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PPREFACE

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. This Office is
responsible for the management of environment at KEK in addition to the chemicalsecurity 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 FY2008, several members in our center moved to the Tokai site from Tsukuba site. The radiation
safety system in the J-PARC was extensively developed especially for the Neutrino Facility. That has
been designed and constructed based on great store of knowledge and experience of the monitoring
system in Tsukuba. Residual radioactivity was studied to terminate the operation of PS Booster
Synchrotron and the EP2 beam line. Development of a radiation safety design was commenced for
our future project, the compact-ERL, and KEKB upgradation. 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, radiation chemistry, health physics, radiation shielding, analytical chemistry and
environmental science are included in the research fields of the RSC’s staff members. The current

status of these research activities carried out in fiscal year 2008 are described.



1. Research in Radiation Physics and Detector Development

1.1 Average Energies Required per Scintillation Photon and Energy Resolutions in
Inorganic and Organic Scintillation Crystals for Gamma-rays
S. Sasaki, H. Tawara, K. Saito, E. Shibamura®
KEK, 'Saitama Prefectual Univ.

The determination of Ws-value, an average energy to produce one scintillation photon, has been
performed for gamma-rays in inorganic scintillators and plastic scintillators by measuring the
numbers of photoelectrons in several combinations of a scintillator and a photo-multiplier tube
(PMT). In order obtaine the absolute number of photoelectrons the PMT was 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(TI) 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).

This study is partly supported by ““the scientific research fund from the Ministry of Education,

Science & Culture in Japan”.

1.2 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 partly supported by ““the scientific research fund from the Ministry of Education,

Science & Culture in Japan”.



1.3 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.

1.4 Scintillation Mechanism in Helium Mixed with Xenon
K. Saito’, S. Sasaki®, H. Tawara®, T. Sanami* and E. Shibamura®

'KEK, 2Saitama Prefectual University
Scintillation photons in helium more than atmospheric pressure, where the most part of exited
helium forms an excited helium dimer, lie in the VUV region (60-100 nm) and have long decay
times (10 ps). We have been testing the exchange of 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. Scintillation properties of helium mixed with xenon,
such as luminescence spectra, time profile and scintillation yield are measured to acquire knowledge
of scintillation mechanism in He/Xe. Since ionization yields are important to understand energy loss

processes of radiation, those in He/Xe are measured simultaneously with scintillation yields.

This study is supported by ““the scientific research fund from the Ministry of Education, Science &

Culture in Japan™



1.5 Dosimetry for Neutrons from 0.25 to 15 MeV by the Measurement of Linear
Energy Transfer Distributions for Secondary Charged Particles in CR-39 Plastic
H. Tawara, K. Eda, T. Sanami, S. Sasaki, K. Takahashi, R. Sonkawade’, A. Nagamatsu?,
K. Kitajo®, H. Kumagai®, T. Doke*
KEK, ‘Inter University Accelerator Centre, 2JAXA, *AES, * Waseda Univ.

In the radiation fields of high energy accelerator facilities, high-altitude aircraft and space flights,
high-energy neutron dosimetry of ~20 MeV or more is a significant issue for radiological protection.
We studied the feasibility of experimental measurements of linear energy transfer (LET)
distributions for secondary charged particles induced by fast neutrons using CR-39 plastic nuclear
track detectors. In order to investigate a method of analyzing the CR-39 detectors that is appropriate
for fast neutron dosimetry, two-layer CR-39 stacks were exposed to monochromatic neutrons (0.25,
0.55, 5, and 15 MeV) at the Fast Neutron Laboratory of Tohoku University in Japan. We also
conducted Monte Carlo calculations to estimate the detection efficiency of the CR-39 detector for
recoil protons. The CR-39 detectors treated by single-step chemical etching were used to obtain LET
distributions for LET > 10 keV/um-water. The results indicated that measurements of short-range
particles are very important for obtaining the correct LET distributions. Using the measured LET
distributions, we calculated neutron sensitivities, absorbed doses and dose equivalents based on the
ICRP 60 Q-L relation and averaged quality factors. The measured dose equivalents were compared
with the neutron fluence-to-dose equivalent conversion factors given by ICRP 74 (Fig. 1). The
measured averaged quality factors were compared with weighting factors given by ICRP 60 and
ICRP 92 (Fig. 2).
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Fig. 1 Ratios of measured dose equivalents with CR-39 to equivalent doses given in ICRP 74 as a function of neutron

energy. Error bars are statistical ones (1c).



40 [ " Tt R | ML | LA | MR | MR

s |7 W.(ICRP92) k
[ —— W, (ICRP60)
30| ® Presentwork| -

Radiation weighting factor

10°  10% 10" 10° 10" 10° 10°
Neutron energy (MeV)

Fig. 2 Comparison of measured quality factors with weighting factors given in ICRP 60 and ICRP 92. Error bars are

statistical ones (1o).
Published in Jpn. J. Appl. Phys. 47 (2008) 1726-1734.

1.6 Measurement of a Linear Energy Transfer Distribution with Antioxidant
Doped CR-39 Correcting for the Dip Angle Dependence of Track Formation
Sensitivity
H. Tawara, M. Masukawa', A Nagamatsu®, K. Kitajo? H. Kumagai?, N. Yasuda®
KEK, "JAXA, ?AES, °NIRS

Antioxidant doped CR-39 detectors were loaded onto the STS-95 space shuttle mission (altitude:
574 km; inclination: 28.45°; flight duration: 8.9 days) for measuring the linear energy transfer (LET)
distribution above 10 keV/um for space radiation dosimetry. It is known that the track formation
sensitivity of antioxidant doped CR-39 detectors depends on the dip angle of the incident particle.
We investigated this dip angle dependence for a wide range of LET values and dip angles. The track
formation sensitivities at lower dip angles were obviously decreased in the LET region below 100
keV/um. We introduced minimum-cutoff dip angles in order to correct for such dip-angle
dependence. The LET distribution of the STS-95 mission was obtained from the measurements of
etch pits having dip angles larger than the minimum-cutoff dip angles. This new correction method
increased the absorbed dose and dose equivalent above 10 keV/um by 54 % and 28%, respectively.
The dose equivalent for LET > 10 keV/um was found to be 8.9 + 1.0 mSv from the LET distribution



corrected by the present method
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Fig. 1 Dip angle dependence of the track formation sensitivity of antioxidant doped CR-39 plates.
Published in Jpn. J. Appl. Phys. 47, (2008) 7324-7327.

1.7 Development of an Automated Multisample Scanning System for Nuclear
Track Etched Detectors
H. Tawara, K. Eda, K. Takahashi, T. Doke, N. Hasebe', S. Kodaira',
S. Ota', M. Kurano?, N. Yasuda?
KEK, "Waseda Univ., °NIRS

We have developed an automated scanning system (Fig. 1) for handling a large number of nuclear
track etched detectors (NTEDs). The system consists of a magazine station for sample storage, a
robotic sample loader, a high-speed wide-area digital imaging microscope device (modified
HSP-1000) and PitFit software for analyzing etch pits. We investigated the performance of the
system using CR-39 plastic NTED samples exposed to high-energy heavy ions and fast neutrons.
When applying the system for fast neutron dosimetry, a typical scanning speed was ~100
samples/day with a scan area of 4 cm¥sample. The neutron doses obtained from a fully automatic
measurement agreed closely with those from a semi-automatic measurement. These results indicate
the feasibility of fully automatic scanning of CR-39 personal neutron dosimeters. The system is also
expected to be applicable to future large-scale experiments using CR-39 and BP-1 detectors for

observing ultraheavy galactic cosmic rays with high mass resolution.
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Fig. 1 Structure of the automated multisample scanning system for nuclear track etched detectors. The left part is the

modified HSP-1000 system and the right part is the robotic sample loader.
Published in Nucl. Instr. Meas. A593 (2008) 475-480.

1.8 Space Radiation Dosimetry by Passive Dosimeters in Manned Space Flights
H. Tawara, A. Nagamatsu®
KEK, ‘Jaxa

On radiological protection in space, the measurements of dose equivalents were essentially
important because (1) space radiation includes many high linear energy transfer (LET) particles and
(2) the human body in a space flight is exposed to secondary heavy charged particles and local
neutrons along with primary space radiation. Therefore space radiation dosimetry requires the
measurements of LET distributions for the primary and secondary particles to estimate the dose
equivalents. In this work we described the present status of the passive dosimeter PADLES (passive
dosimeter for lifescience experiments in space) used by JAXA. We also summarized passive

dosimeters for manned space flights used by other research groups and space agencies.
Published in Space Radiation 5 (2008) 217-241 [in Japanese].

1.9 Development and Field Test of Realtime Radiation Monitor for Intense Pulsed
Neutron Fields
K. lijima, T. Sanami, M. Hagiwara, K. Saito, H. Nakamura and S. Sasaki
KEK
We have developed a circuit for current readout by charge integration that is able to applied to a
standard proportional counter tube filled with *He or °BF5 gas for neutron counting, to measure

accurate dose rate of the neutron burst for real-time radiation monitoring. The field tests of the



circuit are performed around high energy proton and electron accelerators in KEK. The electronics
was tested at several burst neutron fields and measures dose rate without count loss in comparison
with pulse readout electronics. The electronics can be applied to neutron monitors in not only
experimental area of an accelerator facility but also environmental fields with improving their

sensitivity.
Presented at 22h Symposium on Radiation detector and their use, KEK, February 5-7 2008

1.10 Recent Progress of Fragment Measurement Using Bragg Curve Counter

1.10.1 Recent Progress of Fragment Measurement from Tens of MeV Proton Induced Reaction
Using Bragg Curve Counter

T.Sanami, M.Hagiwara, T.Oishi*, M.Baba’,
KEK, ‘Tohoku Univ.

The system including Bragg Curve Counter (BCC) to measure double differential cross section (DDX) of
fragment production from tens of MeV proton induced reactions was updated to reduce energy threshold
of measurements by reducing thicknesses of a sample and an entrance window. The DDX data were

obtained for 40 and 80 MeV proton on Carbon using the system.

Published as Proceedings of Nuclear data symposium.

1.10.2 A Bragg Curve Counter with an Active Cathode to Improve the Energy Threshold in
Fragment Measurements
T.Sanami, M.Hagiwara, T.Oishi*, M.Baba’,
KEK, ‘Tohoku Univ.

A Bragg curve counter equipped with an internal sample was developed to measure double
differential cross section of fragments from tens of MeV neutron induced reactions. The internal
sample gives the Bragg curve counter significantly large solid angle that enables us to measure
events having low production rate. The solid angle is defined as a function of their Z and energy
using a segmented anode for each fragment. The energy spectra of the fragments from 65 MeV
neutron induced reaction were measured at O degree for lithium, beryllium and boron. The spectra
are in good agreement with the calculation results with reaction models reproducing the fragment

energy spectra of proton induced reactions.

Published as Nucl. Instrm. Meth. A Vol 589/2 pp 193-201 (2008).



1.10.3 Extension of Energy Acceptance of Bragg Curve Counter at the High-energy End
M. Hagiwara, T. Sanami, T. Oishi*, M. Baba', M. Takada®
KEK, *Tohoku Univ., °NIRS

We have developed an energy-extension method of a Bragg curve counter (BCC) at the high-energy
end for the measurements of double-differential cross sections (DDXs) of fragment productions
induced by tens of MeV protons. In this method, we estimate the incident energies of the fragments
penetrating a BCC on the basis of the energy loss and atomic number (Z). We applied this method to
the DDX measurements of the natC(p, Li) and natC(p, Be) reactions induced by 70 MeV protons.
The validity of this method has been confirmed through comparing the DDXs of beryllium with
theoretical predictions of the PHITS code and the two-body kinematics. This method improves the
energy acceptance of the BCC for light fragments twice as wide as that of a conventional method

without remodeling of the BCC and any loss of the original advantages.
Published as Nucl. Instrm. Meth. A Vol 592 pp 73-79 (2008).

1.11 Applocability of a Bonner Shere Technique for Pulsed Neutron in 120GeV
Proton Facility
T. Sanami®, M. Hagiwara®, H. Iwase, Y. Iwamoto?, Y. Sakamoto?, H. Nakashima?, H. Arakawa®,
N. Shigyo®, A.F. Leveling*, D.J. Boehnlein®, K. Vaziri*, N.V. Mokhov*, N. Nakao®
'KEK, 2JAEA, ®Kyusyu Univ., “FNAL, *Aurora

The energy spectra of burst neutrons from 120 GeV proton induced reactions were measured using a
set of Bonner spheres (BS) with readout system consisting of a timing filter amplifier and digital
storage oscilloscope. The experimental results support order of magnitude of calculation results
based on theoretical models except for some cases that should be investigated from both experiment
and geometrical input error in the calculation. The current readout of BS shows capability to operate
it under the intense burst field that is impossible to use pulse mode counting. The dynamic range of
this mode overlaps to one of activation technique which is also a reliable way to determine neutron
flux. The technique would also be adopted to a radiation monitor placed in an intense pulsed field.
We would like to continue this study to determine absolute intensity of neutron field using the
detector itself. The lack of sensitivity for over 10 MeV neutrons should also be improved in further
experiment. Since the behavior of the neutrons is key feature for radiation safety design of this high
energy accelerator, the results would be helpful to develop a counter system to measure neutrons for

an intense burst field.

Published in *“Radiation Detectors and Their Uses”, Proceedings of the 22nd Worlshop on
Radiation Detectors and Their Uses”, KEK Proceedings 2008-14, 148 (2008).



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

2.1 Spectrum Measurement of Neutrons and Gamma-rays from Thick H,®0O
Target Bombarded with 18 MeV Protons
M. Hagiwara®, T. Sanami ?, Y. Iwamoto ®, N. Matsuda®, Y. Sakamoto™, Y. Nakane ©,
H. Nakashima®, K. Masumoto® , Y. Uwamino ® and H. Kaneko ®
Y KEK, ¥ NSED, JAEA, @ J-PARC, JAEA, P RIKEN, © TAARI, JAEA

In recent years, positron emission tomography (PET) has become a common technique of the
functional imaging of a brain and organs. A number of cyclotrons are installed in medical facilities to
produce radionuclides for PET. In PET, one of the most commonly used radiopharmaceuticals is
fluorodeoxyglucose (FDG), which is tagged with the radioactive *°F isotope. The isotope is obtained
from the *20(p,n)'®F reaction when *®0-enriched water (H,'20) is bombarded with a proton beam.
The nuclear reaction produces neutrons and y-rays simultaneously. The energy spectrum and angular
distribution should be estimated for radiation safety and clearance of the facility.

The experiments were carried out with 18 MeV proton beams delivered to the HB-1 beam line at the
AVF cyclotron facility. The H,™O target is prepared by filling a SUS container of 6 mm depth
covered with a 10 um-thick Havar foil with ®0-enriched water (98 atm% enriched in **0) and
installed in a vacuum chamber. The NE213 organic liquid scintillators (5.08 cm in diameter, 5.08 cm
in length) were placed in directions of 15, 30, 45, 60, 75, 90, 120 and 150° with distance of 2.0 m
from the target to measure the light outputs of neutrons and y-rays and the time-of-flight (TOF).
The events of neutrons and y-rays were separated by using a pulse shape discrimination technique
and analyzed by the TOF method and the unfolding method with FERDOU code, respectively. The
calculation by PHITS and MCNPX results generally well reproduce the measured energy spectra of
neutrons except for forward angle in PHITS and backward angle in MCNPX. The JRIA result
generally well reproduces the measured energy spectra of prompt y-rays except for the some peaks

shown in the measured results.
Presented at Japan atomic energy conference, March 23-25, 2009

2.2 Shielding Benchmark Experiment For Hundreds Of MeV Quasi-monoenergetic
Neutrons
M. Hagiwara®, H. Iwase’, Y. Kirihara®, H. Yashima® ,Y. lwamoto*, D. Satoh*, Y. Nakane®,
H. Nakashima®, T. Nakamura® ,A. Tamii® and K. Hatanaka®
'KEK, 2Graduate Univ.for Advanced Studies, *Kyoto Univ.,
*JAEA, *Tohoku Univ., °Osaka Univ.

-10 -



A shielding benchmark experiment has been performed to obtain the spectra of neutrons penetrating
10- to 100-cm-thick iron and 25- to 200-cm-thick concrete shields and investigate the accuracy of
various calculation codes using a 137 MeV quasi-monoenergetic neutron source. The source
neutrons are produced from a 1.0-cm-thick lithium target bombarded with 140 MeV protons, and the
energy spectra are measured with the time-of-flight method using a NE213 organic liquid scintillator.
The neutrons emitted in the forward direction were collimated with a 150-cm-thick iron collimator
with 10 x 12 cm aperture. Time-of-flight and unfolding methods are applied to obtain the energy
spectra behind the shield for the peak energy region and continuous energy region, respectively.
Monte Carlo calculations with PHITS and MCNPX are compared with the measured data. The

comparison shows that the calculated spectra are in good agreement with the measured spectra.

Presented at 11" International Conference on Radiation Shielding (ICRS-11), Callaway Gardens,
Pine Mountain, Georgia, USA, April 13-18, 2008.

2.3 Research Related to EGS Code
2.3.1 Azimuthal-angle dependence of L x-ray intensity following photoionization of Pb, Au,
and W atoms by a linearly polarized photon
Y. Namito, S. Banand H. Hirayama
High Energy Accelerator Research Organization
We measured the L x-ray intensities of Pb, Au, and W for several different azimuthal angles and
partially polarized photon beams by using high-purity low-energy Ge detectors. We utilized a
monochromatized synchrotron beam as the source. It had an energy of 10.88-40 keV, and its degree
of linear polarization P ranged from 0.84 to 0.89. The scattering polar angle (¢) was 90° and the
azimuthal angle (p;) was 0° or 90° relative to the polarization direction. We obtained the x-ray
intensity ratio
R (= 1(92=0")/1(1=90°).
We observed that the LI intensities depended on the azimuthal scattering angle ¢4, i.e., R =0.92-0.94,
0.91-0.94, and 0.90-0.93 for Pb, Au, and W, respectively. On the other hand, the dependence of La
on the azimuthal scattering angle was not clear due to experimental uncertainty. The anisotropy of
Ly was not observed. These results agreed with the theoretical calculations based on Scofield's
theory.

Publsihed in Phys Rev. A, 78, 033419 (2008). (KEK Preprint 2008-29).

2.3.2 Comparison of Several Monte Carlo Codes with Electron Backscattering Experiments

Y. Kirihara', Y. Namito?, H. Hirayama?, H. lwase?

-11 -



The Graduate Univ. for Advanced Studies, KEK

We have performed a comparison of an electron backscattering coefficient between experiments and
calculations. Electron backscattering coefficients n were measured previously for a few keV to tens
of MeV mono-energetic electrons on targets of Z=4 to 92 materials. We calculated the n using
Monte Carlo codes as EGS5, EGSnrc, PENELOPE and ITS3.0, and compared with the experiments.
Those codes uses Goudsmit-Sounderson scattering model for a multiple scattering, and considers
spin relativistic effect. For Al, Cu and U target, EGS5, EGSnrc and PENELOPE calculations were
agree within about 10%, and ITS3.0 calculation was lower than other calculations in whole. In
addition, the n was calculated using EGS5 code with applying spin relativistic effect to GS model
(Spin-GS) and Moliere model (Spin-Moliere) and ignored spin relativistic effect to Moli’ere model
(NoSpin-Moliere). The n of those models and the experiments agreed within 25% for Cu target and
16% for U target, respectively. The n using the Spin-GS and the Spin-Moliere were nearer the
experiments than that using the NoSpin-Moliere for several hundred keV to 20 MeV.

Publsihed in Proc. of the Fifteenth EGS User's Meeting in Japan, KEK Proc.14-21, (KEK, Tsukuba,
6 - 8 Aug. 2008).

2.3.3 Measurement of Monochromatic Radiation Using a Si Detector and Comaprison with
EGS5 Simulations

Y. Kirihara', Y. Namito?, M. Hagiwara’ and H. Hirayama®,

The Graduate Univ. for Advanced Studies, 2KEK

We have performed a mono-energetic X-ray (8 keV and 20 keV) scattering experiment at a BL-14C
beam line in KEK Photon Factory. Photons scattered with Al, Si, Ti, Fe, Cu, C and Ag target were
measured with a silicon PIN photo detector located at 6 = 90”0. The measured data were compared
with calculations using EGS5 code. The calculations and the measured data for K-X and L-X peak

agreed within 11%, and those for Compton peak agreed within 8%.

Published in Proc. of the Fifteenth EGS User's Meeting in Japan, KEK Proc. 14-21, (KEK, Tsukuba,
6 - 8 Aug. 2008).

2.4 The EGS Workshop, Class and User Support
H. Hirayama, Y. Namito
KEK
The fifteenth EGS workshop in Japan was held and 110 persons participated in the workshop from
outside KEK. As the parts of the 15th 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
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distributed in wide range from primitive questions of beginners to complicated ones from EGS

experts. Instructions were made using e-mail.

3. Radiation Protection Study in Accelerator Facilities

3.1 Depth Profile of Radioactivity Induced in the Thick Concrete Shield in EP-1
Beam-line at the 12-GeV Proton Synchrotron Facility, KEK
N. Kinoshita, H. Matsumura, K. Bessho, A. Toyoda, K. Masumoto, Y. Matsushi’, K. Sasa’,
T. Takahashi', S. Mihara®, T. Oki', M. Matsumura’, Y. Tosaki', K. Sueki®, M. Tamari',
Y. Nagashima®
KEK, *Univ. of Tsukuba

Evaluation of radioactivity induced in concrete shield is very important for the decommissioning
process of high-energy and high intensity accelerator facility. We obtained15 core samples from
concrete shield along 12 GeV proton beam-line (EP1 beam-line, KEK) and sliced in appropriate
thickness. Specific activity of g-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.

Presented at 11th Int. Conf. on Radiation Shielding (ICRS-11), April 2008, Georgea, USA.

3.2 Evaluation of Neutron Fluencies in Small Medical Accelerator Facilities
3.2.1 Evaluation of Neutrons Produced by Medical Electron Linear Accelerators
K. Masumoto, H. Nakamura, A. Toyoda, M. Hagiwara, M. Sakama®
T. Saze!, K. Kosako?, K. Oishi?

KEK, ‘Tokushima Univ., %Shimizu Co.
About 900 of electron linear accelerators have been used for the X-ray treatment in hospitals in
Japan. Although the radiation shielding of neutron has been carefully considered so far, activation in
the tratment room caused by neutrons has not been evaluated. In order to apply the clearance system
for radioactive waste, it is very important to classify the activation level and activated area induced
by photo-neutrons based on the results of measurement and calculation. In this work, we selected the
18-MeV linear electron accelerator facility and measured the neutron flux and distribution under
several irradiation conditions by using activation detector, TLD and CR-39. Monte Carlo method
using MCNP code has been also applied to the neutron transport calculation from target to wall,
floor and maze in a treatment room. By the precise input of shielding condition of target, calculated

results are almost good agreement with the measured data.
Presented at the 7th symposium on Japan Society of Radiation Safety Management, Kanazawa, 3-5
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Dec, 2008.

3.2.2 Evaluation of Neutron Fluence in Small Cyclotron Facilities for the Production of PET
Nuclides.
K. Masumoto, H. Nakamura, A. Toyoda, M. Hagiwara, N. Suzuki®, F. Nobuhara®, K. Takahashi?

KEK, *Tokyo Nuclear Service Co., 2Dokkyo Medical Univ.
By the spreading use of positron emission tomography in the field of nuclear medicine, small
cyclotrons are constructed for the production of positron emitting nuclides in hospitals since 2002 in
Japan. As neutrons are produced by the nuclear reaction in the target and activate the surrounding
materials, evaluation of induced activity in such materials is important for the radiation safety
control. In case of small cyclotron, 10, 12 and 18 MeV protons are mainly used as incident particles.
As the criterion for activation of small cyclotron, the shield design surround a cyclotron is very
important to reduce activation. In this work, we measured the neutron flux in several cyclotron
facilities by using activation monitor, TLD and CR-39. In case of self-shield type cyclotron, the
neutron flux outside the shield is decreased 4 to 5 orders comparing with the flux of target box. In
case of usual type, the neutron flux was 10° cm™s™ at the target side and 10* at the opposite side in
the accelerator room. MCNP calculation was also performed and good agreement with the

experimental data.

Presented at the 7th symposium on Japan Society of Radiation Safety Management, Kanazawa, 3-5
Dec, 2008.

3.3 Detailed Spatial Measurements and Monte Carlo Analysis of theTransportation
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, 2JAEA

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

-14 -



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.
Published in Nucl. Instr. Meth. B, 266, 3647-3655 (2008).

3.4 Adsorption Behavior of Radionuclides on lon-exchange Resin from Cooling
Water for the L2L Target and Magnet Horns
H. Matsumura, N. Kinoshita, A. Toyoda, K. Masumoto, K. Bessho, M. Hagiwara, and Y. Yamanoi
KEK

The beam power in a new project of a long-baseline neutrino oscillation experiment from Tokai to
Kamioka (the T2K experiment) will be approximately 100 times higher than that in a substantial
long-baseline neutrino oscillation experiment from KEK to Kamioka (the K2K experiment). In the
T2K experiment, radionuclides at serious activity level will be produced in a target, magnetic horns,
and cooling water for them and dissolved into the cooling water. Therefore, we measured the total
activity and distribution of Be, *Na, **Mn, *'Co, ®Co, #8Y, 1™"9Rh, °*"Rh, and "'°"Ag collected on
a demineralizer in the K2K water cooling system, in order to consider reduction of exposure to
personnel from the demineralizer and reduction of radioactivity released by draining the cooling
water in regular intervals in the T2K experiment. The total activity of the individual nuclides was
estimated to range from 0.9 MBq to 0.7 GBq at the end of the two years K2K operation. When the
results are projected to the T2K experiment, 70 GBq of 7Be and 6 GBq of ?Na are particularly high
and shielding from the radiation must be provided for the entire water system. The half of the
demineralizer was saturated with the Al, Cu, and Ag ions dissolved from the target and magnetic
horns. When the entire column is saturated with the ions, all high activity of ?Na located at the
bottom of the demineralizer will be released into the cooling water immediately. Although Y,
1018Rh, and *°"Rh cannot be collected completely because of weak retention by hydrolysis and/or
association with colloid, a reduction in the surface area of the Ag metal is possible for new magnetic

horns, and it will result in the decrease of the activities in the cooling water.
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4. Nuclear Chemistry and Radiochemistry

4.1 List-mode Coincidence Data Analysis for Highly Selective and Low
Background Detection of Gamma-nuclides in Activated Samples

H. Matsumura, K. Masumoto, A. Toyoda, and 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(TI) 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-v, y-X, y-X-X, and y-+ coincidences.

Published in J. Radioanal. Nucl. Chem., 278, 733-738 (2008).
Presented at 11th Int. Conf. on Radiation Shielding (ICRS-11), April 2008, Georgea, USA.

4.2 Toward Investigation of Molecular Effects on Muon Transfer Process
K. Ninomiya', R. Nakagaki', K. Kubo? Y. Kobayashi®, K. Ishida®, T. Matsuzaki®, H. Matsumura®,
T. Miura® and A. Shinohara’
10saka Univ., %International Christian Univ., *RIKEN, “KEK

A muonic hydrogen atom has a neutron-like property because of a small muon atomic orbit. So it can
penetrate electron clouds of other atoms and then the atomic muon transfers to the deeper atomic
levels of the atom. This phenomenon is known as a “muon transfer process”. The muon transfer
process for molecules has not been well studied. In this study, to study the molecular effects on
muon transfer process from muonic X-ray measurement, we examined the experimental feasibility.
We constructed a new system for muonic X-ray measurement at port-1 in RIKEN Rutherford
Appleton Laboratory, UK. We optimized the experimental condition and then performed muonic
X-ray measurement for mixed gas (hydrogen 99.7% and argon 0.3%). We successfully obtained
muonic X-ray spectrum from muonic argon through muon transfer process. In the next step, we are
planning to use molecular gases mixed in hydrogen gas for muon irradiation samples to examine the

molecular effect on muon transfer process.
4.3 Development of Determination Method for Cosmogenic Radionuclides

Produced in Magnetite from a Rock Sample on the Earth Surface
H. Matsumura'®, M. W. Caffee?, W. Kees®, K. Nishiizumi®
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'KEK, 2Purdue Univ., *Univ. of California(Berkeley)
Long-lived in situ-cosmogenic radionuclides such as Be-10 and Al-26 which can be determined by
accelerator mass spectrometry (AMS) are available for studies on geomorphic process in long
timescale. Determination of Be-10 and Al-26 produced in quartz are generally used for
determination of exposure ages and of erosion rates as an ideal method. However, not every
terrestrial sample contains quartz. In order to extend geomorphic process research to new places that
do not contain quartz, a new method for AMS determination of Be-10, Al-26, CI-36, Ca-41, and

Mn-53 in magnetite from a rock sample was developed.

5. Environmental and Analytical Chemistry at Accelerator

5.1 Characterization of Radionuclides and Colloidal Species Induced in the
Magnet Cooling-water and the Target Cooling-water at the Various Accelerator
Facilities
K. Bessho, H. Matsumura, K. Masumoto, N. Kinoshita, H. Monjushiro, Y. Kanda, M. Taira, A.
Yoshioka, M. Sato, M. Sawabe, and C. Degueldre
KEK, *Paul Scherrer Institut

In the magnet cooling water of the proton accelerator facilities, ‘Be and *C were induced by
spallation reaction of '°0. Our previous works had clarified that these radionuclides partially exist in
colloidal species in water. In this year, the dominant materials of colloid species occurring in the
cooling water loop were analyzed by electron microscope analyses. It demonstrated that main
components of colloidal materials in the cooling water were cupper oxide (CuO). The association
behavior of 'Be and *C with CuO colloids could be explained by surface-complexation model, and
quantitative evaluation of complexation is now in progress. The information obtained by the present

work will be valuable for radiation safety at high-energy and high-intensity accelerator facilities.
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5. Presentation at Conferences (2008.4~2009.3)

5.1 International Conference

+ Thel13th Workshops on Radiation Monitoring for the International Space Station, 8-10 September

2008, Krakow, Poland.

(1) A. Nagamatsu, K. Murakami, S. Araki, H. Kumagai, K. Kitajo, H. Tawara, “Space Radiation
Dosimetry by PADLES on an Exposed Area of the MATROSHKA Project (Phase 2A)”.

+ JAXA Crew Passive Dosimeter, The 26th ISTS, 1-8 June 2008, Hamamatsu, Japan.
(1) Y. Shizu, A. Nagamatsu, Y. Koike, S. Ishida, I. Tayama, K. Murakami, S. Araki, H. Tawara, S.
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Cosmic Rays”.

- 11" International Conference on Radiation Shielding (ICRS-11), Callaway Gardens, Pine Mountain,

Georgia, USA, April 13-18, 2008.
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- 21st International Conference X-ray and Inner-shell Processes, Paris, France (22-27 June. 2008).

(1) Y. Namito, S. Ban and H. Hirayama, "Azimuth angle dependence of L x-ray intensity following

photoionization of linearly polarized photon".

- 60th Pittsburgh Conference on Analytical Chemistry and Applied Spectroscopy, March 8-13, 2009,
Chicago, IL, USA.
(1) Y. Urabe, H. Monjushiro, H. Watarai, ”Laser-Photothermal Migration of a Micro-Bubble in

Organic Solvent".
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- 11" European Particle Accelerator Conference (EPACO08), (Magazzini del cotone, Genoa, ltaly
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Minehara, R. Nagai, N. Nishimori, M. Sawamura, N. Nakamura, A. Ishii, I. Ito, T. Kawasaki, H.
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(1) 2008 ANS Winter Meeting, Grand Sierra Resort and Casino, Reno, Nevada, November 9-13,
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6. MREE

(1) Y. Namito, H. Hirayama and S. Ban, edited: ““Proceedings of the Fifteenth EGS Users' Meeting
in Japan", KEK Proc. 2008-7 (2008).

(2) S.Sasaki, M. Hagiwara, T. Sanami, K.Saito, K. lijima, H. Tawara and H. Takahashi: “Radiation
Detectors and Their Uses”, Proc. 22nd Wirkshop on Radiation Detectors and Their Uses, KEK
Proceedings 2008-14 (2008).

7. Internal Reports of Radiation Science Center (2008.4 — 2009.3)
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