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PREFACE

The Radiation Science Center is concerned with the management of both radiation and chemical
safety in KEK. In 2005 KEK received "Distinguished Service Award for Nuclear and Radiation
Safety Management 2005". This award was jointly organized by Nuclear Safety Technology
Center and Japan Chemical Analysis Center. The Radiation Science Center did an important

contribution to this award.

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.

Activities related to radiation safety for J-PARC and Linear Collider are gradually increasing.
Radiation Safety Control Office in J-PARC was established in cooperation with the safety group in
Japan Atomic Energy Agency. We hope that the activity report is useful for all people who are

working in the field of the safety of accelerator facilities.

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 is a wide coverage of the
research fields. The research fields of the staff members are nuclear engineering, radiation physics,
radiochemistry, health physics, chemistry and radiation shielding. The present status of these

research activities carried out in fiscal year 2005 are described here.

1. Radiation Protection Technology

1.1 Radilogical Shielding Considerations for the First Optics Enclosures of the Canadian Light
Source

J. Asai', and H. Hirayama®

'Canadian Light Source and 2KEK

A design study of radiation shielding due to gas bremsstrahlung is performed for the First Optics
Enclosure (FOE). To induce the radiation shower, a copper metal is placed at the entrance of the
FOE, followed by a silicon crystal which is set in the middle of the FOE. A lead stop is placed near
the lead back wall. To access the radiation level outside of the FOE, the FOE is encompassed by a
water phantom in which the energy deposition is estimated by a Monte Carlo simulation. The dose
distributions behind the back, side walls and roof are obtained simultaneously. The average dose

equivalent rates are estimated and the FOE radiation shielding wall is examined in detail

Published in Nucl. Instr. Meth. Physics Research A 539(2005)654-667.

1.2 Characteristics of Radionuclides Induced in the Cooling Water of the 12 GeV Proton

Accelerator Facility

K. Bessho, A. Chida, H. Matsumura, K. Hozumi, T. Miura and K. Masumoto
KEK

At the 12 GeV proton accelerator facility at KEK, radionuclides, such as "Be and “C, were
induced in the cooling water of the magnets. Behaviors of these nuclides in the cooling-water

circuits were investigated by gamma-ray measurements of the cooling water and the ion-exchange



resins installed in the water circuit. These investigations clarified that ''C is a major gamma-emitting
nuclides during the accelerator operation and it is concentrated on the upper layer of the
ion-exchange resin. After the beam-stop, the activity of ''C decreased rapidly and 'Be became
major nuclides in the cooling water system.

lon-exchange property and particle size of 'Be and ''C were examined by using
cationic/anionic exchange resin column and ultra-filtration membranes of several pore sizes. These
experiments clarified that 40% of 'Be were dissolved in cationic Be(OH)" form which adsorbed on
the cationic-exchange resin, and the remaining 60% existed as colloid particles of which diameter is
in the range of 3-7 nm. On the other hand, ''C existed as soluble forms and colloid particles of which
diameter is in the range of 3-7 nm. The soluble species of ''C were mixture of anionic species and
neutral species, and anionic parts were collected on anionic-exchange resin. These characteristics of
"Be and "'C will be useful information for radiation safety at high-energy and high-intensity

accelerator facilities.
Presented at the 7th Symposium on Environmental Radioactivity, March 7-9, KEK

1.3 Characterization of Surface Contamination of a High-energy Accelerator Facility Using IP

Technique

K. MASUMOTO, A. TOYODA, T. KUNIFUDA' and H. MATSUMURA
KEK and 'TNS

Surface contamination is always detected at the highly activated area of 12GeV-Proton synchrotron
facility, KEK. In order to evaluate the nuclides attached on the surface of accelerator components
during operation, we measured the half-life of radioactivity of filter paper after wiping from the
surface of accelerator components. It was found that P-32 is a major source of contamination.
Presented at “The 4th Annual Meeting of Japan Radiation Safety Management”, November 23-25,
Kyoto University.

1.4 Radionuclides Observed in Various Materials Carried out from Accelerator Facilities

K. MASUMOTO, A. TOYODA, S. ISHIHAMA' and K. KITAJIMA'
KEK and 'TNS

During the maintenance in the accelerator facility, various meaterials, such as fluorescent lamp,

battery, fire sensor, antenna and so on, are carried out. Surface dose of these materials should be



checked, in order to release no radioactive ones from the radiation control area. For the radiation
control, it is very useful to determine the radionuclides induced in these substances. Because we can
obtain the elemental composition, compare with the materials made by several companies and
estimate the radioactive decay in future. A major nuclides were '2*Sb in ifluorescent lamps, “°Co and
**Mn in batteries, 124Sb, > 4Mn, 71 in fire sensors, 82T in PHS antennae. These nuclides are mainly

produced by neutron capture reactions.

Presented at the 4 th Annual Meeting of Japan Radiation Safety Management, November 23-25,
Kyoto University.

2. Detector Development and Basic Research
2.1 Determination of W in Inorganic Scintillation Crystals for Gamma-rays

S. Sasaki, H. Tawara, K. Saito, M. Miyajima' and E. Shibamura®
KEK, Waseda Univ.}, Saitama Prefectual Univ.?

The determination of Ws-value, an average energy to produce one scintillation photon, has been
attempted for gamma-rays in inorganic scintillators and plastic scintillators from the absolute
numbers of photoelectrons measured for several combinations of a scintillator and a photo-multiplier
tube (PMT) used as a vacuum photodiode. The values of Ws for Nal(TI) and CsI(Tl) crystals were
determined to be 15.0 eV and 13.3 eV, respectively. The numbers of scintillation photons were
obtained by calculating the collection efficiency of scintillation photons at the photo-cathode using
Monte-Calro simulations and by experimentally determining the conversion efficiency from photons
to photoelectrons at PMT photocathode. The values of W determined in the present study are in
good agreement with the theoretical values presented recently. The factors affecting energy
resolutions were also examined. The calculated resolution agrees well with that obtained in the

measurement

Presented at the International Conference on Inorganic Scintillators and Their Application
(SCINT2005), Sptember 19-24, Alushta, Crimea, Ukraine.



2.2 Angular Response of Photomultiplier Tubes: Photon-to-electron Conversion Efficiency and

Reflectance of Photomultiplier Tubes as a Function of Incidence Angle of Photon

S.Sasaki, H.Tawara, K.Saito, M.Miyajima' and E.Shibamura®
KEK, Waseda Univ.}, Saitama Prefectual Univ.?

Reflectance and photon-to-electron conversion efficiency have been measured for several
photomultiplier tubes (PMTs) using three-color light-emitting diode (LED) emitting photons with
central wavelengths of 470, 525, and 640 nm. The use of a light guide with a refractive index similar
to that of a photomultiplier window enabled the measurement at the angle of incidence to a
photocathode up to 75 degrees. An appreciably large reflectance and conversion efficiency were
obtained at the angles of approximately 45 and 60 degrees, respectively. It was shown that these
PMTs work with a higher photon-to-electron conversion efficiency than the quantum efficiency
given by the manufacturer in many cases of scintillation counting. The reflectance measured in this
study is consistent with that calculated using an optical model, where the photocathode was a thin

film with a complex refractive index.

Presented partly at the 4th International Conference on New Developments in Photodetection
(BEAUNEOS), June 19-24, Beaune, France, and the International Conference on Inorganic
Scintillators and Their Application (SCINT2005),September 19-24, Alushta, Crimea, Ukraine.

2.3 Average Energy to Produce An lon Par in Gases for Heavy Charged Particles

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

KEK and *NIRS

For the experimental determination of an average energy to produce an ion pair in gases, W, by
heavy ions from accelerators, an apparatus consisting of a particle-energy degrader, an ionization
chamber and a time-of-flight energy spectrometer was designed and constructed, where two types of
pulse operation modes in an ionization chamber were employed. Using this system, the values of W
were measured for He and C ions in pure argon and air as a function of the energy of ions. For the C
ions, the energy dependence of W was clearly observed, while W for He ions was approximately
constant over a wide rage of energy (the mean value was 26.5£0.9 eV in argon and 34.3+1.3 eV in

241 .
Am in each

air, respectively) and agreed well with the value for 5.49 MeV alpha particles from
gas. The value of W for C ions obtained at the highest energy was also in good agreement with the

value for 5.49 MeV alpha particles in each gas.



Presented partly at 2005 IEEE Nuclear Science Symposium, October 23-29, San Juan, Puerto Rico.
Published in IEEE Tans. Nucl. Sci.., 52 (2005) 2940-2943.

2.4 Development of Position Sensitive Tissue Equivalent Proportional Chamber (PS-TEPC)
and Establishment of Dosimetric Technique in International Space Station (ISS) with
PS-TEPC*

S. Sasaki, H. Tawara, K. Terasawa'” , T. Dokel’3, K. Miuchiz, T. Nagayoshi2 and H. Matsumoto®
KEK, Waseda Univ.*, Kyoto Univ.?, and JAXA3

We have started to develop a new space dosimeter named “Position Sensitive Tissue Equivalent
Proportional Chamber (PS-TEPC)”. This detector is expected to have good properties of existing
dosimeters such as TEPC by NASA and Real-time Radiation Monitoring Device-III (RRMD-III)
based on Si telescopes. A novel technique named “Micro PIxel Chamber” (u-PIC) makes it feasible.
Heavy ions irradiation experiments were performed in HIMAC using the detector with the sensitive
volume of 100x100x100 mm”’. The energy distributions measured by the detector were consistent

with the theoretical calculation.

*This study is carried out as a part of “Ground-based Research Announcement for Space
Utilization” promoted by Japan Space Forum.

Presented partly at the 20" Workshop of Radiation detectors and Their Uses, the 61* Conference of

the Physical Society of Japan, the 22" Symposium of Space Utilization, and so on.

2.5 Application of a Radiation Detector Using Radiation Induced Surface Activity Phenomenon

to a Beam Loss Monitor

K. Saito, S. Sasaki, T. Sanami, H. Tomozawa' and T. Takamasa®

KEK, *Kyosemi Corporation, “Tokyo University of Marine Science and Technology

A radiation detector using a radiation induced surface activity phenomenon (RISA) has features that
are superior resistance to radiation damage and a wide dynamic range. A purpose of this study is
applying the RSA detector to beam loss monitors at a high-energy accelerator facility. In this year,
the RISA detectors were set in the beam line tunnel of KENS at KEK, and primary field trials were

performed.



2.6 Scintillation Property in Helium Mixed with Xenon

K. Saito, S. Sasaki, H. Tawara, T. Sanami and E. Shibamura'

KEK, 'Saitama Prefectual University

When scintillation in rare gases is used in radiation detectors, it is expected that the detectors show
better time resolution in comparison with radiation detectors measuring charge signals caused by
ionization. Although *He, one of isotopes of helium, is widely used as medium to detect neutrons, it
is difficult to apply to a scintillation detector as a gas scintillator because of a long decay time (about
10 ps) and luminescence wavelengths lying in vacuum ultraviolet (60-100 nm). In order to solve
these problems, we have been studied a possibility to exchange a luminescence origin from helium
to xenon by adding a small amount of xenon to helium. The reasons we selected xenon are that a
decay time of an excited xenon dimer is fastest (about 99 ns) among rare gases and its peak
wavelength in luminescence spectra of that is about 173 nm.

Luminescence spectra from helium mixed with xenon were measured using an X-ray generator and a
VUV monochromator. The scintillation yields and time profiles in the mixture were measured using
alpha particles. From measurements of the luminescence spectra, it became clear that the
scintillation photons in He/Xe mixture were emitted in the wavelength region of 150-200nm. The
scintillation intensities were measured using a PMT sensitive to photons with wavelength of
115-300nm as a function of the ratio of the xenon pressure to the total pressure. The scintillation

intensity increases with increasing the ratio.
Presented at 2005 IEEE Nuclear Science Symposium, San Juan, 2005/10/27.
2.7 Measurement of a Dose Distribution of Carbon lons in Air

N. Yasuda®, T. Konishi®, K. Matsumoto®, T. Yamauchi¢, T. Asuka’, Y. Furusawa®,
Y. Sato?, K. Oda’, H. Tawara® and K. Hieda®
“NIRS, "Rikkyo Univ., “Toho Univ., “Kobe Univ., °KEK

We have constructed a well-established system to expose biological specimens to medium-energy
irradiation. A dose distribution and beam profiles for carbon ions in air was measured and the

continuously variable LET values are obtained.

Published in Radiation Measurements, 40(2005)384-388.


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVS-4GWC2B1-1&_user=950960&_coverDate=11%2F30%2F2005&_alid=407500415&_rdoc=5&_fmt=full&_orig=search&_cdi=5542&_sort=d&_st=5&_docanchor=&_acct=C000049112&_version=1&_urlVersion=0&_userid=950960&md5=dbb4679294ed4bd7f9b15f964a7293e1#aff1#aff1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVS-4GWC2B1-1&_user=950960&_coverDate=11%2F30%2F2005&_alid=407500415&_rdoc=5&_fmt=full&_orig=search&_cdi=5542&_sort=d&_st=5&_docanchor=&_acct=C000049112&_version=1&_urlVersion=0&_userid=950960&md5=dbb4679294ed4bd7f9b15f964a7293e1#aff2#aff2
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVS-4GWC2B1-1&_user=950960&_coverDate=11%2F30%2F2005&_alid=407500415&_rdoc=5&_fmt=full&_orig=search&_cdi=5542&_sort=d&_st=5&_docanchor=&_acct=C000049112&_version=1&_urlVersion=0&_userid=950960&md5=dbb4679294ed4bd7f9b15f964a7293e1#aff3#aff3
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVS-4GWC2B1-1&_user=950960&_coverDate=11%2F30%2F2005&_alid=407500415&_rdoc=5&_fmt=full&_orig=search&_cdi=5542&_sort=d&_st=5&_docanchor=&_acct=C000049112&_version=1&_urlVersion=0&_userid=950960&md5=dbb4679294ed4bd7f9b15f964a7293e1#aff4#aff4
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVS-4GWC2B1-1&_user=950960&_coverDate=11%2F30%2F2005&_alid=407500415&_rdoc=5&_fmt=full&_orig=search&_cdi=5542&_sort=d&_st=5&_docanchor=&_acct=C000049112&_version=1&_urlVersion=0&_userid=950960&md5=dbb4679294ed4bd7f9b15f964a7293e1#aff4#aff4
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVS-4GWC2B1-1&_user=950960&_coverDate=11%2F30%2F2005&_alid=407500415&_rdoc=5&_fmt=full&_orig=search&_cdi=5542&_sort=d&_st=5&_docanchor=&_acct=C000049112&_version=1&_urlVersion=0&_userid=950960&md5=dbb4679294ed4bd7f9b15f964a7293e1#aff1#aff1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVS-4GWC2B1-1&_user=950960&_coverDate=11%2F30%2F2005&_alid=407500415&_rdoc=5&_fmt=full&_orig=search&_cdi=5542&_sort=d&_st=5&_docanchor=&_acct=C000049112&_version=1&_urlVersion=0&_userid=950960&md5=dbb4679294ed4bd7f9b15f964a7293e1#aff1#aff1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVS-4GWC2B1-1&_user=950960&_coverDate=11%2F30%2F2005&_alid=407500415&_rdoc=5&_fmt=full&_orig=search&_cdi=5542&_sort=d&_st=5&_docanchor=&_acct=C000049112&_version=1&_urlVersion=0&_userid=950960&md5=dbb4679294ed4bd7f9b15f964a7293e1#aff4#aff4
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVS-4GWC2B1-1&_user=950960&_coverDate=11%2F30%2F2005&_alid=407500415&_rdoc=5&_fmt=full&_orig=search&_cdi=5542&_sort=d&_st=5&_docanchor=&_acct=C000049112&_version=1&_urlVersion=0&_userid=950960&md5=dbb4679294ed4bd7f9b15f964a7293e1#aff5#aff5
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVS-4GWC2B1-1&_user=950960&_coverDate=11%2F30%2F2005&_alid=407500415&_rdoc=5&_fmt=full&_orig=search&_cdi=5542&_sort=d&_st=5&_docanchor=&_acct=C000049112&_version=1&_urlVersion=0&_userid=950960&md5=dbb4679294ed4bd7f9b15f964a7293e1#aff2#aff2

2.8 Radiator Design for Detecting High-energy Neutrons with a Nuclear Track Detector

K. Oda®, Y. Imasaka?, T. Yamauchi®, Y. Nakane®, A. Endo® H. Tawara®, Y. Yamaguchi
“Kobe Univ., "JAERI, *KEK

An effective radiator of a plastic nuclear track detector (PNTD) was investigated for high-energy

neutron detections. A best combination of CH2 and CD2 thickness was estimated.
Published in Radiation Measurements, 40 (2005) 570-574.
2.9 Automatic Analysis of a CR-39 Nuclear Track Detector in Space Radiation Dosimetry

*A. Nagamatsu®, M. Masukawa®, °F. Nobuyos*h, “K. Murakam®, * T. Nakamura®, “H. Kumagai,
and “H. Tawara

SJAXA, "AES, and °KEK

We have investigated a method of space radiation dosimetry using TLD and CR-39. An automatic

analysis system is under development for the dosimeters.

Presented at 10th Workshop on Radiation Monitoring for the International Space Station, Japan,
2005/Sep/7-9.

2.10 Development of BP-1 Glass Multi-collimator for X-ray CCDs

J. S. Hiraga®, S. Nakamurab, Y. Uchidab, S. Kuratab, Y. Ozakib, M. Kikuchib, S. Kamadab,
T. Takashima?, Y. Uchihori¢, H. Kitamura® and H.Tawara’,
“JAXA, "Yokohama National Univ. and °“NIRS, *KEK

We have developed a novel multi-collimator by etching BP-1 glass irradiated heavy ions. The
manufacturing method and performance of the collimator were investigated. The collimator will be

used for CCds observing space X-rays.

Presented at 7th International Conference on Position Sensitive Detectors (PSD7), Liverpool, UK,
2005/Sep/12-16.


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVS-4GR8NC0-1&_user=950960&_coverDate=11%2F30%2F2005&_alid=407502198&_rdoc=1&_fmt=full&_orig=search&_cdi=5542&_sort=d&_st=4&_docanchor=&_acct=C000049112&_version=1&_urlVersion=0&_userid=950960&md5=6e441f49b5a34a0054009f690f18dc54#aff1#aff1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVS-4GR8NC0-1&_user=950960&_coverDate=11%2F30%2F2005&_alid=407502198&_rdoc=1&_fmt=full&_orig=search&_cdi=5542&_sort=d&_st=4&_docanchor=&_acct=C000049112&_version=1&_urlVersion=0&_userid=950960&md5=6e441f49b5a34a0054009f690f18dc54#aff1#aff1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVS-4GR8NC0-1&_user=950960&_coverDate=11%2F30%2F2005&_alid=407502198&_rdoc=1&_fmt=full&_orig=search&_cdi=5542&_sort=d&_st=4&_docanchor=&_acct=C000049112&_version=1&_urlVersion=0&_userid=950960&md5=6e441f49b5a34a0054009f690f18dc54#aff1#aff1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVS-4GR8NC0-1&_user=950960&_coverDate=11%2F30%2F2005&_alid=407502198&_rdoc=1&_fmt=full&_orig=search&_cdi=5542&_sort=d&_st=4&_docanchor=&_acct=C000049112&_version=1&_urlVersion=0&_userid=950960&md5=6e441f49b5a34a0054009f690f18dc54#aff2#aff2
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVS-4GR8NC0-1&_user=950960&_coverDate=11%2F30%2F2005&_alid=407502198&_rdoc=1&_fmt=full&_orig=search&_cdi=5542&_sort=d&_st=4&_docanchor=&_acct=C000049112&_version=1&_urlVersion=0&_userid=950960&md5=6e441f49b5a34a0054009f690f18dc54#aff2#aff2
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVS-4GR8NC0-1&_user=950960&_coverDate=11%2F30%2F2005&_alid=407502198&_rdoc=1&_fmt=full&_orig=search&_cdi=5542&_sort=d&_st=4&_docanchor=&_acct=C000049112&_version=1&_urlVersion=0&_userid=950960&md5=6e441f49b5a34a0054009f690f18dc54#aff3#aff3
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVS-4GR8NC0-1&_user=950960&_coverDate=11%2F30%2F2005&_alid=407502198&_rdoc=1&_fmt=full&_orig=search&_cdi=5542&_sort=d&_st=4&_docanchor=&_acct=C000049112&_version=1&_urlVersion=0&_userid=950960&md5=6e441f49b5a34a0054009f690f18dc54#aff2#aff2
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2.11 Development of Low-Energy X-Ray Survey-Meter

K. Aoyamal, K. Masui', S. Yamamura', T. Nakamuraz, T. Yabutanil, and Y. Namito®

! Fuji Electric Sys. Co, 2 Tohoku Univ, and *KEK

The X-ray radiation produced from various X-ray generating machines, which are widely used in
medical purposes such as X-ray CT, mammography, X-ray radiographs of chest, teeth, stomach and
so on, has energies between 10 to 150 keV. For measuring the stray X-ray radiation leaked from
these machines, the conventional ionization-chamber type survey-meter has been world-widely
used. But, this type of survey-meter has poor accuracy coming from low sensitivity, especially
almost no sensitivity to X rays of energy below 25 keV. Here, we have developed a Nal(TI)
scintillation-type survey-meter which can measure the ambient dose equivalent H*(10) with high
sensitivity for X rays in the energy range of 10 to 150 keV. In this paper, the characteristics of the
survey-meter, linearity, energy response, temperature dependence etc. were investigated using the

radioisotope gamma rays and the synchrotron radiation.

Presented at Radiation Detectors and Their Uses, Feb 2006 KEK

3. Experimental Technology and Monte Calro Simulation
3.1 The EGS5 Code System

H. Hirayama', Y. Namito', A. F. Bielajew?, S. J. Wilderman® and W. R. Nelson®

'KEK and *Stanford Linear Accelerator Center

The EGS (Electron-Gamma Shower) code system is a general purpose package for the Monte Carlo
simulation of the coupled transport of electrons and photons in an arbitrary geometry for particles
with energies above a few keV up to several hundred GeV (depending on the atomic numbers of the
target materials). This report introduces a new, enhanced version called EGS5. In addition to
explaining and documenting the various enhancements and changes to the previous version (EGS4),
this document includes several introductory and advanced tutorials on the use of EGSS5, and also
contains the EGS5 User Manual. Our intention has been to make this document wholly
self-contained so that the user need not refer to the original EGS4 manual (SLAC-265) in order to
use the code. To this end, we have taken the liberty of incorporating into Chapter 2 of this report
those portions of Chapter 2 of SLAC-265 which describe physics models of EGS4 retained by EGSS,



thereby documenting all the physics contained in EGSS.
Published as SLAC-R-730 and KEK Report 2005-8.
3.2 EGS Particle Trajectory and Geometry Display Program cgview

Y. Namito, H. Hirayama, A. Takamura' and T. Sugita'
KEK and *Science System Laboratory

The EGS Shower Display system (cgview) is developed to display three-dimensional particle
trajectories of electrons, positrons and photons together with the geometry. The geometry systems
which cgview can handle are CG (combinatorial geometry), cylinder-slab, 3-dimensional slabs and
spheres of co-center. The data of particles' trajectories are calculated by using the EGS code system.
It is possible to check if the geometry is properly input or not on a three-dimensional display using
cgview. The time to prepare the geometry may be reduced by using cgview. Cgview runs on a

windows PC and Linux.
Presented at Monte Carlo 2005 International Conference, 17-21 April, 2005, Chattanooga, USA.

3.3 Evaluation of External Radiation Dose of Humans Involved in Veterinary Nuclear
Medicine by Using EGS4

M. Fujiil, N. Yamadal, N. Komatsubaral, N. Itol, M. Natsuhoril, T. Sanol, H.Hirayamaz,
and Y. Namito®
Kitasato Univ, and 2KEK

This study was undertaken to show the radiation safety data as the reference source of guidelines for
the veterinary nuclear medicine in Japan. An EGS4 code was applied in this simulation in order to

#mTe and "®F were applied since these two

avoid unnecessary animal experiments. In this study,
nuclides are the most expected radionuclides worth not only for human medicine but also for
veterinary medicine. Mathematical phantoms of the canine trunk structures containing the major
organs including the heart, the liver, the kidney, and the urinary bladder were prepared and evaluated
based on the basis of the mass balance distribution of the radionuclide. Radiation exposure of the
personnel involved in veterinary nuclear medicine (a veterinarian, an animal owner, and general

public) from the animal and their realistic but maximal condition concerning the time and the

distance from the animal for the exposure were also taken into account. The exposure of the



veterinarian who uses **™Tc was estimated at most 0.07mSv per study, which was about 1/300 of the
average dose limit per year (20mSv). On the other hand, in case of '*F, the exposure was at most
0.12mSv per study, i.e., about 1/160 of the average dose limit per year. As to the public exposure,
less than 1/100 of the counseled level ICRP (1mSv) was achieved by 5 hours after injection of *™Tc
and by 19 hours after injection of '*F to the animal phantom. As to animal owner, less than

the dose constraint JAEA (5mSv) was achieved by 12 hours after injection of 99mTc and 2 hours
after injection of '*F, less than the dose constraint of IAEA for children (1mSv) was achieved by
about a day after injection of **™Tc and 6 hours after infection of '°F. In this study, nevertheless the
condition for the exposure evaluation is still tough enough for overestimation. Therefore in more
realistic or practical condition for the practice of veterinary nuclear medicine, there would be no or

insignificant effect for the radiation exposure to the public.

Presented at Twelfth EGS User's Meeting in Japan, KeK Proc. 2005-10, 39-45, (KEK, Tsukuba, 9 -
11 Aug. 2005).

3.4 Investigation of the Energy Characteristic for Radiophotoluminescent Glass Rod
Dosimeter with EGS4

K. Shimomural, K. Tabushil, S. Kitol, Y. Shiotal, N. Kadoyal, S. Banz, and Y. Namito’
'Nagoya Univ, and 2KEK

A Radiophotoluminescent glass rod dosimeter (GRD) system is applied to the dosimetry for broad
energy range. When GRD is compared to a thermoluminescent dosimeter (TLD), GRD has the
following characteristics: the first is the small variation among elements; the second is to be able to
repeat reading; the third is the good repeatability of the read value. However, the energy response is
not reported well for the low energy photon, and modified by encasing the element in the tin filter.
To carry out the more accurate dosimetry for the low energy photon, the energy response for the
monochromatic photon should be investigated. Therefore, we have obtained the more accurate
energy response of GRD for the monochromatic photon generated by the synchrotron radiation at
Photon Factory (PF), High Energy Accelerator Research Organization. Furthermore, the energy
response of GRD was evaluated with EGS4. As the result, the energy response steeply decreased in
the region of less than 25keV. Moreover, the dispersion of the read value steeply increased in the
region of less than 20keV. The causes of these results have been investigated by calculating the

absorbed dose of GRD element using EGS4.

Presented at Twelfth EGS User's Meeting in Japan, KeK Proc. 2005-10, 99-103 (2005).
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3.5 The EGS Workshop, Class and User Support -The EGS short course-

H. Hirayama, and Y. Namito
KEK

EGS short courses were held as the parts of the 12nd EGS workshop.
3.6 User Support Concerning EGS

H. Hirayama, and Y. Namito
KEK

As one of the center of EGS distribution, we continue supports concerning EGS including outside
Japan, They are distributed in wide range from primitive questions of beginners to complicated ones

from EGS experts. Instructions were made using e-mail.

4. Nuclear and Radiochemistry

4.1 Measurements of Hadron Induced Production Rates of Light Nuclei at Intermediate

Energies

H. Matsumura, T. Sanami, K. Masumoto, N. Nakao, A. Toyoda, M. Kawai, T. Aze’, H. Nagail,
K. Murakami, M. Takada® and H. Matsuzaki’
KEK, *Nihon Univ., 2NIRS, *The University of Tokyo

In 400-MeV alpha nuclear-reactions, fragment mass and Z number were identified simultaneously
by time- of-flight and dE-E method using a counter telescope at 30 degree. We obtained energy
spectra for each light nuclide from C, Al, Cu, and Ag targets. Furthermore, the cross sections of 'Be
and '’Be productions by 400, 720, and 920 MeV alphas from various targets have been determined

by < -spectrometry and accelerator mass spectrometry.

Presented at the 10th International Conference on Accelerator Mass Spectrometry (AMS-10),
September 5-10, 2005, Berkeley, USA
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4.2 Production yields of the radionuclides induced in various targets fixed in concrete shield at
the 500-MeV neutron irradiation Facility of KENS

H. Matsumura, K. Masumoto, K. Oishi', M. Kawai, T. Aze’, A. Toyoda, M. Numajiri, K. Takahashi,
K. Bessho, T. Sanami

KEK, *Shimizu Co., 2The Unv. of Tokyo

We performed a shielding experiment with high-energy neutrons produced from a tungsten target
bombarded with 500-MeV protons and penetrated through a concrete shield in the 0 degree direction.
Using an activation method, we observed many radioactive products induced by neutrons with
energies ranging from thermal to 500 MeV and obtained their production yields from various target

elements at depths of 0 to 4 m from the surface of the concrete shield.

4.3 Measurement of the *CI Production Rates from Cl, K, and Ca in Concrete at the 500-MeV
Neutron Irradiation Facility at KENS

T. Azel, M. Fujimuraz, H. Matsumura, K. Masumoto, N. Nakao, H. Matsuzaki, H. Nagaiz,
and M. Kawai
Univ. of Tokyo, ®Nihon Univ., KEK

In order to estimate the total radioactivity induced in shield concrete by thermal neutron-capture
reactions at high-energy accelerator facilities, the activity of *°Cl observed in the concrete is
expected to serve as an indicator of thermal-neutron fluence. Since *°Cl can also be produced from K
and Ca by spallation reactions, we measured these production rates in order to clarify the
contribution of each reaction. The CI, K, and Ca targets were irradiated with neutrons having a
maximum energy of 500 MeV. As a result, the production rates of *°Cl from C1 were only two orders
higher than those from K and Ca. It was found that the 36CI production ratios from CI, K, and Ca

were 6.7%, 6.8%, and 86.5%, respectively, and Ca was the main source of *°Cl production.

Presented at the third international conference in the series of Asia-Pacific Symposium on
Radiochemistry (APSORC-05), during 2005 October 17-21, Beijing, China.

4.4 Indirect Measurement of Secondary Particle Distributions by Au Activation Method at the
KEK Neutrino Target Station

-12 -



H. Matsumura, T. Miura, S. Ishihamal, N. Matsuda’, T. Aze’, K. Masumoto, T. Suzuki
KEK, *TNS, 2JAERI, *Univ of Tokyo

Gold activation detectors were placed at nine positions on the inner wall of the KEK neutrino target
station and were exposed to secondary particles during approximately one month of the machine
operation. After exposure, the production rates of 19 spallation nuclides, which were produced in the
Au activation detectors at different threshold energies, were determined by y-ray spectrometry. Thus,
it was indicated that the Au activation detector is a novel tool that is useful for obtaining a

distribution of various secondary particles with high intensity and high energy.

Presented at the third international conference in the series of Asia-Pacific Symposium on
Radiochemistry (APSORC-05), during 2005 October 17-21, Beijing, China.

45 Improvement of the **CI-AMS System at MALT Using a Monte Carlo lon-trajectory

Simulation in a Gas-filled Magnet

Takahiro Aze', Hiroyuki Matsuzaki', Hiroshi Matsumura, Hisao Nagai’, Masatsugu Fujimura?,
Mayumi Noguchi®, Yayoi Hongo', and Yusuke Yokoyama'
The University of Tokyo, *Nihon Univ., KEK

We developed and experimentally confirmed a Monte Carlo simulation code to describe the
trajectories of *°Cl and *°S ions in a gas-filled magnet (GFM) at the MALT, the University of Tokyo.
The simulation revealed that the central trajectories of the ions in the GFM are almost spiral and
most of the *°S ions collided with the interior wall of the GFM. Based on this property of the
trajectories, we have found a more advantageous condition for suppressing *°S. As a result, the

background level of the **Cl/Cl ratio was lowered to 107",

Presented at the 10th International Conference on Accelerator Mass Spectrometry (AMS-10),
September 5-10, 2005, Berkeley, USA

4.6. Measurements of Electronic X-ray Energies Following the Formation of Pionic Atoms
Kazuhiko Ninomiyal, Hironori Sugiural, Toshimitsu Nakatsukal, Yoshinori Itsukil, Keiji
Nakashimal, Takuya Ikail, Wataru Sato', Takashi Yoshimural, Hiroshi Matsumura, Taichi Miura,

and Atsushi Shinohara'

! Osaka University, ? International Christian University, KEK
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In the research on a pionic atom, pionic X rays and gamma rays induced by the decay of neutral pion
have been well measured to investigate pion behavior in the pionic atom. On the other hand, the
electron state during the pion cascade has not been examined fully. Our group has measured the
electronic X-ray energies by using HPGe detectors for various elements to investigate electron
rearrangement process after the formation of pionic atom. All measurements were performed at
np-channel of EP-2 beam-line at KEK-PS. In this study, we prepared metal and/or oxide samples for
23 elements ranging from Z=29 to 92 as target.

If the pion screens the nuclear charge completely, the electronic X-ray energy of the pionic atom (we
define its atomic number as “Z” ) is the same of that of Z-1 atom. In facts, the screening effect is not
complete and in addition, the electron state of the pionic atom influences the electronic X-ray
energies. We call the difference between the electronic X-ray energy of the pionic atom and that of
Z-1 atom as “energy shift”. It is expected theoretically that the energy shift becomes larger
monotonously with increasing atomic number. However, we found that the energy shift is

approximately constant in the region of Z=60 to 70.

Presented at the third international conference in the series of Asia-Pacific Symposium on
Radiochemistry (APSORC-05), during 2005 October 17-21, Beijing, China.

4.7. Measurement of Electronic X rays Emitted from Muonic Atom and Luminescence from

Chemical Reactions Including Muonic Atom

T. Nakatsukal, K. Ninomiyal, H. Sugiural, W. Satol, T. Yoshimural, M. K. Kuboz, H. Matsumura, T.
Miura, K. Nishiyama and A. Shinohara'

! Osaka University, ? International Christian University, KEK

Muonic atoms are formed when negative muons stopped in matter. Because of their long lives
(~2ps), muonic atoms are the only species in exotic atoms that have a potentiality for new chemical
species. In this study, two researches are conducted in order to investigate the chemical property of
muonic atoms. All experiments were performed at the p-port of the Muon Science Laboratory in
High Energy Accelerator Research Organization. The purpose of the first research is an investigation
of the electronic structure of muonic atoms. In this study, electronic X-rays were measured for 7
elements: Sn, Ba, Ta, Ir, Pb, Th, and U. the experimental system for the X-ray measurement consists
of four germanium detectors. It is known that the eX-ray energy is affected by the electronic
structure of the muonic atom. In this research, we found that muonic atoms are highly ionized

because of the existence of inner shell holes formed by Auger process during the muon cascade in
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the low Z region (Z is the atomic number of the target atom).

A preliminary experiment to examine the chemical reactivity of muonic atoms was also performed
by detecting chemical luminescence originating from the gas-phase chemical reaction of muonic
atoms. In this experiment, a mixture of the Ar and CH4 gases were used as the targets. If the
chemical property of a muonic Z atom is similar to that of a Z-1 atom radical, a muonic Ar would
behave as a Cl radical. We attempted to detect chemical luminescence for the evidence of the

chemical reaction between muonic Ar and CHy.
4.8 Determination of Nitrogen in CZ silicon by Charged Particle Activation Analysis

K. Masumoto, T. Nozakil, H. Yagiz, Y. Minai’,Y. Saito* and N. Inoue’
KEK, *Purex Co., 2SHIEI, ®Musashi Univ., *JRIA, °Osaka Pref. Univ

Recently, it has been paid attention that the presence of ultra trace amount of nitrogen in high purity
silicon reduces the lattice defect of silicon crystal. A working group of JEITA has made efforts to
establish standard procedures of plural methods for the determination of nitrogen concentration in
CZ silicon. In cooperation with this working group, we try to establish the reference procedure of
charged particle activation analysis of nitrogen. We adopted the "*N(p, a) ''C reaction for the
activation of nitrogen, and the two separation procedures of ''C, i.e. dry fusion and wet chemistry,
were examined. Nitrogen of 10'* atoms/cm’ level in CZ silicon has proved to be determined by both

methods, which gave results agreeing fairly well with each other and with the result of SIMS.

5. Study for Clearance of Radioactive Materials in Accelerator Facilities
5.1 Measurement of **CI Induced in the Concrete of Various Accelerator Facilities

K. Bessho, H. Matsumura, T. Miura, K. Masumoto, Q. Wang, K., Y. Tosaki', Y. Nagashimal,
R. Sekil, T. Takahashil, K. Sasal, and K. Sueki'
KEK, 'University of Tsukuba

In our previous work, we have developed a method for AMS of *°Cl in concrete samples and
demonstrated that AMS measurements of isotope ratios of *°Cl to **C1 (**CI/*°Cl) is suitable for
monitoring the thermal neutron fluence in the concrete. In this year, we investigated the thermal
neutron fluences in concrete walls, floors, and shields at the various types of hadron and electron

accelerators. Thermal neutron fluences at the concrete surface were in the range of 10 to 10" n/cm?,
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and the maxima in thermal neutron fluences were observed at approximately 5 to 10 cm in depth at
most of accelerator facilities. Increasing the acceleration energy of proton shifted the maximum in
the thermal neutron fluences to deeper positions, and it increased the attenuation lengths of thermal
neutrons. On the other hand at electron accelerator-facilities, depth profiles of thermal neutrons
showed similar tendency independently of the acceleration energies between 45 MeV to 1.2 GeV.
These results reflect the energy spectra of secondary neutrons emitted by the nuclear reaction at the

beam-loss points.

Presented at ““The 10th International Conference on Accelerator Mass Spectrometry ( AMS-10 )”,
September 5-10, 2005, the University of California at Berkeley, USA and at “The 8 th AMS
symposium™, January 27-28, 2006, the University of Tsukuba

5.2 Neutron Activation Analysis of Trace Elements in the Concrete of Various Accelerator

Facilities

K. Bessho, H. Matsumura, T. Miura, K. Masumoto
KEK

In the concrete of accelerator facilities, thermal neutron-induced nuclides, such as 4680, 5 1Cr, 59Fe,
Co, 1**Cs, **Eu and 4Eu, are major nuclides. Accordingly, elemental concentrations of Sc, Cr, Fe,
Co, Cs, and Eu, in the concrete are important to estimate the radionuclides induced during
accelerator operations. We analyzed these elements in the concrete at eight kinds of accelerator
facilities by instrumental neutron activation analysis utilizing the JAERI JRR-4 reactor. The
concentration ranges were found to be Sc : 5-15 ppm, Cr : 20-60 ppm, Fe : 1-5 %, Co : 5-20 ppm,
Cs : 1-5 ppm, Eu : 0.2-0.9 ppm. Further, thermal neutron fluences occured during accelerator
operations were calculated from the elemental concentrations and the radioactive concentrations in
the concrete. The estimated neutron fluences were agreed well with the values calculated from the

38C1/°Cl isotope ratios determined by AMS.
5.3 Separation of Radioactive Carbon from Activated Samples

K. Masumoto, T. Ohtsukil, H. Yuki" Y. Ando® and Y. Izumi’
KEK, “Tohoku Univ., 2JER

In order to obtain the activity of '*C in concrete samples obtained from accelerator facilities, it is
necessary to establish the separation method of radioactive carbon in concrete and rock samples

induced by nuclear reaction. We studied the separation of radioactive carbon by ''C produced by the
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bremsstrahlung irradiation.

Silicate rocks and concrete samples were irradiated with 30-MeV bremsstrahlung of 120uA for 20
min. at the 300-MeV electron linear accelerator of Laboratory of Nuclear Science, Tohoku
University. Decomposition and oxydizing was performed in an infrared furnace under oxygen gas
flow. In order to remove radioactive nitrogen gas, a column containing SiO, doped with Co,0O; was
inserted between furnace and a bubbler for carbon trap respectively. The radioactivity of each
column was measured with a couple of BGO-detector.

This technique is also useful to separate 14¢C induced in accelerator facility. Therefore, separation
conditions, such as heating temperature, time, gas flow rate and oxidizing agents, have been

carefully studied.
5.4 Separation of Nickel from Activated Concrete Samples

K. Masumoto, T. Ohtsuki' Y. Ando” and Y. Izumi?
KEK, *Tohoku Univ., >JER

In order to measure the activity of ®*Ni in concrete samples obtained from accelerator facilities, it is
necessary to separate Ni from concrete samples quantitatively. We traced the separation behavior of
Ni by photon activation analysis. Concrete samples were decomposed into HNO; and HCI in a
pressurized decomposition vessel, and residual substances were attacked by HF again. Then,
concrete samples, resisual substances were irradiated with 30-MeV bremsstrahlung to determine the
abundance of Ni in them. Nickel concentration of acid solution extracted from concrete samples
were also determined by the atomic absoption spectrometry. It was confirmed that nickel was

separated from concrete samples by the decomposition of HNO; and HCL.

6. Environmental and Analytical Chemistry at Accelerator Facilities

6.1 Aerosol Formation Induced by Proton Irradiation to Air

Y. Okil), N. Osadal), Y. Kandaz), S. Yokoyama3), K. Sato’ ), K. Manabe3>, A. Endo’ ),
H.Noguchi3), H. Kanek03), Su. Tanaka® and T. lida”
Kyoto University, * KEK, > JAEA, * Nippon Advanced Technology Co., Ltd,* Nagoya University

Radioactive aerosols produced in air of accelerator rooms are one of sources of internal exposures in
accelerator facilities. Their particle size is very important information for estimation of internal

doses. The size is determined by that of non-radioactive aerosols produced through radiolytic
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processes of air because radioactive atoms formed in air are attached to the non-radioactive aerosols.
In this work, to elucidate behavior of the radioactive aerosols in the accelerator rooms the particle
size and number concentration of the non-radioactive aerosols were measured immediately after
proton irradiation as a function of deposited energy to air by protons. The aerosol diameter was
found to be 10-20 nm. Both the particle size and concentration increased with an increase in the

deposited energy.

6.2 Physical and Chemical Forms of Radionuclides of *S, *Cl, **CI, and ¥Br, Produced at a

High-energy Proton Accelerator Facility

Y. Kanda and A. Yoshioka
KEK

High-energy protons and neutrons produce various radionuclides in the air, mainly through the
nuclear spallation of atmospheric elements.  Air samples were collected from the EP-2 tunnel of
the KEK 12 GeV proton synchrotron facility with a filter pack, which was consisted of a membrane
filter for aerosols, a Na,COs-impregnated filter for acidic gases, and an activated carbon fiber filter
for non-acidic gases. Sulfur-38 was found on the membrane and Na,COs-impregnated filters, **Cl
and *°Cl were on the membrane, Na,CO;-impregnated, and ACF filters, and ** Br was only on the
ACEF filter.  The results on the relative abundances of aerosol and gaseous acidic components have
indicated that *®Cl produced by thermal-neutron capture, which is a main reaction for **Cl
production in the EP-2 tunnel air, are likely not to be present as aerosol and acidic gas.  This was

similar to the case of *Br produced by thermal-neutron capture

7. Nuclear Data

7.1 Angular Distribution Measurements of Photo-neutron Yields Produced by 2.0 GeV

Electrons Incident on Thick Targets

Hee-Seock Leel, S. Banz, T. Sanamiz, K. Takahashiz, T. Sato3, K. Shin* and C. Chungl
Pohang Acclerator Lab., ’KEK, 2JAERI, “Kyoto Univ.

A study of differential photo-neutron yields by irradiation with 2 GeV electrons has been carried out.

In this extension of a previous study in which measurements were made at an angle of 90 relative

to incident electrons, the differential photoneutron yield was obtained at two other angles, 48 and
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140 , to study its angular characteristics. Photo-neutron spectra were measured using a pulsed beam
time-of-flight method and a BC418 plastic scintillator. The reliable range of neutron energy
measurement was 8-250 MeV. The neutron spectra were measured for 10 Xo-thick Cu, Sn, W and
Pb targets. The angular distribution characteristics, together with the previous results for 90 , are
presented in the study. The experimental results are compared with Monte Carlo calculation results.
The yields predicted by MCNPX 2.5 tend to underestimate the measured ones. The same trend holds
for the comparison results using the EGS4 and PICA3 codes.

Pulished in Radiat. Prot. Dosim. (2005), Vol. 116, No. 1-4, pp. 653-657.
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AT oo, Fio, EEFEEIC BT 2 ENE - FHE &2 1T > 72,

2.1.2 52 X
[HI3E DA

(£) dbh 7o B —R—ZHBT D EPl B — AT A O AL IR 528 HAZR A
(1) EPI-A E—ALT At =a— R ) JE—ATA VO ~ODE—LZ U THiRE =a—
FY JE—ATA DRI

EPILAE—AL T A b=a—F ) JE—LT A4 VOMIZIEPI-A BE— L X 7 | 8t L,
—a—h ) JE—LTAEYVEELT, =2— R ) JE—ATAVEFEIET D,
(2) EPI-A,BbE—A T A VEDLHER

EPI-A B —ALX 7 T=a— ) JE—LT A LU b7 [EPI-A, B E—AT A
VE| L, TEPL BE—AT A vE] 15,
(3) EPI-A B — AKX U THFINET HE—LTA VBEOLRER &2 OEHTIEDE
Cd

Z=a2—hF) JE—LATA U TEE—LDOEELITORWD, 22— ) JE—LTF A
E, TA4T7A4R) 2a—L), KP=a—b ) JE—LT7AVE2 =X TOHMO—
% EP1-A BE—AX T ~BEHTHZLIC L kD ZEM a2 £ LT [EP1 Rtk &4
MEEL, AEEOED S INARIRERXE] & L TEHRT 554 58), 72720, K
S U7 B SEAHE T, A O E D 5 FREADNLH A DG OFEHEQR0 1 Sv/h LLTF)
Z LR DGIIBFET D720, v—T7IC X0 HRADPNL D AL E ORI 5ITV,
WA DG HIZVICAB AN WL D el E & D, FoREIGYBEEN, ESE
YD 40Bg/ecm2 HHIZ TWDH X —47 v b AT — 2 U0, S CXE LADNAY & 281k
LIEEAE & D,
@) a—ArT=H—ROBGERGEDE T

Ra—F U= —REAEBOED D NARIREERXIE 20 [—REEXE) 12
EHLCTERT D,
(5) EP1-A B — AT A NZBIT HHEREDHR K (KB B — A58 E) DO
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EPI-A B — AT A LB DB — LD M A, HWERY H UEfS, BV L
HEIAICEAD O TR CICEE T 5, E-T, 1RO X5 mEDOXNINE R 725, M
DERBDERKEGFE—L8E) L, BEAOEVTRY H LUEROKR K THD
1%GﬂhuAQ0xmuW@&L,ﬁoK5&UK6E—A74/@%%ﬁ%ﬁ60@84m)
Z )

6) A F—1 v AT ADEHE

EPl B — LT A VEOYGEIZEY, 12GeV B v 7 bu Ui OEIEICR D A v ¥
—ny VAT LEERYT %, (KEK Internal 2005-1)

(1) WAh T —hR—)LIET 5 FFAG IEEE LN EP2 B — AT A VEOM AL HIC
B0 % 28 7GR I h
(1) FFAG IEHZEENDO E— L E T DOER

HNEZRBIFEITfE > T FFAG MR SRNO B — L X T ONE L TR A2 L 2 D MERE L
7272, FFAG B — L% VT ONE ETBIRZET T 5,

(2) FFAG MEFHREIZBIT LI A7 m br ROV 7 v b Al K HIEATRERL 1 D2
Cd

I FTBERL - & B 10D H-Z B L, KFEA A HH HIUEFET 5,

(3) FFAG MEHZR=|ICBIT VA7 v br L AERAOEHOET

[FFAG > > 7 u bar~D+ AR | % [FFAG > 7 v har~DKFEA 4 A )
AR 5,

(4) FFAGMHEGR=EIZBTI 24 7a bt kv rsa ha Al LA EROFEOER

512 I3k, ka5 & DKFA A2, #@kd s AR T D,

(5) EPR2E—ALTA4 VEDA U FX—ra vy I DER

EP2 B — AT A VEDA X —1 v JHERERIL DT D DEE 41T 9H
(KEK Internal 2005-2)

(PSS B D Ja ]

() WA R —R— N hbyrra ha (R 2 —FR—/LFFAG v/ 1 ha
Y DVERE D e K 10 OIS W e o
WA H—=R—= VDb rrm ha(RAY o Z—R—/VFFAG ¥ 7 1 k)OO
REDI A I1%, 6.0 MeV » n A5 03 MeV * p AT 5, Kb — A8 % 40 nA
25 2nA DT 5,

2.1.3 3 XK
UTO¥EREIToT,
(1) PEFRARFIEREER I 361 2 BB 22 At RO MRGE . K OB B F i
() I 2 A UFEIIZER IR 3T D B A R ORE, M OISR B o> S e
(3) TR RR (Z 51T D P SRR (R M IGEL JEBRE . Pk U SRR )
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(2B D R 2 BRERORE, K OE
%7 : N. Nakao, H. Yashima, M. Kawai, K. Oishi, H. Nakashima, K. Masumoto, H. Matsumura,
S. Sasaki, M. Numajiri, T. Sanami, Q. Wang, A. Toyoda, K. Takahashi, K. Iijima, K. Eda, S. Ban,
H. Hirayama, S. Muto, T. Nunomiya, S. Yonai, D. R. H. Rasolonjatovo, K. Terunuma, K.
Yamauchi, P. K. Sarkar, E. Kim, T. Nakamura and A. Maruhashi, "Arrangement of high-energy
neutron irradiation field and shielding experiment using 4 m concrete at KENS", Radiat. Prot.
Dosim. Vol.116, No.1-4, pp553-557 (2005).

GBS+ B — L BRI I1T 2 IR At RO WRE . K O s E B o> i

FERNC OV TR, 12005 AEEEUHBVE BRI | 22O Z &

2.1.4 54 X

B IEER TlX, PF Y o ZEMEEREHEII D B — b T A  OWE - FERS
Rk 18 AEEE O top-up IEERBRAAIC T T O~ v A X T ¢ M1z, B SR O iR
LAUL, TIRE—ATA DY X v X —E BT TRRE T A L7288 OISR L~ L o
TR EZITo T2, AR L~V D@ -7z BL-14 fTICIZT ) 72 =2 — 2 H% L CTHE
IS5 L L BT, BE—ATA 2 LD AR L TRER L~ 2R L2, E
72 PEUL T « TARE—=LTFA L DI=dDE 7L top-up AFHD 2 U v b DML DO#
ARG Uz, BEHSET A4 Y b —THiRR Tk, EEOEM AR E HIC - EiToT, £z,
BB RIS A S AIVIZEBRA T, ZAUTHE D I E B S 21T o 7,

2.1.5 %55 Xk

[KEKB Jiiz%

IR LRI BT TRIRNES 22 5500 3 0 3 2 IUBIZ B L CE B ARHFE 21T o 7=,

B - ZWORM Y v v N T AMED E— AT A URIBERAE, V7 BNy T %
il U 728 E IR S C O R R 22 R B 55 Akt L THT > T D, il BOGESRES R
)b - D10 BIFFRIZEEE L Ch 2 BRENMEZFICE L, =— 2 0 7 s34 3 2 i
WX D R AR AT o T,

[RIREEHURE Y 7 BAfR]

PF-AR DB — LT A 7R2FKILED BEHR LV ~L BRI OWTCEI N2 — 2 & OFRB, KU
BRIV EFIGFTOSA, RS2 — e EERN BEMRERE LT,
(RAD-D-2005/3)

[7 &7V —h— L]

UTOERAKRBFFE LT

« ATF 35 K OVNRLEE - INdAs O ] 7V EZE B B3 2 U #h & axiR

< NG 2 7 MeV 225 50 MeV (ZHERT 5 72O O RGEZ1T > 72,
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2. 2 FRMTROEEEE

2.2.1 BB E PR E

LT OHFEEITVARR S LT,
(1) RO R OITEDE T
(a) M MERCEHIERIZ BT, 1220Rn DY = R L—F —Tdh 5 228Th ZHT %, &4l
Frd %,
o) EHEW TR 7 KRR T URORR N 7 AORKITICEN S 2 ETbEY
AEHZDOWT, 500 MeV P E—AIZ Lo TRAETHRAEI 24 E—L (2IRE—L4)
Z O CTRFE OB FE O E TR D EREITH. ) & [Hbv T, RRUZ
YRRV LI ad =R RHE L, B8ORS O, (LR R 2 AR
T 2.0 WAL, (kiR aBind s, (EHERNG6)

() BbwZ v, RERTT UK U LMIHEEERE L, Wtz oz irses 5,
et & LT, R B G FEB i s At vl FEBR AR, K5 BT i i SE B R A SRR AR A 1B N
5, (FERHEBT)

(d) BETHHERCEHAERRIZ I W T, TESDEIRE L, BB, & 2 WIZRRETEORHH o8 R 2 1F
T %.) BT 25, ERER9)

(e) HURMEREHIERIZI W T, T 7 AbEMm A o RS S LCTHERT 5.1 &8
T5, BEAHEL 1)

(f) 1500 MeV 57 hnEashisk - 77— A% — U 7 kN2 GeV B IlEgs s « =V 7
DGR OVSA T DA E LTHERT2) 2T X522 o1cXs L,
MARE G2 I T 5,

T —RE— [E—= A XU TRERIZBNT By T % =7y M TRERE LT
e T2 S, KREMEFEREITO, ) (EHEML)

cH AT B =R BN, TS A2 L, (BRI A T 5. (AR
1 0)

(2) T EMHEOZEE
(@FEHEROCHEOERIZE bW, Kby Ty, RARUZ Y, M) ULAERENOME
MBEORELZ1T 9,

(3) 1 FM R DN E S DA

(a) BTax Shu7z KO i o St a% O AL Ve 2B, AL FEBRBR A Bri= 1B N9 5%,

(b) H#RE BRI A AT D HHIBR T 2,

(c) @M rae —HEET 5,

4) FTEDORE L

B DT 25 it o F1b
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2.2.2 WEHEYE S OB
HOR P S AR EAE O UGETICHE D BHAE - SO RBE L 21T -7, BE - IEEEHE -
FrovX T —AEBERT LT —HRXR—AY 7 NEER LT,

2.2.3 FAIEER OB

X BRI A | A R DR 2 U R ZEE R N IR E— A T A O HEFIRILO Y — A
e EOEHRNAEEET 5T —H =AY 7 MEER LTz, Zhick o, HEEEER, f
FENAEORE MR XY m— FEEENT =7 ETITH 2 ENRTEL LIRS T,

2.2.4 BREEHASREONIE

JEO i % 5 O T BRI AR R DOBLE N & MIRERMIEE 2> O L S AV O PR RE, RFIC b
UF U LNENERICEELZBIEL T RN & %ﬁ”ﬁ; D70 AR EAN T K
T OV A O Bt PERE R e S 2 8 U 7, BRI O K2 Bk, BREE L ~UL
FODRREHWVRED U F U A0 S0y, AHEEH N O — % X IR O H T K K O
HELOW)IKRP O R U F 7 AREX, =a— MY 7 EFEE L 2 5 DEREKD L~ T
b, FIREICEEEZBIIEIL W 2R LT,

225 R EEE © T A EBEROUET

TSR D IEIE DR TS 2 £ O ISR L REE © 7 A iR O WG 21T - 72,
BB PERITT L EME + F BRI LTy, SETHIERUIC S 7o - TiEL R %
NU—=RA > MCEH L, SRORTEZ RO T,

2.2.6 JEERELEHE TS & OET
Uitz 20 T X B —FR 1 7 4R 2817 L,

227 HHE=2Y TV AT MO
(1) A FRE P EEHZLE (NORM) BIfR

BNORM X, 200041 0HICAY AT LADANEZ A5 T L= 31{LH (NORM3)
T, NEFRIZRB L T\ D, AT o 7o REm EE O O RSB R E L FITRT,
[F—Z AR Y 7 7 =7 OFERK]

WA R DR GG DNEAL S LT DIZEV A5 NORM ORIET — & & AR
R DB EFRE LTz, T — & % NORM O GLBEAHAEE 7 5 245 U, ASHHE O B bE U
A DE =2 =W K EBIEERE CHE ST — 2 R FEREN5S,

(2) JhtirE = &% —(SARM)IZ B3 2 AF 52 BA %
[R50 B e 1B HH B
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T VT VAT ATOEMRZ BN E LT, FET7HBIEHE %mbfﬁ% EE
T2 2 L FTREZR AT E IR AS OB Z ke L TIT> T\ 5, Z OMiEIL,. FoER
ZIRRCRICH T2 KO ICREI L THDH DT, %%#%@&meﬁﬁbfwé P A ]
BRI L CEAT 22 ENARETH 0 . Do RERINC I PERR I FEEERS 2 5%t iE L7 <
THHIRO TR A L FIEHE 2 A X 2 RUICRIER H D, 20N %E AV
By BRSNS T RERAT S 2 LI A= MRS ERERE BT 5K
2L LVFIC K DIFRISE D DR SN DRPLTIZHB W T, EELWEHINITZ 2 & #HifF S
b, ZAIVETITHE A D= MRSV AFHETFISIZB W TR 2T > TWDH 3, £DJR

ENEZBAF T, PHEFIRENR K E WS THEMRMEO RO EREFERGE LTV D,
IR TR 2 R = 2 — D%

PR DRFERI 40 U » MLOBRRRIOH ZAE =X —DNMERA S TWA D, W HUEE 2 0%
THHMTHAZEE T TH D, TAT=F —ORHKRE, BT OIS X D EURE
DEGEILZAT 9 12 EGS4 Z AV THEIME L, TORENSFREEZHN 10V v hre L, W
VIINEROERGEHR LN L ENERKIEREE TEO TETE 5 X 91T 21T
olz, ZHIVETITHLIRRARE L CE RS ERE =% — DR A HAAT Z LI XD
BHEEZ 1~ 2HHEERELTDHZ ENTE, IERMR OB TIZEEND N T
ix@)%%<ﬁ&h8¢&1@m%$’ﬂbf%®%%¢%ﬁ@ﬁ%?ifﬂﬁ?é’&
WAREIC 2 D LIS D, RE=F—I2iL, F—0 2 RHO VAT ARERE I,
ﬁﬁyf%@Wé@W*%ﬁké@@ﬁ%%ﬁ%%*ﬁ%% HIE L, 5w s 7 &
IESH TRy 7 7T 00 REERRARE Ly SEST 25 X 9 ICRFF STV 203 HEX
ZE RN E R DRI 1INy 7 7T 7 v RROR > 7 0MESh & BRdA L B 8 Al s iR )
T d X an T\ 5, [FAAE =4 —L PS s 2B\ TEBOPFR LS 2 HE
L CEMERBR M T iz,

228 PSIZHT DHEEFAH A L IR

JPARC TOfl FIDEE S DTl &4 O HFPEAFREFT O EFISEW R R F—InE %
FEROGIZB N TR AL 2 AT, B (PS) DO ERKiR B\ T
MR ERE DL O RN TR 2 R A THIE 21T o 7o, WIE IR SR EAF TR 0 2 4
TN—7 LHE LTIV, EWVICHREFEZFDE - TTo 7z, gL Lz ERHT
EFEMRERFE LT LA B v ¥ — (Fuji, Aloka, ALNOR, Studsvik) . fﬂVAﬁ7/5
— (EREAF) . AR LLBIGH 2% (TEPC : Health Physics) 72 & CToh 0 | B APIRRES &
L CIX CR-39 W TN TLD (iU 0 A RO 7 v b F U L) HEThHhD, FAERERET
DHH CR39ITT 7 M AICEEFE L, TLD ITHMEFREY &7 — AN AN THIE LT,
RESFE L CEELEZDIE, BT —R—L Tl BRIV 7, kv Z—Fk— -
K6 £ 7, P TRELEREERAR E I 2408 1 ERBEREE E (¥—7 v
O 7HEE) THD, HIEIX. PSOE—LDHEN KD 3 ARE TIrbiv-,
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2. 3 J-PARCIZED D XIZBHER L RGHIR

23.1 ] —P AR COEITIRI & YR & o 2 —5E

J —PARCIEL, HARJRIWFTEBAFE R & & L X — IR JeE & o ILE 7 1
VxJ hThDH, BHEHMETE X=X ] —PARCYRY =7 FOHRORET NV—T
B LTRY, FRFL R V—7 L YBBE e o 2= b sng, ¥ —0
Iuvzr FEIEX, FY —F— @AY T Y =& xR =l B PR wE
THTH D, £7o, # FARLRBAFIIIEZIT O 72, PERMIOAIE, @R, D 3 4703,
Ve Z—ho7uaycy hF—LBIZBML TS, Yo —iE, EIZ, 3GeV v 7
o ko AR OMERRREF. 50GeV o7 v b Uik, e U ERER, —==2—
J EERHiER DZ ARG A EE LTV D,

232 J—PARCEVZ—D&

J—PARCIE, HRBBLCREZE 0P 27 b3, ReF, By L&, £
DITRROENILH 72 b O OERFENNEFNZEA, 2 0 0 6 4 3 AZHKH O HEGHHIRE B IX
WNREINDZ L Eolz, TR H, 20064E2H ] —PARCOEE &Y
5] —PARCEVZ—=NRLIIN., BHEHBREFEZ—0DIE, 88K, =, TH
D3/, J-PARCEVF—ZEEI7 L a  BELTEML,

233 ARG

V=T w7 &AL v F¥—FRIZONT, 20 0 54 8 A SCHEMFAE bl =127
AEICAR D B 21T T2,

J—PARCI, KL m=xit 0XFE7r Y7 hTHY | IEAKEFT-72
W CTH D, £ 2 THEBIZEL L HHBIHIESE L. R s sz ke o
CEWEETI L Lol FEBEOBEREHIZOWTIE, WHEBEOREN, MEHER
] —PARCEVF—RIZZEL, B Z—KOIT—EN, —xWERELITO 2L &
5%, OO EREEEN, MR TR 22hb3Ihi,

V=7 v 7 OBHFEZOWTIE, 7 RSP =G0 2L 2720, 3EIOSE
THEAESN, 200 643 HICHFENLZ STz,

AA v F X — RIZEBW TR, FFARER M ERE DI DR EH ' v ¥ — Ok i
BT, B L RRFCERXIRAZRE L, S 1P L ek Lo ERCA 2 0
BEEMAL, E—L T4 OBELEZRIGE L, V=7 >7I%. 20 0 6FKITHzRMRAE
0T, HEHBET 5 TETH D,

J —PARCOEMIL, FRFBHINIZEZR T D720, KR & DR L& EIC
£ 0 R R O R AT K OSSR FEA ~O BRI FTH e S st m = 2 RICiRH L, Ro
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KEEZ TR NER LR, V=T w7 &AL vF v — ROHEIZB W T E RSt
W E A R OB AR LA 2157, Yo 2 —13 20 b Filak et m =25
éﬂéﬁélﬂn‘l‘%‘f*ﬁ él L/ *ﬁiEIHXE-I-E‘i%{/EE‘Z L/7L_

234 BRsR DL

AEEH50Ge VI ru bu Uk, »~Fe 3Rk N=a— M /2 FEHRlux
ZHOIZ ] — P AR CORMEE DWERGRGET, A ¥ —1 v 7 VAT AOWEEZ LR &
1To7z,

FhRx DR Y T 5 7 —T LI

F gk CHREPE I D U — %/77w—7~@mﬁ

FERER & WBE - i & &R TR S D MR T b A b,

SRR v 2 — L BRIl & ORERY E L 0T H &b
R ENCEMINCHE T2 2 LIk, WL TEEREERL T\ D,

Fo. FBEF - e N—T LD ] —P AR CEE VI — T ERIE LN G R RO
BRI N—TXHEETHEIN TN D,

2.3.5 Duratek #E8 Y ¥ 7 /L DOFIH]

J—PARCTIZ, #EikiEs L TREOHZMEHT L2 TETHY | ZAli728kOHAE A3 24
L7 %, KI[E Duratek tE03MEET 2 U A 7 VEkIE, BARDORIER XA — D —NIET 587
0y Z\ZHANENCZTHY . i s LR SRS, KRER T A lEak CEA L
TWEEEO Y A 7 Vi Th D, BEREEN IEETHET 2 FIREEUL T TIEdH 5
MOT DI EZEL LD TH D, ¥ ¥ —Tix, ~"KFr 7 —7 L) L, Duratek
NS VA 7 VDN EAFL, BAREBREOHELZITV., FTREEUTTHLZ &
R LTz, Yt ¥ —OWEFFK L Duratek 0> HE BN T X @R A T
SCRFE TR R . R B 2R R ORI # ] U, Duratek #8414 7 A8k, Bl
TED ARDIEERFIDO LD TH D Z k%ﬁ;bxﬂ9b/@ﬁﬁ%7n/722@%ﬁ%
FNZ B = R CHEA LT, AH%KIMR K ORVEFIC B L, BfEL 14Kk D TET
b,

2.3.6 ] —PARC~DEELH DA

J—=PARCTIE, @R CHERLTOEIHME L T2 ERA ., BElIARS 2 A
L. BE—AL 74 U EBET D, BOHMb ORI UERHZ ERL L. IR K OV AT
ZRE Ui, R & O 22 E Tik, BRI TR Osic B L, KRR KO
Mot HIBRERA~RTHED Z ERBE ST O TV D, ML LT H R LY
FESHERINL CRICHE L TR 2 KO fRENH 0 . WEOBICIL, KR &K O HYER 2
D Z &l oTe,
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2.3.7  HuUTRKENREILRIBHIEHFSE

J—PARCHHEE éhéﬁ%ﬁﬂ%ﬁ AT - BRI T, AL TR | K
RUEED DR THELEM T O DI L DHET, WKOEERED LS IZHND 1 ER
#HL, *n‘&{%ﬁ%mﬂm@&]\ X Dﬁz‘bé ERRNI DT LRITFIUT R B2, £,
KAt 5% D (ZPE DS HU T AKENRED BN A, EETHIOH T OKNMIZED X 9 I8 %
525%%@%?6%%#%0\@%ﬁa&ﬁﬁ%%\ﬁﬂﬁ\mmm3%fhmﬁﬁﬁ
FeEAT O T LT Lz, Rk 16 R, EFEBAFMIIEH E ARG 1Tav, Rk 19 4 3 3 £ T, ik
INDZLIZRoTWD, ZOFEBAFIIEDO—EEEL LT, KLENBEDAIMND, &5
FEOH T ARITAR D FRTHA ATV, BUEET O THHIH 0 R 8 2 @i ng I A LT
%o Al Z—IFTBREFHIC X D FKOALFESHT 24TV, £72, HUFKPORSEE (b
UF L) ZHELTWD, 50GeV VU v 7 ORI THOBEFRIT R, T KRS LT
DOERENPHEIML TV, EHIROFFR-ENDBEZ > TWAHED, ZN LHEOEEIZER
BIfR L TOW D EH DN TRV, U F v — U EOHTARMKRZIT WV, % i
ZHRWKIRZ R TN D f5 XI5 OBLANIERBE 2 e U, BERE, 75 H XS0 S AT ~
BUAMRILZHE L TWD, 50GeV U v 7 O SN LR OH T ORI AZ 3 F TiT> T
BY, TEEMHE L TKRMOEEHPEBHI S TWD, £, HAKIZKD2HITKROFEI
DR A B ZiAI, 50GeV Y > 7K OHL R KR OSSR L T\ 2,

2.3.8  JilhR L s PR k(i O Rk A B g

J-PARC Hiia& |2 35 1F % HUR 2 b an a0 0D X 2 2 980t Sl i Hh B 1 5 81 DN HY
NEAREHIEE I COWT, ARG ZZET L, N"—Ru=T7W¥NZY 7 by =7 ORES
BAt L7z,

J-PARC JH ¢ S S A S AR AL & U CNORM 3 2 N— R |2 L2 AT L ORFHBIRE A
BRAE L72, NORM 3 226D E-HEE LI, KV RE LZEMEEMET L2720, HELR Y
FU—ZICHHESND CAMAC: 7 L— b3y ha—FDE A AT —3 g SRR H 8
NSRBI A BIAE T D MSEA T — a UV AT LADOBEANERET 5N,

J-PARC DNIEEAE (TR « BAHEEL @< e b L PHESRD DI, EEOMEA
ﬁi%m%ifm@D(7§—A@ﬁ”H%ﬁi%)@#ﬁﬁxﬂk?%éo:h%ﬁ%é
EF—hE=HF— I— R —F— frODHj)\ﬁfEH%”” IR —=Y F % —2EE & ik
BHNEARENES S L D12, HAE L u#ﬂnganD%% . RFID #1%H
Mt#%%ﬂf\ﬁkﬁgﬁ(ﬁ7xﬂyv®%m)LWaéﬂféﬁmb\%/xwﬂ
HOZD DR/ X —DH&E, ID FF TS0 bbAADZEEL
T, APD O#ATIREE (fFV L., RAZET) 2RV AT ATHIFEIER L, M2RHAE
HOERBAE B Lz, BE, BRMRE LERLZFERT 2720, REFHRICH 2 8ifERER
ZiTHo T 5,
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RELSEHETIE, BEHE. XEFAE SR 2 DL OKEE, ik & 2%
T TERY . AREEIT 18 RO ITHKIE AL Z T 72, LTICHEDO—#Z~7,

(1) BHKIEE Y NI B O

AREZEZ M AR B NI & LIC B EIZ W CTEMRS T 21T 72, IR X
FRIBIPTIE B OV X T IC L DAL FREDRIE AT 72 & T A, Cuk ChOR g E&ivi-,
Cul ODLHEN L ERTIFECu,0 TH D EHEHl S5, (CHEM-A-05/4)

(2) \EHAANL—THEW - IRAOHT

HOLHIX A EIEE T~ 27 % N RO R R RT~ 7 %y RO A N L—Ff15Y, &
AN TEW DT ZIT o 72, (&Y, IBAWILITHRARIA ST S IZ K GO
MR ZATV, MEWIZ 7 ) — X L EHOREYM TH Y . BEORAMIZ=RF U H#iET
D ENgroT, ETEREAOIRBAMIIHRNAARZ MVORENRRETH-T-72D, ¥
RXBRAPTIETHIE Lz & Z ACaCO;THALL Lz 37 — o 3G Hiu, SMEL, MEIRS%E %2 B8
HeILDO—FTIT Vv Ebits, (CHEM-A-05/7)

(3) & — B U mEVKOKE A OB T AW

BELLEE{mE Y L/ A FHAY U LA HEETE N O m K BAZHLER O FRRLE 7> 6 K
MEZ oTclod, ¥ = mAVKOKERE R R E I E LT EE A4 7~ B
77 7R RIEIC X0 B & EVEDNT AT o 1o, & OSSR $BLE 1513 3212CuCO; -
CuOHLTH D Z LN ghotz, Flo, MEKIZE L TIIRAKDIE Z 67227 Te B HLZR O
HHUK DO IKE E BN R ZEN R SR o772, IRAKITEHHKICERT S & O TIZRn e
Hell S 7=, (CHEM-A-05/9)

(1) 7AXRZR hil#E

AREFETT ARZ ML AREEHENSER 280, ZoOMBEICE L CHEMEM L
DINE L BEMARERE LI LT AXA MAEZITV., BEAZESEHE TIIEEHE
BRE DM, HEIHEHIN TV DEERE, TAXZAMEHEORNOH D HDEHAX
MEPHECHEZEIT o 72, FHIAENTRE 39 7 2R M HER SN L DI 9T
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(5) Her RE— ik, 7. RSE. FHEIE. LHIMZE, WAL BEkr
(ZRT 2 KRN JEIZBIT DR, R 1648 B U R [ i B WFFE AT BORL R 08 AU TRIR S
& S L [F R A ZE s 2. NIRS-M-180, HIMAC-106, 2005, pp.195-196.

(6) /INEHS, RAHFEAT, B EFE, WEEAT, KHMZE, JIIBGE, FEfE ., NHiER,
AL, NBRE— . BT ERTRIR HERCR-39 & IV -Fe BZRINLIRFRAITZER, Fhk16
BT TR MR IR 20 B W TR T BORL - 28 AU TR IR AL B S5 3L [RI R AT JE 5 5. NIRS-M-180,
HIMAC-106, 2005, pp.197-198.

(7) FERETE, Mox RIE—. AIBFHIE, BRI M., BEAGZEN, &P e, sl - B
PR ETEPEBLR AR U 72 O MR 2R O BAFE . PR 1645 B JS it 12 e & T ZE AT DKL
TR AARHEEE B LA R AR 7245 E . NIRS-M-180, HIMAC-106, 2005, pp.195-196.
®) “BIHETIV =T 374X —OJiek DS #Z2ME“. ILC Conventional Facility,
Enomoto, M.Tanaka and N.Toge ed., KEK Report 2005-5 (2005).

(9) EPUIERS, SaARGERN . /5 0L 3 — [ NS S R O T BERTAT ™ | Proceedings of
the Sixth Workshop on Environmental Radioactivity, KEK Proceedings 2005-4 p219-225(2005)
(10) Matsumura, H.; Miura, T.; Suzuki, T.; Toyoda, A.; Takahara, S.; Mori, Y.; Nakayama, H.;
Machida, S.; Yoshimoto, M.; Aiba, M.; Nakamura, K.; Sato, T.; Takasaki, M.; Tanaka, K.H.; Ieiri,
M.; Yamada, Y.; Noumi, H.; Sato, Y.; Toyoda, A.; Takahashi, H.; Watanabe, H.; Suzuki, Y.; Kato,
Y.; Yamamoto, Y.; Minakawa, M.; Hirose, E.; Agari, “Design for the Radiation Protection of the
FFAG Synchrotron and EP2 Beam Line in the KEK-PS East Counter Hall”, KEK Internal 2005-2,
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2005

(11) Matsumura, H.; Miura, T.; Suzuki, T.; Takahashi, K.; Toyoda, A.; Takahara, S.; Nakamura, K.;
Sato, T.; Takasaki, M.; Tanaka, K.H.; Ieiri, M.; Yamada, Y.; Noumi, H.; Sato, Y.; Toyoda, A.;
Takahashi, H.; Watanabe, H.; Suzuki, Y.; Kato, Y.; Yamanoi, Y.; Minakawa, M.; Hirose, E.; Agari,
K., “Design for the Radiation Protection of the EP1 Beam Line in the KEK-PS North Counter Hall”,
KEK Internal 2005-1, 2005.

(12) Matsumura, H.; Eda, K.; Ban, S.; Matsumoto, K., “Design for Radiation Safety on Users of
Nuclear Fuel Materials in KEK”, KEK Internal 2005-3, 2005

(13) Radiation Science Center, “Activity Report of Radiation Science Center in Fiscal 2004”, KEK
Progress Report 2005-6, 2005.

5. Presentation at Conferences (2005.4-2006.3)
5.1 International Conference

*The Monte Carlo Method: Versatility Unbounded in A Dynamic Computing World, (Chattanooga,
Tennessee, USA, April 17-21, 2005).

(1) Y. Namito, H. Hirayama, A. Takamura and T. Sugita, “EGS Particle Trajectory and Geometry
Display Program CGVIEW”,

+ The 8th International Workshop on Positron and Positronium Chemistry (PPC-8), 4-9 September,
2005, University of Coimbra, Portugal.

(1) V.P.Shantarovich, T. Suzuki, Y.Ito, Yu.P. Yampolskii, A.Yu.Alentiev, “On the specificity of free
volume studies in polyimides using positron annihilation lifetime spectroscopy(PS8)”.

(2) Ch. He, V.P. Shantarovich, T. Suzuki, S.V. Stepanov, R. Suzuki, ’Positronium formation in
polymers: effect from trapped electrons, polar groups and radicals (PS5)”.

(3) M. Debowska, J. Piglowski, C. Slusarczyk, P. Schmidt, J. Rudzinska-Girulska, T. Suzuki, R. Yu,
W. Binias, “Influence of morphology on Positron annihilation in polyamid 6 (O8.1)”.
(4) J.Dryzek, T. Suzuki, Runsheng Yu, “Experimental detection of the Positron annihilation in flight
(07.1)".
(5) T. Sekine, Y. Kino, K. Funakoshi, H. Nihei, H. Kudo, T. Suzuki, Y. Ito, “Positron annihilation in
supercritical fluids (16.6)”.
(6) T. Suzuki, R.S. Yu, Y.Ito, V.P.Shantarovich, J.Dryzek, K.Kondo, “Application of coincidence
Doppler broadening spectroscopy to polymer (16.5)”.
(7) V.P.Shantarovich, T. Suzuki, R.S. Yu, K.Kondo, V.W. Gustov, I.V.Melikhov, S.S.Berdonosov,
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L.N. Ivanov,
“A study of inter-crystallite spaces in some polycrystalline inorganic systems using positron

annihilation lifetime spectroscopy (16.3)”.

+ The 10th International Conference on Accelerator Mass Spectrometry ( AMS-10 ), September 5-10,
2005, the University of California at Berkeley, USA

(1) K. Bessho, H. Matsumura, T. Miura, Q. Wang, K. Masumoto, H. Hagura, Y. Nagashima, R. Seki,
T. Takahashi, K. Sasa, K. Sueki, T. Matsuhiro, Y. Tosaki, " Estimation of thermal neutron fluences in
various accelerator facilities by using **Cl AMS".

(2) H. Matsumura, T. Sanami, K. Masumoto, T. Aze, K. Bessho, H. Nagai, H. Matsuzaki, M. Takada,
and T. Murakami, "Measurements of cross sections for the 7Be and 10Be production by 400-MeV
alpha Particles”.

(3) T. Aze, H, Matsuzaki, H. Matsumura, H. Nagai, M. Fujimura, M.Noguchi, Y. Hongo, and Y.
Yokoyama, “An improvement of **CI-AMS system at MALT using the Monte Carlo ion trajectory
simulation in Gas-Filled Magnet”.

(4) R. Seki, T. Matsuhiro, Y. Nagashima, T. Takahashi, K. Sasa, K. Sueki, Y. Tosaki, K. Bessho, H.
Matsumura, and T. Miura, “Isotopic ratios of 36CI/Cl in Japanese surface soil”.

(5) Y. Tosaki, N. Tase, Y. Nagashima, R. Seki, T. Takahashi, K. Sasa, K. Sueki, T. Matsuhiro, T.
Miura, K. Bessho, H. Matsumura, M. He, and G. Massmann, ”Application of *Clasa dating tool for
modern groundwater”.

(6) K. Sasa, Y. Nagashima, T. Takahashi, R. Seki, Y. Tosaki, K. Sueki, K. Bessho, H. Matsumura, T.
Miura, and M. He, *°Al and *°Cl AMS system at the University of Tsukuba: A progress report”.

+ Asia-Pacific Symposium on Radiochemistry -05 (APSORC-05), 17-21 October, 2005, Beijing,
China

(1)V.P. Shatarovich, T. Suzuki, R.S. Yu, Y. Ito, K. Kondo, A.V. Ptsukhov, L.V. Sokolova, “Reveling
of heterogeneity of some elastic and glassy polymeric materials using positron annihilation and some
supplementary technique ™.

(2) T. Suzuki, R.S. Yu, V. Shantarovich, K. Kondo, Y. Ito, “Application of positron annihilation to
the characterization of polymer structure”.

(3) H. Matsumura, T. Miura, S. Ishihama, N. Matsuda, T. Aze, K. Masumoto, T. Suzuki, “Indirect
measurement of secondary particle distributions by an Au activation method at the KEK neutrino
target-station”

(4) T. Aze, M. Fujimura, H. Matsumura, K. Masumoto, N. Nakao, H. Matsuzaki, H. Nagai, and M.
Kawai, "Measurements of 36Cl production rates from CI, K, and Ca in concrete at the 500-MeV

neutron irradiation facility of KENS”.
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(5) K. Ninomiya, H. Sugiura, T. Nakatsuka, Y. Kasamatsu, H. Kikunaga, W. Sato, T. Yoshimura, H.
Matsumura, K. Takamiya, M. K. Kubo, K. Sueki, A. Yokoyama, Y. Hamajima, T. Miura, K.

Nishiyama, A. Shinohara, ”Study of Electronic X rays Emitted from Pionic and Muonic Atoms”.

+ The 7th International Conference on Position Sensitive Detectors (PSD7), Liverpool, UK,
2005/Sep/12-16.

(1) J. S. Hiraga, S. Nakamura, Y. Uchida, S. Kurata, Y. Ozaki, M. Kikuchi, S. Kamada, T.
Takashima, Y. Uchihori, H. Kitamura and H.Tawara, “The novel multi-collimator using BP-1 glass

and an application for X-ray CCDs”.

+ The 10th Workshop on Radiation Monitoring for the International Space Station, Japan,
2005/Sep/7-9.

(1) A.Nagamatsu, M.Masukawa, F.Nobuyosh, K.Murakami, T.Nakamura, H.Kumagai, H.Tawara,
“Some problems to be solved for automatic analysis of a CR-39 nuclear track detector in space

radiation dosimetry”.

* The 4th International Conference on New Developments in Photodetection (BEAUNEOQS), Beaune,
France, June 19-24, 2005

(1) E. Shibamura, S. Sasaki, H. Tawara, K. Saito, and M. Miyajima,

“Photon-to-electron conversion efficiency and reflectance of photomultiplier tubes as a function of

incidence angle of photon”.

* The International Conference on Inorganic Scintillators and Their Application (SCINT2005),
Alushta, Crimea, Ukraine, September 19-23, 2005.

(1) E. Shibamura, S. Sasaki, H. Tawara, K. Saito, and M. Miyajima, “Photon to electron conversion
efficiency and reflectance of photomultipliers as a function of photon incident angle.

(2) S. Sasaki, H. Tawara, K. Saito, M. Miyajima, and E. Shibamura, “Determination of Wy in

inorganic scintillation crystals for gamma-rays”.

* IEEE Nuclear Science Symposium and Medical Imaging Conference, San Juan, Puerto Rico, 23-29
October, 2005.

(1) S. Sasaki, T. Sanami, K. Saito, K. Iijima H. Tawara, A. Fukumura and T. Murakami, “Average
Energy to Produce an Ion Pair for Heavy Charged Particles in Gases Measured as a Function of
Particle Energy”.

(2) K.Saito, S. Sasaki, H. Tawara, T. Sanami and E. Shibamura, “Scintillation Property in Helium

Mixed with Xenon”.
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*ISORD-3, Taiyuan, China, July 27-28, 2005

(1) N. MATSUDA, H. NAKASHIMA, T. MIURA, M. NUMAIJIRI, H. MATSUMURA, S.
WATANABE, "Measurements and Analyses of Angular Distributions of Secondary Particles from
Thin Cu Target Irradiated by 12GeV Protons”.

*Workshop on Operational Radiation Protection at High-Energy Accelerators, November 2 - 4, 2005
CERN, Switzerland,

(1) S. Ban, T.Miura and T.Sanami, Private comnunication

5.2 Invited Talk at Domestic Meetings

() Fli#ER: “ErFshrasrIalb—ar b ERZYHEA~OIGH", EZWEHE S,
Sup.2,3-5(2005), £ 89 [B H A P9 B P R U o

(2) FFET  “ICRU M 2 atHlEH EORES", F 4207 A Y F—7 « gHiarse
JEFx, 2005497 H 6 H-8 H. HAHFHFAE, THE 173-174.

(3) #ex KIE— : “J-PARC (28T D i ze R B, IR R Je s, PRk 17 4 6
A 18 B, B (THRET 7 2 VER)AL 2 =) .

5.3 Domestic Conference

- F20EWHTE R TR R AR & DISH L, B LF — IR ZERERE 20064520 1H
-3H

(1) KArZEA, I, AR, BT BRAFHA” FHIBEHREHI S 2 7 2 PADLES
DEFZE”

(2) K. Aoyama, K. Masui, S. Yamamura, T. Nakamura, T. Yabutani, and Y. Namito, "Development
of Low-Energy X-Ray Survey-Meter",

« NHERHEH ) O B eI FE I BT~ 2 P98 5. @ RV X — RS A% 2005
H8H25H
(1) BEAFNZE © “IMERESHIRR D 2> 7 U — MREE TR R EoFREER.

< AR AR R 2E R RS, RAERY: 20054£11H23 A-251

(1) EFFmE, BERIL, PERFIZE @ 12GeVEEFINERERENICA U= R w5 % OMlE

(2) Ak, ALEME, WL, PERTFNE SRR DO A T F U AL ViR S
2 L ORIE .
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(3) MEARTNFE, =R —. AZE. BIFDERES, SHSEL « PINEEER 2> DI AT 2
e rh O HERZ AR I

(4) WBRIEN, SRR - B R — IS % (B 1T 2 B T O Ti-44 D AL pl EERT
i

s RIEFEITE TR T X< EBRIZEIT 2 EE LS 27 LIZBET D198 ). R et
20054F12 A 15 H
(1) PEATIZE « “BAHLORE”

21 EFTHAM S R A AARETREE. 2006 451 H 12 H

(1) FFURFnvE, BRI, KER. BERE, SNERH, @EER, ERARE, fEx RE
—, B RARRTAL AN, NRSESR ¢ fLE A R EIEHEUE I X D T R R
Y EFER OB 1

< 5 7 RIBREE U BRI S . M RV — NG ST RS 2006 423 H 7 H-9 H

(1) SRBE—. ZREE . AR —1, B, REIRBTT. AR a2 U — Mkl C-14
BEREEOBRE (C-11 ZFF L L RIREAR) .

(2) ZREEB, KME. f5TB1T. PEARTIZR, BUFTYERRS - “H b= > 7 U — R 3B Ni-63
BRI EE OB,

(3) THHIF, BIFEKRES, AR 7L, FIREE—. =R —. BT © “12 GeV G Indes
D~ 7 x v MREUK IR T D B PR O 256 8)”

- 55 49 MR RS . @IRTBDEREE SRk 17 49 H 28-30 H

(1) #5AHEF, YU Runsheng, SHANTAROVICH Victor, UT/EMERER, (HEEZEE @ "-E(K(Ge)
i 2R [FIRF R HRITA LS K 2 A M OV AR O B 8 -1 I

(2) REFHEE, BIARML, THIEFD, TRREEE, SoRMEIN, GHERRDE « "EERSURIE TR T
HANYRY bu = AOEEEBER".

PRI AP EBRT R MTER (BB R L Z OB TEA~OIEH ) mREFFE Pk
17411 H21 H—=22 H

(DFEPEE, SFHE . SRR 7 8-y BB FHRGEmEE~OT V2 A vn 23—
THRIRICB T D UEDORAR”

(2) /NEFE, P, SRR KOPERAT, FRak. SiRMERN - 7 TREG S OIRIE R Y
hE =0 LR OMREE”

« 55 66 RS B AR S, R RF 2006 9 A
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(D) k&l BRI, SFRFE, BREFRE ., fix RE— B0 7. IAREA, BB,
WERTIARE - “v A 7 a7 BT AR O EA A BT T 5 I0E

(2) SepT i, fix RE—, BB, FIER, BELIL  LEAHEAEORELFET
1%

(3) FERRETE M e RIE— | (R BBk, S0l “IREM A A v FL—a 2 V(A
U L-F& /) ARETACBIT HFNEAXT FL)”

(4) EHEEHR, NEERAR, SGHIEN, RS, BRI, x KE— SSRE—RE, ER
I BRI, RWGEE, TMRT. M ES, BALE, RUEHR, mEAR T, K20 :
“WIRxt /v OEITROBHENE”

(B) e x RIE—, Pl FH1, W%, SEE, WAL “EaER o5
KR DEHEN R ORI EV”

(6) NE{EZZ, NIRRT, RBIRE—, SRHEXES, FHIEA, doifs, AHREE, =5
BT, FAIES, SFEMT  “BP-1 ¥ 7 AERBICHWZ X~ Fa ) A —Z OfRE”
(MABEE, WHEZR, WESER, BRE—, SEHERES, FHEA, ek, @5k,
B, PAIES, PEMA  “BP-1 W7 AR-X B~ L F a3l A—=FDE U R—/LALE DR

=

E
®)AGHIE N, WHEZ, WIEEI, RBWEHE—, SFMERES, dbkw, aHES, &,
Ev-, TRIEE, EEMF : “BP-1 A7 AHX MR a Y A —H & 7= CCD DiER”

- 55 53 MG B BAfRE AR 2 . BUB LHERY: 2006 4 3 H

(D er RIE—, LB, BB, FFE 8. SEME, @A, B b “SEwEhL
FAT K B KR D EEEILER DM E VI

(2) SFPRFIVE, EFEE, KER, BREBE. ARA AL, fx RE— EHB1.
SNBEREA, VRSN © 7 AR ASHELRR S AL A R B F O 2 O T 5 O B &5t o
BAFE 1T

- HARMBL RS 61 [HHEERORE . BT - IR 2006 48 3 1

(D) /RS, BAEEIT, WBILE, EREFE, B, BEOIL, BE TR, BPEE, &
FeEAT, KEEL, ZEMZE, FEH 1. PR ESE, NEE—. AR . “RTFHRT O
FBEIZ A BN 18] 7= s MERE KL 71 Hi e o A 7 A DFHSE”

() aRTIRR, fix RE—, BFROE, BHRE. BH1. EFA. SFUONE. SNERE,
FAARHE N 7K 5 Sl BROREE N i 9 S i) P B IR & B, B9 —H8f L R (S : “Micro—TPC
DERLAA A BREHIT TN T 20

© AP 2006 AFRKFR R, [AEHERT:, 2005 45 9 A
(D) PAFIES, EZR T, NEEARRS, MRE S, AL, FHIEA, EHER, #in1,
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RIUEF, ErKRKIE—, FHEE, $ARERR, WIHEST, EFEE, HRER : Rt/
JEPTROME —5"

ARIR L - EEE S, BULKRY 2005 4E 5 H

(D) HATIES, fmERT, /NEEKRES, MRS, BALE, HHEN, &HEHR, #H1

FINERE, ExRE—, FIEE, SRR, @m%ﬁ SEE3SE le“&W#?/
JEHT RO E”

- FE20[E] FE AR AT TR R E AR A AFFERT - 2006423 H

(1) KT, WINFAR, BEAGEE. B ESEL B %R, BEaFBHL #H7F <~ b)) a—
HhTaY =y hOTHOH FIBREEBR ORI oW T

@)RERFBH, KIaZv, FIHFE, REHEE, NFR, =g, JkE—, #n1r, <l
fifzz - “FREK (R - BBRSE) 12X 25 CR-39 DRLE~DRE “

Q) Em 1, BRILE, FEAFH], KRE, ZHMZE WP FRESHIEZ B E L
CR-39 fE A\ #RIE < BREFH 0 i B BT o A 7 27

« K 16 4 U RREE AR A FSUAT BRL RS AR E S SR AR s . AT VR —
7751200544 4 4 A-5 H
(O e RiE—., et R, BREFZ. AREZE. WA, A L “EfrERL 71
X9 D 5URD W EIZBE T D A58

Q)EETE, Ver RE—, KIBRFHBAE, ERERIM, BHEAEN, @B, Aok, & L
TR R R TS TEBLS A R U 7o i AR 2R O PR

H$ﬁ¥ﬁ?1,AFI%ﬁ%\m%$%§
(1) KAHEF], FEHZ, By, EkE, GHEES: 77y 7 =T A7 frA—%
DT VB VAT O IR3”
(2) Mz, KA ew], B, Eifksk, SRS @ 510 MeVEGF AHBUSIZH 32
R B AT FERL AR T T AR 00 I E

BT — AR R IR AT e, 2006462 1

(1) M. Hagiwara, T. Sanami, T. Oishi, S. Kamada, M. Baba, M. Takada and N. Miyahara,
"Measurements of double differential fragment production cross sections of silicon for 70 MeV
protons".

(2) T. Sanami, H. Matsumura, M. Takada, T. Murakami, “Measurement of Double-differential
Cross Section of Fragments on C, Al, Cu, Ag Induced by 400 MeV Helium”
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CHIEET T AMSY VAR Y T A BIEKR, FEKI8AE1A26~27H
(1) K. Sasa, Y. Nagashima, T. Takahashi, R. Seki, Y. Tosaki, K. Sueki, K. Bessho, H. Matsumura, T.
Miura, J. Shan and M. He, ”Status and future plans of the Tsukuba AMS system”.

- FERIEIAMS Y VAR T U A, HLEK, R8T H27~28H

(1) Fl# e, M¥ERIE, G, Massmann, FE#RIC, BEEL, AT, @B, KA,
AT, BIPTERER, Ak Zs, =ik —. (7B : “BZIEBEIR36CIO M T K ERHEE ~D
ST

Q) BIFTERER, fakf72, =jHAK—. Wang Qingbin, #AFIF, PAVET. EERK. B
Al AT, SRS, PR e, KBS, gk o7 U — MIcER S D
Cl-36 DONEERE ENFr-FRINEEE O a2 7 ) — hRICBI 2Bt 7 1o 20
TREE 3=

< 20054 EE BN FERNAR S, &5, ERRI7TA11H9-10H
(DAIBL X vy, BEFTERL, A4, BEE, A2, IR IEE ok
NS IEBR S L VEEALS: b L —H— & L C OF| I ATREME”

6. Internal Reports of Radiation Science Center (2005.4 — 2006.3)

BB o 2 —TIE LA T O X 9 7 i #rES e, S N R R 2 E o T E 5t
VAN LR — ] BERITLTWD,

6.1 JEEHREARDOEAN LR — b

ALY 3O T TV —IZHHL, TNENFEI LICELESZMHIT T 5,

(1) RAD-A-
FRXKIRORE, FERIEME O, P& %, MEBRLRIEEL T, HEER
B KEEAE . SO TBORE B D S 7ol

(2) RAD-D-
B LR O R I BEE U TRt LS R, B o 2 —4 0 5 OIRIEIZ X » THT -
ToRPRE OFHE, & OIED SR B~ 5 FIISkF U CTRET L 72 53

(3) RAD-A-
H B2 ESEBRBE DOE 2 & O 1= B Maak 12 38U T M L 7= B E B4 % S5 IE

6.2 LFEZEBUROEAN LA — b
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