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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 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. The formal approval for
the J-PARC operation was applied in this fiscal year. Thus the work related to the
radiation safety of J-PARC 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.

Hideo Hirayama
Head, Radiation Science Center
High Energy Accelerator Research Organization
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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 2004.

1. Radiation protection technology

1.1 Radiological design study of First Optics Enclosure against secondary gas
bremsstrahlung for the Canadian Light Source

J. Asai' and H. Hirayama
'Canadian Light Source, KEK

The design study of the First Optics Enclosure (FOE) against radiation due to secondary gas
bremsstrhalung is performed for the beamlines at the Canadian Light Source. The back wall,
side walls and roof of the FOE are made of lead. Placed in the FOE are a thin copper metal as
a source of secondary gas bremsstrahlung and a tungsten beam shutter/stop. The energy
deposition in the water phantom which surrounds the FOE is estimated by the Monte Carlo
simulation. The thickness of lead shielding walls of the FOE is studied.

Published in Nucl. Instr. Meth. A 517(2004)9-18.

1.2 Radiation shielding from secondary gas bremsstrahlung for the first optics enclosure at
the Canadian Light Source

J. Asai' and H. Hirayama
'Canadian Light Source, KEK

Radiation shielding due to secondary bremsstrahlung is performed for the First Optics
Enclosure (FOE) at the Canadian Light Source. The energy deposition in a water phantom,
which encompasses the FOE, is estimated using EGS4 code. A comprehensive study of
radiation distribution at the back, sides and roof is given.

Published in Nucl. Instr. Meth. A 527(2004)264-272.

1.3 Development of Radiation Shielding Tool for Proton Accelerator Facilities
(BULK-D

R. Tayamal, K. Hayashil, H. Hirayama, and N. Ohtani’
"Hitachi, Ltd., KEK, ? Wakasawan Energy Research Center

The BULK-I has been developed as a tool for radiation shielding design of proton
accelerator facilities with medium energy ranging from 50 to 500 MeV. This tool has



characteristics that a new formula adopted not only for thin but also for thick concrete wall is
employed, and the parameters of radiation shielding calculations for concrete or two layers with
iron and concrete are implemented, which have been calculated with the MCNPX code. It has
been confirmed that the is valid as the radiation shielding design tool due to the comparison
with a radiation shielding experiment using 200 MeV protons at WERC.

Presented at Shielding Aspects of Accelerators, Targets and Irradiation Facilities — SATIF7,
May 17-18, 2004, Sacavém, Portugal.

1.4 Recent Radiation Problems in KEK Electron Accelerators

S.Ban, Y.Namito, T.Sanami, K. Takahashi and H.Tawara
KEK

There are several electron accelerators in KEK, the injection Linac (8GeV/2.5GeV e-, 3.5 GeV e+t),
PF (the Photon Factory, 2.5-3.0 GeV), PF-AR (Advanced Ring for Pulse X-rays, 6.5 GeV), KEKB
(KEK B Factory, HER : 8 GeV e-, LER: 3.5 GeV e+ rings) and the PF Slow-Positron Facility (0.05
GeV linac). Recent radiation problems are discussed. The Linac continuously injects the beam to
the KEKB, and residual radioactivity increased in the linac tunnel. Doses around the insertion
devices are high in the PF experimental hall.

3 rd International Workshop on Radiation Safety of synchrotron Radiation Sources (RADSYNCH’
04), 17 -19, November, 2004 , SPring-8 Mikazuki, Hyogo, Japan.

1.5 Inter-Comparison of Medium-Energy Neutron attenuation in Iron and Concrete (5)

H. Hirayama and Attenuation Length Sub-Working Group in Japan
KEK

From results presented at SATIF6, revised problems to be calculated were prepared by the
Japanese Working Group and sent to the participants of this action. Then, 50 and 100 GeV neutrons
were added as the source neutrons to determine their energy dependence. The secondary neutron
spectrum for 90 degrees produced by 24 GeV protons on a Hg target was added as the secondary
neutron sources to determine the dependence on their spectrum to the attenuation length of
secondary neutrons.

This paper presents a comparison of the neutron attenuation length of iron and concrete sent from 3
groups to the organizer by the end of April, including results presented at previous SATIF meetings
and future themes resulting from this inter-comparison.

Presented at Shielding Aspects of Accelerators, Targets and Irradiation Facilities — SATIF7,
May 17-18, 2004, Sacavém, Portugal.



1.6 Estimation of Amount of Residual Radioactivity in High-energy Electron Accelerator
Component by Measuring the Gamma-ray Dose Rate

Syuichi Ban, Hajime Nakamura and Hideo Hirayama
KEK

A simple way is needed to estimate the amount of induced radioactivity in the samples irradiated at
high-energy electron accelerators. The gamma-ray dose equivalent at the surface of irradiated
materials was 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
equivalent dose rate is 1 uSv/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.

Published in J. Nucl. Sci. Tech., Suppl. 4, 168-171 (2004)

Analysis of Induced Radionuclides in Low-activation Concrete (Limestone Concrete)
Using the 12-GeV Proton Synchrotron Accelerator Facility at KEK

K. Saito!, T. Tanosaki2, H. Fujii2 and T. Miura!l
1High Energy Accelerator Research Organizationl-1,?Taiheiyo Cement Corporation

2Na is one of the long-lived radionuclides induced in shielding concrete of a beam-line tunnel of a
high-energy particle accelerator facility, and it becomes a problem of radiation wastes at the
decommissioning of the facility. In order to estimate the *Na concentration induced in shielding
concrete, chemical reagents such as NaHCO;, MgO, Al,O;, SiO, and CaCO; were irradiated at
several locations in the beam-line tunnel of the 12-GeV proton synchrotron accelerator at KEK, and
the **Na concentrations induced in those chemical reagents were measured. Low-activation concrete
made of limestone aggregates was also irradiated by secondary particles in the beam-line tunnel, and
the long-lived radionuclide, such as 22Na, concentrations induced in the concrete were measured. It
was confirmed that *’Na concentrations induced in Mg, Al, Si and Ca are lower than that in Na, and
that *Na concentrations induced in the low-activation concrete was lower than those induced in
ordinary concrete which was made of sandstone aggregates.

Presented at 10™ International Conference on Radiation Shielding/ANS Topical Meeting on
Radiation Protection and Shielding 2004, May 9-14, 2004, Portugal.

Residual Radioactivities in Low-Activation Concrete Around 12 GeV Proton Target

KINNO MASAHARU, KIMURA KEN-ICHI, BAN SYUICHI, OKI YUICHI, NUMAJIRI MASAHARU, MIURA
TAICHI, HIRAYAMA HIDEO

Low-activation concrete was irradiated around 12 GeV proton targets in KEK. The ratio of the
radio-activity to the clearance level was 1/15~1/18 compared to the normal concrete when

it was irradiated during 30 years, and colled for 10 years.

Presented at the Midyear Meeting of Atomic Energy Society of Japan, Sep.15-17, Kyoto University



2. KENS Shielding Experiment

2.1 Measurement and Analysis of Induced Activities in Concrete Irradiated by High
Energy Neutrons at KENS Neutron Spallation Source Facility

K. Oishil, H. Yarnakawal, N. Nakao, H. Nakasimaz, M. Kawai, H. Yashima® ,
K. Kosak04, T. Sanamii, M. Numajiri, T. Shibata, H. Hirayama, T. Nakmaura®
YInstitute of Technology, Shimizu Corpo., KEK, 2JAERI,

*Tohoku University, “Sumitomo Atomic Energy Industries, Ltd.

In this study irradiation experiments been performed at KENS Neutron Spallation Source
Facilities in KEK. The source neutron were produced by 500 MeV protons bombarded in the
tungsten target. The large concrete assembly, whose dimension was about 4m x 4m x 4m, was
placed in the direction of 0 degree to the beam line. Two kinds of samples, ordinary concrete and
limestone aggregate, 60mm in diameter and 10mm in thickness, were placed at the several positions
in the assembly. The irradiation period was about 1 week for the two cases. Induced activities in
the sample were measured by using Germanium detector till about 1.5 years after irradiation.

The calculations of the induced activities were also performed in order to compare the
experimental results. The source neutrons produced at the target by the S00MeV protons were
calculated by using Monte Carlo calculation code system, NMTC-JAM and MCNP. The activities
in the samples induced by the neutrons were calculated by using activation calculation code system
DCHAIN-SP 2000.

From the comparison between experiment and calculation for observed 37 radioactive nuclides,
good agreement was obtained for Na-22, Ca-47, Mn-54 within factor 2, however large discrepancies
were observed for some other nuclides.

Presented at the Tenth international conference on radiation shielding(ICRS-10), May 9-14 (2004),
Funchal, Madeira Island, Portugal.

2.2 Establishment of High Energy Neutron Irradiation Facility and Shielding Experiment
using 4m Concrete Shield at KENS

N. Nakao, H. Yasimal, M. Kawali, K. Oishiz, H. Nakashima® , H. Matsumura, K. Masumoto,
S. Sasaki, M. Numajiri, T. Sanami, K. Takahashi, A. Toyoda, K. Iijima, Q. Wang, S. Ban,
H. Hirayama, S. Muto, T. Nunomiyal, D.R. H. Rasolonjatovol, S. Yonail, K. Terunumal,

P. Sarkar, E. Kim®, T. Nakamura' and A. Maruhashi’

KEK, “Tohoku University, 2Institute of Technology, Shimizu Corpo., *JAERI, “AIST,
>Proton Medical Research Center, University of Tsukuba

The KEK spallation neutron source facility (KENS) has several beam courses which supplies
thermal and cold neutrons by moderating the spallation neutrons produced from a thick tungsten
target bombarded by 500 MeV-5 pA protons. Doen stream of the target, a beam line is arranged on
the same level of the spallation target, and high-energy neutrons produced in forward direction is
therefore available, which is located 2.5-m away from the center of target assembly. This room,



which had been used as neutron therapy facility by Proton Medical Research Center (PMRC),
University of Tsukuba, was renewal in 200- for a high-energy neutron irradiation and shielding
experimental facility.

For shielding experiments, ordinary concrete of 4-m-thickness was assembled in contact with the
beam exit of the neutron irradiation room, and 7 slots reaching the beam axis inside the concrete
shield were equipped in every 40-80cm thickness for irradiation sample insertion. Activation
detectors of bismuth, aluminum, and gold were used in this experiment. Detector sizes and thickness,
depending on the neutron intensity at each depth, were selected. The capsules containing activation
detectors were attached to the bottom of the shield plugs and were inserted into the 8 slots in the
shield from the top of the target station. After one week of irradiation, all of the detectors were
removed from every slot and the spectra of the y-rays from radioactive nuclides produced at
activation detectors were measured by Ge-detectors. From analyses of the photo peak counts of
each y-ray, reaction rates of “*Bi(n,x)*"*™Bi (x=4~8), *’Al(n,a)**Na, *’Al(n,x)**Na, *’Al(n,x) Be,
In(n,n’) ™ n and "’ Au(n,y)'**Au were obtained.

A Monte Carlo simulation using MARS14 code was performed for secondary particle production
from target assembly and neutron transmission through the concrete shield. The calculations
generally gave good agreements with the experiment within a factor of 3.

Presented at the Tenth international conference on radiation shielding(ICRS-10), May 9-14 (2004),
Funchal, Madeira Island, Portugal.

2.3 Development of CI-36 AMS system and Evaluation of CI-36 production rates in KENS
concrete shieldings

T. Aze', M. Fuj imura®, H. Matsumura, H. Nagaiz, H. Matsuzaki' K. Masumoto, N. Nakao, M. Kawai
The University of Tokyo, 2Nihon Univ., KEK,

We developed a high sensitive and high effective **Cl AMS (Accelerator Mass Spectrometry) system
at MALT, The University of Tokyo. This system was applied to the shielding experiment of
high-energy neutrons at KENS, High Energy Accelerator Research Organization. CaCO; and NaCl
targets were set at various depths of a concrete shield, and were irradiated with neutrons generated
from a tungsten target bombarded with primary 500 MeV protons. After the irradiation, the
concentrations of *°Cl produced in the targets were measured by the AMS system, and depth profiles
for both targets were obtained. As a result, the reaction rate of Cl target was two orders higher than
Ca target, however, both depth profiles were similar.

Presented at the 48" Symposium on Radiochemistry, Oct. 27-29, 2004, the Univ. of Tokyo, Japan.



3. Nuclear data
3.1 Photo-Neutron Yields from Thin and Thick Targets Irradiated by 2.0 GeV Electrons

Hee-Seock Leel, Syuichi Banz, Toshiya Sanamiz, Kazutoshi Takahashiz, Tatsuhiko Sato3, Kazuo
Shin* and Chinwha Chung'
'Pohang Accelerator Laboratory, 2KEK,2JAERI, * Kyoto University

The information of photo-neutron yields for high energy electron accelerator have been required
constantly according to many constructions and great uses of synchrotron facility, X-FEL, and
Linear Collider. The photo-neutron measurements have been conducted using electron linac at
Pohang Light Source since 1998. Early in the measurements, the photo-neutron spectra at 90 degree
relative to the incident 2.0 GeV electrons were measured by the pulsed beam time-of-flight
technique with Pilot-U plastic scintillator and the NE213 liquid scintillator with 2-inch in length and
2-inch in diameter. Targets, from low-Z element (Carbon) to high-Z element (Bismuth) and with thin
(0.5 Xo) and thick (10 Xo) thickness, were used on this study. The differential photo-neutron yields
between 2 MeV (Mainly 8 MeV) and 400 MeV were obtained. The systematics was studied to make
empirical yield terms for shielding application. Recently the study of the angular distributed yields
was attempted. The same measurements have been conducted at two observing angles, 48 and 140
degrees, in the linear accelerator tunnel. Those flight distances were 6.9 m and 8.3 m, respectively.
The photo-neutron yields between 8 MeV and 250 MeV have been obtained for thick targets.

In this paper, the experimental process, data reduction method, summarized results, and ongoing
plan will be introduced.

Presented at Shielding Aspects of Accelerators, Targets and Irradiation Facilities — SATIF7, May
17-18, 2004, Sacavém, Portugal.

3.2 Angular Distribution Measurements of Photo-Neutron Yields Produced by 2.0 GeV
Electrons incident on Thick Targets

Hee-Seock Leel, Syuichi Banz, Toshiya Sanamiz, Kazutoshi Takahashiz, Tatsuhiko Sat03, Kazuo
Shin* and Chinwha Chung'
'Pohang Accelerator Laboratory, 2KEK,2JAERI,  Kyoto University

The study of differential photo-neutron yields by the irradiation of 2 GeV electrons has been carried
out. In this extended study of previous measurements, which were done at the angle of 900 relative
to incident electrons, the differential photo-neutron yield was obtained at two other angles of 480
and 1400 to study its angular characteristics. Photo-neutron spectra were measured using a pulsed
beam time-of-flight method and a BC418 plastic scintillator. The neutron energy range of reliably
measuring was from 8 MeV to 250 MeV. The neutron spectra were measured for 10 Xo-thick Cu, Sn,
W, and Pb target. The angular distribution characteristics with previous results for 90 degree were
presented in the study. The experimental results was compared with Monte Carlo calculation results.
The yields predicted by MCNPX 2.5 tend to underestimate the measured one. That is the same trend
to the comparison results using EGS4 and PICA3 codes.

International Conference on Radiation Shielding (ICRS-10), 9-14 May 2004, Funchal, Madeira
Island (Portugal)



3.3 Measurements and Analyses of Angular Distribution of Secondary Particles from
Thin Cu Target Irradiation by 12GeV Protons

T. Miura, M. Numajiri, H. Matsumura, N. Matsuda', H. Nakashima' and S. Watanabe®
KEK, 'JAERI and *TNS

Angular distributions of secondary particles from thin copper target irradiated by 12GeV protons
were measured using activation methods. The experimental target was equipped in the neutrino
beam-line of the 12GeV Proton Synchrotoron at KEK. Various kinds of activation detector, such as
indium, aluminum niobium, cobalt and bismuth, were placed at a position of 1 m from the target and
angles of 10° ,30° , 60° ,90° and 120° relative to incident protons The experiment was analyzed
by using PHITS and MCNPX-2.1.5 Monte Carlo simulation codes. Using energy spectra obtaind
with these codes, reaction rates were calculated with high energy nucleon-nucleon reaction code
JAM for the intranuclear cascade calculation. Calculation results, whose energy spectra of secondary
particles were obtained by PHITS were slight overestimation by a factor of 2 in the forward angle.
results with MCNPX were overestimation by a factor of 3 in the all angles. In case of the experiment
for analysis in GeV energy region, it is necessary to take into account of influence exerted by hadron
nucleus collisions.

3.4 Calculation of secondary neutron spectrum from 2GeV electron induced reactions
using MARS15(04) code

T.Sanami, S.Ban, H.S.Leel), K.Takahashi, T.Sato”
KEK, 1) Pohang accelerator laboratory, 2)JAERI

Secondary neutron spectrum from 2 GeV electron induced reactions for various thickness samples
were calculated by using latest version MARS Monte-calro code to evaluate its applicability for
shielding calculation of high energy electron accelerator by comparing experimental results. The
results of the calculation well reproduce the energy dependence of the experimental results. The
agreement in magnitude between the experiment and the calculation becomes well with increasing
sample thickness. The adequate results will be obtained about neutron production for more than 5 X0
thickness materials.

3 rd International Workshop on Radiation Safety of synchrotron Radiation Sources (RADSYNCH’
04), 17 -19, November, 2004 , SPring-8 Mikazuki, Hyogo, Japan.

3.5 Secondary charged particle measurement from 2 GeV electron-induced reactions with
a current time-of-flight technique

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

The energy spectra of secondary charged particles from 2.04 and 2.5 GeV electron-induced reactions
are measured using a current time-of-flight technique at the Pohang accelerator Laboratory. A long
flight path and the current time of flight method is adopted to measure the pulse height of each event
that reach a detector in a short period. Secondary proton and deuteron energy spectrum are obtained



at 90-degree with respect to the electron incident angle. The results are compared with those
calculated by MCNPX-2.5¢ code.

Presented at International conference on Nuclear Data for Science and Technology, Sep 26-Oct 1,
2004, Santa Fe, New Mexico
Published in Proc. Int. Conf. on Nucl. Data Sci. Technol., (Santa-Fe, NM, 2004) pp.776

3.6 Measurements of double differential Cross Sections of Secondary Heavy Particles
Induced by tens of MeV Particles

M. Hagiwara, T. Sanami' , M.Baba, T. Oishi, N.Hirabayashi, M.Takadaz, H.Nakashima3, S.Tanaka®
Cyclotron and Radioisotope Center, Tohoku University, *KEK, 2 NIR S, * JAERI

Measurements of differential fragment production cross sections for proton and neutron induced
reaction are described. The double-differential fragment production cross sections for 70 MeV
protons and the yields for 75 MeV neutrons are obtained with a specially designed Bragg curve
spectrometer (BCS). An experiment is also described for proton induced reactions employing the
energy-time-of-flight method (E-TOF) to obtain complementary and more detailed information than
neutron-induced reactions.

Presented at International conference on Nuclear Data for Science and Technology, Sep 26-Oct 1,
2004, Santa Fe, New Mexico
Published in Proc. Int. Conf. on Nucl. Data Sci. Technol., (Santa-Fe, NM, 2004) pp.1031

4. Detector development and basic research

4.1. Dosimetry for space radiation in ISS life-science experiments using PADLES
system

A. Nagamatsul, M. Masukawal, H. Tawaral,z, H. Kumagai3
LIAXA, ?KEK, °AES

JAXA’s Space Utilization Research Center has developed a Passive Dosimeter for Life-Science
Experiments in Space (PADLES) system. The dosimetric data obtained by the PADLES system are
provided principally for biological experiments aboard the Japanese Experiment Module Kibo of the
International Space Station (ISS), investigating biological effects in a space radiation environment.
The PADLES system is constructed for routine analysis of many PADLES packages recovered from
ISS every 3 (or 6) months. High-speed and semi-automatic analysis of CR-39 by the PADLES
system drastically reduces the maximum analysis time to about two weeks for each experiment. For
prompt and synthetic analysis, the PADLES system which is under development integrates two
software programs, TLDPADLES and AUTO PADLES: (1) TLD PADLES individual data of TLD
elements, such as controls calibration factors and history of use, TL readouts in flight experiments.
In case of preparation for next flight experiment, it’s possible to make up the number from all
available TLD elements group which shows regular dose response and select most appropriate
elements automatically. (2) AUTO PADLES is made up of three functions: (i) the CR-39 processing



section processes many microscope images and measure the major axis and minor axis after an
ellipse fitting of the etch pit opening shape; (ii) the dose estimation section calculates the absorbed
dose, dose equivalent and LET distributions from the combined TLD-MSO and CR-39 data; (iii) the
experiment data-base section controls a subject and background of life science experiments, flight
information, dose analysis and so on. The automatic etch-pit shape detection function of the CR-39
processing section employs a pit-fit algorithm to shorten the microscope image analysis time. TLD
and CR-39 response data for heavy ions as determined from ground-based experiments with HIMAC
are also installed in the AUTO PADLES database.

In long-term experiments from June 2001 to November 2002on the ISS Russian segment, which
were conducted for investigating white defects of HDTV CCD elements due to space radiation, We
confirmed that the bubbles on etched surfaces of the CR-39 recovered from the ISS Russian segment,
which were probably caused by protons increasing gradually in proportion to the number of days of
exposure. This is an important problem o be solved for automatic analysis of CR-39 provided for
long-term space experiments in the next step.

Presented at the Ninth WRMISS Workshop, September 8-9, 2004, Vienna University of Technology,
Vienna, Austria.

4.2 Measurements of LET distributions of heavy charged particles induced by fast
neutrons in CR-39 plastic

H. Tawara® , K. Eda®, T. Sanami®, K. Takahashi®, A. Nagamatsu®, H. Kumagai®
3KEK, "Jaxa, °AES

We measured LET distributions of secondary heavy charged particles for > 4 keV/pm-water induced
by the 5 MeV and 15MeV neutrons with CR-39 plastic nuclear track detectors. Neutron detection
efficiencies and absorbed doses were calculated from the LET distributions. Dose equivalents were
also calculated using the ICRP60 Q-L relation and were compared to those calculated from neutron
fluences exposed and fluence-to-dose equivalent conversion factor given by ICRP 51.

Presented at the 22nd International Conference on Nuclear Tracks in Solids, Barcelona, 23-27
August, 2004, Spain.

4.3. Radiator design for detecting high-energy neutrons with nuclear track
detector

K. Odaa,*, Y. Imasakaa, T. Yamauchia, Y. Nakaneb, A. Endob, Y. Tawarac and Y. Yamaguchib
a Kobe University, b J AERI, ¢ KEK

Succeeding to the proposal of two-layer type radiator for more efficient detection of high energy
neutrons with a plastic nuclear track detector (PNTD), its availability has been investigated both
experimentally and theoretically. Inner deuterized hydrocarbon (CD2) layer adjacent to PNTD
should play two roles of a radiator of deuterons recoiled there and a degrader for energetic protons
recoiled in outer layer of a CH2 material such as polyethylene. It was found that the energy
dependence of the efficiency should be sensitively changed by the thickness of CD2 layer. The result
suggested a controllability of the detector response by adjusting the thickness of both layers. A best



combination of CH2 and CD2 thickness was estimated under a condition of a constant total
thickness, for example, the detector sensitivity could be flattened within 10 % between about 5 and
65 MeV by using 1.5 g/cmz—CDz and 1.5 g/cmz—CHZ.

Presented at the 22nd International Conference on Nuclear Tracks in Solids, Barcelona, 23-27
August, 2004, Spain.

4.4 Absolute Scintillation Yields of Solid Scintillators and The Factors Affecting Their
Resolutions.

S. Sasaki, H. Tawara, K. Saito, M. Miyajima1 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(Tl) 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 Ws 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 First Japan&France interchange meeting on ion tracks and ion induced scintillation
in polymers. Under the support from SAKURA project (Japan-France Integrated Action Program),
22 June 2004, NIRS Chiba, Japan.
Published at UNTL-0433 (2004)..

4.5 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.Miyajima1 and E.Shibamura®
KEK, Waseda Univ.!, Saitama Prefectual Univ.?

In the case of practical scintillation measurements a photomultiplier, PMT, is often used with a
scintillator. There, photons may hit the PMT with an incident angle from 00 to 900 and some of
the photons reflected into the scintillator may be returned to the PMT by the reflector surrounding
the scintillator. We have a scheme to measure reliable photon yields in various scintillators.
Therefore we need to know the angular variation of quantum efficiency and the reflectance of the
PMT. Such quantum efficiency and reflectance are important to properly design a system with
PMTs in many fields including those in neutrino experiments, PET, etc.

We measured the angular variation of quantum efficiency and the reflectance of the PMT and
defined the photon-to-photoelectron conversion efficiency, where quantum efficiency is the ratio of
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number of photoelectrons to that of photons hitting the PMT and the photon-to-photoelectron
conversion efficiency is defined as the ratio of numbers of photoelectrons to that of photons hitting
the PMT without being reflected. We found that the photon-to-photoelectron conversion efficiency
for obliquely incident light is larger than that for normally incident light. In addition, the
reflectance at the photocathode of PMT was also found to be appreciably large. In this article, we
describe the method of measurements and present the photon-to-photoelectron conversion efficiency
and the reflectance of the PMT. The measured reflectance is compared with that calculated by
treating the photocathode of the PMT as a thin film with a complex refractive index.

Presented at 19th Workshop of Radiation Detectors and Their Uses, 1-3 February 2005, KEK
Tsukuba.

4.6 Scintillation yields, luminescence spectra and time-profile in rare gas mixture

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 Application of rare gas to science and technology 2005, March 8-10. Waseda Univ.
Tokyo.

4.7 Average Energy to Produce An lon Par in Gases for Heavy lons

S. Sasaki, T. Sanami, H. Tawara, K. Iijima, K. Saito, and A. Fukumura'
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
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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
air, respectively) and agreed well with the value for 5.49 MeV alpha particles from 241Am in each
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 2004 IEEE Nuclear Science Symposium (16-22 October 2004, Rome, Italy), the
65th Conference of the Japan Society of Applied Physics (1-4 September, Sendai), and the 2004
Annual User’s Meeting of HIMAC in Chiba

To be published in IEEE Tans. Nucl. Sci..

4.8 Development of Position Sensitive Tissue Equivalent Proportional Counter (PS-TEPC)
and Establishment of Dosimetric Technique in the International Space Station (ISS) with
PS-TEPC

S. Sasaki, H. Tawara, K. Terasawal,3, T. Dokel, 3, K. Miuchiz, T. Nagayoshi2 and H. Matsumoto®
KEK, Waseda Univ. !, Kyoto Univ. 2, and JAXA®

Astronauts face the risk of intense radiation exposure in space, where the level of radiation dose is
higher than the two orders of that on the ground. Therefore, an accurate measurement of radiation
dose is essential to evaluate the radiation risk for astronauts. NCRP-142 recommends that an overall
uncertainty within 30 % should be acceptable in most cases of dosimetry for astronauts in space
(instrumental error only). However, there exists no space dosimeter to achieve such accuracy. Space
radiation consists of galactic cosmic rays, geomagnetic trapped particles, solar energetic particles,
and their secondary particles. Charged particles such as protons and heavy ions have been
considered to be the main components contributing to radiation doses in space. Primary charged
particles produce secondary particles, including neutrons, in their nuclear interactions with shielding
materials and/or equipment in spacecraft. These secondary neutrons give an additional radiation dose
to astronauts. To achieve the accurate measurement of space doses, we need a new active detector to
possibly measure both charged particles and neutrons. With these points as background, we have
started to develop a new space dosimeter named “Position Sensitive Tissue Equivalent Proportional
Chmaber (PS-TEPC)” using a novel technique of “Micro PIxel Chamber (p-PIC)”.

In radiation dosimetry, radiation effects on the human body have been evaluated using the dose
equivalent H which was defined by ICRP as H = DQ, where D is the absorbed dose and Q is the
quality factor given as a function of LET by ICRP. Three active detectors based on LET
measurements have been developed as dosimeters for charged particles and used for experiments in
space. They are a gas proportional counter called Tissue Equivalent Proportional Counter (TEPC)
and two kinds of Si detector telescopes called Real-time Radiation Monitoring Device-III
(RRMD-III) and DOSimetric TELescope (DOSTEL). These dosimeters, however, have several
demerits as shown in Table 1. Especially, TEPC can not measure correct LET, and RRMD-III and
DOSTEL cannot achieve measurements of neutrons.

PS-TEPC is a promising candidate for space dosimeter and is a micro time projection chamber
(u-TPC) with p-PIC, which is a gaseous two-dimensional position-sensitive detector fabricated using
printed circuit board (PCB) technology. A board with a detection area of 10x10 cm2 and a pixel
pitch of 400 pm has been developed. Cathode strips were formed on one side of a 100-um thick
polyimide substrate, and anode strips were formed perpendicularly on the other side. The detector
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has been applied to various experiments such as the observation of cosmic y-rays in the MeV region,
X-ray imaging, dark matter search, and so on. PS-TEPC satisfies all of the requirements in Table I.
We are now performing experiments on heavy ion irradiation.

Presented partly at the 19th Workshop of Radiation detectors and Their Uses (1-3 February 2004,
KEK, Tsukuba), the 60th Conference of the Physical Society of Japan (28-31 March, Noda), the 3rd
Meeting of Science Frontier Tsukuba (SFT2004) (11 November 2004, Mito), and so on.

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

4.9 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.

5. Experimental technology and Monte Carlo simulation
5.1 New Photon Transport Physics in EGS5

Y.Namito, H.Hirayama and S.Ban
KEK

We have improved photon transport in egs4 code in various points;
1. Linearly polarized photon scattering,
2. Doppler broadening and binding in Compton scattering,
3. L-X rays,
4. Auger electron,
5. X ray and Auger electron from compound/mixture,
6. K shell electron impact ionization (EII),
7. Use of PHOTX data base, and
8. General treatment of photoelectric cross sections.
New photon transport physics in EGSS5 also consists of these items.
Comparisons of measurements and EGSS5 calculation are included.
Also, calculations using improved EGS4 code are mentioned.

Presented at 3rd International EGS Workshop.
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5.2 Benchmark Calculations for EGS5

W.R.Nelsonl, J .C.Liul, H.Hirayamaz, Y.Namitoz, A.F.Bielajew3 and S.Wilderman®
! Stanford Linear Accelerator Center, > KEK, * U. Michigan

In the past few years, EGS4 has undergone an extensive upgrade to EGSS, in particularly in the
areas of low-energy electron physics, low-energy photon physics, PEGS cross section generation,
and the coding from Mortran to Fortran programming. Benchmark calculations have been made to
assure the accuracy, reliability and high quality of the EGS5 code system. This study reports three
benchmark examples that show the successful upgrade from EGS4 to EGSS5 based on the excellent
agreements

among EGS4, EGS5 and measurements. The first benchmark example is the 1969 Crannell
Experiment to measure the three-dimensional distribution of energy deposition for 1-GeV electrons
shower in water and aluminum tanks. The second example is the 1995 Compton-scattered spectra
measurements for 20-40 keV, linearly polarized photon by Namito et. al., in KEK, which was a main
part of the low-energy photon expansion work for both EGS4 and EGSS5. The third example is the
1986 heterogeneity benchmark experiment by Shortt et. al., who used a monoenergetic 20-MeV
electron beam to hit the front face of a water tank containing both air and aluminum cylinders and
measured spatial depth dose distribution using a small solid-state detector.

Presented at 3rd International EGS Workshop.

5.3 Implementation of a General Treatment of Photoelectric-Related Phenomena for
Compounds or Mixtures in EGS4

H.Hirayama and Y.Namito
KEK

A general treatment of photoelectric-related phenomena for compounds or mixtures in EGS4 was
modified using sub-shell photoelectric cross sections in PHOTX. Sub-shell photoelectric cross
sections for an each element were fitted to a quadratic function in a log-log plot. Thus obtained
parameters were prepared as the BLOCK DATA in EGS4. It becomes possible to calculate branching
ratios of each elements in EGS4 by this modification and therefore, it is not necessary to use
piece-wise linear-fitted data calculated by PEGS4. SUBROUTINE PHOTO became more simple
and logical by this modification.

Published as KEK Internal 2004-8.

5.4 Generation of an Improved Data Set of Gamma-ray Buildup Factors by Invariant
Embedding Method

A. Shimuzu', T. Ondaz, Y. Sakamoto3, H. Hirayama, Y. Haroam®
The Wakasa Wan Energy Research center, ?Institute of Nuclear Safety System, Incorporated, *Jaeri,

KEK, “CRC Solution Cooperation

An improved data set of gamma-ray buildup factors for point isotropic sources in infinite
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homogeneous media has been generated by the method of invariant embedding. The data set
covers the energy range 0.015 MeV — 15MeV up to depth of 100 mean free paths for 26 materials.

The effect of bremsstrhalung is taken into account by a new method. A precise comparison of
the present data with the standard data set ANSI/ANS-6.4.3-1991 shows the points of improvement
of the present data quantitatively.

Presented at the Tenth international conference on radiation shielding(ICRS-10), May 9-14 (2004),
Funchal, Madeira Island, Portugal.

5.5 EGS 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 EGS user
code to produce the necessary data.

Published as KEK Internal 2004-8

5.6 The EGS short course

H.Hirayama, Y.Namito
KEK

Two EGS4 short courses were held at KEK, as the parts of the 3rd International EGS workshop..

5.7 User support concerning EGS4

H.Hirayama, Y.Namito
KEK

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.
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6. Radiochemistry and radiation chemistry

6.1 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. Aze3, H. Nagail, M.
Takada® and H. Matsuzaki®
KEK, 'Nihon Univ., 2NIRS, *The University of Tokyo

The yields of Be from "C, ’Al, "Cu, ™Ag and '’ Au targets and '°Be from "'Cu, "Ag and '”’Au
targets in alpha- (400 MeV) and neutron- (maximum end-point energy, Ey,, = 500 MeV) induced
reactions were measured in order to compare them with the photonuclear-reaction yields at Eq =
1000 MeV. The target-mass dependences of the yields of "Be and '"Be showed very similar trends
among alpha-, neutron-, and photon-induced reactions. The fragmentation yields of 'Be decreased
more slowly, and those of '°Be increased gradually with an increase in the target mass; both yields
intersected at an approximate target mass of 125. The exponential increase in the
fragmentation-yield ratios of '°Be to 'Be with an increase in the neutron-to-proton ratio of the targets
suggests that pre-formation of the fragments inside the excited nuclei is strongly influenced by the
target properties, such as N/Z. Furthermore, the effect of the incident particle was clearly observed in
the yield ratios of '’Be to Be from the Cu and Ag targets.

Presented at 6th International Conference on Nuclear and Radiochemistry (NRC-6), Aug. 29- Sep. 3,
2004, Germany

6.2 Yield measurements of spallation products on various targets at the 500-MeV neutron
irradiation facility of KENS

H. Matsumura, K. Oishi, K. Masumoto, N. Nakao, A. Toyoda, M. Kawali, T. Azel, M. Fujimural, and
K. Takahashi
KEK, *Shimizu Co., "Nihon Univ.

Information of activities produced in the concrete shield of accelerator facility is very important for
the practical use of radiation safety and management. Therefore, we have been measuring yields of
spallation products on various targets at the 500-MeV neutron irradiation facility of KENS. In this
year, we measured yields of *Na and *’Na from Na, Mg, Al, Si, CL, K, Ca, Mn, Fe, Co, Ni, and Cui
targets. It was found that contribution of the yields from Na, Al, and Si is large in the concrete.

6.3 Indirect measurement of secondary particle distributions by Au activation method at
the KEK neutrino target station

H. Matsumura, T. Miura, S. Ishihamal, N. Matsudaz, T. Aze3, K. Masumoto, T. Suzuki
KEK, 'TNS, 2JAERI, *the Univ of Tokyo

Gold activation detectors were placed at nine positions on the inner wall of the KEK neutrino target
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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.

6.4 Energy-Shift Measurement of Pionic Atoms

K. Ninomiyal, H. Sugiural, Y. Kasamatsul, H. Kikunagaz, N. Kinoshitaz, Y. Tanil, H. Hasegawal, M.
Yatsukawal, K. Takamiya3 , W. Satol, T. Yoshimural, H. Matsumura, A. Yokoyamaz, K. Sueki4, Y.
Hamajima?, T. Miura and A. Shinohara'
10saka Univ., °’Kanazawa Univ., >KURRI, “the Univ. of Tsukuba, KEK

A free negative pion is degraded in matter and captured into excited states of an atom (atomic
number 7). The formation process has been well studied, on the other hand, the electron arrangement
after pionic atom formation has not been known sufficiently. We attempted to investigate the
electron arrangement process by measuring electronic X-ray energies, because the electronic X-ray
energies of pionic atoms are influenced by the atomic orbital of the pion and the atomic electron
arrangement. The experiments were carried out at mp-channel of KEK-PS. By reanalyzing all spectra,
we improved our preliminary values for electronic X-ray energies that had been already reported in
the previous paper.

The energy difference between electronic X-ray energy of Z-1 atom and pionic atoms becomes
larger with increasing atomic number. This atomic number dependence is consistent with the result
for muonic atoms.

Presented at 6th International Conference on Nuclear and Radiochemistry (NRC-6), Aug. 29- Sep. 3,
2004, Germany

Presented at the 48" Symposium on Radiochemistry, Oct. 27-29, 2004, the Univ. of Tokyo, Japan.
Presented at the 85th Spring Meeting of the Chemical Society of Japan, Kanagawa University,
2005/03/26-2005/03/29

6.5 Development of **CI-AMS using Gas-Filled Magnet

T. Azel, M. Fuyj imuraz, H. Matsumura, H. Nagaiz, and H. Matsuzaki'
The University of Tokyo, 2Nihon Univ., KEK

We have developed of accelerator mass spectrometry (AMS) system of *°Cl (T, = 3.01x10y) using
a Gas-Filled Magnet (GFM) at MALT (Micro Analysis Laboratory, Tandem Accelerator), the
University of Tokyo. Since we observed large beam losses by the scattering of the ions in the GFM,
we attempted to reproduce the trajectory of the ions in the GFM by the Monte Carlo simulations in
order to optimize the conditions of detector systems. The simulation could reproduce the trajectories
of the ions obtained from the experiments. The simulation revealed that the trajectory of the ions in
the GFM form spiral orbit not a true circle as we originally expected. Furthermore, the beam profile
was seriously spread vertically in the GFM. We deduced the best GFM conditions from our
experiments and simulation.
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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

6.6 Nitorogen analysis of CZ silicon by charged particle activation analysis

K. Masumoto, T. Nozakil, H. Yagiz, Y. Minai3,Y. Sait04, S. Futatsugawa4 and N. Inoued
KEK, Purex Co. 1, SHIEIZ, Musashi Univ. 3 JRIA4, Osaka Pref. Univ®

A working group of JEITA has made efforts to establish standard procedures of plural methods for
the determination of nitrogen concentration in CZ silicon. Related with this group, we first try to
examine and improve the reliability and accuracy of charged particle activation analysis. We adopted
the 14N(p,oc)llC reaction for the activation of nitrogen, and the behavior of 11C in its chemical
separation from the bombarded silicon was examined in two separation procedures, dry fusion and
wet chemistry, in two cyclotron facilities. Nitrogen of 1014 atoms/cm3 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.

This work was presented at the Symposium on High Purity Silicon VIII, Hawaii, October 3-8, 2004

7 Positron Annihilation and Positronium Chemistry

7.1 Application of positron annihilation to polymer and development of a
radioisotopes-based pulsed slow positron beam apparatus

T. Suzuki
KEK

Positrons injected into polymer behave as nanometer probes, which can detect the size and amount
of intermolecular spaces among polymer structures. Although positrons can probe the characteristics
of polymer, they induce a radiation effect on polymer samples. At low temperature, the radiation
effect induces free electrons, which can be trapped in a shallow potential created among
intermolecular structures after freezing molecular motions. These trapped electrons can be released
after the disappearance of the shallow potential due to the reappearance of molecular motion above
the relaxation temperature.

Published in OYO BUTURI  73(2004)494-499
7.2 Application of Coincidence Doppler Broadening Spectroscopy to Simple Hydrocarbons

N. DJOURELOV, T. SUZUKL Y. ITO !, V. SHANTAROVICH % Y. ITO, K. KONDO, J. ONOE *
KEK,* Tokyo University,? Russian Academy of Sciences, * Tokyo Institute of Technology

Three simple hydrocarbons: methane, ethane, and ethylene in solid state at the temperature of liquid

nitrogen were studied by coincidence Doppler-broadening (CDB) spectroscopy and positron
annihilation lifetime spectroscopy (PALS). Difference in the momentum distributions of o~ and 7~bond
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electrons was observed by CDB spectroscopy. Breaking of the weak z~bonds in ethylene due to the
positron irradiation and trapping of positrons by anion molecules and/or anion radicals cause inhibition in
the Ps formation in ethylene observed by PALS. The breaking of the z-bonds in ethylene was detected
also as a significant change in the shape of ethylene to methane CDB ratio with the elapsed experiment
time.

Published in Chem. Phys. 298 (2004)183-187

7.3 Carbon-implanted ultra-high molecular-weight polyethylene studied by a pulsed
slow-positron beam

N. Djourelov, C. H, T. Suzuki, Y. Itol, K. Velitchkova2, E. Hamada3, K. Kondo
KEK, “Tokyo University, 2 University of Mining and Geology, Bulgaria, * Institute for Environmental
Sciences

The pulsed slow-positron beam (PSPB) technique was applied to study the structural changes in
ultra-high molecular-weight polyethylene (UHMWPE) after carbon implantation, and the
unimplanted material as well. A simple macroscopic model was introduced to explain the PSPB
results. In the case of carbon-implanted UHMWPE, a three-layer model was used, and a very good
agreement between the experimental and calculated results was demonstrated. A low-porosity layer,
the region of which was in satisfactory agreement with the carbon ions stopping region, calculated
by the TRIM code, was detected. An increase in the free volume and a decrease in the hole sizes
were observed for a subsurface layer.

Published in Nucl. Instr. Meth B215 (2004) 83-89

8. Environmental and analytical chemistry at accelerator facilities

Separation of radioactive carbon and nitrogen from various activated samples

K. Masumoto, T. Ohtsuki' and K. Shikano®
KEK, Tohoku Univ. !, NTT?

Trace impurities of carbon and nitrogen in silicon and silicate samples were analyzed by photon
activation. Samples were irradiated with 30-MeV bremsstrahlung of 12000A 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 columns containing SiO, doped with
Co0,0; and Ascarite, respectively. The radioactivity of each column was measured with a couple of
BGO-detector.

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

19



8.2 Evaluation of residual radioactivity induced in concrete obtained from several
accelerator facilities

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

In order to evaluate radioactivity induced in accelerator components and buildings, concrete cores
samples were obtained from several charged-particle and electron accelerator facilities. Especially,
we focused our study to evaluate the radioisotopes, which were difficult to determine
nondestructively.

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.

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

K. Bessho, H. Matsumura, T. Miura, Q. Wang, K. Masumoto, Y. Tosakil, Y. Nagashimal, R. Sekil, T.
Takahashi', K. Sasa', 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 a small cyclotron (Nishina Memorial Cyclotron Center, Japan
Radioisotope Association), a 45MeV electron linac (Hokkaido University) and the neutrino
beam-line (KEK), and the depth profiles of **C1/ **Cl ratios in these concrete samples were analyzed.
The **Cl / **Cl ratios were utilized for evaluating the thermal neutron fluences during accelerator
operations, and these systematic investigations for various accelerator facilities clarified that thermal
neutron fluences in concrete were highly dependent on the acceleration energy of the accelerators.

Presented at the Sixth International Conference on Nuclear and Radiochemistry, Aug. 28 — Sep. 3,
2004, Aachen, Germany.

8.4 Observation of Gaseous Nitric Acid Production at a High-Energy Proton Accelerator
Facility
Y. Kanda, T. Miura, and H. Nakajima !
KEK, 'Tokyo Nuclear Services

High-energy protons and neutrons produce a variety of radionuclides as well as noxious and
oxidative gases, such as ozone and nitric acid, in the air mainly through the nuclear spallation of
atmospheric elements. Samples were collected from the surfaces of magnets, walls, and floors in
the neutrino beamline tunnel and the target station of the KEK 12-GeV proton synchrotron facility
by wiping surfaces with filter paper.  Considerably good correlations were found between the
amounts of nitrate and tritium, and between those of nitrate and 'Be. ~ This finding gives evidence
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that at high-energy proton facilities, nitric acid is produced in the radiolysis of air in beam-loss
regions. Also, the nitric acid on the surfaces was found to be desorbed and tended to be more
uniform throughout the tunnel due to air circulation. = The magnitude of diminishing from the
surfaces was in the order of tritium >nitrate > 'Be.

8.5 Measurement of radiolytic yield of nitric acid in air

Y. Kanda, Y. Okil, S. Yokoyamaz, K. Satoz, H. Noguchiz, Su. Tanakaz, and T. lida®
KEK, *Kyoto University, 2JA E R, *Nagoya University

A measurement of the radiolytic yield of nitric acid (G-value) was made by irradiating atmospheric
air enclosed in a glass vessel with high-energy protons from an AVF (Azimuthally Varying Field)
cyclotron.  The amounts of the produced nitric acid were experimentally determined, and those of
the deposited energy were calculated using the stopping power data.  The obtained G-value was
1.46+£0.12.

8.6 A microporous membrane-based continuous generation system for trace-level standard
mixtures of atmospheric gases

Y. Kanda, M. Taira, K. Chimural, T. Takanol, and M. 'Sawabe
KEK, Nisshin Service Co.

A reliable and convenient system to generate accurate and stable standard gas mixtures of various
atmospheric compounds at parts-per-billion levels has been developed.  The system is of simple
design; the generator is a coil consisting of an inner tube made of microporous
polytetrafuluoroethylene (PTFE) membrane tubing and an outer tube made of silicone tubing.  An
aqueous solution of the given compound continuously flows through the inner microporous tube and
the purge gas flows through the annulus between the inner and outer tubes. In addition to the
generation of gas mixtures based on Henry’s law, the proposed flow-type system offers generation
based on chemical reactions, leading to a distinct advantage of the availability of continuous sources
of various compounds.  The generation system was tested for preparing standard gas mixtures of
HCHO and H,0; on the basis of Henry’s law, and those of HNO,, NO, and SO, on the basis of
chemical reactions. A stable generation of the desired low concentrations of various kinds of gas
mixtures can be readily achieved by adjusting the concentration of the solution without the use of
high-dilution flow.

8.7 Development of accelerator mass spectrometry of silicon-32

M. Fujimural, T. Aze’, H.Matsumura, T. Saito', H. Nagail, H. Matsuzaki’
Nihon Univ., KEK, *The University of Tokyo

At Micro-Analysis Laboratory Tandem (MALT), the University of Tokyo, we have developed the
accelerator mass spectrometry of >>Si(T,,=100-200y). The chemical form of the sample was Mg,Si,
which was able to produce intense negative ion beam. The accelerator was operated at 4.7 MV, the
5+ charge state was selected. These values applied the value which was able to be calculated
according to the SRIM 2003 code, which calculates the energy loss and straggling of the ion. The
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detection of 32Si was carried out using the gas cell and the gas counter. In this paper, the state of
development is described.

Presented at the 6" Workshop on Environmental Radioactivity, Mar. 8-10, 2005, Tsukuba, Japan.
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3. Presentation at Conference etc. (2004.4 — 2005.3)
3.1 International Conference

1. Tenth international conference on radiation shielding (ICRS-10), May 9-14 (2004), Funchal,
Madeira Island, Portugal

(1)Establishment of High Energy Neutron Irradiation Facility and Shielding Experiment using 4m
Concrete Shirld at KENS

N. Nakao, H. Yashima, M. Kawai, K. Oishi, H. Nakashima, H. Matsumura, K. Masumoto, S.
Sasaki, M. Numajiri, T. Sanami, K. Takahashi, A. Toyoda, K. Iijima, Q. Wang., S. Ban, H. Hirayama,
S. Muto, T. Numoniya., D. R. H., Rasolonjatovo, S. Yonai, K. Terunuma, P. Sarkar, E. Kim, T.
Nakamura, and A. Maruhashi,

(2) 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. Wang, A Toyoda, K. Takahashi, K. Ilijima, 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

(3) Angular Distribution Measurements of Photo-Neutron Yields Produced by 2.0 GeV Electrons
incident on Thick Targets, Hee-Seock Lee, Lee, Syuichi Ban, Toshiya Sanami, Kazutoshi Takahashi,
Tatsuhiko Sato, Kazuo Shin and Chinwha Chung

(4) Hiroshi Matsumura, Kazuyoshi Masumoto, Noriaki Nakao, Qingbin Wang, Akihiro Toyoda,
Masayoshi Kawai, Takahiro Aze, and Masatsugu Fujimura

Characteristics of high-energy neutrons estimated by the radioactive spallation products on Au at the
500-MeV neutron irradiation facility of KENS

(5) Oishi, K., Yamakawa, H., Nakao, N., Nakashima, H., Kawai, M., Yashima, H., Kosako, K.,
Sanami, S., Numajiri, M., Shibata, T., Hirayama, H, Nakamura, T., “Measurement and Analysis of
Induced Activities in Concrete Irradiated by High Energy Neutrons at KENS Neutron Spallation
Facilities”

(6) Shimizu, A., Onda, T., Sakamoto, Y., Hirayama, H., and Harima, Y., “Generation of an Improved
Data Set of Gamma-ray Buildup Factors by Invariant Embedding Method”

(7) Yokoyama, S., Sato, K., Noguchi, H., Tanaka, Su., lida, T., Furuichi, S., Kanda, Y., Oki, Y., and
Kaneto, T. "Characterization of radionuclides formed by high-energy neutron irradiation"

(8) Miura, t., Saito, K., Fujii, H. and Tanosaki, T. "Analysis of Induced Radionuclides in
Low-activation Concrete Using 12 GeV Proton Accelerator Facility."

(9) Matsuda, N., Nakashima, H., Miura, T., Numajiri, M., Nakao, N., Nakamura, H. and Watanabe,
S. "Radiation streaming experiment through a labyrinth of the 12GeV proton accelerator facility
n."

(10) Nakamura, H., Miura, T., Numajiri, M., Nakao, N., Nakashima, H., Matsuda, N. and Watanabe,
S. "Radiation Streaming Experiment Through a Labyrinth of the High Energy Accelerator facility

(2).H

2. Shielding Aspects of Accelerators, Targets and Irradiation Facilities - SATIF7, May 17-18, 2004,
Sacavem, Portugal.
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(1) Photo-Neutron Yields from Thin and Thick Targets Irradiated by 2.0 GeV Electrons, Hee-Seock
Lee, Syuichi Ban, Toshiya Sanami, Kazutoshi Takahashi, Tatsuhiko Sato, Kazuo Shin and Chinwha
Chung

(2) Hirayama, H., “Inter-comparison of Neutron Attenuation in Iron and Concrete (5)”

Tayama, R., Hayashi, K., Hirayama, H. and Ohtani, N., “Development of Radiation Shielding Tool
for Proton Accelerators Facilities (BULK-I)”

3. International Conference on Nuclear Data for Science & Technology - ND2004
September 26 - October 1, 2004. Eldorado Hotel, Santa Fe, New Mexico

(1) T. Sanami, K. Takahashi, S. Ban, H. S. Lee and T. Sato, Secondary charged particle measurement
from 2 GeV electron-induced reactions with a current time-of-flight technique, KEK Preprint
2004-47(2004)

(2) M. Hagiwara, T. Sanami, M.Baba, T. Oishi, N.Hirabayashi, M.Takada, H.Nakashima and
S.Tanaka, Measurements of double differential Cross Sections of Secondary Heavy Particles Induced
by tens of MeV Particles

4. 2004 TEEE Nuclear Science Symposium, 16-22 October 2004, Rome, Italy

(1)Ionization Yields for Heavy Ions in Gases as a Function of Energy, S. Sasaki, T. Sanami, , K.Saito,
K. lijima and H.Tawara, E. Shibamura, A.Fukumura

5. Application of rare gas to science and technology 2005, 8-10 March 2005, Waseda Univ. Tokyo
Japan.

(1)Scintillation in helium mixed with xenon, K. Saito, S. Sasaki, T. Saami, H. Tawara and E.
Shibamura*

6. THE 35th POLISH SEMINAR ON POSITRON ANNIHILATION, SEPTEMBER 20-24, 2004,
Opole, Poland

1)Application of coincidence Doppler broadening spectroscopy to hydrocarbons at different
substance states, Runsheng Yu, Takenori Suzuki,*, Yasuo Ito, Nikolay Djourelov, K. Kondo, Victor
Shantarovich

2)Delayed formation and localization of positronium in polymers, J. Kansy and T.
Suzuki

3)APPLICATION OF COINCIDENCE DOPPLER BROADENING SPECTROSCOPY TO
POLYMERS and HYDROCARBON SAMPLES, Takenori SUZUKI1*, Nikolay DJOURELOVI,
Runsheng YU1, Kenjiro KONDOI, Yasuo ITO1 and Victor SHANTAROVICH2,

4)V. P. Shantarovich, T. Suzuki, N. Djourelov, A. Shimazu, V. W. Gustov, 1. B. Kevdina

Some Aspects of Free Volume Studies in Molecular Substances Using Positron Annihilation
Experiments (IL)

5)M. Debowska, J. Pigfowski,J. Rudzinska-Girulska, , T. Suzuki, W. Swigtkowski, C Slusarczys, W.
Binias, R. Yu, To Mix or Not To Mix? Positive Mixing Volume in PA/P(n-BA-co-MMA) Blends
(00)
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7. 6th International Conference on Nuclear and Radiochemistry (NRC-6), Germany,
2004/8/29-2004/9/3

(1) Hiroshi Matsumura, Toshiya Sanami, Kazuyoshi Masumoto, Noriaki Nakao, Akihiro Toyoda,
Masayoshi Kawai, Takahiro Aze, Hisao Nagai, Masashi Takada and Hiroyuki Matsuzaki

Target dependence of beryllium fragment production in neutron- and alpha-induced
nuclear reactions at intermediate energies

(2) K. Ninomiya, H. Sugiura, Y. Kasamatsu, H. Kikunaga, M. Shigekawa, N. Kinoshita, Y. Tani, H.
Hasegawa, M. Yatsukawa, K. Takamiya, W. Sato, H. Matsumura, A. Yokoyama, K. Sueki, Y.
Hamajima, T. Miura and A. Shinohara, Energy Shift of Electronic X Rays Emitted from Pionic
Atoms

(3) K. Bessho, H. Matsumura, T. Miura, Q. Wang, K. Masumoto, T. Matsuhiro', Y. Nagashimal, R.
Seki', T. Takahashi', K. Sasa', and K. Sueki'(KEK, 'Tsukuba University) “AMS Analysis of *°Cl
Induced in Shielding Concrete of Various Accelerator Facilities”,

8. 3rd International Workshop on Radiation Safety of synchrotron Radiation Sources
(RADSYNCH’ 04), 17- 19, November, 2004 , SPring-8 Mikazuki, Hyogo, Japan.

(1) T.Sanami, S.Ban, H.S.Lee, K.Takahashi, T.Sato, “ Calculation of secondary neutron spectrum
from 2GeV electron induced reactions using MARS15(04) code”

(2) S.Ban, Y.Namito, T.Sanami, K.Takahashi and H.Tawara, “ Recent Radiation Problems in KEK
Electron Accelerators”

9. The Ninth WRMISS Workshop, September 8-9, 2004, Vienna University of Technology, Vienna,
Austria

(1) A. Nagamatsu, M. Masukawa, H. Tawara, H. Kumagai, “Dosimetry for space radiation in ISS
life-science experiments using PADLES system”

10. The 22nd International Conference on Nuclear Tracks in Solids, Barcelona, 23-27 August, 2004,
Spain

(1) H. Tawara , K. Eda, T. Sanami, K. Takahashi, A. Nagamatsu, H. Kumagai, “Measurements of
LET distributions of heavy charged particles induced by fast neutrons in CR-39 plastic”

(2) K. Oda, Y. Imasaka, T. Yamauchi, Y. Nakane, A. Endo, Y. Tawara, Y. Yamaguchi, “Radiator
design for detecting high-energy neutrons with nuclear track detector*
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4. Report etc. (2004.4 — 2005.3)
4.1 KEK Proceedings

(1) Miura, T. edited,; Proceedings of the Fifth Workshop on Environmental Radioactivity; KEK
proceedngs 2004-8;

(2) Y.Namito, H.Hirayama and S.Ban, edited: **Proceedings of the Eleventh EGS4 Users' Meeting in
Japan", KEK Proc. 2003-15 (February 2004).

4.2 KEK Preprint

(1) Matsumura, H.; Masumoto, K.; Nakao, N.; Wang, Q.; Toyoda, A.; Kawai, Aze, T.; Fujimura,
M., ”Characteristics of high-energy neutrons estimated by the radioactive spallation products on
Au at the 500-MeV neutron irradiation facility of KENS”, KEK Preprint 2004-14

(2) Sanami, T.; Takahashi, K.; Ban, S., Lee, H.S., Sato, T., “Secondary charged particle measurement

from 2-GeV electron induced reactions with current time of flight technique”, KEK Preprint 2004-47

(3) Hirayama, H., “Applications of EGS4 code to researches ralated to health physics”, KEK
Preprint 2004-70

(4) Sanami, T.; Ban, S., Lee, H.S., Takahashi, K., Sato, T., “Calculation of secondary neutron
spectrum from 2-GeV electron induced reactions using MARS15 code”, KEK Preprint 2004-83

(5) Matsumura, H.; Sanami, T.; Masumoto, K.; Nakao, N.; Toyoda, A.; Kawai, M.; Aze, T.; Nagai,
H.; Takada, M.; Matsuzaki, H.,”Target dependence of beryllium fragment production in neutron-
and alpha-induced nuclear reactions at intermediate energies”, KEK Preprint 2004-90

(6) K. Bessho, H. Matsumura, T. Miura, Q. Wang, K. Masumoto, T. Matsuhiro, Y. Nagashima, R.

Seki, T. Takahashi, K. Sasa, and K. Sueki, “AMS Analysis of %Cl Induced in Concrete of

Accelerator Facilities”, KEK Preprint 2004-96

(7) H. Nakamura, T. Miura, M. Numajiri, N. Nakao, H. Nakashima, N. Matsuda, S. Watanabe ,

“Radiation streaming experiment through a labyrinth of the 12GeV proton accelerator facility at

KEK(2)-TLD rem-counter method”, KEK Preprint 2004-106

4.3 KEK Report

(1) Nakao, N., Mokhov, N., Yamamoto, K. and Irie, Y., “MARS14 shielding calculations for the
J-PARC 3-GeV RCS”, KEK Report 2004-1

4.4 KEK Internal
(1) R. Tayama, K. Hayashi and H. Hirayama, “BULK-I: Radiation Shielding Tool for Proton

Accelerator Facilities”, KEK Internal 2004-1 (2004).
(2) H. Hirayama and Y. Namito, “Implementation of a General Treatment of Photoelectric-Related
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Phenomena for Compounds or Mixtures in EGS4 (Revised version)”, KEK Internal 2004-6
(2004).

(3) Y.Namito, H.Hirayama, A.Takamura and T.Sugita, ""EGS Particle Trajectory and Geometry
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