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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.

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
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Chapter 1 Research Activities

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 2000.



1 Absolute Scintillation Yields of Inorganic Scintillation Crystals and The Factors
Affecting Their Resolutions

S. Sasaki, H. Tawara, K. Saitoh!, M. Miyajima? and E. Shibamura®
KEK, ' The Graduate University of Advanced Studies,
2 Pukui University, 3 Saitama Prefectual University

We have been studying the absolute scintillation efficiency for gamma rays in several kinds of
inorganic scintillation crystals and the factors affecting their energy resolutions. In the studies, the
scintillation efficiency is measured in terms of W-value, defined as N,/E, where N, is the number
of scintillation photons produced in the crystal for the gamma ray with an energy of E. The value
of N, is given by the relation: Ny, = N, x F; x J., where Ny is the number of photoelectrons
from the photocathode of a photomuitiplier tube (PMT), F, the fraction of photons collected at the
photocathode, and (. the quantum efficiency of it. Np. 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
Meonte-Calro code (SPC3) incorporated into the EGS4 code {(EGS4/SPC3).

In the system of 3”¢x3"NaI(T1) +-3”PMT, W,-value was determined to be 11.7+0.3 ¢V. The energy
resolution for gamma-rays from 137Cs (662 keV) was measured to be 7.7 % in FWHM and agrees well
with the width calculated using the EGS4/SPC3 code (7.6%).

Presented partly at the 48th Conference of the Japan Society of Applied Physics in Tokyo, the 2nd
International Workshop on EGS in KFEK, and the 15th workshop on Radiation Detectors and Their
Uses in KEK.

2  Accelerator Radiation Safety

2.1 Measurements of X-rays from the RF systems of the electron-linear accelerator for
KEKB

H. Nakamura, S. Ban, K. Takahashi, T. Oogoe and A. Enomoto
KEK

The RF systems of an electron linear accelerator are important sources of X-rays. A unit of the RF
system consists of a klystron, an RF compressor, three RF dividers and a set of waveguides in KEKB
linac. X-ray exposure from a klystron collector is well known. Recently, RF compressors have been
used in a high peak-power RF system and X-rays from the compressors became an important problem.
In the KEK 8-GeV electron-linear accelerator for KEKB, the X-rays doses from these components were
measured with a TLD (thermoluminescent dosimeter). The spatial distribution of the X-ray intensity
around these components (SLED, RF divider) was measured by using an IP (imaging plate).

Presented at 10th Symposium of the International Radiation Protection Association, 2000,
Hiroshima (IRPA-10).



3 Airborne Gases at High-Energy Accelerator Facilities

Y. Oki, Y. Kanda, K. Kondo and A. Endo?
KEK, \JAERI

Carbon-11 is one of the principal airborne radicisotopes produced through nuclear spallation reaction
by high-energy particles, such as protons and neutrons. To clarify the chemical form of gaseous 1C,
irradiation of atmospheric air with high-energy protons has been performed at the 12 GeV proton
synchrotron . The chemical species were found to be only 1!CO and 'CO, and the proportions were
approximately 80% for 11CO and 20% for ! CO,.

4  Airborne Radioactivity Measurement for Evaluation of Internal Exposure at High
Energy Proton Accelerator Facilities

M. Numajiri, Y. Oki, T. Miura, T. Suzuki and K. Kondo
KEK

Principal materials (Al, Fe, Ni, etc.) used in accelerator hardware were irradiated at various places
in tunnels of KEK-500MeV and 12GeV proton synchrotrons. Production rates of individual nuclides
and their time variations after beam-off were examined extensively.

A filter sampling method was applied to evaluate an internal exposure by the inhalation of ra-
dioactive airbornes. Both GM and Ge semi-conductor counting methods were nsed to measure their
radioactivities, and some problems in evaluating the radioactivities by these methods were discussed.

Published as KEK Internal 2000-19, March 2001.

B  Application of Monte Carlo Code to a Study of Gamma-Ray Buildup Factors,
Skyshine and Duct Streaming

H. Hirayama.
KEK

It has become possible to apply a Monte Carlo code to a specified shielding calculation, including
deep-penetration problems, within a reasonable CPU time along with a recent drastic increase in
computational power. It is, however, not reasonable to apply a Monte Carlo code to all shielding
calculations at each step.

Many shielding calculations for gamma-rays have continued to rely on point-kernel methods incor-
porating buildup factor data. Line beam or conical beam response functions, which are calculated
using a Monte Carlo code, for skyshine problems are useful to estimate the skyshine dose from var-
ious facilities. A simple calculation method for duct streaming was proposed using the parameters
calculated by the Monte Carlo code.

It is therefore important to study, improve and produce basic parameters related to old, but still
important, problems in the fields of radiation shielding using the Monte Carlo code. In this paper,
these studies performed by several groups in Japan as applications of the Monte Carlo method are



discussed.

Presented at MC2000, International Conference on Advanced Monte Carlo for Radiation Physics,
Particle Transport Simulation and Applications, 23-26 October, 2000, Lisbon, Portugal.

6 Application of PTEDs to Fast Neutron Dosimetry

6.1 Fast neutron sensitivity of a new plastic track etch detector TNF-1 in the energy
region of 0.25 to 15 MeV

H. Tawara, T. Sanami, A. Nagamatsu', M. Masaki', H. Kumagai' and K. Ogura?
KEK, ' NASDA, % Nihon Univ.

CR-39 is a Plastic Track Etch Detector (PTED) with & high detection efficiency for energetic heavy
charged particles. The addition of a small amount of antioxidant to pure CR-39 has further improved
the PTED characteristics such as the track-formation sensitivity. The long-term stability of latent
tracks and insensitivity to gamma-rays along with the high capacity for registering recoil-proton tracks
initiated the study of CR-39 as a neutron dosimetry material. Many types of neutron dosimeters
based on CR-39 have been developed so far. However, its application to neutron dosimetry is only
in the neutron-energy region of approximately 10 MeV or less. Recently, Ogura et al. have been
developing new PTED materials and have improved the track-formation sensitivity in the lower LET
region. The commercially-available HARZLAS TNF-1 developed by them has a higher track-formation
sensitivity than TD-1 below 10 keV/mm of REL200eV in the PTED material. This sensitization
enables registration of tracks of normally-incident protons up to 27 MeV. In this study, the neutron
sensitivity of TNF-1 and TD-1 were compared experimentally in the neutron energy range from 0.25
MeV to 15 MeV in order to demonstrate the superior fast-neutron sensitivity of TNF-1.

Presented at the 15th Workshop on Radiation Detectors and Their Uses, 31 Jan. - 2 Feb. 2000,
KEK, Tsukuba.

7 Benchmark Calculation with Simple Phantom for Neutron Dosimetry

N. Yoshizawa, Y. Sakamoto!, 8. Iwai® and H. Hirayama3
' MRI, Mitsubishi Research Institute, 2JAERI
SNDCG, Nuclear Development Corporation, *KEK

Benchmark calenlations for high-energy neutron dosimetry were performed. Neutron induced energy
deposition in cylinder phantom(radius 100cm, depth 30cm) was calculated. Incident neutron energies
were from 100 to 10000MeV. Four single element (hydrogen, carbon, nitrogen, and oxygen) phantoms
and ICRU four-element tissue phantom were used. Depth dose distributions in the central region(R=0-
lem) and the whole region(R=0-100cm) were calculated. Calculated results of FLUKA, MCNPX, and
HETC-3STEP were compared. There were large differences among calculated results especially for
the single element phantom up to a factor of 7.

Presented at Shielding Aspects of Accelerators, Targets and Irradiation Facilities (SATIF-5) Paris,
France, July 17-21, 2000.



8 Characterization of ''C, ®*N and %0 produced in Air through Nuclear Spallation
Reactions by High Energy Protons

A. Endo, Y. Okil, Y. Kanda!, K. Kondo!
JAERI, *KEK

1@, 3N and 50 are principal short-lived radionuclides formed in air of operating high-energy
proton accelerators. In this work, their gaseous and aerosol fractions were measured, and chemical
forms of the gaseous fraction were characterized.

Presented in IRPA10, The 10th International Congress of The International Radiation Protection
Association, P6a-336, Hiroshima, 2000.

9 Calibration of BaF; Scintillators for the Particle Energy and Species

T, Hircishi, T. Sanamil, M. TakadaZ, M. Baba
Tohoku Univ., KEK!, NIRS?

BaF; scintillators, which are used a counter telescope system to measure the (n,xZ) reaction DDX in
TIARA, are calibrated by using mono-energetic charged particles of protons, deuterons and alphas in
tens MeV region. The particles are produced Cyclotron in NIRS. From the results, light output of
the BaF, scintillators are non-liner with particle energy and strongly depend on Z of particles. The
(n,xZ) DDXs measured by the telescope system are corrected by using the results.

Presented partly at the 2001 Annual Meeting of the Atomic Energy Society of Japan.

10 Complexation of Crown Ether Chromoionophores with Alkali Meta! Ions
in Surfactant Micelles

K. Bessho, Y. Kanda, H. Yamamoto!, S. Taniguchi?, T. Hayashita?, and N. Teramae?
KEK, L\ TOKUYAMA Corp., % Tohoku Univ.

Crown ether compounds are known as selective complexing reagents for alkali metal ions. Our
co-workers have synthesized various types of organic compounds, in which crown ether groups are
linked to chromophore groups. These compounds, which are called chromoionophores, form complexes
with alkali metal ions, and UV-absorption spectra of them change accompanied with complexation.
However, interaction between crown ethers and metal ions are weak in water, so spectral change can
be observed only in pure organic solvents or water-organic solvent mixed solutions.

Surfactant molecules form molecular assemblies called micelles in aqueous solutions. It is expected
that complexation ability of crown ethers increase in agueous micellar solutions because of oil-like en-
vironment inside micelles. We have examined the complexation aspects of three kinds of Na© selective
chromoionophores in surfactant micelles. It was found that absorption spectra of the chromoionophores
change in the presence of Na' ion in aqueous micellar solutions, although the concentrations of surfac-
tants are low {below 1%(v/v)}. The complexation constants between chromoionophores and Na™ jons
in aqueous micellar solutions are equivalent to the complexation constants in water - organic solvent
mixed solutions in which concentrations of organic solvents are above 50%(v/v).



11 Deep Penetration Experiment at ISIS

N. Nakao, T. Shibata, T. Nunomiya!, T. Nakamura!, E. Kim!, T. Kurosawa!, S. Taniguchi?,
M. Sasakil, H. Iwase', Y. Uwamino?, S. Ito?, P. Wright3, and D. R. Perry’
KEK, ' Tohoku Univ., 2RIKEN, 3 Rutherford Appleton Lab.

A deep penetration experiment was performed at a spallation neutron source facility, ISIS. In the
ISIS target station, a thick tantalum target is irradiated by 800 MeV-200pA protons, and is shielded
by 284-cm thick iron and 97-cm thick concrete at upward direction. In the experiment, concrete slabs
of up to 120-cm thickness or iron slabs of up to 60-cm thickness were additionally equipped at the
top of the bulk shield. Neutrons leaked through the transverse bulk shield and additional shield were
measured by various activation detectors using '2C(n,2n)''C, 2%Bi(n,#n)?*~*Bi(z = 4 ~ 10) and
2T Al(n,a)?*Na reactions, and by an indium activation multi-moderator spectrometer. The reaction
rates and the neutron energy spectra in a neutron energy range from thermal to 400 MeV for the
various thicknesses of concrete and iron were obtained. These experimental data will be useful as a
benchmark data for neutron deep penetration. From thus-obtained attenuation profiles of 12C(n,2n)
and ?®Bi(n,zn) reaction rates, the attenuation lengths of high-energy neutrons produced at 90 degree
by 800-MeV protons were estimated for concrete and iron. The intra-nuclear-cascade-evaporation
Monte Carlo calculations with HETC-KFA2 code and the discrete-ordinates calculations with ANISN
code and DLC119/HILO86 cross-section library were also performed to compare with the experimental
data. The calculations gave big underestimated neutron fluxes for deep penetration, and gave about
10~20% shorter attenuation lengths.

Presented at 5th Specialists Meeting on Shielding Aspects of Accelerator, Targets and Irradiation
Facilities (SATIF-5), OECD/Nuclear Energy Agency, Paris, France, 18-21 July 2000., and published
in KEK preprint 2000-60, July 2000.

12 Dependence of the Doppler-broadening of the Positron-Annihilation Radiation in
Cso Fullerenes

Y. Ito
KEK

In Cgp fullerene specimens, a single component of a positron lifetime of about 390 psec has been
reported by Yutaka ITO and Takenori SUZUKI,(1999)[1]. According to a calculation, the positron
density distribution in Cgq is quite different with respect to the approximation model of the electron-
positron correlation. Unfortunately, in spite of a large difference in the calculated distributions, the
differences in the lifetimes expected by these models are smaller than the uncertainties of the mea-
surements. On the other hand, Doppler-broadening of annihilation radiation has been known to be
a probe of the density in the momentum space of electrons sampled by a positron. A monotonic
correlation of the Doppler-broadening of positron-annihilation radiation in solid Cgq with the temper-
ature was observed between 77K and 299K. Since the change in the spectrum due to the temperature
was very smnall, the spectrum was analyzed by a method which reduced the effect of the statistical
uncertainties of the spectrum. The observed temperature dependence is interpreted as being due to a



thermal expansion of the lattice spacing between the Cgo molecules, where positron annihilation took
place at the interstitial regions between the Cgp molecules. '

(1] Y. Ito and T. Suzuki, “Positron annihilation in Cgg and Crg fullerenes and other carbon phases”,
Phys. Rev. B60(1999)15636-15638.

12.1 Positron annihilation inside Cy

Y. Ito
KEK

It has been considered that positrons in pure Cgp are distributed in the interstitial sites between
the Cgp molecules. However, it is possible to resides a positron inside a Cgp molecule when the
interstitial space between the Cgg molecules becomes filled with alkali atoms. We report here the
positron-annihilation characteristics, lifetime and Doppler-broadening for the annihilation radiation,
in KgCgp. We have observed that both the lifetime and Doppler-broadening spectrum of KgCgy can be
separated into two components. In both measurements, the value of one component is close to the value
observed for positron annihilation in pure Cgp, where a positron annihilates with an electron outside of
.a Cgp molecule. On the otherhand, we have observed for KgCgp the short lifetime (197psec), and the
extremely small Doppler-broadening on the annihilation spectrum corresponding to the mean electron
momentum distribution of 0.95 x10~% mpe (FWHM). These components are considered to reflect
positron annihilation inside a Cgp molecule. These demonstration will lead to further applications to

spectroscopy inside a Cgp molecule.

13 Development of DUCT-III Code for Duct Streaming Calculation up to 3GeV

. Nakano, R. Tayama, T. Tsukiyama, H. Handa, K. Hayashi, K. Shin!, II. Hirayama?, H.
Nakashima®, F. Masukawa®, N. Sasamoto®, K. Yamada® and T. Abe?
Hitachi Engineering Co. , Lid., ' Kyoto University,
KEK, 3 JAERI, 4 Start Com Co., Ltd.

A simple and useful code for radiation streaming calculations named DUCT-III with updated high
energy albedo data up to 3 GeV neutrons was developed. DUCT-III can treat cylindrical duct,
rectangular duct, annulus, and slit geometry. Multi-legged geometry is also available. As an output,
we can get energy spectra at mauny positions along the duct center axis.

We performed benchmark analyses with neutron streaming experiments at TIARA and NIMROD
to validate the applicability of DUCT-IIIL. The results with DUCT-III were in agreements with the
experiments for neutron dose equivalents and reaction rates with activation detectors. Therefore,
the applicability of DUCT-III to the shielding design work of the high energy neutron facilities was
validated.

Presented at Shielding Aspects of Accelerators, Targets and Irradiation Facilities (SATIF-5) Paris,
France, July 17-21, 2000.



14 Developement of a Quasi-monoenergetic Neutron Field and Measurements of the
Response Function of an Organic Liquid Scintillator the Neutron Energy Range
from 66 to 206 MeV

N. Nakao, T. Kurosawal!, T. Nakamura!, Y. Uwamino?
KEK, * Tohoku Univ., 2RIKEN

A quasi-monoenergetic neutron field was developed using a thin 7Li target bombarded by protons
in the energy range from 70 to 210 MeV at the RIKEN ring cyclotron facility. The neutron energy
spectra were measured with an NE213 organic liquid scintillator using the TOF method. The absolute
peak neutron yields were obtained by measurements of 478 keV +y-rays from "Be nuclei produced in a
Li target through the "Li(p, n)"Be (g.5.+0.429 MeV) reaction.

Using the neutron field, the absolute values of the neutron response functions of a 12.7-cm diameter
by 12.7-cm long NE213 organic liquid scintillator were measured, and were compared with calculations
using a Monte Carlo code developed by Cecil et al. The measured response functions without any
wall-effect events were also obtained, and compared with calcualtions using a modified Monte Carlo
code. Comparisons between a measurement and a calculation both with and without any wall-effect
events gave a good agreement.

Presented at the International Workshop on Neutron Field Spectrometry in Science, Technology
and Radiation Protection, Pisa, Italy, 4-8 June, 2000., and published in KEK preprint 2000-58, July
2000.

15 Development of Silver Activation Type neutron Detector

K. Sato, S. Sasakil, M. Horiuchi? and T. Miyamoto
Nihon University, ' KEK, * Konica Corporation

In order to measure burst neutrons emitted from the plasma focus, a silver-activation type detector
has been developed. Silver foils of 0.2 mm thickness are irradiated by neutrons, and radioactive
1084 and 11%°Ag nuclei are produced in the foils. These radioactive nuclei, 1°®*Ag and "'?Ag, decay to
cadmium nuclei, emitting beta rays with a half life of 144.6 sec and 24.57 sec, respectively. In our case
only 1%Ag was used for neutron detection by discriminating the pulses from beta rays of %8 Ag. The
beta rays are detected by a plastic scintillation counter, output pulses of which are amplified with a
linear amplifier and recorded in a scaler. A sandwich of 19 silver foils and 20 plastic scintillators is
attached to a photomultiplier. The neutron fluence at the detector can be determined from the total
counts of beta rays.

Presented partly at the 8th Asia-Pacific Phys, Conf. in Taipei (Aug. 7-10, 2000), and the Pulsed
Power Meeting in Korea (Oct. 26-27, 2000).



16 Development of Slow Positrn Beam for Positron and Positronium Chemistry
16.1 New system for a pulsed slow-positron beam using a radioisotopes

E. Hamada, N. Ohshima, T. Suzuki!, H. Kobayashi!, K. Kondo!, I. Kanazawa?, and Y, Ito®
The Graduate University for Advanced Studies, L KEK,
2 Tokyo Gakugei University, 3 Tokyo University

To analyze the surface of polymers using positron-annihilation lifetime spectroscopy (PALS), a
pulsed slow-positron beam system having both a high pulsing efficiency and a good time resolution
is now under development. The time resolution, which is defined by the full width at half maximum
(FWHM), and the pulsing efficiency of this system were achieved to be 0.54ns and 50polyethylene
(LDPE), obtained by PALS using our new pulsing system, agreed with that obtained by a conventional
PALS.

Published in Radiation Physics and Chemistry 58(2000) 771-775.

16.2 Application of pulsed slow-positron beam to low-density polyethylene film

E. Hamada, N. Ohshima?, K. Katoh, T. Suzuki!, H: Kobayashi!, K. Kondo!, I. Kanazawa3, and
Y. Ito?
Ibaraki Prefectural University of Health Sciences, L KEK,
2RIKEN, ® Tokyo Gakugei University, * Tokyo University

A pulsing system for a slow-positron beam was applied to study near the surface of a low-density
polyethylene (LDPE) film using a positron-annihilation lifetime measurement. The lifetime and in-
tensity of ortho-positronium (o-Ps) near the surface were measured as a function of incident positron
energy (1.6 ~9.1 keV). The size of intermolecular spaces in the surface region (~1500 nm) was larger
than that in the bulk region. This tendency was especially strong in the region around 200 nm be-
low the surface. On the other hand, the intensity of o-Ps decreased with decreasing in the incident
positron energy, which was considered to be attributed to the decrease in the density of the spur
electrons and/or the increase in the number of reemitted positrons from the surface.

Presented at 32nd Polish Seminar on Positron Annihilation (32SPA), Jarnoltowek, Poland, Septem-
ber 18-22,2000.

17 Development of Thermal Neutron Calibration Field with Graphite Pile

T. Sanami, S. Yonai!, S. Sasaki, T. Michikawa, A. Uritani?, T. Shibata, T. Nakamura®
KEK, ' Tohoku Univ., * Negoya Univ.

Thermal neutron calibration field with a graphite pile and radioactive neutron sources is established
in KEK. The pile is 2500 mm (L) x 1900 mm (D) x 1900 mm (H). Absolute thermal neutron
distribution and Cd ratio in the pile is determined by gold foil activation method. At outside of
the pile, it is also determined by 3He proportional counter. The distribution is well simulated by
MCNP /4B code. In addition, we adopt a detector consisting of a ZnS(Ag)+Li(OH)} scintillator and



an optical fiber to the distribution measurement in the pile. In the next year, we will start applications
of the thermal neutron filed.

Presented partly at 2000 Annual Meeting the Atomic Society of Japan.

Submit to KEK internal (in Japanese).

18 Estimation of the Fast Neutron Fluence of the Hiroshima Atomic Bomb

Y. Ito, T. Shibata, S.Shibata®, N. Nogawa?, M. Imamura®, Y. Uwamino? and K. Shizuma
KEK, ! Research Reactor Institute Kyoto University, 2 University of Tokyo,
3 National Museum of Japanese History, *RIKEN, ® Hiroshima University

Reassessment of the neutron fluence of the Hiroshima atomic bomb is an essential step to estimate a
risk of radiation for human. Since the recent studies for the thermal neutron fluence of the Hiroshima
atomic bomb reported a systematic discrepancy from the DS86 dose estimate, the extensive study to
the fast-neutron fluence is particularly required. There has been only one measurement of the fast-
neutron fluence of the Hiroshima atomic bomb, but which was done by a primitive electroscopedetector,
the uncertainties of which was too great to permit an accurate estimation. To help resolve this problem,
new measurement using the modern equipment are particularly desirable.

We have been trying to estimate the fast neutron fluence with the residual radioactivity of ®3Ni in
copper. ®Ni is produced in copper by the %3Cu(n,p)®Ni reaction. Energy of the threshold of this
reaction is approximately 1MeV. Since a half life of ®3Ni is 100 year, 70% of %3Ni produced by the
atomic bomb presently exists in a copper sample at 50 years after the explosion.

18.1 Measurement of the cross section for the % Cu(n,p)®*Ni reaction

To estimate the fast-neutron fluence from the residual ®Ni activity, the cross section of the
3Cu(n,p)®*Ni reaction have been studied. Except for one measurement over the neutron energy
range of 7.2 to 14.6 MeV, there have been no meagurement for this reaction at the neutron energy
corresponding with the Hiroshima atomic bomb.

In our experiment, the copper targets were irradiated by neutrons in an energy range of 1.5 to
6.5 MeV, respectively, which produced with the d(d,n) reaction at the Fast Neutron Laboratory of
Tohoku University. After irradiation, the nickel was separated from the copper target through the
same procedure for the copper sample of the Hiroshima atomic bomb. The obtained cross section will
be applied to estimate the neutron energy spectrum of the Hiroshima atomic bomb.

18.2 3%Ar as a new probe of the fast-neutron fluence of the Hiroshima atomic bomb

In addition to the %3Ni method, there is another candidate reaction to estimate the fast-neutron
fluence of the Hiroshima atomic bomb. *%K(n,p)3®Ar reaction has an approximately same energy
threshold as the %3Cu(n,p)%Ni reaction and 3®Ar has a sufficiently long half-life to exists for a period
of 50 years after the explosion. We are trying to separate 3°Ar from the sample. Many ceramic
materials, such as bricks or tiles, for example, are available as the sample of this method, since
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which contain potassium as impurity. In addition to the estimation of the fast neutron fluence of the
Hiroshima atomic bomb, since the ceramic sample is a very popular material, this method could be
useful for a reassessment of other nuclear-explosion test sites.

19 Evaluation of Activated Materials in Accelerator Facility

K. Masumoto, K. Eda, A. Toyoda, T. Ishihara
KEK

In advance of the decommissioning of 1.3GeV electron synchrotron and SF-cyclotron, residual ra-
dioactivities in accelerator components, shielding materials and building have been measured. The
good linear relationship between surface dose rate and the specific activity of °Co, which is a typical
radionuclide observed in concrete sample was observed in above two accelerator facilities, respectively.
Additionaly the spatial distribution of neutron induced by nuclear reaction under operation in accel-
erator room was measured with the coupled use of activation detector and bio-imaging analyser. The
observed data and residual radioactivities of concrete show the good correlation.

Presented at 10th Symposium of the International Radiation Protection Association, 2000,
Hiroshima (IRPA-10).

20 Experiments Using Synchrotron Radiation
20.1 Current status of a low energy photon transport benchmark

H. Hirayama, S. Ban and Y. Namito

The scattered-energy spectra of monochronized synchrotron-radiation photons toward 90° by sam-
ples (C, Cu, Pb) were measured using high-purity Ge detectors. The incident photons were in a
linearly polarized beam of 20, 30 and 40keV. To investigate the validity of the EGS4 code regard-
ing photon transport in the keV region, we performed systematic comparisons of measurements and
EGS4. EGS4 calculations were performed in default status and with improvements of low-energy
photon transport (linearly polarized photon scattering, Doppler broadening, L-X and K-X). The mea-
surement and calculations were compared in absolute values. Both the intensity and the shape of the
peaks were compared. EGS4 calculations with improvements in low-energy photon transport agreed
well with the measurements.

Presented at Shielding Aspects of Accelerators, Targets and Irradiation Facilities (SATIF5), Paris,
France, July 17-21, 2000.

21 Fundamental Studies of Tritium Separation Using Polyimide Membrane and Its
Application for Tritium Monitors in Accelerator Facilities

S. Sasaki, M. Akahoril, A. Shimada', K. Okuno!, T. Suzuki and K. Kondo
KEK, 1 Shizuoka University
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In order to construct a real-time and continuous monitoring system for tritium in the air released
from high-energy accelerator facilities using polyimide membranes, the performance and characteristics
of the membranes in tritium separation have been examined in detail. The experiments for separation
and enrichment of several species of gases were performed for the samples of Ha+ Air, Do+ Air, He+Alr,
Hy+Dg+Air, COg-+Air, Hy+Ar, Da+Ar and COs+Ar. The isotope effect in the enrichment was
examined using hydrogen isotopes in nitrogen. It was found that the enrichment factors for Hy and
D2 more than 30 were attained by selecting the experimental condition and were independent of the
hydrogen concentration in the range from 0.05 to 0.5 %. No clear evidence for isotope effects in the

enrichment factor was observed.

Presented partly at the 44th Symposium on Radiochemistry, the 2nd Workshop of Environmental
Chemistry in KEK, and the 10th International Congress of the International Radiation Protection
Association (IRPA-10) in Hiroshima.

22 High-energy Photoneutron from 2 GeV Electrons Incident on Thick Targets

22.1 Measurement of the neutron spectrum by the irradiation of a 2.04-GeV electron
beam into thick targets

T. Sato, K. Shin, R. Yuasa, and S. Ban! and H. S. Lee?
Kyoto University, L KEK, 2POSTECH

Inclusive neutron spectra produced by the irradiation of a 2.04-GeV electron beam into thick Al,
Cu, Sn and Pb targets were measured by the TOF method. For such a high-energy region, it was
the first experiment to measure the inclusive neutron spectra. A lead shield was placed at the middle
point of the flight path to suppress any strong photon or electron background. The effects of the
shield on the neutron spectra were calculated by the LAHET?2.7 code with a small modification. The
measured neutron energy in the experiments was from 10 MeV to 200 MeV. The measured spectra were
used for a benchmark test of our modified PICAS5. It was found that the neutron spectra predicted
by a combination of EGS4, our modified PICA95 and LAHET2.7 codes, tend to underestimate the

measured ones.

To be published to Nucl. Instrum. Meth. A (KEK Preprint 2000-109).

22.2 Measurements of photoneutron spectra from thick Pbh target bombarded by 1.2
and 2.0 GeV electrons

S. Ban, Y. Namito, H. Hirayama, N. Terunuma, J. Urakawa, T. Sato!, R. Yuasal, K. Shin!,
H. S. Lee? and J. S. Bak?
KEK, ! Kyoto University, 2POSTECH

Photoneutron spectra were measured using the TOF method when thick targets were bombarded
by high-energy electrons, At the ATF Linac in KEK and 1.2 GeV electrons bombarded a thick Pb
target. At the injection Linac of the Pohang Accelerator Laboratory, 2.04 GeV electrons were used.
The detector was 5.6 m distant from the target. Several detectors were tested. Neutrons toward 90
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degrees from the target were measured up to 150 MeV at the ATF, and 200 MeV at PAL. Calculations
of neutron energy spectra were also done using PICA3 and EGS54.

Presented at Proc. of the Second International Workshop on EGS, Aug. 8-12, 2000, KEK Tsukuba,
Japan. '

22.2.1 Target thickness dependence of 90° direction photo-neutron yields for 2GeV
electrons

T. Sato, R. Yuasa, K. Shin, S. Ban! and H. S. Lee?
Kyoto University, L KEK, > *PAL

Thick target photoneutron yields for 90 deg. were investigated when 2 GeV electrons incident on C,
Al, Cu, Sn, Pb, and Bi targets. Data were fitted as a function of the target thickness and Z number.

Presented at 2001 Arnual Meeting of the Atomic Energy Society of Japan, March 27-29, 2001,
Tokyo.

22.3 Measurements of 90° direction low-energy photo-neutron yields
for 2GeV electrons

S. Maetaki, T. Sato, K. Shin, S. Ban! and H. 8. Lee?
Kyoto University, ' KEK, 2*PAL

Low-energy photoneutron spectra for 90 deg. were measured when 2 GeV electrons incident on various

thickness of targets. The spectra were integrated and low-energy neutron yields were obtained.

Presented at 2001 Annual Meeting of the Atomic Energy Society of Japan, March 27-29, 2001,
Tokyo.

22.4 Photoneutron calculation using CHIPS code

Y. Namito, H. Hirayama and M. V. Kossov
KEK

Photoneutron spectra from Pb target bombared by 266 MeV electron beam was calculated. The
neutron emission angle was 90°. Photon track length was calculated by G54 code. Total photonuclear
reaction cross section was obtained from fitting of experimental data. An photonuclear event generator
CHIPS code was used for the calculation [1]. The difference between measurement and calculation
was within 30% for most of the neutron energy.

(1] Kossov, M. V., “Manual for the CHIPS event generator”, KEK Internal 2000-17 (2001).
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23 Improvement of Low Energy Photon Transport in EGS4 code
23.1 EGS4 simulation of K-X ray emission due to electron beam incident

Y. Namito and H. Hirayama
KEK

Calculating the energy spectra and angular distribution of photons induced by interactions between
a keV-MeV electron beam and a target is one of the important problems in a field where a general-
purpose electron-photon transport code can be applied. For example, a simulation of the widely used
X ray generator is closely related to this kind of calculation.

When electron beam incident on a sample, K-X ray is generated via two channels:

1. Bremsstrahlung photon is absorbed by atoms (photoelectric effect)
2. Electron collides with K shell electron and a vacancy is created in K shell. This is called as

electron impact ionization (EII).

In the original EGS4 code, only channel 1) was considered. We implemented channel 2) to EGS4
code. |

Recently we updated this improved program so that it is ready to built up for EGS5. Here, two
modifications were applied to EII K-X calculation.

1. Fluorescent yield was updated.
2. Possible underestimation of Kz is now avoided by means of improvement of piecewise linear fitting
named “Local extrapolation method” and increasing the number of photon energy intervals.

Comparison of EGS4 code and measurements regarding K-X rays induced by interactions between
an electron beam and samples were performed to verify the validity of the improvement of the code.

Published in Japanese .J. of Med. Phys. 20 Sup.4 278-281 (2000).
Presented at MC2000, International Conference on Advanced Monte Carlo for Radiation Physics,
Particle Transport Simulation and Applications, 23-26 October, 2000.

24 Measurement of *Cl Induced in Shielding Concrete of the 12 GeV Proton Accel-
erator Facility at KEK

T. Miura, K. Bessho, S. Ishihama', D. Arai2, Y. Nagashima?, T. Takahashi? and R. Seki?
KEK, ' TNS, ? University of Tsukuba

Radioactive concentration of *®Cl induced in shielding concrete of the 12 GeV proton beam-line
tunnnel at KEK has been measured by accelerator mass spectrometer. The atomic ratio of 3C1/33Cl
in shielding concrete at the inside surface was 1.4 x 1078,

From this result and chlorine concentration (about 100 ppm) of the shielding concrete, which has
been measured using X-ray fluorescence analysis, the specfic radioactivity of 3¢Cl in the shielding
concrete at the inside surface was estimated to 1.3 x 107% Bq/g. The concentration of 38Cl decreased
to the inclease in the depth from the inside surface of the shielding concrete same as other nuclides,
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such as 3H, ?2Na, %Co and %2Eu etc.

Presented at Second Workshop on Environmental Radioactivity, March 15-16, 2001, Tsukuba, Japan

2D Measurements of Cross Section for 75 MeV Neutrons

25.1 Measurements of double differential (n,xZ) cross section of nitrogen, Oxygen and
Aluminum for 76 MeV neutrons

T. Hiroishi, T. Sanami’, M. Baba, M. Hagiwara, T. Miura,
T. Aoki, N, Kawata, S. Tanaka?, H. Nakashima?, S. Meigo?
Tohoku Univ., KEK', JAERP?

Double-differential cross sections of (n,p), (n,d) (n, t} and (n,a) reactions of Nitrogen, Oxygen and
Aluminum for 75 MeV neutrons are measured by a specially designed spectrometer and the "Li(p,n)
neutrons source in TIARA, JAERI The spectrometer is consisted of three counter telescopes and a
vacuum chamber. Each telescope has a low-pressure gas proportional counter, a thin SSD and a BaFs
scintillator. Samples are thin plates made by Al;O3, AIN and Al for Oxygen, Nitrogen and Aluminum
measurement, respectively. The measured results are compared with LA-150 cross section library. The
library is in fair agreement with experimental data except the high energy part of deuteron spectrum.

Presented at the 2001 Annual Meeting of the Atomic Energy Society in Japan.

25.2 Measurements of elastic scattering cross sections for 75 MeV neutrons

T. Aoki, M. Baba, T. Miura, N. Kawata, T. Sanami!, T. Hiroishi,
M. Hagiwara, H. Nakashima?, S. Tanaka?
Tohoku Univ., KEK', JAERP

Elastic scattering cross sections of Nitrogen, Oxygen and Aluminum for 75 MeV neutrons are measured
using TOF method and the “Li(p,n) neutron source in TIARA, JAERI. Neutron detectors are 5 NE213
liquid scintillators(5”¢x 5” long) with n-vy discrimination by PSD method. Samples are cylindrical
shape Al;O3 and AIN powder enclosed with aluminum case for Oxygen and Nitrogen measurement,
respectively. The measured results are in fairly agreement with LA-150 cross section library.

Presented at the 2001 Annual Meeting of the Atomic Energy Society in Japan.

26 Measurement of Induced Radioactivities for the Evaluation of Internal Exposure
at High Energy Accelerator Facilities

M. Numajiri, Y. Oki, T. Miura, T. Suzuki, K. Kondo
KEK

In high proton accelerators, many kinds of radionuclides are produced in residual radioactivity in
accelerator hardware. The radioactivity contains radionuclides that are important to estimation of
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internal radiation exposure, but are very difficult to measure. In this work, we discussed measurement
of the difficult radionuclides in addition to other radionuclides.

Presented in IRPA10, The 10th International Congress of The International Radiation Protection
Association, P6a-337, Hiroshima, 2000.

27 Measurement of Neutron Leakage through Labyrinth from High Energy Proton
Accelerator

T. Miura, K. Takahashi, S. Ishihama! and T. Kunifuda!
' KEK, 1 TNS

In the constraction of high-energy proton accelerator, it is important problem to estimate the
neutron leakage through labyrinth ftom proton accelerator tunnel. In order to inspect some empirical
formulae, the attenuation of neutron flux in concrete labyrinths with neutrino beam line at KEK
were studied. In the experiments, neutron fluence rates in the target station and two labyrinths were
measured by activation method using various metals (Au, Co and Bi) and soil. The experimental
results were agreement with the calculation using Nakamura and Uwamino’s empirical equation.

Presented at 2001 Anual Meeting of the Atomic Energy Society of Japan, Aomori Univ., Aomori,
Sep. 15-17, 2001.

28 Measurement of Production Cross Sections for 12 GeV Proton Reactions with
Heavy Targets (Pb,Bi) used as Spallation Neutron Sources

M. Numajiri, T. Miura, Y. Oki, T. Suzuki and K. Kondo
KEK

Irradiation experiments were performed in order to investigate the production of residual nuclei
by proton induced reactions at KEK proton synchrotron facility. Production cross sections in heavy
mass targets (Pb, Bi) were measured by gamma-ray spectroscopy. These heavy targets will be used as
spallation neutron sources. We report on the production of nuclides of near target and light mass, such
as "Be, 22Na, and ?*Na. The present data are compared with the results of previous measurements.

29 Measurements of Scintillation Photons in High Pressure Rare Gases

K. Saito, H. Tawara! and S. Sasaki’
The Graduate University of Advanced Studies, ' KEK

Rare gases are known as excellent scintillation materials. Among them, xenon in the liquid phase
has a high scintillation yield compatible to that of Nal{T1) crystal as shown by our group in 1992, The
amount of scintillation in gaseous rare gases has been believed to be one third to that in the liquid
phase, because of little photons generating through recombination process. In high pressure gases,
the recombination becomes one of the dominant processes after the incident of radiation, and a large
increment in the light outputs can be expected. Thus, the scintillation yields are important factors
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to obtain the physical information on the energy pathway of radiation in the matter and to describe
the quality of detector materials. The scintillation yields, however, have been scarcely measured in
rare gases, especially in the gas phases. We have planned to measure absolute scintillation yields
in high-pressure rare gases, and constructed an experimental apparatus. The scintillation yields are
measured in terms of Ws-value, defined as an average energy to produce one scintillation photon. The
number of scintillation photons can be determined from the photoelectron number from the phototube
with known quantum efficiency, if the collection efficiency of scintillation photons at the phototube is
known. In the present study, the apparatus was designed so as to determine the collection efficiency
only from solid angles subtended by the phototube at a scintillation point. In addition, the emission
spectra and the time-dependent decay of the scintillation in rare gases will be measured in this study.

Presented partly at the 48th Conference of the Japan Society of Applied Physics in Tokyo, and the
15th workshop on Radiation Detectors and Their Uses in KEK.

30 Neutron Yields from Thick C, Al, Cu, and Pb Targets Bombarded
by 400 MeV /nucleon Ar, Fe, Xe, and 800 MeV /nucleon Si lons

T. Kurosawa!, N. Nakao, T. Nakamura!, H. Iwase!, H. Sato!, Y. Uwamino?, and A. Fukumura®
KEK, ! Tohoku Univ., 2 RIKEN, 3 NIRS

The angular and energy distributions of neutrons produced by 400 MeV /nucleon Ar, Fe, Xe and
800 MeV /nucleon Si ions stopping in thick C, Al, Cu and Pb targets were measured using the Heavy-
Ton Medical Accelerator in Chiba(HIMAC) of the National Institute of Radiological Sciences(NIRS).
The neutron spectra in forward direction have broad peaks which are located at about 60 to 76 %
of the incident particle energy per nucleon due to breakup and knock-on processes, and spread up
to almost twice as much as the projectile energy per nucleon. The resultant spectra were integrated
over energy to produce neutron angular distributions, and we could estimate the total yields using
a simple formiula. The experimental results are compared with the calculations using the heavy-ion
collision Monte Carlo code, and the calculated results rather agree with the measured results. The
phenomenological hybrid analysis, based on the moving source model and the Gaussian fitting of the
breakup and knock-on processes, could also well represent the measured thick target neutron spectra.

Published in Phys. Rev. C, 62 (2000) 044615,

31 Observation of 180° Correlation of e*e™ pair originating from e*(%2Sr) + Th Inter-
actions

M. Sakai, H. Kawakami, K. Omata, I. Sugai, I. Katayama, S. Shimizu', K. Horie! and T. Miura
KEK, 10saka Univ.

An electron line previously observed at INS with an energy of 330.3 keV and an associeted cross
section of 149 mb in et + Th interactions has been implied by the authors to originate from the
decay of a new neutral particle. QED predicts a two-photon decay mode of the particle leading
to a correlated two-photon coincidence peak at 841.3 keV. Subsequent 2v-coincidence experiments
have revealed a peak-like structure at 841.7 keV and an associeted cross section of 15.2 ub (upper
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limit). These energies and cross sections satisfy the relations of Ey=E,+mc? and o(2v)/o(ete™) ~ a?
expected from a particle production scenario, Positron and electron coincidence experiments for e
+ Th were performed with scintillation counters placed on the main trajectory of the air-core S-ray
spectrometer. The coincidence time spectra were analyzed with a single line x? fit. This yielded a
peak-like structure at the predicted channel and with an area compatible with the previously reported
cross section.

32 Particle Size Distribution of Radioactive Aerosols Formed in Accelerator Tunnel
Air during Machine Operation

Y. Oki, Y. Kanda, K. Kondo and A. Ende!
KEK, \JAERI

To elucidate the formation mechanism of radioactive aerosols produced in accelerator tunnels, ir-
radiation experiments were performed with quasi-monoenergetic neutrons at AVF cyclotron facility,
TIARA. Argon containing DOP(dioctylphthalate) particles was irradiated with 65MeV neutrons. The
particle size distribution of produced radioactive aerosols was determined by sizing and collecting the
particles with electrical low pressure impactor, followed by measuring the activities of particles on the
impactor stages with gas-flow counter.

33 PICA3, An Updated code of Photo-Nuclear Cascade Fvaporation Code PICA95,
and its Benchmark Experiments

T. Sato, K. Shin, §. Ban!, T. A. Gabriel?, C. Y. Fu?, H. S. Lee?
Kyoto University, . KEK, 20ORNL, 3PAL

PICA95, a calculation code for high-energy photo-nuclear reactions is updated as PICA3. PICA3
can reproduce total photo-nuclear reaction cross section for incident photon energies from the reaction
threshold to 3.5 GeV very well. It also reproduces such as residual nuclides yields and emitted particle
spectra from mono-energetic photo-nuclear reaction, but underestimates neutron yields from thick
targets bombarded by electrons.

Presented at MC2000, International Conference on Advanced Monte Carlo for Radiation Physics,
Particle Transport Simulation and Applications, 23-26 October, 2000.

34 Preparation of Radio-Labeled Fullerenes Using Accelerator

K. Masumoto, Ohtsukil, K. Shikano?
KEK, ! Tohoku Univ., 2NTT

In the field of fullerene science, higher fullerene, hetero-fullerene and metalo-fullerene are the topics.
We produced the dimer, trimer and teramer od Cgp and Czy by bremsstrahlung and charged-particle
irradiation and HPLC separation. TOF-mass spectrum of dimer fraction proved that the dimer was
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surely formed. By using the 12C(d,n)!3N reaction, 3N - labelled hetero fullerene was produced.

Published in Ch. 3.3, Fullerenes Radiolabelled on the Carbon Cage in Nuclear and Radiochemical
Approach to Fullerene Science (Ed. by T. Braun, Kluwer academic publishers b.v., 2000).

35 Radiation and Residual Dose Rate Induced by the Beam loss at Various Injection
Energies

N. Nakao, Y. Irie, M. Uota, M. Shirakata, N. Mokhov?, A, Drozhin!
KEK,! Fermi Lab.

On an accelerator design, estimations of absorbed dose and residual activity induced by beam loss
are very important to know radiation damages of the accelerator components and instruments, and
to reduce external exposures for workers during hands-on-maintenance,

Hadron cascade simulation was performed with the Monte Carlo code, MARS, using the beam loss
distributions calculated by the multi-turn tracking Monte Carlo code, STRUCT, for primary-proton
energies of 200, 400, 600 and 1000 MeV. In this continuous Monte Carlo calculation, distributions
of secondary particle flux, absorbed-dose and residual-dose rate of accelerator components due to
the beam loss were estimated, and their energy dependences were clarified for a radiation protection
purpose.

Presented at the 7th Europian Particle Accelerator Conference (EPAC2000), Austria Center Vienna,
Vienna, Austria, 26-30 June, 2000., and published in KEK preprint 2000-59, July 2000.

36 Radioactivity induced in a Electron Beam Dump
36.1 Radioactivity induced in a 2.5-GeV electron beam dump
S. Ban, H. Nakamura, T. Sato! and K. Shin!
KEK, 'Kyoto Univ,

The saturation activity of residual nuclei was estimated based on measurements when 2.5 GeV
electron beams were totally absorbed in thick Al, Fe, Cu and Pb. A calculation was also made for
a beam dump from 0.1 to 10 GeV using the EGS4 and PICA95 Monte Carlo codes. Above 1 GeV,
the activity was constant in units of MBq W~1. The gamma-ray dose rates from the targets were

calculated using these data.

Published in Radiat. Prot. Dosim. 93, 231-236 (2001).

36.2 Radioactivity produced in thick targets by 0.1 - 10 GeV electrons

S. Ban, H. Nakamura, T. Sato' and K. Shin}
KEK,  Kyoto Univ.

Yields of residual nuclei were estimated using EGS4 and PICA95 codes when electron beams between
0.1 and 10 GeV were totally absorbed in thick Al, Fe, Cu and Pb. They were compared with measured
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yields for 0.1 and 2.5 GeV electrons. The gamma-ray dose rates from the targets were calculated.

Presented at 2001 Annual Meeting of the Atomic Energy Society of Japan, March 27-29, 2001,
Tokyo.

37 Resonance Ionization Spectroscopy (RIS) by Lasers

8. Sasaki, K. Saito’ and H. Tawara
KEK, ' The Graduate University of Advanced Studies

We have been developing methods of Resonance Ionization Spectroscopy (RIS) by lasers in order to
realize quantitative measurements of ultra-trace amounts of isotopes contaminated in gaseous, liquid
and solid samples. T'wo major works are currently performed in this study. 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 of 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.

38 Response Function Measurements of the Self~TOF Neutron Detector for Neutrons
up to 800 MeV

M. Sasakil, N. Nakao, T. Nunomiya!, T. Nakamura®, T. Shibata, A. Fukumura?
KEK, ' Tohoku Univ., ® NIRS

The Self-TOF detector has been developed for high energy neutron spectrometry behind a shield.
This detector consists of a radiator, & start counter and a stop counter. The radiator is composed of
20 thin plastic-scintillation detectors and the stop counter is segmented into nine plastic-scintillation
detectors. The response functions of the Self-TOF detector for high energy neutrons up to 800 MeV
were measured at the HIMAC(Heavy Ion Medical Accelerator in Chiba} of NIRS(National Institute
of Radiological Sciences). The measured responses were compared with those calculated using the
LCS(LAHET Code System). The LCS results considerably overestimate the measuremental results
with an increase in the neutron energy. It was found that this detector can give the neutron energy
spectrum by using the FERDO-U unfolding code combined with the measured response functions, and
is useful for high energy neutron spectrometry because of the almost constant efficiency for neutrons
above 100 MeV.

Published in J. Nuel. Sei. Technol. 38-1 (2001) pp8-14.

39 Response of a Three-Element Phoswich Detector Consisting of Inner BC501A
Scintillator and an Outer BGO and CaF3(EU) Crystal Wall

T. Sanami, T. Shibata and M. Takada!
KEK, INIRS

We developed a new three-element phoswich detector consisting of inner BC501A organic liquid
scintillator and outer BGO and CaF3(EU) crystal scintillator which are optically coupled with one
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photo multiplier tube. The decay time of output pulse by one of the scintillators differ from the
others, i.e., decay time of BC501A, BGO and CaF; are few, 300 and 940 ns, respectively. In this
year, the discrimination ability of events which are detected two scintillators simultaneously is tested in
Cyclotron facility, NIRS. The 70 MeV protons enter the detector from various directions and scintillate
one or two scintillators, The clear separation between events detected by one and by two scintillators
are obtained about both combination of BC501A/BGO and BC501A/CaF.

40 Space Radiation Dosimetry Using Passive Detectors

40.1 LET distributions obtained by CR-39 plates onboard the space shuttle missions
STS-84, 89 and 91 and the dose equivalent estimation by a combination of their
distributions and TLD-data

H. Tawara, T. Doke!:3, T. Hayashi', A. Kyan?, S. Nagaoka3,
T. Nakano®, S. Takahashi®, K. Terazawal! and E. Yoshihira!
KEK, ! Waseda Univ., 2Ibaraki Univ., SNASDA

LET distributions have been measured by CR-39 plates along with the Real time Radiation Mon-
itoring Device (RRMD)-III in the Space Shuttle Missions STS-84, -89 and -91. Particle fluxes were
obtained above 4 keV/pum with the CR-39 by correcting for the dip-angle dependency on track-
formation sensitivity. LET distributions obtained from the CR-39 were compared with those of GCR
and of trapped protons measured by the RRMD-IIL. The fluxes from the CR-39 were smaller than
those for the total components (GCR + trapped protons), but slightly larger than those for GCR.
This fact can be explained by considering that dominant radiation in the SAA region is the trapped
protons and the track-formation sensitivity of the CR-39 for protons is very low. W, can estimate dose
equivalents from the LET distributions and absorbed doses obtained by TLDs which have sensitivity
in the LET region below 10 keV/um. The contribution of the trapped protons to the dose equivalents
was estimated from the RRMD-III data.

Presented at the 20th International Conference on Nuclear Tracks in Solids, 28 Aug. - 1 Sep. 2000,
Portoroz Slovenia and published in Space Radiation 12 (2001) 117.

40.2 Development and application of TLD and CR-39 nuclear track detectors for space
radiation dosimetry

H. Tawara, A. Nagamastu!, M. Masukawa!, T. Nakano?,
S. Kamigaichi!, M. Masaki? and H. Kumagai®
KEK, '\NASDA, 2AES

Dosimeter packages consisting of passive detectors (TLDs and CR-39 nuclear track detectors) have
been used commonly for space radiation dosimetry so far. However, LET distributions of heavy charged
particles, absorbed doses and dose equivalents measured by passive detectors are always lower than
those measured by active detectors such as Si detectors and TEPC. In order to clarify this problem,
we are conducting intensive experiments for investigating the characteristics of TLD-MSO and CR-39
for heavy charged particles utilizing a heavy-ion accelerator (HIMAC of NIRS in chiba). The incident
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angle dependence of track formation sensitivity was investigated for three types of domestic CR-39
plastic plates in the LET region from 2 to 1000 keV/um. The decrease of TLD-MSO response for
heavy ions was precisely measured in the LET region from 10 to 1000 keV/um. Both parameters are
very important to measure a complex space radiation field by a combination of TLD-MSO and CR-39
in space vehicles. We are designing and developing the dosimeter packages, an automatic analysis
gystem and micro-dosimetry techniques considering target-fragmented secondary particles in order to
prepare for steady life-science experiments in the International Space Station.

41 Study of Pion Transfer Processes of Pionic Atoms in the Gas and Liquid Phases

A. Shinohara, T. Miura', A. Yokoyama, K. TakamiyaZ, T. Kaneko®, T. Muroyama?,
T. Saito, Y. Hamajima®*, H. Muramatsu®, S. Kojima®, H. Baba and M. Furukawa’
Osaka University, | KEK, ? Research Reactor Institute Kyote University,

3 Niogata University, 4 Kanazawa University, 5 Shinshu University,

6 Aichi Medical University, ” Yokkaichi University

Pion capture process in gas mixtures containing hydrogen was studied by measuring pionic X rays
and 70 decays. A little difference in pion transfer process was found between the Hy+Dy and HoO+D50
systems. Pressure-dependence observed only for the CHy+Ar system is consistent with the previous
results that the life-time of the pionic hydorogen atom from the bound hydrogen would be shorter
than from H,. Futher improved measurements are needed to confirm the pressure dependence of the
pion transfer process and guantitatively discuss the dynamic behavior of the pionic hydrogen.

Presented at 5th Int. Conference on Nuclear and Radiochemistry (NRC5), Pontresina, 3-8, Sep.
2000 and to be submitted to Radiochim. Acta.

42 Study on Activation Analysis using Flow Method for Radiochemical Separation
and Detection of 1C

K. Masumoto, Ohtsukil, K. Shikano?
KEK, ! Tohoku Univ., 2NTT

A continuous extraction and detection system for 1'C induced by accerelator has been developed
and this method was applied to activation analysis of carbon in various materials of industrial concern,
Activation has been performed at the 300-MeV electron linear accelerator of Laboratory of Nuclear
Science, Tohoku University. A rapid separation and detection system of radioactive carbon, which
is consist of a infra-red furnace, a continuous extraction of CO2 and a coincidence counting for 511
keV anihilation gamma-ray, has been performed. In the first step, irradiated samples mixed with
an accelerator reagent are burned in an infra-red furnace. Then, generated CO3 gas is continuously
extracted in a extraction coil, in which monoaminoethanol solution is running by pumping at the flow
rate of 0.15 ml/min. After extraction, monoaminoethanol! solution is led between a couple of BGO-
detector and 11C activity in solution is monitored with the multichannnel scaler Trace impurities of
carbon in iron and steel samples were analysed by using the 2C(+,n)''C reaction at the 300-MeV
Lineac of Tohoku Univ. This method was alsc applied to the nitrogen analysis in silicon by using the
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MN(p,a)!!C reaction.

Presented at Int. Topical Conf. on Methods and Applications of Radioanalytical Chemistry - V
(MARC V), April 9-14, 2000, Kailua-Kona, Hawai, USA.

43 Study on Positron Annihilation and Positronium Chemistry
43.1 Radiation effect on positronium formation in low temperature polyethylenes

T. Suzuki, K. Kondo, Y. Ito, E. Hamada, and Y. Ito!
KEK, ! Tokyo University

The positron-irradiation effect on polycarbonate during a positron-annihilation lifetime spectroscopy
(PALS) experiment was investigated using different intensities of 22Na positron sources and gamma-
irradiated samples. The decrease in I3 was larger for a larger intensity of positron sources. In the
case of a weak source (~140kBq), Is did not change with the elapsed time for non-irradiated samples.
However, for 1 MGy-Irradiated samples, I3 measured with the weak source increased with the elapsed
time. This can be attributed to a decrease of the radicals induced in the irradiated samples by gamma
irradiation. In order to explain the change in I3 measured at room and liquid-nitrogen temperatures,
several effects, such as radicals, cross-linking, structure change, and charging, need to be considered.
Also, it is difficult to explain the change in I3 using only one of these effects.

Published in Radiation Physics and Chemistry 58(2000) 485-489.

43.2 An application of the coincidence Doppler spectroscopy for substances of chemical
interest

Y. Ito and T. Suzukil
Tokyo University, *KEK

Coincidence Doppler spectroscopy, which is particularly powerful when one is concerned with high
momentum components of positron annihilation gamma-rays, has been applied to two different kinds of
organo-metalic ligands: metal phthalocyanines and metal acetylacetonates. The energy {momentum)
profiles of the annihilation gamma-rays were the same for metal phthalocyanines indicating that
positron and/or positronium are not interacting with the metal ions. However, the profiles of positron
interaction which are different for phtarocyanines and acetylacetonates.

Published in Radiation Physics and Chemistry 58(2000) 743-747.

43.3 Pressure quenching of positronium in solid biphenyl

T. Goworek, T. Suzukil, K. Kondo!, E. Hamada2, and Y. Ito®
Maria Curie-Sklodowska University, ' KEK,
2The Graduate University for Advanced Studies, 3 Tokyo University

In solid crystalline biphenyl, orth-positronium, abundant at normal pressure, can be eliminated
by application of a pressure of about 100Mpa. The lifetime of para-positronium seems to increase,
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and at 80Mpa, it cannot be distinguished from that of free positrons. Another new effect is the
appearance of the long-lived component in the positron lifetime spectrum at high pressures. The same
effect of positronium reappearance, although not so well pronounced, was found in biphenyl at low
temperatures.

Published in Chemical Physics 255(2000) 347-351.

44 The EGS4 Workshop, Class and User Support

H. Hirayama nad Y. Namito

44.1 The EGS4 workshop and class
Two EGS4 short courses were held.

1. At KEK, after the workshop of EGS.
2. At Batan laboratory in Indonesia.

44.2 User support concerning EGS4

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.
For examples, about 50 persons from 10 countries contacted us concerning E(GS4 in this fiscal year.
Instructions were made using e-mail.
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4 Presentation at Conference etc.(2000.4-2001.3)

4.1 International Conference

1. Int. Topical Conf. on Metheds and Applications of Radioanalytical Chemistry - V (MARC V),
April 9-14, 2000, Kailua-Kona, Hawai, USA

¢ Masumoto, K., Ohtsuki, T., Ito, Y., and Shikano, K., “Rapid Separation and Detection of
Carbon-11 Using a Flow Extraction Method and its Application to Activation Analysis”

2. International Workshop on Neutron Field Spectrometry in Science, Technology and Radiation
Protection, Pisa, Italy, 4-8 June, 2000

e Nakao, N., Kurosawa, T., Nakamura, T., and Uwamino, Y., “Developement of a Quasi-
monoenergetic Neutron Field and Measurements of the Response Function of an Organic
Liquid Scintillator the neutron energy range from 66 to 206 MeV”

¢ Sasaki, M., Nakao, N., Nunomiya, T., Fukumura, A., Nakamura, T., and Shibata, T., “De-
velopment of Self-TOF Neutron Detectors and its Application to Concrete and Iron Shielding
Experiments”.

e Nunomiya, T., Nakao, N., Kim, E., Kurosawa, T., Taniguchi, S., Sasaki, M., Iwase, H.,
Nakamura, T., Uwamino, Y., Shibata, T., Ito, S., Wright, P., and Perry, D. R., “Deep
Penetration Experiment through Concrete and Iron for Shielding Benchmark with 800 MeV
Proton Accelerator”.

e Takada, M., Taniguchi, S., Nakamura, T., Nakao, N., Uwamino, Y., Shibata, T., and Fuji-
taka, K., “Characteristic of a Phoswich Detector to Measure Neutron Spectrum in a Mixed
Field of Neutrons and Charged Particles”.

e Miura Takako, Baba, M., Sanami, T., Yamazaki, T., Ibaraki, M., Hirasawa, Y., Hitoishi,
T., Aoki, T., Yamadera, A., and Nakamura., T., “Development of Fast Neutron Profiling
Method”.

3. 7th Europian Particle Accelerator Conference (EPAC2000), Austria Center Vienna, Vienna, Aus-
tria, 26-30 June, 2000

s Nakao, N., Irie, Y., Uota, M., Shirakata, M., Mokhov, N., and Drozdhin, A., “Radiation and
Residual Dose Rate Induced by the Beam loss at Various Injection Energies”.

s Shirakata, M., Irie, Y., Uota, M., Nakao, N., Drozdhin, A., and Mokhov, N., “Estimation on
the Beam Halo Collection at the High Intensity Accelerator

4. 10th Symposium of the International Radiation Protection Association, 2000, Hiroshima(IRPA-
10)

¢ Nakamura, H., Ban, S., Takahashi, K., Oogoe,T. and Enomoto, A., “Measurements of X-rays
from the RF systems of the Electron-Linear Accelerator for KEKB”.

¢ Toyoda, A., Eda, K., Ishihara, T., Masumoto, K., “Combined Use of an Activation Detector
and an Imaging Analyzer for Measuring the Spatial-Distribution of Neutron Fluence in an
Accelerator Building”,
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¢ Eda, K., Toyoda, A., Ishihara, T., Masumoto, K., “A Detailed Evaluation of Induced Ra-
dioactivities and Radiation Exposure at Acclerator Facilities Using a Portable Ge-Detector”.

e Numajiri, M., Oki, Y., Miura, T., Suzuki, T., Kondo, K., “Measurement of Induced Ra-
diocactivities for the Evaluation of Internal Exposure at High Energy Accelerator Facilities”.

¢ Shimada, A., Morimoto, Y., Iguchi, K., Okuno, K., Sasaki, 8., Suzuki, T. and Kondo, K.,
“Development of Tritium Monitor Using Hollow Filament Polyimide Membrane”

¢ Oki Y., Endo A., Kanda Y., Kondo K. “Particle Size of Radioactive Aerosols Generated
during Machine Operation in High-Energy Proton Accelerators”

¢ Endo A., Oki Y., Kanda Y., Kondo K.,“Characterization of 1'C, *N and 0 produced in
Air through Nuclear Spallation Reactions by High Energy Protons”

5. Shielding Aspects of Accelerators, Targets and Irradiation Facilities (SATIF5), Paris, France, July
17-21, 2000.

¢ Hirayama, H., Ban, S. and Namito, Y., “Current Status of a Low Energy Photon Transport
Benchmark” ‘

e Nakano, H., Tayama, R., Tsukiyama, T., Handa, H., Hayashi, K., Shin, S., Hirayama, H.,
Nakashima, H., Masukawa, F., Sasamoto, N., Yamada, K. and Abe, T., “Development of
DUCT-III Code for Duct Streaming Calculation up to 3GeV”

¢ Hirayama, H., “Inter-comparison of the Medium-Energy Neutron Attenuation in Iron and
Concrete (3)”

s Yoshizawa, N., Sakamoto, Y., Iwai, S. and Hirayama, H., “Benchmark Calculation with
Simple Phantom for Neutron Dosimetry”

e Nakao, N., Shibata, T., Nunomiya, T., Nakamura, T., Kim, E., Kurosawa, T., Taniguchi, S.,
Sasaki, M., Iwase, H., Uwamino, Y., Ito, S., Wright, P., and Perry, D. R., “Deep Penetration
Experiment at ISIS”.

e Nakamura, T., Sato, H., Iwase, H., Kurosawa, T., Nakao, N., Uwamino, Y., and Fuku-
mura, A., “Neutron Production from Thin and Thick Targets by High Energy Heavy Ion
‘Bombardment”.

6. 12th International Conference on Positronium Annihilation(ICPA12), August 7-11, 2000, The
University of Bundeswehr Munchen, Munchen, Germany

e Uchiyama, H., Hamada, BE., Takahashi, T., Sato, K., Takahashi, Y., Kanazawa, 1., Oshima,
N., Suzuki, T., Yoshida, T. and Takeuchi, 5., “The structure for stable icosahedral phase in
Mg-Zn-Y studied by positron annihilation”

» Debowska, M., Piglowski, J., Suzuki, T., Rudzinska-Girulska, J., and Chen, Z.Q., “PA/P(n-
BA-co-MMA) blend studied by positron annihilation and other methods”

e Chen, Z.Q., Suzuki, T., Uedono, A,, Tanigawa, S. and Ito, Y., “Temperature and irradiation
effect on positroniumu formation in polycarbonate”
7. The 8th Asia-Pacific Phys. Conf., (Aug. 7-10) Taipei

e Kasani, M., Sato, K., Miyamoto, T., Baba, A., Horiuchi, R., Takasugi, K., Sasaki, S., Lu,
M., Vikhrev, V.V., “Effect of Cathode Elecrode in Plasma Forcus Discharge”
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8. Second International Workshop on EGS, Aug. 8-12, 2000, KEK Tsukuba

e Ban, S., Namito,Y., Hirayama, H., Terunuma, N., Urakawa, J., Sato, T., Yuasa, R., Shin,
K., Lee, H. S. and Bak, J. S., “Measurements of Photoneutron Spectra from Thick Pb Target
Bombarded by 1.2 and 2.0 GeV Electrons”

e Namito, Y. and Hirayama, H., “Improvements of Low Energy Photon Transport for EGS5”,

e Yacout, A. M., Dunn, W. L., Nelson, W. R., Lui, P., Bielajew, A. F., Hirayama, H. and
Namito, Y., “Status of the Object-oriented EGS Inteface Project”

e Tawara, H., Sasaki, S., Saito, K. and Shibamura, E., “Monte Carlo Method for Determin-
ing Absolute Scintillation-Photon Yields and Energy Resolution of Scintillators for Gamma
Rays”
9. The 20th International Conference on Nuclear Tracks in Solids, 28 Aug. - 1 Sep. 2000, Portoroz,
Slovenia
e Tawara, H., Doke, T., Hayashi, T., Kyan, A., Nagaoka, S., Nakano, T., Takahashi, S.,
Terasawa, K., and Yoshihira, E., “LET distributions obtained by CR-39 plates onboard the

space shuttle missions STS-84, 89 and 91 and the dose equivalent estimation by a combination
of their distributions and TLD-data”

10. 32nd Polish Seminar on Positron Annihilation (32SPA), September 18-22,2000, Jarnoltowek,
Poland

e Hamada, E., Ohshima, N., Suzuki, T., Kobayashi, H., Kondo, K., Kanazawa, L., and Ito, Y.,
“Application of pulsed slow positron beam to polymer”

e Goworek, T., Suzuki, T., Hamada, E., Kondo, K. and Ito, Y., “Influence of pressure on o-Ps
characteristic in biphenyl”

¢ Debowska, M., Rudzinska-Girulska, J., Suzuki, T. and Piglowski, J., “Polyamid/acrylic rub-
ber blends studied by positron annihilation and other methods”

e Suzuki, T., Kondo, K., Hamada, E., and Ito, Y., “Radiation effects on positronium forma-

tion”

11. 5th Internatinal Conference on Nuclear and Radiochemistry, Pontresina, Switzerland, Sept.3-8,
41-44, 2000

e Takamiya, K., Akamine, M., Shibata, S., Shinohara, A., Shibata, T., Ito, Y., Imamura, M.,
Uwamino, Y., Nogawa, N., Baba, M., Iwasaki, S., Matsuyama, S., “Measurement of the
excitation function for %3Cu(n,p)% Ni at E,, < 6.5MeV”

e Shinohara, A., Miura, T., Yokoyama, A., Takamiya, K., Kaneko, T., Muroyama, T., Saito,
T., Hamajima, Y., Muramatsu, H., Kojima, S., Baba, H. and Furukawa, M., “Pion Transfer
Processes of Pionic Atoms in the Gas and Liquid Phases”

12, MC2000, International Conference on Advanced Monte Carlo for Radiation Physics, Particle
Transport Simulation and Applications, 23-26 October, 2000, Lisbon, Portugal.

e Sato, T. , Shin, K., Ban, S., Gabriel, T. A., Fu, C. Y. and Lee, H. S., “PICA3, An Updated
code of Photo-Nuclear Cascade Evaporation Code PICA95, and its Benchmark Experiments”
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¢ Hirayama, H., “Application of Monte Carlo Code to a Study of Gamma-Ray Buildup Factors,
Skyshine and Duct Streaming”

e Namito, Y. and Hirayama, H., “Comparison of EGS4 and Measurements Regarding K-X ray
and Bremsstrahlung Photons”

o Bielajew, A. F., Hirayama, H., Namito, Y. and Nelson, W. R., “The Status of “The Physics
of EGS5” project”

13. Pulsed Power Meeting ,Oct. 26-27, Korea

¢ Kasani, M., Sato, K., Miyamoto, T., Baba, A., Horiuchi, R., Takasugi, K., Sasaki, S., Lu,
M., Vikhrev, V.V., “Cathode Effects in plasma Focus Discharge”
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14. Seminar on Accelerator Safety, November 16-17, Variable Energy Cyclotron Centre, Calcutta,

India

e T. Shibata, “Radiation Safety for the KEK-JAERI High-Intensity Proton Accelerator Com-
plex”

15. 1999 Symposium on Nuclear Data, November 18-19, 1999, JAERI, Tokai, Japan
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¢ Meigo, S., Takada, H., Shigyo, N., Iga, K., Iwamoto, Y., Kitsuki, H., Ishibashi, K., Maehata,
K., Arima, H., Nakamoto, T., Numajiri, M., “Measurements of Neutron Spectra Produced
from a Thick Tungsten Target Bombarded with 1.1 and 2.3 GeV /c Protons and #* Mesons”

¢ Iwamoto, Y., Iga, K., Kitsuki, H., Tenzou, H., Ishimoto, S., Shigyo, N., Machata, K.,
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e Ban, S., Nakamura, H., Sato, T. and Shin, K., “Radioactivity Produced in Thick Targets by
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e Maetaki, S., Sato, T., Shin, K. S. and Lee, H. 5., “Measurements of 90° Direction Low-Energy
Photo-Neutron Yields for 2GeV Electrons”

e Kurosawa, N., Harima, Y., Hirayama, H., Nemoto, M., Sakamoto, Y., Sasamoto, N., Ma-
sukawa, H., Nakashima, H., Hayashi, K., Tayama, R. and Abe, T., “Validity of 4 Parameter
Skyshine Dose Approximation Formula”

e Shigyo, N., Iwamoto, Y., Ishimoto, S., Satoh, D., Kawasaki, Y., Takayama, Y., Tenzou,
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ST ST
CHEM-A-00/3  fnifiss KEKB = 2% v MGEIK A b L NEHER D457
CHEM-A-00/4  T{E T RIEE R AL v F—EOBEER S . B Y~ — O
CHEM-A-00/5  fiskgs KEKB k>R AWZER (DT-E) D8 75 —BHRF 7 —# 2 7N
& D R4 43T

CHEM-A-00/6  Jn#ias KEKB ®HIK FH ORI T A DT

CHEM-A-00/7 /%3 Bl (R =) HOARKM TR DI
CHEM-A-00/8  Jni#ss HIRMAK P OEH G B R ORI O
CHEM-A-00/9  Jnka% TR IREE T D ok R AR B ORI E
CHEM-A-00/10 fni##s LSRR PR ERLA R 0 o R DT
CHEM-A-00/11 JuiEes KEKB ~ 2t v MaEIKAT 8 O 5547
CHEM-A-00/12 Jni# 23 BT LAMHAKCEENRLIBHER. AWK ON
CHEM-A-00/13 3:RIFIA  B#AKEKE R 7 THKRTFOBA 0. BaA 40 D434
CHEM-A-00/14 finik2s L — v NI HIEHERAY O ST AR AT
CHEM-A-00/15 Jni#as KEKB XE G 7 7 1 R b v M3 o 250k BE 0 34T
CHEM-A-00/16 /i35 B 7 b AT E R OB EB KR O RS AT
CHEM-A-00/17 Hi#igs IERERTHNDOND 2RI F D5 2T v 7 D

TR Doy

CHEM-A-00/18 ZFIZHF Belle CsI Wyl 74 v o F o — 7T 54 2 BEARSD
Sri

CHEM-A-00/19 SE¥%HT KEKB fii EBREF = L2 17 H 7 ¥ ZDLM Pk o
TRIR A 53 D AT AT

CHEM-A-00/20 3tFEFIA BRI AT A KT D Ga, As DT
CHEM-A-00/21 3&@FH R R EEE T AKFD Ga, As DT
CHEM-A-00/22  fitiss KEK-BMATA L DR v a4 M2 —i T BB EWE

D5 53 HT
CHEM-A-00/23 &R RS FURBE A XKD Ga, As DK
CHEM-A-00/24 hnikzs KEK-BEZEF « R_—H 7 o —¥ o - NS48
CHEM-A-00/25 J1miE#s KEK-B BT = o N—f 7 0k 4 —JiR HEIZAET S
WE O

CHEM-A-00/26 FtFEIFIA  HERNREES A KT O Ga, As DOHF

CHEM-A-00/27 Htig AR RIEH IS A U BREARB R O & B e H o 04

CHEM-A-00/28 3£ TRt 2 — AT I C R 4 D15 D5 997

CHEM-A-00/29 Z[FIFIA @ERRET 2R KT O Ga, As DT

CHEM-A-00/30 Jfnzigs KEKB SAEIAR 7 71— R A w FINOTER R A4 73— B D 4547

CHEM-A-00/31 #kMFIH  BERREBYT AKFD Ga, As D44

CHEM-A-00/32 Jfnisss KEKB 7 % v 7 A5 = U SA—BHKIZBTET B 8BRS O
Vekin

CHEM-A-00/33 s D2 IR CEREL L 72 /KT K O FBRR 5y D43 #7
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6.5 CHEM-W
CHEM-W-00/1 HEARBTIZEEIND v ORFOEDO Y ) =27 v Fikoks
CHEM-W-00/2 &H) AERBOT AL v~ b 75 7SI 8 B O Rt okt
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