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P PREFACE

The Radiation Science Center is concerned with the management of both radiation and chemical
safety in KEK. The Chemical Safety Control Office was positioned under the Director General from
the beginning of FY2007, and renamed to the Environmental Safety Office. The Environment and
Chemical Safety Office is responsible for the management of environment at KEK in addition to the

chemical security of the laboratory.

In addition to the tight routine work, R&D work in this field is conducted. The first part is the R&D
activities reported in English and the second part is the studies related to the routine work written in
Japanese. The third part is the data related our activities including awards, name of outside

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

In FY2007, the radiation safety system in J-PARC was extensively developed especially for the
Hadron Experimental hall. That has been designed and constructed based on great store of
knowledge and experience of the monitoring system in Tsukuba. We hope that the activity report is

useful for all people who are working in the field of the safety of accelerator facilities.

Syuichi Ban
Head, Radiation Science Center

High Energy Accelerator Research Organization
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Chapter 1  Research Activity

The feature of the research activities in the Radiation Science Center (RSC), KEK is a wide
coverage of the research fields. Nuclear engineering, radiation physics, radiation measurements,
radiochemistry, health physics, chemistry and radiation shielding are included in the research fields
of the RSC’s staff members. The current status of these research activities carried out in fiscal year
2007 are described here.



1. Radiation Protection Technology in Accelerator Facilities

1.1 Radiation Safety Issue for Recent Progress of KEK Electron Accelerators
K.Takahashi, H. Tawara, T. Sanami, Y. Namito, H. Nakamura, K. Saito, S. Ban
KEK

High energy accelerator research organization (KEK) have conducted operation of the four storage
rings, Photon Factory (PF), Advanced Ring of Photon Factory (PF-AR), low energy and high energy
ring of KEKB factory (LER, HER-KEKB) following single injector Linac (8 GeV/2.5 GeV e-, 3.5
GeV e+). In addition, there are the 0.05 GeV linac for slow positron production, 0.04 GeV linac for
telescope array calibration and 1.5 GeV linac and dumping ring for low emittance beam test. In 2005,
beam transport line of injector Linac is updated to allow continuous injection of KEKB and PF at
same time. From autumn of 2006, continuous injection of PF was started after several machine study
and improvement of radiation safety design around the ring. The main features of the improvement
are 1) placement of beam charge control slit in front of the ring and 2) localization of injection beam
loss to be shielded.

In this report, changes of these accelerators are described with detail of radiation safety

design for continuous injection of KEKB and PF at same time.

Presented at Proc 4th International Workshop on Radiation Safety at Synchrotron Radiation

Sources,Canadian Light Source, June 6-8 2007.

1.2 Estimation of Radioactivity Produced in Superconducting Niobium Cavities in Electron
Linear Accelerators
S. Ban, H-S. Lee'
KEK, 'Pohang Accelerator Laboratory /POSTECH (Korea)

Superconducting RF cavities are widely used in high-energy electron linear accelerators for X-ray
free electron lasers and e+e- linear colliders. RF cavities are made of niobium, and irradiated by
high-energy electrons. Many kinds of radioactive nuclei are induced in the cavities. But it is difficult
to measure the amount of the activity in a complicated geometry. To estimate the amount of activity,
measurements were done in simplified geometry. Thick electron beam dumps were irradiated by 2.5
GeV electrons at the KEKB Linac in the High Energy Accelerator Research Organization (KEK),
and also irradiated by 2.04 GeV electrons at the injection linac in the Pohang Accelerator Laboratory.
Nb foils were placed at several depths in a beam dump. The radioactivity in Nb was measured by
activation gamma-ray spectroscopy. When nuclei with half-lives greater than one day were
considered, Y-88 and Zr-89 were the most important ones compared to IAEA exemption level of

these nuclei.



Presented at Proc. Conference on Accelerator & Low level Radiation Safety Inter University
Accelerator Centre (IUAC), NEW DELHI India, APRIL 26-27, 2007.

1.3 Prompt Dose in Front-end-enclosure of the LCLS facility for Beam Losses at BYD, ST1
and Safety Dump
T. Sanami®?, X. S. Mao®
'KEK, *SLAC

Prompt dose rates in front-end-enclosure (FEE) for beam losses at vertical bending magnet (BYD),
stopper 1 (ST1) and safety dump are described for the shielding design of the LCLS 13.64 GeV-5
kW electron beam line. By using MARS15 code with MCNP option and subsection technique,
results with good statistics were obtained in reasonable calculation time. Prompt dose rate

distributions are represented using two dimensional plots.

Reported n SLAC Radiation Physics note RP-07-1

1.4 Radiation Safety Analysis for the Accelerator cell of E-163
T. Sanami®?, H.Tran? X. S. Mao?
'KEK, *SLAC
The prompt dose rate outside E-163 experimental hall is described for allowing of devices to be
mounted inside the accelerator cell of E-163 facility. The prompt dose rates were estimated using not
only analytical method with thick target but also Monte-Calro method with 2.0 radiation length
copper target. The combinations of additional 3 ft concrete wall and 30 mW power limitation or 6 ft

fence around the enclosure provide sufficient dose rate reduction for the shielding design criteria.

Reported in SLAC Radiation Physics note RP-07-2

1.5 Safety Analysis for Safety Dump Line of the LCLS Facility
T. Sanami®?, X. S. Mao®
'KEK, *SLAC
Safety analysis of the safety dump line of the LCLS facility was performed to evaluate the
preliminary design of PPS and BCS system. Dose rates for this evaluation were not only cited from
previous reports but also calculated additionally with detail geometries from the beam dump hall to
the near experimental hall. Dose rates of accessible areas during operation were estimated for normal
and failure cases including 1 BCS, 2BCS, 1BCS+1PPS and 2PPS failure. As a result, dose rates in

FEE and NEH are less than criteria for all failure.



Reported in SLAC Radiation Physics note RP-07-3.

1.6 Evaluation of Shielding Performance through the Comparison of Results between
Commissioning Survey and Calculation for E163 Facility
T. Sanami® %, H.Tran? A.Dill%, X. S. Mao®
'KEK, ’SLAC
The shielding structure of the E163 facility for 70 MeV, 0.6W electron beam, is evaluated through
the comparison of results between commissioning survey and calculations. The dose rates obtained
from the calculations are in good agreement with one from the survey except for a few cases on the
surface of E-163 enclosure. Owing to additional 3 ft concrete shielding blocks and fences, the dose

rates at the boundary of accessible areas meet SLAC requirement for all beam loss conditions.

Reported in SLAC Radiation Physics note RP-07-14.

1.7 Code Benchmark of Muon Flux after Several Meter Iron from 14 and 18 GeV Electron
Induced Reactions in Forward Direction
T. Sanami® %, W. R.Nelson, N.V.Mokhov®
'KEK, ?SLAC, *FNAL
Muon fluence after several meter iron from 14 and 18 GeV electron induced reactions are calculated
by multi-particle transport Monte Calro codes, MARS and Fluka. Both of the codes reproduce not

only magnitude but also angular distribution reasonably well.

Reported in SLAC Radiation Physics note RP-07-15.

1.8 Evaluation of Beam Loss Model in BYD and its Effect to the Downstream Regions for the
LCLS Radiation Safety Design
T. Sanami® %, M. Santana Leitner?, X. S. Mao?
'KEK, ’SLAC
The differences on Bremsstrahlung power and dose rate in FEE and NEH are studied between two
types of beam loss models in BYD1. The point loss model gives us 40 times larger Bremsstrahlung
power than the uniform loss. The dose rates in FEE and NEH caused from muon generated in BYD

do not show significant difference.

Reported in SLAC Radiation Physics note RP-07-16.



1.9 Radiation Safety Evaluation for Engineering Implementation of the LCLS 5 kW Electron
Dump and Shielding
T. Sanami® %, X. S. Mao?
'KEK, ’SLAC

The engineering implementation of the LCLS 5 kW electron beam dump and its shielding were
evaluated from the view point of radiation safety. The iron surrounding the dump will consist of
stack of 3” thick iron plates with the layout avoiding the gap which can reach from the dump to the
concrete wall directly. The gap is filled with concrete. The thicknesses from the dump to the outside
are same as previous for all direction. Only prompt dose rate in front end enclosure is reevaluated for
new configuration with changing the primary electron energy to 17 GeV using revised MARS code,
which could be strongly affected by muon. As a result, it becomes obvious that the engineering

implementation has enough capability of radiation shielding.

Reported in SLAC Radiation Physics note RP-07-17.

1.10 Calculation of Energy Deposition Distribution and Instantaneous Temperature Rise to
Design LCLS Electron Beam Dump and Stoppers
T. Sanami® %, M. Santana Leitner?, X. S. Mao?, W. R. Nelson?,
'KEK, ’SLAC

The temperature rise of LCLS 5 kW electron beam dump and 2 kW beam stoppers were estimated
using EGS and Fluka codes, respectively. In order to gain confidence in the computations, the former
methodology was also adopted to calculate SLC tune-up dump and stopper, where experimental
values were available for comparison. A sensitivity analysis of the beam spot size and material was

performed over the candidate beam dump materials.

Reported in SLAC Radiation Physics note RP-07-18.

1.11 Safety Analysis of the Safety Dump Line of the LCLS Facility with Geometries of
Engineering Specification Design for NEH Phasel Operation
T. Sanami®'?, X. S. Mao?
'KEK, ’SLAC
Safety analysis of the safety dump line of the LCLS facility was performed to evaluate the design
described in the LCLS engineering specification documents (ESDs). In Monte Carlo calculations
which are to estimate the impact on dose rate in several failure scenarios for the safety analysis,
geometries are depicted for shielding wall, iron shields, magnets, beam pipes as possible as realistic

based on ESD from the beam dump hall, front end enclosure (FEE) to the near experimental hall



(NEH). Dose rates in FEE and NEH were summarized for the cases of 1 BCS, 2BCS, 1BCS+1PPS
and 2PPS failure. Dose rates in FEE and NEH for all of the cases are less than design criteria of miss

steering situation, 400 mrem/h.
Reported in SLAC Radiation Physics note RP-07-19.

1.12. Induced Radioactivity in Concrete Shield of EP-1 Beam Line at 12GeV Proton
Synchrtron Facility
N. Kinoshita, H. Matsumura, A. Toyoda, K. Masumoto
KEK

It is very important to study secondary particle production from thick target and spallation nuclear
reaction induced in concrete shield by secondary particles for the designing radiation protection and
decommissioning process of high-energy and high intensity accelerator facility. Fifteen core samples
were obtained from shielding concrete along 12 GeV proton beam-line (EP1 beam-line, KEK) and
sliced in appropriate thickness. Specific activity of y-ray emitters of nuclear spallation products and
thermal neutron capture products and B-ray emitters such as °H, **C and **Cl in concrete shield were
determined. Depth profile of activity of each nuclide in 6-m-thick concrete obtained along the beam
lines were compared with each other, to discuss the direction and energy of secondary particle by the

data of induced nuclear reactions.

Published in J. Nucl. Radiochem. Sci., 8, suppl. p.112 and presented at 9th Workshop on
Environmental Radioactivity (KEK, March 2008).

1.13 Assessment of Activation at Small Accelerator Facilities of Medical Purpose
K. Masumoto, T. Suzuki, H. Nakamura, A. Toyoda, M. Hagiwara
KEK

In Japan, about 1,300 accelerators are operated and about 80% of them are small accelerators, which
are mainly used for the X-ray treatment and the diagnostic purpose in the field of nuclear medicine.
In order to apply the clearance system for radioactive waste, it is very important to classify the
activation level and activated area based on the results of measurement and calculation. In this work,
we searched several electron accelerators for X-ray treatment and small cyclotron for radioisotope
production using PET on commission by the Ministry of education, science and culture. In case of
electron linear accelerators, we can generally classify them into three types, such as 6, 10 and 15
MeV. In case of small cyclotron, 10, 12 and 18 MeV protons are mainly used. As the criterion for

activation of small cyclotron, the shield design surround a cyclotron is very important.



Presented at the 6th symposium on Japan Society of Radiation Safety Management, Sendai, 5-7 Dec,
2007.

1.14 In-situ Determination of Specific Activity Induced in Accelerator Components
A. Toyoda, N. Kinoshita, H. Matsumura, K. Masumoto
KEK

In case of the maintenance and decommissioning of accelerator facilities, various types and huge
volume of materials should be handled. In order to evaluate the specific radioactivity in such
materials for sorting them into non-radioactive level, clearance level and activated level, validation
test of the measurement system is very important. A portable and vertical type Ge-detectors have
been used for the non-destructive determination of radioactivity without calibration sources. We tried
to use the software ISOCS and LabSOCS made by Canberra Co.Ltd. for calibration of detection
efficiency and several calibration standards and various types of materials have been measured to
evaluate the accuracy. Results show the good agreement with the measured efficiency, except for the

low energy gamma-rays less than 100keV and for the close geometry between source to detector.
Presented at 6th Symposium of the Society of Radiation Safety Management , Dec., 2007, Sendai.

1.15 Adsorption Behavior of Radionuclides on lon-exchange Resin from Cooling Water for the
K2K Target and Magnetic Horns
H. Matsumura, N. Kinoshita, A. Toyoda, K. Masumoto, K. Bessho, M. Hagiwara, Y. Yamanoi
KEK

In a water cooling system for target and magnetic horns in a long-baseline neutrino oscillation
experiment from KEK to Kamioka (the K2K experiment), we determined the activities of "Be, ?Na,
*Mn, *’Co, ®Co, Y, 1%9Rh, 1%2"Rh, and *°™Ag collected on ion-exchange resin in a demineralizer
by y-ray spectrometry. The total activity of the individual nuclides was estimated to range from 0.9
MBq to 0.7 GBq at the end of the machine operation. The distributions of the activities in the
column were different for different nuclides and were classified into three types: **Mn, *>'Co, and
%9Co were distributed near the inlet of the column; ?’Na and *™Ag were distributed at the middle of
the column; and 'Be, %Y, ™R, and “%*"Rh were uniformly distributed over the entire column. We
clarified the adsorption behavior of the radioactive nuclides on the ion-exchange resin from the

cooling water.

Presented at the 11th International Conference on Radiation Shielding (ICRS-11) and 15th Topical
Meeting of the Radiation Protection & Shielding Division of ANS (RPSD-2008), Apr. 13-18, 2008,
Atlanta, USA.



1.16 Detailed Spatial Measurements and Monte Carlo Analysis of the Transportation
Phenomena of Thermal and Epithermal Neutrons from the 12-GeV Proton Transport Line to
an Access Maze
H. Matsumura, T. Miura, A. Toyoda, N. Matsuda, M. Numajiri, H. Nakashima,
K. Masumoto, T. Suzuki, K. Saito
KEK

In order to investigate the neutron transportation from a beam-line tunnel to an access maze at a
12-GeV proton accelerator, we measured the spatial distribution of thermal and epithermal neutrons
by using the Au activation method in detail. Gold foils were placed at about 70 positions in the maze
in the case of the insertion (or extraction) of a copper target of 1 mm thickness into (or from) the
beam axis in front of the maze. After the end of accelerator operation, relative activities of the Au
foils were simultaneously measured by using an imaging plate technique and the radioactivity of one
reference foil was also measured with a HPGe detector to convert to the absolute activities of all
foils.

It was found that the neutrons reach to the depth of the maze in the case of the insertion of the
copper target. This result reflects higher proportion of high energy particles from the copper target to
that from other beam loss points and high energy particles become the successive source of low
energy neutrons. Furthermore, it was found that several circumstances such as door walls and
electric wire cables obviously affect the absorption effect of thermal neutrons. The reaction rates
obtained in this study were also used for the benchmark of the Monte Carlo simulation code,
MARS15 (version of February 2008). The results of the MARS15 calculations precisely reproduced

experimental results and significant effects of the electric wire cables and door walls.



2. Research in Radiation Physics and Detector Development

2.1 Average Energies Required per Scintillation Photon and Energy Resolutions in Inorganic
and Organic Scintillation Crystals for Gamma-rays
S. Sasaki, H. Tawara, K. Saito, M. Miyajima’, E. Shibamura®
KEK,.'Waseda Univ, 2Saitama 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. In succession from the previous work, where W for
CsI(TI) was determined to be 15.0 eV and that for Nal(Tl) 13.3 eV, the values of W, have been
measured for the crystals of LSO, BGO, YAP(Ce), PWO, CWO, GSO, Csl(Na), and LaBr(Ce). The
measurements were also performed for organic crystals of p-terphenyle and anthracene, and for
plastic scintillators (EJ-2000 and pure-CVT).

Presented at the 68" meeting of Japanese Society of Applied Physics.

2.2 Energy Dependence of W-values for Heavy Charged Particles in Gases.

S. Sasaki, T. Sanami, H. Tawara, K. lijima, K. Saito, T. Murakami®

KEK, 'NIRS

For determination of W, an average energy to produce an ion pair, in gases at atmospheric pressures
for heavy ions, an apparatus consisting of a particle-energy degrader, an ionization chamber and a
time-of-flight energy spectrometer was constructed, where two types of pulse operation modes in an
ionization chamber were employed. Using heavy-ion beams from an accelerator, the values of W
were measured for He?*, C®*, and N'* ions in air and tissue-equivalent gas of the pressures of 500 to
760 Torr as a function of the energy of ions. For C** and N* ions, the energy dependence of W was
clearly observed in both gases, while W for He?* ions was approximately constant over a wide rage
of the energy. The differential W-values were also measured in two gases. In air, the differential

W-values for C®* and N”* ions are almost equal to the value of W for high energy electrons.

This study is supported by ““the scientific research fund from the Ministry of Education, Science &
Culture in Japan™.

Presented at 2007 IEEE Nuclear Science Symposium and Medical Imaging Conference,
Oct.27-Nov.3, 2007 Honolulu, Hawaii, USA.

Published in IEEE Nucl. Sci. Symp. Conf. Record, 606-609 (2007).



2.3 Development of Position Sensitive Tissue Equivalent Proportional Chamber (PS-TEPC)

2.3.1 Development of Position Sensitive Tissue Equivalent Proportional Chamber (PS-TEPC)
for Dosimetry in Space and around Accelerators
S. Sasaki, H. Tawara, K. Terasawa® ®, T. Doke'*, K. Miuchi?, T. Nagayoshi?, H. Matsumoto®
KEK, “Waseda Univ., °’Kyoto Univ., *2JAXA

Radiation effects on human body are evaluated using dose equivalent H, defined as the product of
the absorbed dose and the quality factor given as a function of LET. In space, there exist many kinds
of radiations, such as galactic cosmic rays and geomagnetic trapped particles, where charged
particles and neutrons are the main components contributing to radiation dose in space. Since LET of
these radiations widely distributes, it is essential to measure directly LET for evaluation of H in
space. The Tissue Equivalent Proportional Counter (TEPC) has been used as a standard space
dosimeter, which is a simple gas counter made of tissue equivalent materials. In TEPC, since no
position information is given, a lineal energy is measured instead of LET. Obviously the lineal
energy does not represent LET accurately. The dose obtained using TEPC is reported to be
inconsistent with those measured with real LET spectrometers. We started to develop a new
dosimeter named as Position Sensitive Tissue Equivalent Chamber (PS-TEPC), which is based on a
time projection chamber using Micro Pixel Chamber (u-PIC) as twodimensional position-sensitive
detector. In this study, we aim to demonstrate feasibility of PS-TEPC and to complete a prototype of
PS-TEPC usable in space. The performance was tested by using the heavy ion beams to examine its

abilities of 3D-tracking and energy measurement.

Presented partly at 2007 IEEE Nuclear Science Symposium and Medical Imaging Conference,
Oct.27-Nov.3, 2007 Honolulu, Hawaii, USA, and the 22th Workshop of Radiation Detectors and
Their Uses, Feb.5-7, 2007.

Published in IEEE Nucl. Sci. Symp. Conf. Record, 1826-1829 (2007), and partly in KEK
Proceedings 2007-12, 213-219 (2007).

2.3.2 Response of a Micro Pixel Chamber to Heavy ions with the Energy of Several Hundreds
of MeV/n
T. Nagayoshi®, T. Doke®, Y. Fujita, K. Hattori®, K. Ishida? J. Kikuchi®, H. Kitamura?, H. Kubo?,
H.Matsumoto®, K. Miuchi?, H. Nishimura?, K. Saito, S. Sasaki, H. Sekiya®, A. Takada?, T. Tanimori?,
K. Terasawa', H. Tawara, Y. Uchihori®, K. Ueno®
KEK, *Waseda Univ., ’Kyoto Univ., *JAXA, *NIRS

Beam tests were performed for a Micro Pixel Chamber (u-PIC) with a detection volume of 10 x 10 x

-10 -



10 cm® to investigate the response to heavy ions. The three-dimensional tracks of carbon, silicon,
and iron beams were successfully observed and their track lengths were measured. Additionally,
Linear Energy Transfer (LET) distributions of each ion were obtained, and the mean LET values
were consistent with the theoretical calculation of mass stopping power within an error of ~10%.

This detector is a candidate for an ideal dosimeter in space.
Published in Nucl. Instr. Meth. A 581, 110-114 (2007).

2.4 Study of Scintillation in Helium Mixed with Xenon to Development Thermal Neutron
Detectors
K. Saito, S. Sasaki, H. Tawara, T. Sanami, E. Shibamura®
KEK, 'Saitama Prefectual Univ.

We have been studying transfer of luminescence origin from helium to xenon by adding a small
amount of xenon to helium. Luminescence spectra, scintillation yields and time profiles in the
mixture were measured. From the measurements of luminescence spectra, we observed scintillation
photons emitted in the 140-210 nm wavelength region with a peak around 173 nm in the He/Xe
mixture. The scintillation yields and time profiles were measured using a PMT sensitive to photons
with wavelengths of 115-300nm. Decay time of scintillation in He/Xe is shorter than the decay time
of He,". The scintillation yield increased with increasing xenon fraction. However, scintillation yield

without recombination light is saturated above 0.06 MPa of xenon pressure.
Published in Nucl. Instr. Meth. A 581 (2007) 119-122

2.5 Development of Neutron Monitors with Wide Range Dose Response from Thermal to GEV
M. Hagiwara, T. Sanami, T. Michikawa, S. Sasaki
KEK
We developed neutron dosimeters with sufficient sensitivity for high-energy neutron and for area
monitoring around high-energy accelerator facility on the basis of a rem counter technique. We designed
and fabricated two different types of extended range rem counters for their practical purposes: 1)
high-sensitivity fixed type, 2) lighter-weight survey meter type. These designs were carried out using two
3-D Monte-Carlo neutron transport codes (MCNPX and PHITS). The results of the calculation show a
good agreement with the dose conversion functions. Although the sensitivity of 2) is comparable to a

conventional AB rem counter, for 1) twenty-five times higher sensitivity is achieved.

Published in KEK proceedings 2007-12 *““Proceedings of the 21h Symposium on Radiation detector and

their use”, December 2007.

-11 -



2.6 Differential Cross Sections of Neutron-Induced Fragment-Emission Reactions for a
Microdosimetry Study
M. Hagiwara, T. Sanami, T. Oishi®, S. Kamada®, T. Okuji‘, S. Tanaka®, H. Nakashima® and M. Baba®
KEK, *Tohoku Univ., °NIRS, JJAEA

Experimental differential cross sections of fragment emission (p, d, t, alpha, Li, Be and B), which were
obtained for tens of mega electron volt neutrons on carbon and aluminum, using a counter telescope array
and a Bragg-curve counter specially developed for neutron-induced reactions, are presented and
compared with theoretical calculations using various reaction models. A calculation with the ISOBAR
and GEM models was found to reproduce the experimental data except for an underestimation in
non-equilibrium processes. Calculations of the energy deposition by neutrons in a thin silicon layer show

significant differences among the model employed.
Published in Rad. Pro. Dos., Vol 126 No. 1-4. pp.104-108 (2007).

2.7 Development of a Multi-sample Analysis System for CR-39 PNTDs and the Application for
High-energy Neutron Dosimetry
H. Tawara®, T, Doke”, N. Hasebe”, S. Kodaira®, N. Yasuda®
*KEK, "Waseda Univ, °NIRS

We have developed an automatic multi-sample analysis system for track-etch detectors such as
CR-39 plastic and BP-1 glass. The performance test of the system was conducted for the application
of fast neutron dosimetry. The system allows us to analyze etched tracks of neutron-induced
secondary charged particles on the surfaces of CR-39 samples with an analysis field of about 4

cm2/sample at a scan rate of ~100 sample/day.

2.8 Ultra-heavy Cosmic Ray Observation for Nuclear Astrophysics
N. Hasebe, T, Doke, M. Hareyama, K. Sakurai, O. Okudaira, S. Torii, M. Takano,
T. Miyachi, M. Miyajima, S. Kodaira, N. Yamashita, N. Yasuda®, H. Tawara?, S. Nakamura®,
K. Ogura®, H. Shibuya®
Waseda Univ., 'NIRS, 2KEK, *Yokokana National Univ., “Nihon Univ.,>Toho Univ.
Ultra-Heavy COSmic-Ray Observation Program for nuclear astrophysics (UHCOCROP) using solid
state nuclear track detectors (CR-39 plastic and BP-1 glass) was newly proposed for measuring

nuclear composition of galactic cosmic rays with high mass resolution.

2.9 Development of a Space Radiation Dosimetry System ‘PADLES’
A. Nagamatsu, M. Masukawa, S. Kamigaichi, M. Masaki', H. Kumagai®, N. Yasuda?,

-12 -



H. Yasuda?, T. Hayashi®, E. Benton*, H. Tawara®

JAXA, *AES, °NIRS, *Waseda Univ., “ERI, *KEK
We have developed a passive dosimeter for life science experiments in space (PADLES). The
PADLES package consists of CR-39 plastic nuclear track detectors and a thermoluminescent
Dosimeter. PADLES is to be utilized for monitoring radiation doses in the Japanese Experiment
Module *Kibo’ of the ISS and personal dosimetry of Japanese astronauts.

-13-



3. Experimental Technology and Monte Calro Simulation Related to
Radiation Shielding

3.1 Research Related to EGS Code
3.1.1 Investigation of Electron Backscattering Experiments
Y. Kirihara®, Y. Namito?, H. Hirayama®, M. Hagiwara?, H. Iwase?
The Graduate University for Advanced Studies, 2KEK

We have investigated eight typical experiments of electron backscattering, and have compared
experimental data. Electron backscattering coefficients eta were measured for a few keV to tens of
MeV monoenergetic electrons on targets of Z=4 to 92 materials in the experiments. A Faraday cup,
an ionization chamber, a silicon detector and an electron probe micro analyzer (EPMA) were used as
a detector. In a few keV to hundreds keV, the experiment data had the difference within 22 %. The
experiment data except Dressel’s had the difference within 14 % for Al, Cu, Ag, Au and U target in a

few to tens of MeV. In contrast, Dressel’s data are significantly higher than other data.

Presented at the Fourteenth EGS User's Meeting in Japan (7- 9 Aug. 2007, KEK, Tsukuba), and
published in KEK Proc.2007-5 (2007).

3.1.2 Testing the K, L Shell Fluorescence Yield and Coster-Kronig Coefficients from EADL and
from Campbell's Paper

. Orion, Y. Namito®, Y. Kirihara?, H. Hirayama®

Ben-Gurion University of the Negev (Beer-Sheva, Israel), ‘KEK,

*The Graduate University for Advanced Studies
The latest data of fluorescence and Coster-Kronig yields in use in EGS5 was adopted from The Table
of Isotopes eighth edition. Since the fluorescence and Coster-Kronig yields from the Table of
Isotopes were taken from several previous sources, it became reasonable to inspect these yields with
a more updated database. In this work, we report the results of the fluorescence yields comparisons
performed between the data from The Table of Isotopes and EADL the data from the Livermore
Evaluated Atomic Data Library. The EADL data, in general, showed several percents difference in
comparison with the previously used data and in some points the difference was tremendous. The
updated database in EGS5 was tested and compared to previous simulation results for K-X-rays
emission spectra of copper titanium and iron targets. The total counts of each fluorescence emission
was calculated using EGS5 and was compared with experimental measurements results for polarized
photon beams with incident energies of 20, 30 and 40 keV. The use of EADL database for atomic
fluorescence K X-rays emission in the simulations, improved the matching between

measured-to-calculated counts ratios. The EADL L subshell fluorescence emissions led to some
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discrepancies, and therefore alternative L subshell and Coster-Kronig yields were examined to be
used in the EGS5 Monte Carlo simulation code system. Campbell summarized the differences in the
L shell fluorescence yields and Coster-Kronig yields from several databases and provided
recommended values. The use of the Campbells' yields values in the EGS5 simulations resulted
improved measured-to-calculated counts ratios for the L fluorescence emission in gadolinium,

tungsten and lead targets.

Presented at the Fourteenth EGS User's Meeting in Japan (7- 9 Aug. 2007, KEK, Tsukuba), and
published in KEK Proc.2007-5 (2007).

3.1.3 Upgrade of CGVIEW (Particle Trajectory and Geometry Display Program)
T. Sugita, A. Takamura, Y. Namito?, H. Hirayama®
Science System Laboratory, *KEK
In a calculation using the EGS code, it is important and convenient to check geometry for calculation
and particle trajectory visually for validating of the calculation conditions. Also, a graphical interface
is useful for understanding the interactions. For these purposes, EGS particle trajectory and

geometry 3D-display program CGVIEW has made.

Presented at the Fourteenth EGS User's Meeting in Japan (7- 9 Aug. 2007, KEK, Tsukuba), and
published in KEK Proc.2007-5 (2007).

3.1.4 Measurement of Monochromatic Radiation Using a Proportional Counter and
Comparison with EGS5 Simulations
Y. Kirihara, Y. Namito®, H. Hirayama®, M. Hagiwara® and H. Iwase’
The Graduate University for Advanced Studies, "KEK

We have performed a mono-energetic photon scattering experiment at the BL-14C in KEK Photon
Factory (PF experiment). Photons scattered by C, Cu and Ti target were measuredby a proportional
counter located at theta = 90. The experimental data were compared with calculations using the
EGS5 code. The calculation and measurement of Compton peaks had the difference within 7%, and
K-X peak had the difference within 24% for Cu and 7% for Ti target. In addition, we have performed
Cu, Rb, Mo and Ag K-X ray measurements from variable energy X-ray source using a Ge detector
and a proportional counter and compared the measurement data of the two detectors (RI experiment).

The intensities of K-X peaks of the two measurements had difference within 16%.

Presented at the Fourteenth EGS User's Meeting in Japan (7- 9 Aug. 2007, KEK, Tsukuba), and
published in KEK Proc.2007-5 (2007).
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3.1.5 Evaluation of External Radiation Exposure of Human Involved in Equine Bone
Scintigraphy (No.2)
E. Kobayashi, K. Oono, M. Nishioka, T. Kakizaki, S.Wada, M. Natsuhori’,
Y. Namito?, H. Hirayama?, N. Ito
School of Veterinary Medicine, Kitasato University, ‘The University of Tennessee, Department of
Small Animal Clinical Sciences C247 Veterinary Teaching Hospital, > KEK

The purpose of this study is to obtain the basic data for radiation safety in the veterinary nuclear
medicine. Therefore, human external radiation dose in equine bone scintigraphy was evaluated by
using EGS4. Using CGview, we made mathematical phantom of a horse. The phantom has heart,
liver, kidney, bladder, lungs, muscle (water equivalent) and bone. The phantom radiation detectors
were set up in a position of 0 m, 1 m and 2 m from surface of the body. An effective dose was
calculated using a conversion factor by the energy and the fluence of the photon which pass through
a detector. The equine bone scintigraphy used radiopharmaceutical labeled with 99mTc. The
biodistribution of the medicine differs at the time after administration, and it influences on dose rate
around the horse.

Therefore we assumed that the pattern of biodistribution changed into three kinds with the passage
of time, and we compared the calculation result and the actual measured value. In addition, created
scattered radiation by mesurer himself may effect on dose rate when he stands near a horse. For this
evaluation, we put a human phantom to left 30 cm of the horse phantom, and compared dose rate
with the right side and the left side. Exposure dose of the general public is a problem after a horse
left the hospital. It was assumed that there was a man in a position of Om and 1m from surface of a
horse until radioactivity became extinct after release. The cumulative radiation exposure dose after
24 hours was 42 uSv. It was about 4% of 1 mSv (the radiation dosage safety limit of the general

public of the ICRP advice) and supposed that this dose was low enough.

Presented at the Fourteenth EGS User's Meeting in Japan (7- 9 Aug. 2007, KEK, Tsukuba), and
published in KEK Proc.2007-5 (2007).

3.1.6 External Dose Distribution of the Canine Body in Veterinary Nuclear Medicine Estimated
by Using EGS4
M. Nishioka, K. Oono, E. Kobayashi, A. Shibata, T. Kakizaki, S. Wada, T. Sano, Y. Namito',
H. Hirayama®, N. Ito
School of Veterinary Medicine, Kitasato University, "KEK
Human external exposure dose from the dog which administered radiopharmaceutical in veterinary

nuclear medicine was evaluated. The mathematical phantom that modeled a real dog was made

-16 -



anatomical faithfully to examine canine internal exposure in the future. External dose rate of the
canine body in veterinary nuclear medicine was estimated by using EGS4. It was guessed that the
existence of urine influenced the dose rate. Therefore the simple urinary mathematical phantom was
made, to evaluate the exposure to the human from the canine excreted urine. Using CGview, the
canine and urinary mathematical phantoms were made. 99mTc was used as a radioisotope (RI) in
this study.

The RI distribution of canine body was assumed the two cases. One is the distribution in proportion
to the weight of the internal organs, and another is considering the kinetic distribution of the
pharmacy. Furthermore, the differences of dose rate by the occurrence of urination were evaluated.
The detectors were installed in the position of 0 cm, 30 cm and 100 cm from the body surface of the
dog in the vicinity of head, heart, liver, bladder, and trunk center. The dose rate was greatly different
because of two kinds of inside of the body distribution at two hrs after administration. Moreover,
there was a great difference at the dose rate from the dog at nearer position when urine existed in the
bladder.

In the stage of the early period of RI dosage, the exposure dose from urine was the problem as

human external dose.

Presented at the Fourteenth EGS User's Meeting in Japan (7- 9 Aug. 2007, KEK, Tsukuba), and
published in KEK Proc.2007-5 (2007).

3.2 The EGS Workshop, Class and User Support
H. Hirayama, Y. Namito
KEK
The fourteenth EGS workshop in Japan was held and 85 persons participated in the workshop from
outside KEK. As the parts of the 14th EGS workshop, EGS short course was held.
As one of the center of EGS distribution, we continue supports concerning EGS including outside
Japan, They are distributed in wide range from primitive questions of beginners to complicated ones

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

3.3 Calculation of Secondary Neutron Spectra from 2 GeV Electron-induced Reactions Using
MARS15 Code
T. Sanami, S. Ban, H.S. Lee', K. Takahashi, T. Sato
KEK, 'Pohang Accelerator Laboratory /POSTECH (Korea)
The secondary neutron spectra from 2-GeV electron-induced reactions for various thicknesses of
materials were calculated by using the latest 9 version of the MARS Monte-Carlo code to evaluate

its applicability for shielding calculation of high-energy electron accelerator by comparing with
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experimental results. The results of the calculation in simplified geometry reproduce well the energy
dependence of the experimental results. The agreement in magnitude between the experiment and
the calculation is very good for thick targets and becomes worse on decreasing the target thickness.
These results will be helpful for further improvements around 1 GeV in the photo-nuclear model of
the CEMO3 event 13 generator used in MARS15; however, the effects of surrounding materials

should be estimated.

Published in Radiat. Meas. (2007), 41, S283-5288.
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4. Nuclear Chemistry and Radiochemistry

4.1 Detection of p-process ***Sm Nuclide by Accelerator Mass Spectrometry

N. Kinoshita!, T. Hashimoto?, T. Nakanishi?, A. Yokoyama?, H. Amakawa®, T. Mitsugashira®*, T.

Ohtsuki®, N. Takahashi®, J.P. Greene®, D.J. Henderson®, C.L. Jiang®, H.Y. Lee®, M. Notani®, R.C.

Pardo®, N. Patel®, K.E. Rehm®, R. Scott®, R. Vondrasek®, L. Jisonna’, P. Collon®, D. Robertson®, C.

Schmitt®, X.D. Tang®, Y. Kashiv® M. Paul’
'KEK, ?’Kanazawa Univ., *The Univ. of Tokyo, “Tohoku University, *Osaka University, *Argonne
National Laboratory, ‘Northwestern Univ., Univ. of Notre Dame, °Hebrew University

The **Sm nuclide (half-life=1.03x10® a) belongs to the small family of nuclides produced by the
nucleosynthesis p-process. Its presence as live radionuclide in the Early-Solar System was
established by the study of isotopic anomalies of its “**Nd a daughter in meteorites. Interestingly, a
different in “2Nd isotopic signatures has been also discovered between terrestrial and chondritic
material, leading to new insight in the chronology of planetary formation. We have developed a
method for *°Sm detection by positive-ion high-energy accelerator mass spectrometry (AMS) at the
Argonne ATLAS facility, using a gas-filled magnet for the isobaric **°*Sm-Nd separation. **°Sm
samples were produced by (y,n), (n,2n) and (p,2ne) activation of enriched '*’Sm target. A new
determination of the *°Sm half-life is in progress, based on the measurement of the *** *'sm o
activity ratio of the irradiated targets and the AMS determination of their *°*Sm/**’Sm atom ratio.
Special attention is given to the absolute determination of this ratio and methods under development
will be described. The present detection sensitivity of the **°Sm/*’Sm ratio of the order of 10 will
allow us to measure the *’Sm(y,n)'*°Sm reaction cross section, of importance in the p-process
synthesis of *°Sm.

Presented at the Conf. on Nuclear Astrophysics, Indiana,19-21 Aug. 2007.

4.2 Incorporation Rate Measurements of °Be, »*°Th, #'Pa, and *** *°Pu Radionuclides in
Manganese Crust in the Pacific Ocean: A Search for Extraterrestrial Material
N. Kinoshita®, Y. Sato?, T. Yamagata®, H. Nagai®, A. Yokoyama?, T. Nakanishi?
'KEK, 2Kanazawa Univ., *Nihon University
In order to estimate the deposition rate of extraterrestrial material onto a manganese crust in a search
for supernova debris, we analyzed the contents of °Be, *°Th, #'Pa, and #°?*°Pu in a sample of
manganese crust collected from the North Pacific Ocean. On the basis of the depth profile of 10Be,
the growth rate of the manganese crust was determined to be 2.3 mm Myr-1. The uptake rates of
98¢, 20Th, and ?*'Pa onto the manganese crust were estimated to be 0.22-0.44%, 0.11-0.73%, and

1.4-4.5%, respectively, as compared to the deposition rates onto the deep-sea sediments near the
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sampling station, while that for 29%*°Pu was 0.14% as compared to the total inventory of seawater
and sediment column. Assuming that sinking particles represent 0.11-4.5% of the uptake rates, the
deposition rate of extraterrestrial material onto the manganese crust was estimated to be 2-800 « g
cm—-2Myr—1 according to the uptake of °Be onto the manganese crust. Further, our estimate is
similar to the value of 9-90ug cm-2Myr-1 obtained using the integrated global production rate of
198e and the deposition rate of *°Be onto the manganese crust.

Pubulished in J. Oceanography, 63, 2007, 813 — 820.

4.3 List-mode Coincidence Data Analysis for Highly Selective and Low Background Detection
of Gamma-nuclides in Activated Samples
H. Matsumura, K. Masumoto, A. Toyoda, N. Kinoshita
KEK

Highly selective and sensitive y-ray detection was performed by coincidence and anticoincidence
event analysis after list-mode data acquisition using an HPGe spectrometer equipped with Nal(Tl)
and plastic scintillation detectors. In order to obtain the most suitable detection of specific nuclides,
coincidence or anticoincidence spectra could be freely constructed by extracting events with
particular time and energy correlations. Although the detector arrangement of this system was the
same as that of a typical Compton suppression spectrometer, background counts were drastically
reduced and y-rays of particular nuclides could be selectively detected by using y-y, y-X, y-X-X, and

y-B* coincidences.

Presented at the 12th International Conference on Modern Trends in Activation Analysis (MTAA-12),
Sep. 16-21, 2007, Tokyo, Japan.

4.4 Yield Measurements of Spallation Nuclides Produced by Fast Muons on Al and Cu in the
NuMI Secondary Beam Course of FNAL
The JASMIN collaboration

We measured the yields of spallation nuclides produced by fast muons on Al and Cu targets in the
NuMI secondary beam course of the Fermi National Accelerator Laboratory (FNAL). The yields of
various spallation products could be measured, and the relative variations in the yield up to a depth
of ~70 m in rock were almost the same, regardless of the products. The yields displayed a steep
decrease between the depths of 0 m and 10 m in the rock. However, beyond 10 m, the yields
displayed a gradual decrease. The yields on Cu were fitted to Rudstam’s empirical formula for
estimating spallation yields. The Rudstam parameter P for the muon reaction obtained at the rock

surface is similar to that for a photonuclear reaction in which the energy transfer to a nucleus is
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saturated.

Presented at the 9th Workshop on Environmental Radioactivity, Mar. 27-28, 2008, Tsukuba, Japan.

4.5 Yield Measurements of Spallation Nuclides on Au Irradiated by Neutrons that Penetrated a
Thick Iron Shield at APO of FNAL

The JASMIN collaboration
In order to detect high energy neutrons that penetrated a thick iron shield at APO of FNAL, yields of
various spallation products in Au activation detectors were measured by gamma-ray spectrometry
after machine operation. We successfully measured the yields of Au-196 to Yb-169, which have

nuclear reaction thresholds up to several hundred MeV.
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