulse voltages with 2.5 ms pulse
length.
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6. Reserch related to Accident of Fukushima Daiichi Nuclear Powere Station

6.1 Method to separate contribution to peak count rate from radionuclide in plume and

accumulated around using time histories of pulse height distribution at monitoring post

H. Hirayama, H. Matsumura, Y. Namito, and T. Sanami

KEK

Concentrations of radionuclides in a widely distributed plume caused by the accident at the
Fukushima Number 1 Nuclear Power Station provided information that was indispensable for the
estimation of internal radiation dose due to radionuclide inhalation. If a Nal(Tl) scintillation
detector is used at a monitoring post to measure the air-absorbed dose rate, it is possible to obtain
information about radionuclides, including those within a plume, from the pulse height distribution.
It is, however, necessary to separate the contribution of radionuclides attached to and surrounding
the monitoring post from the measured pulse height distribution in order to estimate the radionuclide
concentration in air.

In this paper, a method is presented to deduce the radionuclide concentration contained in a
plume from the time history of the peak count rates of the y-rays emitted from the radionuclides

under analysis.

Published as KEK Internal 2014-7 (Feb 2015).

6.2 Rapid and simple measurement method of *Sr concentration in water by measuring f-rays

from °°Y

H.Hirayamal, K. Kondol, Y. Unno?, H. Matsumural, H.Iwasel, A. Yunoki’and S. Sasaki'
'KEK, *AIST

Rapid and simple method was presented to measure concentration of *’Sr in water by measuring
B-rays from *°Y. Under the situation that *°Sr/*Y, "**Cs and *’Cs are main radionuclides included in
water sample, B-rays from 'Y only can transmit 1.5 mm thick polyethylene. From this fact, it is
possible to measure B-rays from °Y by p-rays detector like GM-counter set at the 1.5 mm thick
bottom of the water bottle including **Sr/*°Y. The acrylic resin collimator having 0 cm, 1.00 cm. 1.50
cm or 3.00 cm diameter were made to detect B-rays at the fixed region of the GM-counter used.

Contributions from bremsstrahlung produced by B-rays and y-rays from radionuclides like '**Cs and
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37Cs/¥™Ba are removed by subtracting count rate measured with 1.00 cm acrylic resin collimator

without hole as a background count rate. The developed method was studied by using the bottle
routinely used at the Fukushima Daiichi Nuclear Power Station. It was confirmed that the developed
method can be applied to measure *’Sr concentration in water till the order of several Bg/cm’ if '**Cs

137

and "*'Cs concentration less or equal with *°Sr/*°Y concentration.

2500

2000 2

1500

1000 /

500

cps of GM counter for 0y B-ray

4 10 12
Concentration of °°Sr/*°Y (kBg/cm®)

(c) 3.00 cm diameter collimator

Fig.1 Relation between P8r/°°Y concentration and count rate of *°Y B-rays. (c) 3.00 cm diameter collimator

Table 1 Comparison between measured count rate and number of B-rays calculated with egs5

Diameter of Type of Count rate (A) egs5 calculation (B)
collimator (cm) bottole cps for 524.6 Bg/em’  Prays for 524.6 Bg/em’
| T-bottole 4.5+0.3 50402 0.91
U8 49 +£0.2 0.97
T-bottole 14.4 + 0.9 0.91
. 8 +0.
s U8 154 +04 15803 T 098
3 T-bottole 89+2 90 + 1 099
U8 82.8 £0.6 0.92

Table.2 Comparison of count rate between **Cs, '*’Cs and *’St/*’Y

Colimator cps for 10 kBg/em’

diameter Y (A) ¥Cs (B) B1cs/P™Ba (C) (B)/(A)  (O)/(A)
1.00 cm 86.8 +1.1 4.92 £2.29 4.80 +£0.57 — —
1.50 cm 276 £0.3 722 +1.76 225+£120 2.6%  0.8%
3.00 cm 1824 + 13 61.6 £3.1 382 £2.6 34%  2.1%

Published in Trans. At. Energy. Soc. Jpn. 14 (2015) 141. (in Japanese)

6.3 Simple measurement method with high detection efficiency to evaluate Sr-90 concentration

in water by measuring p-rays from Y-90 with GM-Detector

K. Kondo, H. Hirayama, M. Taira, H. Matsumura, H. Iwase, and S. Sasaki
KEK

Strontium-90/Y-90 are major radionuclides observed in the water samples tested recently at the
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site of Fukushima Daiichi Nuclear Power Station of Tokyo Electric Power Company. A simple
method of evaluating Sr-90 concentration in these water samples was developed by measuringf-rays
from Y-90 with a GM-detector set-up. By applying the precipitation method, Sr-90 and Y-90 were
separated and quantitatively collected with a filter. B-rays from Y-90 in the filter were measured two
times at appropriate intervals by inserting a polyethylene plate of 2 mm thickness as a B-ray absorber.
Contribution of y-rays from Cs-134 and Cs-137 to the Y-90 count-rates was quantitatively evaluated
using an acrylic 10 mm thick resin plate. From the parent-daughter relationship between Sr-90 and
Y-90, Sr-90 concentration was evaluated using the conversion co-efficient of Y-90 count-rate (cps) to
Sr-90 concentrations (Bq/cm3).

It was verified that Sr-90 concentration below 0.01 Bg/cm3 in water samples can be correctly

measured by this simple method.

Table 1 Conversion co-efficiencies of cps to Bg/cm’

Polyetbylene Conversion co-efficient
Sample volume plate thickness
mm (Bg/em’)/cps $ (Bg/em’)/cps r (Bg/em’)/cps v
Concentration < 6 Bg/em’ Concentration < 0.5 Bg/em® Concentration < 0.05 Bg/cm®
100 mL sample 0 0.0227 0.00201 0.0236 0.00135 0.0206 2.19E-05
1 0.0502 0.0329 0.0509 0.00177 0.0416 0.000103
2 0.0842 0.00540 0.0859 0.00128 0.0716 0.000116
Concentration < 1 Bg/cm’ Concentration < 0.3 Bg/cm’ Concentration < 0.03 Bg/cm®
0.00592 0.000297 0.00590 0.000297 0.00543 1.34E-06
400 mL sample
0.0149 0.000588 0.0149 4.98E-05 0.0133 1.97E-06
2 0.0235 0.000521 0.0235 5.44E-05 0.0214 8.13E-06
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Published in Trans. At. Energy. Soc. Jpn. 14 (2015) 151 (in Japanese)
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6.4 Method to estimate *’Sr/*’Y contamination density using 70-um dose equivalent rate

H. Hirayama and K. Kondo
KEK

A method was developed to estimate *°Sr contamination density on a concrete surface or on the
surface of soil or water within 1 g/em® using 70-um dose equivalent rates. The 70-um dose
equivalent rates from contaminated areas of various sizes were calculated at heights of 3.0, 5.0, 10.0,
and 50.0 cm using egs5 Monte Carlo code. The ratio between the measured 70-pum dose equivalent
rate ratio at 50 cm and that at 3.0, 5.0, or 10 cm can be used to estimate the effective radius of the
contaminated area by using the calculation results. The contaminated density is obtained from the

measured 70-um dose equivalent rate with the calculated radially dependent conversion factor.

100 F T T T S T

—+&— Concrete surfrace
-=e==-Soil
--¢--Water

70 um dose erquivalent ratio
(at 50 cm/at 5.0 cm)

10° 10" 10° 10° 10*

Source radius (cm)
(b) between 50 cm and 5.0 cm

Fig.1 Ratio of 70-um dose equivalent rates as a function of contaminated radius of *°Sr/"Y.

(c) Between 50 cm and 10 cm.

-25-



Table.1 70pum dose equivalent rate at height of 3, 5, 10, and 50 cm from a circular source of **Sr/”°Y

on concrete as a function of source radius together with dose ratio and conversion coefficient

mSy/h per Bq/cm2

radius
(cm)

at3.0 cm

at5.0 cm

at 10 cm

at 50 cm

1.0

1.44E-04 + 2.2E-07

5.28E-05 + 1.4E-07

1.25E-05 + 6.50E-08

2.98E-07 + 9.5E-09

5.0

1.69E-03 + 7.0E-07

8.89E-04 + 5.3E-07

2.69E-04 + 2.97E-07

7.50E-06 + 4.8E-08

10

2.75E-03 + 8.4E-07

1.91E-03 + 7.3E-07

8.12E-04 + 5.01E-07

2.91E-05 + 9.4E-08

50

3.72E-03 + 9.4E-07

3.36E-03 + 9.1E-07

2.63E-03 + 8.32E-07

4.61E-04 + 3.7E-07

100

3.84E-03 + 9.8E-07

3.51E-03 + 9.4E-07

2.90E-03 + 8.72E-07

9.08E-04 + 5.0E-07

200

3.91E-03 + 1.0E-06

3.60E-03 + 9.8E-07

3.01E-03 + 9.07E-07

1.24E-03 + 5.8E-07

500

3.97E-03 + 1.0E-06

3.66E-03 + 1.0E-06

3.08E-03 + 9.38E-07

1.38E-03 + 6.3E-07

1,000

3.97E-03 + 1.0E-06

3.66E-03 + 1.0E-06

3.08E-03 + 9.40E-07

1.38E-03 + 6.4E-07

2,000

3.97E-03 + 1.0E-06

3.66E-03 + 1.0E-06

3.08E-03 + 9.40E-07

1.38E-03 + 6.4E-07

Dose ratio Bg/cm’ per mSv/h

at 50 cn/
at3.0 cm

at 50 cn/
at5.0 cm

at 50 cn/
at 10 cm

radius

1
(cm) at 10 cm

at3.0cm|at5.0 cm

1.0] 2.06E-03| 5.63E-03| 2.39E-02] 6.93E+03| 1.89E+04|8.02E+04

5.0{ 4.44E-03| 8.44E-03| 2.79E-02| 5.92E+02| 1.13E+03|3.72E+03

10] 1.06E-02| 1.53E-02| 3.59E-02| 3.64E+02|5.25E+02|1.23E+03

50] 1.24E-01| 1.37E-01| 1.75E-01]|2.69E+02|2.98E+02|3.81E+02

100] 2.37E-01| 2.58E-01] 3.13E-01|2.61E+02|2.85E+02|3.45E+02

200{ 3.16E-01] 3.43E-01| 4.10E-01{2.56E+02| 2.78E+02|3.32E+02

500 3.47E-01| 3.76E-01| 4.47E-01|2.52E+02|2.74E+02|3.25E+02

1,000{ 3.48E-01| 3.78E-01| 4.49E-01{2.52E+02| 2.73E+02|3.24E+02

2,000{ 3.48E-01] 3.78E-01| 4.49E-01{2.52E+02| 2.73E+02|3.24E+02

Table 2 Comparison between measured and estimated *’Sr/*’Y concentration in water

using egs5 calculation results

Published in Jpn. J. Health Phys. 50 (2015) 241 (in Japanese).
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Height from water surface (cm) 50 em/ | at 50 ey
1.0cm | 3.0cm | 5.0cm | 10cm | 20cm | S0cm | 100cm at30° atloc
70pm dose equivalent rate, mSv/h per Bg/g (for 5 m radisu source) at3.0 em) at 10 em
Calculated | 2.87E-04] 2.79E-04| 2.71E-04|2.54E-04] 2.26E-04| 1.71E-04| 1.16E-04| 6.12E-01] 6.73E-01
70um dose equivalent rate (mSv/h)
Measured 0165  0.155]  0.155] 0.145] 0.115]  0.095]  0.065] 6.13E-01] 6.55E-01
Concentrarion in water (Bq/g)
Estimated (A)| 5.74E+02] 5.56E+02] 5.72E+02[5.71E+02|5.09E+02[5.57E+02] 5.60E+02
Measured (B) 490
(A)/(B) 1.17] 1.13] 117]  r17] 104 1.14] 1.14




6.5 Changes of radiocaesium concentrations in freshwater fishes from twelvelakes in

Fukushima Prefecture after the Fukushima fallout

K.Takasaki' ,A. Tomiyaz, T. Wada®, D. Morishita', M. Enomoto®, T. Saitou', K. Sasaki', G. Kawata',
S. Suzuki', K.Masumoto®
'Fukushima Prefectural Inland Water Fisheries Experimental Station, “Fukushima Pref. Agri.Promotion
Divi., *Inst. Environ.IRadioactivity at Fukushima Univ., “Fukushima Prefectural Fisheries Experimental

Station, ’KEK

Lake water, zooplankton and freshwater fish were collected from twelve lakes in Fukushima Prefecture to
measure Cs concentrations. '*’Cs concentrations of lake water and zooplankton from August 2013 to
November 2015 were significantly different between the areas with different '*’Cs deposition in the
neighboring soil of lakes. Within the representative four lakes with different '*’Cs deposition in the
neighboring soil, the relationship between body weight and *’Cs concentration was examined in large
mouth bass, smallmouth bass, crucian carp, and Japanese dace collected from September to November
2014 and from September to November 2015. As a whole, size effect and significant difference in "*’Cs
concentrations between years were often observed. In lake Numazawa, *’Cs concentration of kokanee

and zooplankton were both significantly reduced with the passage of time.
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5. Presentation at Conferences (2015.4.1~2016.3.31)

5.1 International Conference
(1) Asian Linear Collider workshop 2015 (ALCW2015), KEK Japan, April 20-24, 2015

1) T. Sanami, “Beam losses and shielding issues in ML tunnel”.

(2)14th International Conference on Nuclear Reaction Mechanisms, Varenna (Italy), June 15 - 19,
2015
1)T. Sanami, “Experimental data of light mass fragment production for intermediate energy

nucleon and nucleus induced reactions”.

(3) 8th International Symposium on Radiation Safety and Detection Technology (ISORD-8) , Korea,
Jul. 13-16, 2015

1) M. Kumagai, Y. Sakamoto, A. Toyoda, H. Matsumura, T. Ebara, D. Yamashita, Y. Sodeyama,
K. Masumoto~ A proposal of activation reduction for concrete wall in a cyclotron vault .

2) K. Masumoto, H. Matsumura, K. Kosako, K. Bessho, A. Toyoda, “Gas and water activation
by electron accelerators for medical use — Reevaluation of photon activation yields of ''C,
PN and PO -

3) M. Hagiwara, Y. Iwamoto, H. Iwase, H. Yashima, D. Satoh, T. Matsumoto, A. Masuda, Y.
Nakane, A. Tamii, T. Shima, K. Hatanaka, T. Nakamura, “Characterization of hundreds of

MeV "Li(p,n) quasi-monoenergetic neutron source at RCNP using a proton recoil telescope” .

(4) 2015 International Workshop on Future Linear Colliders (LCWS15), TRIUMF, Vancouver,
Canada. Nov.2-6, 2015
1) T.Sanami, “Radiation Issues in the ILC Linac Tunnel”.

2) T.Sanami, “Wall Thickness and RF Penetrations”.

(5) International Symposium on Radiation Detectors and Their Uses (ISRD2016), KEK, Japan,
Jan.18-2, 2016
1) Y. Kishimoto, S. Sasaki, K. Saito, K. Takahashi, K. Terasawa, K. Miuchi, A. Nagamatsu, M.
Katsuta, H. Matsumoto, T. Tanimori, H. Kubo, Y. Uchihori, T. Kitamura, “Development of a
Tissue-Equivalent Space Dosimeter with an ability of Charged-Particle Tracking”.
2) K Saito, F. Rolo, C.A.N. Conde, F.I.G.M. Borges, “Study of The Dependence of The Quantum
Efficiency of A CsI Photocathode”
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3) A.E.V. Cortez, K. Saito, C.A.N. Conde, S.J.C. do Carmo, F.I.G.M. Borges, “New Developments
in Gas Detectors - The Multi-Grid High-Pressure Gas Proportional Scintillation Counter”.

4) M. Hagiwara, Y. Iwamoto, H. Iwase, H. Yashima, D. Satoh, T. Matsumoto, A. Masuda, Y.
Nakane, A. Tamii, T. Shima, K. Hatanaka, T. Nakamura, “Characterization of hundreds of

MeV "Li(p,n) quasi-monoenergetic neutron source at RCNP using a proton recoil telescope”.

(6) IEEE Nuclear Science Symposium, San Diego USA, 31 Oct - 7 Nov 2015
1) E. Takada, H. Nogami, H. Imai, F. Nishikido, Y. Namito, T. Nakamura, H. Okada, and S.
Naka, "X-ray distribution Measurement with Organic Photodiodes Fabricated on Plastic

Scintillator Plate".

(7) 172 International Conference on RF Superconductivity, SRF2015, Whistler
Convention Centre, BC, Canada, September 13—-18, 2015
1) K. N. Nii, V. Chouhan, Y. . Ida, T.Y. Yamaguchi, H. Hayano, S. Kato, H. Monjushiro, T.
Saeki, M. Sawabe, K. Ishimi, “Improvement of Temperature Control During Nb 9-Cell SRF
Cavity Vertical Electro-Polishing (VEP) and Progress of VEP Quality”, MOPB09S.
2) K. N. Nii, V. Chouhan, Y. I. Ida, T.Y. Yamaguchi, H. Hayano, S. Kato, H. Monjushiro, T.
Saeki, M. Sawabe, K. Ishimi, “Symmetric Removal of Niobium Superconducting RF Cavity in
Vertical Electropolishing”, MOPB105.
3) K. N. Nii, V. Chouhan, Y. I. Ida, T.Y. Yamaguchi, H. Hayano, S. Kato, H. Monjushiro, T.
Saeki, M. Sawabe, K. Ishimi, ”Recent Development in Vertical Electropolishing” SREF,
THBAO2.

(8) Eighth International Workshop on Radiation Safety at Synchrotron Radiation Sources, (Radsynch
2015), DESY, Germany, June 3-5, 2015
1) H. Iwase, "Radiation calculation of the KEK - linac for the future project SuperKEKB”,

(9) The XXIX International Conference on Photonic, Electronic, and Atomic Collisions (ICPEAC
2015), Toledo, Spain, July 22-23, 2015

1) G. Yoshida, K. Ninomiya, M. Inagaki, W. Higemoto, T. U. Ito, N. Kawamura, K.

Shimomura, Y. Miyake, T. Miura, K. M. Kubo and A. Shinohara, “Muonic atom formation

processes for carbon containing molecules”.
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5.2 Invited Talk
(1) Joint ICTP-IAEA School on “Nuclear Data Measurements for Science and Applications”,
Oct.19-30, 2015 ICTP AGH (Giambiagi Lecture Hall), Trieste (Italy)
1) T.Sanami, “DDX measurement for charge particle production reaction by gridded ionization
chamber”.
2) T. Sanami, “Bragg Curve Counter at low and intermediate energies”.
(2) ANS Annual meeting, San Antonio, Texas, June 7-11, 2015
1) H. Matsumura, S. Sekimoto, Y. Kasugai, H. Yashima, A. Toyoda, N. Matsuda, K. Bessho, N
Mokhov, A. Leveling, D. Boehnlein, G. Lauten, W. Schmitt, K. Oishi, Y. Sakamoto, and H.
Nakashima, "Colloid Rates of Radionuclides in Cooling Water of the 120-GeV Proton

Accelerator Facilities at Fermilab"presented at “Best of RPSD 2014 session*.

(3) #28la] [ & > LA o OV O JE D HAl OWF5E , Bk, 7/3, 2015
1) PEATIFR © ThsR g% O Btk & 2 OFFHmiz >\ T .

@) BRGNS RS | RS T4E4% - mERANV b O FT R, BAVE 2B K4 H
Fy L NA,20164E1 A 20 H
1) SCERTURR  FH5ME, “REERE T COENRE S ot A A= 7

5.3 Domestic Conference (2015.4.1—2016.3.31)
(1) % 75 Bl b Fatime, WA v )2 (HIFTH), 2015 4 5 H 23-24 H
1) SCERIURRFSIE, JGATCH, «“T ~ 3 WIEIC X D HREE- 7 (koK SRR R B T BE R O
B

() # 12 BIAAIESRFRES, 77V ES (P 201548 H 5-7 H
1) {=H B&Jr, Chouhan Vijay, L0 FEE, A5 M, HE 2ZH (w01 854 TEKE
Atb), REP ZH], N SR, el AT, SCRIUES FIE, G0 o, =473
1 & VI 2 R R EE AR ATE B D AT I N i 45— b, WEP048.
2) {=H #&Jr, Chouhan Vijay, L0 FEE, A5 M, HE 2P (w01 854 TEKE
Atb), FEp (W], R SR, Feff EAT, SCERIUES FHE, Y6 JoH, “ILC H=
77 8L 9 T VIR 25 0O FEY #E ARATT R fi 00 VRS & BIFIE FE i, WEP049.

(3) HARGHMELFEE 64 F2, TUNKFZHE v o &2 (]&lf) , 201549 A 9-11 H
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1) SCERMUERFHME, “F 2—F T NNy RN T 4 L Z—% W BEM T ~ EHEA A —
2) HTIR, SR EMR, BUFTEARRR, SCERIURSFIE, M E—, “BiAMEA 4 kiR /K
i ~D& B )/ R OWEZE.

(4) 2015 = A ARA F o 27 es « AARBERH Pl G, @IREK, 201545 10 A 23 -24
H
DEE TR, &8 B, BIFT GKRES, SCRIMRSHIE, BHE E—, “@EEg by kL
T-DA T YLK I T~ D W5 R

(5) % 31 BIRFERELZ R HESEWN RS, A7 A0om (LA L2015 4 11 A 19-20
H
1) F R - FIBBEE, BB a LR ROEAL Y AT EARA L PO
0 LT,
(6) Kt - RS RALSSHEHS, (ISt 5 BamE A (lah), 2016
3 A17H
D) U FREE, U, 2R, FHEEY, R, SCRINERFH IR, «“=74 7 OB
BE\Z BT 2 M BB AR A S I DR TR,

(7) ERALFEE 83 [HIRE:, KBRS (HT) L2016 453 H 29-31 H
D) JIATHRES, R, ST, FHEZEA, (S BT, SCERIURRTS I, <L A SRR &
MW e =7 OEMAFEIZ BT 5 5.
2) JIATEHEE, )\, Sarh, HEmsE, 4k B, SCRUERFH W, «=F4 7 OB AT
(N2 BT BRI P R DO IFZE>.

() AARTF e 20155 RS (IR, 2015429 H9H  OK) ~11H (&)

V) i Bk, BEHE - Wt 1 (v~ FIEMERS BT — 2 et v
7= R BTGB LT — X PR ORORE S ) s - RIS I
B DT — 2 I SN D &E

2) #JEHEZ, D. Mancusi, A. Boudard, S. Leray, J. Cugnon “BN D A r— REERLZ L 57
Z 7 Ay MERGETEOFLR 2 -G ETE AR & o b

3) SREBH, REAR, ek, I, B R, RE Z, BARER, RotsaE,
[ F&, "NewSUBARU L — W — 1R EEIE & AL SR T = kb —,
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4) PeERms, A W, SUEmIr, BUATIETE, OB RIS, SMFE—, oI, apkk
gk, Pezfenk, IR, “ERFRIBRICHW D IREA 4 E— L ASITBIT 5K
7 v b LJEFHOPEFIE T X OWRE RIS D 5.

(9) 2015 FFJERET — 2 MR, WIEDHL X & — A58k % —, 20154 11 A 19 H~20 H
1) M. Hagiwara, D. Mancusi, A. Boudard, S. Leray, J. Cugnon, “Comparison of several
state-of-the-art deexcitation models coupled with an intranuclear-cascade model for

proton-induced reactions at intermediate energies .

(10) RCNP #ff %82 TR =g L ¥ —UEH a hPE 7 B 2 TE ) L7 ER & S %O RBRE ] |, KR
K eRiset v 2 —, 2015 4F 11 H 26 H~27 H
D #KIEHEZ, FRUL, S ocPEdr, VemERomt, Radsl, Bk, A, hEz, R
S, BRAE, WBES, WSS, Sk 7 L A 32— 7% o -1 E I oS
RIRAHE Y »F L — % NE213 % FU 7o lfi ) 326,

(11) KREFZLFEFIHAER S R L2015, 7 X8 « A7 =7 (FKEEJF UDX2 [) |, 2015 4F 11
H 29 H

1) JEAM "TNSR E ] 5.

(12) 2 Erse A o R Y a (RTOR, 2015/6/18-19)
1) PEARTIZS, INERE N OB LRI T0 1 T-JRSMOD HL Y FH A,

(13) ZBS57IEIHE BRI 78 22(2015/7/4)
1) PEAFIZE, “IERER ORI & BB OA4E- LT & b OE B -,

(14) ZE44Ia1 S RRBAEMF 2842 (2015/10/17)
1) WKT‘D#‘ il %%%@i%}]/ﬂ’r»— o« )XTJ— Jurr 4TI Z 1A j‘f_@]%”

(15) %6 3[R 22 422 v AR ¥ 7 1 (2016/1/27-28)
1) PEARIZE, "IN MR (2 31T D B .

(16) HARH ML 2EFERE 1 ARFITRS, FE KRS, 2<IE, 2015/12/2-4
1) AN —, #KEHEZ, —JiRK—, BA—pk, @88, "J-PARC =27 U — N H{bD
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ST & A% O T

2) UTHRGEIRER, FILZER, Ik, SPHESC, A, Ex RE—, “a ) A—=Z & i
T 4 N F —EIZ K DK O ERREE Sr-90 OHIE”.

3) RewHEE, whIlEErh, OARSER, PEATIZE, A2, BHRL, A7 m ba
Mgk N = > 7 U — MZBIT 2 BEHUARRT i D03 2.

4) BIFTYERER, mts—8, IR, Az, B —, EHLER, “J-PARC =2 —
Y SRR ié%ﬂm¢m%@ﬁ@®ﬁé .

(17) SE30MIFHBRBERI > R 7 A, FHRARTFERT, 2016421 19 H
1) SFRINTE, BRI, EHF], SR, e KE—, 01, o8, B,
A, RSAEEN, SAISIN, AN, KA, BHEX, JbktiE, “ISS M
2 TR R EE I« A2 AR SRR S i B L BIRHEGE (PS-TEPC) DB
5

FE

??

(18) Rl 274 i el SRR e M s B AT A2 i = (20164- 1 29 H)
1) BREFNE, “HSHRE TR S 2 T L OILR.

(19)SAT 77 /ay— -+ ¥ a—/47—2A2016, > IZEESES, 2016 -2 A 4 A
1) At "EHERTI AT — 2 g AR ZE IR B R O BRSE .

(20) %5 17 [B] TBREGHUNRE 22016 4£3 4 8 H—10 H)
1) EfEIE =, & FFEk, /J\Jﬁﬂiﬁ ANIMESE, 8 NPO T5< LERAEDS ), HHRK, H
Rb—, SREFE, A)IIE, fix RE—, “BREA OAETE - FEEOHAEL BT REBUTE
Ege — B X OVEFEERELHIE & B~ IR —
2) A, mEE, AN, NIMESR, BEM—, BERE, fEmE, AL, fx
ARE—, BENPO 5 LEFEDR] | “BREN OAIE - PEEOAEL BT BB
BERFZE  — ATZERl R~ v 0 7, B - AR - SR EERBEIIE LR IS R
JHj—,
3) @FFCL, AUINE—, BEHEZ, B—Rk, =HAK—, 7 J—PARCHEZRICEITD
a7 Y — NHEAUMAN O - FTR S5 AR O E

s

(21) AARFFIFE 2016 FFFHRDOFES 2016 4E3 H 26 H~28 0 HULKF
1) SREERM, KEHR, TEE, B, WEAT, AlUL, R, EARER, )
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It FufE, IR, “NewSUBARU L —H —8 756 & FV 72 ™Cy,xn) 52> & O -
TR F— AT BOVHIE.
2) WRHER], AfEHSY, ek, BT ARG 2SR O T — B Wi R O BF
3) WL, “RINH A — REANC L 575 7 2 v MEBGBREOFER 3 —ASH = KL%

—100 MeV LA F O % /L —EIIZ 3517 5 DDX O -

(22) 2015 FEERFE—L P A = AT 2 2% HE 201 643 H
1) ZEME, WE, SHEE, A, GFEE, AT oY — - X8 v, IR RRE,
TARE—ER, =, =K, AR, BEE, “REREREHET 5 I 24
R H L O

(23) AL %96 MIFEMGFES  FEHRY 201 643/
D FoEmL, A, BER -k, EHEREL SR RS, ARk, BEARE, AR,
BAGE, ZEHE, ik BRE, ““UBrBIlov et piicsids
=2 A VR AR,
2) HHEMI, ZE EZ, ME, SR, AR, AR, TRVE—RS, ZTEE, =
HK—, AR, “C,ORTFITxT 5 I 2 A iRt aEic L5281 .

6. FRE(2015.4.1~2016.3.31)

(1) (Edited) K. Bessho, K. Tagami, K. Takamiya, T. Miura : “Proceedings of the 16th Workshop on
Environmental Radioactivity”, KEK Proceedings 2015-4 (2015).

(2) (Edited) Y. Kirihara, Y. Namito, and H. Hirayama,: "Proceedings of the Twenty-Second EGS
Users' Meeting in Japan", KEK Proc. Vol 2015-6, (2015).

(3) (Edited) S. Sasaki, Y. Kishimoto, M. Hagiwara, T. Sanami, K. Saito, K. lijima: “Radiation Detectors
and their Users — Proceedings of the 29" Workshop on Radiation Detectors and Their Uses”, KEK
Proceedings 2015-8(2015).
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7. Internal Reports of Radiation Science Center (2015.4 — 2016.3)

TR e o & — IS R B, I ONAL R L B O RSt v % — 5N LR
— bk BZFITLTWD, LLFIC, {EZELZEBERICOW TR T 5,

71 {LZEREFEFROHN VR — b
NERIZED 2O T ) —IZHEL, TNETNEEZ L@ LE T 2T T 5,

(1) CHEM-A

pfEE,

(2) CHEM-W-

[FIRIRFFEE 55 2> B A B AT AR AT O Rk

KERAZERS, FEBRPEIRALBEZERS, R HE/K LB RS | B L CHT - 7o Mt SR oD R

7.2 CHEM-A
KL | Frlg

CHEM-A-15-01 | JIEEZs | HOM 7 7 Y —N\—H > TNGi-7 = T A MEAEO 5T
CHEM-A-15-02 | JIiZR | "o —XF x> /X—0O RF ¥ —/L REGFRO 34T
CHEM-A-15-03 | Jii##s | J-PARC MR kY RAVANPER L 7 b & o 7 S—(F 5B D534t
CHEM-A-15-04 | JN#ss | 70—t o % — sz im0
CHEM-A-15-05 | Jl#s | AR I KA o T A~ kot
CHEM-A-15-06 | Wtibt | Wighs — Fhod 7 A Lot
CHEM-A-15-07 | Jngs | 70— —' S ZMZT=WHKD X > 7 Nt o554
CHEM-A-15-08 | iz | EREAEAHIHT ) o o4
CHEM-A-15-09 | fidzs | WAFme 3 EHIR IR E W K OVK T E T D 434
CHEM-A-15-10 | #BFK | # 2”7 BB OEREJE O 0T
CHEM-A-15-11 | JmEds | EEE N Ry O T
CHEM-A-15-12 | Jigki | B ZE T = o S —RFEHIK A b L—F (5 D538t
CHEM-A-15-13 | Jiid#s | D5-D %A k277 AT % O 558t
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8. F5| &%

(1) Pefde, PSS, e, BUFTERRR, SCERIURSHIE « (b2 2 FHRE-2014 4"
KEK-Internal 2015-4.

() T ZEDFLIE], 201544 H.

() L enFalE G 1, 201547 A.

(4) R Z, BT, WK, BEE -, B, R EE, W), B,

4 L%, PATELUSE, TERL BRFBRICEIT 2 =787 b ERL OHJHSRIZHE S B

42%f% |, KEK Internal 2015-6.

(5) Pedetsk, B, FERERE —, W51, /NEFIER, —HEMR, TEARINEEE E A S Ol
MIFEOLE TN AR L Btz 42 %), KEK Internal 2015-7.

(6) Pedifeik, EWiL, SREMZ, BF 7, /ANFIER, =#®RIL, TSuperKEKB 7 = —X 1
(AR D D H#R 22 xR |, KEK Internal 2015-8.

3
i

>
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