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PREFACE

The Radiation Science Center is concerned with the management of both radiation and chemical
safety in KEK. The Chemical Safety Control Office was positioned under the Director General, and
renamed to the Environmental Safety Office, and is in charge of the publication of the environmental
report. This Office is responsible for the management of environment at KEK in addition to the

chemical security of the laboratory.

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 our activities including awards, name of outside

committees we are engaged in, workshops and symposia, publications, and funds we got.

Due to an electric power failure after the big earthquake on March 11 2011, our radiation
monitors did not work. But some at the KEK site boundary were powered from outside.
In early morning on March 15, we found a steep increase of gamma-ray dose rate. KEK
is located at 160 km distance from Fukushima nuclear power plants. We started to show
online dose-rate data in KEK web page. KEK, in conjunction with National Institute for
Environmental Study (NIES), measured airborne radioactive-nuclide. These results
were also shown in the web page. We started several measurements, and some of them

are shown in this report.

Syuichi Ban
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 2010 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.
Presented at 2010 IEEE Nuclear Science Symposium, (Knoxville, USA, 30 Oct.-6 Nov. 2010).
1.2 Development of current readout type neutron monitor for burst neutron field

K. Iijima, 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 rate was 5-10 % of the actual dose rate of the gamma-ray.

1.3 Wi-values in several inorganic scintillation crystals for gamma rays

S. Sasaki®, H. Tawara®, K. Saito®, E. Shibamura®

“High Energy Accelerator Research Organization (KEK),

bSaita Prefectural University

The average energies required to produce one scintillation photon W, were determined for 662keV
gamma rays in CsI(TI), CsI(Na), PWO, BGO, YAP(Ce), LSO(Ce), GSO(Ce), CWO, and LaBr;(Ce)
crystals from the number of photoelectrons measured by a combination of a crystal and a
photomultiplier tube (PMT). The number of scintillation photons was obtained by calculating the
collection and conversion efficiency of photons at the PMT photocathode using Monte Carlo
simulations and by determining experimentally the photon-to-photoelectron conversion efficiency at
the photocathode. W, determined for CsI(Tl) in the present study agrees well with the theoretical

value presented recently.

This study was partly supported by “the scientific research fund from the Ministry of Education,

»

Science & Culture in Japan”.

Published in IEEE Trans. Nucl. Sci., 57 (2010) 1282.

1.4 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 Ion
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 (IMPa). 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 A
(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”.

1.5 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® R
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 5-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-IIl 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 (p-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 400um 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 p-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 lon 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 fwwhm for Fe**" (500MeV/n).

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

Presented at the 24" workshop on “Radiation detectors and their Uses”, KEK 1-3 February 2010.
Published in the proceedings of Radiation Detectors and Their Uses, KEK Proceedings 2010-10,
(2010)172.



1.6 Microdosimetry for heavy ion beams using a wall-less tissue equvalent

proportional counter

1.6.1 Measurement of microdosimetric spectra with a wall-less tissue equivalent proportional

counter for 290 MeV/u '>C beam

S. Tsuda', T. Satol, F. Takahashil, D. Satohl, A. Endo', S. Sasaki’, Y. Namito®, H. Iwasez),
S. Ban” and M. Takada®
' JAEA,’KEK, °NIRS

The frequency distribution of the lineal energy, y, of 290 MeV/u carbon beam was measured to
obtain the dosed-mean of y and compare it with the linear energy transfer, LET. In the experiment a
wall-less tissue equivalent proportional counter, TEPC, in a cylindrical volume with simulated
diameter 0.72 pm was used. The measured frequency distribution of y as well as its dose-mean value
agrees fairly well with the corresponding data from microdosimetric calculations using the PHITS
code within the experimental uncertainty. The ratio of the measured dose-mean lineal energy to the
LET of the 290 MeV/u carbon beam is 0.73, which is much smaller than the corresponding data
obtained by a wall TEPC. This result demonstrates that a wall-less TEPC is necessary to precisely

measure the dose-mean of y for energetic heavy ion beams.

Published in Phys. Med. Biol. 55 5089 (2010).

1.6.2 Analysis of the effect of structural materials in a wall-less tissue equivalent proportional

counter irradiated by 290 MeV/u carbon beam.

S. Tsudal, T. Satol, F. Takahashil, D. Satohl, A. Endol, S. Sasakiz, Y. Namitoz, H. Iwasez,
S. Ban®and M. Takada’
' JAEA, °KEK, *NIRS

Effects of structural materials in a wall-less tissue-equivalent proportional counter were evaluated
based on the calculation of energy deposits by EGS5 and the measurement of lineal energy
distributions using 290 MeV/u carbon beams. It is found that the correction of measured data based
on simulation is necessary for understanding the energy deposition spectra in the homogeneous

condition in tissues.



To be published in Radiation Protection Dosimetry.

1.7 Space radiation damage to HDTV camera CCDs onboard the International
Space Station

A. Nagamatsul, K. Murakamil, A. Yokotaz, J. Yamazaki3, M. Yamauchi3, K. Kitaj04,
H. Kumagai4, H. Tawara"’
! Japan Aerospace Exploration Agency, 2 JGC Corporation, ’ Japan Broadcasting Corporation, !
Advanced Engineering Services Co., Ltd., ’ High Energy Accelerator Research Organization

We studied the space radiation damage to HDTV CCDs (2 x 10° pixels per chip) loaded in the
Russian service module (SM) of the International Space Station (ISS) from August 2001 to
November 2002. 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.
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., Si of approximately 300 keV/um or more using stacks of CR-39 PNTDs and the HDTV
CCD chips. We found that approximately 30% of these high-energy high-LET particles
coincided with the position of white defects on the HDTV CCDs in the SM.

To be Published in Radiat. Meas.

1.8 Experimental studies of light fragment production cross section for nucleon

induced reaction at intermediate energies

T.SANAMI, M.HAGIWARA, H. INASE, M.TAKADA', D.SATOH?, H.YASHIMA’, T.
KAJIMOTO®, YIWAMOTO?, S KAMADA', YNAKANE? S.KUNIEDA? A.TAMID,
K.HATANAKA®
KEK-APL, ]NIRS,ZJAEA,jKyoto University, 4Kyushu University, 3Osaka University

Energy, angular double differential cross section (DDX) data for fragment production from
intermediate energy proton induced reactions were measured using a Bragg Curve Counter (BCC)
for light to medium mass target nuclei. Systematic experimental data have been obtained for C, N, O,
Al, Ti and Cu targets, incident energies from 40 to 300 MeV, fragments from Li to O with energies
down to 0.5 MeV/u, at 30,60,90,120° laboratory angles. Typical examples of results are presented
for the Al(p,x) reaction at 200 MeV, 30,60,90,120° and the C(p,xLi) at 40-200 MeV at 30°.



To be published in Proceedings of Nuclear data symposium, JAEA-Conf-2011-002.

1.9 Fragment DDX measurement of proton induced reactions on light-medium

nuclei for energy range from reaction threshold to a few hundred MeV

T. Sanami, M. Hagiwara, H. Iwase, M. Takadal, D. Satohz, Y. Iwamotoz, S. Kuniedaz, H. Yashima®
A. Tamii’ and M. Baba®
KEK-APL, 'NIRS,’JAEA,’Kyoto University, *Tohoku University, *Osaka University

The experimental program to measure double differential cross section (DDX) data for fragment
production is launched to establish reaction models and parameters for proton induced reaction on
light-medium nuclei for the energy range from threshold to a few hundred MeV. In this program, a
Bragg Curve Counter (BCC) that is improved to cover entire energy range of the fragment is
employed as a detector. DDXs of lithium, beryllium, boron and carbon emission at 30, 60, 90 and
135 degree were measured for 40, 50, 70 and 80 MeV proton on carbon, nitrogen, oxygen and
aluminium. Theoretical calculation results using three different intra-nuclear cascade models were
compared with experimental data. By choosing appropriate model, the calculation generally
reproduces the DDXs except for fragments having relatively high energy and small emission angle,

and fragments from two body reaction.
To be published in Proceedings of ND2010, J. Koream Phys. Soc. 59.

1.10 Neutron energy spectrum from 120 GeV protons on a thick copper target

N. Shigyo, T. Sanamil, T. Kajimoto, Y. Iwamotoz, M. Hagiwaral, K. Saito', K. Ishibashi, H.
Nakashimaz, Y.Sakamotoz, HS Lee’ , E. Ramberg4, A. Meyhoefer4, R. Coleman®, D. Jensen4,
A. Leveling4, D. Boehnlein®, K. Vaziri4, N. Mokhov*

Kyushu University, ' KEK-APL, >JAEA,’PAL, *FNAL

Neutron energy spectrum from 120 GeV protons on a thick copper target was measured at the
Meson Test Beam Facility (MTBF) at Fermi National Accelerator Laboratory. The data allows
for evaluation of neutron production process implemented in theoretical simulation codes. It
also helps exploring the reasons for some disagreement between calculation results and
shielding benchmark data taken at high energy accelerator facilities, since it is evaluated

separately from neutron transport. The experiment was carried out using a 120 GeV proton



beam of 3E5 protons/spill. Since the spill duration was 4 seconds, proton-induced events were
counted pulse by pulse. The intensity was maintained using diffusers and collimators installed in
the beam line to MTBF. The protons hit a copper block target the size of which is Sem x 5cm x
60 cm long. The neutrons produced in the target were measured using NE213 liquid scintillator
detectors, placed 7 m away from the target at 30" and 5 m 90° with respect to the proton beam
axis. The neutron energy was determined by time-of-flight technique using timing difference
between the NE213 and a plastic scintillator located just before the target. A detection efficiency
of NE213 was determined on basis of experimental data from the high energy neutron beam line
at Los Alamos National Laboratory. The neutron spectrum was compared with the results of
multi-particle transport codes, PHITS, FULKA and MARS, to validate the implemented
theoretical models. The apparatus would be applied to future measurements to obtain a

systematic data set for secondary particle production on various target materials.

Published as Proc. on Shielding Aspects of Accelerators, Target and Irradiation Facilities, 10"

Meeting (SATIF-10), CERN, Swiss, (2010) .

1.11 Measurement of neutron yields from thick targets bombarded with 18 MeV

protons

M. Hagiwaral, T. Sanamil, K. Masumotol, N. Matsudaz, Y. Iwamotoz, Y. Nakane?,

H. Nakashimaz, Y. Sakamoto’

"High Energy Accelerator Research Organization (KEK), >Japan Atomic Energy Agency

Nuclear data on neutron production is important to estimate the shield design and clearance of
low-energy proton accelerator for medical use such as and a neutron source of an accelerator based
Boron Neutron Capture Therapy (BNCT). The data is however very scarce in the energy range from
10 MeV to 20 MeV protons of which most cyclotrons use for production of radiopharmaceuticals in
PET. Thus, we have measured double-differential thick target neutron yields (TTY) on proton- and
deuteron-induced reaction of the accelerator structural elements in the energy range from 10 MeV to
20 MeV. In the present experiments, TTY for the *Be, ™'C, *’Al, "Cu and "*'Ta(p, xn) reactions
induced by 18 MeV proton were measured. The 9Be(p,n) reaction is one of possible neutron sources
used in an accelerator-based BNCT. Carbon, aluminum, copper and tantalum are very popular
elements for beam-dumps, beam-lines and beam-collimators used in accelerators.

The experiment was carried out at the Takasaki lon Accelerators for Advanced Radiation Application
(TIARA) facility, Japan atomic energy agency (JAEA) with the K=110 AVF cyclotron. TTY were
measured by a time-of-flight (TOF) technique with four NE213 scintillators set at a position of 2.0 m



from the target for eight laboratory angles between 15- and 150-deg. The detector efficiency was
calculated by a Monte Carlo code SCINFUL-QMD, and the detector bias was set about 1.5 MeV.
Neutron events were separated from gamma-ray events by the pulse-shape-discrimination (PSD)
technique. The measured TTYs were compared with MCNP calculations with the LA150 data
library. The calculated TTYs with LA150 generally show good agreements with the measured data.

Presented at the 2010 International Conference on Nuclear Data for Science and Technology

(ND2010).

1.12 Measurements and Monte Carlo calculations of neutron production cross-
sections at 180° for the 140 MeV proton incident reactions on carbon, iron, and

gold

Y. Iwamotol, D. Satohl, M. Hagiwaraz, H. Yashima® , Y. Nakane', A. Tamii*, H. Twase?,
A. Endo', H. Nakashima', Y. Sakamotol, K. Hatanaka4, K. Niita’
! Japan Atomic Energy Agency, *High Energy Accelerator Research Organization (KEK),
IResearch Reactor Institute, Kyoto University, *Research Center for Nuclear Physics, Osaka

University, ’Research Organization for Information Science & Technology

The neutron production cross-sections of carbon, iron, and gold targets with 140 MeV protons at
180° were measured at the RCNP cyclotron facility. The time-of-flight technique was used to obtain
the neutron energy spectra in the energy range above 1 MeV. The carbon and iron target results were
compared with the experimental data from 113 MeV (p,xn) reactions at 150° reported by Meier et al.
Our data agreed well with them in spite of different incident energies and angles. Calculations were
then performed using different intra-nuclear cascade models (Bertini, ISOBAR, and JQMD)
implemented with PHITS code. The results calculated using the ISOBAR and JQMD models
roughly agreed with the experimental iron and gold target data, but the Bertini could not reproduce

the high-energy neutrons above 10 MeV.

Published in Nucl. Instrum. Meth., A 620, (2010)484.

1.13 Measurement of neutron elastic scattering cross sections for carbon at 134
MeV

D. Satohl, Y. Iwamotol, M. Hagiwaraz, H. Iwasez, H. Yashima®, T. Sato', A. Endo', Y. Sakamotol,
Y. Nakane', H. Nakashimal, T. Nakamura4, A. Tamii’ , K. Hatanaka’

-10 -



! Japan Atomic Energy Agency, "High Energy Accelerator Research Organization (KEK),
Research Reactor Institute, Kyoto University, *Research Center for Nuclear Physics, Osaka

University, ’Research Organization for Information Science & Technology

Angular differential neutron elastic scattering cross sections have been measured by using a 'Li(p,n)
quasi-monoenergetic neutron beam. The neutron beam whose peak energy is 134 MeV was incident
upon a natural carbon sample, and the scattering neutrons were measured by liquid organic
scintillators with the time-of-flight (TOF) technique. The results were compared with the existing
experimental data measured by a recoil-proton telescope, and the evaluated nuclear data of

JENDL/HE-2007 and ENDF/B-VII.O.
Published in Rad. Meas., 45, (2010)1159.
1.14 Characterization of TEPC survey meter REM500

H. Nakamura, Y. Namito, M. Hagiwara,
KEK

Neutron survey meter REMS500 is based on tissue equivalent propotional counter. We can get both
count and LET (Linear energy transfer) using REM500. We tested response of REMS500 in the
followng 3 acccelerator radiation field;
1) Neutron from p-Li quasi-monoenergy neutron source (Proton energy = 140 MeV).

Neutron fluence is highest at 135-140 MeV. No shield is insatalled.
2) ATF accelerator at KEK. Electron beam of 1.28 GeV is injected.

Measurement was performed outside concrete shield.
3) KEKB accelerator at KEK. Electron beam if 8 GeV and positron beam of 3.5 GeV were injected.

Measurement was performed at outside concrete shield.
Presented at 25th Workshop on Radiation Detector and Their Uses.

1.15 Applying organic photodiodes to X-ray measurements

E. Takada', A. Takada', A. Inouel, H. Imail, H. Okadaz, S. Nakaz, 1. Kawarabayashi3 ,
T. Nakamura* and Y. Namito’
"Toyama National Colleage of Technology, *Univ. of Toyama, *Nagoya Univ.,
“Tohoku Univ, SKEK

-11 -



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 x 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 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.
Submitted to J. Nucl. Sci. and Tech.

1.16 Study on continiuous monitoring device of low-level tritium using gas

separation membrane

R. Kurata, S. Sasaki', M. Hagiwaral, M. Kobayashi, J. Osuo, M. Suzuki, A. Hamada,
K. Matsuoka, Y. Miyahara and K. Okuno
Shizuoka Univ. and '"KEK

The sparation efficiency of hollow-filament polyimide membranes for *H and *'Ar is preliminally
examined for a potential application to continuous gas monitoring systems for analysis of stack
emission from accelerator facilities. The basic gas monitor design is proposed. The results
indicated that the menbranes are capable of selectively enricheing hydrogen by more than 25 times,

with negligible variation with respect to the species of isotope.

Presented at the 12" Workshop on Environmental Radioactivity, KEK, Tsukuba.
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2. Experimental Technology and Monte Calro Simulation Related to
Radiation Shielding

2.1 Measurement and calculation of Compton spectrometer response function for

10—60-keV monoenergetic photons

A. MOHAMMADI', M. BABA', T. OISHI', Y. YAMAGUCHI' and M. HAGIWARA?
! Cyclotron and Radioisotope Center, Tohoku University,

’High Energy Accelerator Research Organization (KEK)

The accuracy and suitability of two Monte Carlo codes for the simulation of a Compton
spectrometer response function were studied. The Compton-scattered photon spectra were measured
with a Schottky CdTe detector for 10-60-keV monoenergetic primary beams, and compared with the
calculations, using EGS5 and MCNP4C codes. The results confirmed the accuracy of the
simulations; however, the accuracy of EGS5 was significantly higher due to its ability to simulate

the Doppler broadening effect.
Published in Journal of Nuclear Science and Technology, Vol. 47, No. 6, (2010)570.

2.2 Neutron energy spectrum from 120 GeV protons on a thick copper target

N. Shigyol, T. Sanamiz, T. Kajimotol, Y. Iwamoto® , M. Hagiwaraz, K. Saitoz, K. Ishibashil,
H. Nakashima3, Y. Sakamoto®, H. S. Lee4, E. Ramberg5 ,
'Kyushu University, ’High Energy Accelerator Research Organization (KEK),
7 Japan Atomic Energy Agency, *Pohang Accelerator Laboratory,

’Fermi National Accelerator Laboratory

Neutron energy spectrum from 120 GeV protons on a thick copper target was measured at the Meson
Test Beam Facility (MTBF) at Fermi National Accelerator Laboratory. The data allows for
evaluation of neutron production process implemented in theoretical simulation codes. It also helps
exploring the reasons for some disagreement between calculation results and shielding benchmark
data taken at high energy accelerator facilities, since it is evaluated separately from neutron transport.
The experiment was carried out using a 120 GeV proton beam of 3ES protons/spill. Since the spill
duration was 4 seconds, proton induced events were counted pulse by pulse. The intensity was
maintained using diffusers and collimators installed in the beam line to MTBEF. The protons hit a

copper block target the size of which is S5cm x Scm x 60 cm long. The neutrons produced in the
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target were measured using NE213 liquid scintillator detectors, placed about 5.5 m away from the
target at 30-deg. and 5 m 90-deg. with respect to the proton beam axis. The neutron energy was
determined by time-of-flight technique using timing difference between the NE213 and a plastic
scintillator located just before the target. Neutron detection efficiency of NE213 was determined on
basis of experimental data from the high energy neutron beam line at Los Alamos National
Laboratory. The neutron spectrum was compared with the results of multiparticle transport codes to
validate the implemented theoretical models. The apparatus would be applied to future
measurements to obtain a systematic data set for secondary particle production on various target

materials.

Presented in Shielding Aspects of Accelerators, Targets and Irradiation Facilities - SATIF 10:
Workshop.

2.3 Development of multi purpose Monte Carlo code

H. Iwase, Y. Namito, H. Hirayama

KEK

An integrated Monte Carlo code, which includes the general purpose particle and heavy ion transport

code PHITS and the electron and gamma shower EGSS, is under developing.

2.4 Study of high energy neutron shielding

H. Iwase, M. Hagiwara, S. Ban, H. Hirayama
KEK

Neutron shielding experiment was done at RCNP using mono- high energy neutron beams.

Attenuation of high energy neutron in shielding materials is studied.

Presented at SATIF-10, Tenth meeting of the task force on Shielding Aspects of Accelerators,
Targets and Irradiation Facilities, 2010/6/2-4, at CERN.
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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, K. Kosako', K. Oishi'
KEK, 'Shimizu Co.

In order to construct a new regulation of activation issue in the law of radiation safety, it is very
important to collect the data of various types of accelerators and classify the activation level based
on the results of measurement. About 80% of accelerators are medical use and their operation
methods are almost fixed. In this work, we selected the 10 and 15 MeV linear electron accelerator
facility. After water fantom was irradiated by the fixed dose of X-rays, the residual radioactivity of
water sample was measured. During irradiation, aerosols were also collected by HEPA filters using
air samplers in the irradiation room and maze. After irradiation, air samples were collected from the
irradiation chamber, irradiation room and maze. Each radioactivity of collected samples were
measured by a ionization chamber, GM survey meter, Nal survey meter, Gamma-ray spectrometer
and so on. The neutron flux and its spatial distribution were also measured by activation detector,
TLD and CR-39. The results were compared with Monte Carlo method using MCNP code. By the
detailed input of shielding condition surrounding a target, calculated results of X-ray and neutron
dose are almost good agreement with the measured data. Although the measured data of radioactivity
in air was higher than the calculated value, obtained results were much lower than the activity limit

of air and water controlled by the law.

3.2. Activation of air and water in the particle accelerator facility for medical use

K. Masumoto, H. Nakamura, A. Toyoda, M. Hagiwara, M. Sakama' and T. Sazel,
K. Kosakoz, K. Oishi’
KEK, ITokyo Nuclear Service Co., ’ Dokkyo Medical Univ.

Recently, the particle accelerator has been used as the powerful tool of cancer therapy. Protons and
heavy ions are accelerated by synchrotron or cyclotron. Almost similar measurement as medical
electron accelerator facility was performed in Univ. of Tsukuba, NIRS and Shizuoka Cancer Center.

Neutron dose obtained by CR-39 is higher than that by TLD and inconsistent with the calculated
value. Therefore, the effect of secondary particle such as proton might be considered in dose rate
evaluation of CR-39. The measured data of radioactivity in air was higher than the calculated value
as in the case of electron linear accelerator. Obtained results were much lower than the activity limit

in air and water regulated by the law.
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3.3 Evaluation of residual radioactivity in various types of accelerator components

by in-situ monitoring

K. Masumoto, H. Nakamura, A. Toyoda, T. Sanami, H. Tawara, H. Matsumura
KEK

After the decommissioning of KEKB electron synchrotron rings, we evaluated the activation of
many typed of magnet, vacuum chamber and other components. The materials of accelerator
components are composed of stainless steel, iron, aluminum, copper and so on, several radionuclides
were induced by high-energy photonuclear reactions and secondary neutron reactions. In case of
clearance of such materials, several tons of components should be evaluated. Therefore, in order to
make a plan for clearance, dose rate and residual radioactivity of accelerator components were
monitored by using Nal, LaBr3 scintillation survey meter and portable Ge-detector, respectively. It
was confirmed that the relationship between dose rate and activity showed good linearity. Now, we
are trying to use the ISOCCS software for the in-situ determination of radioactivity in several types

of components.

3.4 JASMIN: Japanese-American Study of Muon Interactions and Neutron

Detection

H. Nakashimal, N.V. Mokhovz, Y. Kasugail, N. Matsudal, Y. Iwamotol, Y. Sakamotol, A.F.
Levelingz, D.J. Boehnleinz, K. Vaziriz, T. Sanami3, H. Matsumura® , M. Hagiwara3, H. Iwase3,
S. Ban3, H. Hirayama3, T. Nakamura4, K. Oishis, N. Shigyoﬁ, H. Arakawaﬁ, T. Kaj imotoé, K.
Ishibashié, H. Yashima7, S. Sekimoto7, N. Kinoshita® , H-S. Leeg, K. Niita’
! Japan Atomic Energy Agency, *Fermi National Accelerator Laboratory
High Energy Accelerator Research Organization (KEK), *Cyclotron and Radioisotope Center,
Tohoku University, *Shimizu corporation, °Kyushu University,
"Research Reactor Institute, Kyoto University, *Pohang Accelerator Laboratory,

’Research Organization for Information Science & Technology

Experimental studies of shielding and radiation effects at Fermi National Accelerator Laboratory
(FNAL) have been carried out under collaboration between FNAL and Japan, aiming at
benchmarking of simulation codes and study of irradiation effects for upgrade and design of new
high-energy accelerator facilities. The purposes of this collaboration are (1) acquisition of shielding
data in a proton beam energy domain above 100GeV; (2) further evaluation of predictive accuracy of

the PHITS and MARS codes; (3) modification of physics models and data in these codes if needed;
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(4) establishment of irradiation field for radiation effect tests; and (5) development of a code module
for improved description of radiation effects. A series of experiments has been performed at the Pbar
target station and NuMI facility, using irradiation of targets with 120 GeV protons for antiproton and
neutrino production, as well as the M-test beam line (M-test) for measuring nuclear data and detector
responses. Various nuclear and shielding data have been measured by activation methods with
chemical separation techniques as well as by other detectors such as a Bonner ball counter. Analyses

with the experimental data are in progress for benchmarking the PHITS and MARS15 codes.

Presented at Shielding Aspects of Accelerators, Targets and Irradiation Facilities - SATIF 10:
Workshop.
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4. Nuclear Chemistry and Radiochemistry

4.1 Activity measurements of radionuclides associated with colloids in
cooling-waters in FNAL

H. Matsumural, S. Sekimotoz, Y. Kasugai3 , H. Yashimaz, A. Toyodal, N. Matsuda3, N. Mokhov4,
A. Leveling4, D. Boehnlein4, K. Vazili4, L. Gary4, S. Wayne4, K. Oishis,
Y. Sakamoto® ,and H. Nakashima®
'KEK, 2Ky0t0 University Research Reactor Institute, 3Japan Atomic Energy Agency,

*Fermi National Accelerator Laboratory, *Shimizu Corporation

Colloid formation of radionuclides in cooling-water for high energy accelerators causes serious
problem for drain because the colloid cannot be collected completely in demineralizer. Therefore, we
investigated colloid formation rates of radionuclides produced in cooling-water at the NuMI and
Pbar beam facility in FNAL. Measured colloid formation rates of 'Be are shown in Fig. 3.2-1.

Formation rates of colloids associated with 'Be were different among the cooling-waters.

0 20 40 60 80 100

NuMI Target
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NuMI Horn2

NuMI Decay pipe
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Fig.3.2-1 Colloid and ion rates of 'Be in cooling-waters for the accelerators in FNAL at December

09, 2010.

4.2 Colloid formation rates of radionuclides produced from Cu foils in water
bombarded with 120-GeV protons

H. MATSUMURA', S. SEKIMOTO? H. YASHIMA?, A. TOYODA', Y. KASUGAFL,
N. MATSUDA?, K. OISHI*, K. BESSHO', Y. SAKAMOTO?, H. NAKASHIMA®,
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D. BOEHNLEIN’, G. LAUTEN’, A. LEVELING’, N. MOKHOV”, K. VAZIRI’
'KEK, 2Ky0t0 University Research Reactor Institute, 3Japan Atomic Energy Agency, Shimizu

Corporation, *Fermi National Accelerator Laboratory

The cooling-water systems for J-PARC accelerators are drained and refilled at regular intervals.
When radionuclides partially form radio-colloids, the radio-colloids are not efficiently captured by
ion-exchange resins. That leads to unsatisfactory recovery of the radioactivity into the demineralizers.
In this study, we investigated the radio-colloid formation in a simple experimental apparatus. An
HDPE bottle containing Cu foils immersed in pure water was irradiated with a 120-GeV proton
beam at Fermilab in USA. After irradiation, radioactivities of various radionuclides in the water, in
the Cu foil, and in colloidal form removed from the water by post-irradiation ultrafiltration were
measured by y-ray spectrometry. The colloid formation rates of the Mg, Mn, Co, Ni, and Cu isotopes
were found to be about 30%. The colloid formation rates of other isotopes were found to be about

4%. We conclude that colloid formation rates strongly depend on elemental characteristics.

4.3 Gamma-ray measurements of radioactive materials from Fukushima Daiichi

Nuclear Power Station on the expressways on March 15, 16, and 17, 2011

H. MATSUMURA', K. SAITO', J. ISHIOKA?, Y. UWAMINO®
! KEK, 2 Safety Division, RIKEN, 3 Nishina Center for Accelerator Based Science, RIKEN

In Fukushima and neighboring prefectures, distributions of dose rate and y-ray count rate of
radionuclides from Fukushima Daiichi Nuclear Power Station were measured on the expressways on
March 15, 16, and 17, 2011 by using an Nal(Tl) detector and a LaBr; detector. A radioactive plume
that contained " 3Xe, 132Te, 132I, 13 lI, 134Cs, and "%Cs was observed at Koriyama afternoon on March
15. The plume arrived in the Nakadori region of Fukushima prefecture surrounded by two mountain
ranges deposited most of radioactivity there by a drizzle. Although the distributions of **Te, "I,

13 4Cs, 13 6Cs, and "*"Cs were similar, the distribution of BT was different from others.

4.4 Development of magnetite dissolution in oxalate for dating of rocks on earth

surface

Y. Wongl, H. Matsumuraz, K. Sueki', K. Bessho?
! Univ. of Tsukuba, 2 KEK

Using commercial magnetite, tests of magnetite dissolution in oxalate were begun. Dissolution rates
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of magnetite in oxalate were measured by ICP-AES after dissolution. This is under examination.

4.5 Analysis of colloidal "Be species formed in the cooling water for magnetic horns
at the J-PARC Neutrino Facility.

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

At the J-PARC Neutrino Facility, 'Be is induced in the cooling water for magnetic horns by
spallation of oxygen in water molecules. Colloid formation behavior of 'Be in the cooling water was
investigated in relation to the adsorptivity of 'Be on ion-exchange resins. After circulating the
cooling water through the ion-exchange resin units for several-ten hours, a part of 'Be remained in
the circulating water and could not be removed quickly by ion-exchange resins. Colloidal fraction of
"Be in the water after circulation through the ion-exchange resin units was found to be 15 to 40 %
depending on the beam operations. The colloidal "Be species were dissociated into soluble species
by addition of dilute sulfuric acid in water. Adsorptivity of 'Be on cation-exchange resins also
increased in acidic conditions. These results imply that adsorptivity of colloidal 'Be species on
ion-exchange resins is lower than that of soluble 'Be species and it can be easily increased by adding

dilute sulfuric acid in circulating water.

4.6 Pressure dependence of muonic X-ray intensity patterns for nitrogen oxide

samples

K. Ninomiya, T. U. Ito, W. Higemoto, M. Kital, A. Shinoharal, T. Nagatomoz, M. K. Kuboz,
P. Strasser® , N. Kawamura3, K. Shimomura® , Y. Miyake3 and T. Miura’®

JAEA, ' Osaka Univ., ’ICU, *J-PARC(KEK)

The study of muonic atom formation process is an important theme in the field of atomic physics. A
muonic atom is an atomic system that has one negatively charged muon instead of an electron. The
muonic atom emits some muon characteristic X-rays (muonic X-rays) and loses a number of
electrons by muon-electron and electron-electron Auger processes after formation of muonic atom.
At the same time, electron refilling processes also occur by collision of the muonic atom with
surrounding material. The cross section of electron refilling process can be investigated by
examination of muonic atom formation and muon cascading processes.

In this study, we performed muon irradiation for low pressure di-nitrogen mono-oxide samples with
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0.1 — 1.0 bar at J-PARC/MUSE, and the pressure dependence of intensity patterns of muonic X-rays
such as K,-Kg X-ray ratio were investigated. The obvious pressure effects were found among 0.2,
0.4 and 1.0 bar conditions, that is, the rate of electron refilling process (atomic collision rate)
competes with that of muon de-excitation process. On the other hand, no pressure dependence was
found between 0.1 and 0.2 bar conditions. From this result, we conclude that the rate of electron
refilling process is no longer fast with that of muon cascading process. We are now estimating the

rate of electron refilling process quantitatively in each pressure condition.

5. Environmental and Analytical Chemistry at Accelerators

5.1 Effect of intense radiation on corrosion of metals and colloid formation in

water

K. Bessho, H. Matsumura, K. Masumoto, Y. Okil, N. Akimunel, S. Sekimoto'
KEK, ]Kyoto Universit’

Corrosion of metals and colloid formation in water were investigated under intense radiation fields.
Pure water samples sealed into the metal containers (Cu, Fe, Al) were irradiated by bremsstrahlung
generated by a 30 MeV electron beam striking a Ta target assembly. High concentrations of metal
elements were transferred to the water phase, and creation of particles was clearly observed. The
particle-size profiles are dependent on the metal materials. The results suggest that the irradiation of
high-energy photons promotes the corrosion of metal surfaces and the generation and growth of
colloidal species in water. A similar behavior was observed for Cu metal particles dispersed in water
irradiated by several doses (0-3.3 kGy/h, 87 h) of j-rays from a ®“’Co radiation source. Creation of

large colloids was facilitated by high doses of j-ray irradiation.
Presented at the 59" Annual Meeting of the Japan Society for Analytical Chemistry, Tohoku Univ.
5.2 Analysis of adsorption behavior of Be(II) on copper-oxide colloid in water

K. Bessho, S. Shimada', S. Katsutal, H. Monjushiro
KEK, 'Chiba University

Adsorption of Be(Il) ions on CuO colloids was investigated by placing the model of 'Be in the

cooling-water for electromagnets. Aqueous Be(Il) solution was mixed with several kinds of CuO
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nanoparticles, and the adsorption behavior of Be(Il) on CuO was quantitatively examined. The
detailed analysis of adsorption data measured as a function of pH confirmed that Be(II) adsorbs on
CuO particles by a complex formation with —OH groups terminated in at the CuO surface according
to the following equation.

n>S-OH + Be*" & (>S-OnBe*™ +nH" (n=2,3) S: Solid (CuO) surface
Equilibrium constants for stepwise complex-formation between CuO nanoparticles and Be(Il) ions
were determined. Comprehensive investigation considering physical properties of CuO nanoparticles,

such as surface densities of —OH groups, particle size distributions, and zeta potentials, is underway.
Presented at the 59" Annual Meeting of the Japan Society for Analytical Chemistry, Tohoku Univ.

5.3 Migration and separation of photo-absorbing microparticles using laser-

photophoresis in aqueous solution

H. Monjushirol, M. Takahashiz, 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 examined by irradiating a cw Nd:YAG laser (532 nm). The photophoretic
velocities of the particles were compared with those calculated by using a Mie scattering model.
The observed photophoretic velocity increases dramatically with increasing the absorption
coefficient of the particle. The velocity of the highly photo-absorbing particle is much larger than
that calculated due to the temperature rise of surrounding medium by photothermal effect. The
obtained results are important for better understanding of laser-photophoresis that can be applied to

the separation of colored micro-particles in a liquid medium.
This study was partially supported by the Ministry of Education, Science, Sports and Culture,
Grant-in-Aid for Scientific Research (B), 18350042 and 21350046.

Published as Proceedings of The 14th International Conference on Miniaturized Systems for
Chemistry and Life Sciences (2010).

5.4 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
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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) 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 composition (H,SO, : HF : H,O) were collected and analyzed by using
chemometrics. It is found that the chemical composition of EP solutions could be determined by

NIR spectroscopy.

5.5 Identification of chemical species in electro-polishing solution (H,SO4/HF)

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 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 electrochemical and the
chemical reactions and the chemical products during the EP process have been still ambiguous. In
this study, chemical species in the EP solutions before and after EP process were elucidated by
Raman scattering spectroscopy. In the EP solution before EP procedure, chemical species of HSO4,
SO42', and SO;F were observed. While in the EP solution after EP procedure, there observed NbFg

species instead of NbOFs> which was reported as the electrochemical reaction product so far.

6. Measurements related to Accident of Fukushima Daiichi Nuclear
Power Station

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.
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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.

10 be published in Trans. At. Energy Soc. Japan.
The data are available at “http://'www. kek. jp/ja/Research/ARL/RSC/Radmonitor/”.
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Micro-Particles Using Laser-Photophoresis in Aqueous Solution”.

* 2010 IEEE Nuclear Science Symposium, (,Knoxville, Tennessee, USA, October 25-31, 2010)

(1) Kiwamu Saito, Shinichi Sasaki, Hiroko Tawara and FEido Shibamura, “Application of

Scintillation in Helium Mixed with Xenon to A Position-sensitive Detector”.

- 2010 Nuclear data symposium _ (2010)
(1)  H. Yashima, T. Kajimoto, Y. Iwamoto, S. Kamada, Y. Nakane, S. Kuneda, A. Tamii, K.

Hatanaka, “Experimental studies of light fragment production cross section for nucleon induced

reaction at intermediate energies”
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* The 2010 International Conference on Nuclear Data for Science and Technology (ND2010), Jeju,
Korea April 26-30, 2010

(1) T. Sanami, M. Hagiwara, H. Iwase, M. Takada, D. Satoh, Y. Iwamoto, S. Kunieda, H. Yashima,
A. Tamii and M. Baba, “FRAGMENT DDX MEASUREMENT OF PROTON INDUCED
REACTIONS ON LIGHT-MEDIUM NUCLIE FOR ENERGY RANGE FROM REACTION
THRESHOLD TO A FEW HUNDRED MEV”

+ SATIF-10 (2010) Tenth meeting of the task force on Shielding Aspects of Accelerators, Targets

and Irradiation Facilities, 2010/6/2-4, at CERN

(1) N. Shigyo, T. Sanami, T. Kajimoto, Y. Iwamoto, M. Hagiwara, K. Saito, K. Ishibashi, H.
Nakashima, Y.Sakamoto, HS Lee, E. Ramberg, A. Meyhoefer, R. Coleman, D. Jensen, A.

Leveling, D. Boehnlein, K. Vaziri, N. Mokhov, “Neutron energy spectrum from 120 GeV
protons on a thick copper target”

(2) H. Iwase, M. Hagiwara, S. Ban, H. Hirayama,”’Study of high energy neutron shielding”.

5.2 Invited Talk at Domestic Meetings

() P51, “EGSSa— R T O E 1 - K+ L WE & OMANEH”, H4EEBEGSS V—7
Tavy 7 in Al ¥y AT THRED 20114E2H26H.

(2) WP, “HEHROFFECHIE ISR A ERRE Y, FARBAEEGSS V—2 v g v
in AW F¥ o NAT TV RES 201142 H 26 A.

(3) MR, AR VAR T A TEURBMEREE OWIE < O—JE B KRBILRF A a2
BT OIS HEHOBUL, AARFINSHE 2011 £ 1 A 25 H

(4) EfE %, " TR A T D 7 1B A A B S i 4 ' B AR B0 (PS-TEPC) o B
F7, 55 20 BT D& X, AATIN 2 BEFH e, 2010410 A 1 H

5.3 Domestic Conference

« AR %42 2010 RO RE  dBMHERY 201049 4 15 H~17 H

(1) Pedetdk, #IFHEc, mAEE, KE#., "E3%, BEICBT 58 10MeV 51 AH UG
7~ D D FZRERE A2 pl — B 5y W R

() HMEE—, e, R, SRl o RE— BF7 ., SR, HEF—,
18 B, B e UREARR SN L 1 B8 2 FH VO T2 290MeV/u JR BRI KT 2 =RV —FF 555
iE”

(3) ke, ex R —, FREZE, SFIRFNVE, JAILSZ A, IAKIE A, B NECRB, JTEF D

75, LEA AR A B IR R (PS-TEPC) DB

s AREF %S 2011 EOES, BT, 201143 H 28 A~30 H [HiEO-D, i
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U)&&@%Lﬂﬁ%z AR, RS, R AN, B, S oTEET. Sikm
PR BIACE, ROE. TS, B 100MeV B A SS9 D AR R AR
i%%%ﬁ%%ﬁ”

< Pk 22 AR HOROR S AR AT FE AT S LR WF R AR R I8 e 25 | BROROR P i #RAEJE 0T, 2010
12 H.

(WHFIES, kM, R, EikdEth, Y&, SRR, MILUE. PHET
Vex RiE—, FEREZE, B, BILER., =R, SR, “BiEXt 0o A~s
VDM .

FFees Tidiias & 2ol B 25 [A) . @ VX — IR 2R serétE, 2011 4F 2
H1H~3H.
() FrE, RS, mERME, AIES . B SR SR, TERRZE. xR
E—, RIUEE, WAL o OREART FAORIE.
QuEME—, EEEE, SiEE, R, x KME—, ER, AR,
HEFH—, BHEE, "EmE RO~ A 7 a KA MU ZHPE L7 Wall-less UKL
LBIRHECE OBHFS I BE 3 5 SR
G)FA—. WA | BFEHEZ, "TEPC Y —~_A A —% REMS500 O 4pHRA"
(DERFTIGE, ix RE—, TRETE, B 1. UV 834 TV U PMTEAAR =2 X)
DOEFMEIZDNT
G)FFIRFNTE, EFEFE, Ea RE— &8, . BB, FNERY. SR,
ARG, et N, JAINZN, KA WIRSET, dbRH . 1SS PN T OFH U #R
HREFHAISS PS-TEPC DB

< 2011 FHZ 58 PSS EFEIfRE A S, 2011 3 H [MEOL O, slEIZH k]
(DFRIES, RN, A &, DM, R SR, BE7e. fex RE—,
ERT. BUER., =R, “GREXE ) ORIEAT MLVOREIE—3.

* BASGHHEFEE 59 e, RAERY: (lie) . 2010 4£ 9 A 15 HOUK)~17 H (&)

(1) BIPTIERER, &H?ﬁﬂmﬁ‘%%*’mKﬁ%,i%E%ﬁW VHESC, ERE, PRk
Fe, VOO, “HBURBRSCEBT SRk BB OB R L0 v A RAERZEE) O
Q)%EM%,%%#X%,%EE*,&%@%%% TREFRIR, sEm T, “Kpices
HEEba A RERY U o A DSEA ZFB O

(3) SCERPURSTIE, BUFTERRS, WS 1=, LB & BB A A G by E8a8%Is
IF % K R D Yk Eh 2B O i
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< 5 Bl E ISR ARV T L, IR T 4 F Y T U —, 2010410 H4 H-15 H
(1) M. Hagiwara, T. Sanami, Y. Iwamoto, N. Matsuda, Y. Sakamoto, Y. Nakane, H. Nakashima, K.

Masumoto, Y. Uwamino and H. Kaneko, “Systematic Measurement of Neutron and Gamma-ray

Yields on Thick Targets Bombarded with 18 MeV Protons”,

- BARMETEE 2010 FFEKFE RS i (CKBR) . 2010/9/23-26
(HhZ=fnz, FEF, AR, 52E%, BRIE, EREG. ARk, Strasser P.. {ifFTAk
BOTAME—ER, SEEE, SRR, “RIEERICHEINTZAI 24 oPkE”

- HARWPRF 66 BIFER RS GEEITHIE) , BSm CBiE) . 2011/3/25-28
(Hh=fE, e, fEAHE, Strasser P, {IATEREE, THRYE—BR, =R, =K.
BLEEE BFE, BAEE., AR, “BIEERICBIT DI a4 Ukt v 7 AREED
JESMKAE.

cF2EIMLF AT A OLAEH @R . 2011/1/17-18
(Hh=fE, s, fEAHE, Strasser P, {IATEREE, THRYE—BS, =R, =K.
ELEEE ERIE, BB, AR, B ER S FICHT S a4 UEICBIT A S

- AABUR M Z SEE 2 Hola] PiTRss, IR, FRk214F12H1H—-12H3H

1) hf—. SE—F. SHRL. REE, &EE. PR, EHEOCHE, BEER, /)
WA, KA R, CER ARSI D R R OF . (D2 E”.

(2) FEJSCHE, BENIG, TR —. BHEIL @E 8. SREME. ST, AR, 7
EIR ARSI 2 LB OMA (2) B0 Iatb—vay ©

() mEE—R. P — BHRIL. REE, &EH1. PR, EHEOCHE, BEER, /)
AR, KA SR, BRI ER O JEL R oA (8)  ZER P o E”

(4) EHAIL, PH— @B, REMZE, &@FH. PR, EHEICHE, BEER., /)
AR, KA, BRI ER S BT D IR OFE (K &R D fik
SHb”

(6) BEATNFE, "AARFINZE OO HHBIEEE OWIT O—nFH] ORSIZTHOVT”

(6) FEHT. AR, mfE . K —. WHEHE -, KIUkE—. SEB4&4, 7 J-PARC
=a— MU EBRMERICBT DHER 0K, 225, He T R) DitsHb & 2 e

- FT7EJRSM6 HY v ARy oA (6 4 24,25 H, LK)
(1) BEARFZE, (27 V7 T v AHIE OISR e 2 B2 DTS
(2) MiARFNFE, "DHHRRE BEEHR O e air] BE LIS 4R o 2 I E FIE”
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) BE—8, Pr—, BERIL, REME, S, PARMZE, MEESCHE, BEIEK,
ujuﬁﬂ, KA b, " R SR 83 D 22 ISR A D BURMERIN ek O Fi A

(2) BH Rih, =il OK—. @R h— &fF 8. B F—-. BEFE R Ak SRR,
B Wz, K i, <@z AN X OVED) I OB e

(3) BB, Mex KE—, B RE, MEMG, saRE} EEPIA T R
B BREMA, BT PRESEERORE N T U AT =4 U T EASDR
MBS 20587

6. FEE (2010.4 —2011.3)

(1) Y. Namito, H. Hirayama, S. Ban, edited: “Proceedings of the Seveteenth EGS Users' Meeting in
Japan”, KEK Proc. 2010-9, (2010).

(2) S. Sasaki, M. Hagiwara, T. Sanami, K. Saito, K. Iijima, H. Tawara and H. Takahashi: “Radiation
Detectors and Their Uses”, Proc. 24th Workshop on Radiation Detectors and Their Uses, KEK
Proceedings 2010-10 (2010).

(3) K. Bessho, T. Miura : “Proceedings of the Eleventh Workshop on Environmental Radioactivity”,

KEK Proceedings 2010-8 (2010).

7. Internal Reports of Radiation Science Center (2010.4 — 20011.3)
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