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PREFACE

The Radiation Science Center conducts the radiation and chemical safety management
work for researches using high energy accelerators in KEK. The center also conducts
research and development in the field related to the management work. This report is
devoted to summarize our activities related to the R&D activities. The first section
describes abstracts of each research activities performed in this fiscal year. The second
partis for the summary related to the safety management work which includes job
assignment and overview. The third part indicates the data related to our activities
including grant, awards, list of outside committees we are engaged in, workshops and

symposia, publications and member list of our group.

In beginning of FY 2020, we had Covid-19 pandemic in the world. This make impact on
our activities, the first half of PF beam operation was canceled, less numbers
collaborators in comparison with ordinary years and most of meetings was cancelled or
held online. Under this difficult condition, we continue our safety management work
as usual and conducts research activities as much as possible. We summarize safety study
on accelerator decommissioning based on plenty of surveys. Many of research papers
were  published concerning the safety studyand the other topics
concerning accelerator safety. Concerning  accelerator ~ operation, SuperKEKB
factory records world highest luminosity. We proud thatour safety management
takes part of the record. The upgrade of J-PARC accelerator is approved for neutrino

science in future, that requests more contribution from radiation safety management.

We hope that the activity report promotes understanding our activities as well as is useful

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

Toshiya Sanami

Head, Radiation Science Center,
Applied Research Laboratory,

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 2020 is described.



1. Research in Radiation Physics and Detector Development

1.1 Efforts for long-term operation of a space dosimeter named PS-TEPC

K. Terasawa'?, Y. Kishimoto®, K. Miuchi*, A. Nagamatsu?, S. Sasaki®, K. Takahashi?
'Keio Univ., 2JAXA, 3KEK, “Kobe Univ.

An active space dosimeter named Position-Sensitive Tissue-Equivalent Proportional Chamber (PS-TEPC)
has worked stably for 1.4 years inside the Japan Experimental Module (JEM) of the International Space
Station (ISS) since December, 2016. The detector can measure the deposit energy and the chord length in
the detector by reconstructing the three-dimensional tracks of incident particles. Some efforts for long-term

operation are described.

Published as Proc. of The 35th Space Utilization Symp. 35 (2021).

1.2 Scintillation and ionization yields of helium—xenon gas mixture for application in neutron

detectors

A.Takeuchi!, K. Saito'?, Y. Kishimoto!?, T. Oyama?, T.Sanami'?
I SOKENDALI, 2KEK/SOKENDAI

The scintillation and ionization yields of helium—xenon gas mixture were measured using a gridded
ionization chamber with 2! Am alpha particles to study the potential of the mixture to be applied in neutron
detectors. The ionization yields for various ratios of the mixture gases were obtained with gas pressures of
1.0, 0.657, and 0.100 MPa. The yield data were explained well using the ratio of the number of excited
atoms to that of ionized atoms in helium, i.e. 0.54120.005. The scintillation yield increased with xenon
partial pressure and saturated at 10% of the total pressure, while the ionization yield increased up to 1.59
times of the initial value for pure helium at 1% of the total pressure then gradually increased to 1.8 times.
The helium gas with added xenon at 10% of its pressure was suggested as a medium of a neutron detector
with signal readouts from both scintillation and ionization, since it increases the scintillation yield to more
than 1.1 times of pure xenon and increases the ionization yield to more than increases 1.8 times of pure

helium.

Published as Jpn. J. Appl. Phys. 59(2020) 046001.



1.3 Measurement of thick target neutron yields from 7 MeV/u o incidence on 2°Bi

K.Sugihara'2, N.Shigyo'?, E.Lee'?, T.Sanami***, K.Tanaka?
"Kyushu Univ., 2RIKEN, 3KEK, “SOKENDAI

Thick target neutron yields produced by 7 MeV/u o incidence on a 2”Bi target were measured at emission
angles of 0, 45, and 90° using EJ301 liquid scintillators and the time-of-flight method. The experimental
thick target yields were compared with those calculated using the Liége IntraNuclear-Cascade (INCL) and
the JAERI Quantum Molecular Dynamics (JQMD) models followed by the Generalized Evaporation Model
(GEM) implemented in PHITS. The INCL model successfully reproduced the neutron energy distribution.
In contrast, the JQMD model could not reproduce the distribution, even for the reactions induced by low

energy composite particles.

Published as Nucl. Instrum. Methods B 470(2020)15-20.

1.4 Response of plastic scintillator to gamma sources

Suffian M.Tajudin', Y.Namito?, T.Sanami?, H.Hirayama®
'Universiti Sultan Zainal Abidin, > KEK

In this study, we developed a method for directly determining the energy deposited over the entire energy
range by monitoring the light output from a plastic scintillator under gamma irradiation. The relative light
output was analyzed based on Birks’ semi-empirical formula for ionization to obtain the quenching
parameter as kB = 0.016 + 0.0004 g cm™ MeV~!. Comparisons of experimental and calculated results for
the light output spectra showed that considering the quenching effect, background subtraction, source

casing, and energy sampling were essential for achieving good agreement.

Presented at Appl. Radiat. Isot. 159(2020)109086.

1.5 Impact of photo-neutron spectrum shape for Pb(y,xn) on shielding design

T. K.Tran!, T.Sanami'?, H. Yamazaki'?, T. Itoga’, A. Takeuchi!, S. Miyamoto®, H. Nakashima®,

Y.Asano*
I'SOKENDALI, 2KEK, 3JASRI, * Hyogo Univ., SJAEA



The neutron spectrum of the (y,xn) reaction for the targets using a 16.6 MeV polarized photon was measured.
The two components were obtained on the experimental neutron spectrum, however, the high energy
component was not reproduced by the calculation codes. Thus, the effect of the photo-neutron spectrum on
the shielding calculation was studied by considering leakage dose rate. Below the calculation are addressed
in detail. A Pb target was chosen for the shielding calculation, which is common shielding material. The
experimental neutron energy distribution was employed for the calculation of the leakage dose for a simple

shielding structure, that is, concrete shielding with various thicknesses.

Submitted to ICRS14/RPSD 2020 at Seattle. This presentation was accepted but this conference was
postponed to 2022 due to COVID-19.

1.6 Comparison between experimental and calculation neutron spectra of the '’ Au(y,sn) reaction

for 17 MeV polarized photon

T. K.Tran!, T.Sanami'?, H. Yamazaki'?, T. Itoga®, A. Takeuchi!, S. Miyamoto*, Y.Asano*
I SOKENDAL, 2 KEK, 3JASRI, * Hyogo Univ.

The double differential cross sections (DDX) were measured for the '’ Au(y,sn) with 17 MeV polarized
photons on a thin target. The DDX were compared with the result of PHITS calculation. To reproduce the
energy spectra of neutrons, especially at the relatively high energy region, a physics model for the direct

process should be implemented in addition to the evaporation model.

Published as Proc. 2019 Symposium on Nuclear Data November 28-30, 2019, Kyushu University, Chikushi
Campus, Fukuoka, Japan (2020), 107.

1.7 An experimental approach to determine detection efficiency for NE213 liquid scintillators with

different volumes

T. K.Tran!, T.Sanami'?, H. Yamazaki'?

'SOKENDALI, 2KEK

Detection efficiency of six NE213 liquid scintillators were determined experimentally, for the experiment
carried out at the NewSUBARU-BLO!I to study the photo-neutron produced from 17 MeV photons
interacting with Au target. The efficiencies using the ScinfulQMD calculation with absolute normalization

and 22Cf measurement were employed for the high and low energy region, respectively. The obtained



efficiencies of all the detectors were tested through 22Cf fission neutron measurement, then was applied to

data analysis for double differential cross section measurement of the '°’Au( v ,sn) reaction.

Published as KEK proceedings 2020-5 November 2020, 55.

1.8 Gamma Background Rejection Using CVD Diamond Neutron Detectors

X. Xu!, M. Hagiwara'?, H. Iwase'* M. Nakhostin®, K. Iijima? and M. Tanaka'>
ISOKENDAL, 2KEK, *ICUL

A chemical vapor deposition (CVD) diamond detector is an attractive semiconductor detector owing to its
advantages, such as large bandgap, high electron—hole mobility, low leakage current, excellent timing
resolution, and outstanding radiation hardness. In particular, the low gamma sensitivity and outstanding
radiation hardness of a diamond detector make it a suitable candidate for neutron measurements in harsh
radiation environments, such as the Fukushima Daiichi nuclear power plant, Super KEKB, J-PARC, and
LHC. In this work, the results of a study on the gamma sensitivity of diamond neutron detectors are reported.
The responses of two diamond detectors of thicknesses 25 um and 140 um, respectively, to gamma rays
were simulated and measured for high-activity '*’Cs and ®°Co gamma-ray sources. The maximum energy
depositions of the 25-um-thick diamond detector were approximately two-thirds and half of those of the
140-pm-thick diamond detector for '*’Cs and ®°Co gamma rays, respectively. The gamma-ray detection
efficiencies of the two diamond detectors were measured by setting the threshold of the energy depositions
to 0.058 MeV. The detection efficiencies of the 140-um-thick diamond detector were approximately six

and nine times higher than those of the 25-um-thick one for '*’Cs and ®*Co gamma rays, respectively.

Published as “Proceedings of the 34th Workshop on Radiation Detectors and Their Uses”, KEK
Proceedings 2020-5 (2020) 39-45.

1.9 Characterization of CVD Diamond Detector for Neutron Sensor in Harsh Radiation

Environments

M. Hagiwara'?, X. Xu?, M. Nakhostin?
'KEK, 2SOKENDAL, *ICUL

Mixed radiation fields (neutrons, y-rays, and so on) are present in many environments such as in nuclear
power plants, nuclear fuel reprocessing facilities, particle accelerators, and medical nuclear facilities. The

neutron and y-ray components of these fields are required to be separately monitored, in order to



characterize the radiological environments, and to avoid the workers from excessive radiation exposure.
However, in some harsh environments associated with Fukushima Daiichi nuclear power plant (NPP) after
the accident in 2011, and in the state-of-the-art high-intensity accelerators such as SuperKEKB, J-PARC,
and LHC, the real-time monitoring of neutrons and y-rays in their caves, which gives diagnostic information
in the systems, can be challenging, because of the extremely-high levels of radiation. In 2018, we launched
a Japan-collaborative project (RIDERS: Remote Inspection of Debris under Extreme Radiation by Diamond
Sensor Integrated with SONAR Systems) to develop a prototype of submerged remotely operated vehicle
(ROV) integrated with a neutron detector and sonars in collaboration with Japanese experts from the High
Energy Accelerator Research Organization (KEK), the National Institute Material Science (NIMS), and the
National Maritime Research Institute (NMRI), targeting the localization and characterization of the fuel
debris at NPP on site. The project aims to in-situ measure and analyze the distribution and criticality of
flooded fuel debris. For this purpose, we are constructing a compact neutron detection system based on the
combination of a diamond sensor with a radiation resistant integrated readout circuit. For the detection of
thermal neutrons, a thin Chemical Vapor Deposition (CVD) diamond detector coated by a neutron
convertor has been selected, because it could measure neutron events associated with the debris apart from

huge amounts of y-ray events by '*’Cs widely-dispersed throughout the primary containment vessel (PCV).

Presented in 2020 ANS Virtual winter Meeting, November 16-19, 2020, online.

1.10 Measurements of secondary-particle emissions from copper target bombarded with 24-GeV/c

protons

T. Oyama', T. Sanami', H. Yashima?, M. Hagiwara', N. Nakao®, A. Infantino*, E. Iliopoulou®,
R. Froeschl*, S. Roesler*, T. Kajimoto®, E. Lee®, S. Nagaguro', T. Matsumoto’, A. Masuda’,
Y. Uwamino®

'KEK, *Kyoto Univ., 3Shimizu Corp., *CERN, *Hiroshima Univ., °Kyushu Univ., "AIST, SRIKEN

To devise an activation technique for characterizing mixed radiation fields, secondary particles from a
copper target irradiated by 24 GeV/c protons were measured at the CERN High-energy AcceleRator Mixed
field facility (CHARM). Activation detector sets consisting of aluminum, niobium, indium, and bismuth,
were placed at 30 cm from the target at angles of 15° to 160° with respect to the beam axis. The nuclides
generated in these detectors due to irradiation by secondary particles were analyzed by y-ray spectrometry,
and the angular distributions of the production rates were obtained. The results of Monte Carlo calculations
using FLUKA code was compared with the experimental results. The calculated results well agreed with
the measured data at all angles. The influence of competitive reactions on the measured data were also

evaluated by FLUKA. The following nuclear reactions, with low affectivity by competitive reactions, were



identified as promising tools for characterizing mixed radiation fields: the ''*In(n, n')!">™In reaction for
detecting neutrons emitted by the evaporation process, the **Nb(y, n)*>"Nb reaction for verifying the photon
distribution generated by neutral-pion decay (1—2y), and the 2*Bi(p, 4n)**Po reaction, which detects

secondary protons.

Published as Nucl. Instrum. Methods Phys. Res. A990 (2021) 164977 - 164977.

1.11 Energy and angular distribution of photo-neutrons for 16.6 MeV polarized photon on

medium-heavy targets

T. K.Tran!, T.Sanami'?, H. Yamazaki'?, T. Itoga®, A. Takeuchi!, Y .Namito!?, S. Miyamoto*, Y.Asano*
I SOKENDAL, 2 KEK, 3JASRI, * Hyogo Univ.

The energy spectra as well as the angular distribution of photo-neutrons, called the double differential cross
sections (DDXs) of the (y, xn) reaction were measured for 16.6 MeV linearly polarized photons on Pb, Au,
Sn, Cu, Fe, and Ti targets. Polarized photons were prepared using the laser Compton scattering technique
at BLOI, NewSUBARU, Hyogo, Japan. The photo-neutrons were measured using liquid organic
scintillators, placed at six different angles. The time-of-flight technique was used to determine the neutron
energy. The low energy and high energy components on the DDXs were identified for all the targets. Flat
angular dependence was observed for the low energy component; however, a cos(26) distribution was
observed for the high energy component, where 6 is the angle between the photon polarization direction
and neutron emission. The angular dependences were parameterized by fitting the experimental data. The

obtained parameters were compared with those from previous studies conducted decades ago.

Published as Nucl. Instrum. Meth. Phys. Res. A989 (2021) 164965.



2 Experimental Technology and Monte Carlo Simulation Related to Radiation
Shielding
2.1 Implementation of muon pair production in PHITS and verification by comparing with the muon

shielding experiment at SLAC

Y.Sakaki, Y. Namito, T. Sanami, H. Iwase, H.Hirayama
KEK

We implemented a model of muon pair production through a real photon in PHITS and compared our
calculations with data of the muon shielding experiment conducted at SLAC to verify the validity of the
implemented model. Our predictions of the muon fluence induced by electrons are in good agreement with
the experimental data. To understand the known differences between the calculations of the muon fluence,
which have been determined using other Monte-Carlo codes, we quantitatively evaluate the fluctuations in
the Monte-Carlo results due to systematic errors in multiple Coulomb scattering, differences in the

approximation methods and energy loss models, and whether incoherent production is considered.

Published as Nucl. Instrm. Meth. 977(2020) 164323.

2.2 Searching for new light particles at the international linear collider main beam dump

Y. Sakaki!, D. Ueda?
'KEK, ?Univ. Tokyo

We perform a feasibility study of a beam dump experiment at the International Linear Collider (ILC). To
investigate the sensitivity to new light particles at the experiment, we consider models for axion-like
particles (ALPs) and a light scalar particle coupled to charged leptons. For both models, we show that the
detection sensitivity is almost an order of magnitude higher than other beam dump experiments in the small
coupling region. For ALPs, it is shown that the ILC beam dump experiment is highly complementary to
bounds from astrophysics. In addition, for the model of the scalar particle, the region favored by the muon

g—2 experiment can be explored.

Published as Phys. Rev. D 103 (2021) 035024.



2.3 Current status and application of EGSS code

Y Namito
KEK

The EGSS5 code is a general-purpose electron-photon transport Monte Carlo simulation code with an energy
range of 1 keV to 1 TeV. The reactions handled are electron-positron pair production, Compton scattering,
photoelectric effect, Rayleigh scattering for photons, bremsstrahlung, Moller or Bhabha scattering for
electrons or positrons, respectively, and annihilation in flight and at rest for positrons. We also deal with
characteristic X-ray and Auger electron emission after K-shell or L-shell photoelectric effect. For Moller
or Bhabha scattering and bremsstrahlung that generate secondary particles below the cut-off energy,
continuous deceleration approximation is used instead of treating individual reactions that generate
secondary particles. In addition, multiple scattering of electrons and positrons is handled by the Moliere
theory or the GS theory. In implementing multiple scattering, a technique called dual hinge is used.
Combined geometry is available as a calculation geometry, and users can incorporate their own geometry
also. When CG is used for calculation, independent software called Cgview can be used to verify the CG
system before MC calculation. EGSS is used in a wide range of fields such as radiation detector simulation,
medical treatment planning, radiation protection, and calculation of environmental radioactivity related to
the Fukushima accident. In order to meet the demand in these fields, improvements such as the development
of a beta-ray spectrum library based on ICRP107 and the development of ICRU90 density effect parameters
have been made. In addition, the LPM effect and dielectric suppression, which are problems with

bremsstrahlung of energy above GeV region, are also considered.

Presented as invited presentation at Joint International Conference on Supercomputing in Nuclear

Applications + Monte Carlo 2020 (SNA+MC2020), No.3291277, Invited presentation, MC0S8-2, 423 (2020).



3. Radiation Protection Study in Accelerator Facilities
3.1 Tensile behavior of dual-phase titanium alloys under high-intensity proton beam exposure:

Radiation-induced omega phase transformation in Ti-6Al-4V

T. Ishida'?, E. Wakai'?, S. Makimura'?, A M. Casella*, D.J. Edwards*, R. Prabhakaran®, D.J. Senor*, K.
Ammigan®, S. Bidhar’, P.G. Hurh’, F. Pellemoine®, C.J. Densham®, M.D. Fitton®, J.M. Bennett®, D. Kim’,
N. Simos’, M. Hagiwara?, N. Kawamura'?, S.-i. Meigo'?, K. Yonehara®

1J-PARC, ’KEK, *JAEA, “PNNL, SFNAL, ‘RAL, 'BNL

A high-intensity proton beam exposure with 181 MeV energy has been conducted at Brookhaven Linac
Isotope Producer facility on various material specimens for accelerator targetry applications, including ti-
tanium alloys as a beam window material. The radiation damage level of the analyzed capsule was 0.25
dpa at beam center region with an irradiation temperature around 120 °C. Tensile tests showed increased
hardness and a large decrease in ductility for the dual a+ B-phase Ti-6Al-4V Grade-5 and Grade-23 extra
low interstitial alloys, with the near a-phase Ti-3Al-2.5V Grade-9 alloy still exhibiting uniform elongation
of a few % after irradiation. Transmission Electron Microscope analyses on Ti-6Al-4V indicated clear
evidence of a high-density of defect clusters with size less than 2 nm in each a-phase grain. The -phase
grains did not contain any visible defects such as loops or black dots, while the diffraction patterns clearly
indicated o-phase precipitation in an advanced formation stage. The radiation-induced ®-phase
transformation in the B-phase could lead to greater loss of ductility in Ti-6Al-4V alloys in comparison with

Ti-3A1-2.5V alloy with less B-phase.

Published as Jounal of Nuclear Materials 541 (2020) 152413.

3.2 Attenuation length of high energy neutrons through a thick concrete shield measured by

activation detectors at CHARM

N.Nakao' , T. Sanami?, T. Kajimoto?,
E. Iliopoulou*, R. Froeschl*, M. Brugger*, S. Roesler*,A. Infantino*
IShimizu corp., > KEK/SOKENDALI, * Hiroshima Univ., “*CERN/RP

A deep-penetration shielding experiment was performed at the CERN High-energy AcceleRator Mixed-
field (CHARM) facility. The protons (24 GeV/c) were injected into a 50-cm-thick copper target and the
released neutrons were transmitted through a bulk concrete shield located vertically upward from the target,
where they were measured with bismuth and aluminum activation detectors placed at various penetration

distances in the shield. From the radionuclide production rate in the activation detectors, the attenuation

~10-



profiles through the concrete shield were obtained for the reactions of 2Bi(n,xn)*'** Bi(x = 4-9)
and ?’Al(n,a)**Na. The attenuation length of the high-energy neutrons through ordinary concrete was
estimated as 120 g/cm?, in good agreement with Monte Carlo simulations using simple slabs as a universal
geometry implemented in Particle and Heavy lon Transport System (PHITS) code. Proton energy
dependence of attenuation length was also investigated with simulations by PHITS code and comparisons

with the published data were discussed.

Published as J. Nucl. Sci. Technol. 57 (2020) 1022—1034.

3.3 Measurement and Evaluation of Activation for Decommissioning of Accelerator Facilities

H. Matsumura, K. Masumoto, G. Yoshida, A. Toyoda, H. Nakamura, T. Miura
KEK

Measurement of activated materials and evaluation of activated areas of several types of accelerator
facilities were studied for decommissioning planning from FY2017 to FY2020 under the contract of the
Nuclear Regulation Authority. The research results were summarized in "Manual of Measurement and
Evaluation of Activation for Decommissioning of Accelerator Facilities." This manual consists of the
classification of the activation area of accelerator facilities and the measurement and evaluation of the
activation of concrete structures and metallic accelerator components in the decommissioning of accelerator

facilities. This manual will be used for the decommissioning of accelerator facilities in Japan.

Presented at the 17th Annual Meeting of Particle Accelerator Soc. of Jpn. (PASJ2020)
Publidhed as the report “Measurement and Evaluation of Activation for Decommissioning of Accelerator

Facilitie” (Radiation Research Program of 2020, NSR 2020) .

3.4 Survey Methodology for the Activation of Beamline Components in an Electrostatic Proton

Accelerator

G. Yoshida!, H. Matsumura!, H. Nakamura!, A. Toyoda', K. Masumoto!, T. Miura', K. Sasa?, T.
Moriguchi?
'KEK, ?Univ. Tsukuba

To establish a systematic guideline for accelerator decommissioning, as a case study, beamline activation

of 12MeV-proton electrostatic accelerator was investigated employing a survey meter and y-ray

spectrometers. Beam loss points where reflected as high dose-rate area were identified, and generated

—11 =



nuclides and their activities were determined. Almost beamline components are made from stainless steel
and **Mn and °Co were detected as principal induced activities. It was found that the °Co activity
significantly contribute to the dose rate value denoted on the survey meter. From the beam operation history
and the monitor currents of Faraday-cups, we revealed the beam loss on a certain point significantly reflects
the 32Mn activity on there. Induced activities of >Mn and 3*Co on the certain point of the beamline could

be reproduced by the contact dose-rate on that point.

Published in Radiation Safety Management. 20(2021) 1-8.

3.5 Specific Activity of Floor Concrete at Cyclotron Type Proton Therapy Facilities

H. Matsumura?, G. Yoshida!, A.Toyoda", K. Masumoto?, H. Nakamura?, T. Miura?, K.Nishikawa),
K. Bessho", T. Akita?, S. Katsuta?, T. Akimoto®, Y. Sugama®, F. Nobuhara?, Y.Nagashima®

I'KEK, % National Cancer Center Hospital East, > Aizawa Hospital Proton Therapy Center, * TNS

To plan safe accelerator facility decommissioning, it is crucial to determine the necessity of
decontamination of activated concrete. We investigated concrete radioactivation in cyclotron-type proton
therapy facilities at the National Cancer Center Hospital East and Aizawa Hospital. The specific activities
of 2*Na in the concrete were measured in situ to obtain the thermal neutron fluence rates with high sensitivity.
Based on these fluence rates, the sum of the '*?Eu and *°Co specific activities in the concrete were predicted
for an operation duration of 30 years. The concrete can be treated as non-radioactive waste in the treatment
and beam transport line rooms, as the sum of the '*?Eu and *’Co specific activities was estimated to be
significantly below the clearance level (0.1 Bq/g). However, in the accelerator room, the concrete floor’s
specific activity was estimated to be close to the clearance level. Therefore, confirmatory measurements

are necessary before the actual decommissioning of the concrete.

Submitted to Radiation Safety Management (2021).

— 12—



3.6 Decontamination plan for the concrete of the activated accelerator room and its implementation:
A case study in the decommissioning of the PET cyclotron room at the Medical and

Pharmacological Research Center Foundation

Y. Miyazaki', G. Yoshida?, K. Masumoto?, H. Matsumura?, M. Tanaka®
! The Medical and Pharmacological Research Center Foundation, 2 KEK, 3 JFE Engineering

Herein, we present the case study of the decontamination of highly activated concrete in the accelerator
room. The activated cyclotron room for pharmaceutical for the positron emission tomography (PET) in the
Medical and Pharmacological Research Center Foundation (Ishikawa, Japan) was decontaminated. The
contact dose rates of the concrete walls, floor, and ceiling were measured at 50 cm mesh using a Nal survey
meter. The depth profiles of specific activity in the concretes were obtained by core boring at seven different
places. The activated concrete regions were estimated in detail based on the relationship between the
measured contact dose rates and depth profiles of the specific activity. The activated concrete was chipped
and removed based on the estimated activated region. Then, through remeasurement, it was confirmed that
the removal of the activated concrete was completed. The measurement of the contact dose rate using the
Nal survey meter could determine the removal depths of the concrete at short range mesh. This contributed

to the reduction of radioactive waste.

Published in Radioisotopes, 69(2020)365 -373.

3.7 Investigation of activation in proton therapy facilities 1 (synchrotron type)

K. Masumoto', H. Matsumura!, G. Yoshida', A. Toyoda'!, H. Nakamura', K. Nishikawa', T. Miura!, K.
Bessho', N.Kondo?, T. Sakae’, H. Souda®, S. Yonai®
'KEK, 2Medipolis Proton Therapy and Research Center, 3Univ. Tsukuba, *Yamagata Univ., QST

In case of the decommissioning accelerator facilities, it is important to estimate the radioactivity induced
in the accelerator room under their routine operation conditions. In this work, Medipolis Proton Therapy
and Research Center (MPTRC), which was operated for proton therapy of about 3600 patiants since 2011.
Protons are accelerated at the energies of 120, 150, 210 and 230 MeV by the synchrotron for the treatment
of several kinds of tumors of patiants. MPTRC has three rotating gantlies and treatment rooms. We
measured the secondary neutrons emitted from accelerator at several tens points during one day operation.
The averaged thermal neutron fluence rate for 10 hours operation were 10! ~102 cm™-s™!. After operation,
we also measured the dose rate to detect the induced radioactivity with several types of gamma-ray
spectrometors. Activation was observed several limitted area, such as a beam extraction point from

synchrotron, beam slits and beam dumps.
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Induced activity of >*Na of floor concreteof accelerator room and irradiation room was measured by the Ge
detecotor. By using these data, the sum residual activity of ">Eu and ®°Co after 30 years operation was
estimated. The maximum value was 0.0016Bg/g in concrete. Therefore, it is concluded that the acivation
of building in case of the proton therapy facilities using synchrotron will be negrigible, as other facilities

are alsosame operation conditions.

Presented at the 19th Annual Meeting of JRSM(2020).

3.8 Investigation of activation in proton therapy facilities 2 (cyclotron-type)

G. Yoshida!, K. Masumoto', H. Matsumura', A. Toyoda!, H. Nakamura!, K. Nishikawa', T. Miura!, K.
Bessho!, Y. Sugama?, H. Nakamura®, T.Akita*, S. Katsuta*, T. Akimoto*, T. Sakae’, H. Souda®, S. Yonai’
'KEK, 2Aizawa Hospital, *Hokkaido Ohno Memorial Hospital, *National Cancer Center Hospital East,
STsukuba Univ., *Yamagata Univ., "QST

Many proton therapy facilities using cyclotron or synchrocychrotron have been constructed in the world,
because of their compactness and easy maitenance. In these case, proton energy is fixed, such as 235 MeV.
Then, irradiation energy for proton therapy is changed by the enegy degrader located outside of accelerators.
In order to measure neutron fluence distributed in the accelerator room, beam lines and irradiation rooms
during operation, and measured induced activity of accelerator components, beam transport lines after
operation, we selected following three faciliities, such as National Cancer Center Hospital East, Aizawa
Hospital using cyclotron, Hokkaido Ohno Memorial Hospital using synchrocychrotron. In case of Aizawa
Hospital, the averaged thermal neutron fluence rate for 14 hours operation were 10> ~10* cm™2-s™! in the
cyclotron room and 10° ~10' cm™-s™! in the irradiation room.

The sum residual activity of '?Eu and *°Co after 30 years operation was estimated as 107~ 1072 Bg/g in
concrete in the accelerator room. In case of decommisioning of cyclotron facilities, we have to take care

the acivation of floor concrete of accelerator room, especially surroundings of the degrader.

Presented at the 19th Annual Meeting of JRSM(2020).
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3.9 Study of the activation evaluation method for metallic iron using a PET cyclotron

H. Matsumura', K. Masumoto', G. Yoshida!, A. Toyoda', H. Nakamura',
I. Koumura?, H. Uno®, M. Kozaki®, K. Wagatsuma®*
'KEK, 2SHI, 3SHI-ATEX, “Tokyo Metropolitan Geriatric Medical Center

It was predicted that the decommissioning of cyclotron facilities for PET-RI production will be incresed in
Japan.In case of decommissioning work, it is important to judge that various accelerator components are
activated or not activated. In order to construct the evaluation procedure of metallic materials, we
investigated the activation of yoke of cyclotron magnet at Tokyo Metropolitan Geriatric Medical Center as
one of the case study. This cyclotron (Cypris 370) was constructed by Sumitomo Heavy Industry and used
for PET-RI production from 1990 to 2013. Proton energy was accelerated at 18 MeV and proton beam was
extracted to target holder for PET-RI production by using a deflector. Beam loss might be occurred near
the deflector and target holder and secondary neutrons were spread to the cyclotron room from the beam
loss points. In case of iron, *Mn(T}2:312d) and ®Co (T;5:5.27y) were produced by fast and thermal
neutrons, respectively. In 2019 to 2020, we measured the suraface dose rate inside and outside of cyclotron
with several gamma-ray spectrometers and survey meters shielded by lead cylinder. Activity of **Mn was
considerably dcreased by cooling for 6 years. After measurement, four iron core of upper, bottom and side
yokes were sampled from ouside surface to center. It was found that (1) Activity of **Mn decreased more
rapidly than that of ®Co from inside to outside of yoke, (2) surface dose was caused by radioactivity of
%Co from surface to a few cm in depth, (3) Activity of ®Co of outside surface of yoke was silghtly
increased by the roll around effect of thermal neutrons, (4) Surface dose was proportional to the specific
activity of ®Co. Therefore, it was concluded that surveymeter method is useful to evaluate the residual

activity of ®*Co of iron.

Presented at the 19th Annual Meeting of JRSM(2020).
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4. Nuclear Chemistry and Radiochemistry
4.1 Collection of Radionuclide-Bearing Aerosol Particles Emitted from Molten Radioactive Metals

Using a High-Frequency Induction Furnace System

Y. Oki!, T. Miura?, A. Toyoda?, K. Nishikawa’, H. Nakamura?,
H. Matsumura?, G. Yoshida?, K. Masumoto®

'Kyoto Univ. (KURNS), 2KEK

An aerosol collection system consisting of a high-frequency induction furnace and a cascade impactor has
been developed to study properties of the metallic radioactive aerosol particles formed at high temperature.
A pure carbon crucible was used for induction heating in the furnace. In this work, the collection system
was applied to activated aluminum metal to measure particle size distribution of radionuclide-bearing
aerosol particles generated from the molten aluminum. The aluminum sample was activated in a high-
energy proton accelerator facility. Clean aerosol-free condition was attained up to 1,850 °C in the furnace
by preheating of the crucible under argon atmosphere. The activated aluminum sample was melt at 1,850
°C and the aerosol particles were collected in the argon atmosphere. The impactor analysis showed that

22Na-bearing aluminum particles were smaller than non-radioactive aluminum particles.

Presented at 22th Workshop on Environmental Radioactivity.

4.2 Medical RI production by using electron beam at cERL in KEK

Y. Morikawa!, K. Harada', M. Yamamoto', K. Haga!, M. Hagiwara!, N. Higashi!, Y. Honda!, T. Honda!,
M. Hosumi!, E. Kako!, Y. Kamiya!, H. Kawata!, Y. Kobayashi!, H.Matsumura', C. Mitsuda', T. Miura',
T. Miura!, T. Miyajima!, S. Nagahashi!, N. Nakamura', K. Nakanish'i, K. Nigorikawa!', T. Nogami',
T. Obina', R. Kato!, H. Sagehashi!, H. Sakai', M. Shimada', M. Tadano!, R. Takai', H. Takaki!,

O. Tanaka!, Y. Tanimoto', A. Toyoda!, T. Uchiyama', A. Ueda', K. Umemori!, Y. Funahash'i,

G. Yoshida!, F. Qiu!, S. Michizono' , M. Kawabata?, A. Ota?, A. Motomura?, S. Motoishi?,

N. Sato?, T. Shibata?

'KEK, 2Chiyoda Technol Co.

At the cERL (compact Electron Recovery Linac) facility of KEK , a new irradiation port was constructed
to produce radioisotopes for medical use and to improve the property of industrial materials. As the cERL
can produce the high beam current by super-conductivity aceleration, it is expected to use RI production

and property modification of materials. We tried to obtain the basic condition of *Mo production and *™T¢
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extraction for medical use. An target irradiation and transport system, chemical treatment of irradiation

target were performed successfully.

Presented at the 17th Annual Meeting of Particle Accelerator Soc. of Jpn. (PASJ2020).
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5. Environmental and Analytical Chemistry at Accelerator

5.1 Generation of circular dichroism from superposed porphyrin films

H. Takechi!, H. Watarai’
'KEK, ?Osaka Univ.

In this study, we have demonstrated the generation of the circular dichroism (CD) spectra of the superposed
achiral oriented porphyrin films and analyzed the observed CD spectra with our new calculation method.
The measured CD spectra depended on the twisted angle between the plates and the number of superposed
plates. The CD spectra quantitatively agreed with the simulated ones by the Mueller matrices superposition
calculation using the observed linear dichroism (LD) spectra and the linear birefringence (LB) spectra of
each plate. It revealed taht the origin of the CD from the superposed films was the combination of LD and

LB spectra of single porphyrin films.

Published as Chirality 53, 242-247 (2021)

5.2 Development of a New Electropolishing Method of Niobium without Hydrofluoric Acid

H. Monjushiro!, K. Nii%, Y. Ida?, S. Kawamura®, S-Z. Kure-Chu?®, H. Yashiro?
'KEK, *Marui Galvanizing Co., Ltd., *Iwate 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 must be smooth enough because they play a crucial role in the
performance of cavities. Typically, direct current electropolishing is used for the SRF Nb cavities. Typical
electropolishing process uses the electrolyte composed of hydrofluoric acid and sulfuric acid. 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. Using a three-electrode system, effect of pulse period of
controlled potential on the electropolishing behavior of Nb in 30 % H,SO4 was examined. The potential
pattern consisted of cathodic pulse (-3 V vs. Ag/AgCl), anodic pulse (+1 V vs. Ag/AgCl) and rest time (0
V vs. Ag/AgCl). The results of various combinations of pulse width showed that pulse width shoud to be
longer than 0.5 ms for successful polishing. Good performance was obtained when each pulse was balanced

and the etching rate became maximum for pulse width of 2 ms.

Presented in the 67th Japan Conference on Materials and Environments (2020)
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6. Research related to Accident of Fukushima Daiichi Nuclear Power Station

6.1 Measurement of 13’Cs Activity with Pinhole Gamma Camera

H. Hirayama'?, K. Hayashi', K. Iwanaga', K. Kondo'? and S. Suzuki'

'NRA, 2 KEK

The gamma camera is a useful measuring device for grasping the distribution of contamination, but the
radioactivity estimation of contamination is not easy. If the total energy absorption peak count rate of y-
rays can be measured with a pinhole gamma camera, it is possible to estimate the radioactivity. We can
calculate it analytically by using the distance between the source and measurement point, and the peak
count rate of direct y-rays. The estimation method of '*’Cs radioactivity using a pinhole gamma camera
was studied for Hitachi's gamma camera (HDG-E1500), which has the function to measure the total energy

absorption peak count rate of y-rays.

Published as Trans. At. Energy Soc. Japan, 19(2020)152-162

6.2 Relation Between Accident Progress at Unit-1 of Fukushima Daiichi Nuclear Power Station and

Time Histories of Dose Rates at Surrounding Areas

H. Hirayama'?, Y. Namito', S. Suzuki?, K. Kondo'?.

K. Iwanaga?, K. Hayashi?, H. Matsumura' and T. Sanami!

' KEK, 2NRA

The accident progression scenario of the Tokyo Electric Power Company’s (TEPCO) Fukushima Daiichi
Nuclear Power Station (herein-after referred to as “1F”) after the Great East Japan Earthquake has been
discussed mainly based on calculations because of the lack of time history information indicating the
internal condition of the reactor. Radiation-related information, such as -ambient dose equivalent rate, air
absorbed dose rate, and pulse height distribution data, is relatively abundant and reflects the time history
information associated with the progress of the accident. The radiation-related data are a result of the
complex situations of Units 1-3, in which the accident occurred. It is challenging to obtain information
related to the progress of the accident of an individual reactor. Therefore, the data have been used mainly
to estimate the amount of radionuclides released from the nuclear reactors. However, before March 13,
2011, it is considered that only Unit 1 contributed to the dose rate outside the reactor. Thus, the dose-rate-
related information in this period is closely related to the accident progress of Unit 1.

The accident progression of Unit 1 is summarized in “Estimate of Unit 1 accident progress based on air

dose rate monitoring data, linking with the accident progress”, based on the dose rate data obtained before
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8:00 on March 12th, presented by Yamauchi et al. at the 2018 Fall Meeting of the Atomic Energy Society
of Japan. In addition, the accident progress of Unit 1 is discussed to some extent in the TEPCO’s report
“Estimation of radioactive material released to the atmosphere in the accident at Fukushima Daiichi Nuclear
Power Station” (May 2012) .

In this study, the relationship between the accident progression of Unit 1 and radiation and radioactivity
information before March 13 was analyzed mainly using the ambient dose equivalent rate inside 1F, the
monitoring post-data of 1F (air absorbed dose rate) collected by the operators, and monitoring post-data of

Fukushima prefecture (air absorbed dose rate and some Nal (T1) pulse height distribution data).

Published as KEK Report 2020-5(2020).

6.3 Research and development of radiation-resistant sensor for fuel debris by integrating advanced
measurement technologies (Contract research); FY2018 Center of World Intelligence Project for

Nuclear Science/Technology and Human Resource Development

M. Hagiwara', M. Tanaka', S. Koizumi?, T. Shimaoka?, K. Ichikawa?, S. Kamada®, K. Nishimura3

IKEK, 2 NIMS, *NMRI

JAEA/CLADS, had been conducting the Center of World Intelligence Project for Nuclear
Science/Technology and Human Resource Development (hereafter referred to "the Project") in FY2018.
The Project aims to contribute to solving problems in nuclear energy field represented by the
decommissioning of the Fukushima Daiichi Nuclear Power Station, Tokyo Electric Power Company
Holdings, Inc. For this purpose, intelligence was collected from all over the world, and basic research and
human resource development were promoted by closely integrating/collaborating knowledge and
experiences in various fields beyond the barrier of conventional organizations and research fields. The
sponsor of the Project was moved from the Ministry of Education, Culture, Sports, Science and Technology
to JAEA since the newly adopted proposals in FY2018. On this occasion, JAEA constructed a new research
system where JAEA-academia collaboration is reinforced and medium-to-long term research/development
and human resource development contributing to the decommissioning are stably and consecutively
implemented. KEK’s proposals summarizing the research results of the "Research and Development of
Radiation-resistant Sensor for Fuel Debris by Integrating Advanced Measurement Technologies" were
adopted in FY2018. The present study aims to in-situ measure and analyze the distribution status and
criticality of flooded fuel debris. For this purpose, we construct a neutron measurement system by
developing compact diamond neutron sensor (200 pm x 510 pm thickness) and integrated circuit whose

radiation resistance was improved by circuit design. Along with the multi-phased array sonar and the
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acoustic sub-bottom profiling (SBP) system, the neutron measurement system will be installed in the ROV
(developed by Japan-UK collaboration) and its demonstration tests will be conducted in a PCV mock-up

water tank.

6.4 Relationships between 3’Cs Concentration in Masu Trout and Crucian Carp and

Environmental Contamination by Radiocaesium at Dam Lakes in Fukushima Prefecture.

Y. Funaki!, W. Teramoto?, T. Sohtome?, K. Takasaki?, K. Masumoto®

"Fukushima Pref. Inland Water Fisheries Experimental Station, 2Fukushima Pref. Fishery Office, SKEK

The high *’Cs activity concentrations in freshwater fishes has been continued still in Fukushima after the
TEPCO’s Fukushima Daiichi Nuclear Power Station accident. In discussing the resumption of fishing, it is
important to elucidate the mechanism of radioactive cesium contamination in freshwater fish. The purpose
of this study is to obtain fundamental knowledge for clarifying contamination process, investigating
relationships between '*’Cs concentration in freshwater fishes (masu trout and crucian carp) and
contamination of '*’Cs in and around 13 dam lakes in Fukushima Prefecture and the transfer factors from
zooplankton and water to fish. The maximum air dose rate in catchment area of each dam lake and average
concentration of '3’Cs in zooplankton and dissolved '*’Cs in lake water were used to indicate contamination
around and in lake, respectively. There were significantly positive correlations between the three indicators
for environmental contamination and '*’Cs concentration of both fishes (p <0.001). No significant
differences were found in the inclination of the approximate straight between two fishes (ANCOVA,

p>0.10), althourh they had different food habitat and lifespan.

Published as Proc. of the 21th Workshop on Environmental Radioactivity, KEK Proceedings 2020-
4(2020)127.
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