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PREFACE

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

group member list.

In FY 2022, Covid-19 pandemic situation gradually became stable in the world. Our
activities also became as usual before the pandemic. Several business trips to conferences
and experiments are resumed in the second half of this fiscal year. Under this condition,
we continue our safety management work as usual and conduct research activities as much
as possible. For the shielding design of the new collimator, which will be installed in
SuperKEKB oho straight section, plenty of calculations were done to improve the
calculation code itself. The code was improved for shielding design and application of
secondary radiation field around high power electron/positron beam dump in a future
linear collider. In J-PARC, an application to increase accelerator beam power is approved,

which requests power beyond the initial design.

We hope that the activity report promotes understanding of our activities and is helpful for

all people working in the field of the safety of accelerator facilities.

Toshiya Sanami

Head, Radiation Science Center,
Applied Research Laboratory,
High Energy Accelerator Research Organization






Contents

Chapter 1  Research Activity
1. Research in Radiation Physics and Detector Development
2. Experimental Technology and Monte Carlo Simulation
Related to Radiation Shielding
3. Radiation Protection Study in Accelerator Facilities
4. Nuclear Chemistry and Radiochemistry
5. Environmental and Analytical Chemistry at Accelerator
6. Research related to Accident of Fukushima Daiichi Nuclear

Power Station

Chapter 2 FFFEXIBIEE)
1. A
11 B s LA
1.2 BUR#REER Sy
1.3 AL P22 4 BRI
2. BURBR A PR
2.1 S EFy L8R
2.2 X ¥ > 7S A(J-PARC)
3. AbEER A - BREERAMR
3.1 fRAESHT
3.2 BREEE P
3.3 FEBRBER AL

Chapter 3 &%}
1. SMEREE A AR
1.1 Benrse g libh 4
1.2 AT @R ET e E B (G B2
1.3 ZRERFIESE
1.4 J:[FBAFEAIFSE
1.5 Z DAt
2. JEFEAFFEE
2.1 K55 & o SEFRIAFSE
22 R & oHFRFZE

o
>4
o
E
=
o
#

13
14

18

21
22
22
25
27
28
28
31
32
32
32
33

34
35
35
35
35
35
35
36
36
37



Chapter 4

2.3 LR HBE (faF) )

3. KFEBEAEZED AME R

3.1 PR L OHRE (AR FEERT)

3.2 NGRS OEE (k)

3.3 FHEE

4. B Z—FRDIIFTRZ RN R T L

4.1 %5 29 [7] EGS WF5t4

4.2 5537 EIFgES THES SRR & £ DIsH )

43 %24 ] TEBRETHURE] WFZER

5. HBEIGH)

5.1 AR FBERT:

5.2 FEH AT %

6. WEABSMED) - 12 B BkiHTS B

6.1 SMNBZEA RS

6.2 FRE

63 WEHEE (Fv Iy, Vg —HP AR v —Fr LV,
mtgAE~Z A, KEK £ 7F—, OHO &= J—)

6.4 thEI%E

7. S EFLEk

8. A v 2 —4E

Publication List

1. Papers (2022.1.1-2022.12.31)

2. Publication in Japanese (2022.1.1-2022.12.31)

3. Proceedings (2022.1.1-2022.12.31)

4. Reports (2022.1.1-2022.12.31)

5. Presentation at Conferences (2022.4.1-2023.3.31)
5.1 International Conference
5.2 Invited talk
5.3 Domestic Conference

6. MtE(2022.4.1-2023.3.31)

7. F5l&%(2022.4.1-2023.3.31)

8. H{T74(2022.4.1-2023.3.31)

-1 -

37
38
38
38
38
38
38
39
39
39
39
39
39
39
40

40
41
41
43

44
44
45
46
47
47
47
48
49
55
55
55



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 2022 is described.



1. Research in Radiation Physics and Detector Development

1.1 Development of space dosimeters and limitations on length of stay in space

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

PS-TEPC was returned to the ground from the ISS in 2019 and is being refurbished and improved through
experiments on the ground. With the new p-PICs installed, PS-TEPC was irradiated with particle beams
for the first time and the proton signal was successfully acquired. Examples of dose limits currently applied

to astronauts working on the ISS for a lifetime stay on the Moon will be described.

Published as Proc. of The 37th Space Utilization Symp. 37 (2023).

1.2 Cross comparison of neutron spectra with liquid scintillator and Bonner sphere spectrometer

E. Lee'?, T. Sanami ', T. Matsumoto®, A. Masuda®, N. Shigyo*, T. Kajimoto®, N. Noriaki®,
R. Froeschl’, E. Iliopoulou’, A. Infantino’, and S. Roesler’

'KEK, 2SOKENDALI, 3AIST, *Kyushu Univ., >Hiroshima Univ., *Shimizu Corp., "CERN

Experimental measurements were performed for produced high-energy neutrons when the 24 GeV/c proton
beam hit a copper target at the CHARM facility in the East Hall of the CERN proton Synchrotron. Neutron
energy spectra after concrete and steel shields were measured with a liquid scintillator and a Bonner sphere
spectrometer under an identical shielding configuration. The light output distribution of the liquid
scintillator and a set of count rates of the Bonner sphere spectrometer based on the *He proportional counter
was converted into the neutron energy spectrum using the unfolding method with a calculated response
matrix for each instrument, respectively. An initial guess of the neutron energy spectrum for unfolding was
obtained by the PHITS code. The neutron energy spectra were derived to inter-compare the difference

between two measurement methods.

Presentaed at 2022 Symposium of Nuclear Data.



1.3 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®, and
Y. Asano*
'SOKENDALI 2KEK, *JASRI, “Hyogo Univ., JAEA

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.

Presented on ICRS14/RPSD 2020 at Seattle.

1.4 Target mass dependence of photoneutron spectrum for 16.6 MeV photons on medium-heavy

mass targets

Sanami o, T.K Tran’, H. Yamazaki“, T. Itoga™ Y. Kirthara’, Y. Namito ™, Y. Sakaki~, S. Miyamoto®,
T.S i"2, T.K.Tran’, H. Y k'lZTIg“YK"h S Y.N "2YSkk"2$M'y 6
and Y. Asano'®

'KEK, 2SOKENDALI, 3CEA Saclay, *JASRI, *JAEA, Osaka University

We measured neutron energy spectra for the photonuclear reactions of 16.6 MeV linearly polarized photons
on Pb, Au, Sn, Cu, Fe and Ti. The spectra for each target show dependence on the target mass, as well as
on the angle between the directions of neutron emission and polarization. The components show angular
dependence were extracted from the spectra for each target and compare with the excited levels of residual
nuclei. Based on the data, we discuss a plan for further experiments to clearly observe the features of the

spectra.

Presented at 15th International Conference on Nuclear data for Science and Technology (ND2022)



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

2.1 Inter-comparison of particle production (4)

H. Hirayama'” and T. Sanami'

'KEK, 2NRA

We propose new inter-comparison problems of particle production from targets to find the reason for the
relatively large differences between codes in neutron production as presented at SATIF-14.

In addition to neutrons, protons, charged positive pions, charged negative pions and photons above 20 MeV from
10 GeV protons are requested to calculate in the revised problem.

At SATIF-15, we will present a comparison between the major Monte Carlo codes sent from contributors for this

inter-comparison.

Presented at The 15th workshop on Shielding aspects of Accelerators, Targets, and Irradiation Facilities
(SATIF), FRIB, East Lansing, Michigan, USA, on September 20-23, 2022.

2.2 The potential of the ILC beam dump for high-intensity and large-area irradiation field with

atmospheric-like neutrons and muons

Y. Sakaki, S. Michizono, N. Terunuma, and T. Sanami

KEK

We evaluate the neutron and muon fluxes produced in the ILC beam dumps by Monte Carlo simulations and
discuss their potential use in irradiation fields. We show that the beam dumps can provide high-intensity neutron
and muon fluxes with spectra quite similar to secondary cosmic rays, which are suitable for soft error studies.
The beam dumps deliver neutrons about 10! times the secondary cosmic rays on spaces perpendicular to the
beam axis and muons 10° times downstream of the beam dumps in the initial phase of the ILC. Large-area
irradiation of 1 m* or more is possible. Figure 2.2.1 shows the energy distribution of neutrons on the region
perpendicular to the beam axis and muons downstream of the beam dumps. Differences in the energy

distribution of muons in electron and positron beam dumps are also discussed for particle physics experiments.

Published in Nucl Instrum.Meth.A 1050 (2023) 168144.
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Fig. 2.2.1 The energy distribution of neutrons on the region perpendicular to the beam axis and muons
downstream of the beam dumps. The dashed curves are the secondary cosmic ray spectra at sea level scaled

by 3 x 10'% and 108 for neutron and muon.

3. Radiation Protection Study in Accelerator Facilities

3.1 Concrete activation of large proton synchrotron facilities

— What we know from the results of the activation survey of the KEK-12GeV-PS main ring —

G. Yoshida!, H. Kawamura?, F. Nobuhara?, H. Matsumura!, A. Toyoda', H. Nakamura', K. Masumoto!,
T. Miura!, K. [ijima'
'KEK, ’TNS

Generally, large hadron accelerators have significant beam losses and many neutrons produced. As a result,
many components, including the beamline and tunnel concrete, will be activated. Activation status should
be revealed until the decommissioning of the facility. However, finding and quantifying activated areas
accurately is challenging due to the influence of radiation from the surrounding area. As a case study, the
detailed survey for the floor concrete in the beamline tunnel was performed by using a portable y-ray
detector with radiation shielding at the 12GeV-PS at KEK, which closed in 2006. We measured surface
dose rates at 215 points over a circumference of 340 m of the main ring (MR) by using a specially made
Csl survey meter with a 6.5-cm-thick lead shield completely covering the sides and rear of the probe, to
reduce the influence from the background radiations. The maximum dose rate was 2.5 uSv/h. On the other

hand, the minimum value was almost at the BG level. We had expected that the surface dose rate



distribution was uniform, though it was found that the activation level is quite undulating and increases

rapidly near the quadrupole magnets and the septum magnets, where beam loss is expected by design.

Presented at the 4th Joint Meeting of JRSM and JHPS (2022).

3.2 Investigation into activation of accelerators at various synchrotron radiation facilities in Japan

G. Yoshida', H. Matsumura', K. Masumoto!, H. Nakamura!, A. Toyoda!, F. Nobuhara?, S. Iwai?, K.
Nishikawa!, K. Hayashi®, J. Ishioka*, H. Hanaki’, H. Miyauchi', S. Nagahashi', M. Sawada®, K. Goto®, Y.
Yamamoto’, T. Miura', K. Bessho!

'KEK, 2TNS, JIMS-NINS, *Spring-8, SJASRI, *Hiroshima Univ., "Ritsumeikan Univ.

A large-scale activation survey was conducted at representative synchrotron radiation facilities in Japan to
establish systematic guidelines for accelerator decommissioning. The neutron flux during accelerator
operation was measured with various dosimeters. A Monte Carlo simulation was conducted for some
facilities to verify the special neutron distribution and their spectra. Beam loss points, reflected as high-
dose-rate areas, were identified by a whole-beamline survey with a survey meter, and the generated
radionuclides and their activity were determined with a lanthanum bromide (LaBrs) scintillation
spectrometer. In all facilities, the activation level was quite low. Whole-beamline tunnels made of concrete
were not activated, and no radionuclides were detected except for natural nuclides. In addition, almost all
beamline components were either not or minimally activated. Although the acceleration energy is very high

for radiation synchrotron facilities, the generation of radioactive waste would be shallow.

Published as Journal of Nuclear Science and Technology 59, 543-554, (2022).

3.3 Gamma-ray measurements inside the acceleration tank of the 6MYV tandem electrostatic

accelerator at the University of Tsukuba

H. Matsumura!, M. Matsumura?, G. Yoshida!, T. Moriguchi?, K. Sasa®
'KEK, 2Univ. of Tsukuba

Determining which parts of the accelerator are activated will be helpful for the future decommissioning of
the accelerator. In tandem electrostatic accelerators, because the volumes of the acceleration tank and
accelerator room concrete are particularly large, decontamination will be very hard and expensive if these
materials become radioactive waste. For the acceleration tank, the thermal neutron fluence rate on the

surface of the acceleration tank during the operation was measured in a previous study. The measured



results suggested that the acceleration tank was not activated. In this study, to further support this suggestion,
vy rays were measured inside the acceleration tank to confirm that there were no activation points. Inside the
tank, y-ray spectra were obtained using the LaBr3 scintillation spectrometer for more precise evaluation at
the three typical locations. All the y-ray spectra agreed with the background. The peak counts for **Mn,
3Co, *8Co, and *°Co, which are possible nuclides, were analyzed, and the results were within the errors. As
expected from the results of the previous study, the absence of activation of the acceleration tank was
confirmed in the present investigation. The results of this series of activation investigations performed at

UTAAC will be helpful for the future decommissioning of this facility.

To be published in UTTAC Annual Report 2022.

3.4 Revision work on the manual of measurement and evaluation of activation for decommissioning

of accelerator facilities

H. Matsumura, G. Yoshida, A. Toyoda, H. Nakamura, K. Masumoto, T. Miura
KEK
It is difficult for most facilities to adopt the clearance in the decommissioning of accelerator facilities under
the Radioisotope Regulation Law. Therefore, we studied for "Establishment of the measurement and
evaluation methods of activated materials for decommissioning of accelerator facilities" in the project for
Radiation Safety Research Promotion Fund under the contract of the Nuclear Regulation Authority for four
years since FY2017. In this project, we studied the decommissioning method of accelerator facilities with
considering the clearance level with the research committee and the Nuclear Regulation Authority of Japan.
The results were summarized in a paper as "Manual for measurement and evaluation of activation for
decommissioning of accelerator facilities; Electrostatic accelerator facilities, synchrotron radiation
experimental facilities, proton therapy facilities, heavy particle therapy facilities, and cyclotron facilities
for radioisotope production for positron emission tomography (PET)." Revision work on this manual, which

began in FY2021, was completed and published as KEK Report in FY2022.

Published as KEK Report 2022-5 (2022).



3.5 English translation work on the manual of measurement and evaluation of activation for

decommissioning of accelerator facilities

H. Matsumura, G. Yoshida, A. Toyoda, H. Nakamura
KEK

"Manual for measurement and evaluation of activation for decommissioning of accelerator facilities;
Electrostatic accelerator facilities, synchrotron radiation experimental facilities, proton therapy facilities,
heavy particle therapy facilities, and cyclotron facilities for radioisotope production for positron emission
tomography (PET)" was revised in November 2022. To distribute this revised version manual worldwide,
work on the English translation of the manual has begun and is in progress. We aim to publish the English-

translated version by the end of FY2023.

3,6 Investigation of concrete radioactivation in cyclotron type proton therapy facilities using in situ

24Na measurement method

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*
'KEK, 2NCCHE, 3Aizawa Hospital, “TNS

It is essential to clarify the characteristics of the material activation in cyclotron-type proton therapy
facilities for future decommissioning. In particular, concrete occupies the largest volume among object
materials, but its activation characteristics of activity level and distribution are unknown. We investigated
concrete radioactivation in cyclotron-type proton therapy facilities at the National Cancer Center Hospital
East and Aizawa Hospital. The in situ >*Na measurement method, which is easy and high sensitivity, was
applied for the investigation. Using the in situ 2*Na measurement method, we obtained the thermal neutron
fluence rates in concrete 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 study aims to
predict general '*2Eu and ®®Co (which are major radionuclides) specific activities for cyclotron-type proton
therapy facilities, and we found the following common characteristics in the investigation results. In the
accelerator room, neutrons were mainly produced at the degrader and/or objects surrounding it and diffused
over the room. As a result, the sum of the ratios of the concrete floor’s specific activities of '*?Eu and °Co
for their respective clearance level (0.1 Bg/g) was estimated to be close to 1. On the other hand, the pro-
duction of neutrons both in the treatment and beam transport line rooms was low, and the sum of the ratios

of the '**Eu and %°Co specific activities for their respective clearance level was estimated to be below 1.



Published as Radiation Safety Management 21, 13-25 (2022).

3.7 Activation investigation at National Institute for Fusion Science

H. Matsumura!, G. Yoshida!, H. Nakamura!, A. Toyoda', K. Tsugane, K. Masumoto!, T. Saze?,
T. Kobuchi?, K. Ogawa?, M. Isobe?, M. Kobayashi?, S. Kurita?, M. Osakabe?, Y. Tsuchibushi?,
K. Nagahara?,

'KEK, 2NIFS

Before the complete shutdown of the fusion reactor at National Institute for Fusion Science, it was necessary
to determine the activation status for future decommissioning. Therefore, we measured the activation using
gamma-ray detectors. In addition, the neutron fluence rates on the concrete floor and walls were measured
to obtain the distribution of neutrons. The results show that fast neutrons were isotropically emitted from
the fusion reactor and activated the surrounding materials. The activation level of the concrete floor and

walls was estimated to be negligibly lower than the clearance level.

3.8 Activation investigation at Sendai Kousei Hospital

H. Matsumura', G. Yoshida!, H. Nakamura!, A. Toyoda!, K. Tsugane!, K. Masumoto', T. Miura!, K.
Saito?, I. Koumura?, M. Kozaki®, A. Yamamoto®, H. Miyade®
'KEK, 2SHI Ltd., *SHI-ATEX Co. Ltd.

A radioactivation investigation of the PET Cyclotron facility under decommissioning at Sendai Kosei
Hospital was conducted. The accelerator is a self-shielding cyclotron (the HM-12 type manufactured by
Sumitomo Heavy Industries, Ltd.) The self-shielding body is made of heavy concrete. The surface dose
rate distribution and gamma-ray spectrum were measured on the heavy concrete shield using a Csl survey
meter and CeBrs detector. Core borings of the self-shielding body were also performed to obtain the depth
distribution of specific activity in the heavy concrete shield. The core boring samples are under gamma-ray

measurements and analysis.

3.9 Neutron measurements in the treatment room and the accelerator room of the Proton Therapy

accelerator at Aizawa Hospital (2)

H. Nakamura'!, H. Matsumura', A. Toyoda!, G. Yoshida!, K. Masumoto', T. Miura!, Y. Sugama?, M.
Araya®
'KEK, 2Aizawa hospital



In the previous experiment, neutrons were measured in the accelerator room and treatment room under
typical treatment conditions for the Scanning method, the multi-leaf collimator (MLC) Scanning method,
and the Broad beam method, and it was shown that the neutron fluence rate in the accelerator room was not
significantly different between the irradiation methods, while in the treatment room, the Broad beam
method gave a higher neutron dose than the other methods. MLC Scanning is desirable for treatment
because it enables accurate proton beam irradiation to the tumor, but there is also concern about exposure
to neutrons generated by the MLC. This time, we increased the number of measurement points on the
treatment table and investigated the difference between the Scanning method and MLC Scanning. In the
previous experiment, the energy of the Broad beam method was 169.2 MeV, but this time, the difference
in thermal neutron fluence in the accelerator room was examined when the maximum and minimum
possible energies were set to 230 and 70 MeV, respectively.

A phantom was placed on the treatment table, and TLD monitor cases were placed at 30 cm, 60 cm, and 90
cm from the center of the phantom to measure the neutron dose. The TLD was also placed on the floor 2 m
away from the degrader, which adjusts the energy of the beam in the accelerator room, to measure thermal
neutron fluence.

The neutron dose when the phantom was irradiated with MLC Scanning was higher than with Scanning
and was about 20% higher at 30 cm from the phantom. The thermal neutron fluence measurement in the

accelerator room showed a correlation between the beam charge and thermal neutron fluence.

Presented at the 4th Joint Meeting of JRSM and JHPS (2022).

3.10 The imaging capability of the GeGIS y-ray imaging system for various types of activation

K. Tsugane!, G. Yoshida!, H. Matsumura!, A. Toyoda', H. Nakamura!, T. Saze?, M. Osakabe?,
M. Isobe?, K. Ogawa?, M. Kobayasi?, T. Kobuchi?, S. Kurita?,Y. Tsuchibushi?, K. Nagahara?,
K. Iwane’, K. Masahiko?, A. Yamamoto®

'KEK, 2NIFS, *SHI Co.,Ltd.

We have been working on evaluating accelerator activation employing the y-ray imaging techniques, which
can easily determine the source location and type of nuclides. Various gamma-ray imaging devices are
currently available. After examining several commercial options, we found that "GeGIS," manufactured by
PHDS Co., US-TN is the best candidate. This device offers two modes: one that reconstructs the image
from Compton scattering and photo absorption events in the crystal (Compton mode) and another that
reconstructs the image from total absorption events caused by photons passing through the pinhole

collimator (Pinhole mode). Based on the pilot study for the performance evaluation, imaging studies for

-10 -



actual accelerator facilities were performed on the PF and PF-AR at KEK, the Large Helical Device at
NIFS, and the PET-cyclotron (SHI Co. Ltd., SYPRIS HM-12) at Sendai Kousei Hospital. GeGI5 could
visualize the size and location of multiple activation sites in Compton and Pinhole modes. Particularly, the

detailed shapes of the source materials could be reproduced in the Pinhole mode.

Presented at 24" Workshop on Environmental Radioactivity.

3.11 Fundamental study for imaging of radioactivated accelerator materials with GeGIS

G. Yoshida', H. Matsumura', A. Toyoda!, T. Miura!, K. Bessho!, H. Nakamura!, K. Masumoto!, M.
Matsumura?, T. Moriguchi?, K. Sasa?, F. Nobuhara®

'KEK, 2Univ. of Tsukuba, TNS?

Gamma cameras, which can visualize y-ray sources, are expected to play an important role in various
applications for radiation control if they can be used to visualize accelerator activation. However, despite
the simplicity of the measurements, very few gamma cameras have been applied to visualize accelerator
activation. This is due to the fact that accelerator activation involves high energy y-rays such as Co-60,
which makes visualization difficult. In this study, we obtained fundamental data for one of the gamma
cameras, the PHDS GeGI5, which we considered the most suitable for accelerator activation. The
fundamental data was obtained by imaging of accelerators at J-PARC and Univ. of Tsukuba and by imaging
of y-ray sources at the calibration facility in KEK Tsukuba campus. With the GeGIS5, visualization for

activated material of 1 pSv/h at a 10 cm distance is feasible practically.

Presented at the 21th Annual Meeting of JRSM(2022). Two oral presentations.

3.12 Preparation of draft ISO document ISO/DIS8939

H. Matsumura, G. Yoshida, A. Toyoda, H. Nakamura
KEK

Draft ISO document, ISO/DIS8939 "Decommissioning of medical cyclotrons," is being prepared as experts

for the Japanese representative. Several draft revisions and comments on the draft have been submitted to

the editor. The revision is still under deliberation and has not been finalized yet.

- 11 -



3.13 Measurement of Radioactivity Produced in Concrete at the J-PARC Accelerator Tunnel

B.N. Thien!, K. Bessho?, G. Yoshida?, K. Nishikawa®, E. Lee?, H. Nakamura?, T. Miura?, H. Yamazaki?,
K. Saito?, K. Tsugane?, M. Shirakata?, T. Oyama, M. Hagiwara®, H. Yashima*, A. Kanai®
ISOKENDAL, >KEK, *QST, *Kyoto Univ., STNS

The production of radioactivity in concrete at the J-PARC facilities has been continuously studied. It has
been found that production of various radionuclides in concrete was largely dependent on locations of
concrete in the accelerator where dominant particles were different. The depth profiles of the radioactivity
in the concrete walls at various locations were discussed by considering transportation and moderation of
various-energy neutrons inside concrete. Monte Carlo calculations with PHITS code are in progress.
Elemental composition of the concrete materials is also an important factor affecting radionuclide
concentrations. Neutron activation analyses of J-PARC concrete samples were carried out at the Kyoto
University Research Reactor, and concentrations of some elements, such as Na, Al, K, Sc, Cr, Mn, Co, Cs,
Eu, were determined. The elemental concentrations of Na, Al, and K in low-activation concrete samples
are significantly lowere than those in ordinary concrete samples. The element composition in concrete are

important to study the radioactivity production in accelerator facilities.

3.14 Development of Disaster Prevention System for Accelerator Tunnel

K. Ishii', N. Yamamoto!, K. Bessho!, S. Tagashira?, Y. Kawabata®, H. Matsuda®, Y. Tomii*
'KEK, 2 Kansai University, > Tobishima Corp., * ALSOK.

Ensuring worker safety in emergency situations, such as radiation accident, large earthquake, and fire, is
an important safety issue at the large accelerator facilities. It is effective approach to have a system in which
managers can know the real-time position of the workers in the accelerator tunnel. Our team developed a
disaster prevention system that uses Wi-Fi to transmit the positioning of workers and two-way
communication. The system had been installed on the J-PARC Main Ring and started its operation.
Application of robots and drones was also tested for detecting abnormal situations inside accelerator tunnel.

Further developments are in progress.

Published in KEK Annual Report 2021, 78 (2022).
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4. Nuclear Chemistry and Radiochemistry

4.1 Development of a non-destructive carbon contents identification method in metal iron using a

muon beam

K. Ninomiya!, G. Yoshida?, M. Inagaki®, T. Kudo', I-H. Chiu', A. Shinohara!, S. Sentoku®, S. Takeshita?,
M. Tampo?, K. Shimomura?, N. Kawamura?, P. Strasser?, Y. Miyake?, W. Higemoto®, T. Saito®, M. K.
Kubo*

!0Osaka Univ., 2KEK, *Kyoto Univ., *ICU, 3JJAEA, *National museum of Japanese history

The contents of trace amounts of carbon in iron have essential meaning for determining the iron's physical
and mechanical properties. The amount of carbon in iron is generally 1% to ppm, and it is difficult to
determine such a low concentration of carbon inside iron non-destructively. In this study, we focused on a
muon as a probe of analysis, one of the quantum beams produced in a large accelerator facility. Due to the
negative charge of a muon, the muon can form an atomic orbit, like electrons around the nucleus. After that,
the muon decay into an electron and two neutrinos. The muon's lifetime varies by element; short in heavy
elements and long in light elements. Examining the lifetime of muons in a material can clarify the material's
elemental composition. We conducted a feasibility study on a non-destructive carbon quantification
experiment in iron by measuring muon lifetime in J-PARC MUSE, the world's highest-intensity pulse muon
source. We demonstrated that the iron's carbon signal of less than 1% of contents was clarified. In the

current experimental system, the detection limit of carbon was estimated to be 120 ppm.

Presented at the 103rd CSJ Annual Meeting (2022).

4.2 Particle size measurement for aerosol particles generated from molten gold using a high-

frequency induction furnace system

Y. Oki!, T. Miura?, A. Toyoda?, H. Nakamura?, G. Yoshida?, H. Matsumura?, K. Masumoto?
'KURNS, *KEK

Target melting accidents in high-energy accelerators, such as the J-PARC accident in 2013, are caused by
mishandling of a high-intensity beam. Various radionuclides were evaporated from a molten radioactive
gold target in the J-PARC accident. The radioactive aerosol particles are formed by incorporation of the
radionuclides into the aerosol particles formed through condensation process of evaporated target metal
material. Particle size of the radioactive particles gives us useful information on the formation mechanism.

In this work, prior to particle size measurement of radionuclide-bearing gold particles, particle size of non-
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radioactive gold particles was measured with a low-pressure cascade impactor connected to a high-
frequency conduction heating furnace. Granular gold samples were heated in the furnace up to 1,800 °C in
a flow of highly pure argon. The generated gold aerosol particles were classified according to particle size
using the impactor. The weight of gold collected in each size range was determined with high accuracy
using neutron activation analysis. Mass medium aerodynamic diameter (MMAD) of the particles was found
to be 1 pm. The MMAD was almost the same as that of aluminum previously reported although their vapor

pressure is quite different.

Presented at the 24th Workshop on Environmental Radioactivity, Tsukuba, March, 2023.

5. Environmental and Analytical Chemistry at Accelerator

5.1 Chemical evaluation of foreign substance found in accelerator coolant systems

M. Ishida, T. Nogami, M. Yamamoto, Y. Tanimoto, T. Honda, R. Ueki, H. Takechi
KEK

The generation and deposition of foreign substances have been observed in the cooling water systems of
accelerators. The prevention and reduction of the foreign substances’ generation is an important issue to
improve the efficiency of management. It is known that most of the foreign substances are corrosion
products of copper materials (e.g., hollow conductors) in the cooling water system. The appearances of the
foreign substances are not same, and they depend on the sampling points. In this study, the foreign
substances were organized by sampling points and measured with analytical equipment. The appearances
of the samples were observed in detail under microscopes. They were determined the component ratios
with quantitative analysis methods and the relationships between the results and their appearances were
discussed. It was suggested that the various appearances of the foreign substances were related to the

difference in corrosion progression.

Published in Proceedings of the 19" Annual Meeting of PASJ, WEP040 (2022).

5.2 Evaluation of RF antenna lifetime after long-term operation of J-PARC ion source

T. Shibata!, M. Ishida', K. Nanmo', K. Ikegami!, K. Ohkoshi?, K. Shinto?, H. Oguri?
'KEK, 2JAEA
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Continuous operation duration of the J-PARC Radio Frequency (RF) ion source has been extended step by
step these years for the goal to supply stable beam during the entire period of J-PARC user operation each
year. A 3651 hours (5 months) continuous ion source operation has been achieved from Nov. 2020 to Apr.
2021. As the lifetime of the ion source is mainly limited by failure on the RF antenna coil, detailed
evaluation of the antenna surface condition is required to ensure the feasibility of the further extension of
the operation time. In the present study, dimension measurements and SEM/EDS analyses were applied to
understand the surface discoloration of the RF antenna. The discoloration after the long-term continuous
operation is due to deposition of injected cesium (for H surface production process) and of stainless used
steel (Fe, Cr, Ni) from the ion source components sputtered by plasma. The results show that the enamel
coating of the RF antenna has not worn out in the long-term continuous operation for several months and,

hence, extension of the ion source continuous operation duration can be extended.

Published in Proceedings of the 19" Annual Meeting of PASJ, THP054 (2022).

5.3 Discoloration of RF Antenna coil surface after long-term operation of J-PARC ion source

T. Shibata!, K. Shinto?, K. Nanmo', K. Ohkoshi?, K. Ikegami', H. Oguri?, M. Ishida', and M. Wada®
'KEK, 2JAEA, *Doshisha University

In J-PARC (Japan Proton Accelerator Research Complex) center, continuous operation duration of the
Radio Frequency (RF) negative hydrogen ion (H™) source equipped with the internal RF antenna coil is
extended step by step in these 6 — 7 years for the goal to supply stable beam during the entire period of J-
PARC user operation each year. From Nov. 2020 to Apr. 2021, the continuous ion source operation for
3,651 hours (5 months) was achieved with 60 mA H- beam current at the ion source exit, 0.825 % duty
factor (25 Hz repetition) and 25 kW RF power injection. As the lifetime of the RF ion source is mainly
limited by failure on the enamel coating of the RF antenna, detailed evaluation of the antenna surface is
required to ensure feasibility of the further extension of the operation time. In the present study, surface
discoloration on the RF antenna coil observed after the 5 months operation is investigated by application
of digital microscope and SEM/EDS analyses. The material mapping and the line spectrum obtained by the
EDS analysis show that depositions of the sputtered source chamber wall materials and the injected cesium
on to the enamel coating are the most possible candidate for the discoloration. The dimension measurements
of the RF antenna thickness before and after the long-term operation support the idea that the discoloration
is due to the deposited materials and hence insulation of the RF antenna coil by enamel coating is
maintained. The emittance measurement after the operation also shows that the RF plasma and the beam

formations are not affected by the deposition on the antenna.
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Presented at 8" International Symposium on Negative lons, Beams and Sources (2022).

5.4 Development of chemical reagent management system using RFID tags

H. Takechi, M. Taira, H. Monjushiro
KEK

The management of chemical reagents is important for chemical and environmental safety. Chemical
reagent management systems are widely used and the chemicals are generally identified by barcode labels.
But the management of so many materials with barcodes is not suitable on inventory and search, the new
non-contact multi-detection technology of the radio-frequency identification, RFID, is applied to the
management of books and clothes in recent years. In this study, we applied the RFID technology to the

chemical reagent management in Environmental Safety Office, KEK and developed the system.

Presented at International Technical Safety Forum 2022.

5.5 Generation of circular dichroism from superposed magnetically oriented magnetic

nanoparticles

H. Watarai', H. Takechi®
'0saka Univ., 2KEK

Circular dichroism (CD) spectra were observed for the doubly superposed film—film and solution—solution
samples, which all contained magnetically oriented achiral iron oxide magnetic nanoparticles (MNPs). The
observed CD spectra critically depended on the angle difference, A9, between the orientation axes of MNPs
in the superposed samples, giving the maximum CD value at the angle of A§ =45°. In a single solution cell
sample with doubly superposed magnetic fields also, similar CD spectra depending on the angle difference
between the magnetic fields were observed. These observed CD spectra were successfully reconstructed
from the observed linear dichroism (LD) and linear birefringence (LB) spectra of each sample by the use
of a superposed Mueller matrix method. Furthermore, triply and quadruply superposed solution samples
exhibited the maximum CD spectra at the angle differences of A@ =30 and 22.5°, respectively, as suggested
by the superposed Mueller matrix calculation. Thus, the origin of all CD spectra observed for the
superposed achiral MNP samples has been quantitatively assigned to the helical combinations of LD and

LB spectra of the magnetic field-induced optically oriented MNPs.

Presented at 71st Annual Meeting of the Japan Society for Analytical Chemistry (2022).
Presented at 16th Annual Meeting of the Magneto-Science Society of Japan (2022).
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5.6 Analysis of radionuclides produced in helium gas circulating through the target chamber at the

J-PARC Hadron Experimental Facility

K. Bessho!, H. Watanabe!, M. Hagiwara!~, R. Kurasaki!, R. Muto!, Y. Kasugai’, K. Nishikawa'~
K. Saito', H. Yamazaki'
'KEK, 2QST, 3JAEA

At the J-PARC Hadron Experimental Facility, various radionuclides are produced in the gold target and
beam windows during beam operations. Some of the radionuclides, such as '°C, 1N, 1“0, °0O, 2°0, 2°F, 2Ne,
2Ne, 7S, Y1 Ar, PImHg, 2 Hg, *Hg, " Hg, and '>™Hg, are transferred to the helium gas circulating through
the target chamber and detected by an HPGe detector installed in the gas circulation loop. The behavior of
the radionuclides can be studied by measuring radioactivity in the helium gas and by calculating
radionuclide productions in the solid components. The mechanism of radionuclide transfer from solid
components to gas phase are discussed by considering chemical states of radionuclides in solid and gas

phase.

5.7 Measurement of radioactivity in the cooling water for the primary beam-line components at the

J-PARC Hadron Experimental Facility

M. Suzuki!, Y. Kasugai?, K. Bessho', H. Watanabe!, H. Takahashi', K. Nishikawa'-}, K. Takahashi',
g
H. Yamazaki'

'KEK, 2JAEA, QST

The cooling water for the primary beam-line components at the J-PARC Hadron Experimental Facility is
exposed to intense high-energy protons, neutrons, and secondary particles. These high-energy particles
produce radionuclides, such as *H and "Be in the cooling water. Furthermore, various nuclides are produced
in the metal components and transferred into water. The concentration of *H and various y—ray emitting
nuclides were determined by a liquid scintillation counter and a HPGe detector. Detected nuclides are
dominant radionuclides, *H and "Be, and trace radionuclides, such as ?*Na, K, ¥*K, #mSc¢, #Sc, *Sc, *’Sc,
%S¢, BV, 3Mn, >*Mn, *Mn, Co, **Co, ¥'Ni, '22Sb, and '®’W. Origin and mechanism of radionuclide

transfers into water were discussed.
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6. Research Related to Accident of Fukushima Daiichi Nuclear Power Station

6.1 Activities to meaure radiation dose and radioactivity in litate village

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

Eleven years have passed since the accident of the Fukushima Dai-ichi Nuclear Power Plant (FDNPP) in
2011. Owing to this accident, large amounts of radionuclides were realeased into the atmosphere and
deposited widely on the ground emitting radiations. KEK has been performing the activities to measure
the radiation levels and the radioactivities in Iitate Village in the Fukushima prefecture, located in the
northern part of the Fukushima Prefecture and approximately 30 km apart from the FDNPP in the northwest,
in conformity with the agreement between KEK and litate Village.

The activities of KEK in the village are categorized into four groups: (1) 24-h continuous measurement
ofdoserates with fixed radiation monitors; (2) measurement of radiation levels over entire village using
a high-sensitivity detector equipped with a GPS receiver on the vehicle; (3) advice and educational
support related to the nature and protection of radiation; and (4) voluntary trials and effort to rebuild

the villager's life by the staff members of KEK.

6.2 Radiation environment around the contaminated water storage sank including highly concentrated

2Sr/*’Y at Fukushima Daiichi Nuclear Power Station

H. Hirayama'~, K. Kondo'?, S. Suzuki', S. Hamamoto!~, and K. Iwanaga'

'NRA, *KEK, *JAEA

In general, B-rays are not considered in radiation shielding due to their weak penetration properties. When
concentration of radionuclide of pure B-emitter like **Sr and *°Y is very high, however, bremsstrahlung X-rays
produced by B-rays become a main source around. This situation appeared around the reverse osmosis water
storage tank (hereafter referred to as “RO tank”), in which highly concentrated *°Sr/*°Y water was stored at the
Fukushima Daiichi Nuclear Power Station. Measurement and calculation studies were performed to understand

and characterize radiation environment around the RO tanks.

Presented at 14th International Conference on Radiation Shielding and 21st Topical Meeting of the Radiation
Protection and Shielding Division, Seattle, WA, USA, September 25-29, 2022.
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6.3 Estimated Cs-137 radioactivity deposited in the gap between the top and middle cover of shield plug

in Fukushima Daiichi Nuclear Power Station Unit 2

K. Iwanaga', H. Hirayama'?, K. Hayashi'* K. Kondo'?, S. Suzuki', and Z. Yoshida'
'NRA, 2KEK, *RAD

In the previous ICRS-13, we reported1) that a large amount of Cs-137 was deposited in the gap between the top
and middle cover of the shield plug (shown in Fig.1) of Fukushima Daiichi Nuclear Power Station Unit 3.

It was observed the same situation at shield plug of Unit 2. According to a study2) of Cs-137 inventory, total of
Cs-137 after 10 years decay is 203PBq. Significant proportion of Cs-137 was thought to be deposited in the gap,
in common with Unit 3. Estimation of amount of Cs-137 deposited in the gap is important information to decide
decommissioning approach and also accident procedure estimation.

In the case of Unit 3, we could use gamma-ray spectrometer from upward of shield plug using crane, because
roof and walls of operation floor are not existed by hydrogen explosion. Therefore, we could use gamma ray
energy spectrum information to estimate deposited Cs activity.

In the case of Unit 2, roof and walls still exist, therefore we could not use spectrometer from upward. Also, dose
rate inside operation floor is high (20~100 mSv/h) by contamination of ceiling, floor and inner walls. This dose
rate is too high for gamma-ray spectrometer. Therefore, we were forced to use only ambient dose measurement.
To estimate Cs-137 deposited in the gap, we took different approach using ambient dose equivalent measurement

with Monte-Carlo analysis.

Presented at 14th International Conference on Radiation Shielding and 21st Topical Meeting of the Radiation
Protection and Shielding Division, Seattle, WA, USA, September 25-29, 2022.

6.4 Estimation of '*'Cs activity using pinhole gamma camera at Unit 2 operation floor in Fukushima

Daiichi Nuclear Power Station

K. Hayashi'?, H. Hirayama'?, K. Iwanaga', K. Kondo'?, and S. Suzuki'
'NRA, RAD, *’KEK

In Fukushima Daiichi Nuclear Power Station, various work is proceeding now toward decommissioning.
Radioactivity distribution in work area is one of important information to make work plan including
decontamination or shielding plan, and exposure reduction plan. For this purpose, smart measuring method was

devised to deal with wide spread and/or locally concentrated contamination using pinhole gamma camera.

-19-



Presented at 14th International Conference on Radiation Shielding and 21st Topical Meeting of the Radiation
Protection and Shielding Division, Seattle, WA, USA, September 25-29, 2022

6.5 Cs-137 contamination density measurement method for iron plates by surface p-ray dose equivalent

rate

H. Hirayama'?, K. Kondo'?, K. Hayashi'?, S. Suzuki' and K. Iwanaga'
'NRA, ’KEK, *RAD,

The smear method is usually used to measure contamination by radioactive materials from the perspective of
radiation control. Contamination can be fixed or free, and the control of contamination transmission focuses on
the free contamination density, which is measured using the smear method. The smear method involves wiping
a specific area (usually 100 cm?) of the surface with a smear filter paper and evaluating the free surface
contamination density from the radioactivity wiped to the smear filter paper. Wiping efficiency has a significant
influence on the quantitative evaluation of the smear method. Factors that affect the wiping efficiency include
the material and condition of the substance surface, existence form of contamination, and wiping method.

At TEPCO's Fukushima Daiichi Nuclear Power Station, disconecting work of approximately 60 m above the
Unit 1/2 exhaust stack (total length of 120 m) was conducted from August 2019 to improve the margin in terms
of earthquake resistance. Disconection of up to 23 blocks every 3 m in length was completed on April 29, 2020.
The contamination density and § + y-ray dose rate of the inner surface of each block were measured using the
smear method at four locations in the north, south, east, and west at a height of approximately 30 cm from the
bottom of the block. The contamination density and dose rate were higher in the lower block of the exhaust stack.
There was also a large difference in the circumferential direction within each block. It is indispensable to
understand the amount and distribution of contamination in the radiation control of exhaust stack cutting and
disposal work.

In this study, we investigated a more accurate and convenient method for measuring the Cs-137 contamination

density inside the exhaust stack from the surface dose equivalent rate of p-rays.

Published as KEK Report 2022-6, January 2023.
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characterization with emphasis on the collimator configuration at the Compact Neutron Source

RANS-II facility”, Journal of Nuclear Science and Technology, 60(2), 2023, pp. 110-123.

(6) Hiroki Iwamoto, Keita Nakano, Shin-ichiro Meigo, Daiki Satoh, Yosuke Iwamoto, Kenta Sugihara,
Katsuhisa Nishio, Yoshihiro Ishi, Tomonori Uesugi, Yasutoshi Kuriyama, Hiroshi Yashima, Kota
Okabe, Hiroyuki Makii, Kentaro Hirose, Riccardo Orlandi, Fumi Suzaki, Akito Oizumi, Kazuaki
Tsukada, Fujio Maeckawa, Yoshiharu Mori, “Measurement of 107-MeV proton-induced double-
differential thick target neutron yields for Fe, Pb, and Bi using a fixed-field alternating gradient
accelerator at Kyoto University”, Journal of Nuclear Science and Technology, 60(4), 2023, pp. 435-
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(7) A. Ishikawa, Y. Sakaki, Y. Takubo, “Search for axion-like particles with electron and positron beams

at the KEK linac”, PTEP 2022 (2022) 11, 113BO05.

(8) M. M. Nojiri, Y. Sakaki, K. Tobioka, D. Ueda, “First evaluation of meson and t lepton spectra and
search for heavy neutral leptons at ILC beam dump”, JHEP 12 (2022) 145.

2. Publication in Japanese (2022.1.1~2022.12.31)

(1) FFRIPE, fer RIE—, BAM , SiE 8, KRETF, GWEKRH, PR TEREE
TS HT RO R AR T D B S8R L & fF R 22, Space Utilization Research, Vol. 36 2021:
Proceedings of The Thirty-sixth Space Utilization Symposium (2022).
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3. Proceedings (2022.1.1~2022.12.31)

(1)
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4)

©)

(6)

()

K. Sugihara, N. Shigyo, E. Lee, T. Sanami, K. Tanaka, “Study on JQMD and INCL models for o
particle incident neutron production”, JAEA-Conf 2022-001, pp. 169-174.

M, SO, AR, AR, =K —, R, DINES AR~ ik
ZRIEE LAl y A A — v B O g fiat) , KEK Proceedings 2022-2, 165-170
(2022).

M. Ishida, T. Nogami, M. Yamamoto, Y. Tanimoto, T. Honda, R. Ueki, H. Takechi, “Chemical
evaluation of foreign substance found in accelerator coolant systems”, Proceedings of the 19th Annual
Meeting of Particle Accelerator Society of Japan, October 18 - 21, 2022, Online (Kyushu University),
WEP040.

T. Goto, H. Takechi, M. Ishida, H. Monjushiro, “Development of HF-free electropolishing of Nb
materials using ethanol-sulfuric acid solution”, Proceedings of the 19th Annual Meeting of Particle

Accelerator Society of Japan, October 18 - 21, 2022, Online (Kyushu University), FRP032.

T. Goto, H. Hayano, K. Umemori, H. Monjushiro, “Installation progress of the vertical electropolishing
facility in KEK-COI building”, Proceedings of the 19th Annual Meeting of Particle Accelerator
Society of Japan, October 18 - 21, 2022, Online (Kyushu University), THP037.

T. Shibata, M. Ishida, K. Nanmo, K. Ikegami, K. Ohkoshi, K. Shinto, H. Oguri, “Evaluation of rf
antenna lifetime after long-term operation of J-PARC ion source”, Proceedings of the 19th Annual
Meeting of Particle Accelerator Society of Japan, October 18 - 21, 2022, Online (Kyushu University),
THPO054.

Y. Kawabata, H. Matsuda K. Matsumoto, S. Tagashira, Y. Tomii, K. Ishii, N. Yamamoto, K. Bessho,
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Meeting of Particle Accelerator Society of Japan, October 18 - 21, 2022, Online (Kyushu University),
WEOBO3.
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4. Reports (2022.1.1~2022.12.31)

ML

5. Presentation at Conferences (2022.4.1~2023.3.31)
5.1 International Conference

(1) 15™ International Conference on Nuclear Data for Science and Technology (ND2022)

1) Tran Kim Tuyet, Toshiya Sanami, Hirohito Yamazaki, “Comparison of double-differential cross
section between nuclear data library and experimental data for photoneutron production”.

2) T.Sanami, T.K.Tran, H.Yamazaki, T.Itoga, Y .Kirihara, Y.Namito, Y.Sakaki, S.Miyamoto, Y. Asano,
“Target mass dependence of photoneutron spectrum for 16.6MeV photons on medium-heavy mass
targets”.

3) Hiroki Iwamoto, Keita Nakano, Shin-ichiro Meigo, Daiki Satoh, Yosuke Iwamoto, Kenta Sugihara,
Katsuhisa Nishio, Yoshihiro Ishi, Tomonori Uesugi, Yasutoshi Kuriyama, Hiroshi Yashima, Kota
Okabe, Hiroyuki Makii, Kentaro Hirose, Riccardo Orlandi, Fumi Suzaki, Akito Oizumi, Kazuaki
Tsukada, Fujio Maekawa, Yoshiharu Mori, “Measurement of double-differential neutron yields for
iron, lead, and bismuth induced by 107-MeV protons for research and development of accelerator-

driven systems”.

(2) 14" International Conference on Radiation Shielding and 21 Topical Meeting of the Radiation
Protection and Shielding Division

1) T.K.Tuyet, T.Sanami, H.Yamazaki, “Impact of photo-neutron spectrum shape for Pb(y,xn) on shielding
design”.

2) H. Hirayama, K. Kondo, S. Sszuki, S. Hamamoto, K. Iwanaga, “Radiation Environment around the
Contaminated Water Storage Tank including Highly Concentrated 90S1/90Y at Fukushima Daiichi Nuclear
Power Station”.

3) K. Iwanaga, H. Hirayama, K. Hayashi, K. Kondo, S. Suzuki, Z. Yoshida, “Estimated Cs-137 radioactivity
deposited in the gap between the top and middle cover of shield plug in Fukushima Daiichi Nuclear Power
Station Unit 2”.

4) K. Hayashi, H. Hirayama, K. Iwanaga, K. Kondo, and S. Suzuki, “Estimation of 137Cs Activity using

Pinhole Gamma Camera at Unit 2 Operation Floor in Fukushima Daiichi Nuclear Power Station”
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(3) The 15 Workshop on Shielding aspects of Accelerators, Targets, and Irradiation Facilities
(SATIF) , FRIB Michigan / Online, Sep. 2022
1) K. Sugihara, N. Shigyo, A. Akashio, K. Tanaka, “Measurement of neutron production yields of
345 MeV/u 238U + Cu with a time-of-flight method”.
2) Y. Sakaki, “Atmospheric-like neutrons and muons at the ILC beam dumps”.
3) H. Iwase, K. Kimura, F. Mohd Zin, Y. Sakaki, Y. Namito, H Hirayama, “Sensitivity study of

water and iron contents for neutron deep penetration in concrete”,

(4) 15™ International Conference on Muon Spin Rotation, Relaxation and Resonance (muSR2022),
Parma, Italy, 28th August —2nd September 2022
1) I-Huan Chiu, Kenya Kubo, Kazuhiko Ninomiya, Shunsuke Asari, Makoto Inagaki, Go Yoshida,
Soshi Takeshita, Izumi Umegaki, Koichiro Shimomura, Naritoshi Kawamura, Patrick Strasser,
Yasuhiro Miyake, Takashi Ito, Wataru Higemoto, Tsutomu Saito, "Development of non-destructive
and depth-selective quantification method of sub-percent carbon contents in steel by negative muon

lifetime measurement".

(5) 8" International symposium on Negative lons, Beams and Sources-NIBS22, Oct 2-7, 2022. Padova,
Italy
1) T. Shibata, K. Shinto, K. Nanmo, K. Ohkoshi, K. Tkegami, H. Oguri, M. Ishida, and M. Wada,

“Discoloration of RF Antenna Coil Surface after Long-term Operation of J-PARC Ion Source”.
(6) International Technical Safety Forum 2022 (ITSF 2022), Oct. 24-28, 2022, CERN, Geneva, Switzerland
1) H. Takechi, M. Taira, H. Monjushiro, “Development of Chemical Reagent Management System
Using RFID Tags”.
2) K. Bessho, “Recent troubles and near-miss incidents at J-PARC”.

5.2 Invited Talk

(1) TR L 2 AF2E4 2022, KEK S < 1EF v 2784, 202248 7 10 H
) A, TEHETEH AT — a U 28 EEH .

(2) ECFA HF WG1: 1st Workshop of the WG1-SRCH group, Online, May 2022

1) Y. Sakaki, “Possible experimental opportunities at the ILC beam dumps”.

(3) Seminar @University of Tokyo High Energy Physics Theory Group, Tokyo, Oct. 2022
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1) Y. Sakaki, “First Evaluation of Meson and Tau Lepton Spectra and Search for Heavy Neutral

Leptons at ILC Beam Dump”.

(4) AAA 55 73 [B1EL 7582, Online, Feb. 2023
D) WAR, “ILC B — L% v F O AEEH”.

(5) FFKREFHER S I = 4 PR, Online, Mar. 2023
DRAR, “=a— Y 2L

(6) National Workshop on Radiation Safety in Accelerator Facilities, Seoul, Korea, 14 - 18 Nove. 14-18,
2022 (Supported by IAEA)
1) K. Masumoto, Japanese regulation of activated materials of particle accelerators and their facilities.
2) K. Masumoto, Evaluation of activated area in various types of accelerator facilities.

3) K. Masumoto, Measurement of residual activity in activated materials by using of survey meter.

(7)o TR ZERT « BHiRaE S S 444 H 21 H (k) Web B
1) BIFTEKER, “J — P AR CICEBITHLE~DRY A"

(8) % 123 [B] A RIEFMHLFL MRS, /307 ¢ ki, 20224-4 A 14-17 H
1)&Hﬁ,Fm%ﬁ%$4 EFE D720 O BSHEREFHl~ = = 7 LV OERk &2 38 L T |

(9) %5 34 [0 & 5 LNGESE R O OJE DM OBFFEE, 42 T4 B, 202247 A 21-22 A

1) FHM, A2, MHﬁﬁi,%E%%,¢H* PEARFIZE, =JAR—, AR, &0

A, Ty A A=V 73R GeGI5 IZ L DHIEKRY VT AONEERBIHEA A —
=g OIS A A= T ~OPE—

(10) 25 4 [A] A AR @M BL Y2 « AR REBE Y S ARRE, JUNKRT:, 2022 4 11 A 24-
26 H
D EMEE, FZE, b, SmRIL, PR, ZAK—, AR, FOEY,  DinE
RE— LT A L OBEHEY— XA XD D D0 ? )

5.3 Domestic Conference
(1) BAREFNFR2022FKDFE, T4 2, (20229.7-9) AWK FHILF v /3R

1) RS, ek, BRARI, /ST, Froeschl Robert, Bozzato Davide, Iliopoulou
Elpida, Infantino Angelo, Z=&% . KLF&sL, [ CERN/CHARMIZI5(T %24GeVEs 1%
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AW lEf 28 (12) O eitigsz oV 7-digk - 2227 U — MEf N R I8E Am
RELYIalb—var).

2) MEMOR, Feifenk, MR, FETEE, ABME . TER, [ROdPMbs FE8¥ 4%
WA A A BORIZ IS T 2 P R E 0 By Wi F (S K D RFh)

3y bk, FElfEk, LR, CRERE, MEE—. ZRER, Earv FY Y
ENUY K774 X BARER. BES#H. | Measurement of photoneutron spectra for
17 MeV linearly polarized photon on Ta, W, and Bi targets | .

4) SRR, AMERIT INRER], AT, R, SSHIr. 1230 MeViu okt A
Sep s FERE - A2 P By W R O I AE |

B) AZIRMER, BIAFR—RB, AT, EFHOR, mIEER, [ GeVEEEL O+ ASHIZ L 5 Si
DREREA T ARE | .

6) T M, BR8P, oIS, EPEOR, MIRECR, TERBA. AR,
R e, B, MER K, Botzz. AR, Orlandi Riccardo, ¥l
FhA R BHMMA, BIEER, FEin, (8 MR R~ x4 5107
MeV B NG itk IR D MIE & T .

(2) 2022 FEFERE T — X eSS, LK HRIRE v > 73 &, (2022.11.17-18)

1) T. Nguyen, T. Sanami, H. Yamazaki, Y. Sakaki, T. Itoga, Y. Kirihara, K. Sugihara, M. Faiz, S.
Miyamoto, S. Hashimoto, Y. Asano “The comparison of nuclear data and experimental results for
photoneutron spectra on Ta, W, and Bi targets for 17 MeV photons”.

2) K. Sugihara, N. Shigyo, A. Akashio, K. Tanaka, “Measurement of neutron energy spectra of 345
MeV/u 238U incidence on a copper target”.

3) K. Sugihara, S. Meigo, H. Iwamoto, F. Mackawa, “Measurement of heavy nuclide production cross

section via the reaction between GeV proton and "™'Pb”.

Q) HESRHBE X=Xy 7 FT7I—FT 47, KEK+F 74, (2022.7.20)
1) FA%G ., TBHZEBI3 ~ B ATPC% W TZISSARPNIZ 1 DLETA3 AR O H ~ | .

(4) FEIIEFHEBEFEAI L ORI A, T4, (2023.1.18)
D) SFURFNTE, fex RiE—, BEAZ, @fe—8, KRET, INERE, PR, T5HE
TR R O BAFE & T AR IR

(5) %5 37 [FfF e THU B HER & 2 DIEH ), KEK+A4 7 A »,  (2023.1.25-27)
) RS, AT, T, R R, e ARE—, SFRRE, BNERE, kR
I, BEHEAR, BEHRKEH, AARREA, SR, EHF, NI, NER,  MIEARE
PRHRE A S HL 1R H50G%E PS-TEPC 0 AJEEl - AE X v a VBT VOB .
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DFRIEE, AILKEE, /KR, HAREN, HAaWE, SRP, k%, Ex RKE—
FILER, =JEE, HULSE, HHAICCD #HWESEAPDERICE D v FL—Z DMk
SRR ORE] .

(6) AARJF T 1552023 FOFES, (2022.3.13-15)  HKESF v /32
D) pbdE s, JIlD BERE, AAARTTRS, HHBAE, HaEd, RESE, FERREE, HEFD)—,
Vet THEMARNT = — RV&VIZIS T D 2 Y PERERE S5
2) MATRR, HHIAE, R MRk, KL, AR, PRIEMS,. Robert
Froeschl, Elpida Iliopoulou, Angelo Infantino [ CERN/CHARM (23517 % 24GeV 5 1% H
ToIEREERR (13) RNF—ERAXZ ba A—=Z 2 Wik - 207 U — Ml o TiE7
A7 MVRIE] .
3) BRE AR, WMIEE, R, SUTER. AR PRIEM. Robert
Froeschl, Elpida Iliopoulou, Angelo Infantino, [CERN/CHARM (23317 % 24GeV 51 % H
W2 R ERR (14) Wik v F L—F LR T —ERAY b r X —2 |2 X L llEfoE g ik
FANRT hv] .
4) W EERRF, BRI W RHEE], ST, AR, SR, [230MeVu o ki T
NG kLA Rl — AR W B O MEQ2) | .
S) RN, elfeik, /NEFE, RAEE, ABME . THER, [ROIPMbs T8 7
BT 5 100-200MeV FEILD p+12C, 27 Al S i 0 T B SRR A7 44 |
6) Thuong Thi Hong Nguyen, Toshiya Sanami, Hirohito Yamazaki, Yasuhito Sakaki, Toshiro Itoga,
Yoichi Kirihara, Kenta Sugihara, Shuji Miyamoto, Yoshihiro Asano, Comparison of nuclear data,
theoretical calculations, and experimental results for photoneutron spectra on Ta, W, and Bi targets
for 17 MeV photons.
7) ETURAE ., W —BR, PR, R onrEST. EPACR, IR, PERBEA. A,
AR EILEREL, ST, R OR, BobZE 2. EHEfEKES, Orlandi Riccardo, ¥
S KRN, R, filEER, &Ein, KRS FFAG IN# g 2 W a7 —
S RTE R D Ve 2R Rl E Sy W A O AT K O 2TNp 243 G HEE & W T2
P TS OWE | .
8) AZJRUEA, A BB, EICM, BIIEESG, T 180 BEJF ANl & 4 2 BEmiei v 11
K% Bifti & AW T BSOS HRRE |

(7) B2 20220 KR, T4 2, (2022.9.6-8)
1) A LERHE, PRIES, RNk, FAREN, Haw B, 5% R, TEREIE, Vox RiE—, BILE R,

SR, AL, NRIR ' 7 ORI OWE-9] .

(8) AR 2 2023 EFRFRE, T4 2, (2023.3.22-25)
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1) B IR, HATIE S, /IRFRSL, ARG, AW B, & R, T5RZE, 22 RlE—, FILE R,
SR AR, TR B 2 ORAFEIEORIE-10] .

(9) F19EI B AN FRFS, AT 42, (2022.10.18-21)
1) Pei &k, Tran Tuyet, Nguyen Thuong, (Ll T01—, SREEEA, filJiEE—, P A, HEZ, B
BB, B, B, [L—V—Wiar 7 N TSt Apk — B I i A E

~DOIHL .
2) BRI, (LACRHE, SHE, JRHEEEKRRS, BRHEEE, W1, PRELE, RSETs, RAr

7%, HHEAL SERLL, mEEE L, MREER, RERPR, FEFIE, dhE  [ERInE
SROFEFIGHIINT 72 cERLIZE I D IG5 .

3) AHIEAL, B BFES, (UACRHE, BAEH, AME, fEARHE—, RFEEP, DnEsRmi
KR THEA SN2 EY O FRIFHE)

4) BRI E, B, AHIEK, SCRUEFHE, (=% ) — Lg% HWNb o 7 v
Fipe dE U SRR IS E O BRSE ) .

5) RN, WEMCE], SCRMERHME, HASKE, AL L&, [Nb3SnB{REMNEZER D720
DHTHLSNETE DB |

6) ZRERIE, FEE], MEAREERL, SCERIURSFEIE TKEK-COMR DM R BERR ek & ik
PR .

7) SRS, A IEAD, FE A ARE, Hh I, RBE A, MRRRETE, /NESEA [J-PARCA A LR
R ERE % ORFT 7 T H i

8) JISFE SR, KA VI, AaoeFnfm, BB, & HPET, ARER, (LA 57, BIFT YERRR, & W iE
oDiES: bk TorR Yy MEHOWKGEE] .

(10) 25 83 [al)s B F KT =, HALRF+ 4T 1 >, (2022.9.20-23)
1) SFRFNVE, fex RE—, FBEARWZ, @8, KRE, GNBERE, NER T59 R
AR EIEIERBAFE OBUR & 4% ~a v 1 & REIFHAEE~] .

(11) 25 70 BUS AP R AfGEH S, RPERF+A4 74, (2023.3.15-1)
1) RS, FAN ., TR, a8, e RE—, FIE, SNERE, KRET,
R, BEEORHE, AR, BRE, EFHA, Nk, NER,  TACEARARHE

kST L5 31804 PS-TEPC O /NRIR 855 /L D BE% |

(12) BAREFEE 103 BREES, BHEAKRT, 202343 H 22 H~25 H)
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D) ARk, —EZ, EEE, EEEI, PrTESSE, BRCERICHH, Patrick Strasser, FAT{E—
BB, (PIATRREE, —CRERE, ROERR, OHEEE, AR, Wk, Ao A UFMEICLD
BRI EL IR SR O TR & 77 [ IR A IR i B oo ATik )

(13) 2022 4FfE R T B — AP A = A7 = A X, S XEESHEY, (2023423 A 13 H~15 H)
D) ERE, AfREkSk, RRHEEEE, HHEM, BRZSEE, AAIEET, TTERS, FANE—RR, A
FREE, ARToY— NNy o, SR, R, AR, EES, (oA v FEm
HEERIR Lt 78—t v b RFBOIEMEEE &0 .

(14) 55 24 [A] TERBIHESRE) BFZES, 4> T4, (20234E3. 0 6 H~3 A 8 H)
D) MlE—, =ZK—, BERIL, PR, A, SFHEEL AT,  TERD L 7oEER
SR AET LT a Y VO] .
2) RN, EHHEM, R, SERIL, PR—, REEES, s, NINER, Mk
B, NAME, SEERER, TIRMZ, BRI, s, [~ 27 TGeGI5) 1T
DKUY T NVAEEDGHEA A= 7).

(15) 56 4 [0] A AR EMEEESS « A AR RE PR AT RS, UMK, (20224211 A 24
H~11H 26 H)
D) RaFrZz, HHRE, SERL, R, BRI, SR, BUFTERER, AT EE,
O, AT, T~ AT GeGIS T & D Mg UL O fI AL O FTRENEDRRFT) .
2) FHHM, ARz, BmRIL, R, BERTIZE, BIFTERER, SR, AT EE,
DR, AT, TV ~0 AT GeGI5 12 L D INE SR Lo AT L8R
3) EH M, JIATRFD, MEFESCHE, Rz, EERIL, PR, BT, =K —, e
2, TRBEF 7o basfiggoar s ) — ho$ b — I8 12GeV-PS £V > 7D
B —_AFER N DTl — .
4) ikt —, Rz, SRR, HHEEL PEARTIZE, K, ASt, RRIESE, [
JRBED B T REFNE SRR (23 1T D M= L iR = CRAET 2 lE (2) J .
5) WG E], IR, KT, TAES, RZE, HHEREL IR E, AmERE, B
B, HRRAR, /NEIEE, JIRAFN,  TEERAY A 7 e ha U BEIRICET 57 Rk y 7
ZEDTEEIWE] .
6) VHHESCIE, & A HRAFC, BI—hk, "PaREIL, AR BOR, Vet —, LR R, BIFTERER, WEIE
&, B,  [J-PARCIZH T HIEH FREAE LIZFIFIconT) .

(16) A AT LS 66 [AIETime, B KT, (202249 A 15 H~9 H 17 H)
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1) FEdEa, AfRAERR, TEAE, RFIERIT, EHEL TS, HEEOSZ, FRE—E,
A EEE, AT vHh— R 7, :%*J%’@ OHir, EAE, ks, A=A
FFAEIS K D BRI IR R 3R D FERERRE AT HIE |

(A7 ESIET A Y b=« FRi e £ S, 742, 2022407 H 6 H~7 H 8 H)
D) AfRak, R, EAIERAT, RRHEEK, FHHEM, TR, HEEWL-O&R, FRNE RS,
AT yt— MY vy, SR, EFE, feAE, RS, A oA rFmiEl
X2 BRI PR K R D IR TR L A E )

(18) BRI B IRIR PR L R BRI ERSHES, 4+ 74, (2022.6.30)
D) R, PHESC, TR R — RS e (2 35 1 2 RFID 295 H L 72 38 5 48 B
ATFLDRILE VAT TEARA N .

(19) FHA0EI R FERFEZ 2mame - THERERS, KT, (2022.7.14)
V) Friliaiks, SR, SEHESC, FERRSR—, BEEZ, KD, DE e b e
&R RFHEOLFEE OB .

e

(20) 20224 FERg AR - ST EINIIZE S, RFKRY:, (2022.9.1-2)
D) A HEER, TR ERHEEE A O 7o ISR HIK R B ORI

(21) AAGHHMEFSHETIFS, MILKY:, (2022.9.14-16)

DS, RBEEH, TRKEN L7 2 b0 Eilbhsn 41 a2 <7 v
DFFIR]

)R, BHEARS, HEFZERK, SCRIUERERE, AT & BT o “EEEEIC X
B2V A L —F— DRI E DR .

3) thERE, R B, A B, SCERIUBRFEME,  TERENNEZEE O R i 2 48 7E L
7= 7 w7 Y —DONbD EMEEEE DB |

4) R RENIE, REHMCE], MEARMEERL, SCERIUBRFHE,  [TNbHEMSEMNE 220 0O % L 2 H 17
& U Tt E A BE R AR D)

(22) 16l H AR P2, HARKT, (2022.11.7-9)
DEﬁL,ﬁ%%%,F@ﬁmmLk@ﬁ%/ﬁ%@%iﬁﬂﬁ%#ﬁ:éﬁzNﬁb
JV].

(23) IR BB A s, HE K, (2023.3.8)
D) &ERE, TKEKOL % v U R ARBEZEEHEICBIT D005 .

-54 -



6. fmEE (2022.4.1~2023.3.31)

(1) T. Sanami, Y. Kishimoto, H. Yamazaki, K. Saito, M. Hagiwara, K. Iijjima and S. Sasaki:
“Proceedings of the 36" Workshop on Radiation Detectors and Their Uses”, KEK Proceedings
2022-3 (2023).

(2) K. Bessho, H. Matsumura and G. Yoshida: “Proceedings of the 23rd Workshop on Environmental
Radioactivity”, KEK Proceedings 2022-2 (2022) .

7. F5| &% (2022.4.1~2023.3.31)

(1) SRR e v 2 — L a0 F51 & (B , 20224 11 A

(2) Radiation Science Center, Study Guide for Radiation Safety, 2022 4 10 A

8. HATA (2022.4.1~2023.3.31)

BALAP
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