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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 2016, 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 in Fukushima prefecture,

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 2016 is described.



1. Reasearch in Radiation Physics and Detector Development
1.1 Development of a tissue-equivalent space dosimeter with an ability of charged-particle

tracking

Y. Kishimoto', S. Sasaki!, K. Saito!, K.Takahashi', K.Terasawa?, K. Miuchi’, A.Nagamatsu®*, M.
Katsuta®, H. Matsumoto®, T.Tanimori’, H.Kubo®, Y.Uchihori®, T.Kitamura®

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

Radiation effects on human body are commonly evaluated using a dose equivalent H, defined as a
product of an absorbed dose D and a quality factor Q given as a function of the Linear Energy
Transfer (LET). In space, there exist many kinds of cosmic radiations, where primary charged
particles and neutrons generated secondarily are the main components contributing to the radiation
dose. Since the LET values of these radiations spreads over a wide range, it is essential to measure it
directly in order to evaluate H. We have been developing a space dosimeter named as PS-TEPC
(Position Sensitive Tissue Equivalent Proportional Chamber). PS-TEPC consists of a miniaturized
u -PIC with a detection volume of 2.6X2.6X5.0cm® and tissue-equivalent materials. PS-TEPC
works as a 3D time projection chamber. It allows to measure not only the energy deposit but also to
record the trajectories of the incident charged particles. Thus, an event-by-event LET can be directly
measured. We plan to perform an experiment in the international space station using PS-TEPC for an
operation check and an evaluation of the performance to measure dose equivalent in space crafts.
The flight model of PS-TEPC has been constructed. Now we proceed to perform several
experiments on the ground for detailed calibration of the flight model. In this presentation, we will
report about performance of PS-TEPC and current status of preparation for the experiment in the

international space station.

Presented at ISRD2016

1.2 Distributions of neutron yields and doses around a water phantom bombarded with
290-MeV/nucleon and 430-MeV/nucleon carbon ions

D. Satoh!, T. Kajimoto?, N. Shigyo®, Y. Itashiki®, Y. Imabayashi®, Y. Koba*, N. Matsufuji*, T.
Sanami’, N. Nakao®, Y. Uozumi?

1JAEA, *Hiroshima Univ., *’Kyushu Univ., “NIRS, SKEK, *Shimizu Corp.

Double-differential neutron yields from a water phantom bombarded with 290-MeV/nucleon and
430-MeV/nucleon carbon ions were measured at emission angles of 15°, 30°, 45°, 60°, 75°, and 90°,

and angular distributions of neutron yields and doses around the phantom were obtained. The



experimental data were compared with results of the Monte-Carlo simulation code PHITS. The
PHITS results showed good agreement with the measured data. On the basis of the PHITS
simulation, we estimated the angular distributions of neutron yields and doses from 0° to 180°

including thermal neutrons.

Published at Nuclear Inst. and Methods in Physics Research, B 387 10-19 (2016)

1.3 Neutron emission and dose distribution from natural carbon irradiated with a 12 MeV

amu ! 12C5* jon beam

M. Nandy', P K Sarkar?, T Sanami®, M Takada® and T Shibata’
!Saha Institute, Manipal Univ., ’KEK, “NIRS

Measured neutron energy distribution emitted from a thick stopping target of natural carbon at 0°,
30°, 60° and 90° from nuclear reactions caused by 12 MeV amu™! incident '>C>* ions were converted
to energy differential and total neutron absorbed dose as well as ambient dose equivalent H'(10)
using the fluence-to-dose conversion coefficients provided by the ICRP. Theoretical estimates were
obtained using the Monte Carlo nuclear reaction model code PACE and a few existing empirical
formulations for comparison. Results from the PACE code showed an underestimation of the
high-energy part of energy differential dose distributions at forward angles whereas the empirical
formulation by Clapier and Zaidins (1983 Nucl. Instrum. Methods 217 489-94) approximated the
energy integrated angular distribution of H *(10) satisfactorily. Using the measured data, the neutron
doses received by some vital human organs were estimated for anterior-posterior exposure. The
estimated energy-averaged quality factors were found to vary for different organs from about 7 to
about 13. Emitted neutrons having energies above 20 MeV were found to contribute about 20% of

the total dose at 0° while at 90° the contribution was reduced to about 2%.

Journal of Radiological Protection, 36 456-473 (2016)

1.4 Simulation technique for extrapolation curves in 47—y coincidence counting method using
EGSS code

Y. Unno!, T. Sanami>?, S. Sasaki**, M. Hagiwara>*, A. Yunoki'
'AIST, KEK, 3Sokendai
A simulation technique was developed for the extrapolation technique in 4nf—y coincidence

counting method. Simultaneous emissions of f and y rays were calculated using EGS5 code to



obtain coincidence counting between both  and y channels. The simulated extrapolation curves
were compared with experimental data obtained with 134Cs measurements using a plastic
scintillator in the  channel. The variation of the extrapolation curves with y-gate configuration was

investigated by the simulation technique.

Applied Radiation and Isotopes, 109 363-368 (2016)

1.5 Measurement of Double Differential Cross Section for Evaporated Charged Particles from
Proton-Induced Reactions
Y. Yamaguchi!, T. Sanami?, Y. Uozumi'
'Kyushu Univ., 2KEK

The light charged particle production from intermediate energy proton-nucleus interactions is
generally well described by using a two-stage model of the intra-nuclear cascade (INC) model and
the generalized evaporation model (GEM), except for low energy particles from heavy target. The
emission of low energy particle is calculated by GEM as evaporation from an excited nucleus with
considering Coulomb barrier after INC stage. To improve GEM, new series of experimental data
covering low energy particle emission for various targets and angles are required because few
experimental data are available for the intermediate energy region. To obtain the data, we develop
Bragg curve counters (BCCs) with two built-in solid-state detectors (SSDs). The detectors are tested
for measurement of DDXs on light to heavy targets.

The test was performed at Cyclotron facility of National 102

'Prcscnl (E';=70 MeV) —e—
Institute of Radiological Sciences. The combinations of Bertrand et al. (E, = 61.5 MeV) —e—

protons with energy of 70-MeV and °Be, "C, ?’Al, "™'Cy,

97Au  were chosen for the measurement of L

o.:.el"m.ﬂ ° ®

proton-induced light charged particle production DDXs.

0 2

DDX [mb/(sr MeV)]
s

The charged particles emitted from the target were 10

detected with two sets of detectors placed at 15 and 120 Avlpp'x) 15°

degrees in the laboratory system. By combining BCC 1ot - ; - > 0
with SSDs, the threshold energy of 1.5 MeV for protons Energy [MeV]

is expected because of the thin entrance window and  Figure 1. Experimental data for DDX of
gaseous detector with self particle identification the Au(p, p’x) reaction at 15 degrees by
capability. The upper limit energy is limited to be 15  Present (E, = 70 MeV) and Bertrand et al.
MeV for protons since thickness of the second SSD is not (Ep = 61.5 MeV).

enough to stop energetic protons.



Figure 1 shows experimental result of DDX for the Au(p, p’x) reaction at 15 degrees. The result for
61.5-MeV incident protons taken by Bertrand et al. is also plotted in this figure. Present data are
down to 1.5 MeV whereas data taken by Bertrand et al. exist down to 4.0 MeV. Present data are in
agreement with data by Bertrand et al. except below 8 MeV. Below this energy, present data
gradually decrease until 5 MeV that is close to Coulomb barrier, while data taken by Bertrand et al.
drops sharply. This behavior should be examined further by changing target mass. Below the
Coulomb barrier threshold, considerable amount of protons are observed due to lower detection
threshold.

Presented at 2016 Nuclear data symposium

1.6 Measurement of photo-neutron energy spectra for quasi-mono energetic photons on thick
gold target at New SUBARU BL1

Y.Kirihara', Y.Asano?, T.Itoga®, T. Sanami', Y.Namito', H.Nakashima®,
A. Takemoto®, M. Yamaguchi® and S.Miyamoto®
I KEK, %2 RIKEN, *JASRI, “JAEA, SLASTI

Neutron spectra for the '°’Au(y,xn) reaction was measured with 16.95 MeV quasi-monoenergetic
photon beams at NewSUBARU-BLOI. The photon beam was prepared using laser backward
Comptron scattering technique with 20 W, 1.064 um laser and 982 MeV electron. The scattered
photon was collimated using two lead collimates, the inner radiuses of which were 3 and 2 mm,
located at 13.8 and 16.6 m from the laser-electron colliding point, respectively. The energy
distribution and intensity of photon were measured using GSO scintillator. The target is cylindrical
shaped !’ Au with 5 cm in length, 1 cm in diameter. Neutrons from the target were measured using
NE213 liquid scintillators contained by aluminum housing coupled with photo-multipliers, the size
of which was 12.7 cm length, 12.7 cm in diameter. Three neutron detectors were placed at 70 cm
away from the target, 60 and 90 degrees on horizontal plane and 90 degrees on vertical plane.
Neutron energy was determined by using time-of-flight technique. Neutron spectra having

Maxwellian shape with bump were observed at the three angles.

Presented at 13th International Conference on Radiation Shielding (ICRS-13) & 19th Topical
Meeting of the Radiation Protection & Shielding Division of the American Nuclear Society -2016
(RPSD-2016), Paris, France



1.7 Shielding experiments of concrete and iron for the 244 MeV and 387 MeV quasi-mono

energetic neutrons using a Bonner sphere spectrometer (at RCNP, Osaka Univ.)

T. Matsumoto', A. Masuda', J. Nishiyama', H. Iwase?, Y. Iwamoto®, D. Satoh?,
M. Hagiwara?, H. Yashima®, T.Shima®, T. Nakamura® H. Harano', A. Tamii’, K. Hatanaka’

'AIST, ’KEK, *JAEA, *KURRI, *RCNP, °CYRIC

Neutron energy spectra behind concrete and iron shields were measured for quasi-monoenergetic
neutrons above 200 MeV using a Bonner sphere spectrometer (BSS). Quasi-monoenergetic neutrons
were produced by the "Li(p,xn) reaction with 246-MeV and 389-MeV protons. Shielding materials
are concrete blocks with thicknesses from 25 ¢cm to 300 cm and iron blocks with thicknesses from 10
cm to 100 cm. The response function of BSS was also measured at neutron energies from 100
MeV to 387 MeV. In data analysis, the measured response function was used and the pingpong
scattering effect between the BSS and the shielding material was considered. The neutron energy
spectra behind the concrete and iron shields were obtained by the unfolding method using the
MAXED code. Ambient dose equivalents were obtained as a function of a shield thickness

successfully.

Presented at 13th International Conference on Radiation Shielding (ICRS-13) & 19th Topical
Meeting of the Radiation Protection & Shielding Division of the American Nuclear Society -2016
(RPSD-2016), Paris, France

1.8 Characterization of the PTW 34031 ionization chamber (PMI) at RCNP with high energy
neutrons ranging from 100 — 392 MeV

C. Theis', P. Carbonez!, E. Feldbaumer', D. Forkel-Wirth!, L. Jaegerhofer!, M. Pangallo', D. Perrin',
C. Urscheler!, S. Roesler!, H. Vincke', M. Widorski', Y. Iwamoto?, M. Hagiwara®, D. Satoh?, H.
Iwase?, H. Yashima®, T. Matsumoto®, A. Masuda’, J. Nishiyama®, H. Narano®, T. Itoga®, T.
Nakamura’, T. Sato?, Y. Nakane?, H. Nakashima?, Y. Sakamoto?, S. Taniguchi®, N. Nakao, A. Tamii'’,
T. Shima'®, K. Hatanaka'’

ICERN, 2JAEA, KEK, *KURRI, SAIST, *RIKEN, "Tohoku University, *Spring-8, *Shimizu Corporation,
10
RCNP

Radiation monitoring at high energy proton accelerators poses a considerable challenge due to the

complexity of the encountered stray radiation fields. These environments comprise a wide variety of



different particle types and span from fractions of electron-volts up to several terra electron-volts. As
a consequence the use of Monte Carlo simulation programs like FLUKA is indispensable to obtain
appropriate field-specific calibration factors. At many locations of the LHC a large contribution to
the particle fluence is expected to originate from high-energy neutrons and thus, benchmark
experiments with mono-energetic neutron beams are of high importance to verify the
aforementioned detector response calculations. This paper summarizes the results of a series of
benchmark experiments with quasi mono-energetic neutrons of 100, 140, 200, 250 and 392 MeV
that have been carried out at RCNP - Osaka University, during several campaigns between 2006 and
2014.

Presented at 13th International Conference on Radiation Shielding (ICRS-13) & 19th Topical
Meeting of the Radiation Protection & Shielding Division of the American Nuclear Society -2016
(RPSD-2016), Paris, France

1.9 Experimental analysis of neutron and background gamma-ray energy spectra of 80-400
MeV 7Li(p,n) reactions under the quasi-monoenergetic neutron field at RCNP, Osaka

University

Y. Iwamoto!, T. Sato!, D. Satoh!, M. Hagiwara?, H. Yashima®, A. Masuda*, T. Matsumoto*, H. Iwase?,

T. Shima®, T. Nakamura®

1JAEA, ’KEK, 3KURRI, “AIST, SRCNP, °CYRIC

To develop the 100 to 400 MeV quasi-monoenergetic neutron field, we measured neutron and
gamma-ray energy spectra of the ’Li(p,n) reaction with 80-389 MeV protons in the 100-m
time-of-flight (TOF) tunnel at the Research Center for Nuclear Physics (RCNP) cyclotron facility.
Neutron energy spectra with energies above 3 MeV were measured by the TOF method, which had
been reported in our previous papers, and photon energy spectra with energies above 1 MeV were
measured by the automatic unfolding function of the radiation dose monitor DARWIN. For neutron
spectra, the contribution of peak intensity to the total intensity integrated with energies above 3 MeV
varied between 0.38 and 0.48 in the proton energy range of 80-389 MeV. For gamma-ray spectra,
high-energetic gamma-rays at around 70 MeV originated from the decay of my were observed with
proton energies higher than 200 MeV. For the 246-MeV proton incident reaction, the ratio of
gamma-ray flux above 20 MeV to total gamma-ray flux is 0.31 and the gamma-ray flux is almost
same with neutron flux at energies around 70 MeV. The experimental data will be useful to consider

the contribution of high-energetic gamma-rays on the neutron response of the radiation monitor.



Presented at 13th International Conference on Radiation Shielding (ICRS-13) & 19th Topical
Meeting of the Radiation Protection & Shielding Division of the American Nuclear Society -2016
(RPSD-2016), Paris, France

1.10 Neutron spectrometry and dosimetry in 100 and 300 MeV quasi-monoenergetic neutron
field at RCNP, Osaka University, Japan

V. Mares!, S. Trinkl!, Y. Iwamoto?, A. Masuda®, T. Matsumoto®, M. Hagiwara®*, D. Satoh?, H.

Yashima®, T.Shima®, T. Nakamura’
'"HMGU, 2JAEA, 3KEK, “AIST, ’KURRI, *RCNP, "CYRIC

This paper describes the results of neutron spectrometry and dosimetry measurements using an
extended range Bonner Sphere Spectrometer (ERBSS) with *He proportional counter performed in
quasi-mono-energetic neutron fields at the ring cyclotron facility of the Research Center for Nuclear
Physics (RCNP), Osaka University, Japan. Using 100 MeV and 296 MeV proton beams, neutron
fields with nominal peak energies of 96 MeV and 293 MeV were generated via 'Li(p,n)’Be reactions.
Neutrons produced at 0° and 25° emission angles were extracted into the 100 m long time-of-flight
(TOF) tunnel, and the energy spectra were measured at a distance of 35 m from the target. To deduce
the corresponding neutron spectra from thermal to the nominal maximum energy, the ERBSS data
were unfolded using the MSANDB unfolding code. At high energies, the neutron spectra were also
measured by means of the TOF method using NE213 organic liquid scintillators. The results are
discussed in terms of ambient dose equivalent, H*(10), and compared with the readings of other

instruments operated during the experiment.

Presented at 13th International Conference on Radiation Shielding (ICRS-13) & 19th Topical
Meeting of the Radiation Protection & Shielding Division of the American Nuclear Society -2016
(RPSD-2016), Paris, France

1.11 Shielding experiments of concrete and iron for the 244 MeV and 387 MeV quasi-mono

energetic neutrons using an organic scintillator (at RCNP, Osaka Univ.)

M. Hagiwara!, H. Iwase!, Y. Iwamoto?, D. Satoh?, T. Matsumoto®, A. Masuda®, H. Yashima®, Y.
Nakane?®, H. Nakashima?, Y. Sakamoto®, T. Shima’, A. Tamii’, K. Hatanaka’, T. Nakamura®

' KEK, 2JAEA, 3 AIST, “*KURRI, °RCNP, °CYRIC

A shielding benchmark experiment has been performed using a quasi-monoenergetic 'Li(p,n)

neutron source with the peak energies of 244 and 387 MeV at the Research Center for Nuclear

_8—



Physics (RCNP) of Osaka University, in order to assess the accuracy of nuclear data and calculation
codes used in high-energy accelerator shielging design. 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 with a time-of-flight and an
unfolding method. The neutron attenuation lengths are illustared for iron and concrete as a function

of the incident energy.

Presented at 13th International Conference on Radiation Shielding (ICRS-13) & 19th Topical
Meeting of the Radiation Protection & Shielding Division of the American Nuclear Society -2016
(RPSD-2016), Paris, France

1.12 Monitoring system for the gold target by radiation detectors in Hadron experimental
facility at J-PARC

Muto, K. Agari, K. Aoki, K. Bessho, M. Hagiwara, E. Hirose, M. Ieiri, R. Iwasaki, Y. Katoh, JI.
Kitagawa, M. Minakawa, Y. Morino, K. Saito, Y. Sato, S. Sawada, Y. Shirakabe, Y. Suzuki, H.
Takahashi, K. Tanaka, A. Toyoda, H. Watanabe, Y. Yamanoi

KEK

Hadron Experimental Facility in J-PARC we inject 30 GeV proton beam into a gold target to
produce secondary particle beams which are provided for various particle and nuclear experiments.
The gold target is placed in a hermetic chamber, and to monitor the soundness of the target, the
chamber is filled with circulating helium gas, whose radioactivity is continuously monitored by
gamma-ray detectors such as a germanium detector and a Nal(Tl) detector. Beam operations with
those target-monitoring systems were successfully performed from April to June and from October
to December, 2015, and next beam operation is planned in May and June, 2016. In this presentation
we will explain the details of the helium gas circulation system and the gamma-ray detectors, and the

analysis results of the obtained gamma-ray spectra.

Presented at 13th International Conference on Radiation Shielding (ICRS-13) & 19th Topical
Meeting of the Radiation Protection & Shielding Division of the American Nuclear Society -2016
(RPSD-2016), Paris, France



1.13 Dose measurements through the concrete and iron shields under the 100 to 400 MeV

quasi-monoenergetic neutron field (at RCNP, Osaka Univ.)

Y. Nakane!, Y. Iwamoto', M. Hagiwara?, H. Iwase?, T. Sato!, A. Masuda®, T. Matsumoto?, T.
Nunomiya*, H. Yashima®, D. Satoh!, H. Nakashima', T. Shima®, A. Tamii®, K. Hatanaka®, T.

Nakamura’
1JAEA, *KEK, *AIST, “Fuji electric co. Itd. ’KURRI,, (RCNP, "CYRIC

Shielding benchmark experiments are useful to verify the accuracy of calculation methods for the
radiation shielding designs of high-energy accelerator facilities. In the present work, the benchmark
experiments were carried out for 244- and 387-MeV quasi-monoenergetic neutron field at RCNP of
Osaka University. Neutron dose rates through the test shields, 100-300 c¢cm thick concrete and 40-100
cm thick iron, were measured by four kinds of neutron dose equivalent monitors, three kinds of
wide-energy range monitors applied to high-energy neutron fields above 20 MeV and a conventional
type rem monitor for neutrons up to 20 MeV, placed behind the test shields. Measured dose rates
were compared one another. Measured results with the wide-energy range monitors were in
agreement one another for both the concrete and the iron shields. For the conventional type rem
monitor, measured results are smaller than those with the wide-energy range monitors for the
concrete shields, while that are in agreements for the iron shields. The attenuation lengths were
obtained from the measurements. The lengths from all the monitors are in agreement on the whole,
though some differences are shown. These results are almost same as those from others measured at

several hundred MeV neutron fields.

Presented at 13th International Conference on Radiation Shielding (ICRS-13) & 19th Topical
Meeting of the Radiation Protection & Shielding Division of the American Nuclear Society -2016
(RPSD-2016), Paris, France

1.14 Characterization of Hundreds of MeV ’Li(p,n) Quasi-Monoenergetic Neutron Source at
RCNP Using a Proton Recoil Telescope and TOF Technique

M. Hagiwara!, Y. Iwamoto?, H. Iwase!, H. Yashima®, D. Satoh?, T. Matsumoto®, A. Masuda®, Y.

Nakane?, A. Tamii®, T. Shima®, A. Tamii’, K. Hatanaka’, T. Nakamura®
' KEK, 2JAEA, *KURRYI, “AIST, "RCNP, °CYRIC

A 7Li(p,n) quasi-monoenergetic neutron source for the 100-400 MeV range has been established at

the Research Center for Nuclear Physics (RCNP) of Osaka University, to promote the experiments

~10-



on accelerator shielding, response measurements of neutron detectors and nuclear data
measurements. For the analysis of these experiments, the intensity and the energy spectrum of the
neutron source should be known accurately. We have measured the energy spectra of the 7Li(p,n)
quasi-monoenergetic neutron source with a time-of-flight (TOF) method employing an organic
liquid scintillation detector (NE213) in the previous study [1]. The accuracy of the measured data
was limited by that of the detection efficiency determination (~15%) with a Monte-Carlo method,
because the detection efficiency of NE213 is rather uncertain in this energy region due to the
neutron-carbon interaction in the scintillator and the light outputs of the reaction products which are
not sufficiently known.
In this study, we have measured absolute intensity of source neutrons using a proton recoils
telescope (PRT), because the detection efficiency of PRT can be determined accurately using the
well-known differential n—p scattering cross section. The intensity of peak neutrons were obtained
from the measurements for the incident proton energies of 100, 137, 200 and 300 MeV, and
compared with that obtained with the TOF method employing NE213.The neutron spectra obtained
by PRT and by TOF were generally in good agreement within the error bar.
References

[1]Y. Iwamoto et al.: Quasi-monoenergetic neutron energy spectra for 246 and 389 MeV 7Li(p,n)
reactions at angles from 0° to 30°, Nucl. Instr. and Meth. A 629, 43-49 2011

JPS Conf. Proc. 11, 050004 (2016)

1.15 Double differential cross section for light mass fragment production on tens of MeV

proton, deuteron, helium and carbon induced reactions

T. Sanami'?, Y. Yamaguchi®, Y. Uozumi®, M. Hagiwara'2, Y. Koba*

'KEK, 2Sokendai, *Kyushu University, “NIRS

Double differential cross sections (DDXs) for light mass fragment production should be modeled
properly to evaluate amount of energy deposition in a finite volume due to single ion incidence.
Systematic experimental data are desired to evaluate nuclear reaction models not only for various
energy but also incident particles. The DDXs were measured for tens of MeV proton, deuteron
helium and carbon induced reactions. The experiments were performed using Cyclotron facility of
National Institute of Radiological Sciences, Japan. Protons with energies of 24, 50 and 70 MeV,
deuteron with 24 and 50 MeV, helium with 50, 70 and 100 MeV, and carbon with energies 50, 72
and 144 MeV were prepared as incident particles. The data for the energies allow us the comparison
of DDXs with same energy, 50 MeV, with different particles (p, d, He and C) and 70 MeV (p,He,C),

and, the comparison of DDXs with same energy per nucleon, 12 MeV/n with different particles (d,

— 11—



He, C), 24 MeV/n (p, d, He). Targets were C, Al, Ti and Cu self-supported foils with thicknesses
less than 1 u m. The targets were set on a target changer ladder at the center of a scattering chamber.
Bragg curve counters placed at 30, 60 and 90 degrees of the scattering chamber are employed to
measure light mass fragments. DDXs for Li, Be, B, C, N, O, F and Ne production were obtained for
the targets. Evaporation like energy spectra are observed except for the fragment the mass of which
is close to the incident ion. The results are summarized to study incident particle type dependency on

DDX for each target nuclei.

Presented at International conference on nuclear data for Science and Technology (ND2016)

Bruges, Belgium

1.16 Neutron production in deuteron-induced reactions on Li, Be, and C at an incident energy
of 100 MeV

S. Arakil, Y. Watanabe!, M. Kitajima!, H. Sadamatsul, K. Nakano?!, T. Kin!, Y.
Iwamoto2?, D. Satoh2, M. Hagiwara3, H. Yashima4, T. Shima’

'Kyushu University, 2JAEA, *KEK, “KURRI, 'RCNP

In recent years, deuteron-induced reaction is considered as one of the effective reactions to produce
high intensity neutron beam for neutron application fields such as radiation damage evaluation for
fusion materials, boron neutron capture therapy and medical radioisotope production. Neutron
production data from neutron converter materials such as Li, Be and C are essentially important.
However, the experimental data are not sufficient, especially at incident energies above 60 MeV,
therefore the theoretical models are not validated. Under this situation, we measured the double
differential (d, xn) cross sections (DDXs) for Li, Be and C at 100 MeV and analyzed them with
theoretical models. The experiment was performed using the Time of Fight course at the Research
Center for Nuclear Physics in Osaka University. A deuteron beam accelerated to 102 MeV was
transported to the neutron experimental hall and focused on the thin lithium, beryllium and carbon
targets in natural compositions. The targets were placed on a beam swinger magnet. The DDXs were
measured at six angles (0, 5, 10, 15, 20 and 25 degrees) by changing the target position in the
swinger magnet. NE213 liquid organic scintillators were adopted as neutron detectors. The detected
neutrons were recorded event by event as a function of their time of flight. In the measured DDXs, a
broad peak due to deuteron breakup process is observed at approximately half of the deuteron
incident energy. The experimental results are compared with the calculations by PHITS. The
calculated DDXs have the broad peak structure, but the shape and magnitude do not necessarily

reproduce the experimental ones. Detailed analysis with an alternative theoretical model calculation
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is also presented. In the calculation, elastic breakup and continuum stripping reactions are described
by the Continuum Discretized Coupled Channels (CDCC) theory and the Glauber model,
respectively. In addition, the DWBA is employed for the stripping reaction to bound state. The

Hauser-Feshbach theory and exciton model are adopted for statistical decay process

Presented at International conference on nuclear data for Science and Technology (ND2016)

Bruges, Belgium

1.17 Measurements of Neutron and Charged Particle Production Cross Sections on Beryllium,

Carbon and Iron Bombarded with 13 MeV/nucleon Neon Beam

M. Hagiwara!, Y. Iwamoto?, N. Matsuda?, T. Sanami!, N. Shigyo?®, T. Nishizawa®, H. Nakashima?, and
Y. Sakamoto?®

'KEK, *JAEA, *Kyushu University

Double-differential cross sections (DDXs) for neutron and charged particle production from Ne at
E/A = 13 MeV on °Be, natC and natFe targets were measured at several laboratory angles between
15° and 120° by means of a time of flight method with NE213 liquid organic scintillators and a A
E-E method with a counter telescope system composed of three fully-depleted silicon solid-state
detectors (SSDs) and a LYSO inorganic scintillator for detection of neutrons and charged particles,
respectively, at the TIARA cyclotron facility of Japan Atomic Energy Agency (JAEA). The
experimental results were compared with model calculations with the JAEA-version relativistic
quantum molecular dynamics model (R-JQMD) coupled with the Generalized Evaporation Model
(GEM), which are implemented in the Particle and Heavy lon Transport Code System (PHITS
version 2.86a). For production of hydrogen isotopes, calculated results give good agreement with the
measured data, while that for production of neutrons and heavier particles than « -particle gives

lower and higher values, respectively.

Presented at International conference on nuclear data for Science and Technology (ND2016)

Bruges, Belgium
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1.18 Measurement of residual activities induced in copper by 148 MeV carbon

H. Yashima' , M. Hagiwara?, T. Sanami®, S. Yonai*
'KURRI, > KEK, *NIRS

The decommissioning of old accelerator facilities requires activation cross section data to estimate
the residual activities induced in the accelerator components. But experimental data of activation
cross section are very scarce for low energy (lower than several tens MeV) heavy ions which were
required for decommissioning of accelerator facilities such as tandem accelerator and cyclotron.

We therefore irradiated 148 MeV (12.3 MeV/nucleon) carbon ions onto a Cu target to obtain
experimental data of residual radioactivities for low energy heavy ions. Irradiation experiment was
performed at cyclotron facility (NIRS-930), National Institutes for Quantum and Radiological
Science and Technology. The Cu target was composed of a stack of natural Cu foils and total
thickness of Cu target was thicker than the range of projectile carbon ions. The average carbon beam
intensity was 5 pnA and irradiation time was 1 hour. After irradiation, we measured the gamma-ray
spectra from Cu samples with a HPGe detector. The reaction rates of radionuclides produced in Cu
samples which were identified from the gamma-ray spectra and the decay curves were estimated
after being corrected for the peak efficiency of the HPGe detector.

From the reaction rates, the spatial distribution of residual activities within Cu target depth was
obtained. For heavier mass products than Cu, residual activities increase with the Cu target thickness.
On the other hand, residual activities decrease with the Cu target thickness for lighter mass products

than Cu. In this symposium, excitation functions of residual products will also be presented.

Presented at 2016 Symposium on nuclear data, Tsukuba, Japan

1.19 Review of the Microdosimetric Studies for High-Energy Charged Particle Beams using a

Tissue-Equivalent Proportional Counter

S. Tsuda!, T. Sato!, T. Ogawa', S. Sasaki’
1JAEA, ’KEK

Lineal energy (y) distributions were measured for various types of charged particles such as protons
and iron, with kinetic energies of up to 500 MeV/u, via the use of a wall-less tissue-equivalent
proportional counter (TEPC). Radial dependencies of y distributions were also experimentally
evaluated to investigate the track structures of protons, carbon, and iron beams. This paper reviews a

series of measured data using the aforementioned TEPC as well as assesses the systematic
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verification of a microdosimetric calculation model of a y distribution incorporated into the particle
and heavy ion transport code system (PHITS) and associated track structure models.
JPS Conf. Proc. 11, 060004 (2016).

1.20 Systematic Study of Inorganic and Organic Scintillator Light Yields

E. Shibamura!, S. Sasaki?, N. N. T. Tran®
'Waseda University, ’KEK, *SOKENDAI

Light yields in novel inorganic scintillators CeBr3 and SrI2:Fu were obtained using a
photomultiplier tube operated as a photodiode with unity gain and previously measured light yield of
LaBr3:Ce as a standard. The light yields of CeBr3 and SrI2:Eu were 60,000 photons/MeV and
130,000 photons/MeV, respectively. Light yields of some of the popular organic scintillators were

also obtained.

JPS Conf. Proc. 11, 020004 (2016).

1.21 Measurements of Electron Response and Average Energy Required per Scintillation

Photon in Plastic Scintillators for Gamma Rays

N.N. T. Tran', S. Sasaki'?, T. Sanami'?, Y. Kishimoto'?, E. Shibamura®
ISOKENDAL, 2 KEK, *Waseda Univ..

The light output is one of the most concerned parameters in scintillators. For plastic scintillators,
however, the scintillation yield such as an average energy required to produce one scintillation
photon, W, is not known accurately at present. The departure from proportionality of their
scintillation response with the deposited energy of electrons is mainly pronounced at low energies
but has not been examined in detail. In the present study, in order to investigate the relative
scintillation response per unit energy deposited by electrons (called as “electron response”) and to
further determine W; in plastic scintillators, deposited energies in plastic scintillators of EJ-200 and
EJ-212 are carefully measured using the Compton Coincidence Technique (CCT). The CCT employs
the combination of two separated detectors (one plastic scintillator and one Nal(Tl) scintillator)
which are operated in coincidence. By selecting only the coincidence events between two detectors,
specifically deposited energy in the scintillators can be measured by incident gamma rays which are
scattered at a specific angle. The experiments are conducted at several scattering angles for

evaluating the electron response, and for determining the Compton edge the results obtained from
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experiments at a scattering angle of 180° are used. In the pulse height distribution spectrum of *’Cs
measured with plastic scintillator Pilot-U by CCT at the scattering angle of 180°, the Compton edge
which is at channel 311 obtained from the CCT experiment is compared with the Compton edge
obtained from a fitting method which is at channel 324. The discrepancy between two methods is
approximately 4%. The experimental method and results will be presented in detail at our

presentation.

Presented at 2016 Conference of JSAP, Niigata, Japan

1.22 Measurement of neutron energy spectra for Ey=23.1 and 26.6 MeV mono-energetic photon

induced reaction on "*C using laser electron photon beam at New SUBARU

T. Itoga', H. Nakashima?, T. Sanami’, Y. Namito®, Y. Kirihara’,
S. Miyamoto®, A. Takemoto*, M. Yamaguchi* and Y. Asano®
1JASRI, 2JAEA, ’KEK, “U.Hyogo, >Spring-8

Photo-neutron energy spectra for Ey=23.1 and 26.6 MeV mono-energetic photons on "C were measured
using laser Compton scattering facility at New SUBARU BLO1. The photon energy spectra were
evaluated through measurements and simulations with collimator sizes and arrangements for the laser
electron photon. The neutron energy spectra for the "™C(y,xn) reaction were measured at 60 degrees in
horizontal and 90 degrees in horizontal and vertical with respect to incident photon. The spectra show
almost isotropic angular distribution and flat energy distribution from detection threshold to upper limit

defined by reaction Q-value.
Presented at 13th International Conference on Radiation Shielding (ICRS-13) & 19th Topical Meeting of

the Radiation Protection & Shielding Division of the American Nuclear Society -2016 (RPSD-2016),

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

2.1 Inter-comparison of particle production (2)

H. Hirayamaand T. Sanami

KEK

In accordance with the discussion at SATIF-11, we proposed the problems of neutron production from
thick targets of Al, Cu and Au as the new inter-comparison for SATIF-12. There were large differences
than our expectation in this inter-comparison. The revised problems including 0 degree and angular
integrated spectrum as quantities to be calculated were prepared for SATIF-13 to understand the reason of

the differences. This paper presents a comparison of results provided by four groups.

Followings are the summary of the inter-comparison.

(1) Comparison of neutron fluence above 20 MeV
Differences of neutron fluence above 20 MeV emitted from the target are within 96 % for Al, 60 %
for Cu and 103 % for Au, respectively.

(2) Comparison of neutron energy fluence above 20 MeV
Differences of neutron energy above 20 MeV emitted from the target are within 46 % for Al, 49 % for
Cu and 39 % for Au, respectively.

(3) Comparison of neutron spectra above 20 MeV at 0 degree
There are large differences between codes especially for 1 GeV proton.

(4) Comparison of angular neutron energy fluence above 20 MeV
Differences are relatively small except 0 degree at 1 GeV protons and similar differences exist for all
angles at 10 GeV protons for all target materials. On the other hand, differences at 0 degree are

smaller than other angle at 100 GeV protons.

Followings are the future themes

It is necessary to continue this study with the following themes as the next step:

(a) FLUKA and MCNP6 results are desired for this inter-comparison.

(b) Itis also necessary to compare energy spectrum below 20 MeV.

(c) It is desired to check models especially for angular distributions by code developers and reflect to
this comparison.

(d) Experimental results are necessary for 0 degree.

Presented at Shielding Aspects of Accelerators, Targets and Irradiation Facilities - SATIF 13,
10-12 October 2016, Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany
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2.2 B-ray Spectrum Data for egs5 based on ICRU-56 or RADAR

Y. Kirihara, H. Hirayama and Y. Namito
KEK

B-sources have a different continuous spectrum than y-source as mentioned in the "Lecture note
of Practices on How to Write Source Routine".

In general, it is difficult to apply a direct sampling method for continuous distribution. The
approximation method applicable to any case is to use a probability distribution function for a segmented
interval in B-ray energy if a spectrum is known. The energy interval can be sampled using the cumulative
distribution function with a random number. The B-ray energy in each energy bin is sampled assuming a
uniform distribution inside the energy bin. The spectrum data is necessary for each radionuclide to
apply this method. In the above-mentioned lecture note, spectrum data for *’Sr in ICRU Report 56 (call
"ICRU-56 data") isused. For other radionuclides, it is necessary to find the spectra data for each time.

In this lecture note, B-ray spectra data for egsS and an explanation of how to use them in egs5 are
presented using the B-ray spectra data, ICRU-56 data, and "RADAR - The Decay Data” (the latter
includes more radionuclides than the ICRU-56 data).

Published as KEK Report 2016-2 (June 2016).

2.3 Update on the code intercomparison and benchmark for muon fluence and absorbed dose

induced by an 18 GeV electron beam after massive iron shielding

A. Fassbl, Al Ferrariz, An. Ferrari3, N. V. Mokhov*, S. E. Mﬁller3,W. R. Nelson', S. Roeslerz, T.
Sanami’, S. I. Striganov*, R. Versaci®
'SLAC, *CERN, *HZDR, “FNAL, °KEK, °ELI

In 1974, Nelson, Kase, and Svensson published an experimental investigation on muon shielding
around SLAC high-energy electron accelerators. They measured muon fluence and absorbed dose
induced by 14 and 18 GeV electron beams hitting a copper/water beamdump and attenuated in a
thick steel shielding. In their paper, they compared the results with the theoretical models available
at that time. In order to compare their experimental results with present model calculations, we use
the modern transport Monte Carlo codes MARS15, FLUKA2011 and GEANT4 to model the
experimental setup and run simulations. The results are then compared between the codes, and with
the SLAC data.
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Presented atl3th Meeting of the task- force on Shielding aspects of Accelerators, Targets and
Irradiation Facilities, 10-12 October 2016 Dresden, Germany

2.4 Measurements and FLUKA Simulations of Bismuth and Aluminum Activation at the
CERN Shielding Benchmark Facility (CSBF)

E. Iliopouloul’z, R. Froeschll, M. Bruggerl, S. Roeslerl, A. Infantinol, N. Nakao’, T. Sanami*, T.
Kaj imoto’ , Al Siountasz, P. Bamidis®
" CERN, ? Aristotle University of Thessaloniki, > Shimizu Corp., * KEK, * Hiroshima Univ.

The CERN High energy AcceleRator Mixed field (CHARM) facility is situated in the CERN Proton
Synchrotron (PS) East Experimental Area. The facility receives a pulsed proton beam from the
CERN PS with a beam momentum of 24 GeV/c with 5x10"" protons per pulse with a pulse length of
350 ms and with a maximum average beam intensity of 6.6x10'® protons per second. The shielding
of the CHARM facility also includes the CERN Shielding Benchmark Facility (CSBF) situated
laterally above the target, that allows deep shielding penetration benchmark studies of various
shielding materials. During the 2015 operation period, this facility consisted of 80cm of cast iron and
360 cm of concrete with barite concrete in some places. Activation samples of bismuth and
aluminum were placed in the CSBF and in the CHARM access corridor in July 2015 for a first
characterization of the CSBF. Monte Carlo simulations with the FLUKA code have been performed
to estimate the specific production yields of bismuth isotopes (**°Bi, **’Bi, ***Bi, ***Bi, **’Bi) from
299Bj and **Na from *’Al for these samples.The production yields estimated by FLUKA Monte Carlo
simulations are compared to the production yields obtained from v -spectroscopy measurements of

the samples taking the beam intensity profile into account.

Presented atl3th Meeting of the task- force on Shielding aspects of Accelerators, Targets and
Irradiation Facilities, 10-12 October 2016 Dresden, Germany
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3. Radiation Protection Study in Accelerator Facilities
3.1 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, and N. Yoshihara'
KEK, 'Tokyo Nuclear Service Co., Ltd.

To increase the beam current in the Compact Energy Recovery Linac (cERL) at the High Energy
Accelerator Research Organization (KEK), the beam loss must be reduced to less than 0.01% during
the transportation of 20 MeV electrons in order to suppress the radiation dose outside the accelerator
room. Beam loss locations were successfully identified using the gold activation method, and the
beam loss rate was estimated by comparing the measured dose rate with the simulated dose rate on
the roof of the cERL room. Beam operation with beam cur-rent of 0.90 mA was achieved with a

beam loss rate of less than 0.01%.

3.2 Measurement and control of beam losses under high average-current operation of the
compact ERL at KEK
S. Sakanaka, K. Haga, Y. Honda, H. Matsumura, T. Miyajima, T. Nogami, T. Obina,
H. Sagehashi, M. Shimada, and M. Yamamoto
KEK

The compact ERL (cERL) at KEK is a superconducting accelerator aimed at demonstrating ERL
technologies for the future light source. In cERL, low-emittance and high-average-current electron
beams of up to 10 mA will be recirculated in future. Toward this goal, we studied
high-average-current operations where the beam losses should be controlled to very-small fractions.
We have so far succeeded in recirculating beams of up to 0.9 mA with very-small beam losses. We
report our accelerator tuning method for high-average-current operation, and present measured

radiation data showing very-small beam losses.

3.3 Radiation safety studies on Super KEKB Phase 1 operation

T. Sanami, T. Oyama, K. Iijima
KEK

The Super KEKB factory, phasel operation of which started at Feb. 2016, is a 7 GeV electron- 4
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GeV positron collider that is designed to derive 8x10°° [1/cm?/s] luminosity. To fulfil the target
luminosity, the collider will be operated with small beam-size and a large crossing angle at the
interaction point. Phasel operation of the Super KEKB, which is aimed at establishing beam
injection tuning, back-ground study and vacuum scrubbing, was successfully done at the end of Jun.
2016. During the phasel operation, data related to radiation shielding design were obtained for
thermal neutron flux in the tunnel, which produces *'Ar in air. The result was compared with the

prediction of empirical equation and beam life.

Presented atl3th Meeting of the task- force on Shielding aspects of Accelerators, Targets and
Irradiation Facilities, 10-12 October 2016 Dresden, Germany
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4. Nuclear Chemistry and Radiochemistry
4.1 Study for chemical environmental effect on muon capture by using low pressure hydrogen
mixture gas samples (H,+CO, H,+CO,, H,+COS and H,+CS;).

G. Yoshidal, K. Ninomiyal, M. Inagakil, A. Nanbul, A. Shinoharal, W. H[igemotoz,
M. K. Kubo®, N. Kawamura®, Y. Miyake4 and T. Miura*
'Osaka Univ.,”JAEA, *ICU, *J-PARC(KEK)

An atomic system that has one negatively charged muon instead of an electron is called muonic atom.
There are two muonic atom formation processes; direct muon capture and muon transfer processes.
Muon transfer process is observed only in hydrogen containing system. In direct muon capture,
chemical environmental effect is known. Muon capture phenomena are strongly influenced by the
electron state of muon capturing molecule. In fact, muon capture probability and initial quantum
level of captured muon are changed by molecules. On the other hand, such a chemical environmental
effect has never been examined in muon transfer process. In this study, we performed muon
irradiation experiment for low-pressure hydrogen containing system and investigated chemical effect
on muon transfer process.

The experiments were carried out at D1 experimental area in J-PARC/MUSE. The experimental
setup was written in elsewhere (G. Yoshida et al., J. Radioanal. Nucl. Chem. 2015). We performed
muon irradiation experiment for H,+CO(1%), Hy+CO,(1%), H,+COS(1%), and H,+CS,(1%) gases
with 0.99 bar conditions. Muonic X-rays emitted after formation of muonic atom were measured by

high purity germanium detectors.

Fig. 1 shows the muonic X-ray
spectrum of Hy+COS(1%) sample. In

annihilation

\s(2-1)
e

this figure, muonic X-rays from sulfur
atoms were found. As already

mentioned in the previous report, no

Jcounts-h!

chemical environmental effect on

muon transfer process were found

iViuonic X-ray intensity

between CO and CO, molecules. On
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the other hand, obvious difference 450 500 550 600 650 700 750

was found in the muon capture to Energh / keV

sulfur atom in COS and CS, Fig. 1: Muonic X-ray spectrum of H,+COS(1%)
molecules. From the muonic X-ray

intensities, we determined per atom

muon capture ratios A(S/C) for COS, and CS, molecules as 2.9, and 5.1, respectively. This result
suggested appearance of chemical effect in muon transfer. Unfortunately, due to not enough statistics,

we could not discuss in detail. We had submitted the proposal for additional experiment to reveal the
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chemical effect in muon transfer process, by taking more statistical data. The next experiment will

bring us new discoveries.

Published in Radioisotopes 65 113-118 (2016).

4.2 Development of a High-Frequency Induction Furnace Combined with a Size-Analysis

System for Metallic Aerosols Generated from Molten Metals

Y. Okil, T. Miuraz, H. Matsumura® and K. Masumoto®
'KURRI, *KEK

Radioactive aerosols were released to the environment in both accidents of the J-PARC in 2013 and
Fukushima Daiichi Nuclear Power Plant (FDNPP). The release occurred due to melting of the
metallic target or the highly radioactive nuclear fuel. The particle size of the aerosols is very
important information to clarify their formation mechanism. In this work, a new high-frequency
induction furnace system using pure carbon crucibles was developed to investigate the size of
aerosol particles bearing radionuclides. The system consists of the 20-kW induction furnace and a
low-pressure impactor. The temperature of the furnace successfully reached 2,100°C in a nitrogen or
argon atmosphere. Back ground aerosol concentration during heating was minimized by pre-heating
of the crucible in the furnace. A wire screen technique was attempted to be applied to the size

measurement of fine aerosol particles smaller than the minimum size measurable by the impactor.

Presented at the 18" Workshop on Environmental Radioactivity, Tsukuba, March, 2017.

_23_



5. Environmental and Analytical Chemistry at Accelerator
5.1 Development of an AC Electropolishing Method of Niobium without Hydrofluoric Acid

H. Monjushirol, K. Niiz, Y. Idaz, S. Kawamura3, S-Z. Kure—Chu3, H. Yashiro®
lKEK, *Marui Galvanizing Co., Ltd., Twate University

In an international linear collider (ILC) plan, superconducting radio frequency (SRF) cavities are
essential components for acceleration of the charged particles. The cavities are made of high purity
niobium (Nb) and the inner surfaces of these cavities are required to be smooth enough. Typically, in
order to obtain a good surface finish, direct current electropolishing is used for the SRF cavities
made of Nb. Typical electropolishing process uses the electrolyte composed of hydrofluoric acid (HF,
about 50 mass%) and sulfuric acid (H,SOa, about 97 mass%) in a volumetric ratio of 1:9. However,
there is a strong demand to replace the electrolyte with less hazardous one. In this study, we made a
preliminary search for less hazardous electrolyte that could change the traditional HF/H,SO4
electropolishing system. Diluted H,SO, is used as electrolyte and AC voltages are applied to Nb
coupon. The electropolishing of Nb surface is successifully achived by appropriate AC voltages. The
polishing rate of Nb depends on amplitude of AC voltage, frequency of the AC voltage, and
concentration of H,SO4. Also the AC voltage required to polish Nb surface depends on a kind of
counter electrode. The most suitable conditions are found to be AC voltage of 10 V and AC

frequency of 1000 Hz, in 30wt% H,SO4 with the counter electrode of titanium.
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6. Research a related to Accident of Fukushima Daiichi Nuclear Powere Station
6.1 Investigation of Main Radiation Source above Shield Plug of Unit 3 at Fukushima Daiichi

Nuclear Power Station

H. Hirayama'?, K. Kondo'?, S. Suzuki?, Y. Tanimura®3, K. Iwanaga?, H. Nagata®
'KEK, 2NRA, *JAEA

Ambient dose equivalent (hereafter called dose equivalent) rates at the operation floor of Fukushima
Daiichi Nuclear Power Station Unit 3 were very high. It was several Sv/h near the surface of the shield
plugs at July 23-24, 2013. Maximum dose equivalent rate was reduced to about 200 mSv/h at 5 m height
from the operation floor with decontamination actions by removing debris, cutting and sucking of
concrete surface using remote devices. The reduction rate was far small compared to expected one before
decontamination action.

This fact indicated that Cs-134 and Cs-137 might exit inside the shield plug. These contaminations could
not be removed by cutting and sucking of concrete surface. Considering the structure of the shield plug,
we supposed that Cs-134 and Cs-137 attached between the gaps of 3 layers of shield plugs at which gases
including high density Cs-134 and Cs-137 leaked through at the time of accident. To confirm this
estimation, measurements of pulse height distribution were performed using a CdZnTe detector inside a
lead collimator with enough shielding to limit the area of measurement.

The 24 points were selected for pulse height distribution measurements; the shield plug of the reactor,
iron shield on the floor, the spent fuel pool etc. The measurement points are densely-arranged above the
shield plugs and their joints because high level contamination is presumed to concentrate in those zones.
Numbers of unscattered photons entering the CdZnTe detector at 50 cm height above the shield plug
surface inside the collimator system from radial segmented plane sources of Cs-137 under 60 cm concrete
were calculated with Monte Carlo method. The calculated 0.662 MeV photons entering on the detector
surface became 7.5x10? photons/sec per Bg/cm?. The contribution of Cs-137 outside 7.2 ¢cm from the
center of the collimator was about 1 %. From this result, an effective source radius for this measurement
can be treated as 7 cm.

Concentrations at the gap under 60 cm of the shield plug were estimated from the measured peak counts
rates and the obtained conversion coefficient at the point from No.1 to No.5 which were above the shield
plugs except their joints. Concentrations varied almost factor 5 between these points from 8.0x10° to
5.7x10'° Bg/cm?. If Cs-137 was distributed on the surfaces of the gaps of three shield plugs with radius 6
m and with the averaged concentration of these 5 points, 2.6x10'° Bg/cm?, total amount of Cs-137 is

estimated to be 30 PBq and is about 10 % of the estimated total inventory of Cs-137 at Unit 3.

Presented at 13th International Conference on Radiation Shielding & 19th Topical Meeting of the
Radiation Protection and Shielding Division, 03 - 06 Oct 2016, Paris, France.
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6.2 Investigation on Main Source on Operation Floor of Fukushima Daiichi Nuclear Power Station

Unit 4

H. Hirayama'?, K. Kondo'?, S. Suzuki®, S. Hamamoto™*, K. Iwanaga®

'KEK, °NRA, *JAEA

The ambient dose equivalent (hereafter called dose equivalent) rates on the operation floor of Fukushima
Daiichi Nuclear Power Station Unit 4 were far lower than those at Unit 1, 2 and 3 due to the fact that Unit
4 was under a periodical inspection at the time of the accident, March 11, 2011. The inspection work
contained the shroud replacement work. However, there were several places at which dose equivalent
rates exceeded several hundreds uSv/h even in this situation. This level is still higher at the position of the
manual fuel removal operation. Before our measurement, Tokyo Electric Power Company (hereafter
called TEPCO) had a plan to set a shielding wall at the north end of the cover of the operation floor by
regarding that photons at the operation floor of Unit 4 mainly originated from the contamination at the
operation floor of Unit 3. It is important to confirm main source of dose equivalent rate at the operation
floor for setting effective shields. Pulse height distribution measurements at various places were
performed to identify radionuclides together with dose equivalent rate distributions inside the operation
floor.

Pulse height distribution measurements were performed at various places on the operation floor. A
LaBr; detector with 2 inches diameter and 2 inches length (Inspector 1000) was used for these
measurements. Detector set inside a lead box with 1 cm thick and 1 cm diameter hole at the center was
used to measure at the places at which dose rates were over 100 uSv/h.

In the east and west passage areas, Cs-134 and Cs-137 were dominant compared with the central lines.
On the other hand, Co-60 was considerably large at the central line except C3 and C4. C3 and C4 is on
the concrete floor and the DS pool cannot be seen from these points. The comparison at the north end of
the cover of Unit 4 (E1, C1 and W1) shows this difference more clearly. From these results, it is clear
that main source radionuclides were Cs-134 and Cs-137 at the east or west passage area and Co-60 at the

central line.

Presented at 13th International Conference on Radiation Shielding & 19th Topical Meeting of the
Radiation Protection and Shielding Division, 03 - 06 Oct 2016, Paris, France.
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6.3 Changes of "’Cs concentrations in Japanese dace from twelve lakes in Fukushima

Prefecture after the Fukushima fallout

K. Takasakil, A. Tomiyaz, T. Wada3, D. Morishital, T. Satol, G. Kawatal,

S. Suzukil, K. Masumoto*

'Fukushima Pref. Inland Water Fisheries Experimental Station,” Fukushima Pref. Agricultural

Promoion. Div. *Inst. Environ. Radioactivity, Fukushima Uni. * KEK

Lake water, zooplankton and Japanese dace were collected from twelve lakes in Fukushima

B7Cs concentrations. "*’Cs concentrations of them from August 2013 to

Prefecture to measure
November 2016 were significantly different between the areas with different '*’Cs deposition in the
neighboring soil of lakes.

Ecological half-life (Teco) of '*’Cs in Japanese dace was in the range of 350 to 1,644 days. In Lake

IW, it was suggested that Teco of '*

Cs in Japanese dace was prolonged.

Mean "’Cs concentration in Japanese dace which was born before the disaster was significantly
higher than that which was born after the disaster in six lakes. One reason for this is that the group
born before the disaster experienced a large drop of '*’Cs immediately after the fallout.

No correlation was found between the '*’Cs concentration of the lake water and the mean "*’Cs
concentration of Japanese dace and between the *’Cs concentration of the zooplankton excluding
the lake OG and the mean "*’Cs concentration of Japanese dace. Therefore, in addition to lake water
and zooplankton, changes of 1¥7Cs concentration in Japanese dace may be caused by other s

migration pathways such as terrestrial and aquatic insects, fish larvae and plant debris.
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)

13th Meeting of the task- force on Shielding aspects of Accelerators, Targets and Irradiation
Facilities, 10-12 October 2016 Dresden, Germany

T.Sanami, K.lijima, T.Oyama, “Radiation safety studies on Super KEKB Phase 1
operation”.

H.Hirayama, T.Sanami, “Inter comparison of particle production (2)”.

E. lliopoulou, R. Froeschl, M. Brugger, S. Roesler, A. Infantino, N. Nakao, T. Sanami, T.
Kajimoto, A. Siountas, P. Bamidis, “Measurements and FLUKA Simulations of Bismuth
and Aluminum Activation at the CERN Shielding Benchmark Facility(CSBF)”.

A. Fasso, A. Ferrari, A. Ferrari, N. V. Mokhov, S. E. Miillerl,W. R. Nelson, S. Roesler, T.
Sanami, S. I. Striganov, R. Versaci, “Update on the code intercomparison and benchmark
for muon fluence and absorbed dose induced by an 18 GeV electron beam after massive

iron shielding”.

7th International Particle Accelerator Conference, Busan Korea,8-13, May 2016

i)

ii)

iii)

T.Toyama, K.Satou,H.Kuboki, H.Nakamura, B.Yee-Rendon, M.J.Shirakata, “Residual
Radiation Monitoring by Beam Loss Monitors at the J-PARC Main Ring”.

N.Ikeda, T.Sugano, K.Genba, M.Komeda, Y.Kuroda, D.M.Matsuura, A.Harayama,
T.Takahashi, S.Watanabe, H.Nakamura, K.Niki, C.Ohmori, M.J.Shirakata,.“Residual
Radiation Measurements at J-PARC MR Using the ASTROCAM 7000HS, Newly
Developed Radioactive Substance Visualization Camera”.

H. Matsumura, A. Toyoda, S. Sakanaka, K. Haga, T. Obina, T. Miura, K. Hozumi,
S. Nagaguro, T. Oyama, N. Yoshihara, “Beam Loss Estimation by Measurement of
Secondarily Produced Photons under High Average-Current Operations of Compact ERL
in KEK”

S. Sakanaka, K. Haga, Y. Honda, H. Matsumura, T. Miyajima, T. Nogami, T. Obina, H.
Sagehashi, M. Shimada, M. Yamamoto, “Measurement and control of beam losses under
high average-current operation of the compact ERL at KEK”

T. Obina, M. Adachi, S. Adachi, T. Akagi, M. Akemoto, D. Arakawa, S. Araki, S. Asaoka,
M. Egi, K. Enami, K. Endo, S. Fukuda, T. Furuya, K. Haga, K. Hara, K. Harada, T. Honda,
Y. Honda, H. Honma, T. Honma, K. Hosoyama, K. Hozumi, A. Ishii, X. Jin, E. Kako,
Y. Kamiya, H. Katagiri, H. Kawata, Y. Kobayashi, Y. Kojima, Y. Kondou, T. Konomi,
A. Kosuge, T. Kume, T. Matsumoto, H. Matsumura, H. Matsushita, S. Michizono, T.
Miura, T. Miyajima, H. Miyauchi, S. Nagahashi, H. Nakai, H. Nakajima, N. Nakamura,
K. Nakanishi, K. Nakao, K. Nigorikawa, T. Nogami, S. Noguchi, S. Nozawa, T. Ozaki, F.
Qiu, H. Sagehashi, H. Sakai, S.Sakanaka, S. Sasaki, K. Satoh, Y. Seimiya, T. Shidara, M.

_57—



Shimada, K. Shinoe, T. Shioya, T. Shishido, M. Tadano, T. Tahara, T. Takahashi, R. Takai, H.
Takaki, T. Takenaka, O. Tanaka, Y. Tanimoto, N. Terunuma, M. Tobiyama, K. Tsuchiya, T.
Uchiyama, A. Ueda, K. Umemori, J. Urakawa, K. Watanabe, M. Yamamoto, N. Yamamoto,
Y. Yamamoto, Y. Yano, M. Yoshida, R. Hajima, M. Mori, R. Nagai, N. Nishimori, M.
Sawamura, T. Shizuma, M. Kuriki, “Recent developments and operational status of the

compact ERL at KEK”

(6) The 6th Yamada workshop on Muonic X and Gamma ray Spectroscopy 2016 (MXG16), Osaka
University, Suita Osaka Japan, Sep. 26-28, 2016.

i)  G. Yoshida, K. Ninomiya, M. Inagaki, T.U. Ito, W. Higemoto, T. Nagatomo, P. Strasser,

N. Kawamura, K. Shimomura, Y. Miyake, T. Miura, K. Kubo, A. Shinohara,“Muonic

atom formation processes through muon transfer process for low pressure carbon oxide

molecules”

5.2 Invited Talk
(1) The 3rd International Workshop on Radiation Effects in Nuclear Technology, Hefei, China,
June 21-22, 2016

i)  H. Matsumura, ~” Radionuclides in Cooling Water for High Energy Accelerators”,

5.3 Domestic Conference
(1) 5513 MIMESR AR GEEA v R EBE Y L 2016 428 H 8 H~ 10 H)
) I, S EE PSR, BEEDRES , AEVEST , FHTE , ASER, FRRER
BR, ARRSZR, B S w], AR BE , PARMETT, B BB, s, N iR, B R,
FHZEM, FHPA VAT, @R, MERRIERC , (IACRERE, © 322737 | ERL IC &1
% E— LAERK | mA Oz ”

() HAKFFIIEE 2016 FRROKRE KT T+ 758,206 29 A 7H~9 H)

) CPILEER, AR R ERHEER ,  RBIRE= 2 Y VTR A 2 D Nal(Tl)
WA T — 2 &2 Wiz 2011 48 3 HIC 350 % 1-131, 1-132, 1-133 35K T Te-132 D
ZEFH OIS ”

i) KEREIOR, R, R Bk, AFHEZ , MRS , IR I, TR s (FNTD)
DHPEFRRRIINEIC I 2 EREE ORI & U2 DUER

i) MR — , SREBEE , Ak, RS P 5, EAREE , BooredE , (IR,
RIS, “1TMeV ASDET 05 DRI K 2 k1 AT MLV OREAKAT
.
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“)

®)

iv) FRERTES, e RER, AN, SR BT ETE, AR, MU i,
Froeschl Robert, Brugger Markus, “CERN/CHARM I 3513 % 24GeV [ 172 F O 72 3
WRSZER (1) FLERMEEE & AU EAR AR IC K B HIE ™.

V) HRARH, ik, RS, B, BUTER, R BT LR,
Froeschl Robert, Brugger Markus , “CERN/CHARM [Z 351} % 24GeV [ 1% F 723
R (2) AR > F L— 2RI K BHETF TRV F—AXRT FVORIE ™.

vi) BREE, BUTES , IR, hEMES , AR, #5HEZ NS, Il =,
Froeschl Robert, Brugger Markus, “CERN/CHARM C 3513 % 24GeV [5 17 F W 72 3
IR ) AHEMIER DT > T + — )V T« Y 7B L PPV F—AX
7 v,

2016 HABEHE A RES - 856 0 mIaHb Aaame G, 2016 4£.9 H 10 H~

12 H)

) A, ZERE, R AR, R, ATy — oS ) w7 R AEE,
IRE—RE, =R, =R —, AREE, BEE , <KD CO,C02,COS 7Zik
FHCHWIE X 24 VIR FIEBGEFE OIS

HARER IR 2 E AR 5 1 5 Bk s (Rilik, 2015 4 11 A 30 H~ 12 A 2 H)

i) EESEGL , BEARIES , MR, “ISOCS 1T & B H b O TG REIL & P /3 A 1S
B9 % At

i) HR—, #EHEZ , ERGEA], SHSEh, SEWE,T-PARCIG Y7 bny
DEYFIVNTDT 7> b LfnTsiE < EDHIE .

i) KEREFROR, MR, ok, AEHES , MRS, /NRE R, HOETREF M 88
(FNTD) ODIRBFFEAED 1T F1F B T-RROD 2 >,

iv) EREEE], A AKE—, BUSFE , BEAK  , B, 25, KILBESL | « IHas
i GM #ittds 7z N2 2 A N EZ Z DR 7,

v)  RILBEEL , AL SN EREER , « X T AT 2=y BAD 3.3GeV
T AGHT K o THERE NS Y Ar OEERIFEADG .

vi) BRIGANE , etk , RILFEEL , A, FiREE— , 4 AR —, “KEK D <RI
B 2 HGHREFREAH S A7 L (NORM) OHK 7.

KEK AF 2—F >k « 74 2016 (KEK/MAKR—)L) 2016 4510 A 25 [
i) KEREHTS, R E, BOSOHE .2, SCERVABIFSER , /IMAE K, 125K, “Research
of fluorescent nuclear track detectors (FNTDs) for practical use as personal neutron

dosimeters”.
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(6)

(7

@®)

)

(10)

i) Tran Nguyen Thuy Ngan, Shinichi Sasaki, Toshiya Sanami, Yuji Kishimoto, Eido
Shibamura “Measurements of Electron Response and Average Energy Required per

Scintillation Photon in Plastic Scintillators for Gamma Rays”.

2016 FEERT — ZWIRE , & T3V F— T , 2016 4£ 11 ] 17 H~ 18 H

i) Y. Yamaguchi, T. Sanami, Y. Uozumi, “Measurement of Double Differential Cross Section
for Evaporated Charged Particles from Proton-Induced Reactions”.

i) H. Yashima, M. Hagiwara, T. Sanami, S. Yonai, “Measurement of residual activities

induced in copper by 148 MeV carbon”.

%3 13 [a] Micro Pattern Gas Detector flf555s , #f7 K22 Scimml S 7B St seiili o >

Novavik—)U,20164FE 12 H9H

) EAM T, EARKE—, S8, EREIT, PR, SNECRE, KIRET,
WEHEXE, WRtho Y, DR —, ARG, REDK, BRE, BFHF, WK,
bk, " A A IR R PS-TEPC DR ~ 1SS #% Fadbicmir T~ ",

531 BEIFHEREAIH S 2RI Y I, FHRSARIZET, 2017 41 H 17 H

i) SFRRITE, BNECRHL, R, AR, (EAARE—, &a7, S8, 75,
FEAE L IRARIEA S SALRZN , AN, ARAREE 1 | IBFHEXE , JERS i, 7SS NIC
B 2 THBAHRAEFHA - ALE A RSP E L BRI (PS-TEPC)
DRAFE ™.

s e & ZOIsH G 31 \) (KEK /MAFR—)L) 2016 4 1 H 23 H ~25
) KEaSThOR , PARHEL, (el ik , FEHE.Z , MRRS2 , /IMAE K, "FNTD Hf: s
DOEHIC AT TS & FRE — X/y $/D FNTD FREFFEHL D D58 — .

5531 [ E AR H B ey G RN ZE AR B PE R AR 25T - £ IR —

V) 201743 A9 H~10 H

D) REESIRI, RAWHE, e ik , MUFUHES , MRS, /RS R, « B TRIA A HH 5
(FNTD) DR FRFHEE D I 331 % X/y FRERET D722 >,

i) MR B, SREBEA, Bk, S, P S, A, BOTrEE, 1L,
R, 717 MeV 172 OISR RIC X 2 HE P 3V F—AX 7 b
IV D FH FEARAT .

i) | LETHER] , AR, ST, 7 B T ASHRR R G 28 AR D faf B R A2 il — FE A
Sy W RE O HIE .
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6. HitE  (2016.4.1 ~ 2017.3.31)
(1) K. Bessho, K. Tagami, K. Takamiya, H. Matsumura, T. Miura: “Proceedings of the 17th

Workshop on Environmental Radioactivity”, KEK Proceedings 2016-8 (2016)

7. Internal Reports of Radiation Science Center (2016.4.1 ~ 2017.3.31)

TR RIR A > 2 — TR L 2B D THE#RAE Y Z— N L R— ] 2317 LT
W5,

7.1 AL AR EBHROGBN L R —
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chem-A-16-17 | hi5a2s J-PARC 1A S T 1 )V D B D534t
chem-A-16-18 | g% SF6 DREIC X 2 MARIRAEKI O3
chem-A-16-19 | fj5s5s PF-AR & B - \ON &Y D534
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R 2 20F41E G 2016 47 A

FERE E—, BUS RZ, S L At Sk TEERENS, A FI2%, Ao 72, =3 K—,
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15 -2014 £ -", KEK Internal 2016-19 (2016).

KILkgsh, SHESLA, A 7, THRESRREHRIC BT %% E & NSt FRAT3R
O HN R G EDZETIARD % R L X% |, KEK Internal 2016-6, Jun
2016, Japanese, 34 p.

WA R, FAth T, SHSEh, BRE—, TR THREDR AR IC B
BB E NI PERIN TR N O EE N TWIR W PRI TR O H D2 I %
D B EHRZ %5 ], KEK Internal 2016-3, Jun 2016, Japanese, 89 p.
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BFENTORWBEHMERINITEROMH O ZE ISR D % EH#R % 208 ), KEK Internal
2016-2, Jun 2016, Japanese, 65 p.
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