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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, the 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 our activities including awards,
name of outside committees we are engaged in, workshops and symposia, publications, and funds

we got.

Just after the accidents on the Fukushima Daiichi nuclear power plants, we started to measured
real-time dose-rates due to radioactive-nuclides flying from the power plants (160 km apart from
KEK) and their species in KEK, where the first were measured using our radiation monitors on
site-boundary and the latter were measured in conjunction with National Institute for Environmental
Study (NIES). These results were shown in the web page after stating measuremets and summarized
in this report. We also started several measurements and some of them are shown in this report. As
proffessionals in radiation science, we performed several tasks and played roles. These activities are

also introduced in this report.

Shinichi Sasaki
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 current status of these research

activities carried out in fiscal year 2011 are described.



1. Research in Radiation Physics and Detector Development
1.1 Application of scintillation in helium mixed with xenon to a position-sensitive detector

K. Saitol, S. Sasakil, H. Tawara' and E. Shibamura®

'KEK, *Saitama Prefectual University

A position-sensitive *He proportional counter cannot be applied to high intensity neutron fields because the time
resolution of the detector is on the order of several microseconds. An efficient solution to this problem is the use of
scintillation. However, scintillation photons in helium more than atmospheric pressure, where the most part of
exited helium forms He,", lie in the VUV region (60-100 nm) and have long decay times (10 ps). Therefore, it is
difficult to use helium as a scintillator. To solve these problems, we have been testing the exchange of luminescence
origin from helium to xenon by adding a small amount of xenon to helium, and have been studying scintillation
properties of He/Xe, such as luminescence spectra, time profile and scintillation yield, and the scintillation
mechanism. The peak wavelength in the luminescence spectra in the He/Xe mixture is 174 nm. The shape of the
luminescence spectra in He/Xe is almost the same as that in pure xenon. The rise time of scintillation in He/Xe is
faster than 4 ns, and the decay time of that is shorter than the decay time of an excited helium dimer. The
scintillation yields increase with increasing partial pressure of xenon. However, scintillation yields under the
electric field enough to prevent the recombination of ion pairs completely, are saturated above 0.06 MPa of partial
xenon pressure. When the partial pressure of xenon was 0.066 MPa for a total pressure of 1.0 MPa with the electric
field, the scintillation yield was comparable to that in 0.1 MPa pure xenon. Increasing the rate of scintillation yields
depends on not only the xenon pressure but also the helium pressure. The purpose of this study is to develop a

position-sensitive detector on the basis of these experimental results.

1.2 Development of current readout type neutron monitor for burst neutron field

K. lijima, T. Sanami, M. Hagiwara, K. Saito, and S. Sasaki
KEK

A current readout type neutron monitor was developed for the measurement of dose rate of burst neutrons generated
due to beam loss of an accelerator within a short time. This neutron monitor consists of a commercially available
neutron proportional counter, a 6.5 cm thick polyethylene moderator and a newly developed charge integrate circuit.
The monitor was tested under mono-energetic neutron standard fields (En=8keV~15MeV) in comparison with a
conventional pulse readout type monitor. These two different readout type monitors show identical energy response
in this energy range. The current readout monitor was able to measure neutron dose up to 4.5 mSv/h without count

loss when pulse readout type monitor failed due to count loss. The contribution from gamma-ray to measured dose
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rate was 5-10 % of the actual dose rate of the gamma-ray.

1.3 Average energies to produce an ion-pair (W-values) for heavy charged particles in gases

S. Sasaki, T. Sanami, H. Tawara, K. Iijima, K. Saito, T. Murakami'

KEK, 'NIRS

The average energy to create an ion pair, W, for heavy charged particles (heavy ions) is known to
show dependence on the particle energy. However, there are still few experimental data about I for
heavy ions, and W is one of indefinite parameters in the dose evaluation or in the presumption of
absorbed energy for heavy ions. The systematic measurements are proposed. In such backgrounds,
we aim to determine W for heavy ions as a function of energy and to provide data to application
fields, such as the heavy ion therapy and the radiation dosimetry in space, and for explicating
mechanisms of the Z and energy dependence in . In the previous works, the values of W were measured
for several kinds of heavy ions including He’* from HIMAC (Heavy lon Medical Accelerator in
Chiba) in NIRS with energies for 1 to 6MeV/n in argon, air and propane-base tissue-equivalent gases of
atmospheric pressure as a function of the energy of ions. For heavy ions other than He”', the energy dependence of
W was clearly observed, while W for He*" was approximately constant over a wide range of the energy.

In the present study we attempt to examine the presence of energy dependence of W in the energy
region of 10-200MeV/n. For this purpose, the ionization chamber used so far was improved so as to
have a large detection volume (82x82x500 mm?®) and to keep gases of pressure up to 10 atmospheres
(1MPa). A time-of-flight energy spectrometer (TOF) equipped with the chamber to measure the
deposit energy of incident ions was also improved. To measure the number of charges created per
heavy ion incidence, we used a slow-pulse mode with ion collection using a parallel-plate chamber
and a fast current amplifier. We made the measurements for C* (100MeV/n) and Ar*" (290MeV/n)
in argon, air and tissue-equivalent gases with pressure up to 5 atmospheres (0.5MPa), and determined
the differential values of W (w-value). The preliminary results show that the values of W (w-value)
for C*" (100MeV/n) and Ar*®" (290MeV/n) agree with the constant value for He*™ (< 6MeV/n).

This study was partly supported by “the scientific research fund from the Ministry of Education, Science & Culture
in Japan”'.

Presented at IEEE Nuclear Science Symposium and Medical Imaging Conference, Valencia, Spain, 23-29 Oct.,
2011.

Publsihed in IEEE Nucl. Sci. Symp. Conf. Record N35-3 (2011) 1873-1876.



1.4 Position-sensitive Tissue Equivalent Proportional Chamber (PS-TEPC) for space

dosimetry

S. Sasaki, K. Saito, H. Tawara, K. Takahashi, T. Dokel, K. Miuchiz, T. Komiyama3, H. Matsumoto® s
N. Higashi03, Y. Uchihori* and K. Terasawa’,
KEK, "Waseda Univ, 2Ky0t0 Univ,, 3JAXA, 4N]RS, and ’Keio Univ.

In December 2009, Astronaut Soichi Noguchi arrived at the International Space Station (ISS) aboard the Russian
Soyuz spaceship to carry out research activities during 5S-month mission. Astronaut Noguchi is the second Japanese
astronaut to spend a prolonged period in space. He follows Koichi Wakata, who stayed for four and a half months
at the space station. Six month stays aboard the ISS for two other Japanese astronauts, Satoshi Furukawa and
Akihiko Hoshide, are scheduled for 2011 and 2012, respectively. Consequently it is becaming ordinary for
Japanese astronauts to stay on the ISS for a long time. In the near future, we will be able to travel to and stay on the
moon. In such cases, however, we must take into serious consideration the effects of space radiation due to cosmic
rays. The radition are electrons and protons from solar cosmic rays and the Van Allen radiation belt, heavy ions
from galactic cosmic rays, and neutrons that are generated by the interaction between cosmic rays and the structural
materials of the spacecraft. These affect human health. On the other hand, solar activity always changes, so we need
to measure them in real time. In the past, we measured space radiation using RRMD-III and BBND, but we needed
a device that measures more accurately. This led us to developing the Positon-Sensitive Tissue-Equivalent
Proportional Chamber (PS-TEPC) as a new space dosimeter.

PS-TEPC is designed as a time projection chamber (TPC) using a micro-pixel chamber (u-PIC) so as to measure
the energy deposition and the track length of radiation simultaneously. The p-PIC consists of a double-sided printed
circuit board (PCB). The anode and the cathode strip electrodes are orthogonally arranged with a pitch of 400pum on
the both side of 100um thick polyimide insulator. Pixel-like anode pillars of 50um diameter are formed at the
center of each cathode opening through the insulator. Due to an electrical field between the anode and the cathode,
a gas gain of ~10" is obtained without any additional gas multiplication devices.

The performance of PS-TEPC has been examined using a prototype (Ver.1), where we designed newly the u-PIC
with a size of 26x26 mm’, and manufactured a small-type TPC (effective detection volume; 26x26x50 mm’)
constructed with tissue equivalent materials such as A-150 plastic and acrylic acid resin, by the experiments using
heavy-ion beams from Heavy Ion Medical Accelerator in Chiba (HIMAC) in National Institute of Radiological
Sciences (NIRS). We have tested this prototype by measuring the LET distributions in propane-base tissue
equivalent gas for He*" (230MeV/n), C®* (400MeV/n), Si'*" (800MeV/n), and Fe**" (500MeV/n) in HIMAC. The
measured LET distributions were in good agreement with the calculated values. Recently, to obtain better energy
resolution, we introduced low-noise hybrid multi-stage preamplifer systems, which are attached directly to the
readouts of p-PIC in place of ASD (Amplifier Shaper Discrimination) circuits, and we could obtaine the energy

resolution of 10% in fwhm for Fe**" (500MeV/n).



This study was supported by “Joint Development Research at High Energy Accelerator Research Organization
(KEK) .

Presented at the 25" workshop on “Radiation detectors and their Uses”, KEK, 1-3 February 2011.

Published in the proceedings of Radiation Detectors and Their Uses, KEK Proceedings 2011-8, (2011)173, and
J. Jpn. Soc. Microgravity Appl., 28 No.3 67-73 (2011).

1.5 Systematic Measurement of Lineal Energy Distributions for Proton,He and Si Ion Beams

Over a Wide Energy Range Using aWall-less Tissue Equivalent

S.Tsudal, T.Satol, F.Takahashil, D.Satohl, S.Sasakiz, Y.Namitoz, H.Iwasez,
S.Ban® and M.Takada3,
1) JAEA 2) KEK 3) NIRS

The frequency distributions of the lineal energy, y, of 160 MeV proton, 150 MeV/u helium, and 490 MeV/u silicon
ion beams were measured using a wall-less tissue equivalent proportional counter (TEPC) with a site size of 0.72
pum. The measured frequency distributions of y as well as the dose-mean values, yp average, agree with the
corresponding data calculated using the microdosimetric function of the particle and heavy ion transport code
system PHITS. The values of yp average increase in the range of LET below ~10 keV/um because of discrete
energy deposition by delta rays, while the relation is reversed above ~10 keV/um as the amount of energy escaping
via delta rays increases. These results indicate that care should be taken with the difference between yp average and
LET when estimating the ionization density that usually relates to relative biological effectiveness (RBE) of

energetic heavy ions.

Published in J. Radiat. Res., 53, 264-271 (2012).

1.6 Radiation damage to HDTV camera CCDs onboard the International Space Station

A. Nagamatsu >, K. Murakami , A. Yokota ", J. Yamazaki © M. Yamauchi ® K. Kitajo ¢,
H. Kumagai ¢, and H. Tawara *°
“Japan Aerospace Exploration Agency, bjGe Corporation, “Japan Broadcasting Corporation, “Ydvanced

Engineering Services Co., Ltd, ¢ High Energy Accelerator Research Organization

The image quality of high-definition television (HDTV) cameras and camcorders for space activity isndegraded by
the presence of permanent bright pixels (so-called “white defects”) due to space radiation. We studied the space

radiation damage to HDTV charge-coupled devices (CCDs; 2 x10° pixels per chip) loaded in the Russian service
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module (SM) of the International Space Station (ISS) for 71 days, 256 days and 446 days. We used the “Passive
Dosimeter for Lifescience Experiments in Space” (PADLES), which consists of CR-39 plastic nuclear track
detectors (PNTDs) and thermoluminescent dosimeters, to measure space radiation doses received by the HDTV
CCDs in the SM during loading periods. The average

production rates of white defects for output voltage greater than 0.5 mV were 2.366 + 0.055 pixels/day in Si and
5.213 £ 0.071 pixels/mGy in Si. We also investigated the correlation between the position of the white defects and
tracks of high-energy particles with LET of approximately 300 keV/mm or more using stacks of CR-39 PNTDs and
the HDTV CCD chips. We found that approximately 30% of these highenergy high-LET particles coincided with
the position of white defects on the HDTV CCDs in the SM.

Published in Radiation Measurements, 46, 205-212 (2011).

1.8 Characteristics of Mg2SiO4:Tbh (TLD-MSO-S) relevant for space radiation dosimetry

A. Nagamatsul, K. Murakamil, A. Yokotaz, J. Yamazaki3, M. Yamauchi3, K. Kitaj04, H. Kumagai4, H. Tawara'"’
IJapan Aerospace Exploration Agency, ‘JGe Corporation, j’Japan Broadcasting Corporation, ‘Advanced

Engineering Services Co., Ltd., 5High Energy Accelerator Research Organization

A PAssive Dosimeter for Life-science Experiments in Space (PADLES) has been developed for measuring total
absorbed dose and dose equivalents in the radiation environments of the International Space Station (ISS) where the
Linear Energy Transfer (LET) of radiation ranges from 0.2 (ionization minimum) to 10° keVurn7l or more.
PADLES consists of two types of passive and integrating radiation detectors: MSO-S (Mg;SiO4:Th)
ThermoLuminescence Dosimeters (TLDs) and antioxidant-doped CR-39 plastic nuclear track detectors. In this
paper, we first describe a method to obtain a water-equivalent absorbed dose by combining data from these two
types of detectors. In order to increase the reliability of PADLES for ISS space radiation dosimetry, we investigated
the following characteristics of MSO-S TLDs: calibration of our ThermoLuminescence (TL) readout system for

high-energy protons and gamma rays from “°Co and "’

Cs sources; dose responses for high-energy heavy ions (He,
C, Si, Ar, Fe); response variation of different manufacture batches; directional response for the high-energy protons;
the initial variations and long-term fading effects of the TL response for high-energy protons and heavy ions at

temperatures from —80 °C to 60 °C; and LET response.

Published in Radiation Measurements, Volume 46, Issue 8, August 2011, Pages 709-716.



1.9 Area radiation monitoring on ISS Expeditions 17 to 22 using PADLES in the Japanese
Experiment Module Kibo

A. Nagamatsul, K. Murakamiz, K. Kitajoz, K. Shimadaz, H. Kumagaiz, H. Tawara'*
]Japan Aerospace Exploration Agency, ?Advanced Engineering Services Co., Ltd.,

High Energy Accelerator Research Organization

Measuring radiation doses in space is essential for assessing the radiation risk to astronauts and modifying
space-radiation simulation models for present and future manned space activities. The JAXA Area PADLES
program is a continuous area radiation monitoring program that uses the PAssive Dosimeter for Lifescience
Experiments in Space (PADLES) inside the Japanese Experiment Module ‘Kibo’ of the International Space Station
(ISS). JAXA has run the Area PADLES program since the Kibo module was attached to the ISS in June 2008. The
PADLES dosimeter consists of thermoluminescent dosimeters (TLDs) and CR-39 plastic nuclear track detectors
(PNTDs). During area radiation monitoring from June 2008 to April 2010 (ISS Expeditions 17 to 22), the average
absorbed dose rate and the average dose equivalent rate in Kibo’s Pressurized Module were measured to be 0.276 +
0.029 mGy/day to 0.319 + 0.030 mGy/day and 0.588 + 0.084 mSv/day to 0.618 = 0.101 mSv/day, respectively. We
also investigated the dependence of measured radiation doses on the installed direction of the PADLES dosimeters
(Area PADLES and Exp PADLES) located in Kibo’s Experiment Logistics Module Pressurized Section. The
absorbed doses were found to be independent of the direction of PADLES dosimeters, owing to the non-directional
response of TLDs. Dose equivalents, however, clearly changed depending on the direction, owing to the directional

response of CR-39 PNTDs.

Submitted to Radiation Measurements.

1.10 Measurement of thick target neutron energy spectra at 150 and 900 bombarded with
120-GeV protons

Y. Iwamoto, T. Sanamiz, T. Kajimoto3, N. Shigyo3, M. Hagiwaraz, H.S. Lee4, D. Boehnleins, R. Colemans, D.
Jensen’, A. Levelings, N.V. Mokhov”, E.Ramberg5, A. Soha’, K. Vaziri’, Y. Sakamotol, H. Nakashima'
! Japan Atomic Energy Agency, Tokai, Ibaraki, 319-1195 Japan
’High Energy Accelerator Research Organization, Oho, Tsukuba, 305-0801 Japan
’ Kyushu University, Motooka, Fukuoka, 819-0395 Japan
4P0hang Accelerator Laboratory, POSTECH, Pohang, Kyungbuk 790-784, Korea
’Fermi National Accelerator Laboratory, Batavia, IL 60510-5011 USA

Neutron energy spectra at 15° and 90° produced from carbon, aluminum, copper and tungsten targets bombarded

with 120-GeV protons were measured at Fermilab Test Beam Facility (FTBF). The target thicknesses were 60 cm
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for graphite, 50 cm for aluminum, 20, 40, and 60 cm for copper and 10 cm for tungsten, respectively. The neutron
time-of-flight measurements were performed using an NE213 organic liquid scintillator (12.7 cm diameter, 12.7 cm
long) coupled to a R4144 photomultiplier at 5.2 m for 90° and 8.0 m for 15° measuring from the center of the target
to the surface of the detector. The raw signals (waveforms) obtained from photomultiplier tubes were recorded
using the 10 bit digitizer (Agilent-acqiris DC282) with 0.5 ns sampling and 500 ns duration. The correction of the
beam multiplicity was performed using plastic scintillators placed on the beam line, 10 bit digitizer and NIM and
CAMAC modules [1]. To compare the experimental results, Monte Carlo calculations with the PHITS, MARS and
FLUKA codes were performed. It was found that these calculated results underestimate the experimental results in

the whole energy range.

Presented at ISORD-6.

1.11 Measurement of absolute response functions and detection efficiencies of an NE213
scintillator up to 600MeV

Tsuyoshi Kajimoto', NobuhiroShigyo', ToshiyaSanami®, Kenjilshibashi', RobertC.Haight *, Nikolaos Fotiades’
IKyushu University, Motooka, Nishi-ku, Fukuoka819-0395,Japan
’High EnergyAcceleratorResearchOrganization, Oho, Tsukuba,Ibaraki305-0801,Japan
Los AlamosNationalLaboratory, LosAlamos,NM87545,USA

Absolute neutron response functions and detection efficiencies of an NE213 liquid scintillator that was 12.7 cm in
diameter and 12.7 cm in thickness were measured for neutron energies between 15 and 600 MeV at the Weapons
Neutron Research facility of the Los Alamos Neutron Science Center. The experiment was performed with
continuous-energy neutrons on a spallation neutron source by 800-MeV proton incidence. The incident neutron flux
was measured usinga 238U fission ionization chamber. Measured response functions and detection efficiencies
were compared with corresponding calculations using the SCINFUL-QMD code. The calculated and experimental
values were in good agreement for data below 70MeV. However, there were discrepancies in the energy region
between 70 and 150MeV. Thus, the code was partly modified and the revised code provided better agreement with

the experimental data.

Published as Original paper of Nuclear Instruments and methods in Physics Research A.



1.12 Measurement of neutron-production double-differential cross-sectionson carbon

bombarded with 290-MeV/nucleon carbon and oxygen ions

D. Satoh *, D.Moriguchi b, T.Kajimoto b, H.Uehara b, N.Shigyo b, M.Ueyama b, M.Y oshioka b,
Y. Uozumi b, T.Sanami ¢, Y.Koba d, M.Takada d, N.Matsufuji d
“ Japan AtomicEnergyAgency, Tokai-mura, Naka-gun,Ibaraki319-1195,Japan
b Kyushu University, Motooka, Nishi-ku, Fukuoka819-0395,Japan
“ High EnergyAcceleratorResearchOrganization, Oho, Tsukuba,Ibaraki305-0801,Japan
? National InstituteofRadiologicalSciences, Anagawa,Inage-ku, Chiba263-8555,Japan

Neutron-production double-differential cross-sections on carbon—carbon and oxygen—carbon reactions with
incident heavy-ion energy of 290MeV/nucleon were measured by time-of-flight method using liquid organic
scintillators. By use of a detection system specialized for low-energy neutrons, the cross-sections were obtained in a
wide energy region from several hundred MeV down to 0.6 MeV for the oxygen-ion incidences. The experimental
data were compared with the calculation results using the Monte-Carlo simulation code, PHITS. The PHITS results

gave an overall agreement with the measured data within a factor of two.

Published as Original paper of Nuclear Instruments and methods in Physics Research A.

1.13 Methodology for the neutron time of flight measurement of 120-GeV proton-induced
reactions on a thick copper target

T. Sanami *, Y. Iwamoto °, T. Kajimoto ¢, N. Shigyo ¢, M. Hagiwara *, H.S. Lee ¢, E. Ramberg °,
R. Coleman °, A. Soha °, D. Jensen °, A. Leveling °, N.V. Mokhov ¢, D. Boehnlein °, K. Vaziri ¢, K. Ishibashi °,
Y. Sakamoto b, H. Nakashima °
“ High Energy Accelerator Research Organization, Oho, Tsukuba 305-0801, Japan
b Japan Atomic Energy Agency, Tokai, Ibaraki 319-1195, Japan
 Kyushu University, Motooka, Fukuoka 819-0395, Japan
 Pohang Accelerator Laboratory, POSTECH, Pohang, Kyungbuk 790-784, Republic of Korea
e Fermi National Accelerator Laboratory, Batavia, IL 60510-5011, USA

A methodology for the time-of-flight measurement of the neutron energy spectrum for a high-energy
proton-beam-induced reaction was established at the Fermilab Test Beam Facility of the Fermi National
Accelerator Laboratory. The 120-GeV proton beam with 3 105 protons/spill was prepared for event by-event
counting of incident protons and emitted neutrons for time-of-flight energy determination. An NE213 organic

liquid scintillator (12.7 ¢cm in diameter by 12.7 cm in length) was employed with a veto plastic scintillator and a

-9.



pulse-shape discrimination technique to identify neutrons. Raw waveforms of NE213, veto and beam detectors
were recorded to discriminate the effects of multi-proton beam events by considering different time windows. The
neutron energy spectrum ranging from 10 to 800 MeV was obtained for a 60-cm-long copper target at 90with
respect to the beam axis. The obtained spectrum was consistent with that deduced employing the conventional

unfolding technique as well as that obtained in a 40-GeV/c thin-target experiment.

Published as Original paper of Nuclear Instruments and methods in Physics Research B

1.14 Time Variations in Dose Rate and g Spectrum Measured at Tsukuba City, Ibaraki, due to

the Accident of Fukushima Daiichi Nuclear Power Station

Toshiya SANAMI, Shinichi SASAKI, Kazuhiko IIJIMA, Yuji KISHIMOTO and Kiwamu SAITO
Applied Physics Laboratory, High Energy Accelerator Research Organization,
1-1 Oho, Tsukuba, Ibaraki 305-0801, Japan

The time variations in the dose rate and g spectrum of radio nuclides originating from the accident of Fukushima
Daiichi Nuclear Power Station were measured at Tsukuba City, Ibaraki, during the period from 15th March to 9th
April 2011. The radiation dose peaked three times during the period from 15th to 16th March (1.27 mSv/h at
maximum). The contribution of Xe-133 to the dose rate was observed from the g spectrum obtained from the 5 h
measurement during the peaks on 15th and 16th March, indicating that radioactive plume passed through Tsukuba
City at that time. After the peaks, a dose rate increase with rainfall was observed on 21th March, dominating the
integral dose rate measured at Tsukuba City. The dose after the rainfall comes from I-131, Cs-134, and Cs-137 that

can be observed as peaks in the spectra.

Published as Trans. Atomic Enegy Society of Japan (in Japanese), Vol. 10, No. 3, p. 163-169 (2011).

1.15 Angular distribution of light mass fragments for proton induced reaction at intermediate

energies

Toshiya SANAMI , Masayuki HAGIWARA and Hiroshi IWASE
Applied Physics Laboratory, High Energy Accelerator Research Organization

Double differential cross section (DDX) data of light mass fragment (LMF) production for intermediate energy
nucleons have been required to evaluate amount of energy deposition with considering localization. Our group has

been conducting the data taking of the DDXs for Li, Be, B, C production of C, N, O, Al, Ti, Cu target on protons
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having energy from 40 MeV to 300 MeV. The DDX data have been measured using a Bragg Curve Counter that
(BCCQ) that was designed to identify LMFs with finite low energy threshold. The experimental DDX results were
successfully parameterized using simple equation that is described by several parameters based on Maxwellian
distribution and Coulmb barrier. In this study, the parameterized DDXs were integrated to calculate angular
differential cross sections(ADXs). The ADXs were summarized as a function of target, projectile and incident

energy to study relationship with reaction mechanism and systematics of LMF production.

Published as Proceedings of Nuclear data symposium
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2. Experimental Technology and Monte Calro Simulation Related to Radiation
Shielding

2.1 Transformation of a system consisting of plane isotropic source and unit sphere detector
into a system consisting of point isotropic source and plane detector in Monte Carlo radiation

transport calculation

Y.Namito, H.Nakamura, A.Toyoda, K.Iijima, H.Iwase,S.Ban and H.Hirayama
KEK

After nuclear power plant accident, radioactive nuclide distributes uniformly on the ground. If we try to estimate
dose rate from this source by Monte Carlo calculation, we encounter difficulty because the calculation efficiency is
very low. To solve this low efficiency problem, we show that plane isotropic source can be transformed into a point
isotropic source By changing the detector shape from unit sphere to plane simultaneously. We verified the validity
of this transformation by the comparison of unscattered photon fluence numerically. As an example of this
transformation, we calculated the ambient dose rate D; from radioactive nuclide distribute uniformly on the ground
using the EGS5 Monte Carlo code. We also measured the concentration of radioactivity and ambient dose rate (M)
in KEK within a month arising from the Fukushima nuclear power plant accident.Using radioactivity data and D,
we calculated the ambient dose rate (C). The measured and calculated ambient dose rates agreed reasonably well;

the ratio of the calculated and measured ambient dose rates (C/M) was 0.62-1.28.

Published in J. Nucl. Sci. Technol, 49, 167-172 (2012) (KEK Preprint 2011-13).

2.2 Applying Organic Photodiodes to X-ray Measurements

E.Takadal, A.Takadal, A.Inouel, H.Imail, H.Okadaz, S.Nakaz, J .Kawarabayashi3,
T.Nakamura* and Y.Namitos,
1) Toyama National Colleage of Technology, 2) Univ. of Toyama, 3) Nagoya Univ.,
4) Tohoku Univ., 5) KEK

To elucidate the applicability of organic photodiodes (OPDs) to radiation measurements, three OPDs were
fabricated, where two of them with a heterojunction structure (OPD-a and OPD-b) and the other with a bulk
heterojunction structure (OPD-c). OPD-a and OPD-b have a structure of ITO / -NPD / td-PTC / Al with sensing
area of 4 mm % 4 mm, on the other hands, OPD-c was with a 300-nm-thick mixed organic layer between -NPD and
td-PTC layers. All of these three OPDs showed rectifying properties under forward and reverse voltage. X-ray

irradiation experiments have been carried out with these OPD devices. Results revealed that X-rays increased the
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output current, although some problems persist, such as low photon-to-current conversion efficiency.

When irradiating mono-energy X-rays at 20 keV on OPD-a and OPD-b, the current increased to about 6 pA from
about 0.5 pA in a dark condition.

The X-ray-induced current increased concomitantly with increasing X-ray intensity with a little nonlinearity.
Measurements of X-ray induced current with OPD-c showed that it could yield 3.5-times-higher X-ray-induced

current than that observed from OPD-a and OPD-b.

Published in J. Nucl. Sci. and technol. 48, 1140-1145 (2011).
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3. Radiation Protection Study in Accelerator Facilities

3.1. Activation of air and water in the electron linear accelerator facility for medical use

K. Masumoto, H. Nakamura, A. Toyoda, K. Takahashi, K. Iijima
KEK

In Japan, about 80% of accelerators are for medical use and their operation methods are almost fixed. In this work,
we selected a 15 MeV linear electron accelerator facility. Water sample in a phantom was irradiated and its activity
was measured. During irradiation, aerosols were collected on a HEPA filter using an air sampler in the irradiation
room and its entrance maze and its activity was measured. No radioactivity was observed in air filters. Air was
irradiated in the irradiation chamber set in front of the beam exit window. After irradiation, air samples were
collected by an ionization chamber. We detected radioactivity of 10 min. half-life with 0.63 Bgecm™. It was
concluded that N-13 was produced by photonuclear reaction. Air in the irradiation room and the maze to the
irradiation room were also collected. But no radioactivity could be observed in air. We could not detect

radioactivity in water sample directly irradiated by X-rays and obtained from accelerator cooling.

3.2. Inspection of the shielding power of selfshielding type cyclotorns

K. Masumotol, H. Iidukaz, S. Satoz, K. Kugaz, T. Fujibuchi3, M. Sasaki4,
T. Fukumuras, H. Nakamural, A. Toyoda1
1) KEK, 2) NUSTEC, 3) IPU, 4) FBRI, 5) NIRS

Shielding effect of self-shielding type cyclotron for medical use was studied, especially for the standpoint of
neutron activation in the cyclotron vault. Measurements were performed by the activation of Au foils, TLD UD-813
PQ4 and personal dosimeter "Qulxel Badge" with CR-39 at five facilities. Thermal neutron flux near the target box
during the production of F was 107 cm™es™. In the cyclotron room, neutron flux was 10" ecm?es™. Self-shield
reduced the neutron flux to five orders of initial flux. Various metal samples were collected in the cyclotron vault to

measure their residual activity. No activity could be detected in these samples.
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3.3 Evaluation of detection efficiency calculation for various shapes of samples calculated by

ISOCS software and its application to gamma-ray spectrometry

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

Gamma-ray spectrometry using Ge-detector is an indispensable technique for the determination of activity. After
accident of Fukushima Daiichi Nuclear Power Plant, radioactive contamination was caused in the South part of
Tohoku and Kanto region, Radioactivity monitoring of food, water, soil and industrial materials has been performed.
Although the calculation of detection efficiency of various typed of samples is very important, it is very difficult to
obtain radioactivity standard suited for their samples. Therefore, we have been trying to use the ISOCS software for
the caliblation of detection efficiency to the various types of samples. Isocs software is also useful to recognize the
relation between sample shape and detection efficiency. In this work, the effects of radious, thickness and geometry
on detection efficiency were simulated. We also compared with the result of calculation and measurement of

cylinder type radioactive standard.
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4. Nuclear Chemistry and Radiochemistry

4.1 Radionuclides in the Cooling Water Systems for the NuMI Beamline and the Antiproton
Production Target Station at Fermilab

H. Matsumural, S. Sekimotoz, H. Yashima?, A. Toyodal, Y. Kasugai3, N. Matsuda3, K. Oishi4,
K. Besshol, Y. Sakamoto3, H. Nakashima3, D. Boehnleins, G. LautenS’A. Levelings, N. Mokhovs, K. Vazili’
'KEK, 2Ky0t0 University Research Reactor Institute, 3Japan Atomic Energy Agency,

*Shimizu Corporation, ’Fermi National Accelerator Laboratory

At the 120-GeV proton accelerator facilities of Fermilab, USA, water samples were collected from the cooling
water systems for the target, magnetic hornl, magnetic horn2, decay pipe, and hadron absorber at the NuMI
beamline as well as from the cooling water systems for the collection lens, pulse magnet and collimator, and beam
absorber at the antiproton production target station, just after the shutdown of the accelerators for a maintenance
period. Specific activities of y-emitting radionuclides and *H in these samples were determined using high-purity
germanium detectors and a liquid scintillation counter. The cooling water contained various radionuclides
depending on both major and minor materials in contact with the water. The activity of the radionuclides depended
on the presence of a deionizer. Specific activities of *H were used to estimate the residual rates of 'Be. The
estimated residual rates of 'Be in the cooling water were approximately 5% for systems without deionizers and less

than 0.1% for systems with deionizers, although the deionizers function to remove "Be from the cooling water.

no investigation

NuMI, Target
o0 krveatization Feb2010
NuMi, Magnetic horn 1 - B 02010
NuMI, Magnetic horn2 s igtion seeaett

no investigation

NuMI, Decay pipe

NuMI, Hadron absorber

Phar, Collection lens

Pbar, Pulse magnet
and collimator
Pbar, Beam dump

10"| 10° | ‘[01 — 102 | 103 | .-.-..1.04
Specific activity of Be [Bq!cmsl

Fig. 4.1.1 Comparison of the "Be-specific activities in the cooling water collected from NuMI and Pbar in February 2010, December

2010, and September 2011.
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4.2 Comparison of Activity among Fluorescent Lamps and Light Emitting Diodes Lamps

Exposed to Secondary Particles in Accelerator Rooms

A. Toyodal, H. Matsumural, K. Masumotol, S. Sekimotoz, H. Yashimaz, N. Matsuda® s
Y. Kasugai3, Y. Sakamot03, H. Nakashima3, G. Lauten4, A. Leveling4, N. Mokhov4,
K. Vaziri4, K. Oishis, M. Kuroyanagié, F. Nobuhara6, and K. Takahashi’

'KEK, 2Ky0t0 University Research Reactor Institute, 3Japan Atomic Energy Agency,
*Fermi National Accelerator Laboratory, >Shimizu Corporation,

Tokyo Nuclear Services, ' Dokkyo Medical University

Normal-type fluorescent lamps, three-wavelength-type fluorescent lamps, and LED lamps were exposed to
secondary particles during machine operation in the four different high-energy accelerator rooms at the Fermi
National Accelerator Laboratory (FNAL), USA, and Dokkyo Medical University, Japan. After the exposure of the
lamps, we determined the activity produced in the lamps and examined the lighting characteristics of the lamps. In
order to compare activity production among the same types of the lamps, total fourteen kinds of the lamps were
used for the exposure experiments. The least activity after 25 days of the exposure was exhibited by the LED
lamps. In examining the lighting characteristics of the lamps, however, it was found that the LED lamps could not
be used at thermal and epithermal neutron fluence exceeding 9.7 x 10'® ¢cm™. It was found that normal-type
fluorescent lamps are superior to the three-wavelength-type fluorescent lamps from the point of view of activity
production. We concluded that normal-type fluorescent lamps are the most suitable for lighting in high-energy

accelerator rooms.
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(three-wavelength) (normal)

Fig. 4.2.1. Activities of radionuclides 25 days after the exposure. The values were calculated from the activities measured in the

lamps exposed in accelerator tunnel of Main injector.
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4.3 Chemical behavior of "Be species formed in the cooling water for magnetic horns at the

J-PARC neutrino experimental facility

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

At the J-PARC neutrino experimental facility, 'Be is produced in the cooling water for magnetic horns by spallation
of oxygen in water molecules. In the facility, 'Be in water was removed by passing the water through the
deionization unit before drainage of the cooling water. Adsorptivity of 'Be on ion-exchange resins was
investigated by measuring the concentration of 'Be as a function of the circulation time through the deionization
unit. The time variation of 'Be shown in Fig. X shows that a part of "Be (0.1~1%) remained in the circulating
water after deionization for several-ten hours. Ultrafiltration experiments using very fine filters demonstrated that
high content of colloidal "Be species was contained in the water after deionization. These results implies that

adsorptivity of 'Be on the deionization unit was closely related with the colloid formation of 'Be in the cooling

water.

1.E+05
= A Run36
< 1.E+04
E 0 *‘ ® Run37
> e
E 1.E+03 "-. -------- expected
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1]
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0 20 40 60 80

Circulation time (h)
Fig. 43.1 Concentration of 'Be in the cooling-water for magnetic horns at the J-PARC neutrino experimental facility as a function of
the circulation time through the deionization unit. (Run36 : 2010/11/16-12/25, POT 427x10" ; Run37 : 2011/1/16-2/28, POT

5.77x10")
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5. Environmental and Analytical Chemistry at Accelerators
5.1 Adsorption Behavior of Beryllium(II) on Copper-Oxide Colloids in Water.

S. Shimadal, K. Besshoz, S. Katsutal, H. Monjushiroz, Y. Kudol, Y. Takeda'
'Chiba University, ’lKEK

At high-energy accelerator facilities, it is an important subject that metal-oxide colloids in cooling-water adsorb
radionuclides and circulate through the cooling-water systems. In this study, the adsorption behavior of Be(II)
on CuO colloids in water was studied, by placing the model of colloid formation of 'Be in the cooling-water for
electromagnets. Aqueous Be(II) solution was mixed with commercially available CuO nanoparticles, and the
adsorption behavior of Be(Il) on CuO was quantitatively examined. Detailed analysis of adsorption data
measured as a function of pH confirmed that Be(Il) is adsorbed on particles by a complex formation with the
hydroxyl groups on the CuO surface (>S-OH) according to the following equation:

n>S-OH + Be*" & (>S-OnBe*™ +nH" (n=2,3) S : Solid surface
The surface-comlexation constants corresponding to the above equilibrium, K(s,) and K3y, were determined for
four kinds of CuO nanoparticles. (Table X) K2 values were almost independent of the particles, on the other
hand, K3 values varied with particles. These complexation constants were applied for explanation of the
colloid-formation of 'Be in the cooling-water for electromagnets at the 12-GeV proton accelerator facility, KEK.

More precise evaluations adopting analytical information for actual colloids and realistic models are under way.

Table 5.1.1 Surface complexation constants for adsorption of Be(I) on

various CuO nanoparticles in water (Kis2), K(s3))

CIK 2810NH US3063 US3065
logKs2) —4.03£0.12 —3.821+0.09 —4.36%£0.22 —4.03£0.06
logKs3) —5.17£0.05 —544%+0.11 —6.13£0.13 —6.10%£0.08

5.2 Migration and Separation of Photo-absorbing Microparticles Using Laser-Photophoresis in

Aqueous Solution
H. Monjushiro' K. Bessho', and H. Watarai’
'Radiation Science Center, High Energy Accelerator Research Organization(KEK), Japan
’Osaka University, Japan

The laser photophoretic migration behavior of photo-absorbing polystyrene micro-particles suspended in water was

-19-



examined by irradiating a cw Nd:YAG laser (532 nm, max. 2.0W) in a cross-flow configuration. The
photophoretic velocities of the particles were compared with those calculated by using a Mie scattering (MS) model.
The photophoretic velocity increases with increasing the absorption coefficient of the particle as shown in figure.
Under the lower power laser irradiation conditions, the dependence of photophoretic velocity on absorption
coefficient can be explained by applying the MS theory to the photophoretic efficiency calculation. However, in
the case of highly photo-absorbing particles with relatively higher power laser irradiation, the photophoretic
velocity is much higher than that predicted by the MS model calculation due to the lowering of the viscosity of the
medium by photothermal effect. These results are important in the evaluation of the photophoretic forces that can

be applied to the color-based separation of micro-particles in a liquid medium.

400 : : : : :
' | | @ Red
@ Blue
@® Violet
300F | © Yellow 1
O White
— Calcurated value

Photophoretic velocity Vy yax / pm's

n 1 n 1
0 0.01 0.02
Absorption coefficient ks3,
Fig.5.2.1 Relation between photophoretic velocity and

absorption coefficient of colored polystyrene particles.

This study was partially supported by the Ministry of Education, Science, Sports and Culture, Grant-in-Aid for
Scientific Research (B), 21350046.

5.3 Quantitative Analysis of Chemical Composition of Electro-polishing Solution for Niobium

Surface Treatment by FT-Near-Infrared Absorption Spectroscopy

H. Monjushiro, M. Sato, and M. Sawabe
KEK

Electro-polishing (EP) procedure is one of the most important process in the fabrication of superconducting radio
frequency accelerators, because the performance of the accelerator is strongly dependent on the surface finishing of

the niobium cavity. However, the quality control of the electrolyte solution (conc. H,SO4 + conc. HF, volume
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ratio =9 : 1) for EP process is difficult to realize due to the difficulty in in-situ chemical analysis of the solution.
In this study, Near-Infrared (NIR) absorption spectroscopy is applied to the chemical composition analysis of the
EP solution. The NIR spectra of EP solutions with various compositions (changing H,SO, : HF : H,O ratio) were
collected by using a home-made liquid flow cell with sapphire windows. Figure show the example of change in
NIR second derivative spectra for the EP solutions with different contents of H,O. The obtained spectra were
analyzed by using chemometorics software “TQ Analyst”. It is found that the chemical composition of EP

solutions could be determined by NIR spectroscopy.

T T T T T T T

molar fraction of H 0.246
i 0 ction of H,O 0.283

1 1 1 1 1
7000 6000 5000
wavenumber | cm™

Fig.5.3.1 NIR second derivative spectra of EP solution with

different H,O contents.

5.4 Identification of Chemical Species in Electro-polishing Solution (H,SO4HF) during

Niobium Surface Treatment by Raman Scattering Spectroscopy

H. Monjushiro, M. Sato, and M. Sawabe
KEK

Electro-polishing (EP) procedure is one of the most - T - T - T

SO,F
important process in the fabrication of superconducting SOF \
150000 - s 4
. / v\/ New EP Solution
radio frequency accelerators, because the performance of L \/ 5
the accelerator is strongly dependent on the surface 100000 7
finishing of the niobium cavity. However, the | \/
. . . 50000~ 97%H,S0,7]
electrochemical and the chemical reactions and the \/ /) HSO; - 4-
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solutions before and after EP process were identified by Raman Shift / cm!

Raman scattering spectroscopy. In the EP solution  Fig.5.4.1: Raman spectra of 50% HF, 97% H,SO,, and EP
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before EP procedure, chemical species of HSO,”, SO4%, and SOsF were observed as shown in figure. While in the
EP solution after EP procedure, there observed NbF¢ species instead of NbOF52' which was reported as the main
electrochemical reaction product so far. It is also found that the chemical composition of EP solutions could be

determined by Raman spectroscopy.

5.5 Development of UV Photoelectron Yield Microscope for Work Function Imaging of Metals

and Semiconductors

H. Monjushiro
KEK

Work function of metals and semiconductors is an important physical quantity to reflect the surface state of
electronic devices and metallic materials and is sensitive to defects and surface compositions. However, it is
difficult to measure a two-dimensional image of work function of materials under air. The purpose of this study is

to develop a UV photoelectron yield microscope for the work function imaging of materials under air condition.

The schematic illustration of the constructed microscope system is
. . . . Spectrometer <0:<>
shown in figure. Ultraviolet light from UV lamp is focused by a
. .. . .. UVlamp
reflective objective lens and irradiating the sample surface.
. . h

Photoelectrons emitted from the sample surface is detected by a l¥ P
pico-ammeter with a lock-in amplifier. The work function image
is obtained by collecting the photocurrent form sample surface with L mirror
synchronized XY-stage scanning. Lock-in Amp

. reflective
By further improvement of the measurement system to sweep the objective
wavelength of the ultraviolet irradiation light, the photoelectron sample

PC

— —1
X-Y stage

Fig.5.5.1 Schematic illustration of ultraviolet

emission yield spectra can be measured, and we can determine the

precise local work function. The spatial resolution is determined
by the wavelength of the UV plane and the objective lens and is

) ) photoelectron yield microscope
estimated to be less than 1 micrometer.

This study was partially supported by the Ministry of Education, Science, Sports and Culture, Grant-in-Aid for
Challenging Exploratory Research, 23655075.
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5.6 Effect of intense radiation on corrosion of metals contacted with water and formation of

metal-related colloids in water

K. Besshol, H. Matsumural, K. Masumotol, Y. Okiz, N. AkimuneZ, S. Sekimoto®
1)KEK, 2)Kyoto Univ.

Supposing a model environment inside high-intensity accelerator facilities, corrosion of copper and formation of
Cu-related colloid in water were investigated under intense radiation field. Pure water samples sealed into the
copper-metal containers were irradiated by intense g-rays from a ®’Co radiation source or bremsstrahlung generated
by a 30 MeV electron beam striking a Ta target assembly. Soluble and size-separated colloidal concentrations for
Cu in water were determined by ultrafiltration using various pore-sized membranes.

The irradiation experiments at the **Co g-ray facility demonstrated that g-ray clearly affected the elution of Cu into
water, and soluble and several-nm-sized Cu species dominantly form in water under intense radiation field.
Formation of soluble Cu species was facilitated by high doses of g-ray irradiation. The electron LINAC
experiments also showed that transfer of Cu elements into water increased under irradiation of bremsstrahlung.

Survey of dose effect on the elution and colloid formation of Cu in water are under way.
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6. Measurements related to Accident of Fukushima Daiichi Nuclear Power
Station

6.1 Activiies of Radiation Science Center, KEK

Just after the accident of Fukushima Daiichi Nuclear Power Station, the Radiation Science Center, KEK, began

several measurements to monitor radioactivties originating from the power station. The measurements were as

follows.

1) Realtime monitoring of time variations in dose rate and gamma-ray spectrum of radionuclides originating from
the power station.

2) Mesurements and analysis of radionuclides in air sampled with filters.

3) Measurements of dose levels alone the Joban, Banetsu and Tohoku Expressways from Tsukuba city to
Fukushima city.

4) Measurements and analysis of radianuclides in drinking water and rains in KEK.

5) Measurements and analysis of vegitable samples.

The results of these were published in real time or periodically on the Web pages of KEK.

6.2 Fukushima-derived radionuclides in the atmosphere observed in Tsukuba; Effects of

gaseous and particulate radionuclides (radioiodine and radiocesium)

T. Doil, K. Masumotoz, A.Toyodaz, A. Tanakal, Y. Shibatal, K. Hirose
1) National Institute for Environmental Studies, 2) KEK, 3) Sophia Univ.

After the Great East Japan Earthquake and resulting Tsunami on March 11, 2011, a serious accident of the
Fukushima Daiichi Nuclear Power Plant (NPP) has occurred. A huge amount of radionuclides was released in the
atmosphere and ocean. We measured anthropogenic radionuclides in surface air at Tsukuba, about 170 km apart
from the Fukushima Daiichi NPP. On March 15, 2011, first Fukushima-derived radioactivity was detected in air

. . . c .o 131y 1327 133 . . 134, 136
samples, Tsukuba. Observed major radionuclides were radio-iodine ("I, *“I, "*’I) and radio-cesium (" ~"Cs, Cs,

137 131
I

Cs). Fukushima-derived radioiodine consisted of gaseous and particulate forms; portions of particulate to
total "*'T ranged from 0 to 86 %. Maximum concentrations of the Fukushima-derived radionuclides were observed
on March 15, 2011. The Fukushima-derived radionuclides in surface air decreased rapidly. Large variations of
Bly37cs, 32Te/"*"Cs, and 9()Mo(gngc)/ B7Cs ratios suggest that atmospheric behaviors including emission

processes differed between °'I, **Te, '*’Cs, and Mo (*™Tc).
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6.3 Characteristics of radioactive contamination of contaminated vegetables derived from The

Fukushima nuclear accident

K. Shibal, Y. Kitamural, T. Kozakal, L. Unol, K. Shimizuz, M. Hirota3, S. Higaki3, K. Masumoto®
1) Kanazawa Univ., 2) Osaka Univ., 3) The Univ. of Tokyo, 4) KEK

We examined characteristics of radioactive contamination of vegetables and the physical removal of radioactivity
from contaminated vegetables. In the distribution imaging study, there were two types of contamination such as
spot type or spread type, in contaminated vegetable. The concentration of radioactivity was higher in the outer side
than the inner side of a leaf of vegetables. More than 80% of radioactivity attach to the surface of the leaves. There
was no significant difference between hand wash and running water wash. The effect of removal of radioactivity
from contaminated spinach depended on time course from a contamination to a wash. When contaminated
spinaches were washed within 1 week after contamination, the removal of "*'T and *’Cs was high with 70% and
50%, respectively. In case of washing of contaminated spinaches after more than 2 weeks after contamination, the

removal ratio of *'T and '*’Cs was low with 34% and 61%, respectively.
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- Sixth International Symposium on Radiation Safety and Detection Technology (ISORD-6),

Langkawi, Malaysia, July 12-15. 2011
(1) M. Hagiwara, K. Takahashi, A. Takahashi, T. Miura, A. Kanai, F. Kouno, Y. Oyama,
T. Ishida and Y. Yamada, “Radiation Protection Study for the J-PARC neutrino
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Fukushima Daiichi nuclear power plant”, ICAS2011(IUPAC international congress for analytical
sciences), Urgent Symposium, 2011, May 23, Kyoto

(4) PEARTIFS, HARBREALFEES [HIRREKSEEY I - — S E D Fut i & &
BRSO, VR34 TH, BEEEIREEY A = AR —v

(5) BEATNZE, “TdHiR « IRED T =2V 77 BARRB LS HHS T 2 MBS i
REE I — “BREIHREE ZDE=F Y VI RRVT 4 AB v ra s, k2344 A

26 H. BFEHdffEYy A = Ak —1

(6) AR, .11 725 5 7 ARERTEZDHZL”, NPOIEN BUME R 7 +—F 25 &
20 [EIAESARBIRERTES . Rk 23 4 8 H 27 B, TUHEA / KEv

(7) PEARIZS, “HOHBM RSN 1T 1500 ifitndi g (KEK NEERMER D%a) 7, B
BREUR FAEA R 2 SRR P ESCRME S k239 30 . 4 dTBIEAR— h L

-59.-



(8) WEATNFE, “BIEMND ARDRFIIKEOREL SKOME, 2 XX —EICRST
2 SBERS . R 234E 10 H 20 H. B AR Hdiie

(9) WEATIFE, “BREEURRE L Z D=4 U o /i EIRBRE - B #Ea E ik 23 £ (5 27
MDEFZe s 4. PR 234 11 H 11 B, KREH L 8L %

(10) BEATNFE, “BUFROERE", B ERRKREMIERFERES, TR 2442 20 A

(1) PEAFIZE, “REH - FREFRC L DRE~ORBEL S ROE=42 Y v 7Ok
LR | Ak

(12) PEAFIZ. “BoR O Z2E A L £ RBUTHOWT?, BRI BRSO
MR ELAThHES . SFA 24 4£ 3 4 16 A, 4R

(13) #eetfdk, #EZ ., AL, Th@=s L =012 & 2 i i o R E 2 B
THWIE] . AT AT DATTER 3E SE M OVR - ) BRI e A = T T 4 7
TRk 23 AFEERCR IS S 20124R 2 H 6 0 BIRERBERE A4S A

5.3 Domestic Conference

- BARSGHALERE 60 fF5s, A ERRZEHRLF ¥ /8%, 2011 4F9 A 15 H~17H

(D)SCERVUERFSIE, BIFTHEARRR, e =, “L—V —hkahikic L 250k 7o~ 7 aF v
7oy BEE DRRED

(QQ)ICERIUBRFIR, ek T8, YGHILH, “SEIRIN G FIEIC X D HilE- 7 (LK SE A R T AR B R
DoIAT & B

- 2 EUS MBS GEE S 20119 A 1 H  [WEKRE
() FEAS, fih TAZEA RS L BIEHECERER PS-TEPC ver.2 O BHFIRDLI

st TiRGEARNER & OIS ] (2600 201241 4 24 H  KEK
(1) A, fth TArE A AL BIGH R ERS PS-TEPC O BH%E )

5 59 Bl AR e BIfRE SRS 20124E 3 A 16 H  FARH KRS
(DEA, fth TAZEA R LB 5546 PS-TEPC ver.2 @ BHF&IR (D)

- BT — A SRS RS ORI KR FE e v # —, 2011 4F 6 /1 28 H29 H

- 60 -



(1) Bk, R, SlL, mHEE, A, EEE, Exien. TIREZ, H
BB, RAHI, NS, RIE, P EIE. 728 100MeV B o kb7 7 7 A > MR
Ry T T AR O E

- 5 55 Bl bRy, ERF AT ER RSk —, 2011 £ 9 H 20 H~22 H
(1) BUFTICRES, faktZs, S+, &fs—8, FHz, 2%, mﬁﬁ%,iﬁmm
FE, KiukE—, (HEFE— “J-PARC ==— kU J FEBjiia% - RS — o mHEK IS
% Be DA RARR
() WAZE, “EEE IR IRETEREZ O o~ BREIC L > TR O mER &
DIUTBEIRAZ 351 2 H AR D 53 41 D FE

- ERSER (BT D R S B RS, R E R AT, 2011 4F 12 H 14
H~15H

(1) BUFTYERER, s SR O B PR OV = v RS o 25 figh”

- AARFEF %S 2011 o ke AN EBEEHS, 2011429 A 20 H~22 H
(UE%W#kME%Z WAL, R, PR, AR, I\, Ao, Sk
CHRREEZE BIESE . RAE. MR ETR. B 100MeV BT AT ﬂ?éMTmm
#@ﬁﬁ&& IS W TR
Q)wﬁﬁz Ve ik, MEARTIZS, JAoclEdr. BB, PIREIL, PR, WARER,

BN, BT 12, 18 MeV IZBITAENWZ —7  RIBOHMEA-« y AT R LOH|
ﬁ—i»”
B) W . A, BERIA, AUSTE, AL, P T, T REARIRIC X D 22

BROFE & HE

6 MEIRFEFCHNE VAT T LA, BT Xy 7 U —, 2011 510 4 13 H- 16

e

(1) #FHZ, R BEE., PEAZE, S, mmRZE, PREIL, REE, WARER,
N “ﬁmiw%—Mﬁ“%%wk%ﬁﬁ%%[%mk@m&?—&m%-%%
12, 18 MeV IZB1T B Be, Ho180 % — 47 > R b O HEA-+ y AT RV OREIE

- AW ERY 22 2011 FERKE RS 2011 5F9 B EILKRY
a):aﬁ%\@%%\%xﬁ EREE AT oY — X MY 7 WIREREE, TG —
L SRR, =R —, B2 REE, BEE, ARk, mbERe e L
A\zﬁ/ﬁﬁ&@%%@@ﬁ®Fﬁ£m”

- OF 68 [0l H AW B e FBAEFE S 20123 Bl RY
() —ERE, hEF, AR, R, AT v — X ) w7 AR, FRTE—

-6l -



BB, SRR, A —. BEEE, BHE, ARk
“UREREZ AW X 2 A TR RS (2 B9 D AR5

c F8IIRSM6 A ARV U, V%2346 H23 H, 24 H, HTLK
(1) PEARFIFE., PR & L TOER~DOR MHIZHOWT?
(2) MATIFE. “o<IXICB T BB RER IR L

- 55 10 IO e A E P i e, PRk 23 4E 11 H 30 H-12 H 2 A, R K

(1) #EAFZE, “fE@EREBEFi~DOFE L L TOR

(2) B RIL, BEARTFE, A 722, “ISOCS (T & 2 B FARRE O 720 O DR Fik
ROFHG &I

(3) MEAFNFE, BHRA, HH—. VEBRGEHWA, EMEE, AFfisk, BMEE, e K
L, EAFE, A CERAN XY A 7 1 b e OBEREh R ORGE

(4) I, B . LEHEAT. PR, BHERIL. EEH IR IR ERT A
DOFRIIE DS AXTHIZIIT D KEH O F AL FR e

(5) TA—, BHERIL, WEFC, EREfR, dbEmE, HFAREH. 0 s X—InE
A SEHEREN C D4R 5 RS LR O SR BEHUR AR - HOHREHIE.

BRI AEA S FERA S, Pk 234 11 H 1-2 A, (WET /LY
(1) BEAFNZE, “BEHHL X T OBUNHHER DOBLIR & B E BLORRE"

- 55 20 [mIBRE ARt R R e, PR 23 4E T H 16-18 H ., BRSNS
(D) B, T R @iREE . SREBT. PR, SERIL, “REE—
JR - 158 BRI D F AT RN < UFJEHL TEEME U 7o M 5 O W)L

- HARFKZERFET6EI RS, VAk2349H 22-25 H . BiR K+
(1) A, EHET. BHESTA, IMa—3h, AR, R, KFERIE, AR, 2
M54, “B5 7 K - B O SR D Sy A & BhEE”.

« Rk 23 AR KEK S0 282 201242 22 H & 3 A4fF
(HHFRF—, "HREIEEE R EER D 5 O KEK N TORGHHREHH.

< 13 RIBRBE O EERTIES 20124FE2 A 27 H~2 29 H & Rt
(1) HF—, WA, BHR5L, SREFE, BEE . 78T 3L — IR RSN
TOHRFEIE LSS — FI IR OBRE R « B RERIE.

-62 -



- 2011 FFRREETE 72 MU EE s ekl es . WP RS, 2011 4E8 H29 H~9 H 2 H

(1) =M, T, MIUEF, BREZME, PHIES, FHS &, BEME SR,
TERETE, fex KiE—, BT, BILER, “JE, WWESE /) COREAT Lo
R E”

- AP 2011 AERK Ry, LRICRSY:, 2011429 H 16 H~19 A

(1) HHIEE, FEY &, iR, SRR, RIUMEY, EREH, FRLUER, ZJRE,
HANFIE, fex RE—, EHr, mEE. St/ oM rFr—ra rolllE”

(2) o, AR, MILEF, BREZME, RIUEY, FESE, BB, HRIES,
MRS, TERETE, ex RE—, BB, RIUER, ZRE. RET R oA
~7 MVORIE-5”

- PRk 23 AP UK P T e T L R P A JE sk SRR SR s | O P AR ZE T, 2011
F12H

(1) AES, BHRE, MIUE, g, RS, RIET, hmReT, xR
TH—, FHHETE, E, FRLEsE, SR, SR, Rkt rovy
FL— 3 > OREERE O

(2) WAIEE, BEME, BRSO R, FEY &, mAREKR, FILE T T,
o KiE—, FEHETE, BRI, BILER, ZJRB. SRPE, Rkt v ORIEA
R L ORFEE”

« 20[nl A TR H XA TR . P K52, 20124E3 7
(HAeskE—, BH EREAF, Kins1, & w1 “EERFTHEAT —a C BARERK [
£ T® Bio PADLES % W 7 Wt O 113 < # & EHH (Space radiation
dosimetry in Japanese Experiment Module (Kibo) of ISS using BioPADLES”.
QAR E—, FEAFH, KIRET, F BT, “FHAT—va VHARERKR TXE5) TO
Bio PADLES % W 72 AWl Bt O 1% < #R &7 1] (Area radiation monitoring using Exp
PADLES onboard the ISS KIBO) 7 .

6. fRfE (2011.4.1 —2012.3.31)

(1) Y. Namito, H. Hirayama, S. Ban, edited: “Proceedings of the 18th EGS Users' Meeting in Japan”,
KEK Proc. 2011-6, (2011).

-63 -
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(3) K. Bessho, K. Tagami, K. Takamiya, T. Miura : “Proceedings of the 12th Workshop on
Environmental Radioactivity” , KEK Proceedings 2011-7 (2011).

7. Internal Reports of Radiation Science Center (2011.4.1 — 2012.3.31)

B o 2 —TIXLA T O X 9 7 i B, S NS B2 o Tiddel %t
UH—ENLAR— ] ZRITLTWD,

71 BEBREROBA LA — b
WRICLY 3RO T TV —IZHEL, TNENFEEZ LICHE LEEEZTIT T 5,
(1) RAD-A-
R ORE, BHXIMETEOLRNR, FHEE, UM EZRICEEL T, HEE
BRI T, S0 B E D O Y S vl
(2) RAD-D-
B UG R D Fbhip 2z I B U TR L7 g, B — A0 b OREHIZ L > TiT-
ToRHEEOFHM, 2 DIEDHEBR I B 3 5 I L CTRat L 72/ 2R
(3) RAD-S-
H 5 7 B BREE OWE % 8 D - B faak (2 B W CTEME L 7= B & (2 B9 2 F1E

72 LFEZLBEROBALFR— b
NRICLY 2FEOH T TV —IZHFEL, TNENEE T LITELE L TIT TV 5D,
(1) CHEM-A
FERETSRE . ILIER MRS 0 b % B VT AR BT D Fidk
(2) CHEM-W-
KBRS, EERPEMRAEEZERS, RIPEKAEEZEZS IR U CIT > 72 MG HIH O FLek

7.3 RAD-A
RAD-A-2011/1  AH25% RIHEKOREHREIZOWT (FR)
RAD-A-2011/2 HRAFAAE BRI H A Y OFEEXO—H AT IZ OV T (BkAS)

-64 -



7.4 RAD-D
RAD-D-2011/1
RAD-D-2011/2
RAD-D-2011/3
RAD-D-2011/4
RAD-D-2011/5
RAD-D-2011/6
RAD-D-2011/7
RAD-D-2011/8
RAD-D-2011/9
RAD-D-2011/10
RAD-D-2011/11

RAD-D-2011/12

RAD-D-2011/13
RAD-D-2011/14
RAD-D-2011/15
RAD-D-2011/16
RAD-D-2011/17
RAD-D-2011/18

RAD-D-2011/19
RAD-D-2011/20
RAD-D-2011/21

7.5 RAD-S
RAD-S-2011/1
RAD-S-2011/2
RAD-S-2011/3
RAD-S-2011/4
RAD-S-2011/5

RAD-S-2011/6
RAD-S-2011/7

M GRR — shgs) & RS — mkibegs) oxs ()
IAEA-TECDOC-1162 Dk 7> & O J&30 8 & R HHF L CF3 DA ()
LaBr3 O @iy 2 2 b— 3 > (L)

LaBr3 #HER D La-138 IZERT 5y 7 7T 0 L AR Z (CF)
FREFHZ L D BRROFHIIZDWT  CE L)

y MARBRICTHIES NS E LT (CFIL)

HF T —RRIC A LTS X B 22 RGH R o el (T (L)

JR L 534 LTz Cs BRIRIZ DV TR RO 2> HAA ORI D 0% 5 (CF (L)
ZE MR & TR O U REE B O BIRIZOW T (L)

THEC LB Cs-134 LT Cs-137 DFEA~NTHONT CEL)

TR R 7 U — M X DBERIKF D Cs-134 KT Cs-137 DFE~UNZD
W (G

THEZ X % Cs-134 KO Cs-137 DHAVNIHONT(Q2) BEEIRIZHOWT (OF
1)

Hh R R K OV & 5 DE~ BRI DWW T CE L)

By MAR Y FOBRGIZOWT (L)

FRER I & SR A M O REIR BE I DT ()

3225 < A (DX-300) T X TV D Csl O R L —FptE (SEL)
HHIC L D Cs-134 KN Cs-137 DIEA~NTHONT ((FL)

Mk ot (FOa Z #e 3 25) 12 X-Z mIHTRE—L% A
S0 CEWL)

BWNLE COMBEORFGHE CFL)
B2 K DY —_A IS DFEE D
B2 K DY —_A IS DIEE D

BN HDONT DEER

=
BIZONWT DEESR

(P
(2) CF)

& &

3H 18 H HENESA I GRIR. s, BEFE. S, 5)

T LN ET O HZTE 3 H 18 H) GRE, BH, )

KEK WEREEHIE  (hF)

KEK B S st e ()

Nal —_A 2 —% & LaBr —A A —ZKIE (PR, G, S 07
EEIN (N

THOHEERE 4 A1 H) (EE, &)

EMED AT (3 H 31 B) (G, #AK. #5)

=65 -



RAD-S-2011/8
RAD-S-2011/9
RAD-S-2011/10

RAD-S-2011/11
RAD-S-2011/12
RAD-S-2011/13
RAD-S-2011/14
RAD-S-2011/15
RAD-S-2011/16

RAD-S-2011/17
RAD-S-2011/18
RAD-S-2011/19
RAD-S-2011/20
RAD-S-2011/21
RAD-S-2011/22

RAD-S-2011/23

RAD-S-2011/24
RAD-S-2011/25
RAD-S-2011/26
RAD-S-2011/27
RAD-S-2011/28
RAD-S-2011/29

RAD-S-2011/30
RAD-S-2011/31

RAD-S-2011/32
RAD-S-2011/33
RAD-S-2011/34
RAD-S-2011/35
RAD-S-2011/36

i & 90ecm DH A H—Hh 7 Z—IZ X HHIEM (YRZEE)

KEK WEEEHIE (201144 A 1 H-12 H) (FF)

KEKB 7 7 7 ~ U —I\Z3\F 5 Bk b (BT BLHIES 22 400 3 ojil
FZHOWT (FFA)

KEK WERBEHIE (ZEhifaE=s & FEHE - 4 A 11 A7) Q)

KEK WERSHIE (201144 A 1 H-5A 6 H) (4
THEORRFEZRE (4 H 21 B J-PARC) (B-H., &fE. )
NIREFIENGRY « 7 A N U =7 v 7 Bl — 1 ()

IR IENERE - 7 A N U =7 v 7 B — 1 ()

B AH LR - BB T IHEER A TR — X (. R =R
H)

AE Y =7 v 7 &Y —~o (RF MR (PR, )

AE U =7 v 7 B —o (P, )

AE U =7 v 7 B —o (P, )

AE U =7 v 7B —o (P, )

TR3100 (IH/ Xy H—R) K> Dy F 2L o2 —FHIE (&F - 1k
)

TR3100 (FiXw H—R) Dy o F AR 2 — RHIE (SF - W%
)

Ry 7 LS6500 Ky v Dy = F AL U Z— RHE (BIR - #5)
3% T ORMEEEOREM & 22 MR EROREM L Oxbis ()

AR U 7R e R HE RS 5(20110707)  (BRE)

KEKB-BT {5 (L% O K i 22 MR E==llE (hA)

Aloka LB-3 ® 7 = F A% 4 — RAIEREFIZOWT (B - )

B AR BFEFIEGERE TR — 1 (k. A, B
M. #5A)

DR ERAFZEfRY « 7 A b U =7 v 7 #link - — o1 (k)

KEKB 7 7 7 b U —I|Z3\F % BB b by Lk B 5 T RIHIES 22 2000 3 oo
RIcHoWT (k)

ATF (AR TR ORmfRERAE (BH)

ATF BEfEAfE % O EiRRgh— 1 (1)

KEK #7786 L OVELKIROKEREERE o2 (EH)

Aloka LB-3 OZhRMHIEIZ DWW T (F - 3% 7)

Aloka LB-3 1281} 5 100ml 734 7 /L & 20ml /XA 7 /L OHIEM O ik (5
J5)

- 66 -



RAD-S-2011/37
RAD-S-2011/38
RAD-S-2011/39

RAD-S-2011/40
RAD-S-2011/41
RAD-S-2011/42
RAD-S-2011/43
RAD-S-2011/44

7.6 CHEM-A

CHEM-A-11/01
CHEM-A-11/02
CHEM-A-11/03
CHEM-A-11/04
CHEM-A-11/05
CHEM-A-11/06
CHEM-A-11/07
CHEM-A-11/08
CHEM-A-11/09
CHEM-A-11/10
CHEM-A-11/11
CHEM-A-11/12
CHEM-A-11/13

CHEM-A-11/14
CHEM-A-11/15
CHEM-A-11/16

CHEM-A-11/17
CHEM-A-11/18
CHEM-A-11/19
CHEM-A-11/20
CHEM-A-11/21

KEK WEREEHIE (201144 H 1 H-9 H 26 H) (FF)

K 3 B OMAkE (5

B NS - BIE TR EESE TR — 1 (e, R, JEE.
FA)

AR U ¥ 7 Fif#EERAIER R (20111222)  (8RS)

KEK WNERBEHIE (2011 4E 12 A 21 A) (FFAD)

Wy 3 BOMALEQR)  (EF)
Wy v 3 BOMAELEQG) (R

AR VU 7 MR ERAERE 5(20120315)  (FRE)

KAEE P& NE
iR RIFD B O T D530
T J-PARC MR t° > R KD43HT
JIBCErS J-PARC U =7 v 7 b VN O 554
SR ER Fign AW O 53 Hr
YRGS HPR ik D53 Hr
AT \ar 7 V— NOoHT
INE R KEKB b > /LRI K D87 H
EEE:  J-PARC U =7 v 7 KOS
Jit R KREEFEBRHERE 1B KM OT AXZ Nty
pIBEE BighA (T —2 —S) GHEHKDOKE T
TS 7 T A A b AN O Y R5y DHT
TN ER anA Xy Y BREBA 7 = v SO
A LHC 7 v 77 L— R Nb3Al BmE a1 17 v I Fil
HED ST
JIBEE FETEER O 8T
SN ER KEKB B2 AT E R A A EIK BT O 5351
BT 7 T4 A ba Ui, b — 2 =AY 05
Hr
B AL (B = X — DB E Y D45
PIBEE BBV 2 7 Bl Y L D4
IEZE  Auon Al EZEMEMEZ I T X 72 O34T
PIBEEr Hatgkihth o PCB D43
IBEE Hatgkihth o PCB D43

-67 -



Kanthal @75 #7

HE R EZE B — A XA TN E ) D 53 HT

P—F 2 L—F —mEIK, NEATHES D58

Kanthal Y5411, ~ A 7 LSO BB ED D 5347

PF =t miR/KIEAERE RB-1 BASHUEEE M A 77— /LD

CHEM-A-11/22
CHEM-A-11/23
CHEM-A-11/24
CHEM-A-11/25
CHEM-A-11/26

o o o
0 0 0

o
0

===
XM MMM

paiy
=

T
CHEM-A-11/27 it 5% S PF = 3%t SR K AM RB-4 BESHUEN A 7 — 11
71 DT

77 FHIEH
- RO T & (B 2011 45 7 AT
- R 2O T & 20124 3 AT

-68 -






DL s g% |

T OENRMAIE. ENRIFADE~N
UYAIITEFT .



	表紙
	PREFACE
	Contents
	Chapter 1 Research Activity
	1. Research in Radiation Physics and Detector Development
	2. Experimental Technology and Monte Calro Simulation Related to Radiation Shielding
	3. Radiation Protection Study in Accelerator Facilities
	4. Nuclear Chemistry and Radiochemistry
	5. Environmental and Analytical Chemistry at Accelerator
	6. Measurements related to Accident of Fukushima Daiichi Nuclear Power Station

	Chapter 2 研究支援活動
	1. 体制
	1.1 放射線管理体制
	1.2 放射線業務分担
	1.3 化学安全管理体制

	2. 放射線安全管理関係
	2.1 区域管理関連
	2.2 横断的業務関連

	3. 化学安全・環境関係
	3.1 依頼分析
	3.2 環境管理
	3.3 RI 廃水管理


	Chapter 3 資料
	1. 外部資金導入状況
	1.1 科学研究費補助金
	1.2 受託研究等

	2. 共同研究等
	2.1 共同開発研究
	2.2 大学等との共同研究
	2.3 民間との共同研究
	2.4 大学等連携支援事業
	2.5 共同利用研究(施設利用)

	3. 大学院生等の人材育成
	3.1 学位論文の指導(総合大学院大学)
	3.2 学位論文等の指導（他大学）

	4. センター開催の研究会及びシンポジウム
	4.1 研究会「放射線検出器とその応用」
	4.2 EGS 研究会
	4.3 「環境放射能」研究会

	5. 教育活動
	5.1 総合大学院大学
	5.2 非常勤講師等

	6. 機構外活動・社会貢献活動等
	6.1 外部委員会等委員
	6.2 学会等委員
	6.3 その他
	6.4 社会貢献等

	7. 受賞記録
	8. 放射線科学センター名簿

	Chapter 4 Publication List
	1. Papers
	2. Publication in Japanese
	3. Proceedings
	4. Reports
	5. Presentation at Conferences
	5.1 International Conference
	5.2 Invited talk at Domestic Meetings
	5.3 Domestic Conference

	6. 編集
	7. Internal Reports of Radiation Science Center
	7.1 放射線関係の部内レポート
	7.2 化学安全関係の部内レポート
	7.3 RAD-A
	7.4 RAD-D
	7.5 RAD-S
	7.6 CHEM-A
	7.7 手引き等





