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PREFACE

The Radiation Science Center is concerned with the management of both radiation and
chemical safety in KEK. The Chemical Safety Control Office will be positioned under the
Director General from the beginning of FY2007, and be renamed to the Environmental Safety
Office. The Environment and Chemical Safety Office will be 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 FY2006, the radiation safety system in J-PARC was extensively developed. 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 is a wide coverage of the
research fields. Nuclear engineering, radiation physics, radiochemistry, health physics, chemistry
and radiation shielding are included in the research fields of the staff members. The present status of

these research activities carried out in fiscal year 2006 are described here.

1. Radiation Protection Technology in Accelerator Facilities

1.1 In-situ Determination of Specific Activity Induced in Accelerator Components

A. Toyoda, R. Sonkawade, 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. We tried to use the software ISOCS
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 obtained by
ISOCS 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 5™ Annual Symposium of the Society of Radiation Safety Management (29 Nov.- 1 Dec.,
2006, Nagoya univ.)

1.2 Surface Contamination Observed in the High-Energy Accelerator room

A. Toyoda, H. Matsumura, K. Masumoto
KEK

In the highly activated area of the high-energy accelerator facilities, it can be usually observed the
surface contamination of accelerator components and floor. The study of the source of contamination
and mechanism is very important for the radiation control. We have sampled from the surface of
accelerator components and floor using Scotch tape flag in the 12-GeV proton synchrotron and
developed the radio-image of tape flags using an imaging plate. It was found that this method is very
useful to observe the situation and types of contamination. On the other hand, the PSL value had no
relation to the activitties of gamma-emitting nuclides, "Be, 22Na, **Mn and so on. Then, we sampled
surface contamination by the filter paper just after the shutdown and measured the radio-image
repeatedly. The PSL values of all filters show the decay curves of about 2 weeks half-life. The result
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means that the [I-emitter was produced by the secondary beams and deposited on the surface of
beam pipe or wall through the aerosol production.

Presented at 5™ Annual Symposium of the Society of Radiation Safety Management (29 Nov.- 1 Dec.,
2006, Nagoya univ.)

1.3 Separation of **C from Concrete Samples

Y. Izumil, Y. Ando', K. Matsumura', T. Ohtsukiz, H. Yukiz, K. Masumoto’
LJapan Environment Research, “Tohoku University and *KEK

In order to determine the activity of '*C induced in the concrete obtained from various accelerator
facilities, we studied the oxidative combustion method for extraction of '*C from concrete samples
quantitatively. Separation conditions, such as maximum heating temperature and time were
examined using ''C produced by the *C(y,n) ''C reaction as a radioactive tracer instead of '*C.
Samples were irradiated with 30MeV-bremsstrahlung at Laboratory of Nuclear Science, Tohoku
University. After irradiation, samples were heated in an IR-furnace under O, stream (flow rate;
100ml/min). After decomposition of sample, gas was sequentially guided to another furnace
(catalyst; CuO, temperature; 1073K) for oxidation of CO to CO,. Radioactive carbon dioxide was
collected in 2-amino-ethanol solution of an alkali trap. Addition of oxidants was effective to improve
"C yields and yields of ''C from standard rock samples were over than 70% heated at 1373K for 20

minutes. It was concluded that the yields of '*C from concrete samples were also more than 70%.

Presented at 5™ Annual Symposium of the Society of Radiation Safety Management (29 Nov.- 1 Dec.,
2006, Nagoya univ.)

1.4 Assessment of Activation in Small Accelerator Facilities in Japan for the Introduction of
Clearance System

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

In Japan, there are about 1,300 accelerators in operation 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. The introduction of clearance system to these accelerator facilities, the survey of
the present status of these facilities is very important for grouping of activation level and activated
area by the 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
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classify them into three groups, 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 shielding

condition is the important factor comparing with particle energy.

1.5 Measurement of *°Cl induced in the Concrete of Various Accelerator Facilities

K. Bessho, H. Matsumura, T. Miura, K. Masumoto, T. Suzuki, K., Y. Nagashimal, K. Sasal,
T. Takahashil, K. Sueki' Y. Tosakil, M. Tamari, Y. Matsushi
KEK, 'University of Tsukuba

In our previous work, we have developed a method for AMS of *°Cl in concrete samples and
demonstrated that AMS measurements of isotope ratios of *°Cl to **Cl (**Cl*°Cl) is suitable for
monitoring the thermal neutron fluence in the concrete. In this year, we investigated the thermal
neutron fluences in concrete walls, floors, and shields at the various types of hadron and electron
accelerators. Thermal neutron fluences at the concrete surface were in the range of 10'* to 10'* n/cm?,
and the maxima in thermal neutron fluences were observed at approximately 5 to 10 cm in depth at
most of accelerator facilities. Increasing the acceleration energy of proton shifted the maximum in
the thermal neutron fluences to deeper positions, and it increased the attenuation lengths of thermal
neutrons. On the other hand at electron accelerator-facilities, depth profiles of thermal neutrons
showed similar tendency independently of the acceleration energies between 45 MeV to 1.2 GeV.
These results reflect the energy spectra of secondary neutrons emitted by the nuclear reaction at the

beam-loss points.

Presented at “The 8th AMS symposium™, January 27-28, 2006, the University of Tsukuba.

1.6 Characteristics of Radionuclides Induced in the Magnet Cooling-water and the Target

Cooling-water at the Proton Accelerator Facilities at KEK

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

At the proton accelerator facilities at KEK, radionuclides, such as "Be and ''C, were induced in the
cooling water of the magnets. Further in the cooling water of the spallation neutron source at KENS,
various nuclides, such as *Sc, *™Sc, *’Sc, 47Sc,gSY, Y71, 169Yb, mLu,mLu, 170Hf, and 173Hf, were

induced by recoil reactions of the Ta and SUS materials supporting the target. lon-exchange and
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colloid-formation behavior of the induced radionuclides were examined by adsorption on
cationic/anionic exchange resin column and collection on ultra-filtlation membranes of several pore
sizes. These experiments clarified that these radionuclides partially exist in colloid particles. The
colloid formation and the ion-exchange behaviors of these radionuclides were found to be quite
different between the elements. These characteristics of the induced nuclides in the cooling-water

will be important for radiation safety at high-energy and high-intensity accelerator facilities.

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

Technique

K. MASUMOTO, A. TOYODA, T. KUNIFUDA and H. MATSUMURA
KEK and TNS

Surface contamination is always detected at the highly activated area of 12GeV-Proton synchrotron
facility, KEK. In order to evaluate the nuclides attached on the surface of accelerator components
during operation, we measured the half-life of radioactivity of filter paper after wiping from the

surface of accelerator components. It was found that P-32 is a major source of contamination.

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

1.8 Radionuclides Observed in Various Materials Carried out from Accelerator Facilities

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

During the maintenance in the accelerator facility, various meaterials, such as fluorescent lamp,
battery, fire sensor, antenna and so on, are carried out. Surface dose of these materials should be
checked, in order to release no radioactive ones from the radiation control area. For the radiation
control, it is very useful to determine the radionuclides induced in these substances. Because we can
obtain the elemental composition, compare with the materials made by several companies and
estimate the radioactive decay in future. A major nuclides were '>*Sb in ifluorescent lamps, “°Co and
**Mn in batteries, 124Sb, 54Mn, %7n in fire Sensors, '82Ta in PHS antennae. These nuclides are mainly

produced by neutron capture reactions.



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

2. Basic Research in Radiation Physics and Detector Development

2.1 Average Energies Required per Scintillation Photon and Energy Resolutions in Nal(TI) and

Csl(TI) Crystals for Gamma-rays

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

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

measurement.

Published in Jpn. J. Appl. Phys, Vol.45 (2006) 6240-6430.

Published partly in “SCINT 2005, A. Gektin and B. Gronyov eds., National Academy of Science of
Ukraine, 2006, pp279-281.

2.2 Angular Response of Photomultiplier Tubes

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

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

S.Sasaki, H.Tawara, K.Saito, M.Miyajima' and E.Shibamura®



KEK, Waseda Univ.}, Saitama Prefectual Univ.2

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

film with a complex refractive index.

Published in Japanese Journal of Applied Physics, Vol. 45, No. 7, 2006, pp. 5990-5995

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

function of incidence angle of photon

E. Shibamural, S. Sasakiz, H. Tawaraz, K. Saitoz, and M. Miyajima3
!Saitama Prefectural University, School of Health and Social Services,
’High Energy Accelerator Research Organization,

*Advanced Research Center for Science and Engineering, Waseda University
The photon-to-photoelectron conversion efficiency and the reflectance of a photomultiplier have
been measured as a function of the photon incident angle. Appreciably large conversion efficiency
and reflectance were obtained for a incident angle near 45°. A calculation was made for an optical

model of a photomultiplier. The results were consistent with the experimental results.

Published in Nucl. Instr. Meth. A A567 (2006) 192-195.

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

Measured as a Function of Particle Energy

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



KEK and *NIRS

In order to determine 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.

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

S. Sasaki, H. Tawara, K. Terasawa1’3, T. Dokel’3, K. Miuchiz, T. Nagayoshi2 and H. Matsumoto®
KEK, Waseda Univ. *, Kyoto Univ. %, and JAXA®

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 two-dimensional 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.

*This study is carried out as a part of “Ground-based Research Announcement for Space



Utilization” promoted by Japan Space Forum.

Presented partly at the 21™ Workshop of Radiation detectors and Their Uses, the 67* Conference of

the Physical Society of Japan, the 23™ Symposium of Space Utilization, and so on.

2.5 Study of Scintillation in Helium Mixed with Xenon to Development Thermal Neutron

Detectors

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

KEK, 'Saitama Prefectual University

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

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

intensity increases with increasing the ratio.

Presented at The 11th Vienna Conference on Instrumentation, Vienna, 2007/02/20.

2.6 Develoment of Bragg Curve spectrometer

2.6.1 A Bragg Curve Counter with an Active Cathode to Enhance an Energy Acceptance in

Fragment Measurements



T. Sanami, M. Hagiwara, T. Oishi' M. Baba' and M. Takada®
KEK, Tohoku Univ." and NIRS?

We have developed a Bragg curve counter (BCC) equipped with an active cathode to extend the
energy acceptance to lower energy than in conventional BCC to measure differential cross-sections
of fragment production induced by tens of MeV protons. The cathode signal provides the timing
signal of fragment incidence and the time difference signal between the cathode and anode, gives
information on the fragment range in BCC on the basis of electron drift time. By using this signal, it
became possible to identify fragments using the range information even for low energy fragments
which cannot be identified with conventional BCC technique. Further, coincidence between cathode
and anode signals improves signal to noise ration significantly. After investigations for fundamental
properties of newly constructed BCC using heavy ion beams and a particles, this method was
applied successfully to a fragment production measurement for 70 MeV proton induced reactions on
carbon. By the technique, the energy acceptance of BCC was improved significantly without

introducing additional detector or energy loss.

2.6.2 Extension of Energy Acceptance of Bragg Curve Counter to High Energy

M. Hagiwara, T. Sanami, T. Oishil, M. Babal, M. Takada®
KEK, Tohoku Univ." and NIRS?

We developed a data correction method to extend the high energy end of Bragg curve counter (BCC)
to apply BCC to the measurements of differential fragment production cross sections induced by
ten’s of MeV protons. In this method, we estimate the primary energy of the fragment on the basis of
experimental information obtained by BCC on the energy loss and Z of fragments. The energy
extension method was applied to measurements of double-differential cross-sections of fragments
emission from carbon induced by 70 MeV protons, and validity was confirmed. Combined with our
method for energy extension to lower side using an active cathode technique, the energy acceptance

was improved up to two times in comparison with a conventional method.

2.7 Development of Neutron Monitors with Wide Range Dose Response from Thermal to GEV

M. Hagiwara, T. Sanami, T. Michikawa and 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.

Presented at 21h Symposium on Radiation detector and their use, KEK, January 31- February 2
2007

2.8 Development of Low-Energy X-Ray Survey-Meter

K. Aoyamal, K. Masuil, S. Yamamural, T. Nakamuraz, T. Yabutanil, and Y. Namito®

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

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

radioisotope gamma rays and the synchrotron radiation.

Published in Radiation Detectors and Their Uses, KEK Proceedings 2006-7, 2006 ,pp57-67

2.9 Nuclear Data

2.9.1 Differential Cross Sections of Neutron-Induced Fragment-Emission Reactions for a
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Microdosimetry Study

M. Hagiwara, T. Sanami, T. Oishil, S. Kamada', T. Okujil, S. Tanaka’,
H. Nakashima® and M. Baba'
KEK, Tohoku Univ."!, NIRS? and JAEA®

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.

Presented at 10h Symposium on Neutron Dosimetry (NEUDOS10), Uppsala, Sweden, June 12-16
2006

2.9.2 Doble Differential Cross Section of Fragment Production by Ten’s of MeV Protons and

Neutrons

T. Sanami, M. Hagiwara, T. Oishil, S. Kamada', T. Okujil, M. Babal, M. Takada®, N. Miyahara3,
H. Nakashima® , Y. Iwamoto® , S.Tanaka’*, T. Kaneko®

KEK, Tohoku Univ.!, NIRS* and JAEA®

Double differential cross sections (DDXs) of fragment production from neutron and proton- induced
reactions have been measured in the intermediate-energy region to confirm the applicability of
theoretical models. A Bragg curve counter with an enhanced energy dynamic rage and detection
efficiency was developed to measure the DDXs. DDXs of Li, Be, B and C production were
obtained for 70 MeV proton-induced reactions on C, Al and Si. DDXs of Li, Be and B were
obtained for 65 MeV neutron-induced reactions on C. These results were compared with theoretical

calculations with different intra nuclear cascade models.

Presented in Shielding Aspects of Accelerators, Targets and Irradiation Facilities, Eighth Meeting,
May 22-24, 2006 POSTEC, Nam-Bu Pohang, Gyonbuk, Republic of Korea
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2.10 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

cm?2/sample at a scan rate of ~100 sample/day.

Published in Space Radiation, 5-1(2006)55-56.

2.11 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, °KEK, %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.

Published in Space Radiation, 5-1 (2006) 3-37.

2.12 Development of a Space Radiation Dosimetry System ‘PADLES’
Nagamatsu®, M. Masukawa®, S. Kamigaichi®, M. Masaki®, H. Kumagai®, N. Yasuda®,
H. Yasuda®, T. Hayashi’, E. Benton®, H. Tawara'

1JAXA, PAES, °NIRS, “Waseda Univ., °ERI, 'KEK

We have developed a passive dosimeter for life science experiments in space (PADLES). The
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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.

Published in KEK Proceedings 2006-7 (2006) 26-36.

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

3.1 Research Related to EGS Code

Y. Namito', H. Hirayama', A. F. Biclajew?, S. J. Wilderman® and W. R. Nelson
'KEK and Stanford Linear Accelerator Center
The EGSS5 (Electron-Gamma Shower) code system is a general purpose package for the Monte Carlo
simulation of the coupled transport of electrons and photons in an arbitrary geometry for particles
with energies above a few keV up to several hundred GeV (depending on the atomic numbers of the
target materials). EGS5 calculation result concerning electron back scatter was presented. Effort to

verify egs5 code by comparing with electron back scattering experiment was mentioned.
Present as Invited talk at ANS 2006 Winter Meeting, (12-16 Nov. 2006 Albuguerque USA).
Presented as Invited talk at The Japan Taiwan Symposium on Simulation in Medicine (12-15 Dec.
2006 Tsukuba Japan).
3.2 The EGS Workshop, Class and User Support
3.2.1 The EGS Short Course

H. Hirayama and Y. Namito

KEK

EGS short courses were held at Pohang Accelerator Laboratory in Korea. 25 persons were involved.

As the parts of the 13th EGS workshop.104 researchers were joined to workshop from outside KEK.

3.2.2 User Support Concerning EGS
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H. Hirayama and Y. Namito
KEK

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

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

4. Nuclear Chemistry and Radiochemistry

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

Energies

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

In 400- and 720-MeV alpha nuclear-reactions, fragment mass and Z number were identified by time-
of-flight and dE-E method using a counter telescope at 30 degree. We measured energy spectra for
each light nuclide from Al, Ni, and Au targets. Furthermore, the cross sections of **Na production by
400 and 720 MeV alphas from various targets measured by y-y coincidence spectrometry with

Ge-Ge detectors and Ge-Nal detectors.

4.2 Calculation of Yields of the Radionuclides Produced in Au Activation Detectors Fixed in
Concrete Shield at the 500-MeV Neutron Irradiation Facility of KENS

H. Matsumura, K. Masumoto, K. Oishil, M. Kawai, T. Azez, A. Toyoda, M. Numajiri,
K. Takahashi, K. Bessho, T. Sanami
KEK, Shimizu Co., ?The Unv. of Tokyo

We simulated the shielding experiment with high-energy neutrons by MARS15 code. The
calculation results were compared with the experimental results. The calculated yields of spallation

products in Au activation detectors were smaller than the experimental results. Therefore, it was
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found that the calculation fluxes of high energy neutrons were underestimated.

Presented at the 50" Symposium on Radiochemistry, Oct. 24-27, 2006, Mito, Japan.

4.3 Spallation Products of ’Au Induced by Secondary Particles from 12-GeV Proton

Bombardment of a Thick Aluminum Target

H. Matsumura, T. Suzuki, T. Miura, K. Masumoto, S. Ishihama', N. Matsuda®, and T. Aze®
KEK, 'TNS, 2JAERI, *the Univ of Tokyo

We measured the production rates of the spallation of '*’Au, of which plates were attached on the
wall of the neutrino target station of KEK, induced by the secondary particles emitted from the
12-GeV proton bombardment of a thick aluminum target. The spallation production rates of '*’Au
were also calculated using the newly issued MARSIS5 code system in order to compare the
experimental and theoretical production rates. The calculated production rates agreed with the
experimental ones. Products with mass numbers close to that of '*’Au were produced by the
prominent low-energy neutrons. Although, at energies higher than 300 MeV, the fluxes among
neutrons, protons, 7', and © were comparable, the pionic nuclear reactions were highly effective in
producing lighter-mass products (<~190) in Au plates placed at large-angle directions. At the
forward angle positions, where particles with energies higher than 1 GeV were highly populated, the
contribution of the lighter mass production from neutrons and protons becames comparable to that of

pions, because the 140-MeV gain in the pionic nuclear reactions is not significant.

4.4 List-mode Coincidence Data Analysis for Highly Selective and Low Background Detection

of Gamma-nuclides in Activated Samples

H. Matsumura, K. Masumoto, and A. Toyoda
KEK

Highly selective and low background y-ray detection was performed by the coincidence and
anticoincidence event analysis after list-mode data acquisition with a HPGe spectrometer, which is
surrounded by three Nal(T1) scintillation detectors for the detection of coincidence events and plastic
scintillation detectors for cosmic component suppression. The pulse heights and the occurrence time

of all amplifier outputs from these detectors are stored by a list-mode system. After acquisition,
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coincidence or anticoincidence spectra for the detection of specific nuclides can be freely
constructed by extracting events of particular occurrence time and energy correlations. Although the
detector arrangement of this system was a typical Compton suppression spectrometer, background
counts were drastically reduced and y-ray of particular nuclides (**Na, **Na, *Ti, “Co, 'Yb, '"Lu,
4Au, etc.) in samples activated at accelerator facilities could be selectively detected by using

several coincidence patterns, which were y-y, y-X, y-X-X, and y-B* coincidences.

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

Simulation in a Gas-filled Magnet

Takahiro Azel, Hiroyuki Matsuzakil, Hiroshi Matsumura, Hisao Nagaiz, Masatsugu Fujimuraz,
Mayumi Noguchi®, Yayoi Hongo', and Yusuke Yokoyama'
The University of Tokyo, ?Nihon Univ., KEK

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

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

4.6 Measurements of Electronic X-ray Energies Following the Formation of Pionic Atoms.

Kazuhiko Ninomiya', Hironori Sugiura', Toshimitsu Nakatsuka', Yoshinori Itsukil, Keiji
Nakashimal, Takuya Ikai', Wataru Sato', Takashi Yoshimura', Hiroshi Matsumura, Taichi Miura, and
Atsushi Shinohara'

! Osaka University, ? International Christian University, KEK

In the research on a pionic atom, pionic X rays and gamma rays induced by the decay of neutral pion
have been well measured to investigate pion behavior in the pionic atom. On the other hand, the
electron state during the pion cascade has not been examined fully. Our group has measured the
electronic X-ray energies by using HPGe detectors for various elements to investigate electron
rearrangement process after the formation of pionic atom. All measurements were performed at

np-channel of EP-2 beam-line at KEK-PS. In this study, we prepared metal and/or oxide samples for
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23 elements ranging from Z=29 to 92 as target.

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

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

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

Chemical Reactions Including Muonic Atom

Toshimitsu Nakatsukal, Kazuhiko Ninomiyal, Hironori Sugiural, Wataru Satol, Takashi Yoshimural,
Michael Kenya Kuboz, Hiroshi Matsumura, Taichi Miura, Kusuo Nishiyama and Atsushi Shinohara'

! Osaka University, ? International Christian University, KEK

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

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

chemical reaction between muonic Ar and CHy.
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4.8 Separation of Radioactive Materials from Activated Sample
4.8.1 Separation of Radioactive Carbon from Activated Samples

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

In order to obtain the activity of '*C in concrete samples obtained from accelerator facilities, it is
necessary to establish the separation method of radioactive carbon in concrete and rock samples
induced by nuclear reaction. We studied the separation of radioactive carbon by ''C produced by the
bremsstrahlung irradiation.

Silicate rocks and concrete samples were irradiated with 30-MeV bremsstrahlung of 120uA for 20
min. at the 300-MeV electron linear accelerator of Laboratory of Nuclear Science, Tohoku
University. Decomposition and oxydizing was performed in an infrared furnace under oxygen gas
flow. In order to remove radioactive nitrogen gas, a column containing SiO, doped with Co203 was
inserted between furnace and an bubbler for carbon trap respectively. The radioactivity of each
column was measured with a couple of BGO-detector.

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

carefully studied.

4.8.2 Separation of Nickel from Activated Concrete Samples

K. Masumoto, T. Ohtsuki' Y. Ando® and Y. Izumi’
KEK, Tohoku Univ., 2JER

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

separated from concrete samples by the decomposition of HNO; and HCI.
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4.9 Determination of Nitrogen in CZ Silicon by Charged Particle Activation Analysis

K. Masumoto, T. Nozakil, H. Yagiz, Y. Minai3,Y. Saito* and N. Inoue’
KEK, 'Purex Co., 2SHIEI, ®Musashi Univ., *JRIA, °Osaka Pref. Univ

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

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