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PREFACE

The Radiation Science Center is concerned with the management of both radiation and
chemical safety in KEK. In addition to the tight routine work, R&D work in thisfield is
conducted. Thefirst part isthe 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 JJPARC and Linear Collider are gradually increasing. The formal approval for
the JJPARC operation will be applied in the next fiscal year. Thus the work related to
the radiation safety of JPARC at the KEK Tokai-site will start as well. We hope that the
activity report is useful for all people who are working in the field of the safety of
accelerator facilities.

Tokushi Shibata
Head, Radiation Science Center
High Energy Accelerator Research Organization



Contents

Chapter 1 Research Activity

~NOoO O WN P

Chapter 2

11
12
13

2.1
2.2

31
3.2
Chapter 3

o O WN P

Chapter 4
1

2

3
31
3.2
4
4.1
4.2
4.3
5
51
52
5.3
54

Radiation protection technol ogy

KENS Shielding Experiment

Nuclear data

Detector development and basic research

Experimental technology and Monte Carlo simulation
Radiochemistry and radiation chemistry

Environmental and analytical chemistry at accelerator facilities

Publication list

Publication in Periodical Journals (2003.1-2003.12)
Publication in Japanese (2003.1-2003.12)
Presentation at Conference etc. (2003.4 — 2004.3)
International Conference

Other

Report etc. (2003.4 —2004.3)

KEK Proceedings

KEK Report

KEK Internal

Internal Reports of Radiation Science Center (2003.4 — 2004.3)

RAD-D
RAD-S

D Ol W - -

11
12
15
18
19
19
20
21
22
22
24
30
30
30
31
31
31
32
32
33
35
36
36
38
39
39
41
45

45

47
47
47
47



5.5
5.6
5.7

RAD-A
CHEM-A
CHEM-W

52
53
53



Chapter 1  Research Activity

The feature of the research activity in the Radiation Science Center is a wide coverage of the
research fields. The research fields of staff members are nuclear engineering, nuclear chemistry,
health physics, chemistry, and accelerator shielding. Here we briefly described the present status of
each research activity carried out in fiscal year 2003.

1. Radiation protection technology

1.1 Measurement of tritium production rate in He gas and air for high energy
proton and neutron

K. Takahasi, T. Miura, Y. Kanda, H. Noumi, Y. Sato, H. Takahashi and S. Ishihama'
KEK, 'TNS

Production rates of tritium in He gas and air for 12GeV protons and secondary neutrons were
measured using 12GeV Proton Accelerator Facility. The tritium production rate in He gas was about
10 % for that in air.

Presented at 2004 Anual Meeting of the Atomic Energy Society of Japan, Okayama, March 29-31,
2004.

1.2 Sudy of Radionuclides Induced in Low-activation Concrete Using the
12-GeV Proton Synchrotron Accelerator at KEK

K. Saito, T. Miura, K. Takahashi, S. Ishihamal, H. Fujii2 and T. Tanosaki’
KEK, ‘Tokyo Nuclear Services Company, “Taiheiyo Cement Corporation

Low-activation concrete made of limestone aggregates was irradiated by secondary particles in the
beam-line tunnel of the 12-GeV proton synchrotron accelerator at KEK. Although various
radionuclides, such as 22Na, 24Na, 54Mn, 56Mn, %Co and 152Eu, were induced in the low-activation
concrete, those concentrations were below those induced in ordinary concrete made of
non-limestone aggregates. In order to estimate the **Na concentration induced in shielding concrete,
chemical reagents such as NaHCO;, MgO, Al,O;, SiO, and CaCO; were also irradiated, and the ratio
of **Na concentration induced in Na, Mg, Al, Si and Ca to that in Na is obtained to be 1, 0.01-0.04,
0.01-0.04, 0.003-0.007 and 0.0003-0.0004. The experimental results concluded that low-activation
concrete made of limestone aggregates is useful for preventing the radiation exposure of workers as
shielding concrete in a particle accelerator facility.

Presented at the Second iTRS International Symposium On Radiation Safety and Detection
Technology (ISORD-2) will take place in Miyagi, Sep. 24-25, 2003



1.3 The Residual Gamma-ray Dose from Thick Targets Irradiated by
High-ener gy Electrons

Syuichi Ban, Hajime Nakamura and Hideo Hirayama
KEK

A simple way is needed to estimate the amount of induced radioactivity in the samples
irradiated by high-energy electron accelerators. The ambient dose equivalent, H*(10mm), at the
surface of irradiated materials were calculated using EGS4 Monte Carlo when the residual activity is
uniformly distributed in several size of a rectangular parallelepiped made of Al, Fe and concrete.
The self-shielding effects for gamma-rays from typical residual nuclei, *Na, **Mn, “Co etc., were
studied. When the ambient dose equivalent rate is 1 pSv/h at 10 cm distant from the surface of thick
targets, the total amount and concentration of radioactivity were calculated. They were compared
with the exemption limits.

Prersented at the Second iTRS International Symposium On Radiation Safety and Detection
Technology (ISORD-2), July 24-25, 2003, Tohoku University, Sendai, JAPAN

1.4 Radiation Streaming Experiment Through a Labyrinth of the 12GeV Proton
Accelerator Facility

T. Miura, M. Numajiri, N. Nakao, H. Nakamura, H. Nakashima' and N. Matsuda'
KEK, 'JAERI

In the constraction of high-energy proton accelerator, it is important problem to estimate the
neutron leakage through labyrinth from proton accelerator tunnel. In order to inspect some Monte
Carlo codes (MARS, MCNPX) and empirical formulae, the attenuation of neutron dose in concrete
labyrinths with neutrino beam line at KEK were studied.

In the experiments, neutron fluence rates, radiation doses of neutron and y -ray and neutron
energy spectra in the labyrinths were measured using activation method (In, Au, Al and Bi), TLD,
liquid sintilation counter, He-Bonner and In O -Bonner. The experimental results were
agreement with the calculation value by MCNPX.

Presented at 2003 Anual Meeting of the Japan Society of Nuclear and Radiochemical Society,
Izumisano, Oct. 1-3, 2003.

1.5 Evaluation of residual radioactivity in accelerator facilities

K. Bessho, H. Matsumura, T. Miura, Q. Wang, K. Masumoto, M. Numajiri, A. Toyoda
T. Matsuhiro', Y. Nagashimal, R. Seki', T. Takahashi', K. Sasa', T. Usui' and K. Sueki'
KEK, *University of Tsukuba

In order to make a decommissioning plan of accelerator facilities, one of the most important works
was the evaluation of radioactivity induced in accelerator components and buildings. To define the
clearance levels to manage and handle the various materials as non-radioactive wastes, not only
gamma-emitting isotopes but also beta or electron capture decay isotopes should be evaluated.



In this year, many concrete samples were obtained from several typical accelerator facilities in Japan.
We focused our study to evaluate the radioisotopes, which were difficult to determine
nondestructively. In this year, concrete cores samples were obtained from RCNP, Osaka Univ. and
NMCC, JRIA.

Then, several works have been performed as follows.

The concentrations of *°Cl induced in shielding concrete of the various accelerators has been
determined by AMS at the University of Tsukuba.

In order to evaluate the tritium activity in concrete samples obtained from several accelerator
facilities, we developed a heating method with an IR-furnace for rapid tritium extraction.

2. KENS Shielding Experiment

21 Arrangement of High Energy Neutron Irradiation Field and Shielding
Experiment using 4m Concrete at KENS

N. Nakao', H. Yashima®, M. Kawai', K. Oishi’, H. Nakashima®, K. Masumoto', H. Matsumura’,

S. Sasaki', M. Numajiril, T. Sanami', Q. Wangl, A Toyodal, K. Takahashi', K. Iijimal, K. Eda', S. Ban',
H. Hirayamal, S. Muto', T. Nunomiyaz, S. Yonaiz, D.R. H. Rasolonjatovoz, K. Terunumaz,

K. Yamauchi?, P. K. Sarkar', E. Kim’, T. Nakamura® and A. Maruhashi®"

1. High Energy Accelerator Research Organization (KEK), Tsukuba, Ibaraki 305-0801, Japan
2. Tohoku University, Aoba-ku, Sendai, Miyagi, 980-8579, Japan

3. Ingtitute of Technology, Shimizu Corporation, Koto-ku, Tokyo, 135-8530, Japan

4., Japan Atomic Energy Research Institute (JAERI), Tokai-mura, |baraki, 319-1195, Japan

5. National Ingtitute of Radiological Sciences (NIRS), Chiba-shi, 263-8555, Japan

6. Proton Medical Research Center, University of Tsukuba, Tsukuba, Ibaraki, 305-8575, Japan
* Present address. Kyoto University Research Reactor Institute (KURRI)

An irradiation field of high-energy neutrons produced in the forward direction from a thick tungsten
target bombarded by 500-MeV protons was arranged at the KENS spallation neutron source facility. In
this facility, shielding experiment was performed with an ordinary concrete shield of 4-m thickness
assembled in the irradiation room at 2.5-m downstream from the target center. Activation detectors of
bismuth, aluminum, indium and gold were inserted into 8 slots inside the shield, and attenuations of
neutron reaction rates were obtained by measurements of y-rays from the activation detectors. A MARS14
Monte-Carlo simulation was also performed down to thermal energy, and comparisons between the
calculations and measurements show good agreements within a factor of 3. This neutron field is useful for
studies of shielding, activation and radiation damage of materials for high energy neutrons, and
experimental data are useful to check the accuracies of the transmission and activation calculation codes.

Presented at 16th Meeting of the International Collaboration on Advanced Neutron Sources
(ICANS-XVI), May 12-15, 2003, Dusseldorf-Neuss, Germany (KEK Preprint 2003-15 (2003)), and also
presented at the 2ns iTRS International Symposium on Radiation Safety and Detection Technology
(ISORD-2), Tohoku University, Sendai, JAPAN, July 24-25, 2003.



2.2 Measurement and Analysis of Induced activities in Concrete using High
Energy Neutronsat KENS Neutron Spallation Source Facility

Oishi Koji, Yamakawa Hiroshi , Nakamura Takashi, Yashima Hiroshi Nakao Noriaki,
Kawai Masayoshi, Sanami Toshiya, Numajiri Masaharu, Ban Syuichi, Sasaki Shin-ichi,
Masumoto Kazuyoshi, Takahashi Kazutoshi, Toyoda Akihiro, lijima Kazuhiko, Muto Suguru,
Hirayama Hideo,  Shinbata Tokushi, Nakashima Hiroshi, Kosako Kazuaki

At the high energy spallation neutron facility KENS, the amount of radioactivity in 4-m-thick
concrete was measured and compared with calculations. As a long half-life nuclide, Na-22, Co-60,
and Eu-152 were measured.

Presented at the Midyear Meeting of Atomic Energy Society of Japan, September 24-26, Shizuoka
University

2.3 Measurements of Hadron Induced Production Rates of Light Nuclel at
Intermediate Energies

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

In C, Al, and Ag targets, the energy spectra have been measured for elementally separated
Li to C fragments produced in 400-MeV-alpha induced reaction at HIMAC, and the cross sections of
"Be and '’Be produced by 400-MeV alphas on Cu, Ag and Au targets have been determined by
y-spectrometry and accelerator mass spectrometry. In C, Al, Cu, Ag and Au, furthermore, the
reaction rates of ‘Be and 'Be produced by high energy neutrons at KENS high-energy-neutron
irradiation course were measured. The effect due to the difference of the initial interactions of alphas,
photons and neutrons was found in the production ratio (‘*Be/'Be).

24 Characteristics of high-energy neutrons estimated by the radioactive
gpallation productson Au at the 500-M eV neutron irradiation facility of KENS

H. Matsumura, K. Masumoto, N. Nakao, Q. Wang, A. Toyoda, M. Kawai, T. Azel, and M. Fujimura1
KEK, *Nihon Univ.

We carried out a shielding experiment of high-energy neutrons, which were generated
from a tungsten target bombarded with primary 500-MeV protons at KENS, and penetrated through
the concrete shield in the zero-degree direction. We propose a new method to evaluate the spectra of
high-energy neutrons ranging from 8 to 500 MeV. Au foils were set in a concrete shield, and the
reaction rates for 13 radionuclides produced by the spallation reactions on the Au targets were
measured by radiochemical techniques. The experimental results were compared with those obtained
by the MARS14 Monte-Carlo code. A good agreement between them was found in the neutron
spectra above 100 MeV. The profile of the neutron spectrum, ranging from 8 to 500 MeV, does not
depend on the thickness of the concrete shield during the penetration, and the attenuation length is
81.5 g/cmz.

Presented at the 47" Symposium on Radiochemistry, Oct. 1-3, 2003, Izumisano, Japan.



3.  Nuclear data

3.1 Measurements of Photo-Neutrons from Thick Targets Irradiated by 2 GeV
Electrons

Syuichi Ban, Toshiya Sanami, Kazutoshi Takahashi, 'Hee-Seock Lee, Tatsuhiko Sato,
3Satoshi Maetaki and *Kazuo Shin
KEK, lPohang Accelerator Laboratory, 2JAERI, 3Kyoto Univ.

Photo-neutron energy spectra were measured when 2.04 GeV electrons incident on thick targets
using the time-of-flight method. Neutron yields for 90 degrees targets were obtained. The irradiation
was performed at the injection Linac in Pohang Light Source, POSTECH. The organic liquid
scintillator, NE-213 was located at 10.4 m distant from the target. Their efficiencies were calculated
using the SCINFUL code. The measured neutron energy range was approximately between 2 MeV and 400
MeV. Thick Pb blocks, 15-30 cm, were placed in the middle of the flight path to suppress X-rays.
These Pb blocks also reduced neutrons toward the detector, and this effect was estimated using the
LAHET 2.7 code. The measured photo-neutron spectra were compared with calculated ones using
the photo-nuclear reaction calculation code PICA98 and the EGS4 code.

Proceedings of the 6th International Meeting on Nuclear Applications of Accelerator Technology
(AccApp '03), p.955-958(2003), June 1 - 5, 2003 , San Diego

3.2 Status of Angular Distribution Measurements of Photo-Neutron Yields from
Cu, Sn, and Pb TargetsIrradiated by 2 GeV Electrons
Hee-Seock Leel,., Syuichi Banz, Toshiya Sanami 2, Kazutoshi Takahashiz,
Tatsuhiko Sato®, Kazuo Shin* and Chinwha Chung1
'Pohang Accelerator Laboratory, POSTECH, Nam-gu, Pohang, Gyongbuk 790-784, Korea
High Energy Accelerator Research Organization, Oho, Tsukuba, Ibaraki 305-0801, Japan
3Japan Atomic Energy Research Insitute, Tokai, Ibaraki, 319-1195, Japan
*Department of Nuclear Engineering, Kyoto University, Sakyo-ku, Kyoto 606-8501, Japan

The study of differential photo-neutron yields by the irradiation of 2 GeV electrons have been
carried out. In a series of previous measurements, which were done at the angle of 90. relative to the
incident electrons, the differenctial photo-neutron yields were measured at two other angles of 48.
and 140. to study the characteristics of their angular distribution. The experimental setup was
improved through considering the huge photon backgrounds in the the linac tunnel. The
photo-neutron spectra and their yields were measured by the time-of-flight method and the fast
plastic scintillator, BC418. The reliably measuring neutron energy were between 8 MeV and 250
MeV. The status of this measurement study and the differential photo-neutron yields from thick Cu,
Sn, and Pb targets were presented. The results showed the the angular characteristics obviously.

Presented at the Second iTRS International Symposium On Radiation Safety and Detection
Technology (ISORD-2), July 24-25, 2003, Tohoku University, Sendai, JAPAN



3.3 Measurement of double differential cross section of secondary fragment from
proton induced reaction in tens of MeV region
T.Sanami, M.Hagiwaral, T.Oishil, M.Baba', M. Takada®
KEK, *Tohoku univ, °NIRS
Measurement of double differential cross section of secondary fragment (heavier than He) from
proton are carried out at cyclotron facility in NIRS and CYRIC in Tohoku university. To measure the
fragments, two different detectors are developed and tested using 70 MeV protons. One detector is
Bragg curve spectrometer (BCS) which is parallel plate ionization chamber with grid. The other one

is energy time-of-flight (ETOF) system which consists of thin start detector and thick stop detector.

3.4 Measurement of secondary charged particles from 2.5 GeV electron induced
reactions.

T.Sanami, S.Ban, K.Takahashi, H.S.Lee', T.Sato’
KEK, 'PAL, 2JAERI

Secondary charged particles from 2 GeV electron induced reactions are measured at 2.5 GeV
electron linac in Pohang accelerator laboratory, Korea. The samples are 10mm graphite, 4mm
Aluminum and Imm Cupper inclined 45 degree with respect to incident electron beam. Secondary
charged particles are measured at 90 degree, 10.4m from the sample by coincidence-[E-E detector
allay with time-of-flight technique. To measure successive events in single burst of electron beam,
detector signals are corrected as waveform by digital storage oscilloscope with segment transfer
technique. The energy spectrum of proton and deuteron are obtained about these samples.

4. Detector development and basic research

4,1 Saturation characteristics of freeair ionization chamber and S PIN
photodiode for intense syncrotron radiation

S.Taniguchi, lN.kishi, ! T.Moriya,N.Nariyama, 2Y.Namito and *S.Ban
JASRI, 'Kyoto Univ., °’KEK

The saturation characteristics of the free-air ionization chamber (FAIC) and Si PIN photodiode were
measured for intense synchrotron radiation (SR) beam at KEK-PF and Spring-8. The saturation
phenomenon of FAIC increased rapidly with the SR intensity above 1x10'! photon/sec.

Presented at the Second iTRS International Symposium On Radiation Safety and Detection
Technology (ISORD-2), July 24-25, 2003, Tohoku University, Sendai, JAPAN



4.2 Absolute Scintillation Yields of Inorganic Scintillation Crystals and The
FactorsAffecting Their Resolutions.

S.Sasaki, H.Tawara, K.Saito, M.Miyajima1 and E.Shibamura®
KEK, Waseda University*, College of Health Science, Saitama Prefectual University”

W is defined as Ny /E, where N, is the number of scintillation photons produced in the crystal for the
gamma ray with an energy of E to express the absolute scintillation efficiency of a scintillator. Ny is
given by the relation: Npe= Npx Fcx Qe where Ny is the number of photoelectrons from the
photocathode of a PMT, F. the fraction of photons collected at the photocathode, and Qe the
quantum efficiency of the photocathode. Npe can be measured precisely by operating the PMT as a
photodiode and using the preamplifier calibrated in terms of absolute charge numbers. Qe can be
measured independently as a function of wavelength. F¢is evaluated by calculating the number of
photons from the energy deposition using the electron response function in the crystal with the EGS4
code and by simulating the following photon transport inside the crystal using another Monte-Calro
code (SPC3) incorporated into the EGS4 code.

In the system of a scintillation crystal coupled to a PMT, scintillation photons are incident on the
window with various angles. A part of photons are reflected at the window, return to the crystal, and
come again to the window after reflection in the crystal. For the accurate evaluation of
photon-photoelectron conversion at the photocathode, it is necessary to know the intrinsic quantum
efficiency of the photocathode as a function of incident angle of photons, which does not include the
effects due to the reflection at the window surface. Also, to evaluate the number of photons returning
back to the crystal, the absolute reflectance of the photocathode and that of the window are needed to
be measured separately. For this purpose, we firstly measured the gross reflectivity of the PMT
window (reflectivity at surfaces of both the PMT window and the photocathode) using an integration
sphere as functions of angle and wavelength of the incident monochromatic light. We also measured
relatively the intrinsic quantum efficiency (the photon-electron conversion efficiency at the
photocathode) as a function of incident angle using a light guide with a cross section of
hemi-regular-polygon of acrylic and collimated lights from a RGB LED which emits three-color
photons (red, green and blue). Appreciably large reflectivity and the quantum efficiency were
obtained for the incident angle around 45°.

Presented partly at the 18" workshop on Radiation Detectors and Their Uses in KEK. Published in
KEK Proceedings 2003-8 (2003)166-172.

4.3 Scintillation Efficiency of Solid Scintillatorsfor High Energy Particles

S.Sasaki, T.Sanami, H.Tawara K.Saito and M.Takada'
KEK, National Institute of Radiological Sciences*

We have a program to survey scintillation efficiency in solid scintillators (inorganic scintillation
crystals and plastic scintillators) for energetic charged particles from the Cyclotron in the National
Institute of Radiological Sciences, in order to investigate its dependence of particle energies and
species. The scintillation efficiency has been believed to be strongly dependent of particle energies
and species, but there exist few reports related to this problem.



4.4  Simultaneous Measurements of Absolute Numbers of Electrons and
Scintillation Photons Produced by 5.49 MeV Alpha Particlesin Rare Gases

K.Saito , S.Sasaki, T.Sanami, H.Tawara, and E.Shibamura'
KEK, College of Health Science, Saitama Prefectual University?

In order to understand the energy balance of ionizing radiations absorbed in rare gases, the absolute
numbers of scintillation photons produced by 5.49 MeV alpha particles and the absolute numbers of
electrons in argon, krypton and xenon in the gas pressure range from 1.01 x 10° Pa to 1.01 x 10° Pa
were measured simultaneously. The ratio of the number of excited atoms to the number of ionized
atoms, Ne/N;, is an important quantity for understanding the energy pathway of the absorbed
radiation energy and was found to be 0.52, 0.55 and 0.61 in argon, krypton and xenon, respectively.
This was determined by measuring the scintillation photons originating from the exited atoms and
the ionization yields. The absolute scintillation yield was estimated from the value of W, which is
defined as the average energy necessary to produce one photon. The minimum value of W in the
case that the total ion pairs recombined was 17.5 eV, 15.5 eV and 13.0 eV in argon, krypton and
xenon, respectively. From the relation between the numbers of electrons prevented from the
recombination to ions and the numbers of scintillation photons, it was proved experimentally that
one scintillation photon was emitted from one recombination process of the ion pair. This means that
an excited molecule caused by three-body collisions is not de-excited without emitting a scintillation
photon in the vacuum ultraviolet region.

Published in IEEE Trans. Nucl. ci., Vol.50 No.6 (2003)2452-2459.

4.5 Scintillation yields and time-profilein rare gas mixture

K. Saito, S. Sasaki, H. Tawara, T. Sanami and E. Shibamura'
KEK, 'Saitama Prefectual University

The yield and the time-profile in scintillation of rare gas mixtures are important to understand the
energy pathways of radiation to scintillation in the gases as well as to design a radiation detectors. In
order to investigate separately scintillation yields originating excited atoms and that originating
recombination and to measure the amounts of ionization yields at the same time, a gridded ionization
chamber attached with a vacuum-ultra-violet (VUV) sensitive photomultiplier tube was introduced.
The yields and the time-profile of scintillation produced by 5.49 MeV alpha particles in helium
mixed xenon at 1.01 x 10° Pa were measured in this study.

4.6 AverageEnergy to ProduceAn lon Par in Gasesfor Heavy lons

S.Sasaki, T.Sanami, H.Tawara, K.Iijima, K.Saito and A.Fukumura'
KEK, National Institute of Radiological Sciences*

The average energy to create an ion pair, W, for heavy ions is expected to show a strong particle (Z)
and energy dependence. There are still few data and W is one of indefinite parameters in the dose



evaluation or in the presumption of absorbed energy for heavy ions. Systematic measurements are
proposed. In these backgrounds, we aim to determine W for heavy ions as a function of energy and
to provide data for explicating mechanisms of its Z and energy dependence. We constructed an
ionization chamber equipped with an energy degrader to obtain incident particles with desired
energy and a time-of-flight energy spectrometer (TOF) to measure the energy of incident ions. We
use several kinds of heavy-ion beams from HIMAC. To measure number of charges per ion, we use
two types of pulse operation modes of ionization chamber by changing electrode arrangement. One
is a parallel-plate chamber mode using a fast current amplifier for measurements of air, and the other
is electron collection mode with a gridded chamber for rare gases. The collector is segmented into 10
pads. The pulse height distributions measured with the both modes show peaks corresponding to the
number of incident ions. As a result, the energy dependence of W was clearly observed. The signal
from single pad also gave a differential W-value. We have so far made the measurements for
several ions (He, C, N, Ne, and Ar) in gaseous argon and in air, and determined the values of W.
Presented partly at the 64" Conference of the Japan Society of Applied Physics in Fukuoka, the 51"
Soring Meting of the Japan Society of Applied Physics in Hachioji, and the 2003 Annual User’s
Meeting of HIMAC in Chiba.

4.7 Resonance lonization Spectroscopy (RIS) by Lasers

S.Sasaki, K.Saito, and H.Tawara
KEK

Continuous developments in techniques and basic researches for Resonance Ionization Spectroscopy
(RIS) by lasers have been performed in order to realize quantitative measurements of ultra-trace
amounts of isotopes contaminated in gaseous, liquid and solid samples. Two major works related to
this study are currently made. One is the development of an absolute time-of-flight mass
spectrometer equipped with the lasers for RIS (RIS-TOFMS) and the other is the development of
calibration methods for trace amount of isotopes using a pulsed ion-gun system. We plan to
extensively apply this method to the fields in radiation physics, nuclear physics, radiation chemistry,
radiation detection and so on.

4.8 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.



4.9 Fast beam-loss monitor at KEK-PS using materials of scintillator or quartz,
and itsdeterioration by radiation

T.Kawakubo, T.Sanami and T.Ishida
KEK

Several kinds of fast neutron beam-loss monitor are developed using a few meter logn optical fiber
of scintillator or quartz coupled with a photomultiplier tube (PMT). These monitors are very easy to
fabricate with low cost. The fast response of these monitor enables to observe bunch by bunch beam
loss in a proton synchrotron. Thus, these monitor are utilized for beam tuning of accelerators, such
as timing adjust of extraction kicker magnets.

The radiation damage of materials which are components of the monitor, such as plastic scintillator,
quartz and glass, are also studied by the irradiation of g-ray and the radiation by the beam loss in

KEK-PS.

Presented at The KEK-RCNP International school and Mini-workshop for scintillation crystals and
their applications in particle and nuclea physics, November 17-18,2003 KEK, Tsukuba,Japan

4.10 Development of thermal neutron calibration field in KEK

T.Sanami and T.Michikawa

KEK

Intensity and distribution of the thermal neutron field in KEK graphite pile with an 241Am-Be
neutron source is measured by an Au activation method. The neutron flux is determined from
activity of a thin Au foils (25 [m thickness). The activity of these foils are measured using [
counting method Ge detector which calibrated its efficiency by using standard activity Au foil
irradiated at 30 cm position of this pile. The experimental results are compared with calculation by

MCNP4C2 code. The agreement between two data within error is obtained.

10



5. Experimental technology and Monte Carlo simulation

5.1 Development on a pulsed slow-positron beam: Moderator and bunching
signal waveform

C.Q. He, T. Suzuki, N. Djourelov, K. Kondo, E. Hamadaz, H. Kobayashi, and Y. Ito’
KEK, 'Nara Women's University, ZInstitute for Environmental Science, University of Tokyo

A pulsed slow-positron beam has been constructed for applications to polymer films. A new setup of
the moderator system and a new design for the bunching signal waveform are introduced. The results
show that such a kind of moderator appears to be good one, and that a new waveform for the
bunching is very practical. The current pulsed slow-positron beam can be used to characterize
polymer films or porous thin films.

Published in Nuclear Instruments and Methods in Physics Research Section B 211(2003)571

5.2 Fundamental Sudies of Tritium Separation Using Polyimide Membrane and
ItsApplication for Tritium Monitorsin Accelerator Facilities

S.Sasaki, K.Okuno', and K.Kondo
KEK, Faculty of Science, Shizuoka University*

The separation efficiency of hollow-filament polyimide membranes for *H and *'Ar has been
preliminarily examined for a potential application to continuous gas monitoring systems for analysis
of stack emission from accelerator facilities. The basic gas separation characteristics of the
membranes are experimentally investigated, and a preliminary gas monitor design is proposed. The
results of these experiments indicate that the membranes are capable of selectively enriching
hydrogen by more than 25 times, with negligible variations with respect to the species of isotope.
The actual measurements of gas separation using air in the accelerator tunnels are proposed and in
progress.

Published in J. Radioanalytical and Nuclear Chemistry,255(2003)91-95.
5.3 EG$S4 Particle Trajectory and Geometry Display Program, cgview

Y.Namito, H.Hirayama, A.Takamura* and T.Sugita*
KEK and *Science System Laboratory

In a calculation using the EGS4 code, it is important and convenient to check the geometry for the
calculation and particle trajectory visually for validating the of calculation conditions. Also, a
graphical interface is useful for understanding the interactions. This report describes the program
cgview, which displays 3D geometry (ex, CG) and particle trajectory information, and the EGS4
user code to produce the necessary data.

Published as KEK Internal 2003-9
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54 Gedetector response calculation using EGS4-KEK improvement code
Y.Namito, and H.Hirayama

We calculated pulse height distribution (PHD) and efficiency of Ge detector using EGS4-KEK

improvement code. The structure and resolution of Ge detector is assumed to be identical with those

specified in problem 7 of "Intercomparison on the usage of computational codes in radiation

dosimetry". The effect of Doppler broadening (DB) of Compton scattered photon energy to PHD is
shown. Peak and total efficiencies for standard cases and uncertain cases are calculated.

Presented at QUADOS Workshop (Quality Assurance of Computational Tools for Dosimetry),
(Bologna-Italy July 14-16, 2003).
55 TheEGSshort course

H.Hirayama, Y.Namito

Two EGS4 short courses were held at KEK, as the parts of the 11-th EGS4 Users' Meeting in Japan.

5.6 User support concerning EGS4
H.Hirayama, Y.Namito

As one of the center of EGS4 distribution, we continue supports concerning EGS4 including outside
Japan, They are distributed in wide range from primitive questions of beginners to complicated ones
from EGS4 experts. Instructions were made using e-mail.

6. Radiochemistry and radiation chemistry

6.1 The influence of radiation and light on Ps formation in PMMA and PE
studied by coincidence Doppler-broadening spectroscopy

T. Suzuki, T., C.Q. He, , K. Kondo, M. Matsol, M. Mal, V. Shantarovichz, E. Hamada’
and Y. Ito*
KEK, *Nara Women's University, “Semenov-Institute of Chemical Physics, Russian Academy of
Sciences,, Institute for Environmental Science, “University of Tokyo

Using two Ge detectors, the high-resolution Doppler-broadening energy spectra of positron
annihilation gamma rays has been obtained by measuring the coincidences of the two photons. Light
bleaching and oxygen effects on positron annihilation were investigated in this way. Alarge
enhancement of the high-momentum part of the coincidence Doppler spectra was observed in
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poly(methylmethacrylate) (PMMA), which contains oxygen atoms in the polymer structure.
Bleaching  experiments in PMMAand in  copolymer ethylene-methylmethacrylate
PMMA(LDPE+MMA3 mol%) have demonstrated that the enhancement effect may be due to the
trapping of positrons by the polar - -C'=0" groups, followed by positron annihilation with the
electrons belonging to oxygen.

Published in Radiation Physics and Chemistry 66(2003)161

6.2 The influence of radiation on Ps formation in PE studied by coincidence
Doppler-broadening spectroscopy
T. Suzuki, C.Q. He, V. Shantarovichl, K. Kondo, and Y. Ito®
KEK, *Semenov-Institute of Chemical Physics, Russian Academy of Sciences, 2University of Tokyo

The high-resolution Doppler-broadening spectroscopy of positron-annihilation gamma rays emitted
during an experiment on positron annihilation lifetime spectroscopy (PALS) has been applied to
study the radiation and oxygen effects on positronium (Ps) formation in polyethylene (PE). Using
two Ge detectors, the DB spectra were obtained by measuring the coincidences of two photons.
While the Ps formation rate decreased with elapsed time during the PALS experiment, the increase
of annihilation on oxygen-containing groups was monitored by coincidence Doppler broadening

spectroscopy (CDBS). This suggested that the decrease in Ps formation was associated with the

carbonyl groups (-C'=0") formed by radiation emitted from the positron sources.

Published in Radiation Physics and Chemistry 68(2003)489

6.3 Relaxation Behavior of Polymers Probed by Positron Annihilation Lifetime
Spectroscopy

T. Suzuki, C.Q. He, V. Shantarovichl, K. Kondo, Y. Itoz, L. Ma® ,and M. Matsuo’

KEK, Semenov-Institute of Chemical Physics, Russian Academy of Sciences, , “University of
Tokyo, ®Nara \Women'’s University

Relaxation behaviors of polyethylene, polypropylene, and polycarbonate have been studied by
positron annihilation lifetime spectroscopy (PALS). In PALS positron sources made of radioisotopes
are used to inject positrons into polymer as a micro probe. The injected positron probes can induce
radiation effect, which plays an important role in detecting the polymer relaxation behavior through
electrons trapped in shallow potentials at low temperature. Monitoring the intensity (I;) of
ortho-positronium (o-Ps), transitions of a, B, vy, and d relaxation can be measured by PALS as a
secondary effect. In this experiment, the change of I3 below Tg is connected with the number of the
trapped electrons, which can be excited from the shallow potential by the thermal motion of polymer
structures and visible light irradiation. In the PALS measurements of non-irradiated PP samples,
relaxation of methyl groups was observed as low as 50 K, which can be assigned as the 3 relaxation.
Relaxations of B and y were also observed for the non-irradiated PP samples between 100 and 370 K.
However for the 3 MGy y-ray irradiated PP samples, only  relaxation was observed because the
large radiation dose caused a large number of scissions of —CHj groups from main chains and the
characteristics changed. For the irradiated samples, radiation hardening was observed.

Published in Material Research Innovations 7(2003) 31
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6.4 Measurements of Electric X-rays Following Atomic Capture of Negative
Pions

K. Ninomiyal, H. Sugiural, Y. Kasamatsul, H. Kikunagaz, N. Kinoshitaz, Y. Tanil, H. Hasegawal, M.
Yatsukawal, K. Takamiya3, W. Satol, H. Matsumura, A. Yokoyamaz, K. Sueki4, Y. Hamajimaz,
T. Miura and A. Shinohara'

'0saka Univ., ’Kanazawa Univ., >KURRI, “the Univ. of Tsukuba, KEK

Negative pions captured in matter result in the formation of pionic atoms. The purpose of
this study is a further understanding of the pion capture process during the pionic cascade
microscopically and dynamically. In this study, we measured electronic and pionic X rays emitted
from the pionic atoms during pion irradiation. The experiments were performed at mp-channel of
EP2 beam-line at KEK. Metals and/or oxides of Mo, Sn, Ba, Nd, Gd, Dy, Ho, Yb, Ta, Hg and Pb
were used as the targets.

The electronic K, and Kg X rays like Z-1 atoms, Z; being target atomic-number, were
observed because of the shielding effect of nuclear charge by a captured pion. The difference of the
X-ray energies between the pionic and Z-1 atoms was also observed, and decreases gradually with
an increase in Z, over the periodic table. Furthermore, we investigated the correlation of electronic X
rays emitted with a pionic X ray. It was found that the yield ratios of the electronic Kj to K, X rays
in the oxide targets are quite larger than those in the metallic ones especially around small Z; region.
On the basis of these results, we try to construct a new model of negative-pion capture process.

Presented at the 47™ Symposium on Radiochemistry, Oct. 1-3, 2003, Izumisano, Japan.

6.5 Charged ParticleActivation Analysisof Nitrogen in Silicon

K. Masumoto, T. Nozakil, Y. Minaiz, H. Yagi3

KEK, ‘Purex Co. Ltd. , “Musashi Univ. , *SHIEI
Recently, evaluation of trace amount of nitrogen in silicon has become more important for the
quality control of silicon semiconductors. We are a member of the working group on
“Standardization of nitrogen analysis of silicon semiconductor” of JEITA. We compare to use two
cyclotron facilities, SHIEI and NMCC for CPAA of nitrogen. Nitrogen in silicon samples can be
determined by using the "*N(p,0)''C reaction. Incident energy of proton was set on 15 MeV and
beam current was 5 pA. Irradiation was performed for 20 min. In order to compare with the results,
adry fusion method and a wet chemical separation method to collect ''C as ''CO, have been tried at
SHIEI and NMCC, respectively. Several nitrogen contents of CZ and FZ silicon samples were
determined. The detection limit was 10™'* atoms/cm”.
Results were reported from the Silicon Technologies Committee of JEITA on April, 2004.

6.6 Development of sequential separation method of radioactive carbon and
nitrogen
K. Masumoto, T. Ohtsuki', K. Shikano
KEK, * Tohoku Univ. , >NTT
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Trace impurities of carbon in iron and glass samples were analyzed by using the '“C(y,n)"'C.
Samples were irradiated by 30-MeV bremsstrahlung of 120pA for 20 min. at the 300-MeV electron
linear accelerator of Laboratory of Nuclear Science, Tohoku University. Decomposition and
oxydizing was performed in an infra-red furnace under oxygen gas flow. Radioactive nitrogen and
carbon gases were trapped with two colums containing grass-wool coated with Co,O3 and ascarite,
respectively. The radioactivity of each colum was mmeasured with a couple of BGO-detector.
Suitable separation and detection conditions have been studied.

7. Environmental and analytical chemistry at accelerator facilities

7.1 Measurement of **Cl induced in shielding concrete of various accelerator
facilities

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

The concentrations of *°Cl induced in shielding concrete of the various accelerators have been
measured by accelerator mass spectrometer system at the University of Tsukuba. In this year,
concrete samples were obtained at 1.3 GeV electron synchrotron ( Tanashi Branch, High Energy
Accelerator Research Organization ), and AVF cyclotron and ring cyclotron ( Research Center for
Nuclear Physics, Osaka University ), and the depth profiles of *°Cl / **Cl ratios in concrete samples
near the beam lines were analyzed. The depth profiles of *°Cl/ *°Cl are consistent with those of the
radioactivity of '2Ey and “Co, which are formed by thermal neutron capture reactions. These
results imply that *°Cl induced in shielding concrete of these accelerators is mainly produced by
thermal neutron capture of >>Cl.  The *°Cl / *°Cl directly shows the specific activity and *°Cl is a
very long half-life nuclides. Therefore the 36C1 / *°Cl measurement is useful for evaluating the
cumulative thermal neutron fluences of accelerator components during machine operations.

Presented at the 47th Symposium on Radiochemistry, Oct. 1-3, 2003, Izumisano, Japan.

7.2 Development of **CI-AM S using Gas-Filled M agnet

T. Azel, M. Fujimural, M. Noguchil, H. Matsumura, H. Nagail, and H. Matsuzaki’
Nihon Univ., KEK, *The University of Tokyo

We have developed of accelerator mass spectrometry (AMS) system of *°Cl (T, =
3.01x10%) at MALT (Micro Analysis Laboratory, Tandem Accelerator) of the University of Tokyo.
Since the maximum terminal voltage of the tandem accelerator of MALT is 5SMV, possible kinetic
energy of the *°Cl ion obtained after the acceleration is too low to separate an interfering isobar, *°S,
by using only the difference between their energy losses. In previous work, therefore, a gas filled
magnet (GFM) was equipped in front of an energy spectrometer (SSD) to separate the 3%C1 and S
ions spatially. Although the *°S could be suppressed by three orders with the GEM, the transmission
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of the Cl ions at the GFM was very poor. In this work, to improve the detection efficiency and
energy resolution, we exchanged a SSD for a gas counter, which determined the energy losses and
residual energies of the incident ions, and performed the Monte Carlo simulation of the behavior of
both ions in the GFM detector system which includes the energy spectrometer. Expansion of the
entrance window of the energy spectrometer on the basis of the calculation result increased the
efficiency to over three times as high as before. The measurements with the gas counter also
decreased the interference of *°S further. The reproducibility of standard samples in the repeated
measurements was about 4% and the sensitivity for **Cl/Cl ratio reached about 10"

Presented at the 47" Symposium on Radiochemistry, Oct. 1-3, 2003, Izumisano, Japan.
Presented at the 6™ Symposium on AMS, The University of Tokyo, Dec. 13, 2003, Tokyo, Japan

7.3 Development of **Si-AMS

M. Fujimural, T. Azel, H. Matsumura, T. Saitol, H. Nagail, and H. Matsuzaki’
Nihon Univ., KEK, *The University of Tokyo

We have newly developed of accelerator mass spectrometry (AMS) system of *>Si (T, =
150 - 200y) at MALT (Micro Analysis Laboratory, Tandem Accelerator) of the University of Tokyo.
We adopted Mg,Si for the chemical form of the samples, because 10-20pA of the **Si” current
generated from Mg,Si was much higher than 1-5pA from SiO,. The accelerator was operated at
45MV of the terminal voltage, and the analyzing ion of *’Si’" was selected. To separate the
interfering isobar, 285, energetically at a final gas-counter, the kinetic energies of the 281> and
32$°" jons were lost during passing through an absorber (Havor foil + N,) which attached to the
counter forward. As a result of the difference of the energy losses between them, we could separately

detect a *Si peak in the energy spectrum obtained with the counter.

Presented at the 12™ Symposium of Research Center for Nuclear Science and Technology, The
University of Tokyo, Dec. 11, 2003, Tokyo, Japan

7.4 Development of CI-36 AMS at MALT and application for the neutron
shielding experiment at KENS

M. Fujimura' T.Aze' M. Noguchi', H. Matsumura® H. Nagai' H. Matsuzaki® K. Masumoto®,
N. Nakaoz, Q. Wangz, M. Kawai’
Nihon Univ., >’KEK , *The University of Tokyo

At Micro-Analysis Laboratory Tandem accelerator (MALT), the University of Tokyo, we
have developed the accelerator mass spectrometry (AMS) of *°Cl which equipped with a gas-filled
magnet (GFM). We calculated the orbits of the **Cl and **S ions in GFM with the Monte-Carlo
simulation code, which calculates the energy loss and straggling of the ion, to optimize GFM. As a
result, the counting efficiency tripled compared with before, and the measurement of the sample
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whose *°C1/™Cl ratio is 10" became possible. In addition, this system was applied to the neutron
shielding experiment at KENS. CaCO; and NaCl were set in concrete shield, and irradiated with
neutrons produced by 500-MeV protons at the zero-degree direction. After the irradiation, the
reaction rates for *°Cl productions on the Ca and CI targets were measured by AMS, and the
attenuation of fast neutrons and thermal neutrons in the concrete shield were investigated.

Presented at the 5" Workshop on Environmental Radioactivity, Mar. 2-4, 2003, Tsukuba, Japan.

17



Chapter 2

18



1,2,3,6
4,5

BL

=27

12GeV-PS

19




20




RI

21




2.1.1 1

2.1.2

RAD-D-03/05

2.1.3

22



2.14

2.1.5
KEKB
KEKB

YEL504

3C 6C 9C

ATF

2.1.6

RAD-S-03/32

2.1.7

€))
() RI
®
4
®

HER  LER

KEK Internal 2003-7
(HER) 2.0A
(LER) 3.7A

12C

KEKB

SDTL3-32

23

KEKB

16.0GeV A

12.95GeV A

YELS03



221

(1) J-PARC
J-PARC
2004
(400MeV) GeV
J-PARC
50GeV
J-PARC
2001 2002
50GeV 2002
2002 10
2003
50GeV
J-PARC
KEK J-PARC
(2) 3GeV
GeV
1kW(400MeV)

24

50GeV

3GeV

2002

2002

KEK

4KW(3GeV)



KEK Internal 2003-1

(3) 50GeV
GeV 3GeV 3-50BT 50GeV
10m 3GeV
MARS 0.25p Sv/h

KEK

(4)

(@)

(b)

(5)

25



(©)

()

J-PARC
222
10 MW
Be-7 60TBq
103
RAD-D-2004/01,02,05
1
Na-22 H-3 1/3
1MBg/g Na-22 10 Ba/g
J-PARC
RAD-D-2004/04
RAD-D-2004/01
2m
Ar-41
Road Map  GLC

KEK Report 2003-7, GLC project,

KEK 3
19 3

1m 0.4 Sv/h
Mn-54,Co-58 Be-7
Be-7

KEK PS
H-3
GLC
PICA3
Be-7

RAD-D-2004/06

MARS14
RAD-D-2004/03

9]
Toge, N.(ed.)

26



Pohang 2 GeV 1

2.2.3 NORM
1)
STATION STATION 10
STATION CAMAC
LAN NORM
KEKB STATION
CPU
) (SARM)
(@)
SARM
KEKB DT KEK
J
He
BF-3

27



(b)

(3) J-PARC

CAMAC
CAMAC

RFID

2.2.4

2.2.5

SLAC

NORM

10%

J-PARC
KEK NORM3
J-PARC VME
J-PARC
APD
ID
ID APD
5
KEKB PF-AR

MW

28



500 kW
200W/cm?2
4000 cm?

500 kW

2.2.6

10 MeV

5 MeV

29

5 MeV

9.91 MeV

100mA

1MW

10 MeV

NOXx



10

3.11 KEKB
2 X C
(CHEM-A-03/1)
3.1.2 KEK-B IR
Cu O
X CuO
X Cu
(CHEM-A-03/7)
6

30



Chapter 3

1.

1
(1.1) C

c(2)
(1.2)
DJOURELOV Nikolai
2.1 v
2.2) (J PARC)
KEK 10 10
(2.3)
1

31



(2.4)

4.1

4.2

11

EGS4
2003
100

8

5

:KEK Proceedings 2003-15, 2004.

32



19
19
19

33



<JEITA>

145

(NEDO)

34



® WANG Qing Bin

2 ® DJOURELOV, Nikolay

¢ YU Runsheng

@ (b)
©

35




Chapter 4 Publication list
1. Publication in Periodical Journals (2003.1-2003.12)

(1) Matsuo, M., Bin, Y., Xu, C., Ma, L., Nakaoki, T., and Suzuki, T.,“Relaxation mechanism in
several kinds of polyethylene estimated by dynamic mechanical measurements, positron annihilation,
X-ray and 13C solid-state NMR”,Polymer 44(2003)4325-4340

(2)Ma, L., He, C.Q., Suzuki, T., Azuma, M., Bin, Y.,Kurosu,H., Matsuo, M.,”Molecular Mobility of
Amorphous Chain Segments of Ethylene-Methyl Methacylate Copolymer Films as a Function of
Temperature  Estimated by  Positron Annihilation, X-ray Diffraction, and C-13
NMR”,Macromolecules 36(2003)8056-8065

(3) Kansy, J., Suzuki, T.,”Positronium fraction in polymer spectra determined by ETLA
model”,Radiation Physics and Chemistry 68 (2003) 497-500

(4) Debowska, M., Rudzinska-Girulska,J., Piglowski, J., Suzuki, T., Slusarczyk, C.,”Free volume
studies in polyamide, acrylic rubber and their blends”,FIBRES & TEXTILES in Eastern Europe 11
(2003)120-125

(5)Debowska, M., Piglowski, J., Rudzinska-Girulska,J., Suzuki,T., Chen, Z.Q.,”Polyamide, acrylic
rubber and their blends studied by positron annihilation and other methods”, Radiation Physics and
Chemistry 68 (2003) 471-473

(6)Suzuki, T., He, C.Q., Shantarovich, V., Kondo, K., Hamada, E., Matso, M., Ma, M. and Ito, Y.,
“The influence of radiation and light on Ps formation in PMMA and PE studied by coincidence
Doppler-broadening spectroscopy”, Radiation Physics and Chemistry  66(2003)161-166

(7)Suzuki, T., He, C.Q., Shantarovich, V., Kondo, K., and Ito, Y., “The influence of radiation on
Ps formation in PE studied by coincidence Doppler-broadening spectroscopy”, Radiation Physics
and Chemistry 68(2003)489-492,

(8) Suzuki, T., He, C.Q., Shantarovich, V., Kondo, K., Ito, Y., Ma, L., and Matsuo, M., “Relaxation
Behavior of Polymers Probed by Positron Annihilation Lifetime Spectroscopy”, Material Research
Innovations 7(2003) 31-36

(9)V. P. Shantarovich, V.P., Suzuki, T.,He, C.Q., Davankov, V. A., Pastukhov, A. V., Kondo, K.,
Ito, Y., and Tsurupa, M.P., “Positron annihilation study of hyper-crosslinked sorbents”, Radiation
Physics and Chemistry 68(2003)639-641

(10) Shantarovich, V.P., Suzuki, T., and HE, C.Q., “A possibility to study substance properties using
positronium as the simplest "Labeled" atom”, Journal of Radioanalytical and Nuclear Chemistry
255(2003)165-170

(11) Shantarovich, V.P., Suzuki, T., and HE, C.Q., Gustov, V.W., “Inhibition of positronium
formation by polar groups in polymers - relation with TSL experiments”, Radiation Physics and
Chemistry 67(2003)15-23

(12) Djourelov, N., He, C.Q., Suzuki, T., Shantarovich, V.P,, Ito, Y., Kondo, Y., Ito, Y., “Positron
Annihilation in Polypropylene studied by Lifetime and Coincidence Doppler-Broadening
Spectroscopy”, Radiation Physics and Chemistry  68(2003)689-695(2003)

(13) Ito, Y. and Suzuki, T., “Effects of electric field on positronium formation in polystyrene at
various temperature”, Radiation Physics and Chemistry  66(2003)343-347

(14) He, C.Q., Suzuki, T., Djourelov, N., Kondo, K., Hamada, E., Kobayashi, H., and Ito, Y.,
“Development on a pulsed slow-positron beam: Moderator and bunching signal waveform”, Nuclear
Instruments and Methods in Physics Research Section B 211(2003)571-576

(15) He, C.Q., Suzuki, T., Shantarovich, V., Kondo, K., Ito, Y., Ma, L., and Matsuo, M.,

36



“Positronium  formation in low-density polyethylene (LDPE)”, Physics Letters A
313(2003)223-230

(16)He, C.Q., Suzuki, T., Shantarovich, V., Kondo, K., and Ito, Y., “Temperature dependence of
ortho-positronium annihilation in hypercrosslinked polystyrene”,

Radiation Physics and Chemistry  68(2003)511-514,

(17) HE, C.Q., Suzuki, T., Shantarovich, V.P., Kondo, K., Kobayahi, H., Hamada E., and Ito, Y.,
"Characterization of polymer sub-surface using slow positron beam"

Journal of Radioanalytical and Nuclear Chemistry 255(2003)431-435

(18) He, C.Q., Suzuki, T., Kondo, K., Shantarovich, V., and Ito, Y.,"Positron annihilation in
hypercrosslinked polystyrenes", Chemical Physics 286(2003)249-256

(19) He, C.Q., Suzuki, T., Hamada, E., Kobayashi, H., Kondo, K., Shantarovich, V., and Ito, Y.,
"Characterization of polymer films using a slow positron beam", Material Research Innovations
7(2003)37-41

(20) Marui, A., Ueda, Y., Takakura, S., Hikaru, S., Katsumi, M., Suzuki, T., Kanda, Y.,
“Hydrological Research about the stability of the accelerator tunnel during rainfall”, Journal of
Japanese Association of Hydrological Sciences  33(2003)3-11

(21) S.Sasaki, E.Tega, A.Shimada, S.Akahori, T.Suzuki, K.Okuno and K.Kondo, " Basic
Characterisitics of Hollow-filament Polyimide Membrane in Gas Separation and Application to
Tritium Monitors” , J. Radioanalytical and Nuclear Chemistry,255(2003)91-95.

(22) K.Saito, S.Sasaki, H.Tawara, T.Sanami and E.Shibamura, " Simultanecous Measurements of
Absolute Numbers of Electrons and Scintillation Photons Produced by 5.49 MeV Alpha Particles in
Rare Gases” , |EEE Trans. Nucl. Sci., 50 No.6 (2003)2452-2459.

(23) A.H.D. Rasolonjatovo, T. Nakamura, N. Nakao, T. Nunomiya, "Response function to photons
and to muons of a 12.7 cm diam. by 12.7 cm long Nal(T1) detector", Nucl. Instr. Meth. A 498 (2003)
pp328-333.

(24) Kanda, Y. and Taira, M., “Flow-injection Analysis Method for the Determination of Nitrite and
Nitrate in Natural Water Samples Using a Chemiluminescence NOx monitor” Anal. i,
19(2003)695-699.

(24) Endo, A., Sato, K., Noguchi, H., Tanaka, Su., lida, T., Furuichi, S., Kanda, Y. and Oki, Y.,
“Study of Particle Size Distribution and Formation Mechanism of Radioactive Aerosols Generated in
High-Energy Neutron Fields” J. Radioanal. Nucl. Chem., 256(2003)231-237.

(25) Shimizu, A. and Hirayama, H., “’Calculation of Gamma-Ray Buildup Factors up to Depths of
100 mfp by theMethod of Invaiant Embedding, (IT) Improved Treatment of Bremsstrahlung", J. Nucl.
Sci. Technol. 40(2003)192-200.

(26) Yosiko, H., Hirayama. H., Sakamoto, Y., Sasamoto., N.,Musukawa, F., Nakashima, H., Hayashi,
K., Handa., H., Tayama, R., Kurosawa, N., Nemoto, M. and Abe., T., “’Validity of the
Four-Parameter Enpirical Formula in Approximating the Response Functions for Gamma-ray,
Neutron, and Secondary Gamma-ray skyshine Analyses", J. Nucl. Sci. Technol. 40 (2003)569-578.
(27) B.Kiraly, T.Sanami, J.Csikai;Advantages and limitations of thermal and epithermal neutron
activation analysis of bulk samples;Applied Radiation and I sotopes;58 (2003) 691-695

(28) K.Masumoto, A.Toyoda, K.Eda, Y.Izumi and T.Shibata , Evaluation of radioactivity induced in
the accelerator building and its application to decontamination work, J. Radioanal. Nucl. Chem.
255(2003)465-469

(29) Miura, T., Bessho, K., Ishihama, S. and Ohtsuka, N. Migration of radionuclides induced in the
soil below the 12 GeV proton accelerator facility at KEK, J. Radioana. Nucl. Chem. 255 (2003)
543-546

37



(30) Masumoto K., Toyoda A., Eda K., Izumi Y. and Shibata T., Evaluation of Radioactivity
Induced in the Accelerator Building and Its Application to Decontamination Work, J. Radioanal.

Nucl. Chem. 255(2003)465-469.

2. Publication in Japanese (2003.1-2003.12)

@

72 No.8 (2003)998.
@

72 No.12 2003 1492
)

(2003)
(4) ,
(2003)32-33
®) ,
6

(2003).

(7)
25(2003)1847-1857

8 , X

(2003)
9) :
21, 223-227 (2003).
(10)
4 23-26
(11)
(12)
2003-018 (2003).
(13)
595(2003)76-78
(14)
CR-39

4 (2003) 53-65

(1%5)
2003 11

(16)

38

Isotope News \ol.5

, JAERI-Conf 2003-002(2003)

, UTNL-R-0423
, 58 918-919
EGS4
2003
2004 1 43-46
DUCT-111 " JAERI-Tech.

Isotope News

,2004



3. Presentation at Conference etc. (2003.4 — 2004.3)
3.1 International Conference

1 The Second iTRS International Symposium On Radiation Safety and Detection
Technology (ISORD-2), Sendai, Japan, July 24-25 (2003)

(1) N. Nakao, H. Yashima, M. Kawai, K. Oishi, H. Nakashima, S. Sasaki, K. Masumoto, M.
Numajiri, T. Sanami, H. Matsumura, Q. Wang, A. Toyoda, K. Ilijima, K. Takahashi, S. Ban, H.
Hirayama, S. Muto, T. Nunomiya, S. Yonai, D.R.H.Rasolonjatovo, K. Terunuma, T. Nakamura, E.
Kim, P. K. Sarkar and A. Maruhashi, "KENS Shielding Experiment (1) - Measurement of Neutron
Attenuation through 4m Concrete Shield Using a High Energy Neutron Irradiation Room”

(2) Q. Wang, K. Masumoto, A. Toyoda, N. Nakao, M. Kawai and T. Shibata, "KENS Shielding

Experiment (2) - Measurement of the Neutron Spatial Distribution inside and outside of a Concrete

Shield using an Activation Foil and an Imaging Plate Technique"

(3) Saito, K., Miura, T., Fujii, H., and Tanosaki, T. “Study of Radionuclides Induced in low
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