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PREFACE

The Radiation Science Center is concerned with the management of both radiation and
chemical safety in KEK. In addition to the tight routine work, R&D work in this field is
conducted. The first part is the R&D activities reported in English and the second part is
the studies related to the routine work written in Japanese. The third part is the data
related to our activities including awards, name of outside committees we are engaged

in, workshops and symposia, publications, and funds we got.

In FY 2012 to 2014, effort for earthquake disaster reconstruction was continued in the
field of measurement and estimation of radioactivity which was released in Fukushima
Daiichi Nuclear Power Plant Accident. This includes radioactivity measurement for
samples from Fukushima prefecture, setting up of radiation monitor, estimation of
radioactivity in air just after the accident, and talks on basic knowledge regarding

radiation in schools.

Yoshihito Namito
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. Radiation physics, radiation measurements,
radiochemistry, radiation chemistry, health physics, radiation shielding, nuclear
engineering, analytical chemistry and environmental science are included in the
research fields of the RSC’s staff members. The status of these research activities

carried out in fiscal year 2012 to 2014 are described.



1. Research in Radiation Physics and Detector Development

1.1 Measurements of Cross Sections for Neutron-induced Reactions on Chromium
and Yttrium Targets at 197 MeV

S. Sekimoto?, H. Suzuki?, H. Yashima?, K. Ninomiya®, Y. Kasamatsu®, T. Shima®, N. Takahashi®,
A. Shinohara®, H. Matsumura®, M. Hagiwara®, K. Nishiizumi®, M.W. Caffeef, S. Shibata?
2Kyoto Univ., ® Osaka Univ., ‘RCNP, ¢ KEK, ¢ Univ. of California, Berkeley, f Purdue Univ.

Reaction cross sections for Cr and Y induced by neutrons at 197 MeV were measured by using "Li(p,n)
reaction at NO beam line in the Research Center for Nuclear Physics (RCNP), Osaka Univ.. To estimate
quasi-monoenergetic neutron cross sections, Cr and Y samples were irradiated on the two angles of 0° and
25° relative to the axis of the primary proton beam. The measured cross section data in the "™Cr(n,x) and
8Y(n,x) reactions are compared to the JENDL high-energy file and the literature proton values,
respectively. The results obtained are also compared to the cross section data for the same target materials

with 287 and 386 MeV neutrons in our previous work.
Published as Nuclear Data Sheets, 119, 197-200 (2014)

1.2 New capabilities of the Liége intranuclear-cascade model for particle-transport

codes

D. Mancusi!, A. Boudard', J. Cugnon?, J.-C. David', M. Hagiwara'?, A. Leprince' and S. Leray'
ICEA, 2Univ. of Liége, ’KEK

We review and discuss the latest developments of the Licge Intranuclear Cascade model. The new
capabilities are illustrated by comparisons with selected experimental data. We also present examples of

thick-target calculations performed using particle-transport codes.

Published as Proceedings of SNA + MC 2013 - Joint International Conference on Supercomputing in
Nuclear Applications + Monte Carlo, 02106 (2014)

1.3 Measurement of gamma rays under the high-energy p-Li neutron fields in RCNP

S. Kamada?, M. Takada?, M. Hagiwara®, Y. Iwamoto®, T. Shima‘, A. Tamii¢ and K. Hatanaka®
aNIRS, "KEK, “JAEA, YOsaka Univ.



We measured gamma-ray pulse-height spectrum of quasi-mono energetic neutron beam produced by the
p-Li reaction by using a Nal(TI) scintillation detector, which has 7.62-cm diameter and 7.62-cm length,
with time of flight (TOF) methods in Research Center for Nuclear Physics, Osaka, Japan. Prompt
gamma-ray events in the TOF distribution are used to confirm our particle discrimination method. We can

measure gamma ray events separately from neutrons in the neutron field.

Published as Progress in Nuclear Science and Technology (Internet), 4, 745 - 747, 2014/04

1.4 Time-of-flight measurement of low-energy components of quasi-monoenergetic
high-energy neutron field

A. Masuda?, T. Matsumoto", H. Harano", Y. Tanimura?, Y. Shikaze?, S. Kurashima®, M. Hagiwara®,
Y. Unno", J. Nishiyama?, M. Yoshizawa®, H. Seito?
AISTY, JAEA?, KEK 9,

A quasi-monoenergetic neutron field generated in the ’Li(p,n) reaction consists of a high-energy
monoenergetic peak and a continuum to the low-energy region. The continuum is a background for the
response measurements of neutron detectors for the high-energy-peak neutrons and the effect of the
continuum should be properly considered. A spectral fluence of the continuum is typically measured by
time-of-flight (TOF) methods with an organic liquid scintillation detector. The lowest energy of this
method is limited to several MeV because of a high repetition rate of proton beams generated by the AVF
cyclotron. Recently, a new beam chopping system available at the TIARA AVF cyclotron facility
achieved 1/80 reduction of the beam repetition rate and the lower limit energy of the TOF method has
decreased to 20 keV. A Li-glass scintillation detector was also used for measurements of keV region,
which is below the working range of the organic liquid scintillation detector. The spectral fluence of the
quasi-monoenergetic high-energy neutron field measured by the TOF method using the two scintillation

detectors is reported in this presentation.

Presented at Nuclear Science Symposium and Medical ImagingConferece (NSS/MIC) 2013 IEEE
(unpublished)

1.5 Response Measurement of a Bonner Sphere Spectrometer for High-Energy
Neutrons

A. Masuda?, T. Matsumoto", H. Harano", J. Nishiyama®, Y. Iwamoto?, M. Hagiwara®, D. Satoh?,

H. Iwase®, H. Yashima®, T. Nakamura®), T. Sato?, T. Itoga®, Y. Nakane®, H. Nakashima®, Y. Sakamoto?,



C. Theis?, E. Feldbaumer?”, L. Jaegerhofer”, C. Pioch®, V. Mares®, A. Tamii” and K. Hatanaka?®
AISTY, JAEA?, KEK ¥, KURRI?Y, CYRIC®, RIKEN®, CERN?, Helmholtz Zentrum Miinchen
Neuherberg®), RCNP?,

Response measurements of a Bonner sphere spectrometer (BSS) were performed for high-energy
neutrons up to 400 MeV in quasi-monoenergetic neutron fields at the Research Center for Nuclear
Physics (RCNP), Osaka University. The quasi-monoenergetic neutron field was generated by a "Li(p,n)
reaction with the resulting spectra consisting of a monoenergetic high-energy peak followed by an
unwanted continuum tail down to the low-energy region. Two-angle differential measurements for a
variety of Bonner spheres were performed to obtain monoenergetic responses by subtracting the tail
contributions. Discussions were made on data analysis for tail subtraction. While each Bonner sphere had
a different energy response, good agreements were seen in the responses between the MCNPX
calculations and the measurements with a suitable subtraction. Response calculations were also made for
the whole spectra obtained by unfolding the measured BSS data, with results that reproduce well the

measured responses.

Published as Nuclear Science, IEEE Transactions on 59 (1), 161-166 (2012).

1.6 Measurements and Monte Carlo calculations of forward-angle secondary-
neutron-production cross-sections for 137 and 200 MeV proton-induced

reactions in carbon

Y. Iwamoto?, M. Hagiwara?, T. Matsumoto®, A. Masuda®, H. Iwase?, H. Yashima®, T. Shima®),
A. Tamii® and T. Nakamura®

JAEAD, KEK?, AISTY, KURRIY, RCNPY, CYRIC®

Secondary neutron-production double-differential cross-sections (DDXs) have been measured from
interactions of 137 MeV and 200 MeV protons in a natural carbon target. The data were measured
between 0° and 25° in the laboratory. DDXs were obtained with high energy resolution in the energy
region from 3 MeV up to the maximum energy. The experimental data of 137 MeV protons at 10° and 25°
were in good agreement with that of 113 MeV protons at 7.5° and 30° at LANSCE/WNR in the energy
region below 80 MeV. Benchmark calculations were carried out with the PHITS code using the evaluated
nuclear data files of JENDL/HE-2007 and ENDF/B-VII, and the theoretical models of Bertini-GEM and
ISOBAR-GEM. For the 137 MeV proton incidence, calculations using JENDL/HE-2007 generally
reproduced the shape and the intensity of experimental spectra well including the ground state of the >N

state produced by the '2C(p,n)!*N reaction. For the 200 MeV proton incidence, all calculated results



underestimated the experimental data by the factor of two except for the calculated result using ISOBAR
model. ISOBAR predicts the nucleon emission to the forward angles qualitatively better than the Bertini
model. These experimental data will be useful to evaluate the carbon data and as benchmark data for

investigating the validity of the Monte Carlo simulation for the shielding design of accelerator facilities.

Published as Nucl. Instrum. Meth. A, 690, 10-16 (2012).

1.7 Radiation Protection Study for the J-PARC Neutrino Experimental Facility

M.Hagiwara), K .Takahashi!, A.Takahashi', T. Miura”, A. Kanai?, F. Kouno? Y. OyamaV), T. Ishida? and
Y. Yamada®
KEKD, TNS?

The characteristics of radiation and radioactivity in the Japan Proton Accelerator Research Complex
(J-PARC) neutrino experimental facility have been investigated under the 30-GeV proton beam operation
below 145 kW in order to estimate the maintenance scenario and the environmental impact for the future
high power operation up to 750 kW. The radioactivity produced in the magnetic horn cooling water and
helium gas in the helium vessel which were installed around the target and the concrete and soil behind
the beam dump has been measured in relation to the beam power. These activity concentrations under the
high power operation (750 kW for 20 days) are estimated from the measured results to be up to two
hundred times of the regulation value for the disposal in Japan. The depth profiles of the radioactivity
produced in the concretes behind the beam dump show constant distributions on the beam axis, while

those at off-beam axis show exponential attenuation with increasing the concrete depth.

Published as Progress of Nuclear Science and Technology, 3, p.56-59 (2012)

1.8 Recent Progress in Experimental and Theoretical Studies of Proton-induced

Fragment Cross Section at Intermediate Energies

M.Hagiwara", T.Sanami", D.Mancusi?, A. Boudard?, J. Cugnon®, S. Leray? and M.Baba®¥
KEKD, CEA?, Univ. of Liége®, Tohoku Univ.¥

Energy and angular double-differential cross sections (DDXs) for nucleon-induced reactions at incident
energies from tens of MeV to GeV resulting to the emission of light mass fragments (LMFs) heavier than
a-particles are of particular importance in the microscopic analysis of radiation effects such as soft errors

of micro-electronic devices, material damage and human dose. The radiation effects and damage should



be carefully considered in the design of high-energy accelerator applications such as accelerator-based
neutron sources, proton radiotherapy and so on. In this paper, recent progress in the experimental and
theoretical studies corresponding the DDXs for the LMF production are briefly summarized, especially
focusing on the Liége intra-nuclear cascade model (INCL4.6) which gave most encouraging results for
prediction of the DDXs for composite particle emissions when coupled with an appropriate evaporation
model such as the generalized evaporation model (GEM) which describes heavier nuclei emissions up to
Mg in the evaporation process. To improve further the prediction accuracy for the production of LMFs,
we revised the INCL4.6 based on the recent experimental data systematically obtained in a wide range of
targets and reactions. Besides, we incorporated the statistical multi-fragmentation model (SMM) into
GEM to reproduce high multiplicity reactions. The typical calculation results are presented with

comparison with the relevant experimental data.

Published as JAEA-Conf 2014-002, 63

1.9 Differential cross sections on fragment (2 < Z < 9) production for carbon,

aluminum and silicon induced by tens-of-MeV protons

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

The double-differential cross sections (DDXs) for the inclusive reactions producing heavy nuclei with Z =
2-9 (fragments) from carbon, aluminum, and silicon targets induced by 50 and 70 MeV protons are
systematically measured at several angles (30°, 60°, 90°, and 135°) using a specially developed Bragg
curve counter and the energy-time-of-flight method. The DDXs of a silicon target for the proton-induced
reaction producing fragments heavier than lithium were measured for the first time. The present results
are compared with past experimental data, the LA150 evaluated data by the Los Alamos group and
several intranuclear cascade models (Bertini and ISOBAR), and the JAEA-version quantum molecular
dynamics model (JQMD) coupled with the Generalized Evaporation Model (GEM), which are
implemented in the Particle and Heavy Ion Transport code System (PHITS). The present results agree
well with the past experimental data and LA150 data for a-particle production. For the fragments heavier
than lithium, the present results show forward-peak angular distributions rather than isotropic ones stored
in LA150. Calculations with the ISOBAR and GEM models well reproduced our experimental results

except for light fragments especially in the high-energy region.

Published as Journal of Nuclear Science and Technology 49(6) 571-587 - June 2012.



1.10 Target Mass Dependency of Light Mass Fragment Energy Spectra for

Intermediate Energy Proton Induced Reactions

T. Sanami, M. Hagiwara

KEK

Double differential fragment production cross sections were measured for intermediate energy protons
using a specially designed Bragg Curve Counter. Target mass dependency of Lithium and Beryllium
energy spectra were obtained by fitting of the equation describing a Maxwellian distribution with a
Coulomb barrier effect. Two parameters of the equation, s and T, which corresponds to absolute

normalization and temperature of the Maxwellian respectively, show clear dependency on target mass.

Published as Nuclear Data Sheets, 119(05) 241-244,(2014).

1.11 Target Dependency of Light Mass Fragment Production DDX for 6 MeV/u
Carbon Induced Reaction

T. Sanami

KEK

Double differential cross section (DDX) data of light mass fragment (LMF) production for 6 MeV/n
carbon induced reaction have been measured for light to medium mass targets for evaluation of LMF
production model at tens of MeV energy region. The data are useful not only to understand contribution
of nuclear reactions during slowing down process of incident energetic ions in a matter, but also to study
cluster like behavior of nucleus that was observed for proton induced LMF production around reaction
threshold energy. The experiments were carried out at cyclotron facility of national institute of
radiological sciences. Bragg curve counters at 30, 60 and 90 degrees were employed as fragment detector.
DDXs for Li, Be, B, C, N, O production were measured for Be, C, Al, Ti and Cu targets. From the
obtained DDXs, several features on DDX become obvious for description of LMF production in this

energy range.

Published as JAEA-Conf 2013-002, 185



1.12 Measurement of 100 MeV/u carbon incident neutron production cross

sections on a carbon target

N. Shigyo!, Y. Uozumi', H. Uehara!, T. Nishizawa!,T. Mizuno', D. Satoh?, T. Sanami®, Y. Koba*,
M. Takada* and N. Matsufuji*
! Kyushu Univ., 2 JAEA, 3 KEK, # NIRS

Double differential neutron production cross sections down to 0.6 MeV of neutron energy from 100
MeV/u carbon ion incidence on a carbon target were measured at HIMAC facility. Two sizes of NE213
organic scintillators were adopted to detect neutrons in a wide energy range. Measurement angles were
152, 300, 45°, 60°, 75° and 90°. Neutron energy was determined by the time-of-flight technique between
the target and the detector. Neutron flight paths were 1.7 to 3.7 m. In order to reduce neutrons from the
beam dump, an iron and a concrete shield was placed between the detectors and the beam dump. The

measured neutron energy spectra were compared with calculation results by the PHITS code.

Published as JAEA-Conf 2013-002, 137

1.13 Study of neutron and photon production cross sections for second cancer risk

assessment in heavy-ion therapy

Y. Uozumi', H. Iwamoto', Y. Koba!, N. Matsufuji?, T. Sanami®, D. Satoh*, N. Shigyo', M. Takada?,
M. Ueyama', M. Yoshioka' and M. Baba®
'Kyushu Univ., 2NIRS, *KEK, 4JAEA, >Tohoku Univ.

In the heavy-ion radiotherapy, considerable discussion has been attracted regarding the potential for
second cancer induction by secondary neutrons produced in primary heavy-ion fragmentation. It is
needed to develop a Monte-Carlo simulation tool to estimate neutron doses and the photon contribution.
Since it is notoriously hard to reproduce the spectral cross sections of neutrons and photons by
simulations, we have planned experiments to measure energy-angle double-differential cross sections of
nuclear reactions. Several simulation studies have been conducted to realize experiments at the
synchrotron HIMAC of NIRS, Japan. Expected spectral cross sections of neutrons and photons are
discussed by using Monte-Carlo simulation codes, PHITS and EGSS.

Published as Progress in Nuclear Science and Technology (Internet), 1, 114 - 117, (2011)



1.14 Shielding benchmark experiment using hundreds of MeV quasi-monoenergetic

neutron source by a large organic scintillator

M. Hagiwara?, H. Iwase?, Y. Iwamoto®, D. Satoh®, T. Matsumoto®, A. Masuda®, H. Yashima¢, Y. Nakane®,
H. Nakashima®, Y. Sakamoto®, A. Tamii®, K. Hatanaka® and T. Nakamura®
SKEK, *"JAEA, °AIST, ¢ Kyoto Univ., °Osaka Univ., "Tohoku Univ.

A shielding benchmark experiment has been performed using a quasi-monoenergetic "Li(p,n) neutron
source with 246 and 389 MeV protons at the Research Center for Nuclear Physics (RCNP) of Osaka
University, in order to investigate the accuracy of nuclear data libraries and calculation codes for
hundreds of MeV neutrons. Time-of-flight and energy spectra behind bulk shields of 10- to 100-cm-thick
iron, 25- to 300-cm-thick concrete and their composite are measured using a NE213 organic liquid
scintillator with a diameter and thickness of 25.4 cm each. A time-of-flight and an unfolding method are
applied to obtain the energy spectra transmitted through the shields for the peak energy region and
continuous energy region, respectively. The simulations with the PHITS code coupled with the
JENDL-HE nuclear data library are performed for comparison with the measured data. The measured
attenuation lengths of peak neutrons with energies of 244 and 387 MeV are in good agreement with the

calculation result by the PHITS code within 6 %.

Published as Progress in Nuclear Science and Technology (Internet), 4, 327 — 331, (2014)

1.15 Measurement of neutron energy spectra behind shields for quasi-monoenergetic
neutrons generated by 246-MeV and 389-MeV protons using a Bonner sphere
spectrometer

T. Matsumoto?, A. Masuda?, J. Nishiyama?®, H. Harano?, H. Iwase, °, Y. Iwamoto®, M. Hagiwara®,
D. Satoh®, H. Yashima¢, Y. Nakane®, H. Nakashima®, Y. Sakamoto®, C. Pioch®, V. Mares ®, A. Tamii',
K. Hatanakaf, T. Nakamura®
2AIST, ’KEK, ¢JAEA, ¢ Kyoto Univ., *Helmholtz Zentrum Miinchen Neuherberg, ‘Osaka Univ.,
£Tohoku Univ.

Recently, many high-energy accelerators are used for various fields. Shielding data for high-energy
neutrons are therefore very important from the point of view of radiation protection in high energy
accelerator facilities. However, the shielding experimental data for high energy neutrons above 100 MeV
are very poor both in quality and in quantity. In this study, neutron penetration spectral fluence and

ambient dose through iron and concrete shields were measured with a Bonner sphere spectrometer (BSS).



Quasi-monoenergetic neutrons were produced by the "Li(p,xn) reaction by bombarding a 1-cm thick Li
target with 246-MeV and 389-MeV protons in the Research Center for Nuclear Physics (RCNP) of the
Osaka University. Shielding materials are iron blocks with a thickness from 10 cm to 100 cm and

concrete blocks with a thickness from 25 ¢cm to 300 cm.

Published as Progress in Nuclear Science and Technology (Internet), 4, 332 -336,(2014)

1.16 Response measurement of various neutron dose equivalent monitors in 134-387
MeV neutron fields

Y. Nakane?, M. Hagiwara®, Y. Iwamoto?, H. Iwase®, D. Satoh?, T. Sato?®, H.Yashima®, T. Matsumoto®,
A. Masuda®, T. Nunomiya®, Y. Sakamoto?®, H. Nakashima?®, A. Tamii', K/ Hatanakaf, T. Nakamura?
3JAEA,"KEK, ¢ Kyoto Univ., YAIST, °Fuji electric, {Osaka Univ., €Tohoku Univ.

In order to verify the accuracy of dose monitors for the measurements of high-energy neutrons, energy
responses of seven neutron dose equivalent monitors, four kinds of wide-energy range monitors applied to
high-energy neutron fields above 20 MeV, and three kinds of conventional type monitors for neutrons up
to 20 MeV, were measured for 134-, 197-, 244- and 387-MeV quasi-monoenergetic neutron fields.
Measured dose rates were compared one another, and with those in the fields obtained from neutron
energy spectra and flux-to-dose conversion coefficients considered on design of the monitors. Dose rates
measured with the wide-energy range monitors were in agreement or overestimate with evaluated ones,
though those measured with the conventional type monitors underestimate. It was found that the
wide-energy range monitors used in the present work will give the dose rates with a safety side at several
hundred MeV neutron fields, though the conventional type monitors underestimate the dose rate in the

fields.

Published as Progress in Nuclear Science and Technology (Internet), 4, 704 - 708, (2014)

1.17 Characterization of quasi-monoenergetic neutron source using 137, 200, 246
and 389 MeV "Li(p,n) reactions

Y. Iwamoto?, M. Hagiwara®, H. Iwase®, H. Yashimac, D. Satoh?, T. Matsumoto?, A. Masuda¢, C. Pioch®,
V. Mares®, T. Shimaf, A. Tamiif, K. Hatanaka’ and T. Nakamura®
AJAEA, Y’KEK, ¢ Kyoto Univ., YAIST, *Helmholtz Zentrum Miinchen Neuherberg, {Osaka Univ.,
£Tohoku Univ.

-10 -



The authors measured the neutron energy spectra of a quasi-monoenergetic 7Li(p,n) neutron source with
137, 200, 246 and 389 MeV protons set at seven angles (0°, 5°, 10°, 15°, 20°, 25° and 30°), using a
time-of-flight (TOF) method employing organic scintillators NE213 at the Research Center for Nuclear
Physics (RCNP) of Osaka University. The energy spectra of the source neutrons were precisely deduced
down to 2 MeV at 0° and 10 MeV at other angles. Neutron energy spectra below 100 MeV at all angles
were comparable, but the shapes of the continuum above 150 MeV changed considerably with the angle.
In order to consider the correction required to derive the response in the peak region from the measured
total response for high-energy neutron monitors, the authors showed the subtractions of H*(10) obtained
at larger angles from the 0° data in the continuum part. It was found that subtracting the dose equivalent
at larger angles (21° for 389 MeV, 25° for 246 MeV and 26° for 200 MeV) from the 0° data almost
eliminates the continuum component. This method has potential to eliminate problems associated with

continuum correction for high-energy neutron monitors.

Published as Progress in Nuclear Science and Technology 4, 327-331 (2014)

1.18 Measurements of the neutron activation cross sections for Bi and Co at 386
MeV

H. Yashima!, S. Sekimoto!, K. Ninomiya?, Y. Kasamatsu?, T. Shima®, N. Takahashi?, A. Shinohara?,
H. Matsumura®*, D. Satoh®, Y. Iwamoto’, M. Hagiwara*, K. Nishiizumi®, M.W. Caffee’ and S. Shibata'
'Kyoto Univ., 2Osaka Univ., 3Osaka Univ., *KEK, *JAEA, ®Univ. of California, "Purdue Univ.

Neutron activation cross sections for Bi and Co at 386 MeV were measured by activation method. A
quasi-mono energetic neutron beam was produced using the ’Li(p,n) reaction. The energy spectrum of
these neutrons has a high-energy peak (386 MeV) and a low-energy tail. Two neutron beams, 0° and 25°
from the proton beam axis, were used for sample irradiation, enabling a correction for the contribution of
the low-energy neutrons. The neutron-induced activation cross sections were estimated by subtracting the
reaction rates of irradiated samples for 25° irradiation from those of 0° irradiation. The measured cross
sections were compared with the findings of other studies, evaluated in relation to nuclear data files and

the calculated data by Particle and Heavy Ion Transport code System code.

Published as Radiat. Prot. Dosimetryl61, 139-143 (2014)
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1.19 Measurements of cross sections for production of light nuclides by 300 MeV

proton bombardment of Cu and Y

S. Sekimoto?, T. Omoto °, H. Joto 2, T. Utsunomiya ?, H. Yashima ?, K. Ninomiya ¢, K.C. Welten ¢,
M.W. Caffee ¢, Y. Matsushi f, H. Matsuzaki f, R. Nakagaki ®, T. Shima &, N. Takahashi ®, A. Shinohara ®,
H. Matsumura ", D. Satoh ¢, Y. Iwamoto ¢, M. Hagiwara ", K. Nishiizumi ¢, S. Shibata ?
aKyoto Univ., ® Osaka Univ., ¢ JAEA, ¢ Univ. of California, Berkeley, ¢ Purdue Univ., f Univ. of Tokyo,
¢ Osaka Univ., " KEK

The production cross sections of '°Be, 2°Al and **Cl produced from Cu and Y targets irradiated with 300
MeV protons were measured by accelerator mass spectrometry. Using these cross section values in
conjunction with those of the spallation products we confirm that nuclear fragmentation contributes to
production of 10Be in the 300 MeV proton-induced reactions for Cu and Y. These cross sections obtained
are compared to cross sections of °Be, 2°Al and 3°Cl1 from 300 MeV proton-induced reactions for other
target elements. We also confirm that the cross section values of '°Be and **ClI for Cu and Y are consistent

with the tendency of those cross section values to decrease with increasing target mass.

Published as Nucl. Instrum. Meth. B 294, 475-478 (2013).

1.20 Neutron Dosimetry in Quasi-Monoenergetic Fields of 244 and 387 MeV

V. Mares', C. Pioch!, W. Riihm!, H. Iwase?, Y. Iwamoto®, M. Hagiwara?, D. Satoh®, H. Yashima*, T. Itoga’,
T. Sato’, Y. Nakane®, H. Nakashima®, Y. Sakamoto®, T.Matsumoto®, A. Masuda®, H. Harano®,
J. Nishiyama®, C. Theis’, E. Feldbaumer’, L. Jaegerhofer’, A. Tamii®, K. Hatanaka ® and T.Nakamura’
'Helmholtz Zentrum Miinchen Neuherberg, 2KEK, 3JAEA, * Kyoto Univ., >JASRI, °AIST, "CERN,
80saka Univ., °Tohoku Univ.

This paper describes the results of neutron spectrometry and dose measurements using a Bonner Sphere
Spectrometer (BSS) at the ring cyclotron facility of the Research Center for Nuclear Physics (RCNP),
Osaka University, Japan. Quasi-monoenergetic neutron fields were generated using the reaction and 246
and 389 MeV protons. Neutrons produced at 0 and 30 emission angles were extracted into a time-of-flight
(TOF) tunnel, and the energy spectra were measured at a distance of 35m from the target. To deduce the
corresponding neutron spectra from thermal to the nominal maximum energy, the BSS data were unfolded
using the MSANDB code and response functions were calculated by Monte Carlo (MC) methods. These
spectra are compared to spectral measurements using NE213 organic liquid scintillators applying the TOF

method. The results are discussed in terms of ambient dose equivalent and compared with the readings of
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other instruments operated during the experiment

Published as Nuclear Science, IEEE Transactions on 60 (1), 299-304 (2013).

1.21 Experimental Method for Neutron Elastic Scattering Cross-Section
Measurement in Intermediate Energy Region at RCNP

D. Satoh!, Y. Iwamoto', M. Hagiwara?, H. Iwase?, H. Yashima®, T. Sanami?, T. Sato!, A.Endo’,
Y. Sakamoto', Y. Nakane', H. Nakashima', T. Nakamura®, A.Tamii® and .Hatanaka’
'JAEA, ? KEK, * Kyoto Univ., * Tohoku Univ., *Osaka Univ.

The applicability of an experimental method for neutron elastic scattering cross-section measurement
using liquid organic scintillators and time-of-fight (TOF) technique was examined for
quasi-monoenergetic neutron beams in the intermediate energy region above 100 MeV at the Research
Center for Nuclear Physics (RCNP) of Osaka University, Japan. The elastic scattering neutrons were
discriminated from the inelastic ones by the difference of their TOF. The results for carbon at 134 MeV
were compared with the other experimental data obtained by a proton-recoil telescope. It was found that
the experimental method proposed in this study is applicable to the measurement of elastic scattering

cross sections with sufficient precision.

Published as Progress in Nuclear Science and Technology (Internet), 1, 20 - 23, 2011/021

1.22 Methodology for the neutron time of flight measurement of 120-GeV

proton-induced reactions on a thick copper target

T.Sanami!, Y.Iwamoto?, T.Kajimoto3, N.Shigyo®, M.Hagiwara', H.S.Lee*, E.Ramberg®, R.Coleman’,
A.Soha’, D.Jensen’, A.Leveling®, N.V.Mokhov®, D.Boehnlein®, K. Vaziri’, K Ishibashi®, Y.Sakamoto?,
H.Nakashima?

'KEK, 2JAEA, 3Kyushu Univ. PAL,’FANL

A methodology for the time-of-flight measurement of the neutron energy spectrum for a high-energy
proton-beam-induced reaction was established at the Fermilab Test Beam Facility of the Fermi National
Accelerator Laboratory. The 120-GeV proton beam with 3 x 10° protons/spill was prepared for
event-by-event counting of incident protons and emitted neutrons for time-of-flight energy determination.
An NE213 organic liquid scintillator (12.7 cm in diameter by 12.7 cm in length) was employed with a veto

plastic scintillator and a pulse-shape discrimination technique to identify neutrons. Raw waveforms of
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NE213, veto and beam detectors were recorded to discriminate the effects of multi-proton beam events by
considering different time windows. The neutron energy spectrum ranging from 10 to 800 MeV was
obtained for a 60-cm-long copper target at 90° with respect to the beam axis. The obtained spectrum was
consistent with that deduced employing the conventional unfolding technique as well as that obtained in a

40-GeV/c thin-target experiment.

Published as Nucl. Instrum. Meth. B 274 26-35(2014)

1.23 Measurements and parameterization of neutron energy spectra from targets
bombarded with 120 GeV protons

T. Kajimoto', N. Shigyo!, T. Sanami?, Y. Iwamoto®, M. Hagiwara?, H.S. Lee*, A. Soha’, E. Ramberg®,
R. Coleman®, D. Jensen®, A. Leveling®, N.V. Mokhov>, D. Boehnlein®, K. Vaziri®, Y. Sakamoto®,
K. Ishibashi!, H. Nakashima®
"Kyushu univ., 2KEK, 3JAEA, *PAL,5FANL

The energy spectra of neutrons were measured by a time-of-flight method for 120 GeV protons on thick
graphite, aluminum, copper, and tungsten targets with an NE213 scintillator at the Fermilab Test Beam Facility.
Neutron energy spectra were obtained between 25 and 3000 MeV at emission angles of 30°, 45°,120°, and 150°.
The spectra were parameterized as neutron emissions from three moving sources and then compared with
theoretical spectra calculated by PHITS and FLUKA codes. The yields of the theoretical spectra were
substantially underestimated compared with the yields of measured spectra. The integrated neutron yields from
25 to 3000 MeV calculated with PHITS code were 16-36% of the experimental yields and those calculated
with FLUKA code were 26-57% of the experimental yields for all targets and emission angles.

Published as Nuclear Instruments and Methods in Physics Research Section B 337(15) 68-77(2014)

1.24 Research activities on JASMIN: Japanese and American Study of Muon

Interaction and Neutron detection

H. Nakashima?® N. V. Mokhov®, Y. Kasugai?, N. Matsuda?®, Y. Iwamoto?®, Y. Sakamoto?, D. Boehnlein®,
A. Leveling®, K. Vaziri®, R. Coleman®, D. Jensen®, E. Ramberg®, A. Soha®, T. Sanami®, H. Matsumura®,
M. Hagiwara®, A. Toyoda ¢, H. Iwase®, H. Hirayama®, T. Nakamura‘, S. Sekimoto®, H. Yashima®,

T. Kajimotof, N. Shigyo’, K. Ishibashif, N. Nakao®, N. Kinoshitag, K. Oishi¢, H. S. Lee" and K. Niita'
a JAEA, ® FNAL, °’KEK, ¢ Tohoku Univ., ¢ Kyoto Univ., f Kyushu Univ., ¢ Shimizu Corporation, " PAL,
'RIST
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In order to investigate the accuracy of high-energy radiation transport codes based on experimental data,
the collaboration; Japanese and American Study of Muon Interaction and Neutron detection (JASMIN),
has been formed among many institutions and universities of Japan and U.S.A. A series of experiments
have been conducted at the Fermilab Pbar target station, the NuMI beam line and the Fermilab Test Beam

Facility (FTBF). In this paper the research activities are reviewed.

Published as Progress in Nuclear Science and Technology (Internet), 4, 191 - 196, 2014/04

1.25 Measurement of thick target neutron energy spectra at 15 and 90 degrees
bombarded with 120-GeV protons

Y. Iwamoto!, T. Sanami?, T. Kajimoto®, N. Shigyo®, M. Hagiwara?, H.S. Lee*, A. Soha’, E.Ramberg®,
R.Coleman’, D.Jensen®, A. Leveling®, N.V. Mokhov?, D.Borehen®, K. Vazli®, Y. Sakamoto' and
H. Nakashima'

JAEA, ?’KEK, 3Kyushu Univ., “PAL, SFNAL

Neutron energy spectra at 15° and 90° produced from aluminum, coper and tungsten targets bombarded
with 120-GeV protons were measured at Fermilab Test Beam Facility. The target thicknesses were 50 cm
for aluminum, 20 cm and 40 cm for copper, and 10 cm for tungsten, respectively. The neutron
time-of-flight measurements were performed using an NE213 organic liquid scintillator (12.7 cm
diameter, 12.7 cm long) at 5.2 m for 90° and 8.0 m for 15° measuring from the center of the target to the
surface of the detector. The raw signals (waveforms) obtained from photomultiplier tubes were recorded
using the 10 bit digitizer (Agilent-Acqiris DC282) with 0.5 ns sampling and 500 ns duration. To compare
the experimental results, Monte Carlo calculations with the PHITS, FLUKA and MARS codes were
performed. It was found that these calculated results at 90° underestimate the experimental results due to
the strong forward emission of particles in the models, while calculated results at 15° gives good

agreement with the data.

Published as Progress in Nuclear Science and Technology (Internet), 3, 65 - 68, 2012/10

1.26 Shielding Experiments at High Energy Accelerators of Fermilab(I)
- Dose Rate Around High Intensity Muon Beam -

T. Sanami', Y. Iwamoto?, N. Shigyo’, M. Hagiwara!, H. S. Lee*, A. Leveling®, K. Vazili®,

D. Boehnlein®, N. Mokhov?, Y. Sakamoto?, H. Nakashima? and members of JASMIN collaboration
'KEK, 2JAEA, 3Kyushu Univ., “PAL, SFNAL
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JASMIN - Japanese and American Study of Muon Interaction and Neutron detection - a program for
studies of shielding and irradiation effect around high energy accelerators has been started since 2007
using high energy proton accelerators located in Fermi National Accelerator Laboratory (FNAL) as a
collaboration of JAPAN and FNAL. The series of the presentations entitled “Shielding experiments at
high energy accelerators of Fermilab” describes the part of the results of this collaboration regarding
transport of secondary particles, neutron and muon, from 120 GeV proton induced reactions through
experimental data and simulation. In this paper, behavior and associated radiation dose of high energy
muons in tens of meter thick rock are measured using OSLs, CR39s, TLDs and an ionization chamber.
The doses for the same geometrical condition of the experiment are calculated using multi-particle Monte
Carlo simulation code, MARS, to check its predictive power for muon transport and the dose. From this
comparison, consistency between the experiment and calculation is confirmed in 60 m thick rock. The
calculation enables to separate contributions of each particle to the dose. The result shows considerable
amount of the contribution to the dose from electrons, photons and neutrons from electro-magnetic

cascade due to interaction of high energy muon.

Published as Progress in Nuclear Science and Technology (Internet), 1, 44 - 47, 2011/02

1.27 Shielding Experiments at High Energy Accelerators of Fermilab (III):
Neutron Spectrum Measurements in Intense Pulsed Neutron Fields of The

120-GeV Proton Facility Using A Current Bonner Sphere Technique

M. Hagiwara', T. Sanami', Y. Iwamoto?, H. Arakawa®, N. Shigyo’, N. Mokhov*, A.Leveling*,
D. Boehnlein*, V. Kamran*, T. Nakamura®°, K.Oishi®, H. Hirayama', H. Nakashima?, Y. Sakamoto®
and members of JASMIN collaboration
'KEK, 2JAEA, 3Kyushu Univ., “FNAL *Tohoku Univ., *Shimizu Co.

Neutron energy spectra behind iron and concrete shields have been measured at the anti-proton
production target station in Fermi National Accelerator Laboratory to provide shielding benchmark data
of neutrons produced from 120-GeV proton induced reaction. To measure neutron spectra in the radiation
bursts accompanied by the injection of intense pulsed proton beam into the target, we have developed a
current readout technique of a multi-moderator spectrometer. We employed a pair of BF3 proportional
counters filled with different '°B isotope enrichment gases, "BF; (18% enrichment) and '"BF; (96%
enrichment) and used them as current readout ionization chambers to avoid signal pile-up problem. The
spectrometer is aimed to discriminate neutrons from other particles such as gamma-rays and muons
incoming in short bursts by subtracting results of the ™BF; counter from that of the '°BF; counter. The

neutron spectrum obtained with the present technique is generally consistent with results of
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neutron-induced activation measurements.

Published as Progress in Nuclear Science and Technology (Internet), 1, 52 - 56, 2011/02

1.28 Shielding Experiments at High Energy Accelerators of Fermilab (IV)
- Calculation Analyses -

N. Matsuda', Y. Kasugai!, H. Matsumura?, H. Yashima®, H. Iwase?, N. Kinoshita?, T. Sanami?,

N. Mokhov*, A. Leveling*, D. Boehnlein*, K. Vazili*, L. Gary*, S. Wayne*, T. Nakamura®, K. Oishi®,
H. Hirayama?, K. Ishibashi’, K. Niita®, Y. Sakamoto', H. Nakashima' and members of JASMIN collaboration
IJAEA, ’KEK, 3Kyoto Univ., “FNAL, *Tohoku Univ., *Shimizu Co.,

"Kyushu Univ., 3RIST

JASMIN - Japanese and American Study of Muon Interaction and Neutron detection - a program for
studies of shielding and irradiation effect around high energy accelerators has been started until 2007
using high energy proton accelerators located in Fermi National Accelerator Laboratory (FNAL) as a
collaboration of JAPAN and FNAL. The series of the presentations entitled “Shielding experiments at
high energy accelerators of Fermilab” describes the part of the results of this collaboration regarding
transport of secondary particles, neutron and muon, from 120 GeV proton induced reactions through
experimental data and simulation. In this paper, calculation analyses using high energy particle transport
Monte Carlo calculation codes, PHITS, MARS and MCNPX, for the experiments carried out at the
anti-proton production target station were performed with a simplified two-dimensional geometry to
validate the accuracy of spatial distribution of reaction rate in iron shield and the attenuation length. The
calculation results were good agreement with the obtained experimental data for the spatial distribution.
Neutron attenuation lengths of iron were also given by the data. Tendencies of the attenuation length of
iron were found the PHITS and MARS values were larger and the MCNPX values were smaller than the
data.

Published as Progress in Nuclear Science and Technology (Internet), 1, 57 - 60, 2011/02

1.29 Quasi-monoenergetic 200 keV photon field using a radioactive source with

backscatter layout

S. M. Tajudin', Y. Namito'?, T. Sanami'?, H. Hirayama?
ISOKENDALI, *KEK
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A quasi-monoenergetic photon field with energy of ~200 keV was obtained using a radioactive source
with a backscatter layout. The backscatter layout allows the calibration of a dosimeter for two different
energies with a single radioactive source. The setup was optimized through calculations and experiments
to minimize the low energy component and to obtain field uniformity. The optimal backscatter layout was
found to comprise a 1 x 1 m? steel floor, a radioactive source placed 20 cm above the floor, and a 10-cm
cubic lead block placed directly above the source. Under the proposed layout and using a 208-MBq
Cs-137 source, a monoenergetic photon field with 190 + 9.6 keV (FWHM) and a dose rate of 3.18 + 0.18

uSv/h was obtained within a 10 x 10 x 10 cm® area, at a distance of 15 to 25 cm above the lead block.
Published as Japanese Journal of Applied Physics, 53 116401 (2014).

1.30 Radioactivity measurement of Sr/Y-90 mixed with Cs-134 and Cs-137 using

large solid angle detectors without chemical separation

Y. Unno"2, T. Sanami'-3, M. Hagiwara’3, S. Sasaki' 3, A. Yunoki?,

'SOKENDAL, 2AIST, 3KEK

We proposed a method to measure the radioactivity of Sr/Y-90 in the mixture of Cs-134 and Cs-137
without chemical pretreatment. It was realized by subtracting the electrons produced in Cs-134 and
Cs-137 from entire electron emission rate that can be determined by the efficiency tracer technique in the
4np—y coincidence counting method. The radioactivity of Cs-134 and Cs-137 can be determined by
gamma ray spectrometry. The measurements were conducted using plastic and Nal(TIl) scintillation
detector with a large solid angle. The validity of the measurement method was shown by agreement of the

results with the known radioactivities.
Published as Journal of Nuclear Science and Technology, 51(3) 376-384 (2014).

1.31 Application of beta coincidence to nuclide identification of radioactive samples
contaminated by the accident at the Fukushima Nuclear Power Plant

Y. Unno"2, T. Sanami'-3, M. Hagiwara’ 3, S. Sasaki':3, A. Yunoki?,

ISOKENDALI, 2AIST, 3KEK
We proposed a new method to determine the activity of each nuclide in a mixture of Cs-134, Cs-137 and

S1/Y-90. The point of this new measurement method is simultaneous counting between beta and gamma

ray detection. We assembled a setup that employs plastic and Nal(Tl) scintillation detectors for beta- and
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gamma-ray detection, respectively. The obtained result shows that discrimination of Cs-134 and Cs-137
was successfully achieved. Radioactivity determined by measurement was in agreement with one
prepared as a mixture. The results show that the method can be adapted to measure the radioactivity of

samples contaminated by the accident at the Fukushima Daiichi Nuclear Power Plant.

Published as Progress in Nuclear Science and Technology, 4, 90-93(2014)

1.32 Basic performance of a position-sensitive tissue-equivalent proportional
chamber (PS-TEPC)

Y. Kishimoto', S. Sasaki', K. Saito!, K. Takahashi!, T. Doke?, K. Miuchi®, T. Fuse*, A. Nagamatsu*,
Y. Uchihori®, H. Kitamura®, K. Terasawa®*

'KEK, ?Waseda Univ., ’Kobe Univ., *JAXA, NIRS, °Keio Univ.

The characteristics and performance of the prototype of a Position-Sensitive Tissue-Equivalent
Proportional Chamber (PS-TEPC), consisting of a miniaturized micro-pixel chamber (u-PIC), were
investigated. The gas-gain curve of the p-PIC and an approximate function with which to convert
measured collected charge into the primary charge ionized by incident heavy-ion particles were obtained.
The measured Linear Energy Transfer (LET) indicated good agreement with that of the injected beam
calculated using SRIM2008 code in the LET range from 0.4 to 180 keV/um, which roughly covers the
whole LET range required for space dosimeters. As expected, the measured energy resolution improved
with increasing LET of the injected beam. It was estimated to be 27% for 0.4 keV/um, which is just about
the LET of minimum-ionizing particles. Consequently, it was confirmed that the PS-TEPC exhibits no

significant undesirable feature but is well suited for space dosimetry.

Published as Nuclear Instruments and Methods in Physics Research A 732, 591-594 (2013)

1.33 Systematic Measurement of Lineal Energy Distributions for Proton He and
Si Ion Beams over A Wide Energy Range Using A Wall-less Tissue

Equivalent Proportional Counter
S. Tsuda', T. Sato', F. Takahashi', D. Satoh!, S. Sasaki?, Y. Namito?, H. Iwase?,
S. Ban?, M. Takada’,

IJAEA, 2KEK, *NIRS

The frequency distributions of the lineal energy, y,of 160 MeV proton, 150 MeV/u helium, and 490
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MeV/u silicon ion beams were measured using a wall-less tissue equivalent proportional counter (TEPC)
with a site size of 0.72 um. The measured frequency distributions of y as well as the dose-mean values,
agree with the corresponding data calculated usingthe microdosimetric function of the particle and heavy
ion transport code system PHITS. The values of increase in the range of LET below ~10 keV um'!
because of discrete energy deposition by delta rays, while the relation is reversed above ~10 keV um'! as
the amount of energy escaping via delta rays increases. These results indicate that care should be taken
with the difference between and LET when estimating the ionization density that usually relates to

relative biological effectiveness (RBE) of energetic heavy ions.

Published in J. Radiat. Res., 53, 264-271(2012).

1.34 Present Status of the Experimental Determination of W-value

S. Sasaki, T. Sanami, K. Saito, K. Iijima, Y. Kishimoto
KEK

The experimental determinations of W-value, the average energy required to produce an ion pair by a
charged particle in gases, have been attempted by many researchers since just after the discovery of
radiation. From these experiments, # has become to be established in many gases, and to be known as
being almost constant for electrons and protons over a wide range of energy. Still at present, however,
some of gases have no established values of W, and there are few data of W for heavy charged particles
(ions), which is known to show the dependence on particle energies. Some important properties of ¥,
such as dependences of particle Z and the gas pressure, are not sufficiently clear. In this article, the

present status of W is reviewed, and the problems in measurements of # are discussed.

Published in RADIOISOTOPES, Vol.61, No.8, 415-427 (2012).

The related topics were presented as “Experimental Determination of W for High Energy Heavy
Charged Particles in Gases” at [EEE 2013 Nuclear Science Symposium (COEX, Seoul, Kora,
Oct.27-Nov.2, 2013).
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2. Experimental Technology and Monte Calro Simulation Related to
Radiation Shielding

2.1 Transformation of a system consisting of plane isotropic source and unit
sphere detector into a system consisting of point isotropic source and plane

detector in Monte Carlo radiation transport calculation

Y. Namito, H. Nakamura, A. Toyoda, K. Iijima, H. Iwase, S. Ban and H. Hirayama
KEK

In a nuclear power plant accident, radioactive nuclides may be released which are distributed uniformly
on the ground. If estimation of dose rate from such a source by a Monte Carlo calculation is attempted,
some difficulty is encountered because the calculation efficiency is very low (Fig. (a)). To solve this low
efficiency problem, we show that a plane isotropic source can be transformed into a point isotropic source
by changing the detector shape from a unit sphere to a plane (Fig. (b)). We verified the validity of this
transformation by the numerical comparison of unscattered photon fluence. As an example of this
transformation, the ambient dose rate Di was calculated from the uniform radioactive nuclide distribution
on the ground using the EGS5 Monte Carlo code. We also measured the radioactivity and ambient dose
rate (M) on the KEK campus within a month after the releases from the Fukushima No. 1 Nuclear Power
Plant accident. Using radioactivity data and Di, we calculated the ambient dose rate (C). The calculated

and measured ambient dose rates agreed reasonably well; their ratio (C/M) was 0.62 to 1.28.

™
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Published in J. Nucl. Sci. Technol, Vol. 49, 167-172 (2012) (KEK Preprint 2011-13).

2.2 Progress and prospects of calculation methods for radiation shielding
H. Hirayama!, H. Nakashima?, M. Morishima®, M. Uematsu* and O. Sato’

'KEK, 2JAEA, 3Mitsubishi Heavy Industries, Ltd., Toshiba Corporation Power Systems Company,

SMitsubishi Research Institute, Inc.
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Progress in calculation methods for radiation shielding are reviewed based on the activities of research
committees related to radiation shielding fields established in the Atomic Energy Society of Japan. A
technological roadmap for the field of radiation shielding; progress and prospects for specific shielding
calculation methods such as the Monte Carlo, discrete ordinate Sn transport, and simplified methods; and
shielding experiments used to validate calculation methods are presented in this paper.

In this review, the “Technological Roadmap in the Radiation Shielding Field,” prepared by the “Radiation
Shielding” research committee established in the AESJ, is first presented for considering future prospects,
technological levels that need to be confirmed in light of current needs, and remaining issues that need to
be resolved for technological development. Subsequently, the progress and prospects of individual
calculation methods for radiation shielding, such as the Monte Carlo, discrete ordinate Sn transport, and
simplified calculation methods, are presented. Finally, shielding experiments used to establish
benchmarks for shielding calculation methods are presented.

Activities of the standardization of shielding codes recently appear for licensing in Japan. Currently, old
shielding design codes developed and imported a few decades ago have been used mainly for licensing in
Japan, although many codes have been modified and newly developed. Thus, the newest knowledge has
not been applied for licensing except for some special cases. Moreover, code copyright and export control
problems have come to the forefront in the last few years. To overcome these problems, it is better that a
protocol to accept new codes is defined and stated clearly by an authority. The protocolmay include
processes to develop codes, evidence of reliability of the codes provided by the developers, an
endorsement of the codes by authorities, and a demonstration that the code is standardized. Additionally
to guarantee reliability, validation and verification of the codes may be carried out in the processes of

development and maintenance.

Published in J. Nucl. Sci. Technol, 52 (2015) 1139-1362.

2.3 Inter-comparison of particle production

H. Hirayama and T. Sanami

KEK
In accordance with the discussion at SATIF-11, the inter-comparison was performed on neutron

production by 1, 10 and 100 GeV protons from thick targets of Al, Cu and Au. This paper presents a

comparison of the neutron angular spectrum and fluence above 20 MeV provided by six groups.
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Summary of Contributors

Name of paf'tlu'pants and Code Data Base Physical model
organizations
Physical Models and
Lucia Sarchiapone and Demetre Event generators
FLUKA 2011[9,10 .
Zafiropoulos (INFN) 9,101 inside the FLUKA
code
FLUKA Version
Stefan Roesler (CERN) 2011.2.5 [9.10] Peanut model
Toshiya Sanami (KEK) MARS 1514 [11-14] |Original MARS LAQGSM
Norihiro MATSUDA (JAEA) .. INCLA.6(<3GeN)+JAM(>3Ge
and PHITS development team PHITS[15,16] Original (PHITS) V)+GEM
Geant4 v10.00.p01 BERT style cascade up to
Koi, Tatsumi (SLAC) (use "Shielding" 5GeV and from 4 GeV Fritof
physics list) [17,18] (FTF) string model
Itina Popova (ORNL) MCNPX version 2.7 ENDE7 default
[19] CEMO03

Presented at Shielding Aspects of Accelerators, Targets and Irradiation Facilities - SATIF 12", April
23-30(2014), FNAL, Batabia, Illinois, United State.

2.4 Dosimetric properties of radiophotoluminescent glass detector in low-energy

photon beams

N. Kadoya!, K. Shimomura!, S. Kitoh'!, Y. Shiota!, Y. Fyjita!, S. Dobashi', K. Takeda', Y. Namito?,
S. Ban?, S. Koyama', K. Tabushi'
"Nagoya Univ., 2KEK

Purpose: A radiophotoluminescent glass rod dosimeter (RGD) has recently become commercially
available. It is being increasingly used for dosimetry in radiotherapy to measure the absorbed dose
including scattered low-energy photons on the body surface of a patient and for postal dosimetry audit. In
this article, the dosimetric properties of the RGD, including energy dependence of the dose response,
reproducibly, variation in data obtained by the RGD for each energy, and angular dependence in
low-energy photons, are discussed.

Methods: An RGD (GD-301, Asahi Techno Glass Corporation, Shizuoka, Japan) was irradiated with
monochromatic low-energy photon beams generated by synchrotron radiation at Photon Factory, High
Energy Accelerator Research Organization (KEK). The size of GD-301 was 1.5 mm in diameter and 8.5
mm in length and the active dose readout volume being 1 mm diameter and 0.6 mm depth located 0.7 mm
from the end of the detector. The energy dependence of the dose response and reproducibility and

variation were investigated for RGDs irradiated with a plastic holder and those irradiated without the
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plastic holder. Response of the RGD was obtained by not only conventional single field irradiation but
also bilateral irradiation. Angular dependence of the RGD was measured in the range of 0° to 90° for 13,
17, 40, and 80 keV photon beams by conventional single field irradiation.

Results: The dose responses had a peak at around 40 keV. For the energy range of less than 25 keV, all
dose response curves steeply decreased in comparison with the ratio of mass energy absorption coefficient
of the RGD to that of air. As for the reproducibility and variation in data obtained by the RGD, the
coefficient of variance increased with decrease in photon energy. Furthermore, the variation for bilateral
irradiation was less than that for single field irradiation. Regarding angular dependence of the RGD, for
energies of 13 and 17 keV, the response decreased with increase in the irradiation angle, and the minimum
values were 93.5% and 86%, respectively (Figure).

Conclusions: Our results showed the dosimetric properties of the RGD, including the energy dependence
of the dose response, reproducibly, variation, and angular dependence in low-energy photons and suggest
that the accuracy of the absorbed dose in low-energy photons is affected by the readout method and the

distribution of radiophotoluminescence centers in the RGD.
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Fig. Angular dependence results of the RGD.

Published in Med. Phys. Vol 39 5910-5916 (2012)

2.5 Monte Carlo transport calculation of photon and electron --- Its Contents and

Application

Y. Namito and H. Hirayama
KEK

When we calculate transport of photon and electron in matter, energy is transferred from photon to

electron and vice versa, then number of photon and electron increases quickly. This kind of calculation is

conveniently done using Monte Carlo method rather than using deterministic method. We describe on the

_25-



contents and use of Monte Carlo photon and electron transport code in this article. The description is

mainly on EGSS5 code, which authors have been participate in the development.

Published in Radioisotopes Vol.63 443-451 (2014) (In Japanese).

2.6 Current status of EGSS code

Y. Namito!, H. Hirayama!, A. F. Bielajew?, S. J. Wilderman?, and W. R. Nelson?
'KEK, 2U. Michigan, 3SLAC

The EGS (Electron-Gamma Shower) code system is a general purpose package for the Monte Carlo
simulation on the coupled transport of electrons and photons in the energy region from a few keV up to
several hundred GeV. In the EGS5 Code System, the radiation transport of electrons/positrons or photons
can be simulated in any element, compound, or mixture. The dynamic range of photon energies is
between 1 keV and several thousand GeV. In EGS5 the geometry is specified by a user-written subroutine
with auxiliary geometry routines for planes, cylinders, cones, spheres and so on, and the MORSE-CG
Combinatorial Geometry package. EGS5 takes into account various physics processes: (1)
Bremsstrahlung production, (2) Positron annihilation in flight and at rest, (3) Moliere multiple scattering,
(Goudsmit-Saunderson multiple scattering which can be included by means of an option) (4) Moller and
Bhabha scattering, (5) Continuous energy loss applied to charged-particle tracks between discrete
interactions, (6) Total stopping power which consists of soft bremsstrahlung and collision loss terms, (7)
Collision loss determined by the restricted Bethe-Bloch stopping power with Sternheimer treatment of the
density effect, (8) Pair production, (9) Compton scattering, (10) Coherent (Rayleigh) scattering and (11)

Photoelectric effect. About bias reduction in EGSS5, using of phase space file is the most popular way.

Presented at IEEE Nuclear Science Symposium, (27 Oct.-2 Nov 2013,Seoul, Korea).

2.7 Fundamental study on applying organic photodiodes fabricated on plastic

scintillator to X-ray distribution measurement

E.Takada', K. Fujii!, H. Imai', Y. Namito?, T. Nakamura® and H. Okada®,
! National Institute of Technology Toyama College, 2 KEK, * Tohoku Univ., * Univ. of Toyama

Organic photodiodes (OPDs) have attracted considerable interest in the field of photonics devices because

they can be used for large-area and flexible photodetectors. To increase their applicability to radiation

measurement, the authors have been trying to enhance their measuring efficiency to X-ray. In a previous
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study, it has been shown that X-ray induced current was increased by fabricating the bulk hetero junction
structure directly on plastic scintillator. In the present study, the authors have fabricated several sensing
areas on a single plastic scintillator plate and studied its applicability to X-ray distribution measurement.
The device structure of bulk hetero junction OPD was plastic scintillator plate (1 mm or 5 mm)/ IZO
(200nm)/ PEDOT: PSS (30 nm) / PCBM: P3HT (300 nm) / Al (70 nm) with sensing area of 2 mm x 4
mm. We fabricated three or five sensing areas on one plastic scintillator plate. From the experimental
results with collimated mono energy X-ray, it has been shown that X-ray distribution measurement is

possible with these simple device structure.

Presented at IEEE Nuclear Science Symposium, (8-15 Nov 2014, Seatle USA).
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3. Nuclear Chemistry and Radiochemistry

3.1 Study for muon capture phenomena for low-pressure CO, CO; and COS
molecules

G. Yoshida, K. Ninomiya, M. Inagaki, A. Shinohara, W. Higemoto!, T. U. Ito',
M. K. Kubo?, P. Strasser®, N. Kawamura®, K. Shimomura®, Y. Miyake? and T. Miura®
Osaka Univ., 'JAEA, ’ICU, 3J-PARC(KEK)

Muonic atom is an atomic system that has one negatively charged muon instead of an electron. It is
known that muonic atom formation processes are strongly influenced by the chemical environment of
muon capturing atom. In this study, to examine chemical environmental effect in muonic atom formation
process, we performed muon irradiation experiment for low pressure simple gaseous molecules; CO, CO,
and COS, with 0.1 — 0.4 bar at D1 experimental area in J-PARC/MUSE, and measured muonic X-ray
intensities emitted after muonic atom formation.

We determined muon capture probabilities for each element and initial state of captured muon from
muonic X-ray spectra. In this study, we found that muon capture phenomena in O atoms among these
molecules are very similar. On the other hand, muon capture phenomena in C atoms among these
molecules are very different. The muon captured in C atom for CO molecule has small angular

momentum quantum number than these for CO, and COS molecules.

3.2 Chemical environmental effect in muon transfer process for C¢Hg and CsH12
molecules

M. Inagaki, K. Ninomiya, G. Yoshida, Y. Kasamatsu, A. Shinohara, W. Higemoto', T. U. Ito!,
M. K. Kubo?, P. Strasser®, N. Kawamura®, K. Shimomura®, Y. Miyake? and T. Miura®
Osaka Univ., 'JAEA, ’ICU, 3J-PARC(KEK)

Muon transfer reaction is one of the muonic atom formation processes that observed only in hydrogen
containing system. In muon transfer reaction, firstly, muon hydrogen atom is formed, and then the muon
transfers to the other nucleus because the muonic hydrogen can approach to the nucleus without nuclear
repulsion. In this study, muonic atom formation process via muon transfer reaction has studied for
benzene (CsHs) and cyclohexane (C¢Hi2) molecules to examine chemical environmental effect in muon
transfer reaction.

The muon irradiation experiments were performed in two experimental condition; high density liquid and

low density gaseous samples. Muonic X-rays emitted after muonic atom formation were measured, and
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muon transfer rate were determined from muonic X-ray intensities. In high density samples, we found
muon transfer rate in CsHs system was approximately 1.5 times higher than that in C¢Hi2. On the other
hand, there were no differences in low density samples. We conclude that chemical environmental effect
in muon transfer was appeared only in high density condition, that was also reported in pion transfer

reaction in the same sample system.

3.3 Comparison of Particle Size of Radiation-induced Radioactive Aerosols

between Two Proton Accelerators

Y. Oki, N. Osada!, T. Miura?, Y. Ishi, T. Uesugi, Y. Kuriyama and M. Sakamoto
KURRI, 'Okayama Univ., ’KEK

Particle size of radiation-induced aerosols in air of accelerator rooms is very important information on
radiation protection because the aerosols become carriers of radioactive atoms produced through nuclear
reactions in the air. In this work, the size distributions of the radioactive aerosols was measured in the
150-MeV FFAG proton accelerator in KURRI using a graded screen array or a screen-type diffusion
battery. The particle diameter was found to be in the range of 20 to 80 nm for the "Be aerosol particles. It
was compared with that previously obtained in the former 12-GeV proton synchrotron (PS) in KEK, and

the formation mechanism of the aerosols was discussed.

3.4 Particle Size of Aerosols Generated from Molten Activated Metals in

High-Energy Proton Accelerator Facilities

Y. Oki, T. Miura!, H. Matsumura' and K. Masumoto!
KURRI, 'KEK

Radioactive aerosols formed by heating of activated metals were studied using an induction furnace. The
metal samples containing various radionuclides were prepared by activation in a high-energy proton
accelerator. They were melted under an argon atmosphere using the high-frequency induction furnace
system. The generated radioactive aerosols were collected with a cascade impactor to analyze their
particle size distribution. The preliminary results for the radioactive iron sample showed that volatile
radionuclides, such as ?Na and 3*Mn, were easily concentrated in the aerosols, and that all radionuclides
except for *Sc had similar particle size distributions. These results have a similar tendency to those for
thermal cutting of the activated metals reported previously. This work may give us useful information
about the generation mechanism of the radioactive aerosols in the J-PARC accident in 2013 and the

Fukushima Daiichi Nuclear Power Plant accident.
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3.5 Concentration of radionuclides in J-PARC accelerator tunnel and the

surrounding area.

J. Kitagawa'?2, M. Hagiwara'?, T. Miura'?, A. Kanai®, K. Seki'*
IJ-PARC, °KEK, *TNS, *JAEA

J-PARC is constructed to enabling studies on the latest basic science and the advancement of nuclear
technology using secondary particle such as neutrons, muons, kaons, neutrinos generated by high-energy
proton accelerator complex with the world’s highest instantaneous intensity. J-PARC consists of three
accelerator: LINAC (linear accelerator), RCS (3 GeV rapid-cycling synchrotron), MR (50 GeV main
ring). J-PARC started operation on November 2006 and beam power was gradually increased. Therefore
it’s increasingly important for radiation protection to evaluate radioactivity produced in J-PARC
accelerator tunnel and the surrounding area with increasing the beam power of J-PARC.

In this study, concrete walls and soils in the accelerator tunnel and the surrounding area, respectively were
sampled to measure the radioactivity by a y ray detector. Radioactivity was significantly detected in the
concrete samples at C1 (around RCS), C5 (injection of MR) and C11 (neutrino beam dump). The attenuation
length A is obtained by fitting of depth profiles of radioactivity in the concrete samples. The measured
attenuation lengths were generally classified into two categories depending on the excitation functions for
the radionuclide production. We found that the attenuation lengths of several radionuclide produced by
neutron capture reaction shift to lower values in the locations deeper than 60 cm from the concrete surface.
The shift of attenuation lengths in the deeper locations is thought to be due to the thermal neutrons
production in the concrete by fast neutrons. PHITS code simulation is performed to compare the
experimental results. The history of radioactivity concentration in the concrete and soil samples was

recorded for five years with the beam power of J-PARC to estimate the radioactivity in future.

3.6 Yield measurements of radioactive nuclides produced by muon in J-PARC

Neutrino experimental facility.

J. Kitagawa'?2, M. Hagiwara'?, T. Miura'?, A. Kanai®, K. Seki'*
IJ-PARC, °KEK, *TNS, *JAEA

We have measured the radioactivity of Al, Fe and Cu samples irradiated by high-energy positive and
negative muons at the Muon pit in the J-PARC Neutrino experimental facility. Irradiation was performed
in two operational modes (neutrino mode and anti-neutrino mode) of the magnetic horns which were used
to supply neutrinos and anti-neutrinos toward the Super-Kamiokande detector by focusing the charged

pions before the decay as n* — pu* + v and © — p + v. The effective cross-sections of Al, Fe and Cu
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induced by positive and negative muons in the neutrino and anti-neutrino mode, respectively, were
estimated using the muon flux characterized by the muon monitor installed in front of the irradiation
samples. Negative muons generally produced higher yield of radioactive nuclides than positive muons.
The effective cross-sections experimentally obtained are compared to the semi-empirical
charge-distribution and mass-distribution (CDMD) formula of Rudstam which can describe spallation
yields and cross sections with a few parameters. The measured data of positive muons agrees well with
the CDMD estimation using parameters of photonuclear spallation reaction, but the measured data of
negative muons don’t agree with the CDMD estimation. The discrepancy between measured data and the
CDMD estimation for negative muons indicates the possibility of other reaction mechanisms than

spallation reaction to contribute to the production of the radioactive nuclides.

3.7 Activation of air and water in the electron linear accelerator facility for

medical use

K. Masumoto', H. Nakamura', A. Toyoda!, K. Takahashi', T. Shimoyoshi?,
IKEK, 2NUSTEC

Since 2012, the radiation control of activated materials in accelerator facility has been regulated by the
radiation protection law in Japan. About 80% of accelerators are medical use. Therefore, we selected a 20
MeV linear electron accelerator (Varian 23EX), which is the highest energy linear electron accelerator for
medical use in Japan, in order to check the activation of air and water. Copper is mainly used for the target
material and bremsstrahlung from target is used for cancer therapy. In this work, water sample in a plastic
phantom(40 X 40 X 25cm?) was irradiated at the dose rate of 50 Gy. The water sample (20L) was transferred
to polyethylene tank to measure the surface dose by LaBr3 spectrometer. Activity in water was calculated
and nuclides were determined by decay curve analysis. O-15 was only produced in water and the activity
was decayed out at 25 min after irradiation. Air was irradiated in the globe box(50 X 50X 100 ¢cm?) set in
front of the beam exit window. After irradiation, air samples were collected from the globe box and the
irradiation room in an ionization chamber. Radioactivity of O-15 and N-13 in the glove box was 2.2 Bgecn
at the end of irradiation. No activity was detected in the air sample of irradiation room. As another
experiment, aerosol was collected on a HEPA filter by using an portable air sampler in the irradiation room
and from the globe box during irradiation and the activity corrected on the filter was measured with GM
counter. By the decay curve analysis, N-13 Cl-34m and Ar-41 were detected in the globe box and N-13 was
only detected in the irradiation room. It was concluded the observed activity was below the 10% of the limit
of activity regulated by law in the irradiation room. Cooling water sample was also obtained from the
accelerator. No activity was detected by the Ge-spectrometry and the liquid scintillation counter. It was

concluded that water and air radiation control system is not necessary to use in the hospital.
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3.8 Activation of the facility of PET cyclotorns

K. Masumoto!, H. Nakamura', A. Toyoda', T. Shimoyoshi?
'KEK, 2NUSTEC,

Neutron activation of cyclotron room for medical use was studied. Measurements were performed by the
activation of Au foils, TLD UD-813 PQ4 and personal dosimeter "Qulxel Badge" with CR-39 at five
facilities. Thermal neutron flux near the target box during the production of '8F was 107 cm2es’!. In the
cyclotron room, neutron flux was 10° cm™es’!. Seven cores (50mm ¢ , 50cm) were sampled from wall and
floor in the cyclotron room. The depth profile of activity was measured. Eu-152 and Co-60, which are
produced by the neutron capture reaction from trace amount of Eu and Co in concrete, are major activity.
It was found that the activity of surface concrete near the target box was slightly higher than the clearance

level.

3.9 Measurement of photouclear recaction yield of light elements

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

There are about 900 of electron linear accelerators for medical use in Japan. Electron energy from 6 to 15
MeV was popularly used in the cancer therapy. We found that the measurement results of induced activity
air and water were not consistent with the value obtained by the Monte Carlo calculation. Then, we
measured the yields of photonactivation of C, N and O at the electron linear accelerator facilities of
Tohoku Univ. and Kyoto Univ. Discs of C, SizsNg, SiO, and Au foil are irradiated by bremsstrahlung( Max.
energy 6 to 20 MeV) for 10 min.. As the results, most important thing is which nuclear reation libraly was

selected in case of activation calculation.

3.10 A simple evaluation method of radioactivity in activated materials in the

accelerator facilities.

K. Masumoto', F. Nubuhara?

'KEK, 2TNS
In case of accelerator facilities, every activated material must be checked and recorded as nuclides and

acitivity in materials, in case of storage, transfer to other facility and radioactive waste. We propose a

simple evaluation method for radioactivity from the surface dose rate using survey meters by the
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following relation.
Qi=HxKixF,
where i : Principal nuclide was defined in each materials
Qi : Activity (Bq)
H : Dose rate (uSv/h)
Ki : Conversion factor [(Bq)/(uSv/h)]

F : Weight correction factor

K and F were calculated by the Monte Carlo method in each materials, such as iron, steel, brass, copper,
tungsten and lead. Many samples were collected from the electron linear accelerator facilities for medical
use. Calculated value was compared with the value obtained by the gamma spectrometry using

Ge-detector. It was confirmed that the calculated value was mostly agreement with the measured value.

3.11 Development of a database system for activated materials in an accelerator

facility

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

In KEK, various amounts of activated materials should be controlled in case of maintenance or
reconstruction work. We developed the database system for activated materials suited for the new
regulation law. When activated materials are moved to the storage facility for reuse and the waste storage
facility from the accelerator facility, we record the data of activated materials, such as the history,
characteristics, surface dose rate, size, weight, material and photo by the handy terminal(Casio
DT5300L50SC) and this recorded label is automatically print out with barcode by the mobile
printer(Zebra P4T) for pasting on the activated materials or the container. Database server (Windows
Professional 64bit, Access2010) in the radiation control office obtain the record via the USB memory

from the handy terminal.

3.12 Beam Loss Estimation by Measurement of Secondarily Produced Photons

under High Average-Current Operations of Compact ERL in KEK
H. Matsumura, A. Toyoda, S. Sakanaka, K. Haga, T. Obina, T. Miura, K. Hozumi, S. Nagaguro, T. Oyama,

IN. Yoshihara
KEK, 'TNS
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The Compact Energy Recovery Linac—an electron accelerator with a maximum energy of 26 MeV—has
been under development at KEK, Tsukuba, Japan. The first successful energy recovery operation was
conducted in 2014, and subsequently in 2015, the beam energy and current reached 20 MeV and 0.08 mA,
respectively. However, for the next planed 1-mA operation, the beam loss must be reduced to lower than
0.01% during the transportation of 20 MeV electrons, in order to suppress the radiation dose in the
outside of the accelerator room. Therefore, information of beam loss was required. The beam loss
locations were identified using gold activation method, which is an offline measurement of Au-196
activity produced in gold foils attached to the surface of the beam duct by beam-loss-induced
bremsstrahlung. The activity variation could indicate the beam loss locations. The identified locations
were then used for the computer simulation of beam loss. The beam loss rate was estimated by comparing
an actual measured dose rate with a simulated dose rate on the ceiling of the accelerator room. Based on

the obtained beam loss information, the best beam transport condition could be determined.

Presented in IPAC2016, Busan, Koria, May 8-13, 2016.

3.13 Colloid Rates of Radionuclides in Cooling Water of The 120-Gev Proton
Accelerator Facilities At Fermilab, USA

H Matsumura!, S. Sekimoto?, and the JASMIN collaborators'-
'KEK, 2KUR, 3JAEA, “FNAL, >Shimizu Co

In cooling water systems for a high-energy accelerator, effect of colloid formation of radionuclides on
removal of the radionuclides using deionizers was investigated. Water samples were collected from eight
cooling water systems for a 120-GeV proton accelerator at the NuMI beamline and the antiproton
production target station in Fermilab, USA, immediately after the shutdown of the accelerators for
maintenance. Then, the colloid formation rates of the radionuclides in the water samples were measured
by ultrafiltration and y-ray spectrometry. The colloid formation rates of the radionuclides in cooling water
systems with a deionizer were higher than in those without a deionizer. This indicated that the incomplete
removal of the radionuclides is caused by the weak retention of the colloids on the ion-exchange resin. In
particular, the remaining "Be was due to the weak retention of positively charged colloids on
cation-exchange resins in the deionizer.

presented in ANS Annual meeting in San Antonio, Texas, USA, June 7-11, 2015

Presented in 18th Topical Meeting of the Radiation Protection & Shielding Division of ANS, September
14-18, 2014, Hilton Downtown, Knoxville, TN, USA.
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3.14 Indirect Measurement of Field Emission Electron Current from the Main

Superconducting Cavities of Compact ERL at KEK

Hiroshi Matsumura', Hajime Nakamura!, Akihiro Toyoda!, Ken-ichi Hozumi', Hiroshi Sakai'!, Kazuhiro
Enami', Takaaki Furuya!, Masato Satoh!, Kenji Shinoe', Kensei Umemori', Kaiichi Haga', Shogo
Sakanaka', Masaru Sawamura® and Enrico Cenni®

'KEK, 2JAEA, 3The Graduate University for Advanced Studie

The field emission currents from the main superconducting cavities (Cavities #3 and Cavity #4) of
compact ERL at KEK, Japan could be estimated indirectly from photon dose rates measured around the
cavities and on the roof of the compact ERL room. The field emission current estimated from the photon
dose rates measured around the cavities agreed well with those on the roof of the compact ERL room. The
field emission currents increased steeply with the applied voltage. The field emission currents
corresponding to the applied voltages were different between Cavities #3 and Cavity #4. It was found that
the field emission current that exceeded 1 pA was observed at 13.5 MV for Cavity #3 and at 15.5 MV for

Cavity #4. This result was used for considering unexpected loss of the field emission electrons.

3.15 Initial Test Determination of Cosmogenic Nuclides in Magnetite

Hiroshi Matsumura!, Marc W. Caffee?, Keisuke Nagao®, Kunihiko Nishiizumi*

'KEK, ?Purdue University, *University of Tokyo, “UC Berkeley

Long-lived radionuclides, such as '°Be, 2°Al, and *°Cl, are produced by cosmic rays in surficial materials
on Earth, and used for determinations of cosmic-ray exposure ages and erosion rates. Quartz and
limestone are routinely used as the target minerals for these geomorphological studies. Magnetite also
contains target elements that produce abundant cosmogenic nuclides when exposed to the cosmic rays.
Magnetite has several notable merits that enable the measurement of cosmogenic nuclides: (1) the target
elements for production of cosmogenic nuclides in magnetite comprise the dominant mineral form of
magnetite, Fe3O4; (2) magnetite can be easily isolated, using a magnet, after rock milling; (3) multiple
cosmogenic nuclides are produced by exposure of magnetite to cosmic-ray secondaries;, and (4)
cosmogenic nuclides produced in the rock containing the magnetite, but not within the magnetite itself,
can be separated using nitric acid and sodium hydroxide leaches.

As part of this initial study, magnetite was separated from a basaltic sample collected from the Atacama
Desert in Chili (2,995 m). Then Be, Al, Cl, Ca, and Mn were separated from ~2 g of the purified
magnetite. We measured cosmogenic 'Be, 2°Al, and 3°Cl concentrations in the magnetite by accelerator

mass spectrometry at PRIME Lab, Purdue University. Cosmogenic *He and 2'Ne concentrations of aliquot
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of the magnetite were measured by mass spectrometry at the University of Tokyo. We also measured the
nuclide concentrations from magnetite collected from a mine at Ishpeming, Michigan as a blank. The °Be
and **Cl concentrations as well as *He concentration produce concordant cosmic ray exposure ages of
~0.4 Myr for the Atacama basalt. However, observed high 2°Al and >'Ne concentrations attribute to those

nuclides incorporation from silicate impurity.

Presented in 2014 AGU Fall Meeting, December 15-19, 2014, San Francisco, CA, USA.

3.16 Design for the Radiation Protection of the compact ERL in KEK

H. Matsumura, Y. Kishimoto, T. Miura, K. Hozumi, K. Haga, S. Sakanaka, K. Nigorikawa,
S. Nagahashi and N. Nakamura
KEK

Energy-recovery linac (ERL) is a promising device for future X-ray light sources. In KEK, a 3-GeV ERL
facility is planned to be built for the X-ray light source. Before the construction of the 3-GeV ERL facility,
the new accelerator technology for ERL has to be demonstrated. For the demonstration, therefore, a
compact ERL was constructed on the ground level at the ERL test facility in KEK. The compact ERL
consists of Injector and Recirculating Loop. In this April, test operation of Injector was started. Further
test operation of the entire compact ERL combined with the Recirculating Loop is going to be started in
this fall. In this presentation, designs for the radiation protection of the compact ERL and measured

results of radiation from Injector and the main cavity in the test operation will be shown.

Presented in Seventh International Workshop on Radiation Safety at Synchrotron Radiation Sources
(RadSynch13) at the National Synchrotron Light Source, Brookhaven National Laboratory, Upton, NY
11973 USA May 8-10, 2013.

3.17 Material activation benchmark experiments at the NuMI hadron absorber

hall in Fermilab

H. Matsumura!, N. Matsuda?, Y. Kasugai?, A. Toyoda', H. Yashima?, S. Sekimoto®, H. Iwase',
K. Oishi*, Y. Sakamoto?, H. Nakashima?, A. Leveling’, D. Boehnlein®, G. Lauten’, N. Mokhov®, and K.
Vaziri®

'KEK, 2JAEA, *KUR, “Shimizu Co., SFNAL
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The NuMI hadron absorber, which consists of aluminum core plates and large iron and concrete blocks, is
located in the NuMI absorber hall at the Fermi National Accelerator Laboratory (Fermilab). Hadrons that
are produced by the bombardment of a graphite target with 120-GeV protons pass through a 675-meter
pion decay pipe and are stopped in the hadron absorber. In our previous study, distributions of radiation
fluxes behind the hadron absorber were indirectly measured by using metal foil activation method [1].
Radiation distribution contours on the back of the absorber showed two large radiation peaks. Those were
unexpected in the original radiation simulations of the absorber design. Voids between blocks and/or the
cooling-water pipes gaps are expected to be the cause of these two peaks. In this study, the distribution of
activation was calculated by using the latest version of MARSIS in order to explain the production the
two peaks. Furthermore, recoil radionuclides in the activation reactions were analyzed by gamma-ray

spectrometry and the results were compared with the MARS results.

presented in ND2013, New York, USA, March 4-8, 2013.

3.18 An optimization of magnetite dissolution method using oxalic acid for

cosmogenic nuclide exposure age dating

H. Matsumural, K. Sueki2, M. Matsumura2, K. Sasa2, K. Nishiizumi3
'KEK, 2Univ. of Tsukuba, UC Berkeley

The cosmogenic nuclide exposure age dating by accelerator mass spectrometry (AMS) of the long
half-life radionuclides produced in the rock on the earth surface by secondary cosmic rays is used for
geomorphological study etc. The determination of '°Be and 2°Al in quartz is a main method for the
cosmogenic nuclide exposure age dating. Here, we suggested the cosmogenic nuclide exposure age dating
using magnetite as a new method. In the magnetite method, it is possible that five nuclides (°Be, 2°Al,
36Cl, 4!Ca, and >*Mn) more than quartz method can be measured by AMS. In our previous study,
concentrations of '°Be and *Cl in magnetite separated from a basalt obtained at the Atacama Desert in
Chili were measured. A cosmic-rays exposure age could be obtained from the 'Be and 3°Cl
concentrations and it was confirmed that the magnetite method is effective. However, improvement in
initial magnetite dissolution was required due to long dissolution time and large solution volume.

Therefore, in this study, magnetite dissolution conditions were optimized by dissolution examinations
using commercial magnetite. The optimized solution, temperature, and time for 1-g magnetite are 15-mL

aqueous solution of 5-g oxalic acid dihydrate, 70°C, and 6 days, respectively.

Presented in 2014 Annual Meeting of the Japan Society of Nuclear and Radiochemical Sciences/ The 58th
Symposium on Radiochemistry, Nagoya, Japan, Sep11-13, 2014.

-37-



4. Environmental and Analytical Chemistry at Accelerators
4.1 Adsorption Behavior of Metal Ions on Metal-Oxide Colloids in Water.

N. Kanaya!, K. Bessho?, S. Katsuta!, H. Monjushiro?
Chiba Univ., 2’KEK

At high-energy accelerator facilities, it is an important subject that metal-oxide colloids in cooling-water
collect radionuclides and circulate through the cooling-water systems. The adsorption behavior of Be(Il)
on CuO nanoparticles dispersed in water was studied as a model for colloid formation of radioactive "Be
nuclides in the cooling water used for electromagnets at high-energy proton accelerator facilities.
An aqueous Be(II) solution and commercially available CuO nanoparticles were mixed, and the
adsorption of Be(II) on CuO was quantitatively examined. From a detailed analysis of the adsorption data
measured as a function of the pH, it was confirmed that Be(Il) is adsorbed on the CuO nanoparticles by
complex formation with the hydroxyl groups on the CuO surface (>S-OH) according to the following
equation:

n>S-OH + Be* ==  (>S-0),Be®”* +nH* n=2,3) S : CuO solid surface.
The surface-complexation constants corresponding to the above equilibrium, B2 and f3), were
determined for four types of CuO nanoparticles. The f2) value was almost independent of the type of
nanoparticle, whereas the f3 values varied with the particle size. These complexation constants
successfully explain "Be colloid formation in the cooling water for electromagnets at the 12-GeV proton
accelerator facility, KEK.
Furthermore the partition behavior of various metal ions to nanoparticles of several metal oxides (Al,Os,
TiO,, Fe;03, CoO) and SiO; in water was quantitatively evaluated. The distribution ratio of metal ions
between the nanoparticle phase and the aqueous solution phase was measured as a function of pH, and the
complexation equilibria between metal ions and the surface hydroxyl sites were analyzed. Based on the
complexation constants obtained, the factors governing the interaction of metal ions with metal oxides
were discussed. The characteristics obtained by our study are useful for understanding the mechanism in

complexation between metal-oxide colloids and metal ions in water.

Table 1 Surface complexation constants (fs2), Hs,3) for the adsorption of Be(II) on four kinds of CuO

nanoparticles dispersed in water. [Ref. 1]

CIK 2810NH US3063 US3065
log 3, —4.03+0.12 —3.82+0.09 —436+0.22 —4.03+0.06
log £ —5.17£0.05 —5.44+0.11 —6.13+0.13 —6.10 = 0.08

[1] K. Bessho, N. Kanaya, S. Shimada, S. Katsuta, H. Monjushiro, Anal Sci., 30, 1069-1074 (2014)
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4.2 Development of UV Photoelectron Yield Microscope for Photoemission

Imaging of Metal Surface

H. Monjushiro

KEK

Work function of metals and semiconductors is an
important physical quantity to reflect the surface state
of electronic devices and metallic materials and is
sensitive to defects and surface compositions.
However, it is difficult to measure a two-dimensional
image of work function of materials under air. The
purpose of this study is to develop a UV photoelectron
yield microscope for the work function imaging of
materials under air condition.

The schematic illustration of the constructed
microscope system is shown in figure. Ultraviolet
light from UV lamp is focused by a reflective
objective lens and irradiating the sample surface.
Photoelectrons emitted from the sample surface is
detected by a pico-ammeter. The UV photo-emission
yield image is obtained by collecting the photocurrent
form sample surface with synchronized X-Y stage

scanning.

D2 Lamp
Quartz Lens
Filter
Pin-hole =gﬂ)
Half-Mirror
< V cCD
Reflective
Ammeter Objective
PC Sample
X-Y:Stage
I—Controller

Figure : Schematic illustration of ultraviolet

photoelectron yield microscope

The UV photo-emission images were obtained for several kinds of metals such as gold, copper, and

aluminum etc. The spatial resolution is determined by the pinhole size and the objective lens and

was estimated to be less than 10 micrometer.

This study was partially supported by the Ministry of Education, Science, Sports and Culture,
Grant-in-Aid for Challenging Exploratory Research, 23655075.
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4.3 Development of Direct Raman Imaging Microscopy by using a Pair of Tunable

Band-Pass Filters

Raman imaging spectroscopy has
become one of the key analytical tools
for an extremely diverse range of
applications such as biology, material
sciences, etc. However, with a point
mapping method, it takes enormous
amount of time to get an image with
high-resolution and wide spacial range.
In this study, a Raman direct imaging
system with global laser illumination
was constructed by using a pair of

tunable band-pass filters and a CCD

camera. The schematic diagram of the

constructed imaging system is shown

H. Monjushiro
KEK

CCD Camera

Transmittance

Notch Filter

<>

ISpectrometer

L L
550 600 650
wavelength { nm

Beam Expanding System $

Nd:YAG Laser

(\'Tunable Band-

(\, pass Filetrs

Edge Filter

Beam Splitter

Objective Lens
532nm

LED Light

Sample

Figure : Direct Raman imaging system

in figure. The global illumination of sample surface was achieved by a defocusing lens, and Raman

scattering image was captured by a CCD camera. A pair of tunable band pass filters was used to select the

transmission wavelength and its range. In this system, the transmission wavelength range was tuned by

controlling the angles of tunable band-pass filters. The direct Raman images at different wavelength were

successfully obtained for the mixed sample of sulfur and niobium oxide on mionium metal surface.

This study was partially supported by the Ministry of Education, Science, Sports and Culture,
Grant-in-Aid for Challenging Exploratory Research, 25620120.
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4.4 Quantitative Analysis of Chemical Composition of Electro-polishing Solution

for Niobium Surface Treatment by FT-Near-Infrared Absorption Spectroscopy

H. Monjushiro, M. Sato, and M. Sawabe
KEK

Electro-polishing (EP) procedure is one of the most important process in the fabrication of
superconducting radio frequency accelerators, because the performance of the accelerator is strongly
dependent on the surface finishing of the niobium cavity. However, the quality control of the electrolyte
solution (conc. H,SO4 + conc. HF, volume ratio = 9 : 1) for EP process is difficult to realize due to the
difficulty in in-situ chemical analysis of the solution. In this study, Near-Infrared (NIR) absorption
spectroscopy is applied to the chemical composition analysis of the EP solution. The NIR spectra of EP
solutions with various compositions (changing H,SO4 : HF : H,O ratio) were collected by using a
home-made liquid flow cell with sapphire windows. The obtained spectra were analyzed by using
chemometorics software “TQ Analyst”. Figures show the relation between chemical compositions of HF,
H>O and H»SO4 and those determined by PLS analysis of NIR spectra. It is clear that the chemical

composition of EP solutions could be precisely determined by NIR spectroscopy.

. —— T 25 T T T T T T T T
L 95 _
3t . ES
) S 20F 1 =t
=S = F ~ 90 N
Zat 1 5150 1 2.0
) B =5T ]
S S 10k 1 g
L2 o 7]
= | ) ] S £S | ]
g1 =t ' 80
o ] 75|
o N _
0 Lo T A R TN B [ B R T
0 1 2 3 5 10 15 20 25 75 80 85 90 95
HF / wt% H20/wt% HZSO4/WT%

Figure : Relation between chemical compositions of HF, H20 and H2SO4 and those determined by

PLS analysis of NIR spectra
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4.5 Identification of Chemical

Species

in  Chemical-Polishing Solution

(HNO3/HF/H3POy4) during Niobium Surface Treatment by Raman Scattering

Spectroscopy

H. Monjushiro, M. Sato, and M. Sawabe

Chemical-polishing (CP) procedure is one of
the most important process in the fabrication
of  superconducting  radio frequency
accelerators, because the performance of the
accelerator is strongly dependent on the
surface finishing of the niobium cavity.
However, the chemical reactions and the
chemical products during the CP process have
been still ambiguous. In this study, chemical
species in the CP solutions immediately after
CP process were identified by Raman
scattering spectroscopy. In the CP solution just
after CP procedure, chemical species of N>O4

and N>O; were identified as reaction products

KEK

200000

100000

Nb dissolved BCP solution
Nb:21.1gL -

time course of spectrum

Raman Shift/ cm™

Figure : Time-course of Raman spectra of CP

solution after etching procedure of Nb metal

and these species gradually decreased in the solution as shown in figure. Also there observed NbFs

species as the main chemical etching reaction product. It is clear that the chemical species and the

reaction scheme of CP process could be determined by Raman spectroscopy.
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5 Research related to Accident of Fukushima Daiichi Nuclear Power
Station

5.1 Measurements related to Accident of Fukushima Daiichi Nuclear Power

Station

Radiation Science Center, KEK

Just after the accident of Fukushima Daiichi Nuclear Power Station, the Radiation Science Center, KEK,

began several measurements to monitor radioactivties originating from the power station. The

measurements were as follows.

1) Realtime monitoring of time variations in dose rate and gamma-ray spectrum of radionuclides
originating from the power station.

2) Mesurements and analysis of radionuclides in air sampled with filters.

3) Measurements of dose levels along the Joban, Banetsu and Tohoku Expressways from Tsukuba city to
Fukushima city.

4) Measurements and analysis of radianuclides in drinking water and rains in KEK.

5) Measurements and analysis of food and environmental materials coraborated with Fukushima
Agricultural Technology Center, Fukushima Prefectural Forestry Research Center and Fukushima

Prefectural Fisheries Experimental Station.

The results of these were published in real time or periodically on the Web pages of KEK.

5.2 Radiation measurement related to Fukushima Daiichi Nuclear Power Plant
Accident in KEK Tsukuba campus

Y. Namito, K. Iijima, A. Toyoda, T. Sanami, S. Sasaki, K. Masumoto, S. Ban and H. Hirayama
KEK

Radiation measurements related to Fukushima Daiichi Nuclear Power Plant Accident in KEK Tsukuba
campus were performed since 14 March 2011. Dose rate inside the campus were measured using survey
meter and the effect of surface condition was investigated. Activity in soil, dry grass, filter paper for
smearing was measured to obtain activity of each radioactive nuclide. Continuous measurement of dose
rate was done using area monitor. Measurement of activity in air was done in collaboration with National

Institute for Environmental Studies
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Fig. Map of KEK Tsukuba campus. Dose rate was measured at points 1 to 15, smearing was done at
points A to J, and soil sample was obtained at points 0 and i to v. Figure of right-hand-side shows

variation of dose rate from Mar 2011 to December 2011.

Published in Isotopenews Vol. 698 No.6, §-14 (2012). In Japanese.

5.3 Measurement of radiation and radioactivity in KEK Tsukuba-campus after

Fukushima No. 1 Nuclear Power Plant accident

H. Nakamura, Y. Namito, A. Toyoda, K. Iijima and K. Hozumi
KEK

The radioactivity released by the Fukushima Daiichi No.l Nuclear Plant accident was measured at the
Tsukuba-campus of the High Energy Accelerator Research Organization (KEK). The Tsukuba-campus is
located ~165 km south-southwest of the Fukushima nuclear plant. We set up several measurement points
in the Tsukuba-campus and measured the time variation of the radiation dose over a year by using a Nal
survey meter and a LaBr3 spectrometer. We measured the radioactivity concentrations in soils and dried
grasses by using a germanium semiconductor detector with In-Situ Object Calibration Software (ISOCS).
On April 1, 2011, the dose rate without a roof was ~50% higher than that with a roof owing to rain. With
regard to the difference on the ground surface, on April 11, 2011, the dose rate on turf was 20% higher

than that on tiles. However, since the end of May 2011, it became lower than that on tiles. On March 18,
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2011, the radioactivity concentration of '*'T in dried grasses and in soils was 109 and 0.8 Bgq/g,
respectively. On March 18, 2011, the radioactivity concentration of 134Cs and 137Cs in soils was 0.04

and 0.03 Bg/g, respectively; on April 1, 2011, the radioactivity concentration was 0.11 and 0.11 Bq/g,

respectively.

Presented at ICRS-12

5.4 A Study on Personal Dosimeter for Widely Distributed 3*Cs and 3’Cs

H. Hirayama
KEK

Personal dosimeters used at Fukushima et al. to measure exposure dose of individuals was studied by
using electron photon Monte Carlo code EGSS.

Personal dosimeters are used to measure the operation quantity, Hp(10). However, in the case of exposure
from radionuclide like **Cs or '3’Cs distributed widely near the ground surface, photons enter to the
human body with mainly slightly small angle than 90 degrees uniformly from all directions. From this

study, it was found that the recorded dose in personal dosimeter was corresponding to equivalent dose as

the results.

10"

I

D

—e—|CRU 0.1MeV
O EGS50.1MeV

—=— |CRU 0.5MeV
O EGS5 0.5MeV

—+— |CRU 1MeV
A EGS5 1MeV

Hp,slab(10,0) Sv/icm?

10-13

0 10 20 30 40 50 60 70 80
Angle a(degrees)

Comparison of Hp,slab(10,a) between egs5 result and ICRU data.

Error bars mean statistical uncertainty of calculation.
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Personal dosimeter response in front of adult Cristy phantom

from widely distributed '**Cs and '*’Cs.

Errors in table are statistical uncertainty of calculation.

Cs-134 1Bg/cm?, uSv/h

at 100cm height, =1 g/cm?

H'(10) (A) 0.0558 =+ 3.3E-05 Ratio to A
Rotation Effective Dose 0.0369 + 2.2E-05 0.661
Isotropic Effective Dose 0.0308 =+ 1.9E-05 0.553
Personal Dosimeter on Adult Cristy phantom 0.0385 =+ 0.00061 0.690
Effective Dose 0.0385 0.690

at 100cm height, surface distribution

H'(10) (A) 0.0857 =+ 5.7E-05 Ratio to A
Rotation Effective Dose 0.0569 =+ 3.9E-05 0.664
Isotropic Effective Dose 0.0478 =+ 3.3E-05 0.558
Personal Dsimeter on Adult Cristy phantom 0.0595 =+ 0.00087 0.694
Effective Dose 0.0589 0.687

Cs-137 1Bg/cm?, uSv/h
at 100cm height, =1 g/cm?

H'(10) (A) 0.0206 = 1.1E-05 Ratio to A
Rotation Effective Dose 0.0135 + 7.5E-06 0.655
Isotropic Effective Dose 0.0112 £+ 6.3E-06 0.544
Personal Dsimeter on Adult Cristy phantom 0.0142 =+ 0.00022 0.689
Effective Dose 0.0140 0.680

at 100cm height, surface distribution

H'(10) (A) 0.0313 + 1.0E-05 Ratio to A
Rotation Effective Dose 0.0207 + 1.3E-05 0.661
Isotropic Effective Dose 0.0173 £ 1.1E-05 0.553
Personal Dsimeter on Adult Cristy phantom 0.0214 =+ 0.00032 0.684
Effective Dose 0.0212 0.677

Published in RADIOISOTOPES, Vol.62, No.6, pp335-345 (2013). (in Japanese)
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5.5 Study of Gamma-ray Spectrum at 1m from Radionuclide Widely Distributed
on Soil Surface Region by using egsS Monte Carlo Code

H. Hirayama, T. Sanami and Y. Namito

KEK

Gamma-ray Pulse-height distribution from widely distributed Cs-134 and Cs-137 calculated by egs5
using transformation of a system of plane isotropic source and unit sphere detector into a system
consisting of point isotropic source and

plane detector was compared with

10°
s
measured one. Results almost agree
. =
well both in the spectrum shape and S -
2] e YO
absolute value. Spectra at 1m height § B
[0} -
. o =
from widely distributed I-131, Cs-134 Fi \
2 10" L. | ¢ Meas.-BG/1.6
and Cs-137 were studied by using egs5 5 ° egs5 (p=0.9gfem’ p=1.0g/cm’) v
o T egs5 (p=0.99/cm2,]3=1 .Gg/sz} -
calculation. It becomes clear that the * egs5 (p=0.9g/cm®,=2.5g/cm’)
10° j i
contribution of scattered gamma-rays is 0 02 04 06 08

. C . Energy (MeV)
dominant within total gamma-ray flux.

Contribution of scattered gamma-ray to
ambient dose equivalents and effective

dose was also studied. Comparison of pulse-height distribution between

measurement and egs5 calculation.

Gamma-ray flux at Im height from radionuclide distributed widely with density of 1Bg/cm?.

Gamma-ray(photons/cm?/sec)

- . - - B
Distributed on surface Exponential depth distribution with attenuation length f(g/cm”)

Radionuclide p=0.5 p=1.0 p=3.0
Total 391 (0.05%) 3.18  (0.05%) 2.90 (0.05%) 231 (0.05%)
I-131 Un-scattered 1.95  (0.07%) 1.28  (0.05%) 1.05  (0.05%) 0.668 (0.06%)
Scattered 1.96  (0.07%) 1.90  (0.07%) 1.85 (0.06%) 1.64  (0.07%)
Total 8.81  (0.06%) 722 (0.05%) 6.61 (0.05%) 5.38  (0.05%)
Cs-134 Un-scattered 4.60  (0.07%) 3.11  (0.06%) 2.59  (0.06%) 1.71  (0.06%)
Scattered 421  (0.08%) 411 (0.07%) 4.02  (0.07%) 3.67 (0.07%)
Total 336 (0.06%) 2.76  (0.05%) 252 (0.05%) 2.05 (0.05%)
Cs-137 Un-scattered 1.75  (0.07%) 1.18  (0.06%) 0.98 (0.06%) 0.646  (0.06%)
Scattered 1.61  (0.07%) 1.58  (0.07%) 1.54  (0.06%) 1.41  (0.07%)
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Ambient dose equivalent rate at 1m height from radionuclide distributed widely with density of 1Bg/cm?.

Ambient dose equivalent rate(pSv/h)

- . - - 3
Distributed on surface Exponential depth distribution with attenuation length f(g/cm”)

Radionuclide p=0.5 p=1.0 p=3.0
Total 0.0228  (0.06%) 0.0172  (0.05%) 0.0151  (0.05%) 0.0112  (0.05%)
I-131 Un-scattered 0.0159  (0.09%) 0.0104  (0.06%) 0.00857  (0.06%) 0.00548  (0.06%)
Scattered 0.00697  (0.1%) 0.00672  (0.09%) 0.00650  (0.08%) 0.00570  (0.08%)
Total 0.0852  (0.07%) 0.0636  (0.06%) 0.0558  (0.06%) 0.0414  (0.06%)
Cs-134 Un-scattered 0.0647  (0.08%) 0.0437  (0.06%) 0.0365 (0.06%) 0.0241  (0.06%)
Scattered 0.0205  (0.1%) 0.0198  (0.1%) 0.0193  (0.1%) 0.0173  (0.09%)
Total 0.0312  (0.06%) 0.0233  (0.05%) 0.0204 (0.05%) 0.0152  (0.06%)
Cs-137 Un-scattered 0.0235  (0.07%) 0.0159  (0.06%) 0.0132  (0.06%) 0.00870  (0.06%)
Scattered 0.00768  (0.1%) 0.00746  (0.1%) 0.00725  (0.09%) 0.00651  (0.1%)

Published in Trans. At. Energy. Soc. Jpn., Vol.12(2013)222-230. (in Japanese)

5.6 Estimation of Radionuclide Concentration in Plume by using Measured Pulse
Height Distribution of LaBrs Scintillation Detector and Response for

Radionuclide in Plume Calculated with egs5

Hideo Hirayama, Hiroshi Matsumura, Yoshihito Namito and Toshiya Sanami

KEK

Method was presented to estimate radionuclide concentrations included in plume by using measured pulse
height distribution of LaBr; scintillation detector and its calculated response in plume with egsS5.
Radionuclide concentration was estimated from the ratio between the peak counts rate corresponding to
each radionuclide in measured pulse height distributions on expressway on March 15 and calculated one
from each radionuclide included uniformly in plume by using egs5 Monte Carlo code. The pulse height
distribution reconstructed based on estimated concentrations agrees well with measured one at the time

that the contribution from radionuclides deposited on ground surface et al. is negligible.

Published in Trans. At. Energy. Soc. Jpn., Vol.12 (2013) 304-310. (in Japanese)
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Comparison of LaBr3 pulse-height distribution between measurement at Koriyama-higashi IC at

15:25 May 15, 2011 and egs5 calculations.

Estimated upper limit concentration of radionuclides inside plume

Concentration of radionuclide Bq/cm3

Nuclide Adatara SA (15:03) Motomiya IC (15:11)
100m plume = 200m plume  500m plume = 100m plume | 200m plume | 500m plume
Te-132 0.00224 0.00209 0.00206 0.00732 0.00683 0.00675
[-131 0.00190 0.00173 0.00169 0.00564 0.00514 0.00503
[-132 0.00290 0.00245 0.00226 0.00966 0.00814 0.00749
Xe—-133 0 0 0 0 0 0
Cs—136 0.000102 0.0000867 0.0000810 0.000418 0.000355 0.000331
Cs—134 0.000268 0.000237 0.000227 0.00105 0.000924 0.000888
Concentration of radionuclide Bq/cm3
Nuclide Koriyama—higasi IC (15:25) Miharu PA (15:33)
100m plume = 200m plume  500m plume = 100m plume | 200m plume | 500m plume
Te-132 0.0103 0.00962 0.00952 0.00425 0.00396 0.00392
[-131 0.00847 0.00772 0.00755 0.00374 0.00340 0.00333
[-132 0.0138 0.0116 0.0107 0.00559 0.00471 0.00434
Xe—-133 0.120 0.118 0.118 0.03306 0.03238 0.03238
Cs—136 0.000418 0.000355 0.000331 0.000158 0.000134 0.000125
Cs-134 0.00170 0.00150 0.00145 0.000945 0.000835 0.000802
Concentration of radionuclide Bg/cm®
Nuclide Funahiki-Miharu IC (15:42) Abukuma-kogen SA (15:51)
100m plume = 200m plume  500m plume = 100m plume | 200m plume | 500m plume
Te-132 0.00353 0.00329 0.00325 0.00285 0.00266 0.00263
[-131 0.00329 0.00300 0.00293 0.00212 0.00193 0.00189
[-132 0.00478 0.00402 0.00370 0.00345 0.00291 0.00268
Xe-133 0.0317 0.0311 0.0311 0.0124 0.0122 0.0122
Cs—136 0.000195 0.000166 0.000155 0.000102 0.0000867 0.0000810
Cs—134 0.000733 0.000647 0.000622 0.000697 0.000616 0.000592
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5.7 Estimation of I-131 Concentration by using Time History of Pulse Height
Distribution at Monitoring Post and Detector Response for Radionuclide in

Plume

H. Hirayama!, M. Kawasaki', H. Matsumura',T. Ohkura?, Y. Namito!, T. Sanami', M. Taki?,
T. Oishi? and Yoshizawa?

'KEK, 2JAEA,

A method was presented to deduce I-131 concentration contained in a radioactive plume from time
history of peak count rates that were obtained from pulse height spectra of Nal(T1) scintillation detector
employed as a detector of a monitoring post. The contribution on the count rates from I-131 attached
around the monitoring post was subtracted according to the time history with considering cumulative
attachment and its decay. The concentrations of I-131 contained in the plumes were estimated from the
count rates by using calculated response of the Nal(Tl) detector with egs5 for a model of a plume
containing I-131 uniformly. This method was applied to the data of the monitoring posts at Nuclear
Science Research Institutes of Japan Atomic Energy Agency (JAEA). Estimated time history variation of
I-131 concentrations in plumes was in fair agreement with those measured directory by an air sampling
method. The difference was less than a factor of 4 for plumes that arrived at March 15 and at March 21

showing relatively high I-131 concentrations among the others studied in this paper.

1.2 T T T T T T T

—o—n'
Tr O d=(n, 5(d, x exp(-(i-1-k)t 1) x f
—"—Z(dk X exp(-(i-k)tck))

—h— pi=ni'-2(dk X exp(-(i-k)tcx))

Peak count rates (cps)
o
[o)]

04}
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Om * 1 1 T = P
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Published in Trans. At. Energy. Soc. Jpn., Vol. 13 (2014) 119-126. (in Japanese)
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5.8 Estimation of Time History of I-131 Concentration in Air Using Nal(Tl) Pulse
Height Distribution at Monitoring Posts of Fukushima Prefecture

H. Hirayama, H. Matsumura, Y. Namito, T. Sanami

KEK

Time histories of I-131 concentration in air at the monitoring posts of Fukushima prefecture during March
2011 were estimated using pulse height distribution of Nal(Tl) detector which was opened to the public.
Several corrections to the pulse height distribution were necessary due to high count rates. The
contribution on the count rates from I-131 attached around the monitoring post was estimated according
to the time history of peak count rate with the method proposed by the authors et al. The concentrations of
[-131 in air were converted from the peak count rates using calculated response of the Nal(T1) detector
with egs5 for a model of a plume containing I-131 uniformly. The obtained time histories of I-131
concentration in air at the fixed point in March 2011 were first ones in Fukushima prefecture. The results
at 3 monitoring posts, Naraha-town Shyoukan, Hirono-town Futatunuma and Fukushima-city
Momijiyama, which can be analyzed during almost whole March show that the plume including I-131
was arrived after March 15. The results at other monitoring posts near Fukushima Daiichi Nuclear Power
Station are used to understand the plume diffusing at the beginning period of the accident before March
15.

The I-131 time-integrated concentration in air at several monitoring posts were compared with those
given in UNSCEAR 2013 ANNEX A which were obtained using estimated time dependent release rates
to atmosphere. Agreement between both results varies depending on each place compared due to the large
uncertainties in the estimated release rate used in UNSCEAR. The results obtained in this study can be

used to increase the accuracy of the time dependent release rate estimation.
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5.9 Filtering effect to radioactive plume in evergreen forest

K. Takahashi And T. Miura
J-PARC, KEK

A lot of Fission Product was released to environment from Fukushima No.l nuclear power plant. After
the disaster, radioactive material within Fission Product moved in radioactive plume. Radioactive plume
came to Japan Proton Accelerator Research Complex (J-PARC) site in Tokai village on March 15.
Observed dose rate was 5 pSv/h or more at radiation monitoring post. J-PARC site was contaminated by
radioactive materials that deposited from radioactive plume.

Generally, main cause of radioactive materials deposition is wet deposition by rainfall with radioactive
plume. But, wet deposition can’t explain radioactive material deposition in some case. For example, high
density deposition exists around forests. Because we measured dose rate on our site, we knew high dose
rate area exists around evergreen forests. We guess, forest has effect to the deposition. So, we measured
evergreen forests particularly.

We confirmed radioactive materials deposition about one tree. We think high dose rate area around forest
might be caused by dry deposition. It might be related to surface area of objects inside stream of
radioactive plume. Evergreen forests have big surface area by leaf in March on Japan. So we measured
there.

We measured a characteristic pine tree. This tree is short, has high density leaf, has no shield around tree.
We can get detail of dose rate distribution easily about this tree. Nevertheless we couldn’t get significant
dose rate data around the leaf. On the other hand, we found high dose rate area on soil under the tree. The
distribution was off-centered distribution. High Dose rate area was 3 uSv/h. Low dose rate area under the
tree was 1.5 pSv/h. Surface of soil around tree not covered by leaf dose rate was 1.5 uSv/h or less. And
high dose rate area was North-East part of the tree. Some radiation monitoring data and weather
monitoring data indicate radioactive plume came there with North-East wind.

We surveyed in evergreen forest. Dose rate on soil surface was 1 pSv/h. Though, dose rate in North-East
edge of the forest was higher than other area. The dose rate was 2 pSv/h or more.

In conclusion, radioactive plume was caught by shallow position of forest. And the radioactive materials

drop on soil under the tree by rain wash. We could check the filtering effect by soil surface survey.
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5.10 Radioactive cesium concentration of pond smelt (Hypomesus nipponesis) in

Lake Hibara, northern Fukushima Prefecture.

A. Tomiya!, M. Enooto!, G. Kawata', T. Iwakami', T, Ishida?, and K. Masumoto®
!, Fukushima Pref. Inland Water Fisheries Experimental Station, 2Fukushima Pref. Fishery Div.
SKEK

Huge amount of radionuclides containing radioactive cesium ('**Cs and '"’Cs) were emitted into
environment by the accident of the Fukushima Dai-ichi Nuclear Power Plant of the Tokyo Electric Power
Company. Radioactive cesium concentrations above the Japanese regulatory limit 100 Bq/kg-wet have
been detected from the pond smelt (Hypomesus nipponesis) caught in Lake Hibara after the accident.
Therefore, we started monitoring the radioactive cesium concentrations of water, sediments and aquatic
organisms (e.g., zooplankton, larvae of benthic animal and pond smelt) sampled from Lake Hibara and its
adjacent river to understand the radioactive cesium contamination the food chain.

137Cs concentrations of river water were almost under detection limit, while those of lake water ranged
from 0.007 to 0.091 Bg/L. ¥’Cs concentrations of river sediments in rivers and the lake respectively
ranged from 42 to 1,901 Bg/kg-wet and from 23 to 3,600 Bq/kg-wet. Radioactivity in various samples
such as zooplankton, benthic animal and benthic animal excrement were detected by using the Imaging
Plate. Data in the Imaging Plate suggested that the higher '*’Cs concentrations of pond smelt were found
in samples with larger total length.

137Cs concentrations of pond smelt in Lake Hibara showed the maximum of 460 Bg/kg-wet in May, 2011
and rapidly decreased to a few tens of Bg/kg-wet after October 2012. The negative linear correlation
between '*’Cs concentrations of pond smelt and percent age-0 fish suggests that the change of generation

was the major factor of this rapid decreased of '3’Cs concentrations.
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H. Uehara, D. Moriguchi, T. Kajimoto, K. Hirabayashi, H. Hirano, T. Nishizawa, N. Shigyo, Y. Uozumi, D.
Satoh, T. Sanami, Y. Koba, M. Takada, N. Matsufuji, “Measurement of vy-ray-Production
Double-Differential Cross Sections for 290 MeV/u Oxygen Ion Incidence, Proceedings of the 2011
Symposium on Nuclear Data, November 16-17, 2011, Ricotti, Tokai, Japan, JAEA-Conf 2012-001, pp135.

Y. Unno, T. Sanami, M. Hagiwara, S. Sasaki, T. Kurosawa, “Application and Validation of EGS5
Code to Eastimate Detection Efficiency of Multi-cascade Nuclides”, Proc. the 19th EGS Users’

Meeting in Japan, KEK Proceedings 2012-7, 10-15 (2012).
A. Kanai, Hagiwara, K. Seki, T. Miura, “Measurements of radioactivity in the concrete wall of the
J-PARC accelerator tunnel and their distribution in depth”, Proc. The 13th Workshop on

Environmental Radioactivity, KEK Proceedings 2012-6 (2012) p.263, in Japanese
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4. Reports (2012.1.1~2012.12.31)
(1) dEfE, PR, epkEge, BIFTYERER, SCERMUBRF I @ b2 2 B A -2011 -,
KEK-Internal 2012-3

Q) HEF—, BEE—, EMZ, AL, TRERER, AR, A2, TR—, HF51,
Vel ek, Vex RIE—, @R —, @G48, R, BHERL, ST, "B E s
2011 4EF£-", KEK Internal 2012-8 (2013).

(3) T. Matsumoto, A. Masuda, H. Harano, Y. Unno, M. Hagiwara, T. Sanami, Y. Shikaze, Y. Tanimura,
M. Yoshizawa, M. Baba and K. Mizuhashi, “Measurements of Low Energy Neutron Spectra of
Quasi-Monoenergetic Neutron Fields at TIARA”, JAEA-Review 2012-046, p. 147.

(4) Y. Iwamoto, M. Hagiwara, N. Matsuda, N. Shigyo, T. Nishizawa, T. Sanami, H. Nakashima and Y.
Sakamoto, “Measurements of Neutron and Charged Particle Production Cross Sections on Be and Fe

Bombarded with 13 MeV/nucleon 2’°Ne Beam”, JAEA-Review 2012-046, p. 148.

(5) N. Shigyo, T. Nishizawa, K. Ishibashi, Y. Iwamoto, N. Matsuda, Y. Sakamoto and M. Hagiwara,
“Measurement of Thick Target Neutron Yields by 10 MeV Deuteron Incidence on Tungsten”,

JAEA-Review 2012-046, p. 149

5. Presentation at Conferences (2012.4.1~2013.3.31)
5.1 International Conference
(1) VCI2013, Vienna University of Technology(Gusshausstrasse 27-29 A-1040, Vienna, Austria, 2/11-15,
2013
1) S. Sasaki, Y. Kishimoto, K. Saito, K. Takahashi, T. Doke, K. Miuchi, T. Fuse, A. Nagamatsu, Y.
Uchihori, K. Terasawa, "Development of PS-TEPC (Position Sensitive Tissue Equivalent

Proportional Chamber)"

(2) Eleventh Meeting of the Task-Force on Shielding Aspects of Accelerators, Targets and Irradiation
Facilities (SATIF11), September 11-13, 2012, KEK, Tsukuba, Japan

1) K. Bessho, H. Matsumura, M. Hagiwara, K. Takahashi, A. Takahashi, K. Masumoto, H.

Monjushiro, Y. Oyama, T. Sekiguchi, Y. Yamada, “Origin and chemical behavior of radionuclides

observed in the cooling water for magnetic horns at the J-PARC neutrino experimental facility”
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5)

6)

7)

8)

9)

K. Masumoto, K. Takahashi, H. Nakamura, A. Toyoda, K. Iijima, K. Kosako, K. Oishi- F.
Nobubhara,, “Measurement of induced radioactivity in air and water for medical accelerators*

T.Sanami et al., “Neutron energy spectra for 120 GeV proton on target”

12th International Conference on Radiation Shielding (ICRS-12) & 17th Topical Meeting of the
Radiation Protection and Shielding Division of the American Nuclear Society (RPSD-2012), Nara,
Japan, September 2-7, 2012
K. Masumoto, H. liduka, S. Sato, K. Kuga, T. Fujibuchi, M. Sasaki, T. Fukumura, H. Nakamura, A.
Toyoda: “Shielding Effect of Self-Shielding Type Cyclotorons”
H. Matsumura, S. Sekimoto, H. Yashima, A. Toyoda, Y. Kasugai, N. Matsuda, K. Oishi, K. Bessho,
Y. Sakamoto, H. Nakashima, D. Boehnleine, G. Lautene, A. Leveling, N. Mokhov, K. Vaziri,
"Radionuclides in the Cooling Water Systems for the NuMI Beamline and the Antiproton
Production Target Station at Fermilab"
M. Hagiwara, H. Iwase, Y. Iwamoto, D. Satoh, T. Matsumoto, A. Masuda, H. Yashima, Y. Nakane,
H. Nakashima, Y. Sakamoto, A. Tamii, K. Hatanaka, T. Nakamura, “Shielding benchmark
experiment using hundreds of MeV quasi-monoenergetic neutron source by a large organic
scintillator.
A. Toyoda, H. Matsumura, K. Masumoto, S. Sekimoto, H. Yashima, N. Matsuda, Y. Kasugai, Y.
Sakamoto, H. Nakashima, G. Lauten, A. Leveling, N. Mokhov, K. Vaziri, K. Oishi, M. Kuroyanagi,
F. Nobuhara, K. Takahashi, "Comparison of Activity among Fluorescent Lamps and Light Emitting
Diodes Lamps Exposed to Secondary Particles in Accelerator Rooms" .
N. Matsuda, H. Matsumura, et al., "Activation detector measurements at the hadron absorber of the
NuMI neutrino beam line at Fermilab".
H. Nakashima, H. Matsumura, et al., "Research Activities on JASMIN: Japanese and American
Study of Muon Interaction and Neutron Detection"
Y. Namito, H. Nakamura, A. Toyoda, K. Iijima, Y. Kishimoto, T. Sanami, S. Ban and H.
Hirayama, "Calculation of gamma ray dose from ground surface source using the EGS5 code".
H. Nakamura, Y. Namito, A. Toyoda, K. Iijima, K. Hozumi, "Measurement of radiation and
radioactivity in KEK Tsukuba-site after the accident of Fukushima No.1 nuclear power plant".

H. Iwase, Y. Namito, H. Hirayama, "Implementation of egs5 physics into EM part of PHITS code".

10) M.Takada, Y.Namito, H.Hirayama, "Radiation scatter effect around public houses compared

between measurement and EGS simulation".

11) K. Takahashi, T. Miura, "Filtering effect to radioactive plume in evergreen forest".
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(4) Workshop on Computational Medical Physics, (2 Sep 2012, Nara Japan).

1)

Y. Namito, H. Iwase, and H. Hirayama, "Current status of EGS5 code".

(5) IEEE 2012 Nuclear Science Symposium (Anaheim, USA, Nov.1, 2012)

1

S. Sasaki, Y. Kishimoto, K. Saito, K. Takahashi, T. Doke, K. Miuchi, T. Fuse, A. Nagamatsu, H.
Matsumoto, Y. Uchihori and K. Terasawa, “A New Space Dosimeter, PS-TEPC: Position-Sensitive

Tissue-Equivalent Proportional Chamber”.

(6) ND2013, New York, USA, March 4-8, 2013.
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6))

H. Matsumura, N. Matsuda, Y. Kasugai, A. Toyoda, H. Yashima, S. Sekimoto, H. Iwase, K. Oishi, Y.
Sakamoto, H. Nakashima, A. Leveling, D. Boehnlein, G. Lauten, N. Mokhov, and K. Vaziri,
"Material Activation Benchmark Experiments at the NuMI Hadron Absorber Hall in Fermilab"

S. Sekimoto, H. Suzuki, H. Yashima, K. Ninomiya, Y. Kasamatsu, T. Shima, N. Takahashi, A.
Shinohara, H. Matsumura, M. Hagiwara, K. Nishiizumi, M. W. Caffee, and S. Shibata,

"Measurements of neutron cross sections for chromium and yttrium at 197 MeV" .

Invited Talk
T. Sanami, Radiation safety aspects for KEK electron accelerator complex and ongoing upgrade,

Seminar at Pohang Accelerator Laboratory, April 27, 2012

T. Sanami, Radiation shielding analysis and relevant data for electron accelerator, 2012 Japan-Korea
Joint Summer school on Accelerator and Beam Science, Nuclear Data, Radiation Engineering and

Reactor Physics

T. Sanami et al., “Systematics of Thick Target Neutron Yield for Reactions of Hundred GeV Proton

on Target”, ICRS12/RPSD-2012, 2-7 September 2012, Nara, Japan

T. Sanami, Radiation safety aspects for KEK electron accelerator complex and ongoing upgrade,
DAE-BRNS theme meeting on the Physics Aspects of Accelerator Radiation Protection, February
20-22, 2013, Multipurpose Hall, BARC Training School Hostel, Anushaktinagar, Mumbai 400094,
India.

T. Sanami, M. Hagiwara, Target mass dependency of light mass fragment energy spectra for
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intermediate energy proton induced reaction, International conference on Nuclear data for science

and technology, Sheraton New York Hotel & Towers, New York USA, March 4-8, 2013

5.3 Domestic Conference
(1) BRETMISRERRUL AR | RIBRET AU REPRTZERE R (18, 5/19-21)
1) SRHEFEAT, A, L, SRR, PEARTNZE, S. Xu, S. Freeman, “RAUd LR = ¥
129 DT IEDRR
2) ABJIHE —, RARFEAT, Mok, @iEss, KT8 —, MIUMES, MR @ B
137Cs,1291 D 13 O34T B D F5E”

(2) 56 B b Rtme R L3R, 2012 4210 A)
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VR RO R DR

(3) % 48] J-PRAC/MLF ¥ R w7 A (B, 2012 4F 10 )
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F Ty 7 AR OEI AT

(4) PR 24 4 KUR H9RFZES [RZEIE TROB T L i RRZE T (RURKF, 2012 48
12 A1)

) EEREL, CERE, PR, AR, BAW AT ud— SN v WAREE, TR
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DIZE

(5) WHENIY A = A7 2 2% (< IETH, 2013 4E 3 H)
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2) EHHE, ZEE, U, AR, RAG, A FT v — N U v 7 WA, TR
—BR, =R, =K, ARk, B, "CO B Lo ~DI 2 A4 U HiEICE
DRAY o =P S
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M D RE”

(7) KRREBREEFLE 53 EFES (9/12-14, #5)1))
1) 7, BARFFE, EmREL, B 8 SEMETT, B C, S TR S K& HF
D 5 55— JR 1 71 %8 FE T B i R S D e A fl

(8) HAMURMZEHERE 11 B RE (K, 12/4-6)
1) BHRL, PR, TR — R AT A OBF”
2) PEARNZE, MLECCHE, BRI E, KB, FEMIE, IESRBEHEMIC T 2 B RERE
iz oV T
3) A —, BT, BERIL, “KEKB MR OMRARIZAE 5 i e
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(ZFE D b o FR A

9) HAGHALFRE 61 2, (BIRKFAMF v 73X, 201249 H 19 H~21 H)
1) SCERPUERFHE, PEEFE, FROOTHH, “F o —F T ARy RS2 T 4 )V Z —& W= R R

DEET < oA A=V T

(10) 55 14 [n] TBREEHUTRE) AP0 (KEK, 2/26-2/28)
1) ERE EAREZ, IHBE & L&, fHEal, sz, @ REERceT 52909
X DR R A
2) TR, AR, BHERIL, B SSEET, BRSO, S Bl s hio R o
TR VERE R 15 55— IR 38 FE T M R R D TR MRS R O RE
3) A —, =R, B, BA—RR, @JFBCE, “J-PARC MNEER ko RN, ROVED
JEZ FU B b & & ORERIZE L

(11) 55 73 EISHP B2 AR ES (BERT, 9 A 11~14 B, 2012 4)

1) FAR $, ek H—, @t —8/, & BT, W 98 RO, Al WA, ks 5
I, OV AR —, AR A, AR OBDR, SN B, A = & B, NI R, deA
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W, GBS R, "ILE A R LI FH O PS-TEPC ver.2 O BHF&: IR (1"

(12) %5 27 [8] TH R s & 2 O | #F%E% (KEK, 2 H 5~7 H, 2013 4F)
1) A # T, ek H—, @ —8®, Bk JE & e, IR OFIE, il A, kiR %
1, GHEE 0, IREEA, R BIk, SN BRI, B4 = NIEER, EFE B, 1SS M
N C ORI 1A 7o A7 A B L F 4508 PS-TEPC D BRFE"

(13) 55 60 [S B A B AR (AR LRERS:, 3 A 27~30 H, 2013 4F)
1) A B, ek -, @t —8, Bk JE & e, SR OFIVE, e BN, kR %
F, GHRE R, AR WA, R OB, BN BRI, A4k = B OB, NI =R, bR
W, EE B, "ME AR BIEHEGE PS-TEPC ver.2 @ BRFERBLIV)"

(14) BAFFNFRKO RS (JREKRT: 2012/9/18-20)
1) R, IR R X —RFEAFHC LD 7T 7 A 2 MR B Wi A o HlE”

(15) 2012 Symposium on Nuclear Data (November 15,16, 2012, KURRI, Osaka)
1) T.Sanami et al., “Target dependency of light mass fragment production DDX for 6 MeV/u Carbon

induced reaction”

(16) W E K O%% T — Z IZB 3 2 0P8 CGRAL KRS, 2012 4212 A 21 H)
1) e, <H @ = 3oL ¥ —E 1 AFHT X 2 R4 s i f o &

(17) Bk RSTAN I & AR g > % —, 2013 452 H 15 H
1) e, “EEHRAMEEFICE T 2568 « M & b llE”

(18) BARJRF /17572 2013 BOFEE T#KT HKRIF ¥ 73X, 2013/3/26-28)
1) fEfifth, 72MeV RFEF 2T 5 Be,C,ALTIL,Cu DEEREARAEF A= pk — B W i F o0 1

2) FlgESR, iRk, “HiFRICIA < oA L7z 3Cs LY BCs IT K 2+ AT f v

(19) H A2 2012 4 FKFERE OREPEEFERT, 201249 H 10 H)
1) &), "DCBA (2 L 5 " HA_— 4 FREEEROIBLREHAAE XIV?,
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6. #MRE (2012.4.1~2013.3.31)
(1) (Edited) K. Bessho, K. Tagami, K. Takamiya, T. Miura: “Proceedings of the 13th Workshop on
Environmental Radioactivity, KEK Proceedings 2012-6 (2012).

(2) (Edited) Y. Namito, H. Hirayama, S. Ban,: “Proceedings of the 19h EGS Users’ Meeting in Japan,
KEK Proceedings 2012-7(2012).

(3) (Edited) S. Sasaki, Y. Kishimoto, M. Hagiwara, T. Sanami, K. Saito, K. Ilijima, H. Tawara:
“Radiation Detectors and their Users, KEK Proceedings 2012-8(2012).

7. Internal Reports of Radiation Science Center

HEHRREN 2 o 2 —TIELL T O X 5 2l e BhE, I N L 2B E O TSRt v
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7.4 CHEM-A QO124EE)

KIEE TR
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CHEM-A-12/11 JiE#s Ry FPOT AN N
CHEM-A-12/12  ##FK =R 7 7 A N—PEEERT &~ RO ST D 43T
CHEM-A-12/13  Jinigs P RSy Do
CHEM-A-12/14  JIE# R IR oy S 0 sl ki
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CHEM-A-12/17
CHEM-A-12/18
CHEM-A-12/19
CHEM-A-12/20
CHEM-A-12/21
CHEM-A-12/22
CHEM-A-12/23
CHEM-A-12/24
CHEM-A-12/25
CHEM-A-12/26

CHEM-A-12/27
CHEM-A-12/28
CHEM-A-12/29
CHEM-A-12/30
CHEM-A-12/31
CHEM-A-12/32
CHEM-A-12/33

8. FHIEHE

(1) Radiation and Life 2nd Ed. 2012 4= 6 H
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B8 4 JB A A M D 5y

Oy TRT VI F 2 o R—=T T O ED DT

VU AV BESE LD SEE LAl RO ST

HER HIEZEX V7 N T T 207 7T 2 PED Do

EBW MAHEVKHOFREY), 7 4 V2 —G5E D Ko DT

- 108 -



4.2 20134EfE
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Papers (2013.1.1~2013.12.31)
H. Yashima, S. Sekimoto, K. Ninomiya, Y. Kasamatsu, T. Shima, N. Takahashi, A. Shinohara, H.
Matsumura, D. Satoh, Y. Iwamoto, M. Hagiwara, K. Nishiizumi, M. W. Caffee, and S. Shibata,
“Measurements of The Neutron Activation Cross Sections for Bi And Co at 386 MeV”, Radiat Prot

Dosimetry first published online December 24, 2013 doi:10.1093/rpd/nct334

S. Sekimoto, T. Omoto, H. Joto, T. Utsunomiya, H. Yashima, K. Ninomiya, K. C. Welten, M. W.
Caffee, Y. Matsushi, H. Matsuzaki, R. Nakagaki, T. Shima, N. Takahashi, A. Shinohara, H.
Matsumura, D. Satoh, Y. Iwamoto, M. Hagiwara, K. Nishiizumi and S. Shibata, “Measurement of
cross sections for production of light nuclides by 300 MeV proton bombardment of Cu and Y”, Nucl.

Instrum. Meth. B 294, 475-478 (2013).

(3) V. Mares, C. Pioch, W. Ruhm, H. Iwase, Y. Iwamoto, M. Hagiwara, D. Satoh, H. Yashima, T. Itoga, T.

“)

(6))

(6)

Sato, Y. Nakane, H. Nakashima, Y. Sakamoto, T. Matsumoto, A. Masuda, H. Harano, J. Nishiyama,
C. Theis, E. Feldbaumer, L. Jaegerhofer, A. Tamii, K. Hatanaka and T. Nakamura, “Neutron
dosimetry in quasi-monoenergetic fields of 244 and 387 MeV”, IEEE Transactions on Nuclear

Science, 60 (1), 299-304 (2013).

H. Monjushiro, Y. Tanahashi, H. Watarai “Laser-photophoretic migration and fractionation of human

blood cells.”, Analytica Chimica Acta, 777, 86-90 (2013).

Haettner E, Iwase H, Krdmer M, Kraft G, Schardt D., “Experimental study of nuclear fragmentation
of 200 and 400 MeV/u (12)C ions in water for applications in particle therapy”, Phys Med Biol.
58(23), 8265-79.(2013)

T. Sato, K. Niita, N. Matsuda, S. Hashimoto, Y. Iwamoto, S. Noda, T. Ogawa, H. Iwase, H.
Nakashima, T. Fukahori, K. Okumura, T. Kai, S. Chiba, T. Furuta and L. Sihver, ‘“Particle and
Heavy Ion Transport Code System PHITS, Version 2.52”, J. Nucl. Sci. Technol. 50:9, 913-923
(2013)
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Publication in Japanese (2013.1.1~2013.12.31)
WALBER, PR, Rk, L OASIL, FeREEE, @R T, SRAREURN, SE L, HORRRELE
WZHW B DB EBEE”, B AR ) 74355, Vol.55, No.2(2013).

Y FE S, “EGS5 12 & D HIFRITIE < 4947 L7= 134Cs Je OV 137CS DERERIZ B8 1) 5 AFREEF DR
fifi”, RADIOISOTOPES, Vol.62,No.6,pp335-345(2013).

WhFETe, Eisk, WA, BT A m a— R egs5 & M- #IFICIE < oA LTk
FYEWEIC L 2MEF Im TOH U~ BAT FVORIE”, H AR )% EF0 S S0
Vol.12(2013)222-230.

LR, kR, WF I, R, “LaBr v T L—3 =3 URRHHER OB & A E E
& oegs5 1T K D 7 — AHUGHERZFR O AR IS E & N T2 7770 — I T U PSR IR O HE
iE”, BARRA ) F 2 N SCGHR SCGEE Vol 12(2013)304-310.

Proceedings (2013.1.1~2013.12.31)
Y. Ida, K. Nii, K. Ishimi, Y. B. Iwabuchi, H. Hayano, S. Kato, H. Monjushiro, T. Saeki, M. Sawabe,
“Study on Vertical Electro-Polishing by Cathode with Variable-Geometry Wings.”, SRF2013:
Proceedings of the 16th International Conference on RF Superconductivity, Paris, France, TUP(052

(2013).

T. Sanami, “Target Dependency of Light Mass Fragment Production DDX for 6 MeV/u Carbon
Induced Reaction”, JAEA-Conf 2013-002, 185

N. Shigyo, Y. Uozumi, H. Uchara, T. Nishizawa,T. Mizuno, D. Satoh, T. Sanami, Y. Koba,
M.Takada and N. Matsufuji, “Measurement of 100 MeV/u carbon incident neutron production cross

sections on a carbon target”, JAEA-Conf 2013-002, 137

J. Kitagawa, M. Hagiwara, T. Miura, A. Kanai and K. Seki, "Concentration of radionuclides in
J-PARC accelerator tunnel and the surrounding area," Proceedings of the 14th Workshop on
Environmental Radioactivity, KEK Proceedings 2013-7, (February 26-28, 2013, Tsukuba, KEK,

Japan) p. 386 (in Japanese).
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Reports (2013.1.1~2013.12.31)
Sanami, T.; Ban, S.; Iwase, H.; Nakamura, H.; Sasaki, S.; Ono, M.; Mimashi, T., “[ELAR NI E A
SR ORER TE DR FITAR D L BB %426 5R,”, KEK Internal 2013-8

Sanami, T.; Ban, S.; Iwase, H.; Nakamura, H.; Sasaki, S.; Honma, H., “&EF A 25 B 15 E 7N
AR O H 7 E DO ZE TR D U #RZE 2% 3, KEK Internal 2013-7

Sanami, T.; Ban, S.; Iwase, H.; Nakamura, H.; Sasaki, S.; Ono, M.; Mimashi, T., “[ELAR NI E A
SHIE D2 TE OB & HUR 22 xt 3, KEK Internal 2013-3

BRI, WA Ze, S SRaL, FREE —, AT, fox RE—, &0, <P o
fifi FHZE W2 B o B R 22 4% %7, KEK Internal 2013-13

PEFS—, FEERE —, S FE, AL, dIRRERER, MEATIZE, MM Z, Tk —, A5,
Ve ek, Vex RiE—, @R —, @G, e, BE%L, SEHET, "BURE s
2011 4EF£-", KEK Internal 2012-8 (2013).

W ke, SERESC, R TS, BUATYEORRR, SCERVMES Y « Al 22 2 B 452012 A -,
KEK-Internal 2013-2

Presentation at Conferences (2013.4.1~2014.3.31)
International Conference
APSORC’13 - 5th Asia-Pacific Symposium on Radiochemistry Kanazawa, Japan, 22-27 September
2013
K. Masumoto, A. Toyoda, H. Matsumura, T. Kunifuda, “Air-born contamination caused in a
high-energy proton accelerator room”
K. Masumoto, K. Takahashi, H. Nakamura, A. Toyoda, K. Iijima, K. Kosako, K. Oishi, F.
Nobubhara, “Induced radioactivity in air and water at medical accelerators”
K. Bessho, Y. Oki, N. Akimune, H. Matsumura, K. Masumoto, S. Sekimoto, N. Osada, N.
Kinoshita, H. Monjushiro, S. Shibata, “Corrosion of copper in water and colloid formation under
intense radiateon field”
G. Yoshida, K. Ninomiya, A. Shinohara, T.U. Ito, W. Higemoto, T. Nagatomo, P. Strasser, N.

Kawamura, K. Shimomura, Y. Miyake, T. Miura, M. K. Kubo“Study on muon capture process for
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gaseous molecules containing C and O atoms”
5) M. Inagaki, K. Fujihara, G. Yoshida, K. Ninomiya, Y. Kasamatsu, M. K. Kubo, W. Higemoto, N.
Kawamura, T. Nagatomo, Y. Miyake, T. Miura, A. Shinohara“Muonic Atom Formation by the

Muon Transfer Process in C¢Hg / CsH 12 + CCly Mixtures”

(2) The 16th International Conference on RF Superconductivity, Paris, France, September 23-27, 2013.
1) Y. Ida, K. Nii, K. Ishimi, Y. B. Iwabuchi, H. Hayano, S. Kato, H. Monjushiro, T. Saeki, M. Sawabe,

“Study on Vertical Electro-Polishing by Cathode With Variable-Geometry Wings.”

5.2 Invited Talk

(1) AAYHPSFEORSHER 1 MRS RS Y VAR Y Y A (RREHKR SRR ¥ v o)
A, 22, Mar. 2014 (1)
1) AL, “PHITS 22— RO EEH R & 2 OFIF”»

(2) 2013 Symposium on Nuclear Data (Fukui University/Tsuruga), 15, Nov. 2013
1) Masayuki Hagiwara, ”Recent progress in experimental and theoretical studies of proton-induced

fragment production cross section at intermediate energies”

5.3 Domestic Conference
(1) BABERRZ &S JRSM) 6 HY Ry (BRI, 6 A 13 B (OK))
1) PEARFNZE, “HRREE =4 U > 7 O & R 2E S OB 1A

Q) BRI REEERE 12 BT (111/27-29, FLIR)
1) S35k, PEATNZE, “hIndasfisg N o FEAZR B o B bz >
2) WEATNFE, WEESCRE, “HUR b O BRERER O VERL T DR & B D EE”
3) At AN, SR, &R, TEHRD, ERMA20MeVET Y =7 v 7 Ol
R DA
4) EE—R, pEATZE, SWRIL, TR —, FTERE, “ERA20MeVETF Y =7 v 7 ik T
DZER + RO KR E”

(3) RS 38 ML AATSERT, 2013 4F 11 H)
D) FHHERI, Z=FE, feE, EEE, AR, REGE, A NZ v — X Y v ik

PREE, TAE—RR, R, IRk, AMREERR, SRR, MERESA T T7r(COo,
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COy, COS)Z xR & LTe X 2 A VR TE R DALY BREE D S8 B 2 A58

4 BARFEFIFEROREONT TR, 2013/9/3-5)
1) feifth, 70MeVAY 7 AASFHIRT 57 7 7 A 2 N AR RSy Wi R O JIE,
2) SEIFER, A, WS, VeI EER, “LaBr3i @ oAn & VT2 28 R RE TR FE o

=7

rE

(5) 2013 Symposium on Nuclear Data (Research Institute of Nuclear Engineering, University of Fukui,
Fukui, 2013/11/14,15)
1) T. Sanami et al., “Light mass fragment production DDXs of 70 MeV proton, helium and carbon

induced reactions”

(6) 5 73 b bR, ALHEE R T B v > /3%, 2013 45 H 18-19 H)
1) SCERDUBERTH IR, “SEANNEE Tt A A — 2 v 7 HE OB

(1) BARGHLFEE 62 2, IR FH KT v o /8%, 2013 429 H 10-12 H)
1) CERWERFHE, “F 2—F TN RRRAT g N E =W EET v A A=V 7k
[EX2LEE

(8) HAALFEH 94 BFFE, (AT BRFHEILF ¥ o /3%,2014 -3 A 27-30 H)
1) A EA, BIFTEKRES, BHIE—, SCERIMESHHE, “<KFPIzEBiT 2Ec o&REBIY T /2 kL
TAZ L DY U T AL A OffifiE 24

9) HAPBLEZ 2013 4 KBRS, (BFIRKT, 2013 429 H 20 H)
1) ‘&ML, "DCBAIC & 5 —H~_— & ARt LB O BRI A XV,

(10) HAYBL Y2 2014 - FIRRE, BB RT, 2014 43 A 28 H
1) AL, "DCBAIZ X 5 —H~— & ftE IR O BURHEX VI,

6. FREE (2013.4.1~2014.3.31)
(1) (Edited) K. Bessho, K. Tagami, K. Takamiya, T. Miura: “Proceedings of the 14th Workshop on

Environmental Radioactivity”, KEK Proceedings 2013-7 (2013).
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(2) (Edited) Y. Namito, H. Hirayama, S. Ban,: “Proceedings of the 20h EGS Users’ Meeting in Japan,
KEK Proceedings 2013-6 (2013).

(3) (Edited) S. Sasaki, Y. Kishimoto, M. Hagiwara, T. Sanami, K. Saito, K. lijima, H. Tawara:

“Radiation Detectors and their Users, KEK Proceedings 2013-9 (2014).

7. Internal Reports of Radiation Science Center

W HREL e o X —TIELLU R O &5 2o B, S NS b R o Tidhipel s v
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(eI
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CHEM-A-13/18 Jm#gs WERLESM)TT 227 SNREED T AR R AT
CHEM-A-13/19 %A 7T NAED DT

CHEM-A-13/20  Jinidigs BRES 2 7" % SRS S T E D 5547
CHEM-A-13/21 JIEZS MR B D7, D8, D10 MK, Hrii#o st
CHEM-A-13/22  JIlEZS U-Z A ¥ — VHEIE B D534 Do
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3)
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(6)

Papers (2014.1.1~2014.12.31)
K. Bessho, N. Kanaya, S. Shimada, S. Katsuta, and H. Monjushiro, “Adsorption behavior of
beryllium(II) on copper-oxide nanoparticles dispersed in water, “A model for 7Be colloid formation
in the cooling water for electromagnets at high-energy accelerator facilities”, Anal. Sci., 30 (11),

1069-1074 (2014).

T. Kajimoto, N. Shigyo, T. Sanami, Y. Iwamoto, M. Hagiwara, H.S. Lee, A. Soha, E. Ramberg, R.
Coleman, D. Jensen, A. Leveling, N.V. Mokhov, D. Boehnlein, K. Vaziri, Y. Sakamoto, K. Ishibashi,
H. Nakashima, “Measurements and parameterization of neutron energy spectra from targets

bombarded with 120 GeV protons”, Nuclear Instrum. Meth. Phys. Res. B, 337(15) 68-77(2014).

M. Hagiwara, H. Iwase, Y. Iwamoto, D. Satoh, T. Matsumoto, A. Masuda, H. Yashima, Y. Nakane, H.
Nakashima, Y. Sakamoto, A. Tamii, K. Hatanaka and T. Nakamura, "Shielding benchmark
experiment using hundreds of MeV quasi-monoenergetic neutron source by a large organic

scintillator", Prog. Nucl. Sci. Technol., 4, 327-331 (2014).

Y. Iwamoto, M. Hagiwara, H. Iwase, H. Yashima, D. Satoh, T. Matsumoto, A. Masuda, C. Pioch, V.
Mares, T. Shima, A. Tamii, K. Hatanaka and T. Nakamura, "Characterization of quasi-monoenergetic
neutron source using 137, 200, 246 and 389 MeV 7Li(p,n) reactions", Prog. Nucl. Sci. Technol., 4,
657-660 (2014).

N. Matsuda, Y. Kasugai, H. Matsumura, H. Iwase, A. Toyoda, H. Yashima, S. Sekimoto, K. Oishi, Y.
Sakamoto, H. Nakashima, T. Nakamura, D. Boehnlein, G. Lauten, A. Leveling, N. Mokhov, K.
Vaziri, "Activation detector measurements at the hadron absorber of the NuMI neutrino beam line at

Fermilab", Prog. Nucl. Sci. Technol., 4, 337-340 (2014).

T. Matsumoto, A. Masuda, J. Nishiyama, H. Harano, H. Iwase, Y. Iwamoto, M. Hagiwara, D. Satoh,
H. Yashima, Y. Nakane, H. Nakashima, Y. Sakamoto, C. Pioch, V. Mares, A. Tamii, K. Hatanaka and
T. Nakamura, "Measurement of neutron energy spectra behind shields for quasi-monoenergetic
neutrons generated by 246-MeV and 389-MeV protons using a Bonner sphere spectrometer"”, Prog.

Nucl. Sci. Technol. 4, 332-336 (2014).
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(7) H. Matsumura, S. Sekimoto, H. Yashima, A. Toyoda, Y. Kasugai, N. Matsuda, K. Oishi, K. Bessho,
Y. Sakamoto, H. Nakashima, D. Boehnlein, G. Lauten, A. Leveling, N. Mokhov, K. Vaziri,
"Radionuclides in the Cooling Water Systems for the NuMI Beamline and the Antiproton Production

Target Station at Fermilab", Prog. Nucl. Sci. Technol. 4, 372-375 (2014).

(8) Y. Nakane, M. Hagiwara, Y. Iwamoto, H. Iwase, D. Satoh, T. Sato, H. Yashima, T. Matsumoto, A.
Masuda, T. Nunomiya, Y. Sakamoto, H. Nakashima, A. Tamii, K. Hatanaka and T. Nakamura,
"Response measurement of various neutron dose equivalent monitors in 134-387 MeV neutron

fields", Prog. Nucl. Sci. Technol., 4, 704-708 (2014).

(9) H. Nakashima, N. V. Mokhov, Y. Kasugai, N. Matsuda, Y. Iwamoto, Y. Sakamoto, D. Boehnlein, A.
Leveling, K. Vaziri, R. Coleman, D. Jensen, E. Ramberg, A. Soha, T. Sanami, H. Matsumura, M.
Hagiwara, A. Toyoda, H. Iwase, H. Hirayama, T. Nakamura, S. Sekimoto, H. Yashima, T. Kajimoto,
N. Shigyo, K. Ishibashi, N. Nakao, N. Kinoshita, K. Oishi, H.-S. Lee and K. Niita, "Research
activities on JASMIN: Japanese and American Study of Muon Interaction and Neutron detection",

Prog. Nucl. Sci. Technol., 4, 191-196 (2014).

(10) K. Oishi, K. Kosako, Y. Kasugai, N. Matsuda, H. Yashima, S. Sekimoto, H. Matsumura, A. Toyoda,
H. Iwase, N. Mokhov, A. Leveling, D. Boehnlein, K. Vaziri, H. Nakashima, Y. Sakamoto,
"Measurement and analysis of neutron and photon dose rate in concrete shield of 120-GeV proton

accelerator facility", Prog. Nucl. Sci. Technol., 4, 197-200 (2014).

(11) S. Kamada, M. Takada, M. Hagiwara, Y. Iwamoto, T. Shima, A. Tamii and K. Hatanaka,
"Measurement of gamma rays under the high-energy p-Li neutron fields in RCNP", Prog. Nucl. Sci.

Technol., 4, 745-747(2014).

(12) K. Masumoto, H. Iiduka, S. Sato, K. Kuga, T. Fujibuchi, M. Sasaki, T. Fukumura, H.Nakamura, A.
Toyoda, “Effectiveness of self-shielding type cyclotrons”, Prog. Nucl. Sci. Technol. 4,
223-227(2014).

(13) H. Matsumura, N. Matsuda, Y. Kasugai, A. Toyoda, H. Yashima, S. Sekimoto, H. Iwase, K. Oishi, Y.

Sakamoto, H. Nakashima, A. Leveling, D. Boehnlein, G. Lauten, N. Mokhov, and K. Vaziri,

"Material Activation Benchmark Experiments at the NuMI Hadron Absorber Hall in Fermilab,"
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Nuclear Data Sheets, 120, 219-221 (2014).

(14) T. Sanami and M. Hagiwara, "Target Mass Dependency of Light Mass Fragment Energy Spectra for
Intermediate Energy Proton Induced Reactions", Nuclear Data Sheets, 119, 241-244 (2014).

(15) T. Sanami, Y. Iwamoto, T. Kajimoto, N. Shigyo, M. Hagiwara, H.-S. Lee, E. Ramberg, A. Soha, D.
Jensen, A. Leveling, N. Mokhov, D. Boehnlein, K. Vaziri, K. Ishibashi, Y. Sakamoto and H.
Nakashima, "Systematics of thick target neutron yields for reactions of hundred GeV protons on

target", Prog. Nucl. Sci. Technol., 4, 341-344 (2014).

(16) N. Shigyo, Y. Uozumi, H. Uehara, T. Nishizawa, K. Hirabayashi, D. Satoh, T. Sanami, Y. Koba, M.
Takada, N. Matsufuji, “Measurement of neutron yields from a water phantom bombarded by 290

MeV/u carbon ions”, Prog. Nucl. Sci. Technol., 4, 709-712 (2014).

(17) A. Toyoda, H. Matsumura, K. Masumoto, S. Sekimoto, H. Yashima, N. Matsuda, Y. Kasugai, Y.
Sakamoto, H. Nakashima, G. Lauten, A. Leveling, N. Mokhov, K. Vaziri, K. Oishi, M. Kuroyanagi,
F. Nobuhara, K. Takahashi, "Comparison of Activity among Fluorescent Lamps and Light Emitting
Diodes Lamps Exposed to Secondary Particles in Accelerator Rooms", Prog. Nucl. Sci. Technol., 4,

384-387 (2014).

(18) Y. Unno, T. Sanami, M. Hagiwara, S. Sasaki and A. Yunoki, "Application of beta coincidence to
nuclide identification of radioactive samples contaminated by the accident at the Fukushima Nuclear

Power Plant", Prog. Nucl. Sci. Technol., 4, 90-93 (2014).

(19) Y. Uwamino, H. Matsumura, K. Saito and J. Ishioka, "Gamma survey in Fukushima prefecture right

after the accident at Fukushima nuclear power plant", Prog. Nucl. Sci. Technol., 4, 23-26 (2014).
(20) Y. Unno, T. Sanami, M. Hagiwara, S. Sasaki, A. Yunoki, “Radioactivity measurement of Sr/Y-90
mixed with Cs-134 and Cs-137 using large solid angle detectors without chemical separation”, J. of

Nucl. Sci. Technol. 51(3), 376-384(2014)

(21) H. Yashima, S. Sekimoto, K. Ninomiya, Y. Kasamatsu, T. Shima, N. Takahashi, A. Shinohara, H.
Matsumura, D. Satoh, Y. Iwamoto, M. Hagiwara, K. Nishiizumi, M. W. Caffee and S. Shibata,
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“Measurements of the Neutron Activation Cross Sections for Bi and Co at 386 MeV”, Radiation

Protection Dosimetry 161, 139-43 (2014).

(22) Hiroshi Nakashima, Nikolai V. Mokhov, Yoshimi Kasugai, Norihiro Matsuda, Yosuke Iwamoto,
Yukio Sakamoto, David Boehnlein, Anthony Leveling, Kamran Vaziri, Richard Coleman, Douglas
Jensen, Erik Ramberg, Aria Soha, Toshiya Sanami, Hiroshi Matsumura, Masayuki Hagiwara,
Akihiro Toyoda, Hiroshi Iwase, Hideo Hirayama, Takashi Nakamura, Shun Sekimoto, Hiroshi
Yashima, Tsuyoshi Kajimoto, Nobuhiro Shigyo, Kenji Ishibashi, Noriaki Nakao, Norikazu Kinoshita,
Koji Oishi, Hee-Seock Lee and Koji Niita, Research activities on JASMIN: Japanese and American
Study of Muon Interaction and Neutron detection, Progress in Nuclear Science and Technology 4

191-196( 2014).

(23) S. Sekimoto, H. Suzuki, H. Yashima, K. Ninomiya, Y. Kasamatsu, T. Shima, N. Takahashi, A.
Shinohara, H. Matsumura, M. Hagiwara, K. Nishiizumi, M.W. Caffee, and S. Shibata,
"Measurements of Cross Sections for Neutron-induced Reactions on Chromium and Yttrium Targets

at 197 MeV", Nuclear Data Sheets, 119, 197-200 (2014).

(24) S. M. Tajudin, Y. Namito, T. Sanami, H. Hirayama, “Quasi-monoenergetic 200 keV photon field

using a radioactive source with backscatter layout”, Jpn. J. Applied Phys., 53,116401(2014).

(25) H. Iwase, H. Kakuno, N. Ishihara et al., “The DCBA/MTD Experiments for Neutrinoless Double
Beta Decay Search”, JPS Conf. Proc. 1, 013023 (2014).

(26) A. Kohama, K. Tida, K. Oyamatsu, S. Hashimoto, H. Iwase, K. Niita, “Current status of the Hybrid

Kurotama model for total reaction cross sections”, Nucl. Instrum. Meth. B, 334, 34-39(2014).

(27) T. Kurosawa, H. Iwase, N. Saito, “Field photon energy spectra in Fukushima after the nuclear

accident”, J. Nucl. Sci. Technol., 51, No. 5, 730-734 (2014).
2. Publication in Japanese (2014.1.1~2014.12.31)

(1) BB, SSWULR, A By L7 AR Ok, MEERGEE R O/NE, B AMEFERES,
69, No.4, 227-229 (2014).
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Tl B, IR CRFEEL, AT, ORA KR, T AT, PRl Rk, W OGER, K i,
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LA E 2 AWz 1131 IREOHEE, HARRT PSS M3GH3GE, 13, 119-126 (2014),
doi:10.3327/taesj.J14.006.

VLR, AR, BP0, sk, E R T =4 U 7R A b O Nal(ThiEm oA 7 —
F 2 VT2 1131 O REIR R R Z2 AL OHERE", B AT /) 2 SGR SGE, 14, 1-11
(2015), doi:10.3327/taesj.J14.027.

B HA SR, "o - B OF T ki E o — ROWNE & FIA", Radioisotope,
Vol 63, P443-P451 (2014).

Bk, [FAS 724V ] 2014.11 %8 9 5, "International Workshop on Future Linear Colliders
(LCWS14)"

el feuk, I SR, "SATIF12 #es" TSR] Vol.11, No.2 (2014.7.31 J&17)

Proceedings (2014.1.1~2014.12.31)
V. Chouhan, Y. I. Ida, K. N. Nii, T.Y. Yamaguchi, H. Hayano, S. Kato, H. Monjushiro, T. Saeki, M.

Sawabe, K. Ishimi, “Vertical Electropolishing of Nb Coupon Cavity and Surface Study of the
Coupon Samples.”, Proceedings of the 27th International Linear Accelerator Conference

(LINAC2014), Geneva, Switzerland, TUPP(098, p.1080 (2014).

M.Hagiwara, T.Sanami, D.Mancusi et al., Recent progress in experimental and theoretical studies of
proton-induced fragment production cross section at intermediate energies, Proceedings of the 2013

Symposium on Nuclear Data, November 14-15, 2013, JAEA-Conf 2014-002, 63-68

D. Mancusi, A. Boudard, J. Cugnon, J.-C. David, M. Hagiwara, A. Leprince and S. Leray, "New
capabilities of the Liége intranuclear-cascade model for particle-transport codes", Proceedings of
SNA + MC 2013 - Joint International Conference on Supercomputing in Nuclear Applications +

Monte Carlo, 02106 (2014).
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Sawabe, K. Ishimi, “Vertical Electro-Polishing of Nb Nine-Cell Cavity Using Cathode with
Variable-Geometry Wings.”, Proceedings of the 27th International Linear Accelerator Conference

(LINAC2014), Geneva, Switzerland, MOPP108, p.307 (2014).
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Results of Vertical Test.”, Proceedings of the 27th International Linear Accelerator Conference
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“Measurement of induced radioactivity in air and water for medical accelerators”, Workshop
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5. Presentation at Conferences (2014.4.1~2015.3.31)

5.1 International Conference

(1) The 27th International Linear Accelerator Conference (LINAC2014), 31 August - 5 September,
Geneva, Switzerland, MOPP108, p.307 (2014).

1) K. N.Nii, V. Chouhan, Y. I. Ida, T. Y. Yamaguchi, H. Hayano, S. Kato, H. Monjushiro, T. Saeki, M.
Sawabe, K. Ishimi, “Vertical Electro-Polishing of Nb Nine-Cell Cavity Using Cathode with
Variable-Geometry Wings.”, TUPP101, p.662 (2014).

2) K. N. Nii, V. Chouhan, Y. I. Ida, T. Y. Yamaguchi, P. Carbonnier, F. Eozénou, C. Servouin, H.
Hayano, S. Kato, H. Monjushiro, T. Saeki, M. Sawabe, K. Ishimi, C. Madec, L. Maurice, “Vertical
Electro-Polishing of Nb Single-Cell Cavity Using Cathode with Variable-Geometry Wings and Its
Results of Vertical Test.” TUPP101, p.662 (2014).

3) V. Chouhan, Y. I. Ida, K. N. Nii, T. Y. Yamaguchi, H. Hayano, S. Kato, H. Monjushiro, T. Saeki, M.
Sawabe, K. Ishimi, “Vertical Electropolishing of Nb Coupon Cavity and Surface Study of the
Coupon Samples.”, TUPP09S, p.1080 (2014).

(2) International Workshop on Future Linear Colliders (LCWS14), Belgrade / Serbia, 5-10 October
2014
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1) T. Saeki, V. Chouhan, K. Nii, S. Kato, T. Yamaguchi, Y. Ida, H. Hayano, M. Sawabe, and H.

Monjushiro, “VEP Status at Marui Galvanizing Co. Ltd/KEK.”,

(3) 2nd International Symposium on Science at J-PARC (J-PARC 2014), July 13-15, 2014, Tsukuba, Japan

1) K. Bessho, M. Hagiwara, H. Matsumura, A. Takahashi, K. Takahashi, J. Kitagawa, K. Masumoto,

H. Monjushiro, Y. Oyama, T. Sekiguchi, Y. Yamada, "Production of radionuclides in the cooling
water for electromagnetic horns at the J-PARC neutrino experimental facility",

2) J. Kitagawa, K. Bessho, M. Hagiwara, M. Numajiri, T. Miura, K. Takahashi, K. Saito, Y.
Miyamoto, K.Seki, "Removal of spallation products in water by ion-exchange method"

3) M. Hagiwara, K. Saito, M. Numajiri, K. Takahashi, J. Kitagawa, H. Matsumura, T.Sanami, T.
Miura, K. Masumoto, M. Ieiri, Y. Sato, A. Toyoda, “Investigation on Radionuclides Released in the
Radioactive Material Leak Incident at the J-PARC Hadron Experimental Facility.”

4) M. Inagaki, K. Fujihara, G. Yoshida, K. Ninomiya, Y. Kasamatsu, M. K. Kubo, W. Higemoto, N.
Kawamura, T. Nagatomo, Y. Miyake, T. Miura, A. Shinohara "Muon Capture Processes for Carbon
Atoms in C¢Hg and CgH > through the Muon Transfer Processes”.

5) Y. Oki, N. Osada, S. Sekimoto, M. Numajiri, T. Miura, Y. Ishi, T. Uesugi, Y. Kuriyama, and M.
Sakamoto “Radioactivity in Aerosols Formed in Accelerator Facilities”

6) G. Yoshida, K. Ninomiya, M. Inagaki, T.U. Ito, W. Higemoto, T. Nagatomo, P. Strasser, N.
Kawamura, K. Shimomura, Y. Miyake, T. Miura, M.K. Kubo, and A. Shinohara “Muonic atom

formation on low pressure carbon oxide samples by using low energy negative muon beam”

(4) ILC CFS-ADI joint meeting,Univ. of Tokyo, 4/8~10, 2014

1) T. Sanami et al, "Radiation shielding"

(5) Twelfth Meeting of Task-Force on Shielding Aspects of Accelerators, Targets and Irradiation
Facilities (SATIF-12), Fermilab, 4/28-4/30 2014
1) T. Sanami et al, "Radiation safety study for conventional facility and siting pre project phase of
International Linear Collider"
2) T. Sanami et al, "Radiation safety design of Super KEKB factory"

3) H. Hirayama. and T. Sanami, “'Inter-comparison of particle production".

(6) AWLC14 Americas Workshop on Linear Colliders 2014, Fermilab 5/12-16, 2014

1) T.Sanami et al, "Current Shielding Status"
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(7) 11th Asian International Seminar on Atomic and Molecular Physics (AISAMP11), October, 8, 2014,
Sendai, Japan
1) G. Yoshida, K. Ninomiya, M. Inagaki, T.U. Ito, W. Higemoto, T. Nagatomo, P. Strasser, N.
Kawamura, K. Shimomura, Y. Miyake, T. Miura, M.K. Kubo, and A. Shinohara“Initial quantum
states of captured muon for CO, CO2 and COS molecules”
2) M. Inagaki, K. Fujihara, G. Yoshida, K. Ninomiya, Y. Kasamatsu, M. K. Kubo, W. Higemoto, N.
Kawamura, T. Nagatomo, Y. Miyake, T. Miura, A. Shinohara "Muonic atom formation by muon

transfer process in benzene and cyclohexane”

(8) 18th Topical Meeting of the Radiation Protection & Shielding Division of ANS, September 14-18,
2014, Hilton Downtown, Knoxville, TN, USA.

1) H. Matsumura, S. Sekimoto, Y. Kasugai, H. Yashima, A. Toyoda, N. Matsuda, K. Bessho, N.

Mokhov, A. Leveling, D. Boehnlein, G. Lauten, W. Schmitt, K. Oishi, Y. Sakamoto, H. Nakashima,

"Colloid Formation Rates of Radionuclides in Cooling Waters of 120-GeV Proton Accelerator

Facilities at Fermilab, USA."

(9) 2014 AGU Fall Meeting, December 15-19, 2014, San Francisco, CA, USA.
1) H. Matsumura, M. W. Caffee, K. Nagao, K. Nishiizumi, "Initial Test Determination of Cosmogenic

Nuclides in Magnetite,"

(10) AOCRP-4 (Kuala Lumpur,Malaysia, 12May2014).
1) S. M. Tajudin, Y. Namito, T. Sanami, and H. Hirayama, "A few hundred of keV mono-energetic

photon field using filtered X-ray",

(11) IEEE Nuclear Science Symposium, (8-15 Nov 2014, Seatle USA)
1) E. Takada, K. Fujii, H. Imai, Y. Namito, T. Nakamura and H. Okada, "Fundamental Study on
Applying Organic Photodiodes Fabricated on Plastic Scintillator to X-ray distribution

Measurement"

(12) ANS RPSD 2014, 18th Topical Meeting of the Radiation Protection and Shielding Division of
American Nuclear Society, (Knoxville, USA, 14-18 Sep 2014)
1) S. M. Tajudin, Y. Namito, T. Sanami, and H. Hirayama, "Plastic Scintillator Response and Its

Properties for Radioactive Sources Dosimetry".
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5.3 Domestic Conference
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(6) 2014 AABEHMEFRES - 5 58 ISR RS, 2014 429 H 11-13 A, 4B T 1B
i

1) KRS 72, RS, WD, A, FERAE, FHMRE G RIERIIE D7D 0
v IR H A NREO Y 2 UK~ OB IE O
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D1 55 55— ILFE Sl O B AL AR

3) RFH—, BA 2, KM %, pEARRE, EEER, ILPE, “EERI40M4TI2BT 5p7
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4) FREa, EHHEWE, ZEFZ, AR, RAE, WA RCEE, SR, Sk, BERE,
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5) HHRI, ZEE, MR, FHEE, AR, RAH, AT vV — XN v, WRREE,
ARG R, =, =R, A Rk, RUR, IR0 H2+CO 5 L UVH2+CO2 IR &
HAZBIT 5 2 a4 VERBE R OAF5E”

(7) 2014 FEE BT - FNRERSIEES, 2014 4 11 A 26-28 H, HU (LERIEE ¥
HE0fE —2
1) A 22, RATES, kIR, A, TERITE, "~ 7 X84 M ROR LR TR
FERIEFE D Sy HTIE O — IR E 8508 D 72 b ORBHERNE O &2 B3 —

(8) B 74 [mIpHbEatine, HARS: T2, ARLTT, 2014 45 A 24-25 H,
1) SCRMERFHHE, 7Ly N v I HFREFHA L7 N E—FHFREET v A A=
v TAEE OB

(9) BARGH LR 63 2, KRR TFHRIARF v /3 A, HULR, 2014 429 H 17-19 H,
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— Y TR OB
2) RHETIR, BEAEZ, @AEM, BIFTEARRS, SCERIUAFHIE, BHIE—, “of i)kt
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1) A A, “(LEA R L FIFHEGE PS-TEPC 7 7 1 7 /L OBI%E”
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1) AR ., fth, “frE A R L BIEHEE PS-TEPC 7 74 MET LOBHR”

(14) %5 3 ARSI A = 2 7 = Z & 2015-3/17-18 =R A L>LE (- 1 THh)

M

2

3)

7.

1) TEmEZ, HHEE fEER, AR, OUEE, AT o — N MU o7 AR, TR

—BB, R, =R —, AR, BIRE, YNESEEENIEBIT S CO T ~D I =4
VAR EL G

MREE(2014.4.1~2015.3.31)
(Edited) K. Bessho, K. Tagami, K. Takamiya, T. Miura: “Proceedings of the 15th Workshop on

Environmental Radioactivity”, KEK Proceedings 2014-7 (2014).

(Edited) Y. Namito, H. Hirayama, S. Ban,: “Proceedings of the 20h EGS Users’ Meeting in Japan,
KEK Proceedings 2014-6(2014).

(Edited) S. Sasaki, Y. Kishimoto, M. Hagiwara, T. Sanami, K. Saito, K. Iijima, H. Tawara:
“Radiation Detectors and their Users, KEK Proceedings 2014-11(2014).
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