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Therapeutic Biological Verifications for Advanced Treatment of Cancer by Combining Heterologous Radiations
AT SR AT ASEE | AR SR | KRR | 1L RCRT 1, ACKAR
Munetoshi MAEDA, Mika MAEDA, Hideki MATSUMOTO,
Satoshi MIZUSHIMA, Shinko SANDO and Kyo KUME

Abstract

At Fukui Prefectural Hospital, a new clinical trial of “Combined Concurrent Chemoradiotherapy” has been
started, which can concentrate radiation doses on the local tumor site by the combined irradiation with proton
beams and X-rays. We are pursuing various therapeutic biological verifications in anticipation of further
advancement of this therapeutic procedure under regional cooperation in Fukui area.
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A Basic Study on the Efficacy and Prediction of Therapeutic Effects of Charged Particle Irradiation
on a Mouse Model of Cervical Cancer
THEP AR PR, AR MIRFE | ACKAR™
Yasushi KIYONO, Akira MAKINO, Tetsuya MORI, Hidehiko OKAZAWA and Kyo KUME

Abstract

In model mice implanted with Hel.a (adenocarcinoma), SiHa and ME-180 cells (squamous cell carcinoma),
which are cervical cancer, carbon beam irradiation was suggested to be more effective than X-ray or proton
irradiation. On the other hand, ®F-FLT PET imaging 26 hours after irradiation could predict the change in
tumor volume after irradiation only in ME—180 cells irradiated with carbon beams.
B

T EHGHEMR A ThD Hela ML/ V- L2723 TS SiHa Mifdd ME-180 HilaZ ML 7= E7 /L~ A
2 X MR B, RSB A U LTRSS IR BEAR IR DS AR O K INHN A D T D RS,
— 5T, MRS 26 R 21 29T o 72 BF-FLT PET #%f% Cld, MR % OESHAREO LA T T 22ENTET2D
1, RFBIRIBIS Z1T 72 ME-180 fll72 1 ThH 72,

i

il

TE SR A TR T INBEIRNC D575, S THRODVER B BEHBIBIR AL ERRIE D I
WIEBZRE S TOD LMD, ARRIAFIEOBENLENTND, £ T, R SRR IS R
DA AAIRUZF L TR DO BB LV R H D LN T ETOIFRFERR VEblls, FEEPA
DR AR T DRLT-BRIGIRO A HEO RS & | IGIREERE ORIECBH O QOL D) hICHE T 77
Z—ThOIBRRAR YN BIDIBR T & PET 5 FA A= ZIKVER ATHE Th O OMGEL , 1
BHEN AT TN~ AL N T o7,

Hik

T E IR A ThD Hela fifld & V- LS A THS SiHa Al ME-180 filax AL 7= €7 L~ A
ZERLL .5 Gy O X #i, Bt IRFBIRETIVE VRS L, B a R L e — LR~ o AL gL
7o PR 26 B2 1S, AIAREESHEER it L 95 PET A THD BF-FLT 22 §IREVEE 5L, PET #R{§ %17
W, FEBSA 7~ BF-FLT OEMEZRE LTz, F/2, PET %00 7 H B B BTRHE L7 fEi5s o (K7
ZEHAIL T, 723805 1R & IR AR BRG 1 3A8 H R PE = kL X — I Je e 2 — CHEML T,

HeLa #MMTIL, REMBEATETIT 4 B B U T ba— VRIS U CE B IR ATEZ L O] 23 2
BTN, X BRRRE RE B TR R RE Tl v b — L BEIC KT L TR BRI A D) »T=, SiHa i<
I W NORERECLIRE 3 B H LB CTar b — BT 248 B S R 2 b O Jll N A bz,
ME-180 HifE Tix, X #REHEED 4 H H DAL IRFMRBEHFED 6 H HLUETar ha— LB RICx L TH EZ
MG AR A LD IHI R A b, — 77 BF-FLT O£ EOA B2 K TIE ME-180 Mldd R E MR FETD
PRI, ZORERIT, BB HOX AT TIHIBEED R TR T2 ENREECTHH LA RIBL TR,
A1 XIS 48 BRI 72 8 O EITO MDD,

o

il

PRI A TG Te T E A ANIHT LT IR BRI EWVIBIR R R 2L LTz, BF-FLT-PET (Z
DS BIRIEDIRFEN R T RN OV TIE, THITEASALREEGAERHY, 5% . PET ORigs (37
RS ET 22812k, PHINATREIZ/2 DB 2 TD,

BN
D) JEEZ fh, (AR)EPE = 2L — e 2 — PSSR (5N 2 AERE) | 23, 10 (2022)

HUEF R X — RS 2 — 2 (AM) B = VX — e 2 — P50 B ISR R TR AT e ==
AT, (AR BB =R —ge ¥ — - AZERIE R R I LY IR (A B = 3L X — e 4 — 3 LR T
JL7=HDTHD,



HARE T A F - v X — PSRRI (R 3 4R

b5 TR LD EASHER A AR IR LD FRERE B (et 3~ 2 B oD B 76
Development of a Radioprotective Agent against Oral Mucositis
associated with Proton Beam Head and Neck Cancer Therapy
FAARHERS | LIRS RRE ™2, PRS2 22, T HAR — AR, R R AOKAR™
Hideki MATSUMOTO, Yoshiro YAMAMURA, Yukihiko WATANABE,
Yuichiro CHIDA, Munetoshi MAEDA, and Kyo KUME

Abstract
The objective of the present project is to develop a radioprotective agent against oral mucositis associated
with proton beam head and neck cancer therapy. We examined the minimum effective dose of agent A against
radiation—induced oral mucositis in intravenous administration and the effect of agent A on the antitumor effect
by proton beams. Normal male mice (Jcl:ICR, 7~8 weeks old) and immune—deficient male mice (BALB/cAJcl-
nu/ nu, 5~6 weeks old) were used for the minimum effective dose trial of agent A and the effect trial of agent A
on the antitumor effect by proton beams, respectively. Normal mice were irradiated to only head and neck area
and tumor (A549)-bearing immune—deficient mice were irradiated to only transplanted tumors with proton beams
of 20 Gy in 4 fractions (5 Gy/day, 4 days in a row). Agent A was administered into tail veins of normal mice and
into the peritoneal cavities of tumor—bearing immune—deficient mice 1 h before irradiation. After irradiation with
proton beams, the pathological conditions of mucosae in the oral cavity of normal mice were observed on gross
and the growth of transplanted tumors in the immune—deficient mice was precisely measured. The minimum
effective dose of agent A against radiation—induced oral mucositis in intravenous administration was 0.01 mg/kg
body weight. The minimum effective dose, 0.01 mg/kg body weight in mice is equivalent to 0.81 pg/kg body
weight in human weighing 60 kg. The administration of agent A never constricted the antitumor effect by proton
beams. We will examine the mechanisms of agent A as a radioprotective agent against oral mucositis associated
with proton beam head and neck cancer therapy aiming for practical use.
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RREDHEE
1. FKHN A OFLEHRRIME D ERE IR 63 2B A E L CORASA 2 5 &

BPEE =RV — I 2 — DG TR AR e & % T IE R ~ 7 A (JelICR, B, 7~8 i)
DRSO I 1% B (5 Gy/ H . 4 HIEERE, A5 20 Gy) L, 385 A & 5HEICITR 1 Héfﬁﬁgu
IZHEH) A(0.1 DT 0.01 mg/kg KE) ZRFIRNDERIRN S 5-UT-, BPEXHIREL TOIEAI A 2 5-8E12
PR 1 BERTATICSEA] A (3.0 mg/kg () ZREHEN G LIZ, BE#%, £ 1 IORTIEA] _ou\fmﬁﬁéﬁﬁ
JREEZ Ao T L, ISE IR G B2 MR LT, 2O F, A A % 0.01~3.0 mg/kg M@ﬁ&ﬁbf_wﬂ%
@ﬁﬁﬂi IZBWTHA B2 ORI R k3 285D e ferB a7z (1% 1), o T FEAIADEET-HRIZ

R N6t 9~ DBAERI L L CORIRA 51X, 0.01 mg/kg (KB TH-7-, ZOHEILIAE 60 ke ODE
h%ﬁ%kbﬂiﬁ%ﬁﬁ ZRDENEM HEICHRE 2L, 0.81 pg/kg RE DO G- EL725,

BFEE
(5 Gy x 4EI 20 Gy)

iﬁ‘JA 5?‘-!3 Eﬁ A
CIEEPIE S UFSH FARODAS R IRSR

# 1 WIRBIZRHEE AT, (I) 12 3I 4 R O E 30
BEER 2317 > [omna
7 o RN (5 cy x 4L, 20 Oy + R (0.1 ma/ka x 4B Lv. 8
SATIRAICLBIEEDTBN 0O~5 6 | BT (5 G: X 4m, 20 G:) + SHIA (0.01 ig/?«g X 4E) Lv. &
o3 ® IETHRRET (5 Gy x 4[E, 20 Gy) + FRIA (3.0 mg/kg x 4E) i.p. B
#I3 (QkER) 0~5 15 5| i.v., WBIRPIRS ; Lp., IRRPIS.
U5hA/2E (OS-5) 0~5 moal |
e (OfkEA) 0~5 g 3F E
i (AEEA) 0~5 7 o2r 7
HEERIEE (OREA) 0~5 1r 1
HE?EH?E‘Z (DEW'E) 0 ~n 5 or | 1 1 1 1 I 1 | ]
0 4 8 12 16 20 24 28
ByHEBEoOBR R
X1 IEH -~ AFASHER~ DG 1-#r oy HIHRE 12 XD
M ZERE B L9~ 2 34 A 0)%::%)@%
2. G A DB FRUCELOPIBHNRIH T BB sl ocy
HMN A E R~ A (BALB/cAlcl-nu/ nu, . P .f_j
5~6 i) ORAENEE (A549 EIE) 12D I T4 %\ // BEARBEORELNE i
Sy EIRRS (5 Gy/H . 4 BIFER, 5520 Gy) L, % 01234 BB O RN ‘36
A BHREIE, BRE 1 EERIRTCEA] A (3 mg/ke 40 ———+—
ﬁii) %Hﬁﬂ WG LTz, B4 %Tﬁﬂiro)%ﬁ o RN
W 2 L R A i -B- BEtEt (5 Gy x 4[], 20 Gy)

" L B8t (5 Gy x 4[, 20 Gy)

uio %@n"\*%\ 7*%%' (LB TR KD BT 2 R

L SEICHO B 1 SRS [ e 2 LT 20T

DIEH| A DI~ 7 Y 3% LR FE 4 S 9 -
BILICEY | B FRRIR A AT SND TS A 8
FHD QOL DYE B I NRRENRO M L3 HifFS 1.0 -
UL A RSLIRE RS TS AR L 2 — I D
B T8 AR D BB AL~ D kS D700 DO R
e 7 ADEREO — %157 L BHR T, Ry MkLeoB®

2 B A DI THIC DRSS R KT DR,

EAMRILZR N, SEOB I S DIRRRN AL S 72 ﬁ 3.0 - ip, MRS, .
WZERHBT 2572 (K 2), i
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TSR ST L7z DNA G FRHTIZ KD T <K B AlivE O 92 1L,
Research for Practical Application of Exposure Dose Evaluation Method by DNA Damage Analysis
Corresponding to Radiation Exposure Accidents
TR — R SRAEA VKB ARE | AR
Youichirou MATUOQO, Yoshinobu IZUMI, Kikuo SHIMIZU and Kyo KUME

Abstract

The biological dosemeter system that measures biological responses to ionizing radiation is necessary for the
situation of radiation exposure accidents. It is possible to estimate the quantity of radiation exposure without
using factors such as radiation load coefficients if we can evaluate DNA injury directly. We study a new method
to evaluate DNA lesions caused by various LET radiation using a polymerase chain reaction.
Bt

AAFGENIRY AT — B G S(PCRZ W T, BUHRIZED DNA HIEZ LS L T, BRI KD Ak
RN 3 L ORI & DT ZITOH D Th D, TERDOWIR AL 7SO E WA XK B E kLB
BN E20 | AR O BER 725 DNA ISl F A2 B R4 2,

i

)

ATFVEIL PCR ICEAMINE R 7 LD DNA ORIZHAFITAZL125 B L, #iEL7- DNA 05k
GO DNA £ (PCR OIEMZ R OARE S DNA &) 25 Hli+ 25D TH D, oF 3 FE 1L, BB LW
T =it BRI L7236 O DNA 8451225\ C, PCR Z W CREIL 7=,

AFZERRR B

FERFRE LT, RSB T SRR s2s8c koo 100 Ky O ik
URA3 & fn+fE1% PCR JEICKVIEIESE 720 0% Az,
DNA H> 7 i, TE $E@%(10 mM Tris-HCL, 1 mM EDTA,
pH 8.0) UL IR 1 pg/ml, &% 100 ul EL7z, 306
xR L . B RE = 2 VX —FJE & — 12 TR 7R (200
MeV, LET:0.45 keV/um)%, $£7=, KIRKTPE LR 2 S8 T
\ZC Co o ~#(LET:0.2 keV/um)Z FRET L 72, WAL 0
~1.0 Gy THD, fERE=X 1 1T, B ipe LT, H
<RIBS OBE | KBGO DNA BEXNEDTEE803E 60
NWZEARIBEND, Va2l —TailhDd DNA —AgHUIT R =
EO AR IO I A HEE L= VCI B AR S e BARRE, Gy
Lo — ARG OUL RN I L~ & el U TR, ARG O 1 BT BLON o~k
IZOWTERRRE LR E SN TS, TRDEITAFFEDORER L % PCR T DNA S o> a4 ik 5
AHFGEDRE R T EEIC— B LTz,

PCR {Z5% DNA HED#E R L L9572 12, yH2AX (X DHIIEEEN TO DNA —AEH U AL il &84 5T
T 272D DFBREREE AT LTz AT R FHRFEDMRA T 28K X FAELEE TR LIS GO, X
SHZEDYH2AX O foci ZFHIILTZ, IREFEEIC RIS KO U~ #ia I L2356 0 | Ml T DNA
TOREHUIWT AR R B AR . PCR KD RO R & D Ll 24 THEHE T D,

%
0]
<
b

RIBEZHEIDNAE,

0 025 05 0.75 1

%
MR

PCR 210, BT LU L~ #8 A BRI L7= DNA ORI OMA DNA BAFETLTZ, 4% . MR
O = ARG ER RAFFTL . PCR (2 L B3HTORE L0 2175,

B3 3R
DUERNT | BRI F-HRhT7 o7& DNA 4. b, 89, 13-19 (2010)

R R B E BRI T 0 TEARTFERT 2 () FHE = pL e — b JE e o & — - BIFZE PR I8 0 - WL AR IERRATJE 2
AMFFEIRERT SRR B IARATFE(B) 21H01861 @E’Jﬁﬁi’&%b&fzo
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Elucidation of Maintenance Mechanisms for Tissue Regenerative Potential by Cell Competition
via NO in Damaged Murine Bone Marrow Stem Cells Irradiated with Particle Beams
FRASGERSE | AT A=A, e s —*

Hideki MATSUMOTO, Munetoshi MAEDA, and Ryoichi HIRAYAMA

Abstract

The objective of the present project is to elucidate maintenance mechanisms for tissue regenerative potential
by cell competition via nitric oxide (NO) in damaged murine bone marrow hematopoietic stem cells and
multipotent progenitor cells irradiated either with X-rays or particle beams. We examined the radiosensitivity
of these cells after irradiation with X-rays, proton or carbon beams. Normal male mice (C57BL/6JJcl, 6~7
weeks old) were exposed to 0.01 to 10 Gy of X-rays, proton or carbon beams. The bone marrow cells were
prepared from both femurs 1 day after the irradiation. These cells were cultured in the MethoCult medium to
form colonies. Then the surviving fractions were obtained by counting the number of colonies to analyze recovery
kinetics of these cells. In any cases, dose—survival curves of these cells showed the low—dose hyper—
radiosensitivity coupled with a following increased radioresistance under 0.5 Gy and decreased exponentially in
dose dependent manner over 0.5 Gy. These findings suggest that any DNA damage response after irradiation
with X-rays, proton or carbon beams was not evoked in the damaged of murine bone marrow hematopoietic stem
cells and multipotent progenitor cells, and that these damaged stem and progenitor cells may be excluded by
cell competition, then the intact stem and progenitor cells may be renewed.
B

i AR AL/ 22 BEMERTBEAIALD X KR, Ba 1-BRé DU LR SEAR R TSk 9~ DRk A A REHERF R 2 B
BINTT D721, IEH ~ T A (CBTBL/6]Jci, B, 6~7 i) & AT, B i i s A0 e / 2 e Pk BTSN i oo
X B, B D UWTR ER R T DR MEZE MethoCult IEIZEAE M =—7 v AL TEEMICAREHT
L7zo X #h, B R DV R BHRRGT 1 B O & iEMla/ Z etk iisiiai IO o5-8128 0T 0
~0.5 Gy O CIEAR B RS MEB LOZE USRS BUR SR FIED G R Z 7R L, 0.5 Gy 22 L7731
FRE BB BB LT, ZHBORERIE, X BR. BBk DU TR A RS SF U7 i B i s e/
ZREMERTERAEAL Tl DNA 855103 HIEEISEFHEIN T DNA 54 A 72 ikl IPERrS i,
B0 AU L > TE RO PSS N A ZEDRIBI T,

&

i

VLA ORI A/ WA SR E O HERP BRI 7 IR D B 0 | TR EEZS R U #RIG IR (IMRT) RC 4 a5 %
SRR (IGRT) D 27257 Bt KOVR BFRICE DA ARG TURITE KL TETCWDHILITEY | Fi
MRS AABIRODIE BRI TETW%, LinL, ZHBD IR KD SRS ATBHETI, TR0 JEZ O 1E
HALA AR BRI T IBFAEL TWD, B PP BRL F- A IO TR F#R AN ATRIRIZ BN Th . £ D4 B
FHIRHED DRSSO R OB E A P ST LT LN TELN, JBIGO AL OIEF kI T o &%
PRl T 22 8ITREETH D, AWFZETIL, KL PR AR DL BMEZAR IR T 272010 IR LIZIE R 72
e MR/ 2 REMERTERHIIG IS X2 X B BB T RODWITIRFERO B MEEL T, 15OV U Hk
SPEDFEMLRATIE, BES LB BN TAET T B 2 605 RIS E (S L DA P AL REHERFHNS ) O
IR DB 2605,

FREDE

E4r =17 212 0.01~10.0 Gy @ X #t (X BRRRST 5T (HW-200R)., #6305 o By 1748 (B 78S A TR IR SE
TEE | FE Rt 2 —) HDWITRFR (ERL TR ATEEEE (HIMAC), & 1FHH T
ZERH A A Rl 2 B LT, BB L ORERITT T/ e —7 FRIO T CRA L (K 1),

R B LR - U AR E 240 B 2 (M) B = R — W8t 2 — « FFFE BRI 0 - b R E R Ze 2 . (EWD) &R
BRI 70 BR S AAT - B v Ay - R P - B R R AR SR AT
AR, SGHR A B2 8 B a2 - IR (B) 20290600 (ZED FEMLI=H D THD,
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MRE 1 BRRICKRIRE O E M EZF L, <7 AHa ] T T

MethoCult 4 H# (MethoCult GF M3434, ST-03444, STEMCELL o— F599 -5

Technologies) TE; 2 L7214, ek S iU Tz =—3 5 @ I #5HH e 1o (0.01~10 ‘i’) b

/% REVERTBRARNA 0D A 77 35 %R o TR PR AR L7, # os| F 1
RS 1 R OIS SRR AR X | Ran/| -

B 5T RRDDVIEBEMR, WTHIZBNWTS 0~0.5 Gy ORIT, @ CS7BLYYA

HAF DRI IE FL OO OB EORME I EE TS V g | e ]

FTHRIOMEBINE . 77000 KR BB ERZ B L OZICH ik 02
FHIRHCHIME DB KR EZ7R L, SOITHREN NI DL A FR IR 0.0
AR T LT 5.0 Gy THJ 10%, 10.0 Gy THI 1% Th-7- (11 2)

0 50 100 150 200 250 300

& (mm H20)
1 <D ADRSLE

1.0

& 0.1

0.01

T T TR N B
0 0.2 04 06 n.n 1.0 1.2 " 0 02 04 06 n.a 1.0 1.2 0 02 04 06 08 1.0 1.2

H!’ﬁ. (Gv) H!ﬂll (Gv) PR (Gy)
0‘00 1 1 1 L 1 1 1 L 1 1 1 1 1 1 1
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
BaHR=E (Gy) BAHRE (Gy) BIHRE (Gy)

X (BIREESHEE

2 IEH~ 2GS M/ 26 REVERTESHIL O U S, (A) XBRITH 2R M, (B) By
x2S, (C) IRFBMRUITHR T DR

w5

Ullll

MRS 1 BB OIER ~o 2586 ko & e AliE/ 2 se ksl B IR o A 7R ML, X B BT oo
RFHR. WTHOBEDLAIZEBNTH 0 ~ 0.5 Gy IZBW GHIRRIES K UASR BB m Rz a R4 28
N AR EOWIEICE S TT RV ARFES N TWVDIEIUREESNZ Y, £72 1 Gy ML EoghiEizsun

TITFE SR BAER A AT R MK T L, ARIRERR 2 518 3 T OFEMIR RS A2 5D DNA EHEE M Thiu T
UWVRNWZEARIB S LT 2,

X #R, BB D0 iﬁﬂan‘%%%’%éntﬁ%Vﬁx“ﬂ’ﬁ'aﬁﬂﬂ%ODz_ﬁuﬁﬁﬂiH@/% EPEFTER AN ClX DNA 18
Bk AEE (B11E) JSE D FHESIT . DNA 5426 328 M fia/ 2 Re MBI TR B &1 &
DT RN — AL THERE I, S5 D& il fa/ 2 setE AT S Lo TH RIS S EE SN D S RIg
=Y,

BE R

1)  Marples, B., Collis, S.J. Low—dose hyper—radiosensitivity: Past, present, and future. Int. J. Radiat. Oncol.
Biol. Phys., 70: 13101318 (2008)

2)  Utsumi, H. et al, Requirement for repair of DNA double—strand breaks by homologous recombination in
split—dose recovery. Radiat. Res., 155: 680-686 (2001)

3) Bonder, T., Medzhitov, R. p53-mediated hematopoietic stem and progenitor cell competition. Cell Stem
Cell, 6: 309-322 (2010)
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Elucidation of Cancer Immune Response with Proton Therapy and Development of New Radioimmunotherapy
T HAEFR* | Alessandro NASTI*2, Tuyen Thuy Bich HO *2 /NIEE® | BEIEM, BIRH* .
FREEIE S| BPAR RS ORI B =R, i — 1
Yoshio SAKAI, Alessandro NASTI, Tuyen Thuy Bich HO, Norihiko OGAWA, Masaki MIYAZAWA, Akihiro
SEKI, Shingo INAGAKI, Hiroki NOMURA, Kyo KUME, Munetoshi MAEDA and Shuichi KANEKO

Abstract

Pancreatic ductular adenocarcinoma (PDAC) is the most serious malignancy in the digestive system because
of the difficulty of diagnosis in early stages as well as lack of conventional chemotherapies for the radical
treatment in advanced stages, therefore, generally exhibits very poor prognosis. We conducted proton irradiation
treatment on PDAC murine modelsat WERC. We investigated immune response of the model to the proton
irradiation.
2R

FED AT O AR EETHY  EATHIZ I WD IR DAL ERIE DO A TIX RN L, 2055
THARTHY, HEERRIZEB N TH o O IRAN B IEE Th o, AW TIX, B 8% O BER ATk
T o7/ IRE T IEORIEE HBEL, v T AFER AT T VOG- BRSO D 5 IS Z i~ T2,

i

]

EDS AT 2019 HE121E 36,356 ADIER 720 HALBISE ISR TH 4 [z (5D TND Y, [RIFEDPED A DL
BIFEEELIT 43,865 A THY V. FEERELEIETEAIT, ZOHEHITIE, 90%LL LA A B EHRED AT — M
ML EOEITIRREICHDZENHIF DD 2, fLFHE L LT nab—Paclitaxel + Gemcitabine, FOLFIRINOX {&
FEMBAFESIVTETZD, 2 FAEFRITH 10%LEFED, Fio, FEDRARERO 5 FAFRIT 10K THY, 4
NEBIEMEEEE O % TRO AR THDH, 2OLEE FICEY., BHIRZK T EOBRE LI, IRIGIMEIITERE
DI DILNEITHEN AN LT, TR LWERIEDOBIR D TR UGE I TEE CTh b, RIF5E
X, ST ABENATET VERWT, BT HIRIEOZNF A RO 5% BRSO FEM AN | H1 7272 5a 5% KU
TRIRBAR DI T — 2 2T D2 HIEL TD,

DB

3 FEFAD~ 7 APEN AHIRAREE T, =D ARERE T - 5 FIESET L (BERAET V) | w0 AKfR
R F - s IE S 7 v (B IR A=PDAC £ V) ZERR LT, ZNHDET VO KBRS IEE ~E S =3
X —HFGE v 2 —2% B IIAA IR LD 200 MeV B1-# 8 Gy ZRE L7z, £72. By R ICHID A,
CIE(EST anti-PD-L1 $UAZOFH L7z, FEDRATT L OIBH1FERAIZIW T, B B LSO E b TAE
(Z XD S S ) 20 Fe e B/ FERR AL O X 5 CHERR LT, PDAC BT /VDHH 2 FEEAIZ 3T D05 1-#%
BLOGEEPUROEIREZITO, KERIS JO S O fES AR ik 2 so e i b2 Yeta L 7= 2 A, CD8'T A
i, CD11c BRI (DC) ., 8L CD86MI ~2711 77— DIZEINERIC L VIEES =AY, CDA'T Mifds
F OV F4/80 MR DIRTEIZIZAL R B I A b2,

#E
AR AT LD | RIS T, B TR SIS B G RIARIC LRI A

DEACHINBB M RETAR LTz, 51 &HEE , B AMEIHC LI T4 A LIBRO A R L BRI

VTR ARBT A2 V5, 72, JHEH (Abscopal effect) DBEFFIZ DV CEBIRITY 5 T E T,

ZE3CER
1) ESNZRAFGE X =D AAE R —E AT AR .
https://ganjoho.jp/reg stat/statistics/data/dl/index.html#tal4, &M ESF1 448 H 23 H
2) MATTA RIS A DAT— V3 Fa LA 1S &1 .
https://cancer.qglife.jp/pancreas/article4180.html, F B ES3ET H 27 B

I

AR R AR T - R 2250 %2 SO RS e S W TERH R I 22 B SE ) SRR AR - Sl PR (= 2k e R (&
AT DEZEGYET) | (A S = 0L — e 2 — - B ZEBR JE 0 - B F MR R R TR =
ARFFEIL, BIRKFL (AP FPE TV F =i 5e e 2 — DL FFZEE L THEMLIZH D ThHD,
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Analysis of Signal Transduction Mechanism Deciding Cellular Radiosensitivity
AT F A BT AR, & HAEd
Munetoshi MAEDA, Mika MAEDA and Masanori TOMITA

AL TIL, X B~ A 70— A X TRAD /T & IR U556 0BG HEIR GRpaiz, AIRE . Mk
EXLN Cﬁfbf%ﬁiﬂ@@ﬁﬁ%ﬁ@”" ENRpDHZ e R, ZCOD)UJ%XJAL ATM (ataxia telangiectasia
mutated) Z2 /B NE IR EN A RS LA fRIAL U R E OB BRI EDE /LTI, MRz
Hisk4 éﬁmﬂﬁﬁé?ﬁ%ﬁ“éwi‘%&%ﬂiﬂ@% [ZHIKRT 5 DNASARSHEIMI A EE L CTAEZFROLE LD L9 DR D Bt
ALTREY, 2B ATM IZE-> TREISN TS, IROAT Y7 EL T, MiaN S I OSHIE O s 24
D07 1 ELTO ATM OFT=72BEBEIC DWW CGRELSRRREZ HED T, BE, A ~D FREF DA M2 X
D HR PN ORERENE S L I BE DB EENRE B LA BIER L T ATM XL X0 2T L LT MR N /A R s s

ZRELNT T D720 DO PRI TIZ =L CD, F72, ZOMEIL, EH R ~O BRI B A
%&F%%%E’Jﬁ:%ﬁéﬁéiﬁﬁ%ﬁ F (FLASH) BUZ 3517 D U BRI SZ VEZE AL 0D AT = X S0 sz 1
DOENZEELBIRL TNDEZE X DILD, AWFFEOHEMEIZLY | [ HHR T RV —F 5O REZE R /0 A (AR AT
U7 MR O i BRI sz iR TE A | DFRINIZ IR T & 7o,

BEZHER 1) M. Maeda et al,, Sci Rep. 11, 13113 (2021)

() BB = — A TE R 2 — - WFFEBH I - R F#RIE SR IR (DB R TEFT - Y AT T T NV AT DWFFEAH - A - Br
TE2EREZEET
AMFFEE, () B PAE =R — e 7 — L (— ) ) T RAAFFEAT O R 7L L THEREL7=b D Th D,
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2.1.2.1
RO 72 D40 IO B %
Development of ”Visualization of Radiation” Film
)R Glenn HARVEL® | F A KRS A T E 6%, AKIS B BIE™
Takeyoshi SUNAGAWA., Glenn HARVEL, Yutaro AOKI, Masanori HATASHITA.
Kyo KUME and Toshiharu SAKURA
Abstract

A PVA-KI gel dosimeter has a sensitivity for X/ y ray, charged particle and neutron. The absorbed dose is
indicated as a function of change of color. We have developed an in situ measurement system of color change of
PVA-KI gel dosimeter by using a combination of a color sensor and LED. The usefulness of this system was
investigated for the gel irradiated with He Ions.

B

PVA-KI 7V, X/ v Bt R -Hr, HPEF72 8 O BEHZ KON B4 . DB TR R T,
AR TITI P —L& LED /A A bE T PVA-KI Z/UREFIOAOZE(LE in situ TRIETHUAT L
DWEEEEAT ST, R AT L& He AA4 B EITZ PVA-KI 7 VI AL, A ATEEZ LML,

i

i

FEHTERFTIZINETIC, 57 ARV =— L7 La—/ L (PVA) 374k AV A (KD ZJFEHTZ . X
ey BB, BRI E R E A E o 7 VIR L R BT (PVA-KI 7V) 2 BAFS L C&T= Y, B
1E. PVA-KI Z /v ~D X #f, B, EAF L REHNT BT D7 VAR B O M B 2 B S5 808K
HEN TG, AAFFETIE, NI AA—REDT—R B E B, He A7 WRE &SGR E % [F By
\ATHZENTRERR in situ ITEL AT LDZHEEL He A4V BENC D207 SO RIIEE1THZ &
(128D, PVA-KI 7L ~ORL R RIS O R 2 B O T D2 a3 A T,

KRGk

In situ BIEDEAH

fEH LHERF T, A EL "3V ET VAV EERE A G, IESI- G % RGB Z2H#7 5
AT L& BRFE L, PVA-KI 7L ~0D X #RERGHZ W T, IR & RGB @ G i - B fEIC BRI D L%
RNZLT2 2, R CIIARV AT DERIBSE, BNL A4 —REDT— T EflArbbiz, IEERI
B ST BRI NI BRG5URE E HHICRR B L, He A4 BREF SR E A RIRFIZATH ZE DS AT REZS in situ JITE
a8 (PVA-KI 7Vl E S &) 2 BARE LT,

In situ P EIEE

1 2 in situ WEEBEBDOBEEH AR, AREEIL,
320X 240 TFT #7—F 4 A7 LA, microSD B —R A
R 2 77 SoC #5#iE 2 — /LT D MESTACK-BASIC
(M5Stack #8Y) | A~ —FA, EIFRD D72 DM E L
(A&, JEIRELTRIH A A —F (FULFE K & 500 nm)
EREL, fmicz el T — ' % (S11059-
02DT/03DS (IRAA R h=7 A41:H) ) AR E L7 &L kL
X —B)rbied, 22T, JEEE LB RL —ITH
50cm D7 —7 )L TENRSTWD, HIEICERATHHT
—t& D Green, Blue, Red DEE I E1E 455 - 630
nm. 400 - 540 nm. 575 - 660 nm Ti5, 1 In situ P EZEEOBE K VG H

SE S LR TR0 R AT S A DR, 2 A 2 UA TRRT:, 2 (AM) BB EE = 0L X — i ge e 2 — - BFE BRS04
TRIIFSEES ™ (A 58 = p VS — A Ge B & — - WFSEBR S  « RL T-RRE A 2R =8, (1) NUCLEAR TECHNOLOGY
ABFZEIE, I TERE, (A EPE — LX —f 98 &% —. (k) NUCLEAR TECHNOLOGY D 3:RIEF7EE L CHEIELIZHL D THD,
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In situ PIE

AL L2 PVA-KI 7 Vi, PVA (S 2000, 7 ALFE 86.5-89.0 mol%) :5.5 wt%h, KI:9.1 wt%, "™/
0 :3.6 wth, FHE:4.9 wth, H20:76.9 wi% TIERIL | JLHEE 1 cm @ PMMA 7 ¢ AR /ZE AL THWE,
He AF L BEHT, B = 2L X —WF %o 2 —(WERCIZERBE SN TWA L HWS »rahay &7 LN
HERW-MAST)ZAE L7z, BREFSeffE, =pu8—220 MeV, [ NS ‘
1AEL 2.0 ) OB —LHFVHL 0.4 ) Tholz, He A4 D
FREZIT 4 Gy/5rThb, RIFFETIX 4 Gy BE% 5 [BFTVVEE
BT 20 Gy E25I9CRELIZ, 22T, He BENCEBIT DI
FREIT, BRREE O PRGBS BB 2 O THlES T
7o X2 \ZHREHIRIL O BB A R T, IS 2 & (AL Eh R CBH A
HE LT, HEREHI VR LZ —BINCEREL He MEE1T-
7o B U RNAE R 10 BORIFR T T o7,

Y S HB By B
FERLELR 2 He A4V HETRILOEE

312 PVA-KI /L ~D He A4 BEHZ LA BT —8 Y Blue (455 - 630 nm) JIEIZIBITHZ TR
DA R E #5 BA g, 22T He A4 MREHT 4 Gy FRET GREafR) # 10 2y R EIRRZA 25 GREMR) .
W4 Gy BEH 2RI LT, X 3OIZBL TIE, He A4V BRI Z DT bSO LRI 3 0Bl N R L%
DB THMEA Z R LT, @Q~OIZBILTiL, He A4V IBEEZ AT IR L. F 5 %I —El7
DA RO, K412, 4 3 OFERZILIT 4 Gy BETEZOZ AT (k) LS 10 7 M RIfRE 22
72 R O A7 MOV EARFEDORE R EZR T, 4 Gy BRETE B O I A0 b (k) IR IRR
FEOB RSN T DA DD, 4 Gy B EZOZ b (Bkth) LI 10 4R
Z22 T GRE) OZEIZBAL T, K 401% 31 7ML T, @~®@i 62 HVhThoTz, O,
PVA-KI 7 /b ~D X HREREHZ I 2 Y6 EEIE 12350 T AR IR B O W S B 3 EE A B AR 29 U D A
1] LRI THDHEE 2D,

1500

1500
1400 R 4 100 b @
(e]
1300 F 1300 | A
" @
1200 1200 | )
A,
, 1100 ¢ £ 1100 b =@
“ 1000 1000 A
L@
s00 | 900 ".L
300 [ s00 | ey
@
) —non irradiation A non irradiation A
700 | —irradiation 70 @ irradiation
600 * * . 600
[} 1000 2000 3000 0 8 16 24
Time (s) Absorbed Dose (Gy)
3 He A4 WRENZBIFDZ AT b 4 He A4 WBFHZBITFEHZ I EHT b
OB (] 3 R T A R DYWL HR AR AT

4

2

N

?

AWFFETIE, He A4 RS LRIRHZSZ T  hORIEERIREL T % in situ JIEHEE DBRF A A, KR
BT IR E I LT U IBSRRIEME DT D ZEE BN LT, ARIES AT AIZK
. PVA-KI 7 /L~ Ji R BB S 2 A B 3 2 R A B SN T AN AT RE TH HEE 2 D,

2 3R
1) W FE, A KRR, B, 120, 53-60 (2021)
2) I FE, Glenn Harvel, HAM KRR, #&H T3 RFIFFHE, 51, 50-55 (2021)
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2.1.2.2
L1 FR O M I E LT BR S
Development of Radiation Quality Measurement Technique for Particle Beam
TR — B 22 A2 SRR AOKRAR™
Youichirou MATUO, Nakahiro YASUDA, Yoshinobu [ZUMI and Kyo KUME
Abstract

To advance treatment planning systems in particle therapy, developments on radiation quality measurement
techniques were carried out, by both of CR-39 analysis technique advancement and fluorescent labeled tissue—
equivalent biocompatible materials development.

25

RLA-#rz IR R E AT L@ EEAICE 572 B RYC, fir sl OBV E M E BT OB D—BR L LT,

CR-39 Rt A BT O BEAL L | AR LIz A BRI E OB S8 A HEE L 72,

o

o
O

w
©

FEA I BART O EEALE LT, BRL T (B 23 ATRHR TR DIRRIMBESOS IS LD 3T
M E FIEPAFE 2AT oo, EdOERML AR E 2B J DHFE TId, DNA R RNA AT 5H
MTHHLAVIAXIVAFR | LTHNME | G ST E 2 BEIC KD ERmE oG E LD
Mz Al 3 D BT 2 BT L7z,

WFZEARR
(1) CR-39 ¥ T 15 bR AR OB ZTAM SAZ A S D AT

EPRTE =RV IE L #— TR FRRE CR-39IZHH L, =3/LF—50 MeV/n L FDRFEHRZLY CR-
39 CHAEUTREMRE T O A e s (BOS Wi f) 2 3E Uz, [RIREIZ, R O FEms, i A B 24 L
ELTC, ZIETIZELIVTNS 50 MeV/n UL EOTHIBIC LA~ | SOSHIEAEDS BUE KEWZEDRSIL, 7Ty
I — 7 TIE L R TR S S N E CWBZEN o T, DT F/LF —FEl T A O
i B A BE DR RBEHNT- OISR THID TORR TH L, 4%, it Ex LiF 528 TT —ZOEH M
Zn LSt fEREARTDHTETHD,

(2) SRR U7 AR IR BRI D B3

AV XIVAF REE I E B IO o F v — B % AW TR U750 O R #1255 DNAT A
SHUIWT B30 0 YO G TRt A LR 32 TIEZ BRI L QD SFISAEREIX, AV X7 A F R i
BlAN 228 3 D2 LI KD U BB M D ) &R L7, HEFRERED URAS EAn DRI O—HELT
URA3 BB LI, FI 7T = THERSIDESNL T TGT BlFNOF VT XILAF IR L, KRR
PEERVFF TN Tyt | BB =X —f 9822 —T He #2220 MeV)Z MRS L7, WU &I 0~
0.05 Gy THD, SHHE 6-FAM O IETRE (L 0n=516 nm)DZEALAZFHILT-EZ 5, yRETlE URA3 BCHI &L
LT TGT BLAICIRES MED A BT D2 EMVREITEM, He B CIEZOR FIL AD2h -T2,

W

il

CR-39 #HARFITIY | TR I T RV — D ERLF-HR (MR (S L DB S O RSB oy A & BR AR L 72,
Fro, MBI E 2 F T DNA SHEIBTORHM Tl BLINICEDIEE ~DRRIZ OV T, yike He #rETHR
IRDME RIS,

KR FE R E B IF 1 ) TR, 2 (A B8 = VX — 98t & — « BIFFE BRI ST 1R R F
ARRIEIE, EHRFE (DY) BPEE = X —if e 2 2 — DL RIEE L TEIELIZH D THD,
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2.2. BHLSE
2.2.1. W¥ -EHEDOAA L —LE FEASE

2.2.1.1
NRF 2 =T FEAIED y H2AX Yett
Visualizing y H2AX of Petunia Seed Embryo
PRI R —*L A A RBR* 2 Bl 0 -*2
Keiichi TAKAGI, Kotaro ISHII and Tomoko ABE
Abstract

We achieved to visualize y H2AX in an embryo of water—imbibed petunia seed. This allows for early
determination of inhibitor action on DNA repair system in petunia seeds.
B

oz 13, RF 2=T WK R OFEFIRIZEIT S y H2AX ORHAKIZREI LTz, ZDZEiE, RTF2=T7 Fl
FIZH1T D DNA EIEHEIE I3 2 FHE A OEH R E 2 "I EE 2 T2,

i

o

1T DNA B RICKHT D EAIZ WD LT, AF U E— M RD IR E HFH R RS DI 7E 21T
STEY, BT WHEY L BAXTFTAFITEBNT, FE DO ERNIIRERFHRARE T LA AL Tna,
Lt ZO S EEFEREWGE 5255 2 CODH, IS 72> T ERIER T 20900, 1E
T 2R % RN E T2 FNLETHD,

H2AX 1%, EAR H2 DY T HZATD—>Th%, DNA RSB DSB)NEL DL B EA DITEE 1
1E9°% H2AX 28 ATM X° ATR D 572 DNA BN E BT D50 R~ B ) iR bR I Lo T Vb a0 T
y H2AX &72% V2, L72h3 > TZD y H2AX Z AL 52 L0 kAT, DNA HIEISEDHEREL TWHDnED
2R, DSB EDOEALEHEE T HZEN A HEL 2D, v aAX T A ;T TIIZDOFIEZHWT, FEFI2B T 2RHEA]
TERDHIEEATST,

ZITARBE TIX, v RAXTFT AT LIZHAT ORI DFE T AR SBLE AEM R TF =T 1280\ %
IKERT-FEA-RF TO y H2AX 2R A7,

ME

FERI NI, TTIRSIV WD T 2=7 (Petunia x hybrida)DFE-7% Nz, BLI8FE 112k T X KRR
LEE A VT X B 500Gy AR L= B FEIRE L., 2% A7a—2R, 0.3% 7T H LA ETr 1/2 MS i i
FEHEL, 30°'C DV a—AF v/ N—PNIZHHE L TRKSE T,

WK ST FE T 150 HDEIT 4% SRIRVLT AT EREZE O EER CEE L% . IR T C
IR Uz, U7 IR AR 6T D — v~ s MR R L SR O B R ORI
*T2BIETFE YRR IR ZE LT FEA T y H2AX AL A1T -7, y H2AX ZA# b
HeD—RPUKREL T, ~ T AL A X T X F y H2AX &/ 70—F ViR Y% ZkPiikEL T
AlexaFluor488 f& &/ \pi~7 A 1gG Hif&(Thermo Flsher)Z V7=,

AIARAV AL i LA A L, b— W — I R BASE(LSMT80, Carl Zeiss) T7 —# & Huf3L, Image | Cllij{4
AT 24T T2,

FEREEE

PAAXFT AT O FIIMALE ET FREICHEFICLBERIFEFE L EH T 00, X T 2=7 (34 R T
THYIRFLEMDIX 73S TND, LIZD > ToRAXT AT OIGE I, BERICHE L 2TV EDZ D FFY A~
BATUIZDN, _F a=7 TR AR EL% | BRI DI BEL TR E LT,

() B = R — W Z— - WFZEBH I - AR IR ZE =R | (EIRTF) BRAL 2R 28T - RSB AT S e o — - A A BT
FEPATEE
ARBFTEIE, () B PRIE = =W 5E b 2 —DMEH LD FENTFEE L C, (DB PRI L3RI TRIMBEL7-b D TH D,
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Xi# 500 Gy 3RS

1. XF2=TIRRIRIZEBITS vy H2AX 7 (EER).
BLOM FEHME(TEY)

i

]

112, X # 500Gy Z R L7=Fl1(£2 1),
BIOIERATEFCE BRI 5, Wk 150 4>
% OFEA TR OLETO vy H2AX BE27Rd
FARSE I OREIE 13 m A XF R F EHEIL T
Wz, X R 500Gy ZRREHZ I K SE7-fE 1 C
E, B RISIEE IR v H2AX &7 F L3
sz, — 77, IERRRFE ORI TD v
H2AX o7 v, ARG i35 L85
DR EN DD T2, LS, FEFR S
FEFIREGZIB WD THIRT9 72235 v H2AX [34R
Hanr,

UL EDFE RN, _RF 2= T WK IR T
vy H2AX ORI FTHE THDHZENALNE
7poTn, iz, ELELWK 150 43#2121% DNA
BUEISEDHEREL . H2AX DU BbAEL T
WD EMDoT, IERFIIZIB W TH TS
78y H2AX v 7 v idii& gz, ZofEHRIC
BAL Tk, BOKATO PR Tl IR RIS
SH7- DNA BN AIREMEE , WK
AT S T W AL B IS 5 B LT T REME 3 B 2 6
N5, bLATE THHETIUX, 20 y H2AX 7]
BAEZ WD TEE, 7o B EE IS
FTEHAREMERS D,

NF 2 =T HEFIIZBNT y H2AX Z Al LT AN A RELIp o7, ARG THWEFEIT, 5%, ~F =
=T FE TR TO  DNA 152 B AGIRE E] 00 ) 2 =2 . DNA &8 B EFIVER O EIZH WS, F-. AR5
D ERVEWFEAFIRIZ IS DNA LA DNA E1E R BLERO/ER k55 AL RAL T8 TH

50

B TR

1) E. Rogakou et al. ] Biol. Chem. 273(10), 5858 (1998)
2) J. Friesner et al. Mol. Biol. Cell 16(5), 2566 (2005)
3) M. Sauer et al. Nature protocols 3(2), 7 (2006)

4) K. Chung et a/ Nature 497, 332 (2013)

5) K. Takagi. &PEE TRV X—ifF2e 2 —WFFE4E4Rk 17, 6 (2015)
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BAA L E — LTIV FH SN D YO RTIHE R AT U8B FE A O BR %S (1)
—mELETAA U — A RO BFF RO SRR D FERiE—
Development of New Plant Breeding Technique Using Heavy lon Beam—Induced Chromosomal Rearrangement
— Demonstration of Diverse Mutation Inductions by High—LET Ion Beam Irradiation —

JH T B g B
Masanori HATASHITA, Keiichi TAKAGI and Tomoko ABE

Abstract

Ion beam irradiation has been useful for breeding of higher plants. As ion beams with high linear energy transfer
(LET) value cause large DNA damage in only a few small area, novel mutants without detrimental characteristics
have been efficiently obtained. In this study, the biological effects of carbon beams with different LET values in
regard to germination rate of Arabidopsis seeds were investigated.
B

AF e — AT, FICEFMED O LFEL RO FELLTHOWOLILTE TS, MW= RX—f 5
(LET) &b olcAA B —Aid, KB DNA B EAZ<ADROEFNICRFTIZE I ESRIL, ZORERELTH
ERRWE AT 2872 TR B B L D RANIEG T HZ LN TELEE I LIV TS, AAFZETIE, [F
UIRFAA L E — MBS LET THRELIZEEDTaA X X FFE - OFRIERITEBIT D AW RO
WAL T2,

I

e
AF L — AR HEAN I, FC, BRI A OFLWERE R BRI EL TERL T&7, Sl b yaf
TEATZ L DET A DI BARZ AT RNT OFERMNS, T 72 E DT AL B — ARE RS ETIT20
AT DIEREFRETHENHALNIC - TE, Z2 T AFRICBWTT, BB o L X —iZe kL #
— D 7aharinBRLNDIRFBAT L E =AML T /L —F—%2H W\ E— AR X—% FIFH2LT
T0EW LET ORFBAA L E — 2 Z BN IR T2 L2 st L T& T2, Alalld, 5725 LET ORFEAA L —
LEANTOaAX T AT IS LT e EORIERICBIT DM BN DOZE R AL,

RO

LET OERDIRFEAA L E — LD BH L 0 X X FFE A DR IFRICG 2 DB OV TR L, Ehr
MEIEL T o aAXF AT OFEF- 2L, [REFEAF LB — LD ME L, TERDREELET:57keV/im) 3B &
W7 7Y% 3.5mm i ALz BEHELET: 160keV/nm) CEALE FUFE 2 DFE & Tl T o7, MR OFE 7137
BB | 1/2 MS, 3UAT O —AGH V2T B AREMO T L —NIFERE L=, 7' —NZ, 22°C. 16 B A 8
IRFF S A CRR B L7 R RSB AR O CRRAFL . BRI SRS LI FREZTE LT, T ORER, Wk M
EIZBWTIE, 200Gy Z FRETL TH R D 90%LL_EAHERFL TODDITRL, 727U % 3.5mm ffi A L7
FHETIT 120Gy 725 160Gy OIREHRETIHIEROIL TSI, 200Gy ([ZBWTIFEIERIT 20%H12FET
KR LT, ZORERIL, & LET RFEAAE— ARG L DHE NSO DNA DX A—T 3 isd TR EARL
DTHHIEERLTND, HIRA R THE LIZRFERIERIC, v aA XA I8N ThH, B E = L — 78
o= ruaba NSRS NDIRFEAA L E =AML TT 7L — 2 — % W T L9 5 LET O#iH T,
BRI T D EMISE I IEA LT DI ERI LN /o Tz,

S%OBELRE

%, ZORBEEHWTHRF L2 O 7 AV B L OBEE - OBREBR T 5L TES
U722 BAROIEE O B L OMEBIEE LB BARD R, 7 MENTIC KD B T O[E] 7 36 OV B AR
ROMEIAZEIT> TV T ETHD,

AR P T — e 2 — - WFZEBR S - AL B IR R R (BB L 2RI FERT - (RIS B AP e o & — - A4 BT
JERHFE =
ARFZEIT, (AR BRI =N F = Fe b 2 — M@ H R DO FEL L CL (ERH B AR FEFT 3L R CREL b D Th S,
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HAA Y — M ROFH RSO YL AR B R R LB B R T D BR % (2)
— EHEBEM BRI T DA e — LS AT OF FH—
Development of New Plant Breeding Technique Using Heavy Ion Beam—Induced Chromosomal Rearrangement
— Application of lon Beam Irradiation Technique to Staple Grain Breeding —

JHT B, w1 I RRR
Masanori HATASHITA, Keiichi TAKAGI and Kotaro MIURA

Abstract

Recent studies have shown that probabilities of deletions, insertions and base substitutions in ion beam
induced mutations depend on linear energy transfer (LET) and heavy ion beam irradiation with high LET value
induces large deletions and chromosomal rearrangements. In this study, many mutans of rice (Nihonbare) were
obtained from seeds irradiated with high LET carbon beams. DNA preparations for whole genome sequencing
were tried out to identify mutation sites and clarify mutation patterns in this case.
B

BRI OMTEND, A4 B — ALV R EINHE BOFEIZI W T, KR KA B IO A LD
HRRERI L 25 | SR TEE DR N~ HLEDITEAFL TEIEL., & LET OEAA B — AR
RERRIROGAAARL ~L TOBFERREZTHIEL TODIENB BN TE, AUFFEIZHBWTIL, A H
ARIEFEA-~DE LET IRFBAF B —LBEHNZIY | ZHOEBARZEH L T&E T, 48], ZRRDOZ RGO
A 1 L OV BAR DO MEAZATHIZ DI, 227 ) MENTICHER % DNA o 7L ofiila1T 577,

I

S
AFLE =T, B — LD EIMEHRITR DL, B O L0 E P OME L O BAEH BN R0, Z
DOFER, KOKEIe= RN —% B HOWE A 53252812705, Lo T, RICAA U FIZB W THRENTIT S
AT FD TN =% ZHIE T, LET 2L SEDIENTED, BB =R NX —Hf5Et 2 —DLrn
FE2 T 660MeV ITHIHLTZ RFA A E— DMK ETIL, LET 13355% 57keV/um THHM, FRHFEND
BT 7y —F =&AL, BEMLE COREAL L E— LD R —% FIFHILET, @\ LET 2155
TENTED, 2O E TSI B ARG A BAROZE R EHPIrOAL B Z OGNS T 5720124
BLLIp B4 ) WERT O DNA Yo 7 L O A 4T -7,

REROEE

AT H ARG AR Z R T SRR R LT R 2 O 1RHE S 72010 ERZ T 2 TR, A
KD EER 10mg 3 OER L, & FF 100mg 7253012 LT, TNHDEE AT UL AL — XN A-T=H 7 LT
22— AN T, IR FETHE ST, TOF 2—7 % — XXM EE 122 L, 3,000rpm T 60
TR L 7=, 47/ 2 DNA OFhH 213 DNeasy Plant Mini Kit (QIAGEN) Z iV =, #liH L7- DNA 138
IR E T IRERIEZ T o7, 747 ZVHENIHIH L7z DNA 28 S BRI > T2 AT
FAbL. MRSICETEDBCSNE G TeA VT XTIV AT K DNA 7H S X —% 352 TlTo72, VT XL A
F K DNA 7 & 72 —ZAH N7 F b DNA 1, R — X% W= A X5 A1T 0 K9 400-450bp DES
DOWr 240 PCR THIMEL 7214 . USROS BLOT T4 ~—%BRrETHOICHERARE — R {EICE-
TR, AUFECIE, S AEEIZL > T DNA 2 (b L7z DNA Z W TIA 7 Va5 LEL
1128 BB FIEIC L AW A AR LT B LT 7 22K A J0 ) — 2N —F @B o4~
UL RTREE 70D,

SHOBELRS

1R AR RIS ) NN B2 — b s T TAT T DA AT T2, AT, ZBDTA
TIVERINNTRS ) BRTAATY N, AT TE e L OV Bt CRIL IR, 5 bp L UL KRS,
e Kbp LoD KRR, Yo (RO TERRR) ORI To T F7E Thd,

AR FPIE =R — B SE 2— - RFFEBH S - L IRAITZEEE | 2 @ ISR - AR B IR EE R - A SR 22
ARBFTEIE, (A0) %E%?EI*/V¥~/&}WE‘*Z‘/§7~75§?Eﬁkanb)i‘o@%ilﬂﬁﬁkbf\ ISR LSRR TERMBEL b D THS,
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2.2.1.4
(L % FW1 5D F L
Development of “Yamadanishiki FW1”
IR ORER
Kotaro MIURA and Keiichi TAKAGI
Abstract

”Yamadanishiki”, an elite variety of sake brewing rice, is difficult to cultivate in Fukui Prefecture due to its low
resistance to lodging and late heading. We had achieved to develop novel cultivar “Yamadanishiki FW1” which
is suitable for cultivation in Fukui Prefecture. In this report, we examined reproducibility of phenotypes of this
cultivar. According to the results of examination, we have applied for variety registration of this cultivar.
ER

ROy 77T Rl LT, BURME HFEF O RTEN DR H R TOREE R EEL W, Fox 3o 2
FEETITREHIRTORIENE S22 NILHE FW1 5 2B FE LTz, SM3HEEITTOBIMEOMERLE . i
PR FEEAT IO THE TS,

ull

S
EKOI T 7R THD NLHE 1, BB TGS, KRN REGET DK T 5L4
PRYE TR IR 0 CRRIO LN AL E D) ISR EWEW) B AEEEIE I BB R E 8D, Ll
5, BB E, XA, A Bk Feo 72 7+ 0MEBIXDEFENORLTE T 2MHE) M EVoFkss
PR 2D ENHDHT-0 R TIREEA S FIE SN TR, ZIVETICE i L7 2eBI R I ID., &
H RPN = VX — G2 o H— DR TR SRS AT b AW RFBA A B — ARG XD THELHR
RN, TR TIHHESREDE B | THRILZ2W LV EZENENA T AL RAROEIITKEIL
FNENNHEAEE DI ERER THHLOD L HLVE LI E o7, FRICRAL L ORI L2V R T CTINE
NELLA ELTEY, \EHENTOIZIL SV DS B2 “Hr LB OB IR Lz, 52, Zhb
DU HER O K FFEIC DOV CRHMIIL =L 2 A, DRI KE W] DL ANKEW SV EEEE T #’EP}“LT
WS H)— DDOEBERIBE THLH T 7 ORI NE{EL, maafr%&ttixbfﬁﬂﬂzt — 7R EEN
B2 TV, —RICA DT 7 OFETeT 3T, BITE 20 B £ TOEHKIRETROFHBEIAHY . KA
D EAFTHEETILLAR D, EZTRARLIZINHERTBEICB W TRAENELT 7 OEITRd S0
A=A, EE IR DIEE LIBT3 508, BAEICED EHKIRD LR O T v
T INERTFICLL RO B S S T 23BN R —R A7 DR HY . FEUWDEVE DR FZHNRWERED 5
A5 10 HREEEO BANEE THHILEHLMNIIL,

EFRROFERNG, TEVRLT LU T DB D B FEZAED 3720 | EETURIME R & BRI A 23R L
7o RAE R EDARZRUT IO TR LAMER ) TZAR ), TSIV A TIRLL 72V O E A2 DR
LS FW1 5 125 R L2 O SRR ER D 7= DR LR AT T 12,

MEE Tk
T EL

ARFEBRTIX, SRR RSO T 1H 881 OE RN KAV EIRBI R IE 22— F2BRE S
CEREL A2 AW CHFgE 21T o7,
TEAE

i1, 20005 AR L 7o~ b —RTIZ 24K IRIB L . £ D%, AKEKICEL T4 H oKL, D5 H H
~yMZIRBID IVRIEFRE LT, 20%, EMERBEME L Y—DFHIREIC Tl AME LI~

RS IRSE R AW G IR ARG R AR 2 (A B8 =L —WFFE o 7 — - WFFEB T - AL G IR T
ARBFEIE, BH RS RPN EPIE = RN F =W 5e e 2=, (D) BPE = R —Wige b 2 — AR R e L L TR ML
T=bDThD,
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IV ATN24ES H 15 F TR H PN K223 b B % v L S AN O K I ERE LT, & ifliA AKX, BIXO2X & T
IG5 X T00f A Z i LT,
A= G a

JEMOKPE AR SR — A — DI ARSI QO DR FR SR A LI DWW M 21T o 72, AR S iL T
H8TIHHDIFEH G, 665H A IC W IR E A & F L 7=,

S

ARENIREEESLNZ LB FW1 50 66 TH B OFE TRt & a7z, ZOfEE, (LHH FW1 5T,
CHREHA ) TORIVE | | TRRO RS ) OE CHLSLFED (L H 8 &7 XBIMEA R U7, ILHEERAY A X B (X 3EZ
8 H 27 HICHBHLIZDIZRIL, ILHE FW1 B1X A X B X328 A 18 HICHFEL . BAEML THhDHIENVR
SNz (K1), FEORBVEFOIZ I AR 2 L L 7= 2 A, (L HASO BRI A X 115.0(SD=28.1) ki,
B [X 103.3(SD=35.0) Ki Cd->7-DIZx L. [LHE FW1 5% A [X 8.0(SD=2.9) %7, B [X. 7.9 (SD=2.8) kil 72
0, EERR EL CWDZENREINT (M2), X 3 I DD RS Z IR L= B EA R T, IHHEORORE
AN A X 89.2 (SD=4.0)cm, B [X 87.9(SD=3.2) cm TH->7=DIZXKFL, (HHSE FW1 513 A [X 84.0 (SD=3.9)
cm, B X 83.3 (SD=2.9)cm £720, 5-6cm |ZEREALL TWDIENRENTZ (A, B [XEE p0.01),

ILESEFWI S IN)::F
1 [ EES FW1 o o5 E

LR LI RSEFW £ 1LI B £ ILEAERFW1S

2 L HE FW1 5O kit 5 H 3 A FW1 ZOROEIDEE

S

BRBEEDHIZEIC I~ T, HICE R LN LES FW1 5 10358 B2 T2 54l o, iR
PR B 2T —H T 2HNTE, ZOT —2& HWT, 454 A s HEEZ 1TV, ZHESh
= AT KFRARFEE - s S L L CBUEL ~L TS FW1 B 28555 ) "N E 2D 0%
FHAEL QUK TETHD,
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2.2.1.5

BEAL L E— LB 2 W=7 AL E Y /Y (Aphanothece sacrum) D FEFE AR 22 FE G RIZH D)
DLHGEIRE BARNEH DA
Development of Mutants Related to Growth and Exopolysaccharide Synthesis of Edible Cyanobacterium
Aphanothece sacrum (Suizenji Nori) Induced by lon-Beam Irradiation

Ry L ENEE™ | mbE—
Kaori OHKI, Shinya YOSHIKAWA and Keiichi TAKAGI

Abstract

Construction of mutant library of cyanobacterium Aphanothece sacrum (Suizenji—nori) was performed using a
carbon ion beam irradiation. Screening of phenotypic mutants related to exopolysaccharides synthesis, growth
and nitrogen—fixation is in progress.

Cipy

RFBAA L — LIS 2 VT, F% Aphanothece sacrum (AA X0 /1) OG- ffu st 24 (EPS) &
Y% s IS D330 D GRS BARNET A 7 TV —EHH 23k I T, IR R ICHBIL7-an=—s5, EPS &k, B9l
B ERETERRETEEICAZ) — =0 75T B R ICE RO FTREMENH DR O BGZ1T> T D,

&

ZAE ¥ 7V (Aphanothece sucrum)id, JLNHIFC 300 4=LL BTG A E LTINS TEIZ A PE HAR
faZ 8T MRS 22 ORI B (EPS) A KU Ul 2 TR 3 2 R 5o, KT BED EPS 11,
BMRIK T BN BN AE RS AT T ORI A AR~ — VL T H S, 7T oA T R LI
AL TS TS, AENE, EPS SRk AIIaSM S O 7 T2 LT T 528 EEBIC, & EPS &
A, PSR B R EERA R OMRE /LT LA BT, IRFBAA L — LA -V T LFE R BB
DGR BART AT TV —VEH Z R AT,

il

MBI

MEFERE SR  REAR R OFRTEY; (REAR R AL BV VARG FH ) TRIESIV WAL EL Y 7 UNBIE 1T
fENL UT- o o — 2 B EERR (FPU2 AR D LR EFE I O i 2 FA\ -, AFRIZZ B> EPS IZXVE RS lem~2cm O
RS A TE R L THEGEL QD72 SR A4 B Ay = b G RE A UE AR 3mm UL FIZLizb 0% 7
AF I\ TNV TR FBAA L — LRSHI LT 2,

RFB/AF L — LB  RFBAA B — DRI, @ REPE = r X — i 5e e 2 — D% B B IE
AT L(AEYRY s —R X =)W, RFEATE —LOERIENIZBITHHEE =R/ ¥ —
1% 450MeV ToHh 7=, BEHREIE, 2019 45 7 1230 L 7= LB CESEER 94.1% % 457- 750Gy & iV /=, FsE
R, HBoo=—Far BiroT-~ Ak A4 —71L—k (Nunc™ 150628 Nunclon 12-Well) 235 5 7 = /LR
FHEL . FERRE RO A R e = —Hl ot T EI G2 T fEESD ELTORLTE,

FRGTHI O BT - I L7oMARsRIT, ) 10mlo & FRHE 5 F2R2EFHIIRE L, K T Cl SR L e (15
# 8 18], Ultrasonic Processor XL2020) (Z XDFHAESEZ AL . 3L OEFRIRIZIRE L, T/ Ay o
(20um, NYTAL SEFR-AG) % i@ L 7= {2 K550 23 AR 2 70> CUOA T & Al L= 1% FV =, HEa iR
WL, BRI CT R ISR IR L0 b~ A ruad 44 —T 1L —NZ 1 7=x/L 2mlT 2457EL, 23C, &
PEABAE E (15umol-m2-sect, 12 RE[EH - 12 REfEIHE YA 27 0) OB L TR BRI R 2T 0T, ~ A /ad A2 —T L
—ROEEHIE, K 2 A T EIEEROBRESHT UOE I A L7, ERC AR R CIEE R BT TV, i
IR XTI DI A T2 TR TV B (KR 250 1 g- L™, Wako, 019-23891) &% 7=,

RIERSIR AR AR (O FPE = 31 X — R gE o 2 — - FFEBH S8 - AR G PR FE
AWFFRIE, SRR AL (AR B RIS = 0L — i JE b 2 — D IRFBIFEL L CEMEL 72 D Th D,
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FEREEE
BATV—=2 7 DT O TG/, AR B | 8 IR T, 3R 1 ICEED Tl THD, MAEMIZE
W, IR ELAS 108 5 LR LS ERE AR EBLZENTEHES DIV TND, 4 RIDOEBRTIE, ff
FUT= MR, 9 5X 107 fH T, 2288 BAREUSICIZIZ H 07k 2 i) Z LN CE T eB 2 TWD, A
Ao — AR LD ESERIT, 89.243.6% THo7z, ZOMEIT, Ak 1947 A 29 B 5 L7=BE M (91.2
+3.8%) LIZIFE[FIL TH o7,
AEIEBEL TS (D) & EPS & RkAE - B HEFH 48 AR

R 272 ZIMOTRSERII (2)EPS 4 I T+ A HBZE IR, (3) 26 Ml 2K
Pr— EEIFHZDWTRZY — =0 ZIELBHEDHERRRILIZ B L

1R R RN fREE (cells/ml) N — . "
e i (x107) TLLFIZRLEE, (D)IC2W T, K0S <iiast 2554 &
N 3670 * 620 4.42 RO BEGE N BB S A o n =—% BARIZLY
8699 + 1870 1.78 —RAZY)—=2 7% 100ml BIRLD R IC LA AT —
1740 + 374 0.34 = T EITHOTETHD, (2) IO TIL, BilElo R FE

BRCIIAA B Y VIS 2 IC L~ Al A 2 —
T — DRI ETHEE N DL LD, IS ZHE S EEOIR T UM A SR P ICRilET 52
LHRMIFL QO TRIERIIE IR BN R o T, ZORE BIT . EPS AR LARW IR BARN AL TH, £
<D EPS Z#ET HDMIBIZN 7y 7S T L —NERE I E L TLEWD, LTI 78 W) ATRESS S
265, I T AL, 58K 1 ARSI L —ho Eigg, B 300ml 2 AN7- 8T ARG E ISR L .
IO HBZ B Th D,

FUBETIX, 77 LREMAIE O EPS A AL B BE B AR T- O A a1 T o> THEWAL DD | Zibid
7T KGR CH A STV D897 EPS - fas i BIEE AR A e AT, 7/ A RIZBIEL T
W5 A, ZAALB LD N ONWTY, B4 DRSS ) I EICH Va7 BEHEL TOAE AT 2 13EE IS
TWD Y, 2072 | FRE BAREI &I/ v 7 T I D F1EZE WA Z LTINS RIS, AR CH
W LD 7R GEIRIE BRI | Z R BV AR A ) — =0 T EATHO FIEN A B 2 HIvD,

AENT, A BN E /RS R E R R EE O TS AT REZ Az 1557012, B DR E RO T-410F
TOAI)—==2 T 54T TCND, AA B Y UL, BRED IR TELERETIEA R EBHFZD 7 (2K
Vo Z REBICEKRT DI ar 23250, E@RHIREMETIET a2 N & &P Lkl b7
D, AED LI DAT ) — = TINATREEE X CND, A BV VT E R B E M EESNDEAR 7 (nif
JTAKN— | B2 [EEREREE B G UM, EREERBIUCLE R EEOBE NI TAZ—E LT
7N EIHFET D) TR_RTER->TEY, BRETEREFRDO MRNA HRBLL TODZENMERSI TS GRR
R, RFHEF) . L LEERETIR, BEIRA RO TORI T RSN -T2 b ATl % E [
TETET CHFEAMERF T DRE TN EZ X BTz (K, RFEEK) . 4RI FEER Tl 2 3 EE D A CTHEFHE
FES AT REZ R N GO D Z NSNS,

AAR LY VI THEFEE B N FEF BN | ZERAE BARA 38R - [RE 37 57-D121E 1 FLL ORI A K
WEETHD, ZD7h A a0 BN L DB ZEIRE BARITBAED L ZAFEH/HLIL TR,

e

BHIETHRE R T B BARD A ) — =0 T34 % bk L CHEET 5, A 1IZBEICARTED 27/ L1
FECA 2R EL TV 5 (DDBJ, BDQK01000001-20) , 15547228 BAKIZ DWW TR, 77/ LD FLl &1 TV R R 8
fETFDEFEIZORIT UK TETH D,

BE IR
1) M.Okajima-Kaneko et al. Pure Appl Chem. 79, 2039 (2007).
2) KIFE etal. BPE = RLX—HFFE o Z—WFZE4E4R 17, 61(2016)
3) S.Pereira et al. FEMS Microbiol Rev. 33, 917 (2009).
4) K.Ohki et al. J.Gen.Appl.Microbiol. 65, 39 (2019)
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TUNR=IT R TT LT ADAA U — ML DZERILKR DT
Attempt to Diverse Mutations by lon Beam Treatment to Saintpaulia 'Kilauea’
HENARZE | IR A, e —

Munetaka HOSOKAWA, Tomohisa TSUZAKI and Keiichi TAKAGI

TUMNR=UT O XTTT IS MERPEESI, S%ET VM EL TERSNDZEN RSN T
WD, EZT, RMFRIZAA L E— 2B B BREIIRSEHIEE B ELIZEREIT->T0D, B MR—
U7 D XT7xT’ OEERE 0.3%DOWHEIERET N AEKT 10 AR, K TESTT W, \IZ,
WEEZ1mm (FEICESATAAL AETE MS BEHIICEIRLT-, FD% BB 2 X —f 5t 22— T,
Tah e —A200MeV)E K 60Gy ETHRETL ., FRZ bR I CRER A L C @2 MBI, 140
R HIZODEDO NI REZE, NI TIVTINLLDA ZIR—a et N ENAT Rz, T ahre— A
WZEDREZED HER LI AME A DEIAIZ DWW TIL, 25Gy ECITEH OMMEZ R LRI C ISR EFEN B L
23, 30Gy LTRSS TR CIE, NEFENHBLLVME T 28 B L o7, 7 ah B —AREIZEBITS, 15MiE
R HIZ0NHHBLUTEAE RO IO TUL, BETRE 25Gy £TIX1IAMER S0 B BT H AR E L
E 10 RLLE7Z o723, 30Gy Lh ETIE, REPED T D45 RER-T, Tub B —AIZLDas ZIRx—Tay
R LT AMIE T DB L HIZ OV TR, 20Gy KOFRWVERETREE DT> 7 /L CIIAME R b0 ZIx—e
v DIEEFREPRD ST, BUE, FEAORRME R, 7LD MEER, 950 MEERZRE D2 BARD RSN TR
0, BRRIT R TEU%EEE TH-T,

TR KRB AITERE, ™ (A BB = 3 — R gE ko & — - WFFEB S HE - AL G IR AT ZE
ARRFZEIT, KL (A BRI T 3L —RF5E s 2 — DI RBFEE L THEMLIZb D Thd,

2.2.1.7
FAA L — DLPRIZ LD @ I FE IR PEREY) X — L L OAEAINEBUARE R IR 0D BA 38
Development of Doubled Haploids Production System through Heavy—ion Beam Irradiation of Pear] Millet
JHN B, mE " AR RS
Masanori HATASHITA, Keiichi TAKAGI, Takayoshi ISHI and Kentaro YOSHIDA

IN—= NIy NI, BB SRS e 2 FF OB CTH D, 77U, A REHINTHEE S,
B PR R B VEMMF ST T (ICRISAT) CinfEik B 3D HIL TS, 73— NI, MFEHEEY Th DT |
HEZ AR A AVWTER 2 (A M) TOEREEZTHIENTET, BEBEDNEEL, KT, hyERas T
BRSE S QDRI BURVERR B D FaA L 70 558 fnF MATRILINEAL (MTL) 2N B S 7-, ZO8Efn 1%
R LT BARZ MBI WA ZE T, BRI OB R T ERICES T, MEL IO YR EE ML, B FER
FOARBEZREM T M2 COEERENATREE /2D, AFTETIX, EAA U E —AMELZ LD R— LIy hOE
FREMZEAE L MTL &5 F0MEESN IR — 3L MERIK R 28k T2 b2 T A ICT 5%, L
T MTL BI5 TR S — Ly M LD S — LI b b O NNERA SR R N 2 S2. 95,

R3 4FFEIT, B = L — et o X — 2B WL Bl RO B S AR T 52 LIC KV 2FE D B D
LET DRFBAALE —LEFEEL, N— NIy NOFE IR LZNZENDOE — LB ORR E X CTHRE LT,
FIERORESCZ DR O OEF RS, ZNEND LET DRFAA L E —ATEBRIKEZESTDHDIC
HWE RN EEZIEL, 2[8 H OBEESICHE O T, B o L2 ORE LR B TRFEAA A
E— AR T, ZNOO K 72 AV T BE Y ROBE R THD,

AR FIE T3 — W E e 2 — - WFFEBR FE R - AL G IRRIF TR 2 IO AR A e o 7 — B s R B R A ZE A
ABFFEL, (D) FHPHE I NF—IFFE 2 — R BRK PR L ORI AL LR TERELI=b O ThD,
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2.2.1.8
AF o — LR E DA FE IR RRERE S A2 RO EH
Establishment of Shiitake Mushroom Strains with Low Toxic Element Accumulation by lon Beam Irradiation
B M B RS SRR A
Keiichi TAKAGI, Masanori HATASHITA, Syuji USHIJIMA and Kazuhisa TERASHIMA

VARTEEOIAT BV ARHRIY NEOEE R ESEBTHEANHY ., B EE IR T R BT
B LT T i s DB A 2 SR D28 T, B IR D IR RS T IR A0 7o Wl = A -
TWD, Flz, BRIV LAOEFRET DOV TIERIN TOBIHI TR S AU, 4 %I~ O 1 R RE L 722 5 2 L A3 fE
SNTND, EZTHX I, A4 E—2BENC IS BT MEERE, K ORI MEERE WO B A I L
TWo,

SRk 3 AEEE I E M SRR G B 240 B, BB L OVEBL301 B0, B, B OURFER RSk DR A
FARMEEEE L TRAL., TNENOAF U FEICBL TR BERO Rt B4 E LT, o, ZILHLOEK
R, T TICELNTEHEL 115 B0 RROEEZSHICH ESED720, ZhOICH L TH U A e —o% ]
L, BARZOZ A —TEA L=,

PRI L7 BRI DIE, ZVETIZHRIV AR T T AD T FARA~OZFED D72 RN Bl 3PS T
WD DB RO FFPEIZ L TR 72D BARRHE DR B A 155720 | IS REE Lk 35,

) BRI = RV — e 2 — - R ER - AE IR T2 | 2 (— ) B AR E DT & — - SR ST AT
AWFFET, (BEDEPE =N — 5tk 2 —L(— M) A RE DT 2 — AW R E EEHAN I e S E L 2 — A/~ —a ARk
WFFEHERE S R DB R A S S RFFEL L CEML 72,

TEFF B =R ~D AT — LRI LA B DB R
Development of Commercial Varieties of Flowering Plants by lon Beam Irradiation
ST EE, s R A
Masanori HATASHITA, Keiichi TAKAGI and Katsuhisa SUZUKI

FEFr B = O SRS BIZRW L, /B, (B, FRREICE T2« OBEEREZFH T 22T
FEBRRE N TONTND, ZTOBIREIRE LA LTI O, KRR R 20T OB S TE7- AR
RCHAELDLEARERTHA), ZOBLCEREZFEBANZAIHL TS FEEL T, A&RI72 28R BFRND
B, EDZEIRIE BIFFIBI TR T, BERE AT b a iR o &8, 2NN T A R ) 5 2 720
LD RNWFTFIEDBRDLINTND, EDH 72 FED—2LL TAA L — M LDE BFIIENH D,

e & 1%, B (Catharanthus roseus) DFFRIIST L TAA L E—LEMET L, F D% ORI 0 I8 B Rk % 5
KT HZEICED, BTV DB D BARZ R L CE7-, BRMIZIX, B 7 OMEFITRYD AT 24
CAMR, FREADIEFRITED D A -T2 L8 RMR, 28D IEFRITHRO D A >T-H L4 VMR W o728 Sl 21 H
LC&E, Al AVR—BOIERER THE L IO EIZHL, T ah v — 2B L LR THIRL-
TERD NG ALEDVEL TR D AT 28 SR Z 3 LT, B LT A LRI LD H A A K LT
b, BRIPENZL LW e 2 MEFR LT, RZERAKIL, AEDOKD 72 E DR DEEF il L L~ TR EIZIX G
TELHZEND, FiFEIMET HH D ThDH WL, 48 BUMR Efnds U C RSO AT TS T2,

AR R RV R RS H — R E R R - AR BRI 3R 2 NI A A —F vt UL, B T YT — 4 SETO
ARFFEIL, (S FBE RN X =W Fe e =T Y oA B—F S a b MRS LT TV T 7—20 SETO EDILFERFFEEL TEEL-
DTHD,
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2.2.2. EWEILODNANEH - KL OFRATREARATJE

2.2.2.1

BB FE A ETRD DNA ~— 51— DBA%

Development of DNA Markers for Biological Resources of Fukui Prefecture

Abstract

H H B An

Yoshikazu TANAKA

DNA markers have been developed for assessment of genetic purify of F1 hybrid of colorful middy tomatoes
(Fukui No. 1826 and Fukui No. 1832) improved by Fukui Prefecture.

L3

BHENBERLIZATT7NIT o h~b (@I 1826 5 BLOMEH 1832 &) d F1 MR E A 272 DNA ~—

ﬁ_%ﬁaﬁ%\ébf:o

i

il

2020 FIIRFEDFHIGESNTOEA (Cwzh—) 1T, @HREZEME v 2 —03B% LT 2 FEO L7
TNIT b (fEIE 1826 SR LUMEI 1832 5) LAREAN My MILIEb D ThD, 2O 1826 F&
1832 I —RAMEMFETHY, LTo3 > TERFERH I REBLR O B R 7 2REAL TN &2 R85
VBN D, AAFZETIE, AFLP (Amplified Fragment Length Polymorphism) % FV N CEL [ O 2R fift ki %
1TV 35NN STS (Sequence Tagged Site) fb~—H—ZAEkL7zOTIhARE T2,

R DHEE

MEHT, 18 1826 5LZ DB AR THD
B14 & B11, L THEH 1832 BLEDHFA
HTHD A25 & Ba3 THY, ZHHITEH IR
AR BRI A gE o Z — bk &
77. DNA % QIAGEN £t® DNeasy Plant mini
kit & W CHIHRELL | AFLP 13 ABI #E0D
AFLP Plant Mapping kit D FEZZZ|ZL T
1772 DNA 275413 3% PrimeGel Agarose
PCR-Sieve HRS (TaKaRa #t) ZH W TER
VKBNVZATUVMR I LT, EORES, 8 1826
S 2O2WTIE 7T A~ — EcoRl (ace)
/ Msel(cat) DFLAHTH 180bp, #&H 1832
BT W TIE EcoRl (cgg) /Msel(cat) THI
530bp DA MBI TR IHTIENTE
7oo ZHIUHD DNA Wi iz oW CHE Bk 1%
REL, GO E#®N S STS(Sequence
Tagged Site{t 7T A ~—Z&AER L= (X1),

==

1218265 FDNAY — 11— EH#18325 FDNAY —H —
» 7
&
A25 B43 ,§(’v
g 9 &

&
B14 11 1 2 3 &4

1 2 3 4

:
.

fF e

'SR
R

200bp

K1 77037 4~ (fEH 1826 SR L OMES 1832 5) »
F1 #EREH DNA ~—h—DES Ik ENE
A X< —H—1F 100bpDNA T — L —21005 4 [XTHIRO A
FINIT 4h=b (1, 213fEH 1826 =, 3, 4 IFHEH: 1832 &)

TS5 7 NIF 4= D F1FEE R E L AT BEZ: DNA = — 1 —Z{ERRKLT=, A< DNA ~— 7 —% V%)
RENRER B O B A DR ANZ B ZENFRETH D, AFLP IZEAHZTT DNA ANV R NS HH 57
DIHBIDREELNG BN D, #—7 >~ DNA Wi O FLBLHIE#H 5 STS 1k DNA ~—H—%1ERk L T,
TORECHBILL UV DNA ~— I —2MER T& 72,

AW P = — e e 2 — - WESEB S - AR IR RS
ARWFGEE, () EPRIE =X — W5t 2 —DMEH RN DD ZFEN L L TEIELIZH D TH D,
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2.2.2.2
& H WL PE A B IR DR PE 3 BT
Analysis of Metabolites for Agricultural Products of Fukui Prefecture
R
Nobuyuki ENDO
Abstract

For agricultural products such as midi tomatoes and leafy vegetables, we investigated whether the constituent
ingredients and metabolites are different between Fukui prefecture products and those of other areas. We also
investigated whether they had some characteristics as Fukui prefecture products.
2R

ST AR IRREM I E DR IR E EPEMIZ OV T, ERMOBRL B & & H/ 5550 - (R EM 73
12 BDE HGHA L | R REEORHEEH 350 HEEIT 72,

&

i)

I35 PE D BP0 M 72 & D FRPE A I D7 T R LT AICIE THEE DR A B DO E E
0o, MEM EDERUERN VL IETHD, Fio, ITF TIXE AR PE  OWESN~ D R IENE I LR B
ERMBEER>TEY ., ZHUTREBED DT T R EICHT-> THAREL TRAEMETH D, FDT-DITIE,
IV B PEY) O AL FE A PE M A2 O D TG 1B A AR OB N LB LI TV D, £ T, EE
B DREPE LI ST C SR E HIEER B R H CEDPEM O MBRREAIRNT 2 = e a7 %
ML, IR EM EDOZERNUL, IR ED DT T NI H 545285 HINE LI e 2 £l LT,

REDHE

oL —% T B HIREB LRI E SO/ N ~hAl <k 30 flZsEE L, &8 920 Do %
FhaL T, RPEMORFRMEERY O E B OABT D TIEORRER AT, HAZa~ T T E B HTE
(GCMS) | ik~ 7T 7 B4k (LCMS,HPLC) 2 W C, BB B L OT v~ b a7
EDOREK RSy TIVAIVERR v =T /B (GABA) 72X DSEFR RSy . a0 R bl AV P LW~ I
DOWTEAR BILEZITV, SRS L O R BIR R 2 MRS [Tk L CEEME L7, & A mOMRHE T, ik
OB R E DEE D BN KREL, BMSITIZNEETIZH LD D, 7 —2EER L TR ATV,
ORI AW TR R 21 75 Z & TR O R A iR CT& T,

Fi2, b hIS ORI, TG NTONAZEI R E DI SN TH, e hERBRICR AR SRR
WD A ML, LG L B 72T — 2 2R LTz, SRR TIE, b= REL RICRIPERChH - THE K
ENRKENEOD, SHEICLAZEFIIZRO LD, W RIZHOWTY, BdT — XA B L% 5|
TR E EITHE TR TII AT RE THAEE 2 BILD,

5

T

FEHIRPE B L OELEL DI T A M= MW B 2 23Uk U IR PE 5L O R B AR O 5 DB 35
FIEOBRFE AT, BB B E S0 T ik, SR O R E Lo 7 3 BT L2 B o B il
IZOWTIEFENL TE TV, A %IE R3 FEICH| S EFEEEE LS ELm<THEE0IC, #ihlE
2T D KRERFER L7025 TOD RO 722 BSOUUHERF I OE\ e £ % | ST EHITV, 2T
D~ T THERIN AT RENE DI E R Ir DT ETH D,

T ARIFFE T2 ERL TOBREDICIE, F~FTlE GABA o7/ VA g, HEW B E Tl Uy
HZUAEIRE | KB TODRE R A MBEREN 2 /R T Db Z<E ENTWD, 2D Ry o Fik
EENUCE S THEONDFER T, AR OREARE LD RO EMECORIE R TN TE, IR
FEM E DR IR EM DT T RILICE T 52805, ZNHD RS E %<& T B RIEH TR Bl
FITEHTED,

() BB =X — e 2 — - TR S T - AR B TR SE =R
AWFFEL, (D) EPE =N —WFE o — DM@ R D DOZFENI L L TEMELIZb O THD,

29



HARE T A F - v X — PSRRI (R 3 4R

i OAEZ & O A FE L U CO PR LIE PR AL F1E DO B
Development of Antioxidative Activity Evaluation Method as an Index to Added Value of Food
B 2
Nobuyuki ENDO

Abstract

In order to establish a simple and accurate method for evaluating the elimination activity of reactive oxygen
species (ROS) and free radicals included in foods, we have performed the research using an electron spin
resonance (ESR) spectroscopy. The reactivities of hydroxyl radical, superoxide anion radical, alkyl radical,
alkoxyl radical and singlet oxygen with components in several foods were evaluated by spin trapping—ESR method
improved for food analysis.
R

A AL 2L (ESR) 2584 IV, B E T AR MR RFECT ) — T2 Tk D1 EiEMEE | fEiE T
F5HE LG5 FIEOMNL 2 B IR LT 78 2 520 L D, IR, A, Bk, I5dk, KISkl oXESE
IRIREETHO BRI LT, EREF LTV HIL-OH, A= X—FF LR T =4 TVHh L -0y, TILFILTY
Jv R, TAAXILTUHL RO BERAAYLAFURT UL ROO-, —EHIEEEFE 10, EORIGHEIZDOWT,
B EREE T D7D B LAY U Mo e 7 -ESR {ETRHIEL . Fris bif % ELSEHE 328 LW Rk
R LI,

i

]

BOREMEO P CHPRRLIEHIT ., ATE B ERCEL, A LD BN RIBIIDEE L AN 24
Hil2HE S ELTHRAICHEE B S CTRY, PR LIS @O R S XA IMEE S @ E5F03 2\, 207 iR
{LIENEE AT D0 % < G RO BIED SN TODN, FENOMERICTHM 92 5 1EIT D720,

T, Fox ik, SES AR ORI, FEA, By, fRik, KAL) THHEMIZH LT, Hifgbittts
IELLFHME 28 LW FEEA BRI L CE 2, AFZRICIT RIS IR PN - J8 300 Hitel C e H 95 JE /K BEM) o L T | 2
A7 M2 O, FLB IR ORI Z 3T Lo, AR RUERIZE - T, RPERKEY - B fhOflifEm E
(253 D EMEE IR OMENL A D,

RO

fEHEORFEM THHIT A~ b, IEMEF L O, Mz L., 7 102
vFxar | R EIM TR MZFEE L THW, 658D A RN T ERR
(AR ER L QOB IEMERR S FRIZ R L CRET I 20> B <1l
EIEVE (PR LTS M) 25l 32 BR O REE, JIE S E0ml et |2
OWTHEBEALEITHIZE T, FIEDOWNLITR I LT, AR5 EO 723l roor
TR TR B O BEMEEZ 1L, MxHEEL — % —F v —h T
BIRTAHZETREIZHER TED, IT A M R2FRIZ DUV T O LR ]
Z TR, U LIRS WS DIFE6 A TN RELARD,
(2 ZOFETHONIHIRICNEEREO LR EOHEILY w1 35/~ r2EO— FE1ELT
W, TR, BB BEE O ST AR ISR T DBAEAN AR b at 24
FIREAE DR TINL . — T DN fER TET,

o

ARBRIECORRIT, S OBRERERFITE LU CREAFIE KOS A<, BRI ik Tl
BIZ. B R R ITHIE TR T AT B, 441, RS CR ATV R B AT Rl O
YDA PEA EOIRVIM A ZATOECROTE %2 B 53 L& IR FHEDO K/ ME X D,

) B =X — ST 2 — SR B B - A B IR TR
AHFTEIE, (AR BB =X =5t 2 — D MEH R DD LGN FEL L CEMEL72H D Th D,
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X7 4R~ NI % DNA ~— 7 — D%
Development of DNA Markers for Middy Tomato
FH o B A
Yoshikazu TANAKA

T A NMIRFHRDBBEO M TIRNT TR 11355, T TR A~O AT &L 2 TR, 207 ik
FARE ) DIRALISFRE L 72 > TCND, LTS T @RS HTZ B R DI 7 A M~ M3Fk s 0L ek, 4 7
bz AR T HDIEE DM 5-ENDZEMEENTEY, ZORRIREREEITHDIZITHIIZE -7 DNA <
—H—DBETHD, R TIL, T U TH RENEF IR T 2 48RS RSO E 21 5357
W@ DNA ~— I —Bi3 %4 B &L T, AFLP (Amplified Fragment Length Polymorphism) %1245 DNA 25D
MHEAT o7 WU 2 TR IR R SRR ) DRSNS T A b= M T, AR MEE /RT3 fE, £
U CHEHL A i Rk D 3 Fli A L7z, AFLP (X ABI £ AFLP Plant Mapping Kit O’ B ha/LZHEL T,
DNA £%1%, TaKaRa £ PrimeGel Agarose PCR-Sieve HRS % 3% DB E CHWCHHE L7z, FOHtF,
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B3 3CER
1) Haque, M.S. et al., Plant Cell, Tissue, Organ Culture, 50, 83 (1997)
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2.2.3. AEM) T 55 B8E FRd B

Fe R AN LEE E VAT LB IT DA B REE O]
Suppression of Physiological Disoders in a Closed System for Growing Tomato Seedlings
with LEDs as the Main Light Source
M B, HARTE™
Masanori HATASHITA and Yuji IMURA

Abstract

The closed system for the cultivation of tomato seedlings reduces the risk of disease and insect damage
without using agricultural chemical. Recently, the closed system for growing tomato seedlings has been developed
using white LED lights instead of fluorescent lights as a main light source. Various intensity patterns were tested
in order to obtain the best cultivation conditions as compared with the cultivation under the fluorescent lights.
However, tomato seedlings grown under white LED lights for a long time were affected by physiological disorders
maybe due to high growth rate. In the present research, the suppressions of the physiological disorders were
studied for the stable cultivation of high quality seedlings.
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2)T. Eguchi et al., HortScience 51(6) 712-719 (2016)
3)C. Kubota et al., Scientia Hortculture 226 366-371 (2017)
4)S. P. Lang et al., J. Am. Soc. Hortic. Sci. 108 266-271 (1983)
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2.3. L—H—45Hf
2.3.1. L —W—Hffia o H U7=BRYu T . U1 i o B %

2.3.1.1
BT OV —H —H 2T A= —W — Gt O3 E
Development of Laser Cutting Equipment Incorporating the Latest Laser Technology
LT FH e g
Tomonori YAMADA
Abstract

In the decommissioning of nuclear power plants, it is necessary to cut pipes in narrow place. We have
developed a laser cutting system which will be applied to the cutting of pipes just plumbed in the actual plants,
and evaluated its performance.
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BE 1L RS E I 2 AT 7oL — W — BRI B S Efr B m O A
Survey of Technological Trends Related to Laser Decontamination for Decommissioning Adaptation
Al A
Toshio MAEDA

Abstract

One of the applications of the laser peeling technique, which is often used for the decontamination at
nuclear power plants, is the smoothing and exfoliation of the surface of concrete, rubber linning and so on.
For the starter of the feasibitily study, we researched the needs related to the laser peeling technique in the
nuclear power and laser industries and universities. We research pattents related to the laser peeling and
confirmed the existance of the technical seeds related to surface treatment of concrete and peeling of rubber
lining.
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Dust Behavior during Laser Cutting and Water Quality during Muddy Water Cleaning in Huge Water Tank
AR WA, IR B, R e
Yuta MIYAMOTO, Masaru UEMURA, Masahiro IGARASHI and Toshio MAEDA

Abstract

The laser cutting of test pieces which simulated the structural materials of the Advanced Thermal Reactor
“FUGEN” was performed at a water depth of 10 m. During the cutting process, we obtained data on the behavior
of particulate matter such as dust and dross generated by underwater laser cutting, and changes in water quality
related to the cleaning of water in test tank that became muddy after cutting.
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AT L AFL — I TRFZH AR 3 D0 O ANl 3 L OVRIRES & B e L7
ST — 2SR
Basic Data Collection Which Can be Used as a Guide for Suppressing Microparticle
Generation during the Laser Processing of Stainless Steel

75 R
Shigeru NISHIO

Abstract

In order to get a guide for suppressing microparticle generation during the laser processing of stainless steel,
precise measurements of the change in the test piece weight and size distribution of the microparticles generated
during laser irradiation were performed. In addition, the shape of the microparticles and the contained elements
in them were observed using a scanning electron microscope and an energy dispersive X—ray spectroscope.
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2.3.2.1
&R B ~DL — W — RGN LD BB L O T HESE
Examination work for desensitization of metal materials by laser irradiation
[ — RS miT A
Ryuichiro YAMAGISHI and Toshio MAEDA
Abstract

We performed laser irradiation on the surface of sensitization—processed SUS304 samples,
and evaluated the irradiation effect by microscopic observation and elemental analysis of
cross sections.
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Examination of Visualization Method for Scattering Particles during Laser Welding
Ly FH B A g
Tomonori YAMADA and Yuji SATO
Abstract

For the quantitative evaluation of a phenomenon during laser welding, we examined a method for visualization
of laser welding prosecess using a high—speed camera.
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Advancement Of Space Industry by lon Beam Application
DR RUGER? | LHCET 2 PSR, PURFS S0, S ZE™ )1y iRl — H IR 5
Kyo KUME, Satoshi MIZUSHIMA, Shinko SANDO, Satoshi HATORI, Hiroshi SAWAZAKI, Hajime ARAI,
Yui ISHIKAWA, Hirokazu NAKAMURA and Yoshihide AOYANAGI

Abstract
To simulate a single event effect caused by cosmic rays, a proton beam irradiation was carried out for onboard
semiconductor parts for as a next microsatellite engineering model. The experimental result revealed that all
the irradiated parts can be applicable for the coming mission. The simulation of cosmic ray effects using ion
accelerators is expected to contribute to new advancements of space industry in Japan including Fukui area.
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Evaluation of Radiation Hardness of Electric Devices for Space with Proton Beam and In—orbit
Demonstration

ARG JEARAET /IRTE 2 RORHAT PLURER | AOKTRH ZKITE

Yoichi YATSU, Hiroyuki KOBAYASHI, Yuki AMAKI, Satoshi Hatori, Kyo KUME and Satoshi MIZUSHIMA

Abstract

Study on radiation tolerance of semiconductor devices by irradiating proton beam is reported. To utilize
low—cost and high—performance consumer products in space, semiconductor devices were selected and modified
based on the proton beam irradiation tests. We have developed satellite components such as an attitude
sensor, a communicator and so on by using the devices which cleared radiation tolerance tests from FY2020 to
FY2021. By the combination of the components, a micro—satellite HIBARI was realized. HIBARI was
successfully launched on November 9th 2021 and has functioned correctly, concluding that usability of our
method of radiation tolerance evaluation was demonstrated.
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Proton beam response experiment of multi—layered plastic scintillator bars for neutron sensors for microsatellites
LR e ROHE O SR, AORAR™ | K A2
Kazutaka YAMAOKA, Masaki USAMI, Satoshi HATORI, Kyo KUME, and Satoshi MIZUSHIMA

Abstract

The purpose of this study is to investigate proton response of fast neutron detector which consists of
multi-layered plastic scintillators which will be installed for the CubeSat. In 2021, we have measured response
of plastic scintillator bars with 16 units X 4 layers readout by MPPCs for each bar as bread—board model (BBM).
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Radiation Tolerance of Space Radiation Measurement Devices
EREILTE . WA, AisaE ™ EETE N ACKRAR, AKIEER SR
Hiromitsu TAKAHASHI, Yuusuke UCHIDA, Ryo IMAZAWA, Hiroto MATAKE, Kyo KUME, Satoshi
MIZUSHIMA and Satoshi HATORI

Abstract

CdTe andCdZnTe (CZT) semiconductor detectors have a mean atomic number of ~50 and high gamma-ray
stopping power. They are suitable for CubeSats, where the volume and mass of the detectors are restricted. We
irradiated 200 MeV protons to CdTe/CZT detectors to investigate the radiation tolerance assuming the space
environment. The number of the protons was 1.7 X 10'° protons/cm?, equivalent to absorbed dose of 10 Gy for
Si. Although the activation background decreased for both detectors after the irradiation, the spectral
performances were not recovered.
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IZHEHESITZ CdTe Kt gn, Ho~ i —2NMELHIFT & Swift @ Burst Alert Telescope IZE# S 7= CZT #iH
FRZHONWT, ZNENOHEIE L TOFEHBICIDMEREZIC O OWTUIMERH D0, liH OFHRA L
ZRIUSAE THB U FERITABIR, Z2TC, Foxld CdTe MR, CZT SRR R 4t T/ 7
PR AA TN, BOR BRI 2 SR L 72,

Fik R

MRE L7287 Ui, CdTe BRI av e — T 4 X4X 1 mm?®, CZT MH#iEA —3I 78T 3 X3 X2
mm® Th b, EFRTIE, FEDNE FTOME (EEE 500 km TiE 1 AERITI V2 ~OWRINEE#E T 10 Gy
FRIE DY) Z A5 L C, 712 200 MeV B51-% 1.7X10' protons/cm? RIRFIRETL7=, fdH b v 7o
RIZOWTIE, EHHHRE 2 HZIZIT 1 ﬁTU\J:O)EEY)jm)ﬁ%F}’LfCO BFEBEFRIC DWW T, IAEER I E&E R
BRNSIT=03, BEE 1 7 A EFTIERH AT L0 O— 12 L, Z2O% IR RTOL ~ VIR 3 51ES
DB, =X — AT NUERE _Ob\fi RHZIZIZT A2 D3, CdTe TiX 0.9 fFIZF20,
CZT TIX 0.45 {51272 o7, ME b= RFX — 3 fiFREIEEAL L7223, CdTe TIX 30 keV 22 & HH#RZE M T
JNLTAAE B Cldk, HEVEALD RoN7eh -7,

TS

Fo—7 MR TOR AN RIAEIND CdTe/CZT HHEMRIR HHEHI DUV T, BRI EZ 52 LR T
&77, CdTe M HHEZR TIZ= R X — 2 Lo THfREED AL B A 75>5‘El:focé_é:7b>i‘o WS E R M3 1T D E S
T EINEVERNCER XA, FloA—Iu 7B LS a0 Ne— B CHUR BT |28 O 3 A AT REMES RIS LT,

SRR Jeie B TR RV SER - B 7 a7 T A 2 (A BRI = 3 ¥ — gtk 2 — - iR FE B 260 - B SR 2 | 0 (A ) 253k
TRIR =GB Z — AR FEBRSEEE « NI SRR

AFFEIL, SR B REFEE (AN E B = 3 —ff T2 4 — DL ERFFEE L CEMELI2b D TH D,

AFZED—1%, MEXT KAKENHI 19H01908, 21K13946 DB A 5213725 0D T D,
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/NIRRT R R S D15 5 LR ] 8 O BB T P 5l 2
Radiation Tolerance Tests for Signal Processing Boards onboard an X-ray CubeSat II
b B E AT RS VRS B RS, SR, R R PR
GO E RN AR, EE A PSR, AORIE | KR A
Takao KITAGUCHI, Toru TAMAGAWA, Yo KATO, Masaki NUMAZAWA, Tomoshi TAKEDA, Yuto YOSHIDA,
Naoyuki OTA, Shoki HAYASHI, Hiromitsu TAKAHASHI, Hiroto MATAKE, Ryo IMAZAWA, Toru TAKAGAKI,
Satoshi HATORI, Kyo KUME and Satoshi MIZUSHIMA

Abstract

We present radiation tolerance tests for signal processing boards onboard an X-ray CubeSat by using 100
MeV protons generated by the accelerator at WERC. We estimate incidence of a current rise and communication
failure due to single—event effects to be approximately 10 per year and confirm they are applicable in space.

WEAEFE D Dfkfoe L C ., AR/ NGRS B CHE 9 D15 BALBR R B o Sl St 2 . A4 R v A5 0k
B RV —fGE s Z— () O ER TARK L2 100 MeV [+ — 2%~ ML 7=, 7 ARL7z[H]
BEAR—RIE, BERE LD F LA LB A 18# L TWD, 2D TN AR NH RO SEE 25~
72LZ AT 10 BIFRETHY, FH CHH TEH &R LT,

i

il

T 2 1 I RAKD DL DOXREBI T D720, ~ A 72— 2 ER%Z . 6 U 42 (10 x 20 x 30 cm®) DA
/TR (CubeSat) IZ#E TS FIF% NinjaSat 727k 2D T, ST AXEM ST 16
HIVERT 17 cm®* OFREEEZED , 2N ETOXHE CubeSat O FITHREWIZ KREWZEDNHE THS,
EOE T, KA RIS @I O X R a5 X 53 X5 K {K% | NinjaSat TRHIHE=4
BRTHZLTHD, (5 5B B AR T 58 i X RAE AR 35720 2D hN i 225 1 Hh i
BB F CIEWEEST 20T ANT DM ENH D, 22T, AWM EE AT RE = 2 —if 5t 2 — (%
FZRB N TE =R — 512 R U, BUR SRR 2 S HE L 7=,

WEARE L, AT 7 R@EEINEY 2 — L7 ER N ER DIF £ 72 HFE 155 501Z, 100 MeV 572 BT L
T, BRI A MR LT, SOIZENDZ FEIEL TRUYEL (G B [EI A —RICh | BIRE AN E 01
ZRRE U C, R EZ FERR L DD U T NVA RN RO RS E 2 $5 % | F RS ATRE CTHDHZ L2
BUTz, ZD% . 5 B BRI AR — R, T OMREZ M _EUREA BN T 572012, AT 72 LA —L
—hDEWEDIZEWRL, 2T VXNV RT o varA—FEBINLT, AR, 20tk B LR AR — R O
Mt 27 AR L=,

Fi R

NinjaSat f#21%, mE 550 km O KGFEMHLEIZEAT 5T E THDH, €OHIE TOMSHREIT, HES
RO ER TR IZHINZ 3 mm [EO T AI=Y LT — A RENHETHE 1 FEHTZDH 20 Gy LHLFED
HID, ZZTHLE I THS 100 MeV DR 1-B— L& =R FONNERS TAERK L, T ih 36 L OEI LK
(CHBET L ORI 2 R LT E72. S I NAARU IR T X SN AR IEE RN B R 452
LTI, BB OEIRE A EICA 7 T 580 EIREZRDLMLERHY | W EREEZEHT52LT
BB T —HEWNETHZ LU,

TRAFCTORGIRE L, 2021 0 4 A 5 BIZITWN 9 em UJFOH A XD FEMITH L TURIE RIS %
FEATL . 0B B 10 0122775 190 Gy OISR EZRIEAR—RIC G2 5 EN T, B, v
TNAXNTyF Ty 7 (SEL) E b pERE LA 63 8], o7 A7y vk (SEU) O—F

U (W) AL FAWSERT - BRI IEATR, ™ BOCERL R  BERRSER, 2 IR R - BEAIR e R, )7 4 — = — o — () s = 1o
F gt 2 — - BRFEBAFEHE - i 2 | *© (AR BRI =L — T St 2/ — - DR SEBAFE I - B - BRI R 225

AT, (ERDE LRI E (A FHE = 3L — B Fe k4 — O EREIFFEL L CHEMELIZH O THD,

AFFED—HRIL, JSPS KAKENHI JP19H05609 DBIREA 1T 726D ThD,
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ERDLNAEME LA E DR VBE =T —2 9 BIRA L, ZNENOFRAEL—NE, SEL 23 7 [8]/year,
SEU GEfET—) A 1 [\l/year L7potz, T F 77 BROERIL, ek 1.5 A ITETHLONRLN—T57, 1
AT 20b OB BIIS I, Fo, Ty TF 7y 7 OFR RbSEE ET, 100 IUMTRE TIROEMRMEIZRE
HHOMD, 30 BLLLEER AR T O bObH o7, WO —AThH | BIERILEEICITV ST 20
BEREIC R E X R DN Rh o7,

5

il

2021 AEPEIZ SR L7= B 1 PR ERBR 12 L0 | S B LTAAE SBR[ AR — R I3ARISHY 10 BT 7 LAk
NRE B EHE T ZEMME CTETZ, ZOMEE L, EMREIRY AN 728 R EH THN—TEHH P TH
V| i RS AT T O e R T T,

BE TR
1) T. Enoto et al., Proceedings of the SPIE, Volume 11444, id. 114441V 20 pp. (2020)
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DOENE St =Sl d=l NG 7S /0 2% EaNA S B 1851514
Proton—induced Single Event Effect on Si Semiconductor Devices
SRAAOR P NisE™ . BRI L HCHT 12, KIS ER TS 2 PSR, AOKRe
Keita SAKAMOTO, Kozo TAKEUCHI, Yuta TSUCHIYA, Shinko SANDO, Satoshi MIZUSHIMA,
Hiroyuki SHINDO, Satoshi HATORI and Kyo KUME

Abstract

The direct ionization induced by proton beam (PDI) causes the single event upset (SEU) on a 16/14 nm
FinFET device, which will be applied to spacecrafts were studied. It has been reported that malfunctions caused
by PDI affect an incidence of soft error in space on planar type devices produced in technology node below 65
nm, while those effects against FInFET devices have never been clarified. Therefore, we have conducted proton
irradiation experiments for an SRAM circuit fabricated by 16/14 nm FinFET process. PDI-induced SEUs were
not clearly observed at the proton irradiation test with omnidirectional angle. In this report, proton—induced
SEU cross sections on the 16/14 nm FinFET SRAM are shown as compared with the results of the 20 nm planar
SRAM.
B

FH DM WS TS 16/14 nm FInFET #1-12x 35, 7RNACKSEHERE (Proton Direct
lonization, PDI) &R DI T NAXNT 7y (SEU) L7z, 65nm KD 7wt 2/ —RO7 L —
FF i, PDI BEROBREMENFTHZEM TOTT —RAEFEITHET LI EnRES LTS Y, —F T,
FInFET 712X L TEBBAIC /2o TR, £2°C, 16/14 nm FinFET 7 CTIEGLZ SRAM [BIEEA Fu
T ubo RTRERA TN L 7=, FInFET 38 7126 LTk & a7 b7 m b e A SH72735, PDLEX o SEU
XToEV &I SN eh o7, Afe Tl FInFET #2457 nh iR oo SEU Wrifg4 20 nm 7L —
FTHF DL > TRT,

&

i

TP TWDLE YT T —20 N THRRADEINOFHE AL, mETH2FHEDOIy a3
LA FEBLTH720, 16/14 nm FinFET 7 OFHHE~OmE H ARSI T D, L2403, LSI O SEU [t
Fat AR ET N E TR T AREICHY , S5 65 nm RO T L —FFE - Tld PDI K ThHREEEIC
EHZENHIESN TS Y, N TFEEEMICB TS 7 a0 OFFE LRI, O S L TRz,
PDI ALK OFRENMEI LML CX /R W EE 2> TN D,

PDI 13 FTICAHLE 1 oSkl Si oy —al d8HERICE-> T, Si OB T4 EEICEREL
TAA AT HIETHD, Tubr DA AR LUTEWE ~DOB TRV — 1 523 g KE72% Bragg Peak T
0.54 MeV/(mg/cm?) D TR VF—% Si |Iff 53570, F 1D SEU ([T T Rx/LF—28 0.54
MeV/(mg/cm?) AR D A121E PDLIZED SEU AFEEEANCI A LSS 2, 16/14 nm FinFET SRAM [A]# >R
Ex L —1F 1 MeV/(mg/cm?)AKiii ThHHERESIHTNDTZ6 P, 16/14 nm FinFET SRAM A& 25T
Kk & 7p b7 a2 RS T PDI SR SEU 233845350 & FEBRIICIRA L7,

FER S AR TR, HEAIL, 16/14 nm FinFET 72t 2 CHRIES I U R RT3 D SRAM [A]1& L
FEBSREEA EL T 20 nm 7L —F 7 o A CTREGES 72 S SRR R O SRAM [H#8% Ve, 28 v i
OEEBZIAALTERICTaR ZREL, BRRZICEE Y ML OT —2 %25 A LT SEU OHEE{T-T-, &
PR X B EHERE B 2N LT, v 7abhrr MBI SI7 100 MeV 7'a b % K (R =F L) %
BHLTHEOZ R X —FTHEL THERIRIC AT T2 T m X — (K FEZ TG LT, £, R
(FInFET SRAM [BI#& D3RR D Z) IX EHEHEE OGBS IT B, 16 R ARSI 52 & CERIT 3
TH7 b DO AFAEERE LI-(=5— 2RIENRRO00ERA, SH),

16/14 nm FinFET SRAM K& TX, 20 nm L —7F SRAM O, b AT 3L —|ZxF9 5 SEU Kb
AT —! 2RITBAODVERTA, ()X NTTF—! BRIEDROMPVEFA, OIZENTIRT,

*U([ERIF) T L 22T FE BH IS B3RS - B ZE BRSBTS — P FE = b 2 () BRI = RV — e o & — - WIFSEBRSE T < L TR SR IT AR
3 (D) FPRAB = R — e & —  BIFZEBHFE BT IR R 2R | ! (A A58 = V6 —RF g o 20— - WP JE PR S8 0 - RN SR ==
AW, () B PE = — W gE e 7 — & (ERT) F i 22T JE B ek - i JE B RS M O SR FEL L THRIEL 72b D TH D,
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# 1 FEBRSEMF

=N 16/14 nm FinFET SRAM 20 nm Planar SRAM
WA EEE 5 - 60 MeV 5 - 60 MeV
DT FH)LF—
HEU A TME, 0, ¢ (X 1 R RmE

SR oD A FE SRS IR
B 0.8 V (Typical 5:4F) 0.9 V (Typical /%) 1 s EkER O 18 B
Va4 AlIO AlIO

20 nm 7’'L—7" SRAM TI, 10 MeV FREFIRFD KGWT AR OB A B Fn RS WrimfE (60 MeV FESIRFD i
WrikiAg) OfEEDS 1 MTFREE RS A FLek L 7o, AZEEREY, 20 nm 7L —7F SRAM (28 TIL PDI ICLD
SRS D BINAE U D EMBALNNI o Tz, T2 OfE b, KEBRFZ TIL, 10 MeV DT RLF—T
BRI 9572 O ZRR 1 LT 0B A D JE A S E D IRFIZ . SRAM DJE S FEIKIZ Bragg Peak {1 =RV ¥ —ZFfo
727 O R BEESILCND LD EHEER TE D,

16/14 nm FinFET SRAM “CiZ, 60 MeV BRI KOG W fE 23 B KAE CdhH->72, 20 nm 7L —7F SRAM O
U CE — 7 2B S 72 10 MeV BREHZ 3T SO BT EFEO HEMNI X T > 0 3B ST, Weibull 77—
T OFRERIN -, ZOMMIE, Ty T REICKH U TAEZF T RE THIRBECho7, L EDORE RN, L
T 2 SOORREMEDN RSN D, ATREMED —-D1X, 16/14 nm FinFET SRAM [Z7 2k Bragg Peak L% B
LET 2@E<, AEAZ T THEZEBIEN A L2V SISO THY , b5 — oD A REMIE. 16/14 nm FinFET
SRAM D FJGWIHFED /NS, ©F7—Z T 72O I BB R 2 i TETCWVARNEVIE D THD, 5
BOERT LR 2 DOAREMDOEIN 43T 21T\, 16/14 nm FinFET SRAM 2595 7 a b O E BEE B A
D SEU OB ZOUNTHREFRATIT 720,

##

(]

16/14 nm FinFET & CHERKSAL7Z SRAM [FIEE IS KL T & 22 b7 b A4 2 BT L | PDI LA
? SEU DL AL, 20 nm 7L —F FF TSI SRAM OFERIZE~ PDI KO SEU D%
IZNSNWZERBHALNC 2o T2, A% FEN 3 2 FERICE > THRERREOF k2L SE | 16/14 nm
FinFET 7 C/EGIL72 SRAM (Zx35% PDI LAl SEU Of 2 HERE 95,

P
AR FEBRE Tt T DI 7o> TTSHRTAE ELTR ALY T A R AR ORI S K SR BET
FERT I =TRSO ISR SR AL SO T5 2 \ZEH R L LT £

g (a) g . (b)
T 10 F g T 107°F N
O, -15 L, [+
y 10 r g ) 10_13 [ [e) o ]
% 10_15 @ 75deg.(8) = o
c A 75deg.(d) c
2 @ 60deg.(e) 2 107"k o o ]
o , -7 o
10 | A 60deg (D) ]
» @ 30deg.(8) o
o g & 30deg(0) 2 107k .
o 10 & 0deg. )
& A O0deg. o Q® O0Odeg.
10-19 L 1 L 1 I 10'15 L 1 L L L —
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70

Proton Energy at Si surface [MeV]

Proton Energy at Si surface [MeV]

2 SRAM BN D7 uh B = VX — |25 SEU S i F rh
(a) 16/14 nm FinFET SRAM (FE[E K OV EERRET). (b) 20 nm Planar SRAM (T (B R &)

SE R

1) K. P. Rodbell et al, IEEE Trans. on Nucl. Sci., 54, 6, 2474-2479 (2007)
2) A. Coronetti et al, IEEE Trans. on Nucl. Sci., 68, 5, 937-948 (2021)
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/Ny B FE S o P O B BRI R A
Investigation of Radiation Resistance of Semiconductor Devices for Nano—Satellites
FAAME A S E | AR 2, A E Y AR
Takeshi MATSUMOTO, Akihiro ISHIKAWA, Takayuki HOSONUMA, Shinichi NAKASUKA and Kyo KUME

Abstract

We investigated the radiation—resistance of commercial semiconductor devices for Nano—satellites by proton
irradiation. These semiconductor devices have sufficiently radiation resistance and we confirmed that they are
applicable for spacecrafts including Nano—satellites.
B

A/ NV R~ T D RAEB IS~ B b BRI 2T U BRI RN 2 L 72, ZOREF, xi5R
O RAFTE RS T3 7o B R 2 L TR, FHa~ O H 2N TRE ChH T LA sl L7z,

1

S
#R /N BRI SO RAET MDA SV TOD R, F o RAE -5 OFHE e~ 2B LT
X, ZTOEFEMEFENEECTHY ., BRI E ORI AT ENEE TH D, AFERTIL, FrafEdH
D GPS ZAGH~Ta b BBEZITV, o P NAR RO AERBENTE LT, 0T —2%L &2, FE
SNDOHEPIE L TOU T NARU NN RNE OFLE L5 AT BT LT,

R R DO

Zrh OS2 LF—(T 20, 40, 60, 80 MeV., 7527 A% 2X 107 [protons/cm?/s]. RS IZ 20, 40,
60 MeV T 600 b, 80 MeV T 900 Fb& U7, HUNSIRIL, EADEE SN AR 2 #E CRIGFI#NE . &
575 km) (ZHET DI Y C 3 0 LL L&D 2 LA RN FHHEES BSA 23BH%8 L7=Y — /L SPENVIS %
HOENPUOMER U, ABFEMTIZBWT, X 11277 GPS Z{E AR L T e AT -7, %5
AT BT DM DL T N AR NI BRI LDy RS ORI A LR LIRS R AR 1 ITRT,

F1 EIRDO T T NAR NI RIZE DY 2 MG ORI

e R LET Fluence  Utwh  SEE #/4E
¥ —Ep  [MeV/(mg/cm?)] &lp/cm?]  [FI¥K Vo i
MeV] [cm?]
20 2.00X107% 1.61x10° 12 7.44%107°
40 1.25%X107%  1.21x10° 9 7.41X107°
60 8.67X107% 1.22x10° 11 9.02%x107°
| ek kSR AL 80 7.31X10°% 1.21X10° 14 1.16X10°%

£ 1 OFREUTROUAT NG TT 4T 427 L, TGRS m, RIER#m, SEE AR fE(Cross
Section) DEAFIMES i, , FTAR/VF—fF 5-(Linear Energy Transfer, LET)DBIEL,, ZHEE LTz,

S(L) = Sy, [1 — exp {— (L _nLth)m}]

RS E R AT LR FERE - LA i, ™ () B s = L6 — ik gE e 7 — - TR FE 0 - B SR =
ARBIFFEIL, FORK L (A FPE T R F—hhgE b Z— DR TEE L THEIELIZb O ThD,
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1.00E-08

o

Cross section[cm”2]

1.00E-09
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035

LET[MeV/(cmA2/mg)]

® Weibull ® EE(E

2 UAT A A, BEET T e R =L —[Me V], {itdl SEE &4 Wi A5 cm?],
EREEEATavh, T T TR 2 FH R oy N TRT,

K 2 HEEVAT VoA O T LY By MEAE IR AT RS R

m 0.2
o 0 0.01
INT A—
R STA—S Sim 1.20X10°*
Loy 0.001
CREME-96 worst
_ 2.35%x10?
Ve NEERR week
[day] CREME-86 Mb—-1 2.01x10°
solar particle 72 2.01x10°

T4 T4 TN INTAT VSR D | E0 8T A— 2% B U B 2 BLOE 2 10573, $2% 2 1215,
FNENOS % B REE LD T AR A IR 2 TAM U7 Ak LTS, SR 1
CREME (Cosmic Ray Effects on Micro Electronics) 96, 86 &7 /L& N, K7L TIEEN O i B r— A« )
H)r—R-TLT L OB ERFD 3 R — TN 2T T2,

FENTHE L LT S T AR DI AR 13 OB 7L 7SR AE UT- B (A — 2) Gl 235 HIZ 1
(B, S DKM 7L T AR (FH)r—2) 5 L7 L7 LTI 2000 FIS 1 [RIEARD 2322 L
Hoi,

w5

[l

BRYEED GPS ZAGHEA~T BN BRI 21T R R A S fE L 7=, T ORGSR, Lo 7 AU b
RAICEDV Y NS HIE | CRAETHEEE NSNSV, K7L 73384 L TRV R, #2000
A2 1 [ERRESVORERZ ST, YagtanCBAL T, V ey MNelREO B S By by VO REE{TH L
Ty TR~ 3 fTRE ThH D LSRR AT BN D,

ARFFEIC CRHMlL 72 RAEB #0050 , 5% TH BN a8/ Ml B~ LE FEiEShDs T ETH
%o AMFIT TN F RN REE L7 — XDl §HIiZ1 T T E Th o,
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8 MeV 5 1-#i% FV =~ A A N KRG FE D i BRI PR A
Radiation Tolerance Evaluation of the Perovskite Solar Cell using 8 MeV Proton Irradiation
EERET CAEERY SRR B2 B
Yu MIYAZAWA, Ryoya ISHIGAMI, Shusaku KANAYA, Hiroyuki TOYOTA, and Kazuyuki HIROSE

RO T 2AHA KB (PSC) 1L, BENOTLFT 7L TEgh R KB EM AN AN TERIL TELHH)
SEHICHABHIRRSIL TS, tEFUZ BRI 7538 DO BUFHRI TR 25 Vel hn, a7 A A MK E
A TR\ ORI EZ G T2 ZE RO 2> TD, LALLM, ZRHO EERIZBW T, iR
PR 78 D FEME R 3R FR PRI 2 DECRR RS 12 DARR I SEMES LT 72 | R AR PR A B AR L BB Rt o B b &
ISR T REPSEASNTICBEIELTZO0), ZHZE RMESEAISNRINSTeDONIAY Tho7, 22T,
HESR T L SN O AR PRSI LR R 2 F2 0 9272 . BRI T v SNIZ 1T D IV FREFEAT S A7 A
DWSLEAT ST, BZET ¥ N—T T VD 2a—R—NMNIEy 1oV =T =3 ol —ZDHEOT vy i —%
MR TERIEL AT Yo NI By hENTe a7 A A N KBGO R BRI E A 1= R CHRETED
ZEEMER LT, R IL, a7 ANANKGEMIZ 8 MeV B e BBETL . BE B4 O BRI N2 5
M 22 LT BESR IR IZI W T BERMEOHEDE > THDDNED . HENE T 5E 10
BT HONENERALNTT HEHTHD,

ZZLHEE 1) Y. Mivazawa, M. lkegami, T. Miyasaka, T. Ohshima, M. Imaizumi, and K. Hirose, Evaluation of
Radiation Tolerance of Perovskite Solar cell For Use in Space. 42th IEEE PVSC, 14—19 June 2015, New
Orleans.

*U(EIRE) T AU 22 AT ZEBH FERAR 2 () F0E = 0L — ek o & — - BFZEBH ST - =R L — B L — 7
ARBFZEIL, FE T — I JE e & — LT U ZE WP B RS 2N S R JE L L CRBEL 72b D Th D,
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2.4.1.9

TG AR N g FH 2 LR 2 72 InGaP KB s O i3 1T A5 13 KO He A4 N2 KDL L FHED R
Study on Degradation of an InGaP Solar Cell Induced by Protons and Helium lons at High Temperature toward
Dosimeter Device Application
ARFE BEPRRAT | SARBHE | AR
Mitsuru IMAIZUMI, Yasuki OKUNO, Kohtaku SUZUKI and Ryoya ISHIGAMI

Abstract

Radiation degradation of an InGaP solar cell at high temperature induced by protons and helium ions is
investigated in this study. The InGaP solar cell samples were irradiated with protons with energies of 3 MeV/190
keV and He ions with 1.5 MeV/190 keV at the temperature of 200-300°C and RT. Characterization of
degradation behavior of current output of the solar cell is performed. The results confirm that the degradation
at high temperatures is significantly equivalent to that at RT.
2R

InGaP KRR T D513 L He 44> O @iIRBEHI BT DAL DN TRET LTz, =
N — L TR RAF— (190 keV) BILOETRLF— (B51-:3 MeV, He A4 :1.5 MeV) Z&RL | i
BHEHEEZ5RIR (RT) 720 L 200~300°CEL TENOLAA U ZRETL, KB OB H 15z i, 2D
fER. RT TOHLEIEEL T, 300°C TIHEN R BRI DN DD EKREL T RT TOHLEFEE
DIRNZEE LT,

&

T

HpE - i TR A AR A 2D Z SIS KD BB TR DR AR I B I D g~ DS & R PE A
InGaP KB EEHLO JF IR N O EHRER BRI I DM EZ RETL T0d, TRISNAIREERBEIE 200~300°CEX
D, FPEFRHEE L Cd, KEGEME RIS Li, B 25 Tk 2 W s B AH T Ok 42 +% H
AF TR He AAUATEEWRL, ZIVHAT 2 D3 KI5 ERPNIZHEA L TZ O 3L — % K5 sl L,
BRI AE T e TR EICRATIEREE TET 5, — ., ZNHAF L DR AR R &
P H SRR LG Bl R A R A S RIGEMMOMIEZHLX D, T70bb K EMO B ABRIME T3
%o 16T, WIRIZEITD InGaP KEFEMO H BL O He A4 N LDHLEHEEZ DN T DB ERD D,

EBR

HEEL T, v — 78 InGaP KESEM (A 2:1 cmX 1 cm) &2 V=, SLiICEAZEHTIIH 3 MeV D *H
23, B ICEDZEHTITN 1.5 MeV @ He 23RET 203, *H OAF L BEHIREE CTh D720 ARFHI B W T
H TREEL, H, He DIEHT R/LF—LLTENEIL 3 MeV, 1.5 MeV Z IR L7Z, ZNHDE — L& 5T
FNF—F5EE L #— (WERC) DX T AEEHI TR L, A4 EATF Yo e HWTHRIKN Lz, 72, 2
AVHD WA AT HIFE R TR L = VX = T35, KEFEMIZB 2B ERIZEICEMEELE TS
D, LUK F = RAF—DMRNNEERELD, £2 T, 2O RAF—HRZEE L 190 keV @ H, He A
AU S WERC O~A7al A4 RAZ AEAZEE Z W TE/MLUZ, BUBHEE LTI, i H O RT
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2.4.1.10

TN AZLD IR EF R E
Measurement of Secondary Electron Yield due to Proton Irradiation
A HEE L A RTEY, SARBHA, 5 gk
Teppei OKUMURA, Kiyokazu KOGA and Mitsuru IMAIZUMI, Kohtaku SUZUKI and Kinji UDA

Abstract

The electric property parameter, such as secondary electron emission yield and photo electron emission yield,
of the materials on the surface of satellite is necessary for electrification simulation. This research aim is to
measure the secondary electron due to proton irradiation and provide the secondary electron characteristic as
one of the electrostatic property parameter for the electrification analysis. In this year, we made the
measurement tools and attached them on proton beam irradiation system to measure the secondary electron
emission from conductive material.
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2.5. T R/ILF—45HF
2.5.1. HUHRE AT O B ¥

2.5.1.1

VF T NG /RIS o FL—H —DB% T
Development and Evaluation of Lithium—loaded Liquid Scintillators
EARBHE NS TR, INEBRRRR 2, EJIFE—, AR
Kohtaku SUZUKI, Atsuya KAWABATA, Rentarou OGURI, Yoichi TAMAGAWA and Kyohei NAKAJIMA

Abstract

A neutrino monitor has been developed to monitor the inside of nuclear reactors and spent nuclear fuel. We
have developed lithium—loaded scintillator, and evaluated the scintillator response by gamma and neutron sources.
Neutron capture events were observed by irradiation of the neutron from the source.
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2.5.2. FEx L X—DOHTER%E

2.5.2.1
T I BT BHS DR
Evaluation for Absorption/Desorption Elements of Ceramics
AL, LRI, BRHW R EERM
Kohtaku SUZUKI, Bun TSUCHIYA, Ai YURI and Yoshinori NAKATA
Abstract

Lithium zirconate absorbs water vapor at the normal temperature in the atmospheric air, and desorbs hydrogen
gas during heating. Hydrogen production methods using lithium zirconate have been studied at the Wakasa Wan
Energy Research Center. A method of preparation and production of lithium zirconate was confirmed, and
absorption and desorption gas is analyzed.
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2.5.2.2
R R B N7 B =T A RS E OB
Development of Ammonia Synthesis Equipment Using Molten Sodium
(2
Nobuyuki ENDO
Abstract

It has been reported that ammonia can be synthesized by passing a mixture of hydrogen and nitrogen gases
through molten sodium. We have started the development of ammonia production using this reaction.
Establishment of analysis method and reaction analysis necessary for development of ammonia production method
were carried out.
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T A A TE LT BT K SR B bt O B %6
—SKHNSD A A B —
Development of New Hydrogen Storage Materials by Making Use of Nanometer—scale Structuring
— Rapid Cooling from Vapor Phase and lon Irradiation —
PR il A
Ryoya ISHIGAMI

Abstract

We have studied a method for production of hydrogen storage materials which include nanometer—scale gaps
and cavities by rapid condensation from vapor phase or ion irradiation. Evaporation of magnesium at an Ar
pressure of 3 X107 Pa deposited grains of magnesium with a size of 1 pm to a film of which inside has a
nanostructure with nanometer—scale gaps. A thermal desorption spectrum of H. from a magnesium plate which
was irradiated with hydrogen ions was measured. The peak temperature of the desorption was almost same as
that from MgH, powder.
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— BRI LI LA Rt F /s b —
Development of New Hydrogen Storage Materials by Making Use of Nanometer—scale Structuring
—Nanostructure formation in Metals by Severe Surface Friction—
2 T SN 1) 5 R
Kazufumi YASUNAGA and Hirotaka KATO

Abstract

Formation of nano—sized defects into hydrogen storage materials may improve their hydrogen absorption and
desorption property. Sliding friction on the surface of a pure Mg disk induces severe plastic deformation on the
machined surface. During the process of the deformation, it was expected to form nanostructure on the surface
of the Mg disk. A cross—sectional TEM observation of a severely deformed surface of Mg disk revealed that nm—
sized crystal grains and dislocation loops were formed below the specimen surface.
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IR AR PR 2 U= BRI Fe-Al &4 OZ2 LN K52 Bk BT B 3 B0t
Study of Hydrogen Absorption Behavior of Vacancies in Fe—Al Compound Alloy Introduced by Irradiation
Using Particles Accelerator
P SRR ARALE, ORI — A, 22k s
Fuminobu HORI, Qiu XU, Kazuhito OHSAWA and Kazufumi YASUNAGA

Abstract

Some compound alloys are considered as one of candidate for hydrogen storage material that can capture and
store hydrogen atoms in vacancies. Vacancy is a lattice defect which is formed by removing the atom from lattice
site. In this study, therefore, electron irradiation has performed for B2 ordered Fe—Al alloys by using linear
accelerator in order to create vacancy type defects, and hydrogen atoms were introduced by electrochemical
method. As a result of analyzing them by X-ray diffraction and thermal desorption analysis measurements, it was
found that hydrogen atoms are trapped in the vacancies at normal temperature and pressure without affecting
the crystal structure, and they are released from vacancy when heated up to 653 K.
2y

IKBIFRED T 72 T EDBEREL T, HHBEP DI 22 fLEFHIN DT/ 22 M~ DK B ZFI 352
EMBEZDND, AT TIE, R 2SI DK TR AR a2 el B RN T2 ILA 8 AL
B2 B RIIERF I 1E 27D Fe-Al H4Zxf L, ERULFHNTIEA LI KE R DR Z2FL~Dif R e & ik
HUREE 2R E DRl 2 L 21T o7, ZDOFER B HE CHEALIZZEALNITKE D FIR - F IS BV TS L,
IREE% 653 K £TC LA IEDEMBEN MRS, £, MBtO~7ala il iz, KB ORI T 2<
WL b binoTz,

i

o

KFBIZZDEPRDOEESICAMB~DEBORSRE M, LR BEZPEH LN ERE NS —
PR =R =L TEMRAITIE R SN TWD, L L, KR ITHDHEME T CEHEO RN S LKA
THDHI20D ., ZFORPESOEW T LN OO RE e ERAFIZ T 5 AN L 2N Th D, 22T, KFE
EBRTE, KEDOE - L7 o AT CEDMEHF TR AN T T D, KB A 4T
& BB E LT BT B CHEMN ., ZDIFEAE KB Z LR L TR EIKELZITE T H5HD TH
V. Bl e EE WA LR B IR T 0 R B W TCEIRE LS E tE9 7 8 2L DAz TBVEH
{EREA TV, BEEUEE D1 O THD Fe-Al A4t ZEHAEZLEGTEALL THLILTEBY RAL
ToRFBITZBILANHESNDEZ LN TV, FH— B RICE DL, B2 BitEiEA LD Fe-Al &4 CIXH—7%2
HLH720IZ 8~12 HOKBENLZ EITHESIVD, ZDIHR2E L T- VOB EUKF IR g Mo 5 4R Tl
FEAE AR 72, ARIFZECTlE, KB E R TI, KBIR T DZEFL~OFEZFI F U=k B TR~
DI HAZERER T D720 D IR I AT TND, DT B4 ~DZEFLAR a0 3B A HI4#E &k 1A K
522 FL DK SEFIERRE 2 O, BB BRSO W T OE R A5 2 8% L LT, Fe-Al &4 IEZa g
FHo k-T2 AT 5L CRBITEMEIE L COBSE B L. 28 FL8 A H#H &k EhliE B0 © 817
EEATH, KR IL, KA TEHETBRELE B2 B Fe-Al 344 ER L. B T CHEAZEAL-SE D
IR EHEE « BB SO W TR A T o 7

R R DOREE
BB VERLE B R UK EEA

ERLEERIAL D Fe &7 =7 735 Fe-50at.%Al DRSS 4 T7 — 7RIS TR A M Z2/ERIL . 3 mm X4
mm X 1 mm OBRIZEIV LTz, 2 a BB LR REDEREDTZ 1273 K T 20 FEHOBSLEZ T 1023
K F7T 50 K #IZ 5 FEREEEZ FF, 973 K C 72 FFIRFFZ KPR TRA LTIz, ZNb0alkiz2KH T 40°C
ICHERF LT FE= 2L X —8 MeV, 7T 27 & 1 X108 /em?> DEARE I U2, BRI RFEES

RPN R R - TR 2 UKo AR I RF IO JUN R 16 R 0 FE3T .~ CARD) F Bet = e — B
B VI =R — R L —
ARBFFEE, ISR 3 L LT (AR M R — it 5 — B RIRASE RS, SR B L DU K LR CRIELIZ60
Tib,

66



HARE T A F - v X — PSRRI (R 3 4R

JEF HIWFFERT A RN G & IO T T o7, BRETRTE R O KSRTEA L (- THIE frlE B L O X #RiA]
Prifll B (XRD)ZATU N, AKFETEAIL 0.01 g @D NHaSCN 2272 1 X107 mol/L DRiEAMENEMEEH 50 mL (T3
Brafaims L Ty NUBIRAEE 0.1 A/cm®, IR T C 8 R Bt il L TR T TR B
KFEEANZEVITHTZ,

I 28 FR A A Z2 L~ D K 35 D fi 2%

B 103, BRI B LORRRITKFEAL Fe-Al 40 XRD ATV OZE{LER T, lf
IRSNAHE—271E B2 #EiED (211) [FI#rZ2 R L TERY, BRI E A ERICBEILE D% DOKFBIEAICLYFE

TIEZRW D T DOARA JERNZ BB TND, ZhUE, B RRR T TzE E‘Lﬁwf]\é;nt;k (L8 DILHE D t
I, FDOBDOIKFIENT, KB DZEFLH O ZE NI E SN DI T DO EIFEFIDE Tl B
ZHND, TEOMBIZFERIZ—F L2V DIE, ZZANTEIZA ST KE R FIIITCDOE R ITCFIT L TE )
BN ENWT=D THHEBZZHNDD, WTTUIL TH KR IEE ALK FHEIZL DB E O RERELITE S
BYAVIREsY

X21% 8 MeV & F-# U T2 fLAE A LT Fe-Al BB XL FRNTKRFEFEALTZEEO AR BT 2
M (TDA) _otZwk?%ﬁﬁztlj*@J%/Ta“o ZORNSHBA I, 380°C (653 K) {1 BAME R A FE e —

IR, BRI CEASNTZDIFR OB THDLIEND, ZORHE — 71X 50N 22 FLICHH
BESNTKFOHTHY, T OFHIEE SR TET-,

- : . 15107
; B2 (211) ]
E ] )
b B o
=t y = 1107 [
o F H charged after e- irradiation J 2
S F E o
= | ] 9 N
2 3 < DN
% M o 9 10-8 r .-'. ~ ]
= r after 8MeV e- irradiation 1 : f.'
r ] I o \
; before irradiation é 0 /
g0 8 82 150 200 250 300 350 400 450 500 550
26 (°) Temperature (°C)
4 1 BB LOME % AKFIEALL Fe-Al M 1 BRI LT Fe-Al B4 EMRKFE
H4D XRD a7 7 AL, HEALT-#EID TDA (kDK FE i %8,

##

bl

TR CEATEDIETH DT /YA XM THBIR T 2L A FRIE TSNS LD REN, %
DZEALDPEDA RO BRI E TE =, Fo, ZOFUTIMEHTMER I 52 L7 A SRS ZE
~ESNDAR O T BEATHD L RSN, 5 &i%z“/buﬁ%%%:ﬁﬁb\7‘:7J<$®JE%%EZ‘LJ:7J<$
DFRFEABAT 1255 B O K A L HHEBL ST T IETh D,

67



HARE T A F - v X — PSRRI (R 3 4R

H AR R X — |2 LD K FRIE DT D~ 7 1T WA O BI%
Development of Magnesium Regeneration Technology for Hydrogen Production by Renewable Energy
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2.6. ARy B OIEEY A X 2 HHEATEE 3
2.6.1. MBI OBA%E - = AL

2.6.1.1

HPE X — e — IR R AR OB
Current Status of the Accelerator Facility at the WERC
PRHR SEEPTRS | (LA 1A SR TERHESS ) B PR IR ACHERL | DR BB /N R
) I P A AL
Satoshi HATORI, Tetsuro KURITA,
Hiroaki YAMADA, Fumiyoshi YAMAGUCHI, Masao YODOSE, Makoto HIROTO, Masaya SHIMIZU,
Ryuta FUCHIKAMI, Keisuke OTABE, Seiji FURUKAWA and Yuhki HANEDA

Abstract

One of the most important efforts for the stabilization of the high tension of the tandem accelerator is to
control resistance in the divider the resistors and prevent the dispersion in the whole of the resistance value
characteristic. A failure related to the workability in the mounting a pair of resistors caused an instability in the
ohmic resistance at the joint of the resistors. The instability yielded fluctuation in the acceleration high tension
and led to dangerous consequence of earth fault. A power supply for the injector of the tandem accelerator also
had to be replaced because of degradation in the insulation performance. Spread of COVID-19 forced us to
postpone the replacements of the dividers for the accelerator tube, discharge points and RF oscillator for
generation of the acceleration high tension to FY2022.
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T LG8 O THIAZ AO NI HIBEHREIX S -7z,

a7 AOFREDT-H2T7 MEHTETIN LT3, MEEPIZH —I MO T (AR DI ISR M4 IR Rl
THEFEL WD) Obigs ﬁftnﬁf JTHEL CLES T, kOB NIRRT ETREThH -T2, 20720,
EEHSOBEMARPIN R L BT/ o72, lon OISO ROFEREE 2 HD, L/E (KB ~DY—
7%’*&&%75%/)75%7‘@7%0710)( H&IL H/E I CREEE 2 OND, a7 MEFLOBRFUEDR R L E/R T4
—IFNEE—IFINWVENDS ATV ETHEX vy I 2B a— kbR, ¥ —IFVELN TR -T2,
ZOFEE H/E PRIV R —METINEE L H/E a7 AORNCENMZENEL ., PRV R—MNEOKEX v 7L
H/E W% 218 0 CHii& 2 2 L7z, EBRIC H/E 257204 —3F Ul H/E 29 5 EDOX A F —RAZ Y7 DA
— Ul H/E YR — O BEX v 7 I CERE S RS-,
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BB IEEREELE)

2 B S EIEEETRIE (2y 7 /a7 "My 4 LV R DT AR v FR O MEREIL T L CR /\%J 5l
MLan 7L —ha X2 H5RV LY =L OfE) BRI R mOKEIZELDbDEBE X OLNHEDT-HIZ, -40kV
BRELNETEERATEX 257 (B#-220kV) , HaERHIIE KU TS R DR A 5L 7201 <b\ct5c:
T AINBMULEZ LD FIERARIZIT v rahay AR O @ EEEF(-105kV) 2 WD LS L EZ L o7,

I A AL RO SRR DO~y F T fz%r%“éé:&/TMDiE%%f\wﬂﬁfﬁr T 150kV (T4 E L7
%o Bri-7emEERIE 2022 2 3 A RICATFL, 2022 FFFEICHH FIREIZ/AR D T8 Th D, Mgk M &7 128
TELINEROEEL T =7 TEXHINTHER L EE 2 2,

COVID-19 O

22T BINE RO NEE O 5y BRI E BB v 7 B O 8 H, 38 KON EE & & %6 48 H & B R R e
WA 2021 AFFEIIEFHEIL TUVeds, Filllaa o L ABSEIC KD E 7 OFES I AT, 2022 $
PEIZHERA L7,

KEE

BT DINEEEDONIE B BIEDL EUILZDZA T DIEIRC L > TR BEEHRETHY ZDT=b D42 D
BURIE, At 2 m OBUEO Y —Ab., EALE E L EBAL O L Ef, BALEEIZH WO IEILE O
BHUEDOY) L THD, LoL, —2DaT LAEHE O BT R BEAIC I IBHUED R L ESHAEL, %@ﬁ’i
R IE B B O R 22 E Mo i (HkE) 24 A TLE- T2, ST HEVADELIZIEA LI
ST, BB B AZRAT T HLEEBIT AR - E A TRO LB LHIT7/25 T,

AT B ~D B LA TR @ EIE 105kV THT72> TWODN, IIEE A D DL XE SRS D~ T

AR P R — R SE 2 — - FFEBR R - i =
AWFTEE, () P T — B et 7 — DRI DO IR B2 52 RE, EME T 2T TIT2-o7cb D ThD,
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2.6.1.2
rrahal @ B EGIE RO T 2 AL
Development of Digital RF Control System of a Synchrotron at WERC
ZE TR
Tetsuro KURITA
Abstract

A new RF control system is currently under development. By using FPGA, digital signal processing is realized
all over the system. The new system utilizes MicroTCA.4 platform and AMC boards, which were developed by
Mitsubishi Electric TOKKI Systems Corporation. In the report, the overview of new system, the progress of
beam commissioning and the development status of operation interface software are presented.

R

FPGA (Field Programmable Gate Array) &AW CT X MALENT=T v rabal O & B NS I 5% 2B
FELTND, FI AT ATIE MicroTCA4 27 T 74— AL ZZEBRUIHET AT AFRIC - THF Sz
AMC R—FZ A5, BITE, BB CTHY, AT LAOMER L OBF RN, B — 2B LU0~ —ray
A B =T 2—RAY T T =T DRAFIZ DOV THE T2,

]

B, o rabar O s ERINEHER(LLRF:Low Level RE)DEHHZEFA TS Y, BIA D LLRF %
I, BRSO SRR RER & L C DDS (Direct Digital Synthesizer) Z V>, ZH & DSP (Digital Signal
Processor) CHIHIT A 2T L CTho T, kI E — L7 40— Ry I RO B 20 (/A R DIRFIZ LD
IR O ) b DV IR A TE T,

LU, fRE 72 PR ST DS IR EEZ R0 | Bk &2 72 RS DN e T T, RER A FERL , DO
WHIEN AN BREL 72 AT AL LT, BIRGR B L OT7 4 — Ry ZHIlHIR, B — AL EE =5 — (5 5B R DT
~T% FPGA (Field Programmable Gate Array) Z f\\=TF V%)L& EIAE 501 THREE L 7= AT LD B 3E
Z{T-o TN,

FrHl R OBEE

B 1 AT DO E AR, MicroTCA.4 &7 774 —LE L T ZEBRIE S AT LM I > TH
I AMC R—R 92 5, AMC AR —R 2%, Xilinx #:0> Zing XC7Z045(FPGA + Arm Cortex—A9)75 U
SNTEY, NEEO Linux T EPICSY I0C 238i{EL THY, EPICS Channel Access ZilU TiREEE=F—%
179,

PERD U AT KTl R B A ORISR E ORER (b &2 T P 2 AkLT- B-Clock TR E AT H 5 A
T LTI, MERRDOZAIL TV AT AOKERE M 7 vy 722 B LT T-Clock TOJE HE D 5 Frd 84R
T&EAHIoICL TS,

2SR B IXRBRE LT 1/Q F AL TrD, BIEBIONAHDO T +— Ky Ziili# %2175, 5IRETD
VN TFN—F=JATHIEL TS, TR TOEGME CEEBIONARD T 4 — RSy ZHlEIZ{THD T, ZE
MOFEETREEDAT 2D,

B — MM EE =X —BPMIE 50 %RE 72?A®*ﬁﬂtbf%ﬁé\ﬁ‘éo B — AL EE =X — 0 DOE X
[/Q EEITEHL THinb, B — A& (R-L)/(R+L) A 1H B

AD ASIDERE T AT L% =50 AMC R— }\“C%Eiﬁ‘é —O0%, ZEEEEE A OHIE, B
D0 BPMZ 5 OB B L OENZ W=7 4 — R\ ZHliITh D, 2019 FFEEIZEUYELTZ, $9 >0 AMC 7R
—RiX, 65D BPM O 5 A2 ULEET 255D T 2020 FFERICERUYENTE T LT,

B — AT ARD IR
HITE ., WM ER A DE fhﬁﬁmw_B Clock IZHt> TJEIEEAE EH 4% B-Clock E—R TOREBREZIT->T
W5, X2 DIHNTE—2OMERIZITREIL TD, BIE, BPM 15 B> T7 4 — R Ao 7N LA AR IEED

(AR BRI X — W FE e & —  WFFEBR TR - IR =
ARWFIET, (B BB L —BEJe b Z =B EH RS B A Z 7L, FT 2T TITo7eb D TH D,
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OMEBLIOM SO — LI EBD T 4 — RN ZHIH O FRER & R BEA O IRV A TV 5D,
ADC-FPGA [V 7 /L= DR A UIE UIE 3 %% 7= L. ADC-FPGA [ICIRAE A 3£ 42 R LA 2R L
TD, BIE, BRI AT 2L LB ITHFRRICIIEA TV,

Accelerator Room Control Room

Processing of Beam Position Monitor Signals

BPMALIEER
20204 BiE

Bendin
Magnet |Ge

20195 84E

74— Ry 7 HIEER

Feedback Control of RF Amplitude and Phase

ncy Control

1 3 JE e s 8 SR oA

F R —Tar A —7 = —ADRFIRI 5000

BIE, AL —ar A2 —7=—Z(OPDZ Control ]
System Studio” (CSS)Z FAWTHIfEL T\ 5, CSS X ~5000 -
LLRF v A7 AN ® EPICS 10C |Z Channel Access &% 6e+06 1
LR ESLET=Z—0 GUI ZRHITHELTED, L)
L. BEOBREZEEL THIET 208 DnYy 7 D3
SENREEZ2D T, [RIL PC INTT Python (245 Software
10C ZBHZ LT, FEM:D A EA2 X AEHETH D,

—— Cavity Voltage

[arb. unit]
o

—— Frequency
4e+06

[Hz]

2e+06 1

10000 + —— Bunch

[arb. unit]

FETR
FPGA ZHWCTT UHbSivizy rabar D& 0 250 500 750 1000 1250 1500 1750 2000
N N , . — . — Time [ms]

JE R INE G RO — AT AN B TEY, VAT A

DA EE DI AT TD, [FRHIA N —Tar A 2 B-Clock (ZLDHE —LDNH

V=T 2 —ADPAFREELT o TND,

BEIR
1) ZEHITER M, (A BP0 =X —iH9e 2 —ifJea k., 23, 55 (2020)
2) BHIER, (M) BP0 — et 2 — SRR, 15, 55 (2012)
3) ZEHEIRR, (M) B IE =X —WF5e o 2 —WF5eAE ], 18, 63 (2015)
4) FERTEL, (A) BPE =L —if gt 2 — 7R, 19, 72 (2016)
5) M.Ryoshi et al., Proceedings of the 13th Annual Meeting of Particle Accelerator Society of Japan, 340 (2016)
6) https://epics—controls.org
7) https://controlsystemstudio.org
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vorakas R — AT DT a7 A NNE=A DK E2
Improvements of the Profile Monitor in the extraction beam line of the synchrotron at WERC
BEHATAR L T R EACHE (L ST R ERER T, P R
ANEEBERS, AIE PR R
Tetsuro KURITA, Hiroaki YAMADA, Shin HIROTO, Masaya SHIMIZU, Fumiyoshi YAMAGUCHI
Masao YODOSE, Ryuta FUCHIGAMI, Keisuke OTABE, Seiji FURUKAWA and Satoshi HATORI

Abstract

Profile monitors in the extraction beam line from the synchrotron have a problem of vacuum leakage. The
vacuum of beam lines affects vacuum of the ring followed by the line. In 2019, to fix vacuum leakage, one of three
profile monitors was redesigned and updated. As a result, intermittent leakages were reduced. In 2021, other two
profile monitors were updated with newly designed ones. As a result, intermittent leakages of vacuum have rarely

occurred.
B0

rrahun s MY — AT A OT R T 7 AOVE=RICEZE)— I RRAELTEY, F’EJKE!’J ZQT“ZJWWL
TWe, ZOEZE)—7 (3 rubnr ORZEFICHEL | [RBAL U E — ORI EZ 5 2 ThD

EEZOND, HEEIZRIBENHY | ERETE 72 o7, 2019 R IZEZE) —7 LIV _ﬁ.ﬂﬁrf‘é_& X
D, 1EDTaT7 7 AIVE=HIIDONWTEZE)—IDERENRFETE T, 2021 FEIFRVD2EOT 07 7A/VE
=HERMTTDHEILY, BZEFEDANA RO BB 2 RIEITINZAZENTEz, FfBO 7 a7 7 )VE=
SRR EIEE O — AR ESILVTEY, THRICH®RHO T 77

ANE=HIAHLT,

i

Ullll
=i

it

w

IREAF L DEIREAF T raba TR DR8I, BE2e R
DI RICKRELEES D, TDT2d, TRET, MkfeAgic v 7ab s S
ORI R U ARAEL TR 1, v . 7

%ﬁéﬁéﬂé]\ﬂj%@@»—A?%y@ﬁ/ﬁFMyﬁ‘@%i/jzﬂ_%ﬁi ’

2525, HIE— LI DT RTOTuT7 AL T =4 (35) 1TH &
YY) — s8I0 9 oS DEE OB DRI > TN BEE 2 B o

77

PERDTOT7 7 AN =S DEZERIIM HEN TS O-ring 235
<, RV DELE R AL ZE 2D 7 bV i IR H Y, O-ring
DR L TIIERETE e Tz, T BER IO IEZLEL
=b D% 2019 AEICEYEL T HPR2 2L ¥, ZFOfEF, H2ZEED
B D72I20 | kit~ D77/])/I/:Ev*5'@}jj%7j‘ﬁﬁgﬁ'(%ﬁ_o

Fa7rANTE=EDEL

2021 FEEICRIBL DT R TOT a7 7 A NE=AEEHRFTO T 07>
ANVE=ZIRZHL T, IR — AT A4 O EZEE D EERA T, &
Lz, 777 A/E=4% HPR1, HPR301, PR31 ONEZX 1 1Z5% é
7

BHRIOEZEEDORN U REX212, BHEOEZEEDORN R X3
\RT, 3D D EZE R DA b, BZERE 2 =N HHY L 7ak
AT LTZRE DL D TH D, A7 A 7RO 22 FE D IEALIT KNG T /f
DT, UInL, SBRICIEZ TV, Biln a7 7L =4, H
RCEZEEDR VROFERL, A7 EOEEBNRNZEEZHERLT K1 orahar He —A5 (0

() P = RN — e — B SE B - N %
AWFFEL, (A BB =L =B TE b X =PRI RO SRR E A Z 7L, FT 2T TIT-7eb D TH D,
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WEDT, Zu7 7 ANE=LUSNOY =V EFTOFAED RIS LD,
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7o PR e
X2 ZHRTOEZZFEDR R X3 ZHEDEZELEDRL R
=]

IR EZZ) — N AEL TV, vorahar MR — AT D7 a7 7 A )V E =X Hiik st DL DI
T A2k, B2 OLEEN 2 KIEIZHOTZENTE, L, DR W EETHLIN ARSI DE
22 EDEALFRY, T a7 7 A NE =L LI R 7B ZE) — 7 DI AR DRSNS,

BE IR
1) FEEERR i, (M) BPEE =R —WFE kX — 4R FR2 4R, 12, 14 (2009)
2) FEHEAL fth, (W) BPE X —F e 2 — R TERK224FE | 13, 59 (2010)
3) ZEHATFES fh, () S =L X —Fge e 2 — 4 FRR23HE, 14, 43 (2011)
4) ZEHIFES M, (AW BHE =L —iF st o X —AFR AR S RIOCAREE, 22, 60, (2018)

74



HARE T A F - v X — PSRRI (R 3 4R

2.6.2. JINEESA 3T HART O BRFE - i EEAL

2.6.2.1
AF =L HTEIZ LDV T U L DK FE B L OEAKFEDOZDOLGAE
In—situ Measurements of Hydrogen and Deuteron in Lithium Oxides
TR, EE O, S RBHET . AR
Bun TSUCHIYA, Katsumi TAKAHIRO, Kohtaku SUZUKI and Ryoya ISHIGAMI
Abstract

The depth distributions of H and D in the LiCoO; and Pt/LiCoO; surface in the atmosphere immediately after
soaking into D2O and investigate the absorption and accumulation processes of H and D in the LiCoO; using
air-Elastic Recoil Detection (air-ERD) with a 5.1 MeV He?" ion probe beam from a tandem accelerator. After
immersing the LiCoO, sample in D,O for 2 minutes at room temperature, the air—-ERD spectra revealed that the
H and D concentration in the LiCoQO; uniformly increased in the region of approximately 3 um from the sample
surface. After immersing the LiCoO; sample in D,O for 150 minutes at the same condition, the H and D
concentration in the LiCoQO, did not change, however the concentration increased in the Pt/ LiCoQO; sample,
therefore the catalyst effect of Pt was observed.
2R

FERBIORKIRFAKUZIB N TEKD,0)FUTIRIEE 172 LiCoO, LT Pt/LiCoOy @t d H 3LV D
R 2% SCHRRE 1R HH (ERD) A FAWTE O35 CHIE L 72, LiCoO2 3L T Pt/LiCoO, i D R E 137z o72
2 53D DO FHEICESTHINL , E51T, H RS KT OKZSU(H0)E DB ZDEEINT 52 Lh3 00
272, 150 43D D0 2% . LiCoO: sk D H B LN D IREEITIZEA L LIRS, Pt/LiCoO, 3k
O HBEIOD REITIHITEML  HoO 3L D0 OFFEEIZRE 2 Pt O gh A Bl Sz,

I

=
VT L2V N L) (LIC00) Z IEMA L E L T2V F 7 AA A B L) — R XY a0 R~ — 7 4 5D
TR FH O/ NI S T0D, ZIVET, o ld, LiCoO, I3 H I TRAUTIREINDERK T DK
KA COKFEM)ZRIN T 528, Fiz, HoO FICEEHRIESNDE H 2RI T 52 &2 R R LT, AWFFET
I, ZORERAEMER T D720 . KL 71 H (ERD)¥EE W CL FiRICB W TEAKD.O) FIZRIES L
LiCoOs 3L Pt/LiCoOs 5B D H J5L N D B EZ KRKFAX T TRIEL ., K EIZED LiCoO, D
IRFBRIL 36 L OB FERFEIZ DUV T AT,

EBR

IREED T A(LixCO3) B LU L=/ L NMCo3008 K% 700°CLL EDEIRB L OKAF AU B ThERS
TAHZELICE ST EE S mm, BEEX 1 mm OF A AZIRD LiCoOy iREHERIL -, SH12, 7 Rbhar A3y F)
VAEREZ VT K 10 nm @D Pt 3—F 47 &7 Pt/ LiCoOs sBRLERIL 7=, 2o EBHNENCIT, 1
BURF ZRIN ST HoO BEOY CO, FHIZLDIRE KB B IOk 2 R AFEN L& FNTCWHT8 , BZ255H
RUTBWTERD BRI 350 CETIET HZETH AHE T2, SIRIZI T D0 1T 2, 50, 150 43R
JEL72 LiCoO, 3L Pt/LiCoOy kNI, #2 T DAHEFNHD 5.1 MeV O He? ' A4 7 r—T7 B — A% K&
HFCRRETL ., BT ICREEESNTZ H BX YD 2 L T LiCoO, BIL N Pt/LiCoOy i D H B L ND 4y
HizfE LT,

FAIRARF - BP0 - B A L D LS RHE R - MOBHE R % (A ) BRI = X — R Je o 2 — - A JEBR S - =k L — LS
="
ARRRIEIE, LIRN T, (AR B = L P —F9E o & — B L ORHD L3k RPN A EAILRIFZEE L CRIEL72b D TH D,
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&

il

D20 BRI L O 2, 50, 150 4y IR {ES - LiCo0, BL R Pt/LiCoOs, 3k ERD A7 MLV | izt
BHROD D EERT-o72 2 23D D0 RIEICL > THINT 22803t &2, HBEL KEAH O HO0 &
DEHUZLVENINT D2 LD D072, £, LiCoO, alEH D H BLO D IR EEIE DO DOIRIERFH S HEINL T
HIFEAEBAL L2V, Pt/LiICoO, BAEFCTIL, 150 3D DO iR{EH% D H JBEL D RN 50 /rDIRIE
BOHBLOD BEICHA K 2 fEETHEMTAZ88b -7, ZHuE, LiCoO, ibElR mica—T 7L
72 Pt 2% HoO 3B8E N D20 DOfEEfEZARMES T RN, ARk Si7z H BLT D 23 LiCoO, FIZEFEINT=Z L
R, AREBRIZED, LiCoO: I H R T HoO B8LUN D0 ZfRBEL . H BL D 27T DHEA R 75280
YN Ay

76



HARE T A F - v X — PSRRI (R 3 4R

2.6.2.2
TOF-ERDA % fi\u 7z DLC P2 38 B O MR IZ 0 7= 01 et
Primary Study for Analysis on Oxygen Content in DLC Films Using TOF-ERDA
B =, EARHHA™
Toru HARIGAI and Kohtaku SUZUKI
Abstract

The oxygen content in the DLC films was measured using TOF-ERDA. The content included the oxygen of
the film surface layer, therefore, it is necessary to analyze the change in oxygen content as a function of the film
depth.
2R

TOF-ERDA % M\T DLC IR OigH# G A &L HIE LIz, REEIZHOIEADEITIY, Hh O ER

FRELZ TR TN 2NEBE ZDNHZ LD, RGBT DR A BEOELZ T T HLER DD,

B
S|

feEa & Te X A YT RTAVH1—R L (Diamond-like carbon: DLC) EIL, & le3E &N RO « 57
HIRFEIC R B 52 D ATREMEDVURIBS TS 12, Fhx OZNETORFIEICIT, DLC JE/EREED He 4
ARE BALADHIET,DLC O S AR ENET D alsertz A L7, ABFFETIZ, DLC B
BT ISR CRA TIRE R E SRR 1-# HHE (TOF-ERDA) O H D AT REME 2R FT L 7=,

Mo

Hik

Si Hofk BT RF 77X~ CVD {E4 HWT DLC IEA/ERIL -, IRBIRATAELT CO HAZHNWHZET, i
FEH DLC EAERLT-, ¥/, CO 7vx k% He TARA BEEEZT-5:H2T DLC IRAVERIL7=, /EY
L7= DLC EDEeF & A B4 X #8159 615 (X-ray photoelectron spectroscopy: XPS) & B8 = 4L F —
WF5et 2 —0 TOF-ERDA %&£ % iV Tor#r Lz, XPS Tld, IEE B DOBREDTZD  AIERNT Ar A3 H
Z41T7-7-, TOF-ERDA TiZ. 3.3 MeV @ He*Z# 7 u—7t— AL LT ALY,

FERBIUELR
XPS X051 72 DLC IROERFE 4 A fiX 6~8 at. % Tdh o7z, He W AR B EOBE I LH 720y, DLC fEdi o
E&ﬁiiﬂéﬁ“éﬁﬁf%oto — T, TOF-ERDA JOSH 72 RFE-BLFE L TliX, He TAIRE EOHIN
IzEB 720 DLC Hﬁqﬂwﬁ&ﬂagﬁ\tﬁﬂbuﬁéf&imfﬁoto XPS & TOF-ERDA |28 THRARD 5 HHE AN 7D
A7z, TOF-ERDA OfERITIL, R ED S EE 25D DLC JEFEE OEEFE NG T TWDHI LMD, DLC
Hﬁqj@ﬁ%ﬁ&“yﬁi@aﬁﬂié‘iﬁﬁ ZHIE TEI o7 REM B 5,

&

T

TOF-ERDA % DLC [ O &R E ST WDT-0121E, TRIE T 26 AR & 28 b Ao A A
NHDHEEZ BND, 51, TOF-ERDA (2815 He ML/HE%H#F%W@WO&:(EIJEE%#%HHWL J0IE
TR E SR B D TR AD T E Th D,

23 3R
1) P. Safaie, et al., Diamond Relat. Mater., 70, 91 (2016)
2) P. Safaie, et al., J. Alloys Compd., 672, 426 (2016)

TERBHITRL R R BRCBCER LR, 2 (AM) BPE = V X —Fge Z — B REE s =R X — B L —
AHRGEIL, (A BPE =3V X — ik # — D B EA R 2 R L LR R L L CHMEL 7= D TH S,
AWFZ2IE. JSPS KAKENHI Grant Number JP 21K13908 DBk 5337~
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2.6.2.3
£ 53 fiF TOF-ERDA I 25 & O R§ ] 43 i GE O AT
Evaluation of Time Resolution of Angle-resolved TOF-ERDA Measurement System
LTS B AT SRHHE™
Keisuke YASUDA, Kana KURITANI and Kohtaku SUZUKI
Abstract

Time resolution of the angle—resolved TOF-ERDA system was evaluated. A 10 nm thick Au film deposited on a
silicon substrate was irradiated with a 5.5 MeV He? beam, and the time—of-flight of the scattered He ions was
measured. The time resolution of 350 ps was obtained from the measurement.
K

£ B3R TOF-ERDA 3EE DR 3 iR RE DR Z21T 572, 5.5 MeV O He?' & —2A%& LVl Fof IS
NTZJEE 10 nm @ Au ERRIZHRE L, BUELS3L72 He A4 ORI TR 2 E LT, ZOHIE N HRER 75 fiFHe X
350 ps LROOHNT,

&

il

FRAT B R I 7 EME SCBRRE -4 HH (TOF-ERDA) &I A A L B — AT ED —FE T, A4 B — L0 EHT
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ST RF —DIEENFER L DL /NS U, KRR TH OB IRS S fRGE CTHIE B /4 4y
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LRI SSD) TR RS VB Y, ATIE TIARERT
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TV T 4 —REMEEELIZED SralrO, OEEFE KIB O E &
Quantitative Analysis of Oxygen Deficiency of SroIrO4 by Non—Rutherford Elastic Scattering
PRITBRAE , $AARHHR*
Rie HORIE and Kohtaku SUZUKI

Abstract

The 5d transition metal oxide Sr2IrQO, is theoretically expected to exhibit superconductivity by electron doping,
but it has never been realized yet. We have obtained experimental results suggesting the existence of oxygen
deficiency in the IrO; plane, which is important for superconductivity, in electron—doped Srjgslag.14IrO4 —as well
as the parent material SrolrO4 from two—dimensional photoelectron spectroscopy. Therefore, we tried to know
the amount of oxygen deficiency that would contribute to the physical properties. From the data of non-—
Rutherford elastic scattering measurement and the corss section, the amount of oxygen deficiency could be
evaluated quantitatively.
R

5d BB A BIR LY SrolrOy 1, AR —7%4T) 2L CRIREN R BT 5 BRI PRI TWDA, K72
FEHL QW Fox 1d, B F—7%1T572 Srisslao ulrOs ORI E O SrolrO, BARIZ, BBAR SR B B e
IrO, M DEFE R REINDHERE 2 RIEE T 0O ERFE RO TWLT0 | PHEIZTF S LTS
ThHAIGFRBOFNEEMDHL, MBRBEEZERT LA AT, EERCTHOLNTIETF 7 +— Rk
BELEBELWT AR D7 — 21280 | B R KB B4 E BN 52 L3 TET,

&

|

5d BEERIREY THD SralrOq 13, K9 206D EF R — 7 24755 CEli B E I B 52 L BEERAYIZ
%(ﬁ”éﬂ(b \6 l)o 5]32/1 615&*& g a:/EI\EJZI/f: SI‘211‘O4 & Sr1.88L80,12[I‘O4 a:/)l/\f\ %%%%%k%%%ﬂ‘nﬁ?7/{
—ZHWTEFIREE, FrlOB B GICH R R 5 THDHIRR KRG O JR T & (DWW TR TV D, L
L. AW E DR RKIBRIZOWTOE BRI IR Fx OWFZEDE &I m 2 HELL THD,
PLEOTE R I, Fexld SralrOy & Srisslag 2IrOq (23517 D Ja i iE & BARO WL OB A i#im 3 D701,
ERMEDOEFNMEN &L FBROBEITENDIET 7+ — NMERELA VT EREELERT 52
Lai AT,

£

B EFEF SrolrOy & SrygsLag 2lrOy, L OMEAERELE L T LINbO, &, BB = 3 LX —Hf5e 2o A —DA A
VONTA—AIZEA LT, HIETIE O OMHBREZED D70, %0 & He OBILBISOEZD 6.7 MeV
T, CHRE 2D 52 8ELA 165 FE TOIETT 74— REMHEBELASRT ML ZTFF LT, FDIT- AT ML AL
Wrimf 7 — & &A1 H T SIMNRA CTHEATL , FLER D EEEITo72, K 1 1E, ZOIIIZUTRIE LT SralrOy 12
BUIFHIETV 7 4 — RMERELA Y ML D B R LT G F (7 0 NAR) THD, FENTORE R T%FREE D
3 RIBNDHDHZ LD RBENTZ,

&
SralrOy DR KIBRIZHONT, IETF T 4 — FEHPEHGEL AT MLV O FEBREAFAT 21T\ IR3E KR RIT 7%
RETHLEVIREREIFHIEN TEI, ITREL R Yo D120 | SRR ITARIEIEN AP L2 E ORERBOF
AL TEERELF ELTWKIENEEND,

i

U | L2« B B IE AR EE R, 2 (AR FPE = VX — R FE ks & —  BFZEB R ER - =R X — MR L —7
AMFFEIL, [ LR 2L (AR FPEE =3 VX — ey 2 — D L RIFEE L CEEL7-b D Thd,
ATFFEIE. JSPS KAKENHI Grant Number 21K14537 DBk &5 177,
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2.6.2.5
B BEL TSN DB SR Y — 7 7 a7 7 A L OFGELA FE AR AT
Scattering Angle Dependence of Profiles of Nuclear Resonant Peak Observed by lon Backscattering
G FE R AR, A EE ik
Mitsuo TOSAKI, Kohtaku SUZUKI and Ryoya ISHIGAMI
Abstract

The nucleus of '?C has a complex nuclear resonance reaction by 4.265 MeV He ion, and the resonance peak
is observed in the backscattering spectrum. The excitation function of the resonance changes its profile
depending on the scattering angle. We measured the peak profiles at a scattering angle of 70—-150 degrees, and
calculated excitation functions were compared with the experimental results. As a result, it was found that the
resonance peak profiles are valuable data to verify our analytic model function for resonance peak on
backscattering.

B

fFE PC TR — 4.265 MeV O He LEGRIGIOUGZ 24, ZOILIGERO Fhike BB I HEL A 12
KAFL ., ZOHLBORNEREEIIH 2 E 2 5, AT =3 =N HEB =L F — X0 @O IGE | HLER T

I THEL AT Y BTG — 7 LU TBIIS D, A TEL, HGEL A 700-150° {2V T, HGELA~Z ML oD

LB — 7 D707 7 A VR i3 D BEL A O O i BEL GHERE ) LRIER e ik Lz, 2D
f‘é%% B TS D IRE — 2 T e T 7 AT BUER R T OET VBB E % A I RGES 57
DDOF T — R IRDTEN -T2,

il

]
AL EOG He+12C GG /LF — 4.265 MeV) IZE HL, AT HLF—73 4.5 MeV @ He A4
VA RER) (G YEE fE 77 7 A HOPG) IZHRST L | BERINICE 1T D He A4 D=L X —HKRZFHL
T, BN THEAEZS G Z IS5, ZOILIBRIS Ok BB O ITRELA TEDD, LIzh> T,
ELAZZE Z UL, He+"2C OILIB RSO BELA FE IR AR LT B e — 7 NEELA 7 L EIZBIIE NS z.’m“‘
TdhD, THET, BELA 1600 (x5 —27 (2% LT, b7 VB ORGEET T CE208, 20

TNVEBEBOULAMZ D DT, B —27 OBGELA R FOT — 5%, %wv%i&@é%&éaﬁzakiv
FREEICAE 2 22 D0 35,

SIS B RO A = A AFLLSERFESILTRY, Bd 325K T — 2L B FI2H D, Lo RIEEREEIX, &R
7//WV§5@L3: EISHLELOIRIBO T I, BELAE T2 ﬂ%@ﬁ/ioi(}%ﬁf“ NEDD, ZOHELIEIE
XA EEELBELAE DN VXU RV ZTER TR S, 72820, FALETHS 4, BELA D 900 DA
IRIEFRE LB 0272 D, DFD, LB — 7 3B RS20 (B[R], BELAZ MY ECEOMERLBI8->70),
BOEL CBLIIS VD LB IT, HLEL (=3 v — R E O 71l FR) 288 h U7 g e’ — 7 (b B %) &L Tl
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LD HNDET VB ORMGHIEE ThHho,

ZHET, BELA 1600 ([ZIREL T, B EELAZ ML BICBIRISLD He+%C gy —r0 7 a7 7 A
JNZHONT, AH He D= NF—5E 2 T, F-AH He A4 DA%k (+1, +2) 2Z 2 C, FEfc gy —s
DT T AN TR F OIS B /2B — 7 O 7 )V Z MGEL T&7-, 4T, K& ER i %
T2, ZFORGEH OFT —2 LT, LB — 7O FEKAFORIEZ . 700, 90°, 110°, 130°, 150° DHLEL
A PETITV, RHS T Db B AR TR E T — 2 L LT,

EBR

HOPG (% £ 2.3 g/cm®)% 2C OIEIELTIZ, AF = 3RLF—4.5 MeV @ He A4 Z T, BiELAE 700
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81



HARE T A F - v X — PSRRI (R 3 4R
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(2019)

2) D.R. Tilley, H. R. Weller, C. M. Cheves, Nucl. Phys., A, 564, 1, (1993)
3) A.F. Gurbich, Nucl. Instr. and Meth., B, 371, 27 (2016): code SigmaCalc1.6
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2.6.3.1
KRFEEAMNCLD VIV a= MO Z L
Microstructure of Zr Alloys Implanted with Deuterium lons
2 OIL NS SV B Y
Kazufumi YASUNAGA and Hideo WATANABE
Abstract

Microstructures of Zircaloy—4 thin foil specimens in which deuterium beams with fluence of 3x10%°, 1x10%' and
1x10%? ions/m? were implanted at 300°C were investigated as a function of deuterium ion fluence. Only
dislocation loops were formed at the fluence of 3x10%° ions/m?. Hydrides were formed at the fluence of 1x10%
ions/m? or above, and their size increased with ion fluence.

B

Zry—4 OFERGEHIRL T, BUBHEEE 300°C T Dy’ A4 & B & 3x10%, 1x10%, 1x10* ions/m?* D &iPH T
PRI L, ORI RR D ZE(LIZ DWW TR L7, Z DR R, 3x10% jons/m? DK BRST & CITHENLL— 7 D HATE K
S, 1x10?" fons/m* LA LD K BB WKLY DO LD MR E AT, KB, FRE EDHINZS
WTH AR ELT,

&

PREHIEE 13, £ DR LR - IEER KO BB fEIC Z0 A 2K F0 @i K ED RO ED 4
CBKRFEEWINL , FRBEEE S5 E . M b T 28O RIEN S D, AWFIETIE, MK O §E FE CfE &
TS Zr B4, D imd 4 (Zry=4) IZBITHRBRINZ FEERAVITHEE T 272010, BAF U E A E 5
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KFEDITHEN FIREIR T8O T D, ED IS S TKFBACIDTE RS ND D ZEI O T HZEA H I
LT, UBHREE 300°CIZRWCHRIN B2 2 b S CEAKFEZRI L Zry-4 BB O AR L=, &
7o Zry=4 HIZIFBVLE DR L CAMIM L OKEZ S HKR T EL THITHHL TS 728 | BETRICAFIET
BB HONTHIE LT,

il

FRREDBEE
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MARFAZHTHHE | 3.0 X107 Pa DEZEHIZIUNT 630°CC 2h .
DB =MV CH D, Zry-4 1Tk EL TORFEEE
A TWNDT28D | BERKFEARTEARE (BVLELIRE) (2351 2 0RIRE % KX Lt —> kR

ZONUOFHAE LTz, EKFB D FAA U ENERIZT, SLK
IS S G AT I R B SR = R — A A AR
ZRV, BUBHEEE 300°C, B & 3X10%~1X10% ions/m* M
#HT 30 keV @ Dy A AU EHWTEE LT, sEHEE %
300°CE L= B L, R E R ORI S DI &b i
SHDHOTHD, BULERE OFENT, BRI ED YAV
> MIFBEIEIZ X0 R L LT, BRI DFLARIL, x&/—/v 950
ml, R 50 ml TH D, FEOWEIRLARBIEE I8 H A

1 BV~ Zry-4 FPICFEELTD

AR HREE
Bl = R L X — T et A — T BN B Wﬁﬁﬁﬁﬁﬂ -
LN BT = RN — e R 2 —  BFZEBRA S ER « = /L — BT L — 7 %2 SN KSR ) SRR FEAT - KA ) 5280 P « St bm Ak 4y

uF
RBFFE, (50 HH = L — T e 5 — B PR, AART DR B2t IR AR ATED 3 HAbOT MR
ELT, UM AR R THH LI b D T b,

RIFFED 0%, SN K0 )RR SRR PR L TR R =6 0T,
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(TEM, JEM-3000F, JEOL) &\, &A% E 7 BAMSE% (Scanning Transmission Electron Microscopy ;
STEM ) (2 X0 B A BUS L7-, STEM BIZIZ V=B T OIEEEIE 300 kV TH D,
BJ 1%, Zry—4 OEEEMIZURAFAET 2KFE LD STEM B
HEHE CTH D, KFMITARANZEIVRL THBY R RO & OFE senisogivoi st en]
M Chotz, M 2 IHBVLERREH RHNSKFE YO EESD Voliie daslty; €10
AR T, IR R SO FME M O ES R LT, KFE =
LW DOEIR X1 40~2100 nm EJRWEEFAIZAR L, O
423 nm Tho7e, FT-RFEEFEIL 6.2 X 10'8/m® LRHliS L7,
HENEBRICHZ 30 keV D Dy’ A A D Zr P TORFEZ M
270N, SRIM 2 —RZ VT, 30keV O D" ERIFLE 2515 15 il -
keV O DAL 8 Zr ICABS LT BRIC KR B EASN DR DD 1
RS A a2 st R LT, Zr I OBE U =L —I% 40 eV &L —’—’_’_L____ ]
72, %0)%%\ HKFED Zr FTORFRILK 300 nm Ckgllz,fﬂﬁéﬂf:o 00‘ 5(I)o 1oloo 1‘500 2(;06“ zlsoo
TEANEBRIZ A Zry—4 3BHOE 0349 100 nm JEIECH DT Length of hydride long axis (nm)
HUKRRI ‘i Zry 4 AR OBRE ZRICHEASH TOD LR, 2 Zry—4 B O BEGED K
B3 &, AUPHE L 300°CICRB W TR & 3X10% ions/m*~  Samo BRS040, EHE
1X10% ions/rn2 OFFHT 30 keV @ Dy ZBIEALTZBED Zry-4 O #i B S OS5 e, o,
IRk DA~ STEM BAMREHME Th o, &
3X 102 jons/m? IZBW T, BEM L —7 DO H 2 E s ISR BP0 E

200

Count

U, RSB SR 5T, ZOBALL—T 1,
Dy FRHHC LD RHED Zr JF T OREHLICEYAE T4 b N
?A.; \

TR DHARIEA LT IR KaCTHHEE Z B
%, B 1X10% ions/m? [IZBWTIE, BRITRT
JNTKRF BN DERR DO T ARDBLEES
iz, BMEEHIAFELIZKE M E 1X10% jons/m? D
RSB TR ST B T2 7oK B D K &S J O3 £ -
BEIE, RESRL DD BRI RECh o7, A & 3 FEHRIE 300°CIcHU T, 30 keV O Dy'%
1X10% ions/m* [IZEBWTIE, ARFEHOBETLMRAL  BREF L= Zry—4 ORBGIRERE 0 RRE Bk A7k
DRI,

B 4 1 B X TSN ARIUIOR @ e
$Eh§é (a) &U\%I%H&*F (b) @ﬁi"}j’fﬁ%‘f D{@ﬁﬁ%% § 400 |- . ~
IR L CT By LI T 7 CloD, KEMOEH ¢ wl E | '
REOVHMEIL, FHE 1X10* jons/m*IZBNT € §
88 nm, BRI 1 102 fons/m? (230U T 380 nm & 5 | | .
RS RO BN NINL 72 (K 4a), KFELH  § . £
DEEE FEOFEIT, B & 1X10% ions/m? (T oL e | .
FBUNVT5.6X10"9/m?, A& 1X10% ions/m* 1235 ’ Doslo(ionslnf") ’ ’ Dos1eo(ions/mz) !
VT 9.0X10Y/m* &, RfillR S E[ARRIC IS &0 4 SREHRE 300°CICH5 T 30 keV 0 Dy 2T
HEIMZEEE L= (K 4b) Ui Zraed TS 0 B X ) o O
o~ TR JEE (b) D V2B D FRUF B A7 1

Zry—4 OFEEEEHI R T BUBHEEE 300°CT 30 keV @ Dy AA A& 3X 102, 1X10%, 1X10%
ions/m? TS L. KF(H) DI LD B BARFEA TR LTz, FOFEF:. 1X10% ions/m? LL_ LD REEITE
W, BETRTICAEAE LTo AR ZEALMI TNz FrT= 72Kk B DR RS T -,
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BB Tk T B b &R E Bl oo i BEAL
Sophistication of Quantitative Measurement Technique for Evaluating Irradiation Hardening Using an In—Situ
TEM Observation during Tensile Test
fEoa—", ArREERR
Ken—ichi FUKUMOTO and Ryoya ISHIGAMI

Abstract

According to a reaction kinetics model of the point defect reaction process, a method for estimating
irradiation hardening was investigated by computer simulation for the development process of microstructural
evolution in irradiated materials. Based on the experimental conditions used to observe the microstructure of
ion—irradiated materials and to measure the irradiation hardening, the formation and growth process of irradiation
defect clusters was calculated by assuming that the hardening is essentially caused by the interstitial atoms and
lattice vacancies among point defect. The parametric model used for the calculation was verified by comparison
between the calculation and experimental results.
B

FRATHEAR DI M FRIZBIL C RGBSR RO S8 B 5w 7 LA O T2 3R SRR 2 FR S (L
HEE FAEDR R ZAT oTc, A4 2 RS SHTM B O MR BLE O L R ORI E /R E TRV B S 2 T,
OSSR E R 2 AT B RN D B S R a8 (5 AH S 2 R A A L (b oD AR A A% AR R Bfa ds L OMZ2 4L
R Ba e L T2 D R BaER S R IS DWW CREERI 7R ST AN » 7 3RS RA BT T L OMGEZ T 272,

&

il

FURKENENI Z 2D TEAIRE CTRE M T =0 | ARIE R4 S K a2 8T A1 CREBL AN Th /-0
He BHHIZ L > CEASINIE R 22500 i?ﬁ%‘&b THIR %Aﬁi@ﬁ/ﬁkiﬁkﬁﬁ@ﬁf%t 7,
MRaDZEENZOW TP RIZ AR DT DI AT UL AT T VBT A SR E R LA E AT o7,

EBRI5

FAB R EBRIF 0 OIE A T 7o R M BUSE i 7 1 77 b T MRS RO A X Az st
U7z, AR TR IR M TH o8 R OB NS (b =1L — L 22 LUK I T 5 22 AL ENE
ML= RN — 2R AN LS MR TE N E DI T D0 E MRS L | BB B R Pk L ¢
—&RWELT,

200°CTIL, ¥ TR FES RO FEE Y A XD EAIT/NEL, T ZZILOBENEE b= L — K171

DB, R ZEHLES IR, R OBENEE LT R LX —EMV OB L, ﬂ?tfﬁﬂx
{Jﬂ@b EMV=1.2 eV LL_E T AXDOEACIZ RN 2 oTe, ZOT2 | ZZHBENEH b =¥ —0D |-
[R% 1.2 eV ERRIE LT, 450°CTlE, 200 CIT L~ R ZEALOBENEME L =RV — BN PR A&7
EEIROFEJ A XD EINRE) ST, T ZZALESROFLE AR, R ZILoBEEE (b
NN LTy ATV AP Tl 400°CLL_ED R R BESIIZ K> TT T I — T 0T T 7Ry kA3
WHETHZENHONTWNDTD 450°C TOJRFZEFLOBEN LD R A 22 ILE SO RN E R G L L
TROLNADZENEEIRERENTA—Z DA L7025,

200°C Tl B8 7 T TS A R D KTV A R 13 7 R - O BB E M b= 0 L B — BN A LT,
A 22 fLEE B IRO TP ARHIFEAE BB RSN o7, FERCIIE TRBR GO EICELDT Ty
Ry 7T 7 N —T AN RSN A0 T, KRB COR R R e S RO R L+ K& EoEMAL
TRV FR—=TRITIERBR, D=0 F MR FOBENEME L = 2L X —DfEIX 0.8 eV LT THHIE
DHEHIE D,

RITREE, 2 () P = L — e & — BRI - =L —FP B v — 7
ARBFFEIE, (AR B PE =L — gt e 2 =2 E IR ath, BARE 5Bk, ALRE IS0 3 #6032 FET
ZEEL T, @ HRFLILF TR LD THD, 85
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450°C TIIAE 1 R T-EE B AR D )5 A X131 H R - OB BENEME L= L — DR 2 A X793
U203 BROPRE IR e o Tz, JR 22 FLEGIR T, &R OBENSHE L oL — 0
PR A XN LT, ZOMEANE 400C LA ETO T T IV —T DR RALET T2 70— T D 5E BRI AL
500°CLA E TR TWDZEAFIA T2 ETEETHD, 2072 450°C TOR- ALK ao pl AR AL
28 fL7 T AZ DR DRI A U2 LD 708 1B R g K OVZE FLAL R g DR EE M L = R LB — D KEXDDH
HREE VI THHZEZ R LTV,

RIS E G~ 17 7 Mo TR TS R ORI - 25k L8 - TR - O B BTG 4
b= FNF —DBURICOWTEHEAEE T T2, fEREXITRT, 22 TR EOBENEE (Lo X —%
1.2 eV CTHEEL, IBEEIX 450 CE LT, ¥ MR T OBENEE L = x VX —% ER ST 1R 74E
ERF O MR 280 EF U, @iRACOR1-FBUR G027 T AT RS IHI S, B el 55k
TEHEEL WK IEEEZ 2 DL, RERK R R OB EN = L —|IAT L AT T VA 4Ok 1
HR a7 5 A2 DBE TR =N 0.4 eV LOHIEVME THHLENH S,

INHDFERNS TR OBENEMAL =L ¥ —% 0.3~0.4 eV, ZZALR K aDOBENEMAL =R /L ¥
—% 1.2 eV ELTZHERD AT UL AT T VABOBE RO EET VELTHEL TWDHEE 2 HID, il
EORE SR T O BEFHERATE T VOB EF IO IR OB ENE L= ¥ —% 0.4
eV, FFZ2HLoOBENEM L =L —% 1.3-1.9 eV LLTWNAIENDYE ZO/XTA—XTOREI N IERD
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2.6.3.3
WS R BB TBLG O R RAIC L DR S R B 22 R 2N N T A SR R
Evaluation of Tritium Retention in the Fusion Reactor Vacuum Vessel
According to Comprehensive Modeling of Irradiation Defects Migration
IBR B AR
Makoto I. KOBAYASHI and Ryoya ISHIGAMI
Abstract

Tungsten will be used as the plasma facing components in the fusion reactors. In this study, energetic proton
beam irradiation was carried out into tungsten samples to induce irradiation defects. In order to evaluate the
fuel retention in the fusion reactor environment, they were subsequently decorated with deuterium. The
preparation for the experiments using tritium is now in progress. Also, the irradiation defect migration code
based on the rate equation was developed.
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2.6.3.4
KA IN—B 5 7 AT DGR LD #E b 7 AL DB Z BT~ D58
Effect of Crystal Orientation on Irradiation Hardening in Tungsten for Divertors
HOPSIA—" R HE S, fmoca—, A fEEak™
Kouichi TOUGOU, Maoto FUKUI, Ken—-ichi FUKUMOTO and Ryoya ISHIGAMI
Abstract

The life—time prolonging of tungsten (W) which is a candidate of divertor for nuclear fusion reactors, is desired.
In order to investigate the relationship between crystal orientation (slip plane of dislocation) and irradiation
hardening, the in—situ TEM observation during tensile test, nano—indentation hardness test and Vickers hardness
test were performed.
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3) K. Tougou et al., Nuclear Materials and Energy, 30, 101130 (2022)
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2.6.4. FIEHEAT DB

2.6.4.1
N AERBEO SO TP L DA IO FE AL
Industrial Application of Coloring Method Using Light Interference by Silicon Thin Films
AR TN AR
Hideo KIMURA, Takahiro SHIMOUCHI and Ryoya ISHIGAMI
Abstract

To put a coloring method that utilizes light interference by silicon thin films into practical use, we have
performed film formation experiments using industrial ion plating equipment. The effect of H. gas introduction
on silicon film formation on stainless steel flat plates was investigated. The films were also formed on the surface
of three—dimensional objects for the coloration, reproducibility, and stability of the films to be checked.
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7a R BT LD 8RB AR IR oD il LB it Rt D H TR 1 B 9~ AR5
Improvement of Critical Current Properties of Iron—-Based Superconducting Films Using Proton Irradiation
FRIRF AL L LR E s — L AR
Toshinori OZAKI, Saku YAMASHITA, Itsuhiro KAKEYA and Ryoya ISHIGAMI

Abstract

We report the effect of irradiation with 1.5 MeV protons (fluence: 1.0x10' - 7.0x10'® ions cm™) on
superconducting properties of iron-chalcogenide FeSeosTegs films. The 1.5 MeV proton irradiation with 1x10'®
ions cm? dose increases the critical current density /(4.2 K) by a factor of about 40 % at self-field and about
70 % under the circumstance of external field of 6-9 T compared with J. for the pristine film almost without a
decrease in transition temperature 7.. The transmission electron microscopy (TEM) observation of the proton—
irradiated film reveals the lattice strain in the irradiated films, which could be produced by the irradiation,
resulting in the enhancement of J.. These results indicate that 1.5 MeV proton irradiation would be effective to
enhance the self-field and in—field performances of iron—based superconducting films.
B0
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RIFGENE, A STALFITFIE 3 2 LT (LR BB )L — Bt & — MBI IR 45 L DR e R R b O T,
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B 3R
1) H. Matsui et al., Appl. Phys. Lett. 101, 232601 (2012)
2) T. Ozaki et al., Supercond. Sci. Technol. 33, 094008 (2020)
3) T. Ozaki et al., Quantum Beam Sci. 5, 18 (2021)
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Research on Development of Flexible and Conductive Films
BPYCARZ M AT SRR E RN (LR — R 22k R s
Takayuki NOSAKA, Kazuhisa TSUJIMOTO, Masatoshi GOTO, Ryuichiro YAMAGISHI
and Kazufumi YASUNAGA

Abstract

The development of conductive materials with flexibility and durability has been requested. In this study, we
are aiming to develop a conductive film with excellent heat resistance and bending durability by plating Cu and
Sn on the polyimide film substrates. The conductive film under development has a problem that innumerable
spots are generated on the surface of the metal by heat treatment at elevated temperatures. To clarify the cause
of these spots, we observed the metal surface condition of the conductive film was observed using a scanning
macroscope, and the elemental distribution toward the depth direction of the metal layer was analyzed by auger
electron spectroscopy. From this measurement, it is clarified that the Cu atoms are diffused to the outermost
surface in the spotted portions, and they are slightly recessed compared to a periphery. By considering the
mechanism of spots generation, it is presumed that the spots are formed where Cu atoms are diffused to the
outermost surface of thinner Sn area by melting under high temperature conditions.
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Ultra—Fine and Nanocrystalline Structure Induced by Severe Plastic Deformation of Metal Surfaces
L TRFN TN T A
Kazufumi YASUNAGA and Hirotaka KATO

Abstract

A Ti—6Al-4V alloy disk specimen burnished at rotational speed of 800 rpm was observed by cross—sectional
transmission electron microscopy. Burnishing process induced the formation of nanocrystal mean grain diameter
of which was less than 100 nm from the surface to 5000 nm in depth.
B
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Thermoelectric Properties and Microstructure of Gej2ShsTe;5 Specimens with Different Thermal Treatments
IINE TR KR B
Atsuko KOSUGA and Kazufumi YASUNAGA

Abstract

Thermoelectric properties of GejsSbeTejs significantly depend on thermal treatment and resultant
microstructure. The relation between thermoelectric properties and microstructure of specimens with different
cooling rate was investigated. The experimental result suggests that the thermoelectric properties of Ge2SbyTes
are affected by crystallite diameters.
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2) “Superior room—temperature power factor in GeTe systems via multiple valence band convergence to a
narrow energy range’, T. Oku and A. Kosuga et al., Mater. Today Phys. 20 (2021)100404.
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Surface Structure of a HIP Treated Ti Alloy by a Micro Slurry—Jet Erosion (MSE) Test
i SN = P e e (e
Kazufumi YASUNAGA and Yoshiro IWAI
Abstract

A micro slurry—jet erosion test was conducted for a Ti alloy treated by a HIP process, and the eroded surface
was observed by cross—sectional transmission electron microscopy (TEM) to investigate the erosive wear
property. Ti alloy fragments existed on the surface with tinny Al,Os projected particles. Ti alloy fragments
existed on the surface with tinny Al:Os projected particles. Metal fragments and an area just beneath the fracture
surface were both subjected to nanocrystal formation, which indicates that the erosion proceeds in nano
crystallized area due to severe plastic deformation induced by the impact of projected particles.
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Effects of Alloying Elements on Corrosion Properties in Magnesium Alloys
B LB e s LR e — R
Masahiko HATAKEYAMA, Kazufumi YASUNAGA and Ryuichiro YAMAGISHI
Abstract

The passive films of Cu—Cr, Cu-Cr-Zr, GlidcopCuAll5 and GlidcopCuAl25, contains precipitates and
dispersed particles as impurities, which affects the corrosion resistance. A semi—quantitative analysis was
performed on their contents in the film.
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Fabrication of High—Performance Aromatic Polyimide Nanofiber
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