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Basic medical/biological considerations for the realization of multidisciplinary cancer treatment
built around proton beam therapy
AT A AT A ARAR SR 3 KGR | 1L AT 1
oy RS FHAP A AR
Munetoshi MAEDA, Mika MAEDA, Hideki MATSUMOTO, Satoshi MIZUSHIMA, Shinko SANDO,
Shinpei MATSUDA, Hitoshi YOSHIMURA and Kyo KUME

Abstract

Recently, a multidisciplinary treatment combining the merits of various therapeutic modalities has been
adopted in cancer therapies. Among them, the combination of radiotherapy and molecular—targeted agents is
expected to drastically enhance the anti—tumor effect. To realize cancer treatment using a combination of proton
beams and molecular—targeted agents, a five—year plan starting in FY2022 will investigate the combined effects
of radiation and multiple molecular—targeted agents at the cellular level, verify therapeutic effects at the animal
level, and accumulate knowledge for clinical treatment. In addition, from the perspective of multidisciplinary
treatment combining radiation and medication, basic research will be promoted for the development of agents
that can alleviate patient suffering. In this brief report, we summarize the established experimental setups during
the first year of the project.
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Development of a Protective Agent against Oral Mucositis as a Side Effect of Proton Beam Therapy
for Head and Neck Cancers
FAARERE | (LA BRI, PRS2 2, T R — BB, AT =A™, ACKARS
Hideki MATSUMOTO, Yoshiro YAMAMURA, Yukihiko WATANABE,

Yuichiro CHIDA, Munetoshi MAEDA and Kyo KUME

Abstract

To develop a radioprotective agent against oral mucositis as a side effect experienced upon irradiating proton
beam on the head and neck cancers, we examined the effect of candidate agent A on the anti—tumor effect of
proton beams and the mechanisms for candidate agent A as a radioprotective agent against oral mucositis.
Immune—deficient male mice (BALB/cAJcl-nu/nu, 5~6 weeks old) and normal male mice (Jcl:ICR, 7~8 weeks
old) were used to analyze the effect of the agent A on the anti—tumor effect by proton beams and to analyze
the mechanisms for the agent A as a radioprotective agent against oral mucositis, respectively. Tumor (A549)-
bearing immune—deficient mice were irradiated transplanted tumors only and normal mice were irradiated head
and neck area only with proton beams of 20 Gy in 4 fractions (5 Gy/day, 4 days in a row). The agent A was
administered intraperitoneally to tumor—bearing immune—deficient mice and intravenously through the tail vein
to normal mice. After proton irradiation, the growth kinetics of the transplanted tumors were precisely measured
for the tumor—bearing immune—deficient mice, and comprehensive gene expression analysis was performed at the
tip of the tongue for the normal mice.

The agent A did not interfere with the antitumor effect of the proton beam. Treatment with the agent A
significantly suppressed gene expression of the proinflammatory chemokine Ccl24 (Eotaxin—2) and significantly
promoted gene expression of the anti-inflammatory and anti—apoptotic cytokine I111.
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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
FRASGER | AT A, s —*

Hideki MATSUMOTO, Munetoshi MAEDA and Ryoichi HIRAYAMA

Abstract

We examined the radiosensitivity of murine bone marrow hematopoietic stem cells (HSCs) and multipotent
progenitor cells (MPPCs) after irradiation with X-rays, proton or carbon beams to elucidate maintenance
mechanisms for tissue regenerative potential by cell competition in murine bone marrow HSCs and MPPCs
irradiated with X-rays, proton or carbon beams. Normal male mice (C57BL/6]Jcl, 6~7 weeks old) were used.
The mice were irradiated with X-rays, proton or carbon beams at 5 Gy. In irradiation with particle beams, the
mice were placed in front of the proximal end of the spread—out Bragg peak (SOBP). The bone marrow cell
fractions were prepared 0, 1, 3, 6, 12, 24 h, 7 and 14 days after irradiation. These cells were cultured in the
MethoCult medium for 7 days to allow bone marrow HSCs and MPPCs to form colonies. Then the surviving
fractions were obtained by counting the number of colonies to analyze recovery kinetics of bone marrow cells.

The bone marrow HSCs and MPPCs showed only about 5% viability recovery 24 h after irradiation with X—
rays and proton beams. No recovery of viability was observed in these cells until 7 days after irradiation. While
no recovery of viability was observed in the bone marrow HSCs and MPPCs even 24 h after irradiation with
carbon beams, and then these irradiated cells showed about only 5% survival recovery 7 days after irradiation.
The surviving fraction of the bone marrow HSCs and MPPCs irradiated with X-rays, proton or carbon beams 14
days after irradiation were approximately 70%, 40%, and 20%, respectively.
B

X MR, B 1RR, IRFBRR RIS LR A 520 7o i BB I s A A / 25 RENE RiTSIEAHE A o il it A | 2 L DR Rk T
AEREMERFESAE 2R IR 2720012, 5 Gy @ X #r, B8R, IRFEHRIEI R O~ 0 25 & e iia/ 2 se kR
HIR O U MRS AT~ T, IR~ A (CBTBL/6]Jcl, e, 6~7 HilH) (2 X B, BT8R, HDWTIRFRE
5 Gy 2 MRH U, B 7R Tl B — A= RV X —Z L T AN ~ORMRE T 5 0NEE - e —7
\ZBITHT7 Ty — 7 OTFRIONVAHEA G272 LT, B4 0, 1, 3,6, 12, 24 FFfi], 7 H, BLW 14
HIC KB 25 B 2RI L7, 2 HOMIZ MethoCult $5H17C 7 A MIEFE L B Bl o/ 268
PRI O =—% & o R BB R/ 2 RetE p BRI ORI B REZ AT L2, X #rIs IO
b5 1R BB a7 s R e/ 22 RE ML TSR D AE A7 31T 24 BER 412 5% FEEE LRI 7, 2D,
ST 7 B E CAFROEIEITBIZEINIRD T, RFBEF RS SHU7 B B (M e / 22 REME RTBIRAI CI,
24 W CSABAEFEORIEITFRDOOIT, FH 7 HRRIZE W THH 5% DAELFHEIE LGRD AR
STz X Bk, B F#7. BRFERRA B U7 B i s fi e/ 22 e MERTEIAR D 14 B RROAFRIT, TNEK
70%. 40%. 20% T o7z,

&

i)

UTAE | TR AR A/ IRE S E D HE AP U TTIE D SCEIC XY | SR A TR (IMRT) <04 7% 5 /i
HRIEHE (IGRT) D 7257 B F#IS KORFEMUC LD ANBIRIZ DN TH R ITE K L TE TS IEITK
0. BURBRA AARIEDFEGIENTIIINL TETWD, Lo, ZIHD HIEIZ KD BURHRA ATa T, IEE D JE
WO IEH AR AR BT I FAEL TOD, BB TR F e O TORIF RS AT IC B N ThH, £ D
WP R D DI SRR DB RO B AL T ST DT LN TELD, JEIGO A 1 DO IEF AR I 1T Dk
BAPRICTHZLENETHD, TTTARBIFETIE, KR AIRRDZ MRS 57201, IEF~T A
‘B kD& L w26 R PERTER AL 372 X BR, B i K OMR FBMRO B RGEL T,

R R R R - A SRR A 17 2 (A ) BRI =V — W SE o & — - W JE BT - L P MR AP TR, (EWD) 7Bk
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FCROBEE
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rf‘HﬂH’ﬂ/%’vﬁ‘E PERTERHIIE O A FEERIE 0.200 ¢, BRET 1 FFEF21C 0.054 TR F L. ZDH% K 5%D A1FRAE )

RDBIL, FREF 24 BEREE TIL 0.092 ThoT-, BE 7 HEOATFERIT 0.124 T, FRE 14 B #1212 0.700 £T
IEH’EUZO
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5.0 Gy O F#a 28 BTSN ER <D A (X 3) Clk, FREHE %O i e/ ZeerEasismiao 4
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TIL0.118 Th-o7-, MH 7 B DOATFERIT 0.124 T, BE 14 A1%1213 0.431 £THIE LT,

8. RIS 1% > BB M ER AN/ 2 ReMERTER R D RIEBIRE (1 1(C) ., ¥ 2(C))
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Elucidation of Cancer Immune Response with Proton Therapy and Development of New Radioimmunotherapy
Alessandro NASTI* {lHAEF*, /NI Z™, Tuyen Thuy Bich HO™ | &= {#FAF, fRtE{Ea™ | BASMH™,
LR KRR, B BRI BP AT ISR ACKAR™, BT H A EATR IR, 72 ARF, IIARFIE,
(ﬁ%}% _k1x2
Alessandro NASTI, Yoshio SAKAI, Norihiko OGAWA, Tuyen Thuy Bich HO, Masaki MIYAZAWA,
Shingo INAGAKI, Akihiro SEKI, Taro YAMASHITA, Kosuke SATOMURA, Hiroki NOMURA, Kyo KUME,
Munetoshi MAEDA, Hiroyasu TAMAMURA, Makoto SASAKI, Kazutaka YAMAMOTO 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 models at WERC. We investigated the immune response of the model to proton
irradiation.
B

FEDS T OZ W K EETH Y TN B W TIER DL FIFRIE DO B CIIEfR DL, Z2<DGH
THRARTHY, HbamRIZHBNTH o LB IRAN R BN Ch D, RIFSETIE, B F#% WD A%t
T TR EORRE HIEL, ~ T AER /T T VOG- EHI T 3D 508 I 2 i~ T,

i

i

FEM AT 2019 HE1TIE 36,356 ADIERE/RD | ERALBIBETECE 4 (a5 D Y, [RAEDIENR A OENLHI
FREEET 43,865 A THY V. FREELIE I, ZOBEHITIE, 90%LL EASEN A ZWHE D 27— A3
PLEOHEITIREEBIZH D ZENHITHND 2, b5 #E1EL L T nab—Paclitaxel + Gemcitabine, FOLFIRINOX J&¥%
DBAFESITEIZA, 2 FEAEFERITH 100 EED, T2, FERARRD 5 FEATFRIT 100K THY , HL
BEMEE O % TR AR ThD, 2HLIE2ICky, BB A0 L LI, IRIBHIABHGIEED
WIS DRI TEN ANTKIL T, KA 2B LV ERIEDBRR N TR UGB IO THEHE TH D,

By IThi -, X BRI FICEDIREHRIE TH D=0 | ISk DHINN L B e | BRI PEY A IR S
INEEH Be B85 2 Hivd, ZIVETIZ, ENEEEMIIRIZ IS in vitro TORGT-#RIEETE X BRIEEHC L D%
IGFFB T 0T 7 AV R D28 FT-. in vitro TOBSFRERBE % OAELERIAE | X #iFRE 1% 0 A 17
DB R T 07 7 ANE B HZ L2 BHUEZ P, 202l X0, BiFHre X SRR SWCoRHiin~on
HRR P VR I RED 4y F IR BV IS BAR D Z LN BNE LTZAN . TAUTEY AR DG IS OV I AR R
HTHD, KBFZEIE, v T AERAET Ve HWT, B AR EO DR, RO GE RIS OFEMAfEITL , I}
2 0 S D EEERS LD Z LN KD FERR BN O BRI A3 /35 Abscopal Zh A&7, Bri-72Z ik
BHRIRIR BRI T RSB 7 — 2 2815 T 52 L2 B L TWD,

R OB

FI &L in vitro [ZBITD, <0 AN AL : PANO2 (National Cancer Institute) 38X 0% mT3-2D
(Cold Spring Harbor Laboratory) (x4 2B R OEELZan=—Ek T v A BLI N~ /70T L (LS
FW-ERERB AR TR BURNTIC VT o7, B R IR E, PANO2 XY mT3-2D Mifadan=—F Lk
NZERRERAFANAR T ST, B FRBURITORE R, PAN02 3L mT3-2D ([ZBW T, B EIT YA
FIA L DEFBEFHEL TNF 7 FIRE, P53 37T MR EBLI O A A M EAERAR R, — 7.
L F 2l —hNSIBAG 71 DNA 8 I E 36 L O DNA B IZBIEL Tz, AU KB 1R
S35 &ML, A AR LS D Al REME DS RIS LT, FEWVTHR A 1T in vivo 128\ T
PANO2 F721% mT3-2D Z A HES I 5281280, 25077 TR~ AT T VaERR LT, AT
TN AR L, FT PD-L1 HURORENEN £ G- L0 L IO BB 288 H RS = r VX — gt 2 —

H BYPUREE RIS AT TER I MR ABE JERR D), 2 RN R IR ERT T - [R50 @R St T DI 22 ZE R (o
AT DEWEGYET) | () S L —BF e 2 — - IR BR S8 0 - R T-#R IR SRS ™ @ RSL G TR AT 22—, fa IR
SEIRBERS TRRIB T IERT

ABFFEIT, BIKFE (W) FEPE RN — St 2 —EDIERIZE, SIRKFERHARLOLRBITEL LTI,
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T 200MeV BE1HRk 8 Gy RS L7z, BRESERINL CHHAMB L OFEREIBAL THOIEIE Y A X DR /25T
WZRIEAMRA DR AT L 72, HT PD-L1 TR LG #RR A OOFHIZED, PANO2 £7213 mT3-2D 23S
TENENDET N~ RZEBWNT, HRIOGFRRSBS S IEE ClX, Bt PD-L1 FURE/ 105 R RS
DONT DI N TN~ ABIONEE N TN eholz~7 AL g L, FEE O HEFEIHE MK T L7z,
— )5 C. I EROFERREHNL I I DIEB O HEFHE 1T, mT3-2D ZBASHz~T7 A TO MK T L7 (p<0.05),
P1 PD-L1 HUREG RN OO R IEZ T 7o~ T AD BEHERL T 54 3B LOFERR G AL Th o1 H
DIEFIZ BT /i bt Tk, CD8 BEEfia%k, CD11c BEEMIaEads LY CD86 FtEMIIaEs)s,
OFRBEEN TR~ ADJER L L U INZ 887, — 77, CD4 BEPEAa$is LU F4/80 BhtE#l
R X 0F R L Z 2 T 7eh oo~ AL LR U CHEJ A 7RO 727 o T2, F72, Gr-1+5Ela il CD206 Botk
FRIEEITHT PD-L1 UK EBET-HRIBE O OF IR IEE T T~ 0 AD BREHANL Tl D47 it L OFERR AL C
SOOI IW T, JFRIEEZ T ofc~w T AL G L, D LT e, B AR IERREHANL T
HIEEOIEICI1T5 CD1c iR L, fFRBIEESZ T oTo~w T AL IR L | B 1-RRBR S L0 E/ N a2 7R
Wiz mT3-2D BT VO ERIEE Tl 3 fFEEINL QW =— 5T, BBENTIVHE/ N80 720 o 7= PAN02 &5
VOIS ENEE CIE 1A 20Nz EEE-72 9,

B

In vitro OFRFNOE BRI BSHAEIED A 7e | s B Z2 A 35 R /R ST, F72. in
vivo DFRENGHL PD-L1 LR LA DRI B5 1R BR S 1, BREHIBALIC 36 1T D R il 24 32 T REME
DIRIREIL, ZOMEFIZEB W TCDS6 A2 R RIEM~/n 77— ThH M1 ~/u77»— CD1lc Gk
ZaRTHIfEIs LN CDS Btz m g filafEZ e T Vo Bk Eofilati o % £~ T iz, Hit PD-L1 Hiik
ERLI G DR TG FR PR G (IR RRATEL ChH DT SRIEE X 3 2 FEEIE K O Ml 3, mT3-2D %%
FELT=~ D AT IZEB W TBIESN, 2O~ Y AZBIT 5 OIS CIEIEERE KO M) #h R 2 Rr &S
72 PANO2 ZBAELT-ET L~ ADONEEEREE L, CD11c BEMEMIRE A BIZHINL TkY, CD11c
FHRE IR S Z O B R O R\ I 15— R Th D Al REME SRR ST,

i
AWFFCIXRG T-RRIR 23 | EEERO A SE D A 7257, Fl 2 ORIEMIaZ I LI S B2 EE T 52812
XV Abscopal effect 2 oL lEE N RA TR T2 A[REME A R U=, A 1% BEN AL, B TR B35 | &

I I 2 G e AR RS SIS 2 B A HE iR DR (2D, AR DRt l7 e et 2 395,

SE IR

1) ENIBAAFTE 22— AERY —E A TR AR
https://ganjoho.jp/reg_stat/statistics/data/dl/index.htmltal4, F&FEESFI 546 H 22 A

2) MAT TR, THENEA A DAT — 3L i TRFRIRIE & 13
https://cancer.qlife.jp/pancreas/article4180.html, F&EESFI 546 H 22 A

3) H. Fujinaga et al, Int. J. Radiat. Biol., 95(5) 571-579 (2019).

4) A. Nasti et al., Elucidation of immune response in murine models of pancreatic cancer receiving
combination therapy of proton beam irradiation and anti-PD-L.1 antibody. %8 51 [] H AR90& F R4
2 FEAR (2022; ARAZ—).
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TR AL 2 — A - D IRF2E IR 3 AT AR AT U T2 AR O S S RS2 MRV R B A D fi ]
Determination mechanism of cellular radiosensitivity
depending on the spatiotemporal distribution of radiation energy deposition
AT =A™ BT AREE, 'S HAE
Munetoshi MAEDA, Mika MAEDA and Masanori TOMITA

Abstract

Our research group has found that the radiosensitivity of cells irradiated with X-ray microbeams differs
depending on the irradiated site (cell nucleus, cytoplasm, or whole cell), and that the ATM protein plays an
important role in this mechanism. The ongoing study aims to elucidate the intracellular/intercellular signaling
mechanism mediated by ATM by analyzing the changes in the induction dynamics of functional proteins in cells
with and without irradiation to the cytoplasm. In this brief report, we describe the expression dynamics of p21
protein, which is involved in the induction of cell cycle arrest, as newly revealed by synchrotron X—ray microbeam
irradiation experiments.
B

Fex ODWFET N—T13, X B~ A7 0 — AL Tl O R pTa IS L7856 . 2 0 R EiE G | i
ReE | AR A R) (A L TR D S SRS ME DN B0 5 28 A2 UL Z DA =KL ATM Z /37BN
BEERERN R eI LT, AR TIE, MRE~ORKNOFEIZLY ., MlaNoeetEs 78
BEOFHEENRENE DREICEAL T DR L . ATM 2o 7B A7 L U= MNP « H R ST s s A iR
T 22 &%ET’EL’@ DHo AT, BEHE X #~A7ve — AU FEBRICID B lZH O/ s T Al
JEHAOEITINH| OFFEIZ B 5975 p21 22 X EOFRBLENREIZ SOV TR T D,

It

]
FHx L, Mao—5 072 2V EL T2
DO TELMPR R~ A7 ae — AR S E T2
“CHM AR PN 0 FR S Ak & A O B SRR sz M AR
L7508 5L ARRR Bk (< 2 Gy) TiE, Mgz
Z X BRCHRE L 72500 Mifld &K% X #RCHR
FUT=EEDITHHNL _E‘LZE%LZQ#%%ﬂ%Uié
(BN OLTHIMENAIEIZIZ NI EE BT
7o L2 HIREEZ I [ UARE }:/ﬁﬁw X ﬁrjﬁ@%ﬁé

NI=BE . k2 AL S DNA HEGOERCREIT 1o Lo P

(ZEALH L2 DNA G2 Ml SED 72 5 % % lor2. % ”“,.,
HChHLTHURDEL ST TR0 Gs o G & -
DT DILNTE R, Fox 1T, BEEMIILE DB Cell cycle arrest DNA repair
BRI C o THUR R IC S DAV MR 0D & iy

DR ESNDHEE L ENEF M (WI-38 #ifa) 12 X1 ATM &4 L7z DNA B &AL 5 &0 5 ]
KT HAMIE R O HE5Y DNA HEINEICE il Jé?]éoé#ﬂiﬂ’ﬂﬂﬂ@hﬁ&@:@r%ﬁ%o DNA 8578k
0% 84 BInFORBENEICH-Z DB OWT  dHE, ATM DU RIEL DNA HEISE R 23 L
PCR 7V A% AWTHIT LT, MBI X BRI 45, p2l 3. MEAH o #ETZH > TW5D
F S TOZRW AR FES CITMIISEDFE B CDK/Cyclin 230 L CHliaE H o1 7442 1 L. DNA
BItRd % 3 BInT (ABLI, CDC25C, TP79) S 1R {EAEET A O DEREZHS L L2 BTN,
FIIEMAC Uz, — 05 MR ICE X B3PS

ﬂ’(‘b VORI AR RRREClX DNA BIBEE 2175720 i JE ] 245 1E X558 2 (cell cycle arrest) (2[4
DDA T (CDKNIA) DR IE AL LT=, 2D D CDKNIA 13p21 X R0 Ea2a—RLTEY, p2l é?yzf
JE DRSS DT AAED Z L R EREO@E 2 22 TRl E o IE3FFEsns (K 1), 4

() BB = RVX — R GE L A —  BFGE AT R T RREFRAF G, 2 (— ) B R RAFGEFT - AT T T IV AT BFSEAES - A4 - 2
BEALZEFSEES

AWFZEI, (/) ERE VX — W58 2 — & (— /) B hgebfge rﬁ@%mﬁ LLTEMLIZLDTHS,

ARFFEIL, B VX — NE A TR A - o6 RIFH FEBRERAE 2021G027 (2B DIFFE R & 5 e,
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oz id, p21 XU RXPEORBN~ A0 — MM RE SN HERIZB WO TEDRRIZZEL T DD DN
THEMTLTZ,

BREDOHE
TAISEE D[R] — 41 BF NI AFAE 3D e M SR 1E 5 i (WI-38 fifia) D% 100 pm X 100 pm @ X % (5.35
keV)~vAZ70b—2% 1.5, 10 Gy TR L., FBE D 30 5% L1004 E%Ef‘ﬁ?‘ﬁ IFAE AR H2AX 51//\7

DUUEEAL (y H2AX, DNA ZARSHGIKT O~ — 0 —) BLUp2l Zo30E %b&ﬁ%ﬁﬁm‘cm@d&
MREELT-, FRE NS 0.5 BRI (X 2a) 121%, BESHZEIRICB VT vHZAX 0)72‘%7723?/}5}2@#?%@2?
B R Bl STz, D — 5T, TS f8ik Tld, FERRE MBS op2l ORBUIIZFEAEH
XN T, BENE 4 FERNEOE 5L v H2AX D7 4+ —H A% A 2% RS S0 7= M A3 FR S FE ) 5
TR TREREN LA 0MBIER S, vy H2AX OV 7 TV IHEEE L CWODE D DFRIE D HER ST (K 2b) , Bk
RNZ T, BRST 0.5 FpfE 2 ClI R U CIRRRS a7 BT OSMUIOFAEIZ p21 OB
éﬂ“@\é@ XL, 4 B CIZCOE I BIT5 p2l OFEITIEIS., vy H2AX 7 FLEa2HF95
—ERO RSB W TR BLL TOAEE 7B STz, BRAEUER MR B X RIFHL Tipunyas)
PP NI ITAE & 70/ S OB IANRAEL TV, 20728 [ 2a Tl FERESHHIIAICISIT S p2l OIFEH &
N—TETIERL R R E Dp2l OIS 7T ANBIERSNZEEZbND, — 5, BRE S -8 TIX
DNA HEOBEEINE D BASIL, X 1 Op2l K0 B0 s TEE(L L2812 dh, —H p21 @
FEBH BN REERES L, 7 TR SN o T AREME RN DD, T Dk, DNA IS EEISEPHEITL, 4
RFE #1235V T DNA BIEDEE N E T L CUWRWARIE Tl p21 OFEBLFFE Dot 757212 —H D B
JalZp2l 27 BER S L, FERBEH 3 O DNA HBIBEE N5 T HAHWIT Rh— 2D ORI A
TEMHEAL LT OMIIE Cldp2l VY —ASzERERIS D, ZHHORE Rid, BE S RifR72 0 Tlidid o
JE DO IEFRE B IEE & D 7 HIRE SRR & U TR BRI R 3285 %2 L QD AT REME 2 7RIB L TR Y | ik #ie5
FENA AL A — B RR DO AN DO ARG AR R AE DR T DD D LAV,

2 B R IE R (WI-38 i) A 100 pm x 100 pm @ X ##(5.35 keV) v A 70— L% AW T 1, 5,
10 Gy CTHUHLT= 0.5 K4 (a)& 4 REfI#E (b) I s S Y I KD I b LT p21 (B &) BL Wy
H2AX (ZU—2), 7233, REE OfRiEE EH1Z DNA HIEMEESNDHZET H2AX OV BB{EDMREIESIL T y
H2AX 327" F DN 15720 [X 2b TV —r DO 7 F VAR L T, Ny 77 I R 7L |
HL Wb, —J7. p21 OFBE RS ~EBoZDT T F TR 2a, K 2b EBIZE— DS THRE LT,

HE
RBFGECIE, BIEES  p2L R ATM 2775027 ORIV KORELRATLCRIMLI&0 40 =X 1
ARELHRAEL . ATM 427 B~ E LTSI - A S BB R ARDIL T < T CloB,

BE IR

1) M. Maeda et al., Exposure of the cytoplasm to low—dose X—rays modifies ataxia telangiectasia mutated—
mediated DNA damage responses., Sci. Rep., 11, 13113 (2021)

2) M. Maeda, N. Usami, K. Kobayashi., Low—dose hypersensitivity in nucleus—irradiated V79 cells studied
with synchrotron X-ray microbeam., J. Radiat. Res., 49, 171-80 (2008)
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2.1.2.  RIRRERE BT OO & FEAL AT
2.1.2.1

FEHENATT N~ AR T DR BB DO A IEL TR I TN B 92 LR r iR
A Basic Study on the Efficacy and Prediction of Therapeutic Effects of Charged Particle Irradiation
on a Mouse Model of Cervical Cancer
TEEP AR, BB, AR [MIRF ™ ACKART
Yasushi KIYONO, Akira MAKINO, Tetsuya MORI, Hidehiko OKAZAWA and Kyo KUME

Abstract

The results of X—, proton—, or carbon—irradiation to model mice transplanted with HelLa, GH354 or SiHa cells
suggested that carbon-irradiation was effective in suppressing tumor volume increase. On the other hand, ®F-
FLT PET imaging performed the day after irradiation failed to predict the change in tumor volume after irradiation,
while PET imaging performed 2 days after irradiation showed a decrease in **F-FLT accumulation, indicating the
possibility of predicting early treatment efficacy.
Gy

T B SRS AU TS HeLa & GH354 Mifld, /- LR AAMIIETHS SiHa MilazBHLI-ET L~
DA X B B IR FRRA BT U7/ IR L R R R SIS (AR O KNI 2 ChDHZ L RS
o — 7T BB HIZAT o7 PF-FLT PET & Tl MR OIEGAEO L2 THIT 5 ZEN TS
7ehs, HaST 2 HARITAT o7 PET #5f% Ti% ®F-FLT ORI T L, RHENRRLI R THIO FTREME S RS T,

&

s

FE SHE AR A TR B T IIIME I H D03, B2 TROMVEEN B, SRR L R E A 2hE <
UVWEE AR > TODZEMND, ARNRIRIRIEDBIRE N E E TD, K- RRIEHE LB BB IR H T E D A3 A A
FZ 6t U CRESR D R IRIR LB S RN H DL TN E TOFEBFFEAE PP AL LT, FESERADIRN
AR T DR BRI DA ZEORETE BRSO ESCEE D QOL Off EICEE 77/ 4 —T
HOHIRE MG R IR T DIEE NI TR % PET 75 1A A— VU 7LD AT RE THLNDOfMRGEE , 15 SHN
IET =T R RN TAT -T2,

Hik

HeLa, GH354, SiHa @ 3 FEOMREZ K TR LI-ETF N~ A VERLILUT-, IEIEEAZLIZ 5 Gy HAHWIE 10
Gy O X #, B F#k. IRFBRE AL, B BRI L\~ o A& ar b — L LT BB AR A ka7 L
7oo A E A HLHNTE 2 B, HifEGEREZ B8t 9% PET 3AITHS "F-FLT Z )2 ik 5L, PET
G 2AT\N, IS4y ~D BF-FLT OEREANE L-, 72, PET %05 7 H RF H A8 L7 s
DRFEZ LTz, 723885 1R & R SEHR D I IR IR A S = L X — i ge ko 4 —CHEfE LTz,

AFPEIL GH354 MfREHE T L~ 2% W CRL - RRIB R D A MR A HE D 7=, EDORER, IRBAT
HD GH354 TiE, 1)X RIS U TS MEDMEL, IR AL IESHARE A K L7z, 2) B RIS B CIE
Control BEEHLARTHN A OB ESNHIE T 3 A BTz, 3) IRFBFRRIBS CI3A B2 RGN glssn-, 472
b BEAFEDIBRFIEICLDIRERIMEDME VR AR L, REBBIBENA D THHZENRENT-, -
Hela 35X U8 SiHa MIfAHEE T /L~ A% Y, BN L7 2 B ISR L7 SF-FLT PET Hif% Tix,
PRSP HRIE LT B LT 20 | BF -FLT EEENZ OB O AIEFEN LB T Lz, Zofs 3
X0, BF-FLT Z A\ = R G R OIS R HICIE, F-FLT PET A O FE X A7 it /N EE T
HHZENDoT,

%:é':
ENFESERAMBREZBIE L2~ AT LTI B A LR B AT I OAR R LT R
MR RE DI ATEZAE S Control BEICHATHEISIHISNIZZ LD, IREFIGROANIEI RSN,

)

MR RS BT RN R —EEMITE 2 — 2 (A B E = L — e 2 — B ZEBH D - TR FRAT T R
ARBFFEIE, () P T 1 — W Fe e 2 — - AERILRINFE R IR0 @R L (A B PRE = FF — e & — sk [m T
ML= D ThHD,
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7. "F-FLT PET MEDFAIL 7% S HIEROE S 2 HRICEE 528 T, BF-FLT OEMEZEL
ISR IR OIGHNR TR TE TH LI LAVRSNT,

S E IR

3) TEBR M, (ARHEIE = L=t X —HFSEEE (50 2 4R E) | 23, 10 (2021)
4) TR fh, (AM)EIRE T VX —iF v X —FFEE R (BF 3 ) | 24, 7 (2022)
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OB X< BUT KR L 72 DNA HBEfRIT I Lo X <P ERFmIE O F A1tk
Research for Practical Application of Exposure Dose Evaluation Method by DNA Damage Analysis
Corresponding to Radiation Exposure Accidents
TR RBRG— R SRAERA KB AT, AORIR
Youichirou MATUO, Yoshinobu IZUMI, Kikuo SHIMIZU and Kyo KUME

Abstract
We have studied on the new method for the analysis of DNA lesions caused by proton beam irradiation by

using a polymerase chain reaction. This year, we focused on the improvement of detection sensitivity of the
PCR method by expanding the region where DNA is synthesized. By expanding the region of the DNA synthesis
in the URA3 region of S. cerevisiae genomic DNA, the detection sensitivity of proton beam-induced damaged
template DNA could be improved by approximately 5%.
B

RV AT —BHEEH R (PCR)Z AW T, iHERIZED DNA BEE L U= B A X Rr 0 AE (R S AT 35
FOWMRE DG AT o7, B T-8% RS L7= DNA IR LT, 2 2T DNA (kA S 24 774
~—EHLIESG S ERIETHLY TN T I~ — R LT 6 L LT IR &2 U TR
@ DNA DA EIG AN 5% L5 U, B D) LR TE T,

&

s

ARFEIT PCRICEAHNE RNV 7 LD DNA OBIZHFITHZLICE B L, HIEL- DNA £ 0K
BEDHR DNA & (PCR OIEMEZFF RS DNA &) 251l 5L 0D Thd, o 4 X, B-i% Rt
L7256 DNA BEOFHIIZBEIL T, JEE DM EIZ W TRHRE LT,

A%

HEFEERED URA3 18151 FEI8(804 bp)DNA Wiy 2> 7 VLT, BB = VX —F s Z—I2 T
FHR(200 MeV, 0.45 keV/ pm)Z IRET L 72, WUCEREIE 0.01 - 1 Gy TH D, P 7 /L& DNA LT PCR
#{To7, 7T T7A4~—LL T PrimerlF BXW PrimerlR Z W54 IV I ~— ST NVTI(~
—|Z&HOHE T Primer2F L Primer2R Z# W 25524 7 V7 T74~—LL T, ZNZE4H PCR 2175724
D, O RNG, FRIHRE(Gy) TORBEOEHEL DNA AL, X 2 [ZW IRk 2R
BOF DNA Znd, X TN T IA~—5 A LIGE . Vo PN T T4~ —2 LI GE L0 . W &
WXL TR D DNA B0 OEIGH 5% EA-L-, Ziud, K 1 IR, 7I910~—% 2 WA
&T PCRIZL - CHANE A REZR B LR SN T2 O ThH EB 2 HiLD,

(A) IB R

120 e —=
) = O FRI VI INTSA4<—
DNA rfimerf1 ./ o ABFEEITINTSA<—
2100
PrimerR1 <€
B) iR z & i
/\ g 60
. . N o
o Frimerfl Primerf2 € o b,
— o
e — = 0 0.5 1 1.5
PrimerR1 PrimerR2 Absorbed dose Gy
1 I NT I~ —(ABLOF T v 2 HRERRLI-SEO PCRIZED
74~ —BNZLD DNA HalE EIEL, FAR S DNA SO FEAmHRE 5.
EE

B 72 BT L7- DNA OFRBEOEHR DNA &% PCR ICEVEHMIL-, S PN T F(~—L kLT &
TNTTA~—% VDL > TDNA GO E ) A B AL RENT, 5%, B ia REL-
HIRRAZ N D AR SEEIWTE AR B4 2RI L . PCR IZ XA OFE LD A1 T3 Th 5,

*1 RIFRZ LRI ) 2248 TR, %2 R8RS B EBS IR 1 /1 LEEFFET, *3 () 258 = R X —iF 98 & — - iR JE B %
BB R - RRE AT FE SR, ABFZ21%, MEXT KAKENHI 21H01861 DBhRk%EZ1F 7=,
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2.1.2.3
LR DA B TE H I BR %8
Development of Radiation Quality Measurement Technique for Particle Beam
TR — B 2 R 2, SR ACKRARS
Youichirou MATUO, Nakahiro YASUDA, Yoshinobu [ZUMI and Kyo KUME
Abstract

We are promoting the sophistication of treatment planning systems using particle beams. As the development
of radiation quality measurement of charged particle beams, we promoted the precise angle measurement of the
incident beam, the measurement of the nuclear charge conversion cross—section, and the development of
fluorescence—labeled biocompatible materials.

B

KL% IR GBS AT A @ BEAGICE T WP FE A HERE L CUND, faf BERL R OO B B T 8 B0k oD BA %8
EUT, A — LD REE A B E | B% A A 28 Wi R 5 O IE | SO U7 AR BN E oD BR J8 2 HE it
L7z,

e

SR BRI AR CHAE LD DI Z L DR FIRR B ZHETE T D7D, AFTE — LD N5 A FE 1
TE AL A MR T FE S DM EZAT o7z, Fio, s LT AR E BT 2058 Tl TV xs
FFRIETEIE | G ST EE T, BRI LA E DG & K O &4 5 L 7o, Mt
JEEEDE LD  AVT XTIV FFROEE IOV TR,

FRRR

(1) CR-39 M i T X5 fR FE AR OO BVEL REA AL A SIS D fi AT

TRLF =8 50 MeV/n LLF DR ERIFHTLY CR-39 7T AF w7k g th TR A U= Fr D A2 Ak
e (R A A BT T RS) ORI AAREL T2, F2 < ODOBREE—R (C—3 %0 Co2Li 728) BT, M
O ERZRIEL, B E 2R R IZRE LT, ZHUSEY, BEfFO R B SO E T /L O FEl 23 /[ RBIZ 720
FERL TR AT IRIC I T D TE W I LT TR AR 36 1 DI G H B A & AL T LS i ©& 5, st &
Z B2 T 2O AR XY EREAETLITETHD,

(2) HOBRERR L7 AR E R OB %

HIHAEMLI=A VI XTIV A F ROEFE BT DL LD B RO 1) FIC W TR -, 23w
RO URA3 AR TN O D 27 REB X 15 5RO 2 FEOHEOA VT XL AFRI#E BB
BT ATHKL , WERC 12 TR 787200 MeV)Z& B U 7=, WRISGER 1T 0~0.1 Gy Th D, #NWE 6-FAM O
HHFRE (A em=516 nm)DEALAEFRLIZEZA, 27 HILIZH LT 15 HREOAVIT XL A F KTl b«
ZAERE BT DZEDRENT, S TN EI O ENEIR T2 FEEMESRHY | O E DG EIZ OV T
LG RRE T 55 THD,

-~
@]

R-39 1 AR 1T R0 | TR R T L & — D R FE W R DRSS DORG oA T o7, Fiz, AEAHTn
W % T DNA SHEIT ORFI Tl SHRICEDIBE~DBRIC OV TRFTL . HWEHEOS A | ik
FED A b ok R REN T,

3

w1 IR LRI T 02 42 T2 2 R EIBRIR T ) AT ERT, 3 () 0l o= 1L 8 — W Je b o 2 — - W SEBR J8 50 - s -t
EFWITEE, AT, IR L (A B HE =R F— e #— O ILFEIFEL L TEIEL7=b D Th S,
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2.2. B E
2.2.1. WEW -FHEOAA v —LE RS

2.2.1.1

X % R U= 738 i OB ARy H2AX U BRRIZ %35 KU-55933 D4k
Effect of the KU-55933 on Histone H2AX Phosphorylation in X-ray Irradiated Chrysanthemum Leaf Disc
!
Keiichi TAKAGI

Abstract

Phosphorylation of chrysanthemum histone H2AX after X-ray irradiation was markedly reduced by treatment
with KU-55933. The result suggests that the mammalian ATM inhibitor KU-55933 may also act as an ATM
inhibitor in chrysanthemum cells.
Gy

X BRIBH % AT HF 7 DA H2AX DV EIE, KU-55933 B G IC L0 F LR F LIz, ZORERIT, W
FUIEAI D ATM FREHITHD KU-55933 73, T/ MIdIZ BV THLEAIEL TR 35282 RIEL TV VD,

&

s

ZERIE RN SN A EE R D—o L LT, WRY/FMIERIC L - TER S - DNA BEMEEEZZITS
EROFUEE N E 2 DD, L1203 T, DNA HEEEICEDLIRFOERIC TS T DI LI THERERD
TERLREINSC, JEIRZE A — L D BN ATRETII ARV W E & 2 BID,

ATMUL A PEFRME S B) 2 FRAE R R85 713, DNA ARS4EE(DSBIT x4 A flais A o f Iz b5 =
PR - CTh D, ATM OIERZIHIT5Z81280, DSB DEEZE Tr DNA HEINEBIHISIL, 225K
BRI AARE T D A REVEN B 2 D5, LA ATM (ZEFBEMESEWBLER LT, KU-55933 L1 )
FEAIBNOITND Y, LD CZOEFIDNEY THOIEH 350 ThiuE, 2o % AV CRE#% D DNA
BB T L, J0RAF B — LB RELZ B CEXHATREMEN B 5,

ARG TIE, BEHAEZNEEL CURSGRESN TOAFRZIZB W T, A48 — AR HEE RLER D
OF FHALBE AN JESRZE BB AR G- 2 D50 B GE T DRI AL LT, 7 X IR ZZ 073 70OMila T KU-
55933 AMEM D0 EIDDOHERZFT T, HEFRIZERL T, DNA {5~ —h—Th D yH2AX Z 7z, yH2AX
X C RV RN R b S - AR H2AX THY, DSB BAEUTZERIZ ATM <2 ATR OFYERI2XD DSB
WD H2AX U BREESILT yH2AX E7RBZENHIBIL TS 29, X S IRE 2SN 7= 7 DA TliL. DNA
HBEGIZIVTEM LS ATM 28D H2AX U FR{ESHL T yH2AX E72%, 1L KU-55933 23% 70 ATM IZFH
N REIRTOTHIUE, yH2AX OFERRITINH SND720  IBREHE D yH2AX O3z ~5HZ 1280, KU-
55933 MFZITIBWT ATM [HERN KA R LT E I Z W CE D,

IR U7e yH2AX Z W FE8R R 2 O TR IR 21T o 72 7 OZE Frfifa 2 xh3-2% KU-55933 O %
LT A, KU-55933 3% 7D ATM BLEERAZ RS2 L2 R TR RN GO,

EBA L ER TR

HEERA B E LT, BRI LA S v A XF X F (Arabidopsis thaliana ecotype Columbia), >/ X7
AF ATM BERE K FEIAR(SALK_036940) D %h 1 | 33 L OVBE B FEE ST 7 8B i FEA — 3 — D 3E i & SZ B )
ELUTHIW -, IRIREEHINCIE 2% A7 — R &5 Te 1/2 MS £5#4 | [ERIEE NI 2% 27 a—R 0.3% 7T H
LEETe 1/2 MS Bz L7,

LA RFT AT HONIFZER (EEBLE 5 mm)Z 20 pM KU-55933, 0.2% DMSO % & Teil iRk
i, BHDHUNT 0.2% DMSO O A% & TeiliRE A | SR T CoaA X XFCid 30 43, 73R Tl 3 Wef
A Fa_X—ar U, X BRIRSEE (MBR-1520R-3, H AT =) HWT X SR AT o7, X SRS
HBOYELE N ITHEDWREREHIZRL . 51T 30 77 aAXF AT, AV 1 K Z7E =R T
TALFa_— a0 T To7-% . 4% /STHRVLT VTR ZE Ee[E ER ClEE L,

() BB =X — T 2 — - SRR S T - AR B IR SE =R
ABFTEE, (AR BB =X — 5 e —DMEFR RO DO X FEMREL TEML b D TH S,
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B E % DT A RXFZF G ER G, HDONTF7EER L, —IRPUREL THi  rAXFXF yH2AX vV AE
Jra—F VU RE | ZIRPUAREL T AlexaFluord88 #5 A Hi~ T A 1gG Fifkz VWV CTHE s e Ye L7, O
HUZIE—REUAL LT, HieAhy H3 wHFE /27— LHiik % vy, kPR EL T AlexaFluor 568 #id:
PLUYX 1[G Huikz o, Yetatk ORGSR HITIEILE S — 3 —BEE(LSM 780, Curl Zeiss)& Hu >,
EEFRHTICIE Tmage ] A H LT,

FEREEE

F9 X BREE SO B AR m A X R H 55 KU-55933 ALBRO S AR i v H2AX 254012 M E
FTRIRE ATM R0 A X A F I DN ARG v H2AX AR D EAT o7, TORRAZM 112
R, KU-55933 ML AT IBIEETH5 0.2% DMSO DI TA L FaX— gL T2 B AR n A XX
T ARG ClE, X 1 100 Gy FREF 30 /02 I SHIfaRE _EIZBEE 72 BT yH2AX LA &8 Honi=(X 1 2251 k=
), ATM BERE KR (RS AR UG, BPZAERI L LR L ChT yH2AX FUADORESIZE LR FLAZ(K 1 $51) E
EH), B ARG R % 20 uM KU-55933+0.2% DMSO TLBEL 72354, B yH2AX FURDEE~DFEATX ATM 1%
RERHIRDG A LIARRIC, HLUR T LR 1 A5 EBY), ZOfERIE, KU-55933 JLPRAAT o7 B ARG i
HRIECIE ATM HERE KA L 7285 & LHEEIL T2 H2AX DUV RMEIIHINECHZEAIRL TS, ZORERS,
FREH20> YH2AX ZEBIOREIFZAL ATM ORI LRI TV, 65— OMIEIR T ATR OMHE
BIROGE LT HZ e ERALFICKT T 5 X BUESE M TROFEED ATM BERE R BIR LI TNDTEND
KU-55933 [F 304 XX 2BV TR < ATM DOREZIT> TDEB X BT,

XUIE T~ KU-55933 MLERE X BRBRE 21T 72555, B L KU-55933 23% 7D ATM Z2h A IHE T2
e, v aAX T AT OLE LRI X BRIBSZIZROHPT yH2AX FUEDRE A S, KU-55933 TAL
BLTZZER ClE, WO A TP ZE 7 LR L CE LR RS ZEM PRI D, EZTRIT, FVEFIT
FFLC 20 pM KU-55933+0.2% DMSO THLELZAT 57455 & 0.2% DMSO O ADILELEAT 7= 48545 C X ## 30
Gy RSt 1 B OB yH2AX FURE S Z T2, TOREEK 2 \ORT, WO CUER AT 723/ T
I, BB yH2AX HFUARE A RO 2 %] EEE), —77, 20 uM KU-55933 JLBRAAT 7= 3 7 Tl ¥
PEAVER D A & PElE L THL yH2AX FURHE A3 LR 72 (X 2 A5 EBY), ZOfERIT, F27E BT
A RXT AT OSA EFERRIC, KU-55933 25 ATM 1EA 2922 2R L TUhA,

PLEOFER S, KU-55933 1%, 73 5 #liC ATM Ml RAFF SO TII /R W EE 2 bz,

Bem
x:%? - ATMEER A X# 100 Gy
Yy X# 100 Gy 20 uM KU-55933 X# 30 Gy
0.2% DMSO 0.2% DMSO i XM S0 Cy 20 uM KU-55933
0.2% DMSO 0.2% DMSO

0.2% DMSO

PRt te — ) Py ~ /_Ww_ = .“‘2 Towm P ’v M_wh
1 KU-55933 ALEE—X #1100 Gy BRI %1T- 2 KU-55933 ALEE-X MRS 24T o7~ /3
7oA X R ORRE 30 553 ORI Jr o RS 1 eI 1% O RS

FEFNE, B AR 0.2% DMSO ALFR-X H3 IR HHNTIERHEER . 51T 0.2%DMSO ALFR-
AT TR, TH1T, ATM HERE R HRIRIC X R X BRI ZAT o723 A FIE, 20 uM KU-
M 2 AT o 7o AR I, A 8 B AR 20 pM 55933 MLE-X MRS AAT ST DI AR T,
KU-55933 ZLEE-X # BRI 24T > T AR IR OBk (5 EEIIHI A X R F yH2AX BURE A, T
wnd, EBIIHI  mA X R T yH2AX Bk BdpieAby H3 Skt e a~d, Ar—i
At TBITHEAL H3 HUkR &8 E =T, N—T 50 ym &Y,

A=) —% 25 um R,
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iE

)

KU-55933 MFZEEFIZIBWT ATM OIERZZYRETIE] T 52 LR IRB DG RGO, 5
VL DOIEFIFRE A — LR OB ALFREAT > 72 73 F D3O B0 b3 DRE AR D 6 8.5 0D 42 SR 75
B AT ATV, FEH PR A A v — ABE OGS R AR AT 5,

B TR

1) I Hickson et al. Cancer Res. 64(2), 9152 (2004)

2) E. Rogakou et al. ] Biol. Chem. 273(10), 5858 (1998)
3) J. Friesner et al. Mol. Biol. Cell 16(5), 2566 (2005)
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HAL U E— ATV F RSOGO RFRE R AT LB B REE R o B %S (1)
— @ LETAA U — A LD BFFI DL AR D FRE—
Development of New Plant Breeding Technique Using Heavy lon Induced Chromosomal Rearrangement (1)
— Demonstration of Diverse Mutation Inductions by High—LET Ion Beam Irradiation —
SR B EioE . 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, high yielding mutants were selected from Japanese rice Nipponbare
irradiated with high—LET carbon ion.
Gy

AF e — AT, FIZEFEEDOMFERBEO FELLTHNWLNTE TS, BV — 5
(LET) &b oToA A B — A, KERZ DNA 54 Z<AOBOERNRATRICEIEEIL, ZORERELTH
EIWEEAET 22 87e<, Bl BARZ D RANIESR T DN TELEE 2B TS, RBFFETIL, A
F HARIEE 2@ LET ORFAA U — L2 U7 Z KOS BR324 BARD B 21T o7,

i

i

A — SRS E T, 1S, BAM B OB LR B FREHTE L CERL T, Kol OB bt
TERTIC LD T AW DI BARZ AN AT OFE R d, TV OEA G 8 — ABH RS E TR
AAT DI REFHITHIENHASINNIR - TE -, 22T AFRICEB W T, RS = L X —iFge ¥
—DL L rabar nbELNDIRFBAL L E — MK LT I —S—% N, B — AT R NLX—% FIFHIET
FVE W LET ORBAA L — 22 BHI B E 228 2 Miat L T& 72, A [, LET150keV/um DR FEAF
B — LA AR ARG ICHRN L2 L2 BROBE DL ZINEIC BRI 2L RE DR A ToT,

FEROME

RFBAF L E—BIIKLT T —H—% T —
AT RNVF—% FIFHZET LET150keV/um D [R5 A
Ao — 2 ZREHI A TEL IOz, 2O —2%
FAWT, A HARRE IR FE - ~ DR 21T\ fR s
RO E L EORARERLNC LT, IERFHIT N
EORORRL 2 o & TR LR 7% 716 HKE
AL, FRURES 2 REE 21570, B S 2 AR
#t 14 BT OB L, Fl— RN TH—DZE RERE
23 2 (ERLLE RSN DE0EZERKEL T 135 RHiiE
P UT, PR ST DARR 1T A IERE DR BN EL

TWDLDEGEMELTEL, 21 RO LI Z Bk HARRE  ERShICZRA
BRI, 1 A% B AR ~DH—FL BEH( LET150)

(2 & TR ST B IR ZE SR (— 1)
SROBELEE
AT, ZOMSEEZ O TRF L 4 O 7 MR B L OB+ ORMNEF R T 5L THERS
LT R SR DT ) MENTIZ X DL B AE T D[R E B L OVE RO EIA 21T > TS FETHD,

) FPE = R — e & — BRI - AR IRATTE S (D B L2 JERT - RN B 2R JE e o o — - A A B TR ZE
BAYE
ABFZEL, () BPHE TN =W FE o =PRI D OZFENIZEE LT, (EWD B L2 7ET L LR TR L2 D TH D,
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HAL U E— AL IVF RSO Y ORI A T LB B R R o B %S (2)
—EHEBEME I DAA e — LR EH R OF) F—
Development of New Plant Breeding Technique Using Heavy lon Induced Chromosomal Rearrangement (2)
— Application of Ion Beam Irradiation Technique to Staple Grain Breeding —
JH R BE, s IR
Masanori HATASHITA, Keiichi TAKAGI and Kotaro MIURA

Abstract

Recent studies have shown that probabilities of deletions, insertions and base substitutions in ion 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, the rice grain quality of mutants of Japanese
rice (Mipponbare) obtained from seeds irradiated with high LET carbon beams was investigated.
B

BT O, A4 B — ALV R ENDE BOFEFHIZIO T, KRB KO A B LA E RO
BRI 5 R TEI AR R NX — (G LETITRF L TE{EL, @ LET OEAA B — LM
RERRRRYAARL ~L TOFRERZF R L CTODIERIH LI > TEIZ, RAFFEIZE W TE, AR H
ARIEFEA-~Drm LET [RFEAF L — LRGN IS U B BARD ZOKSWE AR A LT,

&

s

AF L — A, FICAA U FEICB D THREHATBIADRF O =R X —2E 2 HZ LT, LET #2385
ZEMTED, BEREIO BIRICT 7L —Z — 2 AL, B E CORFEAA L E — LD RVF—% FIT
HZLETHELNTZEW LET ORFBAA L E—AIBWTE, A FTITRWEWERRE IR L, FTLWIREEEL
TRIHATDZENTED, ABFFETIX, ZH LT IREHE THESSNT-A % B AR O LI BARICBIL T, 48
DOEROIH725T ZAKIZBTDMEDOELOH BARALINITH72DIC, BEEO LKW EERAE LT,

EROME
LET 150 keV/um [JRFEA A B —LBE 517>

WAL RIK DR
I B AT O%RROERICED, SETIC 716 R 1 AAREZIEZ SR O TR

BTN 135 B O BARZ L LT, F7-. o N BT (%)
NB0Ih, SIS 2L RIpEE o7 BERAEE kIR (%) (L)
T 21 RHERITATEN TR, 1HRY 720

1%L _EO e/ M E BOEMAHRDEND 6 B [ AR 64 7
IZoWT, LRBEOMWEL T, BREAD
T, AARORR R 64% Tl LIt 30 i
oo TR ORI RE R UL DIXARMKH > JEHRk 2 42 33
7o BRI 50%LL T OERKTILFI 21TV T

3. 30%E A A (3L 1) DR b, R A3 i 0
7m0 ZO2OMEEMKIT, HAKBIVG LRMU & 255k 4 55 9
FLUNHEIA LS, LA TSI 2R 45 B SRS 61 15
KELTRKL T D THD, BAITAMOH 575

MIREL R D120, TCT o U NFEESNR BRIK 6 52 17

Wz RECEDEBbnD,

SROBELEE
ST R LTERIRD T ) MEHTIC L DR BEFT O E 36 L OVEBERAOMAZT> T T ETHD,

) FPGE =R — B gE e 2 — - FFEB SRR - ARG IRATFE R AR SIS RS AR IR A - Al R R
ABFTEIE, (AR B =X — Tt ¥ — M@ RO OZFE TR L LT, ARSI R F LR TEREL 72D ThD,
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KT LA L B FW1 5] O3S - B S aBR I O (L 8 FW2 75 ] D B RR
Cultivation and brewing test of the new sake rice variety “Yamadanishiki FW1” and development of
”Yamadanishiki FW2”

ZIHFERRRM AR E R, EE—

Kotaro MIURA, Naokuni KUBOTA 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. In 2021, we applied for the breed registration of ”“Yamadanishiki
FW1,” which is easy to grow in Fukui Prefecture. In 2022, we performed cultivation and brewing test of
”Yamadanishiki FW1” and developed “Yamadanishiki FW2”.
B

KDy 77 Z Rl L, BRI BRI 0 B E DO E H IR CORIE N EE LV, Fox 1353
R R COBIENE G2 NI B FWL 5 O R g A HEE Uiz, B 4 FEIEXNLE# FW1 510
e br e Ll BR ATV, S6IC, TUHE FW2 5 ) 2 BRLI-O THRET 5,

I

=
KON T T IR THL N LHEH T, BICERERTHEEEI, KRN KEGBHE OXKEK T 54
YRTE T RN VIR E CRBLO LS AL D) R ENEW) B AREEEE I BB E 0N H D, Ll
TRINE, BOLAE W, B AU, B BUkIE (Ba o2 FE M ESIES LS BE T HMEE) 23SV Rk
BEENREE R DM E R D720 | fEH IR TITIFEA RSN TR, ZIVETICFERE L= AFFERRZE 12 X0,

B RIS =X — B JE s X — DR TR S AT 2 W R FBAA B — AR S 2221280,

MR SLAME  TZEALT ), TSR0 BA | TR L2 VOB E R e A T 0B BARDE I
RN LTz, LT MR ME R & R A U7 AR R & D AT L0 TR MR ), T T,

NUESLOGRAE | THRIL W OTEE A DR RO T B FW1 5 | &2 B RLE O SRR RO 72D OFhT
BRaAT o7 B LU SR FWL 2%, N WL 5 B 54 Sem BME, BURILZR | EWORREZFF S Z A5
T | A0 3 I TR SR FE 21T o 72 (HFEE 75-:36235) . AWFFECIL, OZ L H ) FW1 &
DFIGRFEARE T2 HE TEDOLEERZWMEICT S, QFEFEICLLRBRERGEZ1TO & Ol 1% 2 -
T 5, iz, @TILHES FWL 75 ) LI MBEO B2 BA R, [FW2 550 FW3 5| 2 BT 59 T4 728
BRBRIRICE L7 (L 8 FW S FRREOMEEEA H FR L CIF9E R e L7705 75,

MBS
TR
ARFEBRTIL, A 3 FEICEHRHOOT f 88-1 OfEH RS KFAWE IR & —, TR

B CERME LM & W CilF2E 21T - 72,
FEAE

FEF1E, 200 fFICA NI —R T IC 24 KEERRIEL . Z D%, KEKICELT 4 BEWAKL, D25
BHE~YMIIRSIZV IR AR LT, D%, EWEREFEME e 2 —0FHIRBICTIy AMEBEELE
W TNE S 285 A 156 BITE IR KRFEHOOLF v/ SANO K HIZEM LT, & fmfiz A X, B X
DO2X I THREE L, 4 X T 200 KA FHE LT,
FiE s AR

2022 4 6 A 4 BIZALR SO K H (8 H RS ALRTET LA GR) IS L7z, 10 A iz as A1z
TANOED AT, FLIEHEIC T LR DAL DS 15% 725 SIS, SRR [T T LT,

ARBREEE XL T O TR CHEML-, 12H 17 HiREEs A, 123 18 H RS, 12 H 190 Ik, 1272
OH {h#e- RS 1A, 1221 H{h#e - RHEE, A, 120 22 H (8- B8 H#EE, 12 23 H {ffftiA7x, 1
2H24HBEAA, 1H14H EA#,

RIS R A IR EBANE R R 2 ARMIEE () | (AR BPE = 3V —AFge o 2 — - WIJE B - R G IR TR
ARBFZEE, IR ARG (&) . (A)FE P =R — A Fe e =0, (A) BPIE T 3 % — et 2 — AL R SE
FELLTERLIZBDTHD,

24



B pieis = L — e o & — R FRAE R (i 4 4]

H A
JEMOKBER SR G — DR — DI R BAS IV T D RB TR A LB L DWW TRl 21T o 72, ABSh T
L 8THHADIEES G, 66 HEIZOWOREMAEZEMLT,

s

FERLEE
L. [ FW1 B OFEERE O FEAMT

2022 AEE OIS FW1 OB F XL AEREFET 8 A 24 B L0, FBEIZILIHAEEAS 95.44 cm TH->7-D
WXL, I FW1 5 OFERIT 96.83 end/eh) | A E X RONR Do T, BRIPEO R I, (L&D BikL
DA RIELAS 57.2 R TIHo7-DITx L. (LS FW1 B Oikik D 1% 11.6 kit A EIK T L, £
7o IHERORE Z KD 100 BFLEDFEHEIN 2.60g TH-T=DIZXKFL, (LS FW1 513 2.49gL720 | 2D
L7225, IHHSRD 1 mifg Z KU ED )N 289.38g Tho7=DIZxfL, ILHE FW1 50 1 mifg ZoKIN &I
296.28g TH E AT o7z,

INHDOFERNG, ILHH# FWL 513 2022 FE O R TITHFE A -FRRAZOWT I H 8 & B/ 22 575
7oz, & 4 BT 7T IR FEREREEEZRLTREY, Z0oZ8ckVEFAT—URiflish
TEHTERCEA N I SR LRI > CLE o722 88, [ HEEL O MICARER 72 BN B /e o T B K L~ 7= Al HE
MDD,

2. FRHN L OIS 7 — i

2023 4E 3 H 5 HICBIiES U= A% Bl & o1 B i < T Kk | (K1) opEsh4 <
A IO REBRIRGE ATV, A B Z R T v — NRE T o7, TOREH. 40 47>
DEIZEAGLZENTE, BRIITH M 2eE=20:19 (1 4 E[FZ) CIREFHThH -7,
I 20 FR~80 sl EETIRIASEIZZGOIL, AARAEZI T HES 17 HIZ 1~2 [
PLEDTTRZL, BAREFEO T ORIEN LG0T, [Z0 B AREIZFETTN?
DEEIXFE 15 82.5%% (58D, BV | DEIZED 0% Tholz, £, 120 HAREZFD
ABWVICEIDE T2 JOEIZETIZNIV Y 92.5% 87 o7, ThfE ) LEIZ LI ADFLH
WL TR0V 11 &L THRTEBWLW D 8 £, [T —T =2 F0NHFE 178 6
B ltpolz, B0 EEIE LI NOBEHIXZ K35 50305 | TRy BN deun | &
VIOBIE RS -T, T —RNHAE T, L HER FW1 5 GRS L7-ilI3 st Ty, 7
—T A —IRFONHE | EVIT A IR ELN T F R E B ILHES LW B WL EL T
EHr LT,

1 A RBE

3. ML E# FW2 B 1 0OB K

2021 PRI LT AR R - BERORL 2 DR GRE DR LA 20 RAIC DU TR B A S fite L7 it 2R |
(ARG M 6 H R A (K2)  FEEILEMLDE 10 enflEEHEL, SRR OME 2789 1 R a8k L
7o Flo. ZORMOLAFRBRITIL AR IVLEL, T 7 ORFPEIL L BRSSO FERE /R L, K
ELTOMESBmWENHIRFTED, £2C, ZORLERMAT LS FW2 =) &4 LTc, 2023 R LAREITH
EEBRA TV, S GERE BT T ETh D,

2

. S A PN .' te R X f \,"
X2 [LHEELLES FW2 5OHEEOR:T (8 A 24 AR
(L 8 (F2) 1 X HHFRIE AR D 7= DRI E - T LT EANLL TWVDD,
8 FW2 BIXHEEL T 6 A#f>TWAD THENENIED T D,
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I ‘
W

B3 (L (k) LS FW2 B (F) OB K4 (LIRE Ue) LIl SR FW2 5 () FEO I

FEE

2022 FEDOIEEFER 1L, (LU FW1 Bk BB B SR 12U C L F S8 SO 28U VS it S8
708 T ADOZRITNZ T 9-10 HOFRIZE0 L EROEBE N B -7-20t (LHE FW1 B2+ 5 20y
ISR ST BRI D —DEFEREL TNVD, LLRNE | RBREEE 21T o 7o R TE72 A AE ORI A 72
bxThololodh | FRERE: - BEERBR ATV, IS FW1 5OFMEITOMNER’HD, Fio, FiTolZHRKRT
7o FW2 B2 TE, FWL S ERERO KRS THREF L2 IZh 0 o b3 1L L0 B eI A4 -
RO FRBEI AT LT, ZORE RS FW2 23 l0 B ST L [ #7202 C oSk Be i e 2 B o
S FERNCEIE M ELATOMER DD,
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2.2.1.5

FAA Y — DLE I @i - BB S — LIy SOAE AN AR E AT D B 78
Development of Doubled Haploids Production System through Heavy—ion Beam Irradiation of Pearl Millet
FHZAE T BHL, SE 2 AR
Takayoshi ISHII, Masanori HATASHITA, Keiichi TAKAGI and Kentaro YOSHIDA

PR= NIy NE, T7UA ORI 2 LIRS L TRY, R ChReb B 7o m iR i L e 2 F o
VEMIDO—FETHD, T7VH, A REH MBS, R CEER ANOBRBLO, ZEOFEZ LT
b TnD, T, My ERa L TSIV TODEINEBURER AT O i L 72 D185 MATRILINEAL
(MTL) DSBSz, ZOBAR T2 L7 28 SR Z MBI VA Z LT BRI OB FIEHRICES T,
MED IR ARV L, YR A G INT 5 Lo T, TR TOBIR T ENREDRH A VFE TR 2R
ARETdH D, ABFFETIL, BEAA L E—LDFR I L0 S — L3 o hDZE BARE 23l L MTL A=) il
SNT = NIy NE BRI A RIET 5285 F BT 5, RS T, BPE =X —Fe k¥
— 2B\, PR DESE TSIk 2fED #7022 LET(50,150keV/um)D R FHEA B — L% i
L =Ny RO L ENENDOE — LA EEOMEX TRIN LT, LET ORFEAAE—LTE
FAKZEST 20T LB b o EZ R E LT (50keV/pm T 80Gy, 150keV/um T 20Gy) ., RAFEJEIXHE
TEHF T 2 — DY 30a & FAVCRBIBLIZ 1000 fE{RZEE 25 M1, MO E{AZHES L7z, B0 CTriE)
TSRO 2L M2, M1 BEIROHRS 2 RS AFREIZITO TEICL TND,

SR PRI IR 782 & — 2 (M) BB = )L — W SE e o & — - AFFEBHFEET - AR IRIFFEEE s R R S i JE R
ARBRTEL, (D) FHPIE T FNF—MFFe e 2 =R BIRK F B LOFIAR LR TERL 2D D THD,

BB ARERIE O F N — R e — LR E A RAF T 5B O G
Evaluation of the Effects of Carbon Beam Irradiation on Plant Height of Allohexaploid Crops
2 HERAR™ B A& HHESL™, M B, miE—*
Kentaro YOSHIDA, Miyuki NITTA, Masahiro TABUCHI, Masanori HATASHITA and Keiichi TAKAGI

SV RNERER D F N — R e — AR B RIE T R T 57-01, ERRAHEL TEDL T
AUEEE T LX fE Chinese Spring |12, —AR B —LBBE %1772 -7-, LET 50 keV/um T 20 Gy. 40 Gy,
60 Gy. 80 Gy MAXLPRX  LET 150 keV/um T 2.5 Gy, 5.0 Gy, 10 Gy. 20 Gy D4R X A% 1T, WU X 7=
50 RrafEE L7z, A X IHT-0 12 FLiD MiFEF-ICOW TR IERRA TR L7-L 25, 92%0>5 100%DFE 2R T
otz B 23°C- 16 KFfE, K5 16°C -8 WEfH], 85 RICAIV a7 L (EAMERK L) 2 A, HBEFELIFE 1
ZHEE L7, LET 50 keV/um OMLER K G, WIMRESHIINT 51223 T, FoLMEL 72572, 80 Gy TDHL
LOFEFEIT, 68.3110.5 cm THY, 20 Gy D 91.6+5.44 cm L~ HEAICH BEITED»7-, — 7. LET
150 keV/pm (&2 NTId, AL X [ CHEFHIICA B2 213 e 0 > 70, [RIURINHER & (20 Gy) T CIE, HaHIIC
BT -T=73 LET 150 keV/um D573, 50 keV/pum KO B SLAMEV V[ 2 7R LT, 720D My FET-125
WCHAREE R T 5712, FUEBR L B O B35 CHEE Lz, M EREE CH AR X [ TR LD ZABIE S,
LET 50 keV/um, 80 Gy 2 —FAXNWE LA R LTz, — 07, T MR, EOLBE XTI TH R b7 -
720 MUBRINDT 2 AT 4 EIRZ SR ON, BRILTz My B % 5 RISk L, —LBEX B 70 20 Rl DUV THRIE
EBRAEhE LT, & COMFRXIZIBU T, FEHERIT 100%TH -7, R5 4EFE 2L, [Chinese Spring 12 LET 150
keV/um, 30 Gy DH—R B — LRI Z1T/o0 BOLIZKIFZ T EBE I T 5 T & ThDH,

B R R AR, 2 (M) B PE =RV —RFZE b — - WFFEBR I - AR IR FE 2
ABFZEIT, (D) EPE =N — W FE b =N RE R LR TRBEL 2D THD,
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AL HESRIZET S DNA G~ — T — DR
Detection of DNA Damage Marker in Mycelia of Shiitake Mushroom
EUE N B RS T SFE A
Keiichi TAKAGI, Masanori HATASHITA, Syuji USHIJIMA and Kazuhisa TERASHIMA

Fo 2 1TBEAA LY — LBENC LD ZEIRAE BeFE A VT, AR LR 2 D+ E R ~DE F
MG ST A X i D B FZ R A TD, IR EOREIZERL, ERHRICH 3544 B — AR
MR R A IRFE — LTI X RO 7B — AL L CROIRWRE CTESR RS Ifls bz b
WonoTe, ZOAF L FRIZLDEZ MEDEE DNA HBIEOMBAZIHE T 5720, A%/ D DNA i5~—7
—ThDI B LE AR H2AGYH2A) D5 Rk b 0ok 2 7k A T,

MRSV TOD I EFERERED yH2A 1Tk 25U E —IRFURE L T A2 7 FE R M3 1T PR & O
AT ETA X BRI ZOE SR THRO—RPUETE & M S, ZO—REURKE &%, A4,
HHEEEERED H2A DUV ERE C KA VT X7 FRE—IRPUREEHITA L F 2 — T a L RRTIEIRNHE
WIS, A5 HEERERE H2A FEV B C Kb, oA X AF, b H2AX VU fig{l C KA VT ~_7FR
LEBITA U Fa_X—a LIC RTINS S e o7z, L EDORERNG ZOFUEZ W T A4 7D yH2A
PRERPICRHTAIEN A RETHHEE BT,

S1%1T. OB ZRERNTAA B —LBHIC LS DNA L, B MEMHI ORI g 423
ML LD EE 2 TD,

) FPGE TR — B SR 2 — - AFFEB SRR - ARG IRAT SRR 2 (— M) BARE DT 2 — RS
ARBRTEE, (EDREZE - £ 5L BN EEAR A AT e B R E BT e R v & — A/ = a Al LA FEHEE 2 D B ke
F=bDTHD,

FAF U E — LRI LD —~ D ZRIRTE BARE A DR
Production of Mutant Population of Capsicum annum by Heavy lon Beam Irradiation
R EOE ., B A AR
Yasuko FURUSATO, Keiichi TAKAGI and Jun—ichiro MASUDA

BAALE—LEFHUTZE BAROIEHIEZ L OMY) TITHOiLTERY , S0 RA) DI LD B A
XN TWB, Fim. B RRITE O AT A =R LA SN T BT DR S 78— I 72015,

AAFFED B BT, BrinfEBR O BRI 3572012, B =~ DI T4V =T U H — O 1
\ZHAT Y — AR ZTV ZBREERZAEH T 228 THD, 500 MeV D fRFEE—ALET 50keV/um)% iz
BEFEF-12 0, 1, 10, 15, 20, 25, 30, 60 F5LTN 100Gy FREF U7z, FRETU7-FE -2 REFEL | #5HE 20 AR O AEfFR
A LT2EZA, 0~60Gy HRH XTI 93%LL EOAAFERTH 7273, 100Gy DO X THELFFRD 61%Th-
7o WRIT, BAA L E — AR LA R LOBURETR 572012, 1 20 H L OWEhE, 5 —EoER B L OE
8 F 27~ 7, IRl R (X 60Gy CTHIKZRY, fRENEL<RDIZ O Tt £ BI3d Sz, F-, F—HED
HERBIOEREORER RN, FEOARIL 30Gy THIHIS L, MEDNE<IRDEEED AR RNHI SN
720 BLEDFE BN, 28 BARVEH O F il IR EHHREIE 60Gy THhHIEN DT, £, 60Gy BH L= M, 14
DHDD, M BRI, SRETERERE | bR | AR A ZE R EDERIKPFLNT,

* VEIRRFRETR, #2 (AR BIE = VX — e & — - B EBH AR - L A S0 2
ABFFEL, BEIRGR L (A BB =T —iFge b 2 —DLRIFZEL L TEMLIZL D TH D,
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2.2.2.1].
IR PEA MG IRD DNA ~—H—DBI%E
Development of DNA Marker for a signature agricultural product of Fukui Prefecture
FH R AR
Yoshikazu TANAKA
Abstract

AFLP analysis was carried out with the aim of creating a DNA marker for parthenocarpy to be used in breeding
midi tomatoes. As a result, several characteristic DNA fragments were obtained.
B

EHEPFHR P THLIT A M FOBPKIFICH WS, BLARERMEBIH DNA = — 0 —O1ERkE: HHEL T
AFLP fEHT ATV, FH{8HY72 DNA Wr i 28801572,

i

i

]

IT AN MIEFHRDEEOHTHY | ST TIIIRSN~D i &SI 2, BHaEE /1 O3 23 R EIZ 725 T
Wb, DT80 BITEBFE T DOIT A M~ M TIIFE; O L EL., B IMBITH B OKTEE OB EEITD,

ABFFETIE, L7 TO RENIEHF IS DA RV OME OF A5 TED DNA ~——
DOYERE B B9E LT, AFLP (Amplified Fragment Length Polymorphism) {51245 DNA 2RO 21757,

R DOBEEL Pair #13 Pair #26
AEFO M NI, AR R ME2H T2 3R FERALRE T 2 3 4 5 6 1 2 3 4 5 6
RIED 3 HRTHY, WT b R BRSOk
HEN=bDa -, DNA (3453003 100meg)
QIAGEN #£:0 DNeasy Plant mini kit % FA VN ChliH 5
L7z Y, DNA Wi oBatE L, ABI £ AFLP Plant
Mapping kit @7 mhaL 225 E|2 . PCR Ko lE
TOYOBO #+®» KOD One Master Mix, ABI ProFlex
PCR System % f\\C{To7=, DNA ® %A T TaKaRa
4 PrimeGel Agarose PCR-Sieve HRS %z T HY
L7z, AFLP Plant Mapping kit O 7 @hz/LIRENT-
64 FEEAD 7 T A~ — DA DNV TR AE R, 7
T A~—+37 EcoRI(AAG) /Msel(CTANZFNT 1 f#l,
7T A~ —7 EcoRI(ACC) /Msel(CACHZ I T 2 { X1 AFLP f#HTo—15
D NT IS B R VEICR A7 DNA WA OBIE L — 1~3 13485 R Nk, L—2 4~6 [33EH

PEOBIL, WEOHICSHARIISE (). AR R, RARAITRLIZENIC DNA 25
ARSI,
e

AR R R ERBRG D Ot B S e b RRUBHZ I W T B 3 R DNA Wi &t L=,
ZN50 DNA WA I EEIME RS T& . BARRIEICREDS DNA ~—h—DEfMEL TH I ThD, 5%
ILZH5 DNA W1 v O IEELS 2P E L fiEIZEOR WA KD STS (Sequence Tagged Site) b~ —A—d
TERLEATO T IE CTh D,

BE R
1) Dellaporta, S. L. et al., Plant Mol Biol Rep 1, 19-21 (1983)
2) Vos, P. et al., Nucleic Acids Res. 23: 4407-4414 (1995)

(NP B =0V — g B 2 — - F TR B B - A B IR R
ARBFZEL, () B TN —MFFE o — PRI RN L DRI L L TEIELTZb D T D,
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2.2.2.2
& R PE A E IR O PED 7T
Analysis of Metabolites for Agricultural Products of Fukui Prefecture
TR 2
Nobuyuki ENDO
Abstract

For agricultural products such as midi tomatoes and leafy vegetables, we investigated whether the constituent
ingredients and metabolites of Fukui prefecture products are different from those of other areas. We also
investigated whether the difference is characteristic of Fukui prefecture products.

BER

ST A M NOEEW) I 30 E ORI PE R PEMZ O T, PEHIOSALLS B E B T DRy - ARETPEY 3

TR BE LG L fEFHIRED RIS E A T HEZIT -7,

i

i

WG PE D BP0 72 8 D FEPE S A Ik D7 RRLE L9 D121, B A O EE B2 D0 E &
0, MPEEM EDZERUE R LT THD, Fio, YT TIIpE A TS CREPE i OYESN~D R IEE HIZ K DR 5 Itk
ENMEE > TRY, ZIVUTIREFEM D7 7 RIS T-> THAREL TRBLAREETH D, TDT=DI2iE,
ZAVE I R FE W) O SR S0 AR RE M A O e s D TGRS B T AR OB R A ML SN TWD, £I T, &
W ORFPEY LI SR L C SO pE HIER AR CE DR PEY) DO NEFRIIFRNT 2 T W EM 2 e ) %
REFEL IR EM E DR, B IFRED DT T NI R 5528 HELIZe 2 £ L7,

RREDOEE

oL —% FIE I REB LIRS PE S DOIT A~ MZOWTHTZICRIG LI 5 Fl 21 Bk, pE
IS LR O M R SO 3R, i 500 12 FEOFE 36 FEZFUEIE L, 70~ I 712K DR i e
FhEL ., BPE SO R O EF/WHOHBI T2 FIEO IR T, WAZa~ T T 7 E &5k
(GCMS) | ik 7~ 7578 BT (LCMS,HPLC) Z AV, JiiAEBE 5l 2 3R A 7= IR I R A 5 LY
TN AW OFH AT, 7 B2 OMIZH 2y DT E FEREL T — X2 E L, T Ok
TR SR AW B | ikoe L CEFEL 72, Flo, M= hLIAA D BEBEMIZ O THHEY) B 354 0T KSR (8 IR E
RIRVLPE) | A (REHIRPE, EARIRDE) | RV Yy (R FHIRIE, §Rl URPE) | % (& HEIRPE . FUERE) %
B CTARR2PEHIT 21 BRIZ OV T, GCMS BETUY LCMS 20t e £l L Tl b o T — 22 EfEL
7=

M hBRUIEME A B e L, A T 512 OFKOE, 7B EXIVHEW ST R B Gr D oy
BT 15T ST CEZDN, IHEREI | AR PESE AT DR M LD EIA S R &L 8 HE IR B S R PE B S 2> T
A — SRR CILE RO R FIREIC T 22 e BT 2 L3 TEd o7z,

o

)

fEHIRPER LOELLL OIT A M MOEY I 2k e U, RPE S O R B AR O 5 B SRR 5
FIEOBF AT, BB BB E S0 T Bk BB O RIABRYE LW o T2 AT I B b D 8 i
WZOWTIIMESL CTED, B A EOMIMETIL, EIERZEDORENKRENIZ | IHERF OE TR DO EH
BT RELZERY, [Fl— SR D FE A B ST HZ LT AR AT RETS 7=, b~ b SRR Ll 2 B\ T, 5o
BRGT - KBR TN DWW TE A RO XFHI AT 2 & TR R T 22N TET L,

PEHNZFR A5 T 1L U COTE FIZINEE R S L/ o728 ARFZE TOotre EfiL TWODEAICIE, F<RT
X GABA U NVHIUEE, BEW B CTITAVTHECE X2 8 KHBLI TSR P E A RENE %
T RAHELE TN TEY, ZNHDO MY T FIEEZ US> TELNDFERIL. AR OEEA7REI
L5 B OBEME LORIA RN TE MIREMEDOZERNL, EIHREM DT T MUl 535280
B, INHD I E %< G 1B BRIECH OB ZIZIE A Tx5,

() BB =X — T 2 — - SRR S T - AR B IR SE =R
ABFTEE, (AR BB =X — 5 e —DMEFR RO DO X FEMREL TEML b D TH S,
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B OAMMEZ F DAL L COHRLIE MR T 1A DB %
Development of Antioxidative Activity Evaluation Method as an Index to Added Value of Food
R
Nobuyuki ENDO

B EOBREMED T CH B LIEEIR, ATEEIER L, BN A LOBIEMENRIBSNDER L AN 2%
Hil 9 28E S LU TR B SN TERY, FIBRLIEYED @ OB ST A IMIEE 23 = £ B3 20, 2070 Pl
{LIEMEEH T D % < G T B OB IED S TWBH, BIEN O FEISEHL 45 HikiTd 70w, 22
T, SESFARAE QAR BR, R, Rk, KB RE) THHREMIZH LT, B AL L (ESR) 2 &%
O BAE T AR ETECT ) — 7 VU kT DIE EIEMEA | {8 O E L3 2 FIEOMENL A
HIELI-FEE2ERL WA, BRIIZIZ, EReX I LTV L-0OH, ZA—S—F X R T =450 -0,
TIXNTIIL R, TAaAXxT T RO ERRA~YLAF T RTU AL ROO-, —HIARFE 10, EOK
PRI ON T, B E B e T AT DIC B LT A U o 7 -ESR A TEMIL . STl biETEA 1IE L <G
THHLNWFIEEBTRE L, ZNH6FEOAERNTEBICAER - TEAL QIR EEEEFRICEIL C, 2051k
THREMED @ ORHIlR RO FONDE0 OGO BRI HEERMRE ORE L CRUBHLEIZ S
WCHREILZA TV, FIEDHESLIZREI LT,

AL TORFNT, B S OBREMEREM L L L CREAIELVELNAIE # 2L BHERRILS B TFIETH
DI Z | KRk &2 I IS FTREZR FIE Th D, 5%, ML CETTFEIZ OWTHIA - I FTREZR & S0 =2
MO AEFEFR OB EA TR OTEHZ BIE T LEOICRTFIEO AN MER D,

A BB = RV — e 2 — - SR B - AR IR SR

2T b~ MZBT 5 DNA ~— 1 — DB %
Development of DNA markers for middy tomato
FH A R A
Yoshikazu TANAKA

M N EAVEERSR L Tomato yellow leaf curl virus (TYLCVIZ L THIERIEZNDT AL AIFTHY , h<hD
HERED1 DO THD, YL M MIZEN T LU THERIRBEIZ/2D | BREIR S ZEME L TUHEN TERTr D,
BECIX2ETEIUEN RO B, AN TERY, @R THIT A M M LB R T 238 A
BT EHUEEE T Ty-3 & Ty-3alZxt T ADNA~— B — (P6-25) D FH St 25U 7. F~FDNA I,
QIAGEN ££ DNeasy Plant Mini Kit Z W CHIHH L7260, BLOEES TE Ny 77— R CEREL =502 v
720 PCR FJi:21E TOYOBO #:0> KOD One PCR Master Mix —Blue Z# L7z, PCR JixlE. 94°C2 43 D% .
98°C10 #, 55°C10 ¥, 68°C10 0% 30 A2/ CTiTo7~, DNA OHEREIL 3% 7 A — A% /L (PrimeGel Agarose
PCR-Sieve HRS, TaKaRa t1:) 2 FHW N CTHERR L 72, DGR, L DNA BLOED B OV B W ThH,
P6-25 THi i E415 DNA B (Ty-3 @ 450bp., Ty-3a @ 630bp., FiE D 320bp) AR5 L8 TX7-, Ty-1
B FEL O RNTCIE, BIRMEREEEIL 320bp? DNA AU RS-, @R EA ZHEDO R MIIBNT
Hi%24 DNA W &2/ T& K DNA ~— I —%& W BN AR THHZ a2 R LT,

BEZICHR 1) Dellaporta, S. L. et al., Plant Mol Biol Rep 1, 19-21 (1983)

(N B =0V — g B 2 — TR - AL B I e
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ZESRAE BB RICHGR T D20 D= =7 R W B ER
Aseptic Propagation of Garlic for Mutation Breeding
I R R /NB R (R
Keiichi TAKAGI, Yoshikazu TANAKA, Daisuke OZEKI and Yumeko ITO

=V DI SR B B L R A AR L TR BB A TOZEDN LW, 44— A
BHAERTHEE . BIOK T REOEVVRHEL — AT, B — 2% IR SR B BSE L2 LI IR A RETH
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Effect of Light Quality on the Expression of Anthocyanin Biosynthesis Genes in Red Leaf Lettuce
JHR B4, BTEBEsT, M
Masanori HATASHITA, Ryusuke MACHIDA and Yoshihito OKA

Abstract

The method of anthocyanin accumulation in red leaf lettuce is required at plant factory with artificial light,
because growing red leaf lettuce under the white LED is insufficient in anthocyanin accumulation. In this study,
the expression of anthocyanin biosynthesis genes in red leaf lettuce were investigated using red and blue LED.
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Plant—Growth Promoting Effect of Polysaccharides Extracted from the Mycelia of Medicinal Mushroom
JHF B
Masanori HATASHITA

Abstract

Polysaccharides are believed to be the major bioactive components in medicinal mushrooms. In the previous
study, it was demonstrated that crude polysaccharide extracted from one of the medicinal mushrooms enhances
immune response in murine macrophage cells. In this research, plant—growth promoting effect of polysaccharides
extracted from the mycelia of it was examined.
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Development of Laser Cutting Equipment for Practical Use
LT FH e !
Tomonori YAMADA
Abstract

In the decommissioning of nuclear power plants, it is necessary to cut pipes in narrow place. For practical use,
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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Investigation of Maintenance Method using Laser Decontamination Technology
FIT A
Toshio MAEDA
Abstract

As an example of the application of laser decontamination technology to the maintenance of nuclear facilities,
we studied the feasibility of the laser irradiation spalling rubber lining.
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Dust Behavior during Laser Cutting Particles and Data Acquisition Regarding the Muddy Water Cleaning
in Huge Water Tank
ATEECE AR B 22 AT AR K
Toshio MAEDA, Masahiro IGARASHI, Masaru UEMURA and Yuta MIYAMOTO

Abstract

The laser cutting of test piece which simulated the structural materials of the Advanced Thermal Reactor
“FUGEN” was performed at a water depth of 10 m in a tank filled with pure water. We obtained data on the
behavior of particulate matter such as dust and dross generated by underwater laser cutting. We also obtained
data on changes in water quality while a long time was taken to purify suspension water formed during the cutting.
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Technology Trend Survey on Treating Splashed Substances Used in Laser—cutting
)%
Shigeru NISHIO
Abstract

Over 100 recent patent applications focusing on treating splashed substances in laser—cutting were collected
and analyzed to review the technology trend in this field. It was found that all the inventions are based on the
existing technologies. In addition, no decommissioning—oriented invention was found. A game—changing
technology is required before the practical decommissioning with laser.
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Examination work for desensitization by laser irradiation of metal materials
[ EERE— R BT R
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 of cross sections and electrochemical potentiokinetic reactivation
(EPR) analysis.
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Laser Peening Effect on Improving the Mechanical Properties of Metal Additive Manufacturing Products
AR LR — R AR — B2 B AR,
Toshio MAEDA, Ryuichiro YAMAGISHI, Shin—-ichiro OKIHARA and Takahisa SHOBU

Abstract

To confirm the effect of peening by laser irradiation, we fabricated specimens by metal additive manufacturing
and evaluated the improvement of mechanical properties after laser irradiation. The changes in internal residual
stresses in the specimens after the laser irradiation demonstrated the effect of laser peening on the product by
metal additive manufacturing.
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TEW IR I DR bt D B3 G2 L7200 | FLER Y /N A X OB i 123 1 B 4 I8 A N 3 B2 iy D 52
FIAMEEDO RERAEFE R LR>TND,
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REDOHE
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L7 &R RITIT— RSN~ L o= U TR EIR LT, BT RUT, B —=0 7B 05k
W TR EATH 728 1S 5 1 03 8 m] i) — 72 5 A TITH L — W —ikh (SLS) X ZE A L7, Bk
S ATV DO —=0 7 I EEOYIEIIN TA1TH)ZEE L, X—AT L — R pBUAYEEI T CHY
HL72,
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JINFFEBR TR F IR AP T P A B 2 e e o 2 — P AT 7 e
ABFIEE, (D) B = —BhgE 2 —28 (ER) A AR T- e R OO RB R L L THEBL 2O TH D,
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AF L — DD THEEERK
Advancement of Space Industry by lon Beam Application
DARAR AR L O PSR, YRR S, SRHEES | ) 1| i fili— e e
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
semiconductor devices onboard a new generation microsatellite, while irradiation techniques have been improved
to simulate cosmic ray protons delivered from the accelerator. The experimental result revealed that all irradiated
devices 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.
Gy

B O/ N RITR R ZFHE L QD8R I )T L T AR A L7252 — A0 B £ 474 B
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DNZUTz, ZIVHO B A% @ AR R H T IC 1 D FHIEE B R~OHE T B,

&

s

FHEEICRMZADNEH, BHRIFICB W THFHEE B ROBGENEER SN QD ARAFZET—
< Tl BIEANCRESN CODAA L INEEEOTE LD EIFE R T OFHPEEEE R~ ERE Hi5 T,
AT H AR LT — AR OB 3 & LT B R R EE S LT 5L 801, B/
Tl B\ SR A I L QD B RS S S 3B L T A R NRBR A E i LT,

HiE

WYENTIE, RN ZE - KR8 Y75 AN O R CRESE L 7= L [FIRFZEIRH] DAtk L. oL RBFFERGHIC RS &
FH BRI AL A O & AL A2 S L D,

BFIAFEE L, HIENDAF NGRS AT N CFH B BRI R D) b E DY B v rabry
DE—LT7A4 (BT EAR =L —EY RS2 —R) (HE) IZBITDEm= T —f e —Alckb 7
AR RRER D i A DD RFFE Z BORL AT

FPIIab—TarEmELELTL, BT A aEE Sy — PHITS? THEEEL 7~ HE 232l —3iau ik
RICBITHRIREAER L B —LEFIH LI E R &2 i 352 8T, 100 MeV B 1 HiikRplZ 3517 2 m 8 R —
F L URHE (PE) OBGEKREL TOENE EZRE LT, ZHUCHTZ> T, =2 —rail A% PE @
BEROWNCEARZ 2L L, FHT —2 LR U e, o 7 AN RRBRIZ DWW T, (KR EL TS FI2
R - T3 DO RIFEORBRNG Y2 U Uiz, 7277 LalBHOIXERAE B T th OB EAE /NN TR 15
T HEMEER LT,

TEE

Ral—iarEmE L TIL PE DA SR (0.94 g cm™® 225 0.98 gem P £ T 0.1 g em® IR TAS) . A
JEZ (0 mm 7>5 80 mm T 1 mm [EIfRTAN)) /3T A—HE LT, PHITS §tHEZ B2 BEREIZBITS
Wi D=V ¥—D PE JE LB RS (K1), — 7, EBRD 100 MeV B 1-#% HV T PE JE4
AL E TV BRICAR LB & CoO v — AW J7 ARG - #5804 1d ., JE 2% 71 mm 735 72 mm O]

() B BRE TP FE o 2 — - WFFEB R - IR SR =R 2 (AW) BB =3 — B SE o 2 — - AFFEBR JE 0 - i f=, = v —1
> (BR) - BFIERISE B 20— NTETR Y L— 7 R SRR I TR RS M « PSR B A
AHFFEE, (A FPHE = RN —MFJE e — DRI D OZREIIZEEL T, B —L > () L R THEML b D TH D,
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THRE N KIE 2> CLEIZENDND (X 2), ZOZEND, 100 MeV B H#RIZ2OW T PE BTt 71
mm & 72 mm OICTREENHDZEN DL PEOENIE A 0.94 g em P &> TRWEWZ S,

ST NARCNREBE T, 20507 32— afERBIE AL, =R — (20~80 MeV) &b — AGRE
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1) BBV —TE 2 — 7L AV — R http://www.werc.or.jp/newsdetail/img/R021026press.pdf
(2020)

2) T. Sato et al. Features of Particle and Heavy lon Transport code System (PHITS) version 3.02, J. Nucl. Sci.
Technol. 55(5-6), 684-690 (2018)

3) K AN, BB =X X — SRR B3R, 24, 41 (2022)
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Proton beam tolerance test for micro—controller used in microsatellite
FREEE LRSS ST B AE | PSR, AihEEske
Ji Hyun PARK, Kazutaka YAMAOKA, Takaya INAMORI, In—Seuck JEUNG, Satoshi HATORI,
and Ryoya ISHIGAMI

Abstract

We have studied radiation tolerance for micro—controllers which is planned to use in the cubesat developed
by Nagoya University, and have been performing verification of the occurrence rate of the Single-Event Latch—
up and Single Event Upset (SEU) by the irradiation with Helium beam accelerated by the synchrotron and proton
beam by the tandem accelerator.
Gy

AR RFCTHRIELED TWDHF 2 —7 Y MU T ED~ A7 mas b —F15x$ 2 B it o iF

FEAToTo, ZIVETIZV 7 I ERIZ Z DN 2 — ARG L2 7 DR ER I L ARG -2 — A HUH
AT, Vo T NAR Ty F T 7 (SEL)RCT 77y MSEU) A T DB IZ DUV TRAEET T> TUVD,

&

s

At BRI T/ N E OB CTh o2 —7 Py MBI A 2 V2B F L Q0 D, 8/
JETIE COTS EMEENDRAEIR MBS SN, FHIA VR —Rara—4 LIl lans~ A2
VR FPGA LW\ o T B EET /S A AT T 5 OFEH IR SO SR E A TR A L TS g, 4Rl ST+
A7tk STM32 <A ANAZ DU THIIE _EFG1- ~U T DA LT 2B A T o7, 2021 4 11 H 24 HIZ 220
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\ZH T DAGEERHD 8 MeV B8 — LA WRE LTz, EHOH 77y 7 A1X 1008 /ecm?/s LLFIZZ., B 1R
R OBIIIMPUF v 7 R E DT — VRMIZEDED R EMEE72T 720, T X%y 7 LIZIREETH RS 24T
STWAH(H 1 2R, B RLF—IL 8 MeV(TF¥> 7)., 3.86 MeV(TFrv772L). 1.55 MeV(Al 0.4mm+
T Xy ) ThoT, ZNHDMT 1% LET(Linear Energy Transfer) C 0.04-0.13 MeV/(mg/cm )5 hiaL TV 5,
SELIIFAE LR -T2 DD N SRAM O 777 AEIRICEZIAATS 1 Mbits O F —H(Z SEU 23 HLbi7=,
X212 LET 1Z%19°% SEU Wriifga ~U AOFE R —FEITR T, ~UTAEIZIZFRLC LET [Z6H00 b o3 11
DFFH 107 ~1071 em?/bit & 3HTFEEE/ NS, ZOFHEL TNIT LD F RV a - CREEL T LET 28K
KIRVIBDY, ZATE T TIREWA A TER, REFRE RO OBESNLHLE Eo SEU L—MT 1 HdH7ZD
8 [E&720 | KRERFIED72WFIFHIZILED,

=
/N BB O STM32 ~ A2 DU I (G-I EZ TR L T, SORDBMRED T | 5 RIT IR
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Radiation Tolerance of Space Radiation Measurement Devices
FEREILTE ™ AR KAE* | PRI, 2R TREBE | R g A e, B A,
DKRAR | AR O] I
Hiromitsu TAKAHASHI, Taishu KAYANOKI, Ryota NIWA, Teruaki MORISHITA, Hiroshi NAGAOKA,
Teruaki ENOTO, Naoki TSUJI, Kyo KUME, Satoshi MIZUSHIMA and Satoshi HATORI

Abstract

For scientific observations on the Moon and in lunar orbit, we are developing the MoMoTarO radiation
detector for lunar water resources exploration. We irradiated the scintillator detectors for neutrons and gamma-—
rays and their circuits with the 200 MeV proton with total dose of 10 Gy simulating the space environment,
under which all of the devices was confirmed not fail. Guidelines for the future circuit designs were also obtained.
B

A=A JEEELEDLORFELINO7-9 | a1 XA AKEJRPEA FHAGT R E ZF MoMoTarO ZBA¥EL T
Do FHBRBLAMEL T 10 Gy @ 200 MeV BB —2& AL, T HBIOT U~ o FL—2H
FREZDRIEENRHEL 2N E BIOS R ORI G O E 157,

I

Ha
HERE 7 07 I LT VT IAGHE NZEY A E 0 H R LOFABLI O TREMEL BET S TV o,
T (TP L &2 > THRFE 2D D H K G IRIRE FBUH R E R MoMoTarO % HZikViA A, k-
XA =M FHll T HIE T, HOKEIRRA, 7~ S =AML, PO E R E 27T TV,
Z D78, MoMoTarO # g THIH 3 DB FREL AT OW T, B BRI ATV B BRI A R AT L7z,

Fik-tER

MoMoTarO & FHEZ B2 U BRI DUV CRHIE 95 &, NASA 2357 D D F H U #R D FLEED 01l £ 0
A VAR LRO OB IS, FOMEIL 10 Gy BRELABEOND, ZDTOAMERE L 200 MeV B 1% H
WTL U UATHRET LB 10 Gy WA 375 1.7 X 10 protons/cm? L _FD R Z LR L7~ BEWIT. —
TR DY o F L —& (P BEJ-270, o ~# A GAGG) . MPPC Stk g%, BB+ 5Bih. [ ER TH 5,

FERLL T, EOR IOV TH RN I DM ERIIRAE LW ZEMnfERsnz, Py FL—22o
Wi, MPPC SRR D /A R G BRI L T-2 8T, T~ ORI RR I AN H D Z &N
otz Stk B RTZA=2E O R ETHOEEBIZ, Bl CTHMETE TN~ #E FICEb L TLE
DIV Rl —ary CE RN T 5, T~ AT TF L= ONTE, T F L —F Dby
7T RDEBENIRN - PO TF L —RFEF- LD —RF T AR T 12D 5,

%:él:

)

A< A A EHLED SO R BRI 0728 MoMoTarO A& HH 25 CHIH 2SMRETE IV TOD SR SE T DO S s#
MPEZ TR~ LN TEIZ, o F L= RHEGROMERES LD IRBUZ DWW T, B/ ST A—Z70 8 FEE DL
B& Aoz EBRNSRHEL T, 584875,

KBRS et B TR B AR - B T A B SERTZERT - AP AR B ARBL G BN 1 JE AR T — 4, (A ) A =L % —
Wrgee 22—« WFJEBH S840 - S SR =+ () B = 1L 6 — W gE o 7 — - T SE B 50 - i 2

ABFTENEL TR B R L(R AP = R — B JE e & — DI RIFFEE L TEML LD TH S,

ABFFED—E0IT, BWF — KRB B T SR 07 T A0 BT T,
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COTS YR T /A AD 8 A/ V26— fuf AL -1 22 M (B8 32 FEBR A R AT
Experimental assessment of the resistance of integrated circuits to energetic charged particle impact.
JEBHL | B L Tsal FAJARDO*| Rafael A. RODRIGUEZ*, ik H 23! | # LB 3 B 1
Riko WATANABE, Kei-Ichi OKUYAMA, Isai FAJARDO, Rafael A. RODRIGUEZ, Mika ORITA,
Ayaka KAMIYAMA and Satoshi HATORI

Abstract

In general, commercial off-the—shelf (COTS) semiconductors are not easy to withstand the harsh space
environment sufficiently such as cosmic radiations and short wavelength ultraviolet rays. For practical use of
COTS components in space, strict design methodologies such as Radiation Hardness Assurance (RHA) are
imposed, and systematic approaches such as simulation, screening, and testing must be performed before launch.
Application of this methodology is not practical for small spacecraft development with limited schedule and
budget. We conducted our study for the purpose of a method construction for adopting COTS components for
small spacecraft. Specifically, in addition to PIC series microcomputer, Raspberry Pi series microcomputers
which are expected to be future microcomputers, were irradiated with protons from 20 [MeV] to 200 [MeV], and
their radiation resistance was evaluated. Through this test, we were able to establish an evaluation method for
COTS semiconductors, and its validity will be evaluated by a space experiment using “Ten—-Koh 2” scheduled
to be launched by an H3 rocket.
Gy

— AN, PO AR T - i AL A3 AT e A BE A5 i (commerrcial off-the—shelf, COTS) [ Zf/INE ),
A L2 | 7R R AR R A 7L | REGPHH D DI K T o F i U AR SRR LW o Tl B
HIBR BRI A0TIRf CEZRW, B A G CHEFIH 27280 | FG R PECRGE (RHA) 72 & D & 7237 &
FERDBEDIL, Yol —rary A7) —=0 7 BRUOREBRARE KRR T 70 —F 24T R E L
RIT UGN, AT Y 2 — Lo P A RO TOD/ NI BRSO 6. 20 5 iEim o I3 H T
X720, B0 4 R P L — i SEE L 2 — STl COTS KBS FEIRI A/ N = dr i i
LD DFMALSNIAR R FIEDHENL A M o7, BRI, PIC SV =A<~ A3 AR, fRk~AaLLT
W& CUVA Raspberry Pi S —X <A1 20MeV 235 200 MeV £ TORE T2 MRETL . R 22
liL7z, ZORERZIELE T, COTS HEARD FAM T I FIEL ML TE, Z DR UM HOW I TATI2)
Ze R 5 2B CRHEi 972,

I

S
BLAFZE s (LN L3RR SBRFE L2 TL AR A2)13 2014 45 12 H 3 HIC H2A O 26 ST/ N PR
BENIOSS2 FHREVEL TIT BT S IEFH RIS EIL TWD, i O TRIZESLZ T CTAZY JIX[F 40 54%
TINWSE2FHFEVEL T 2018 45 10 A 29 HIZH EiFoiu, KGR/ NI 2 EBEREB NS 21T-
770 ZHUD 2 DOFHED FHIMHT AT L~ A=11% PICI6F8TTA & PICI6F877 TV, ZAUITF i Kk
MHPEICEIL TR, Bk & 2/ NUFEHEIC S S CE7-, LocL, CPU B 20 MHz, AEY 8 KB LKL VLEL
HEJI CHAHZEND, RERMWHEEZ AL, D OFHREEMMEICEN. COTS £/ OB N L EN TX
7o FHRRRIE, SR FH AR (GCR) . KEFRIF-H (SEP) 72 EDBRE R SN CuNd, 2SS B £
F TSI TEY, 20X @=L — ] R -3 P8R #2235 L, SEE 3152 (Single-Event Effects)
EREE D — RE R EE OB A R B PR T AR T D ZEMBHONIT /2> T D, Fo, —AIIZ, COTS £
FEIRIBE O HORHRR I AR, BAFE, BLBFZEEE (A AR X TLAZA2), TTCATO D%k DTTAZS
2 1ZBRFELTEY, 2T 366 mm X 226 mm X 100 mmdD 1 XD WeU Hlf 2 T HTV-X f) Bt S, H3
4y N CH B FPETHD, [TAZD 21Dy ard—oi, COTS Y8R T /S A ZADFH Br B M ME A 24
L., HiERKIKHE ECoE LA B CFEHEA~ORRAEILR T 528125, SF0 4 4B ¥ —

AR B A - AT AR, 2 () BRI L — AT e & — - T TR B R - IR SR, () B L — TSR
T — RIS s 2
AWFGENE, BARFE T AT H LR (A PRIE =L =5t 2 — O IREIFFEL L THEIELIZL DO THS.
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Mot 2 —wF%ELEO I28175
GCR, SEP @i, 72N RIFE D
181 TRV X — faf B R R 0D R A
ITEFHICEASNSFEHEOOE
lE PR LI 24T 0 B BR JE Bl ff B 7R 8T
BT AR N 3 X — i O B
B2t 5 BB an O it PR Al 2
HR)ELZH DT, A BT H %
FEDUNPIC16F 18877 & Raspberry Pi -
Pico ([A] 125 MHz, [A] 256 KB) D 2->MD~- 1 58 B TR OO 5 L X — R R T T L R AR R

1. 3B H i B L OB 715

AFERIT . B = R L X — 5L & —(WERC)D »7a ka7 50D 200MeV B F#i% AV TIT->7-,
R E — LD T R/LE =50 200MeV B f-fja =R NX —F 7L —F — Tl 4528 T, SRR
FBLZ 20, 50, 100, 150 MeV IZFRBEL 7=, MUREERIL, JRAIS =X —I1Zxf LT 30 | 60s D21V E LT, &
1 DA LT85T PIC16F 18877 & Raspberry Pi Pico BF#IBE 24T\, =T — LR 21T -7, £
Bk iE OB A X 1R,

#1 PIC16F18877 33X} Raspberry Pi Pico \Zxf9 % M54t

PIC16F18877 Raspberry Pi Pico

No. Beam Fluence Beam Time No. Beam Fluence Beam Time

Energy [p/cm?] [s] Energy [p/cm?] [s]

[MeV] [MeV]
1 20 3.29E+09 30 1 20 3.23E+08 30
2 20 6.55E+09 60 2 50 2.70E+09 30
3 50 2.98E+09 30 3 50 5.67E+08 60
4 50 5.97E+09 60 4 100 3.11E+08 30
5 100 3.15E+09 30 5 100 6.22E+08 60
6 100 6.30E+09 60 6 150 3.24E+08 30
7 150 3.27E+09 30 7 150 3.08E+09 30
8 150 6.53E+09 60 8 200 6.08E+08 30
9 200 3.62E+09 20 9 200 1.22E+09 60
10 200 6.34E+09 35"

*1 : To make fluence conditions equal to other conditions.

2. LRI F OGBS 3L
AFABR Tl PIC16F 18877 12l %., Raspberry 1.00E-04

pi Pico OMRHEREITo7-, LRLO@Y, ZH o 1.00E-05 .
52 SOV AATFEM HEENRL, TN 5 100808 .

FERF ORI TAZI2 ICHsHSns, | § 10007

§ERBRO#E HL . PICI6F18877 & Raspberry Pi = 100508

Pico 1ZEbICH TR E T, —@D SEE  § "OE®

MFAET DA RN, $7-, SEERRoR  § 0 * *
'ERESRIT SEE REMTERL o (B)CREEL, 2§ 0 * RPIPICO

(D) TRkd7z, SEE FAWHFE o (B)DFEYT g 1:2:2 + PIC16F18877

i H°5, PICI6F18877 (X Raspberry pi Pico e~ S~ _:E:zzt:l ::Z::s??

~ SEE MHPEICENDLHIWTTED, 72ds, 7L ooes L e
T ADEAL X [p/cm?], SEE WriEifE o EALIX 0 20 40 60 80 100 120 140 160 180 200
[em?] THD, Proton Kinetic Energy E [MeV]

B 2 5 P A RS 3800 5% L — i TR
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Number of events
o(E) =

Proton fluence M

F7=. Raspberry pi Pico ([ZBWTIE Y MNERD T —721F Tk, T3 AR EEE IEL TLEIEV)
TI—HLEENT, BEEIE LA I HERENTHIE T, EFICT — 2O AHLNTELZ L H -T2, £
LOGE BHEEWEE LS Z -7, Bilia SEE AR mfE(RE &, ftlhz v — 2R EHPHIcxL
TOTT—R)EL ENENOUERKD g & [X] 2 |- LT,

LAz A2121E PIC16F8TTA A3, [TTAZHITIZ PICI6F8TT NENZFNE SN TERY, Zhb 2 DOFH
BEIZFTHAD B E R CTETI22EMD, 2 DO~ A NFEHEBEMMEEZ AL QDI ENEF &5, [TAZD
2 NI FH# H FE24E D720y PIC16F18877 & Raspberry Pi Pico 23 # STV, A EID COTS FE R
MFENZ Y THLZETTAII2 ) E AW TH EiEER TR T D,

)(ﬁi'j:

)

ABIOMFZEIEL COTS -8R %/ NUFH A6 35720 O R HRRE O R 5 kO M 2 HHE LTI
7=HD T, PIC16F18877 & Raspberry Pi Pico @ SEE A=A 5N TE, PIC16F18877 D& L=tk
M2 fE R T 7=, £7= Raspberry Pi Pico [Z DWW TIXENMERE L - B O =T —3 %3 LTV, SEE FAWr
AR ES REWZEND, =R/ — i R 22 PE IR & B 72, ABFZE TV PICI6F18877,
Raspberry Pi Pico 1%, BLMFFE= TR PO/ N THE T TAII2| DA a—REist L TH#EILTE
D, FHZEM COBEMRCT T — R AE DML FZBR MR T 5, ZOMENTHE R AR CEX L7 EER
EEA e G L . COTS AR DOFH BRERM M | FRIZ I BRMHE O RN FHEDOMENLIZER T COEZD,

235 ik
1) Isai FAJARDO,Keiichi OKUYAMA,Rafel RODRIGUEZS et al. Validation methodology for the adoption of
microelectronic devices for Nanosatellites, The 34th International Symposium on Space Technology and
Science (ISTS), (2023).
2) European Space Agency, Single Event Effects Test Method and Guidelines : ESCC Basic Specification
No0.25100, (2014)
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2.4.1.5
B /N B R R T RR O T S R T R A
Investigation of Radiation Resistance of Semiconductor Devices for Nano—Satellite
IAAR ], ST A2, B —*1 | ACKAR3
Takeshi MATSUMOTO, Kent NAKAZAWA, Shinichi NAKASUKA and Kyo KUME
Abstract

In this research, we investigated radiation resistance of commercial semiconductor devices for Nano—satellite
by proton irradiation. These RFIC devices have sufficiently radiation resistance and were found to be applicable
for spacecrafts including Nano—satellite.

B

ABFFE T, /N R~ T D RAEB IS~ T N BRI 21T B SR RN 2 S e L 7=, %

DOFER . RFIC [ZOWTIE 3 7o i Bt 2 A L TR0, TR ~DO# A AIRiE ThAZ L& MR LT,

&

s

/N BICIT <O RAT MBS ERASIL T, Filo RAE -5 5 OF H s~ HIZEEL T
1%, TOEEMEFEM N EETHY IS R OB 2T LN HEE TH D, AERTIL, B EH
T EL WD EE R AERRIERFIC) LY SD —R2f~7 b B EITV, 2 T AU M R A5
L, BAERBERE L, TOT —2&2HLE2, MESNOHEINE L TOT T NARUNHRREDFE
JE L Z DD E AT BN LT,

R DR

ZahrOREE L —1T 20, 40, 60, 80 MeV, 777 A% 1 X 107 protons/cm?/s., FEETHFREIIE 20 MeV
T840 b, 40, 60, 80MeV T 660 FheL7-, ARMGSM: T T 112779 RFIC & SD 7 —R2{#(SD1 (Panasonic
#8 RP-SMHA32GJK) & SD2 (ELECOM #1884 MF-CAMRO032GU11A) Z ek L T b B EZ T -7,
2 [ TRBAER TR, BB AHERIED S TN AR I BRI LAYy MR G D[R H A AR LT A 5
ZFR VTR T, BEHRERO D, AAESNARE#E (A 8 EH0E) 12380 D50 2450 BN FHT B RS ESA 3B
F 7= —/ L SPENVIS & W CHEFR LT,

FENT DRGSR, S T INAROIASEE L, RFIC TIX 0.74 [8]/4EREETHY, SD1, SD2 Tl 18.56 1] /4F
EIRDTENENENRIEL DI, SD1 X, N7 7 AL AT AO—BERRG TE7e<720, 80 MeV D
S, U —=Uey L THT 7 BATT =Dl IR L Ze oz, BBRT% . thoFH 5 (PC) I L SO L LT
T —R BIEDRFRFRT SAAL L RIS IV o212 K AMEN A LT=LE 2 BN5, SD2 1T@Fhn7
FAIVY AT LD —ERNEG TEARLI2 o728, 80 MeV D FEBRHK T b EXIALBEIII THZ LN T, AR
HB OB TH I —RITERFRENTZA, PC ITHEGL CT 7 BAL TALELHDRR 77 AL RRAELTEY, it
HEXUT 7 7ANVS S EEERICAR Y b7, X312 SD2 @ PC TOFiA H U AT,

Ea

B2 T ED RFIC & SD H—R T a b BBEZITO, BRI E R 2 e LT, Z DR HR, v v
ARV NHRIZEDY By NG HE ECRAET A ENTSIL, RFIC TiX 0.74 [BI/4FRRETHY, SD1,
SD2 Tl 18.56 [Al /A& 70 DhE R AT,

REIC IZRIL TIE, VY NEIREOBCY vy ey O FEEE1TH Z e T F B R~ O H 23 A 58
ThoHEFERATTOND, — T SD I—RICOWTIT U T IAARVME T HICHOFT — 22 RERLIZLZA,
KK ESRL T —Z DRHRN RS2 L5, A SD O EFHEITEEL VW EE 2 Hid,

I, N TREZEOEBEEEILPHEA TR, KEERLFT AASDERE @ EV Db D, RUFFEI TR
L7-BAE SD —RIE, FBARNOHNE BTSSR LA o708, Bl ke i TN TRER KA &
T IRAADPEEITH T ETHD,

*UFURRF RS BE LR FER - 2 0 L, #3 RS — 7y 2 A= 52 (A ) B E = R — i Je e & — - WF 5B
FEHR - IR SR

ARBFZEE, FRKR L (AM) BB T2 — W 5E o 2 — O L FNFFEE U TEMELIZBR A & T, ARFZEE, RN FL TOD RS
FHAM 2R A BT (R B RE) TR R Z G T,
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@eSin. .al e || -D#{&R%.-a
@eS0n..al VIpv.sBE | | -D#{&R%.-a
I LAlY MinapvsB | ] -D#ERY.-a
DA LADY FVInane.s 5 | ] -D#{&ER%.-a
DA LADY FVInane.s 5 | ] -D#{&ER%.-a
v LADY ~qawiifher, L1
v LADY ~qawiifher, L1e
D DADY niziiiher, [a
[ LADY niziiiher, E| DATALOG.TXT
D DADY EVER I i
Vip3 =7 - EVER I [ was %702
Vip3 7. - - s awiilh-r, ol
Vip3 7. - - ~qmfilh-r, ol
Vigp3 7. - 76 ol
Vigp3 =7 - TG ol
Vind 7. - =wal-aid | M IE- ol
43 SD2 ™ PC TD

FoAr H UG
#1 AR

%1% | Energy(MeV) | Flux Fluence |H ¥ Fluence/4E | FE Y44k | AU Nk [ AU MK/
RFIC 9.99E+06 | 8.39E+09 1.42E+10 0.59 1 1.69
SD1 9.99E+06 | 8.39E+09 1.42E+10 0.59 11 18.56
SD2 20 9.99E+06 | 8.39E+09 1.42E+10 0.59 11 18.56
RFIC 1.01E+07 [6.6TE+09 4.92E+09 1.36 1 0.74
SD1 1.01E+07 [6.6TE+09 4.92E+09 1.36 10 7.38
SD2 40 1.01E+07 [6.6TE+09 4.92E+09 1.36 4 2.95
RFIC 1.01E+07 [6.6TE+09 2.12E+09 3.15 5 1.59
SD1 1.01E+07 [6.6TE+09 2.12E+09 3.15 11 3.49
SD2 60 1.01E+07 [6.67E+09 2.12E+09 3.15 4 1.27
RFIC 1.01E+07 [6.67E+09 1.29E+09 5.15 6 1.16
SD1 1.01E+07 [6.67E+09 1.29E+09 5.15 2 0.39
SD2 80 1.01E+07 [6.67E+09 1.29E+09 5.15 1 0.19
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Proton—induced Single Event Effect on Si Semiconductor Devices
SRABROR™ A& LB 72, KRR, Briiis 2, P S A KR
Keita SAKAMOTO, Kozo TAKEUCHI, Shinko SANDO, Satoshi MIZUSHIMA, Hiroyuki SHINDO,
Satoshi HATORI and Kyo KUME

Abstract

Large scale integrated circuits (LSIs) manufactured by cutting—edge process technology nodes such as the
16/14 nm FInFET process are expected to be applied to spacecrafts. However, there is concern that the soft
error rate will increase in space due to single event upset (SEU) induced by proton direct ionization (PDI). The
influence of PDI on planar devices have been reported ', while there is lack of knowledge of PDI on FinFET
devices. Although we demonstrated the influence of PDI on 16/14 nm FinFET SRAM might be smaller than that
of 20 nm Planar SRAM in our previous work ¥, challenges have been identified for proton flux measurement. In
this report, both improvement of proton flux measurement and the effects are discussed.
Gy

16/14 nm FinFET H# FIXFHE~OEHARHFFSILTOS23, 65nm K7 me A/ —ROT'L—FF
TIHEZ VX —7abh s LA EEEEE(Proton Direct lonization, PDDE K OFEENMEN 2T A EMLFH
2SR COTT— AL BT HIENRESN TS ¥, — 5T 16/14 nm A FinFET & 7-12%19%
PDI R DY 7 h T =2 DWW TI RS D 2 RMEB R B T %, 2021 FFITFEMLIZFEHRT 16/14 nm i
fR® FinFET 310 PDI M3Z%873 20 nm Planar L HEL T”NSWZEARIR T 58 RAG72bo 0, F
HEFEFH R ORERDEENULE THLIE2RLIY, AR Tty N7y 7 O ERESG RB IO Ek
DBy N7y 7T ENE L= RSB AR,

I

]
B 7T =20 N THIBEADDIRIAV T B COIE L | Bt Tl ToT #H&0 F2BUC T 7= Bl Hgh 3 it
ATWD, FHEIZEWTHIy a HRENE 2 G EAL CWDIRO T8 | &l i F - & EiE (s 241
16/14 nm FinFET 3 FOFHE~OME AN EIESNTND, LLARWE, FERERIFK (LSO SEU Mtk 7 m
AR ETIFETHA LT DEAICHY . EHIT 65 nm AR D 7 L —FFE Tl PDI K THIAEEICED
ZEDRHESNTWD Y, A CTFEEHZERNCBIT D7 by OLFELRIL, MOBFEL L TR 72, PDI
FL K OFRENEI LA CE R WL 22> TN,

16/14 nm FinFET (233172 PDI ALK D SEU i~ B84 ]~ 257-8(Z 20 nm Planar & [R—RE 5
HCRo X —F o b RS 2 T L7255 5. 16/14 nm FinFET 3+ ClZ PDI &K SEU DN/ NS
AREMEA R T D RE A 152 Y, L LN BHEARE L CHV = 16/14 nm FinFET SRAM O 5 W i £ 23 /]
&L, TF—E T DI BB TR R TV WD S IC I AR BT H D ATREtE b o1, 2 T4
FE, R R —T B 5 A R T 572D O R =T L7 ay 7 (PE) il th O FREHR 4 1 1L<
HRTEAINCIRE B T 7 H L, 16/14 nm FinFET #1285 5 PDI D 58 % 38 ~7=,

=B hEA
EEHU - @E‘?ﬂﬁ‘%?&ﬁ) EE& 3 PR W% %E) BS

E

TR BS BHH
il |, .5 E

1 EBRERADA A=V, () EBHwi, (F)EE %, PE: BEEHRI =T L7 a7, BS: Bl
B — LAy — DUT:HEEA,

*U(EIF) T2 AL Z2 AT ZE B FERRATE - AT ZEBH AR » 55 — R ZE 2 = b2 () FPE = L8 — R gE ko 2 — - WFFEBR JE 0 - IR SR =R, (4
o) RIS =L — T e 2 — TR BR R - IR =
AW, () B PE = V—BiFgE o & — L(ER T AT 22 D2 BH SR - D JE BRI P D LRI 7E L L THRIEL 72b D Th D,
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10 T T T T T T T

£ 1 Tar RERBROE YNy 74 @ 10} 1
B O RO B G S w0l o o ]
LA 16/14 nm FinFET SRAM 23 39
WO (KB 60 MeV DL st T ‘
DT ARILF— § = 10_18 ] & 0 deg.(before)
e 5t A EHEN D] ‘5 10 L 0deg.(befere)
B 0.8 V (Typical &14) -19 . . , , é 0 deg.{after)
HABT—4 Al 1010 0 10 20 30 40 50 60 70
Tl T N3EZ (K1) Proton Energy at Si surface [MeV]

HRBRSR (01 4) 2 16/14 nm FinFET SRAM O~ rx b iU =

JVR—ZkEF % SEU i o e F bt
e

Tubr BERRBROEy Ty T EK 1) IRT, rabnr TIEERSEREEL T el % 100 MeV
WIEL, AIAEEO PE IZEVEARDUT) ~O RS =L — %l LT, D721 28 HRTOIK =R
NFX—=7ar A REHBROEY Ny 72K 1 ()T, BRERIOEYNT Y7 Tl PE OEIBEICAA—T
77 —NMPYBZESEL, £D% PE ZEAL CEREE B L O ERE — ANy /S —(BS) TaE M &l E L
T ORI #E RO REHR EREZ R L Qe ZOFITFEOSE B L7 el 2 PE 2483
BT DA ITIZREZR O, PE BEL, —Ho 7 a b BB LW A TIEB R EIHN DL /a2
%, PDLEK D SEU 2811+ 5FEER DS | i ARDUT) DS T7 b 73 Bragg peak Z BT DB
DD PEITESEID515720), L7223 > T, BRATOMMER TIE—HO 7 ah i IEE-> TS RIEEM:Z
BETERD T, A BIOEY Ty 7 Cld, 1P BEFIIEERTEFRRIZFEME L 7% 12, 2B &1 ELTE
® PE ZEWIRBETHEEL CEHERE BS & THELIZRL 5O SIT 2/ TOIHE R LTZ, ZHUZkh PE T
—IOT Tl B IEFES T A TH R R ER L ELR DN CEAMHE LT, 72, W PE 2@z T
mCEBMEREEZITO%HA. BS % PE OUIZEWTHHELICEDBV ZIF LA RERH D, 207D, 1P
TN BS DR EN [E A2 FaTE e U C BB a5 2 & TR LT,

EHEATEO B i RIZITS 16/14 nm FInFET SRAM O 7 ke A =3V —|25%F3 % SEU K
Wi FE RO RS AR 110, EBREREZKX 2 122 Fhrd, X 2 27158, AROBRSMEICRBNT
134 CO MRS =L —OFIH CH 72 SR S O E NTBLII SN2 h T2, BN L2 TRIM OFf
RS RICHS<E 60 MeV RIS TCIE PE 252 RICHEB T 22800, BHE A W REOZRIZ RS
N NEVI TRTHY, EEOFRE R THL TR~ L7z, ZOEEND, kRO W IXEYNFEE Tzt
E x5, — T 10 MeV LU FOAK= 3L —FRESMClE PE T30 7 a b DM 1975 A REME 2RI S
TS, FEERFE R CIlIA BRI -T2, ZOFERNG A RIORERARDLE | KT /¥ —
FH& T TH T4 PE Bl 522N LT,

Ea

16/14 nm FinFET SRAM (23517 % PDI KL [K D SEU OFHIZ 331 Dk 1A O R BRI O 7-8 | JEfED PE
ZRAWTRT X =7 ah 2k T 2RIV TEH PE OESIUEFEE T —EDMEZ RS CE A E
EH L2, By Ty T EEOEELEZZ T2 60 MeV BREHRE RITLARTORE L F— L7220, MEE Y Ty
T OUGENFEBLTE LB 2D, A TR R — BRE RO FE RS LARTORE R A B ZN D o7 128
FREL 727 v d PE 2+ I Bl QWD SRS LT,
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B TR

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)
3) P. Caron et al., IEEE Trans. On Nucl. Sci., 66, 7, 1404-1409 (2019)

4) K. Sakamoto et al., FHETRNX—MEEZ—FR (GFn 3 L)
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Radiation Tolerance Evaluation of the Perovskite Solar Cell Using 8 MeV Proton Irradiation
TR AR S ET . S B
Yu MIYAZAWA, Ryoya ISHIGAMI, Shusaku KANAYA, Hiroyuki TOYOTA, and Kazuyuki HIROSE

Abstract
We evaluated the variation of the -V characteristics of PSC with elapsed time after 8 MeV proton
irradiation in order to clarify whether the lattice imperfections are introduced to the perovskite crystals by
radiation.

RRE I T A A MK E(PSOIZ I BRHEICH LA B ZE T R ENEAINDLDONEDE
BHSNTT 575 . 8 MeV B F-#i%a PSC [ZRRETL . BREHE L O -V Bk 2254 L7~

a7 2AHANKEB R (PSC) 1E, BB 7L XL 7L TEshRR K E A Ko AN CHEBE TXHE
DSEH IS ARSI TS, U IEBET 75 SO G SRR ERER Vel hn, ~a 7 21k
KB5S FE A AR T BRI 2 A 2 ZE BN 2> TD, UL, R IR E 1% 1258 A
PEDHE BT REAEASNIZ R ICIEE L7200, THTH KIS NS> T DN T A
Tholo, 22T, MEHEZIZ PSC TR ERHEICH L S SR I T RIEAEAINDLONEE LI
T DD ERREEE L7227,

REDEEE

M FERE IR K2 B A TR BRI CTERIL =N L I F A o _a 7 2 A M k23 B8 I v - PSC
(quartz/ITO/Sn02/CsMAFAPb(IBr);/MCP/Au) IZ, i FIZERWTC, 8 MeV B f-#a R LZ, —ED
R B2 IR Z 1, BZET v N ICRE LT A BT T AZEND, % 0 0%, 1014, 3 %I
0.3SUN T AMO A~XZMLDYe%H o T IR LT IVEMEZBUS L., B R IBETE O IV Hitko
MZEALZFANM L 7=, IV RRERNERS TR IR 2 BT, —E &R R ICERRHEE 35
ZEEBOIRUAT -7, K, FEAEETE(sc), Bl EE(Voe), #h =K1 (FF) D i #f F b Bk 7 A 7R
7T,

T . s 0 20F=—Trrrr y M 20R——r=rrrr -
_ Isc L Voc N FF .
2 151 4 215 4 L15F
1%} o o
£ ¥ £ 4
210 = @ e {210 ® & gad 21088 P
£ £ ] 8 = -
© ] © ©
E 5. ® Isc_Omin | § 05 m Voc_Omin 1 5os5. ®m FF_Omin
G 05 : 0.5 . 05 Al
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1 Isc(EAG ), Voc(BARFEE), FE(ih ==K F) D MR & ORAF R O e BAK A
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B 0 DR IZB W THEMKEIIZLIX10M /em? FTEETHY, 1x10'° /em? FTHIK FIXALNZ
Mool XD |EREEICEBWTE, X7 AU A ME RIS KM ITEEASILTORNENI ZERH LN
Tpolz, BACEE L f RN 12 RB8W T, 1x10M /em? BREHE I —FFHI7K FEZF 0% o RIEN b
TRV, Bl CAmDOLLEFENEZ > TWDHEEZLND,

BE IR

1) Y. Miyazawa et al., Evaluation of Radiation Tolerance of Perovskite Solar cell For Use in Space. 42th IEEE
PVSC, 14-19 June 2015, New Orleans.
2) Y. Miyazawa et al., In—situ radiation resistance evaluation of perovskite solar cells using 8 MeV proton
irradiation. 33th PVSEC, 13-17 NoV. 2022, Nagoya.

L (ERF) S 22 iR 2E BR R RS . 2 (B T = RV X — 8o & — WFIE B R - = R L — kB v —
ARWFIEIL, (EHF) FH ML 7 B S & (AR #5905 = oL X — e b 2 — D3RRI JE L U TG L 7=, ARAFZEIL, JSPS KAKENHI
22K04252 OB ESFT=bDTHD,

54



gt =3 L X — B TE L 2 —WF SRR (i 4 4R

2.4.1.8
KB MDA BEHZ 331 B BRSO & EEA
Improvement of lon Irradiation Technologies for Degradation Study on Solar Cells
A RFEE AR SRR, A PEERR
Mitsuru IMAIZUMI, Tetsuya NAKAMURA, Kohtaku SUZUKI and Ryoya ISHIGAMI
Abstract

Improvement of irradiation method for solar cell devices at high temperatures was studied. In this study,
apparatus and method for irradiation while keeping samples at high temperature and in—situ measurement of
output characteristics of solar cells were established. Irradiation tests with high energy protons and He ions on
an InGaP solar cell were carried out by using the tandem accelerator at WERC. The samples were kept at 300
°C, and irradiated with 3 MeV protons or 1.5 MeV helium ions. Simultaneously, output characteristics of the
solar cells were successfully corrected by the in—situ measurements. From the comparison of the results from
the in—situ measurement and post irradiation measurements at the room temperature(RT), difference of
degradation tendency among the three output parameters was confirmed.

Gy

KB AEIZX3 2 m iR PR EREBR E AR D 18] 2N 7G24T 72, A lIEiR TORS & 20 EiRE R
FFLI-EE CORBEMARED DG E IR AN LT, ZOZDGHAEEMZ FV T, InGaP KB #LIC
BIFLEIRTOBIRAICIZOWTRE LT, 207 2nEgEE AV, B BE 0 He UMird 22 ZEh
3 MeV, 1.5 MeV (ZHLEL, #UEHEEE 300°C THRESL, KEGEMO H A FEARIE LT, ORI, MEFEEIZ
Feha L 7o iR RS — IR (RT) JIE TORER LI LT, I\ FGA=Z T LB IS R DI L% L
L7z,

&

s

FH AR T ANARL, EOIyar OFHERICL S TERENZ T 5, FrlCEEREIZOWT
%, KEGEHLO ITOMNBIZIHEN THDT NARDOEE | RESET D, filx X, WEREEATIX 150~
250°CIZ, AR CTIE—170~—100°CIZ720155, ZOXHREREETO HERT NAZAOEMEIZIBIT D%
FHRO R B 2 X BIEEEE I DITIE, T OBRERE COMMRBHNHERE, ZOREREAZREL-F
FETOT NARFEDRNEN I L2 D, ZZTHIE], X2 T DR EGE DA T AFEANT o ITGEUR
TRETF X NNTOH I RHERIE R OV 7 Vit BB IO E B L=, $7-. TE AW T InGaP K&
Mz E L BUBHEE 2 300°CIZfRD 3 MeV B RIS KON 1.5 MeV He A4 (1 4l) DR ATV, T
ANNIZTKRBGEMD NI DOEACERE LT, EORER%E | EFEE LU (Bf 3 FEMEFER 2.4.1.9 &
HR) . He A4V BRI D % 300°C TITV, IR (RT) FTHAZICTF ool 2B L T 25°CTH %
W@ LT R et 21T o7,

<7y

FBHIIT, v — 7 InGaP KBEEM (A X1 em X 1 cm) 2z, ZO3EHL, 2t B4 v ot
MRS HZRETL TODH DO THY | ISR EITGEEE R O FFR oV T 72D F3EMM TH D, DT
B EIERBEE L TR EVY 300 CREEDOEIRZBEL CWVD, ZIUIKBEIEZS vy ar 7ol FHBREE
THLHVEHRETHD, — 5, B EL T Li ICKDEHTIIN 3 MeV @ °H 3, B [ZXHEHTIIH 1.5
MeV @ He AL, ZNBIZEDEHREALDEESN TS, A RIIFZNSE REPR ISR E L8, °H O
A BREHIREECTH DO ARFFRIZIB W TIAKF ORGSR LB 'H TREL, H, He OINE
TANF—THDR OB HENENEFL 3 MeV, 1.5 MeV LLTz, ZNHDE — L% %7 MIEZR T
L, A EAT PN ITHRE LIRS U7, BUBHEEE LU Tk, WEAE RS IS IR R RUEHE S RT. 200, 250,
300°C D 4 AKHAETHEERZ LT (1 FRMHRIE L 25°C) #55 . HAUEIA Bl R A7 b ivied 72
EMD, 300°CETEIN LT, 72, 300 CEVIEIRTD InGaP KB EMOIEFHEI{EEZ 2 E THEZEL TR
D, F L SN THART (A4 FRETRT. FIHLIREE) BB L ORI T (A4 RS . LIREE) (23 CTHE A8

*(EIE) A ZE AT TE B FEREAR « T ZEPH AR - BT JE = b 2 BL= AL RS, ™ (A BB = 0L — e 2 — - AT FEBR JE 30 -
TRNF =M =T
ABFIEE, (D) P = — W gE b & — EF U 2T SE B SR DS S R JEE L CRIEL 72 D T D,
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FGA—ZME (& ETR Isc, BIMEIE Voc, sx KBS Pmax) DIEJERIFEMZRITEL . 2 OIRE 2615 EAR M
GRELD 1 WREHIBR) 29528 T, 300°C TOIE FEfEA R LT,

FEREEE

B 11% 3 MeV 5+, X2 1% 1.5 MeV He A4 /1255 InGaP KIGE# o, FREHFECEHEEE 300°ClzRi55
3 O ST A=2F72bbLREEETE E (Isc) | BRIEIE (Voc) | Sx K&/ (Pmax) DHALFHETH S, #
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2.4.1.9
Tubh RIS TFH AM B BAE LD IR EF OWE
Measurement of Secondary Electron from Spacecraft Material due to Proton Collision
BT g
Teppei OKUMURA and Kohtaku SUZUKI
Abstract

We measured the secondary electrons emitted by proton irradiation on aluminum or copper plate. It was found
that the secondary electrons produced from the test sample could be measured correctly if the proton beam did
not strike the edge of the suppressor and collimator.
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2.5.1. FHRREIET O B #R

2.5.1.1

VF 0 NGRS F L —E—D M RE A
Performance Evaluation of Lithium—loaded Liquid Scintillators
ERARBHAL ANEERRORER™, NS B IR, EJFE—, o AR
Kohtaku SUZUKI, Rentarou OGURI, Atsuya KAWABATA, Yoichi TAMAGAWA and Kyohei NAKAJIMA

Abstract

A neutrino detector has been developed to monitor the inside of nuclear reactors and spent nuclear fuel. Since
lithium—dissolved liquid scintillators are used for neutrino detection, we have developed a method of dissolution
of lithium into liquid scintillators. The detector was manufactured by using the dissolving method and the
performance was evaluated.
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2.5.2. K& 723U X —DOHAMTHE 3
2.5.2.1

filfi - AR - BRER A IR LT 7y 7 K FELERE S0 L
Consideration of Catalyst/Shape/Environment to Improve Capability in Hydrogen Production by Ceramics
gAY, LB BEHW, P ER
Kohtaku SUZUKI, Bun TSUCHIYA, Ai YURI and Yoshinori NAKATA

Abstract

Hydrogen production by ceramics have been studied at the Wakasa Wan Energy Research Center. Lithium
zirconate absorbs water vapor in the atmospheric air, and desorbs hydrogen gas during heating. To improve the
hydrogen gas producing capacity, the hydrogen gas generation capacity was evaluated under the various
conditions of the catalysts, shapes of and ambience around the ceramics.
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AR A& W=7 =T A AR E OB 3
Development of Ammonia Synthesis Equipment Using Molten Sodium
M2
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. Furthermore, based on the knowledge obtained, we designed and prototyped a new
experimental device.
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() BB =X — T 2 — - SRR S T - AR B IR SE =R
ABFTEE, (AR B =X — 5t —DMEFF D DO X FEREL TEML b D TH S,

62



P el = L — R ZE o & — WS (5 0 4 4R )|

T REEAC TS LT BT K SE TR OB 5%
— BRI TIZ A8 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—
KRN
Kazufumi YASUNAGA

Abstract
The surface of hydrogen storage metal was plastically deformed by burnishing to introduce nano—sized defects

to improve hydrogen absorption and desorption property. Mg specimens burnished at applied loads of 20 N and
50 N showed that different microstructure and hydrogen desorption property.
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Development of New Hydrogen Storage Materials by Making Use of Nanometer—scale Structuring
- Deposition of Mg on substrate cooled with liquid nitrogen and ion irradiation—
PR
Ryoya ISHIGAMI

Abstract

To prepare hydrogen storage materials containing nanoscale gaps and cavities, we deposited magnesium (Mg)
on the substrates cooled with liquid nitrogen. Numerous fine holes were observed in the cross section of the
deposited Mg fragments. After hydrogen was absorbed into the deposited Mg at 200°C, hydrogen with an atomic
ratio H/Mg of 0.012 was released in the range from room temperature to around 40°C. A thermal desorption
spectrum of Hy from a magnesium plate which was irradiated with hydrogen ions was measured. It was found that
the amount of hydrogen released was about 6% of the implanted amount, and the release temperature was about
310°C, which was almost the same as the decomposition temperature of MgH, powder.
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Study of Hydrogen Absorption Behavior of Vacancies in Fe—Al Compound Alloy Introduced by Irradiation
Using Particles Accelerator
P SRR ARALE, R — NS kR s
Fuminobu HORI, Qiu XU, Kazuhito OHSAWA and Kazufumi YASUNAGA

Abstract

We have researched hydrogen atom captured in nano—scale atomic vacancy in the B2 structured FeAl alloys
as new hydrogen storage materials. Feasibility of the utilization of the accelerator as a hydrogen implantation
method was investigated. We performed electron irradiation for B2 ordered Fe—Al alloys using a linear
accelerator in order to introduce vacancy—type defects followed by hydrogen introduction by electrochemical
methods Furthermore, hydrogen ion implantation, which can simultaneously introduce hydrogen and vacancies,
was performed into the B2-ordered Fe—Al alloy. As a result, it was found that hydrogen atoms are trapped in
vacancies even in hydrogen ion implantation, but the desorption temperature of hydrogen atom is slightly higher
than the desorption temperature from single vacancies. In addition, it was found that even after 160 hours of
electrolytic hydrogen injection, the amount of hydrogen captured was not saturated.
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Abstract

The replacement of components of the tandem accelerator, i.e., voltage dividing resistors for the accelerator
tubes, discharge points of the protective gap for the resistors and tubes and RF driver for the generation of
acceleration high tension, was planed in fiscal year of 2021 and realized in FY 2022. Although the installation
of the new components shortened the usual 8.5 months term of use of the accelerator system by 1.5 months,
the acceleration voltage generation hours of the tandem accelerator reached 3156 hours, of which figure is
comparable to 3849 hours in FY 2019. Hunting phenomenon had been generated at a specified acceleration
voltage soon after start of the machine time. The issue, of which cause was identified by finding the change of
the parasitic resonances in the oscillation system, was fixed. The simulation of the cosmic ray by the proton
beam and ERDA for the analysis of the light elements such as hydrogen and lithium are given as examples of the
recent characteristic usages of the accelerator system at the WERC.
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Replacement of oscillation system
using electric tube forward convertor with MOSFET half bridge convertor
PUSHR IEAHE, P BRECH, Sg sz, ANERE SAA™, ) 1 1%, P Eph A,
SEHETARY, B, JEWURESS, Ak R, (L AR E
Satoshi HATORI, Masaya SHIMIZU, Ryuta FUCHIKAMI, Ryohei KIKUCHI, Keisuke OTABE,
Seishi FURUKAWA, Yuuki HANEDA, Tetsuro KURITA, Makoto HIROTO, Masao YODOSE,
Satoru KITAJO and Hiroaki YAMADA

Abstract

The maximum acceleration voltage of the tandem accelerator at the WERC amounts to 5MV, however, it had
been difficult for the insufficient power to generate high tension of 5MV. A type of DC-DC forward convertor
using triode tube had been adopted to the existing RF oscillator. DC bias and cathode heater consumed useless
power. For the generation of only RF component, half-bridge convertor with MOS-FET was adopted to the
new oscillator. The change of the switching method reduced the output power in one third. Output power of
existing RF driver is controlled by PWM, however, the duty ratio of new RF driver is fixed at almost 50% and
output power is controlled by changing the DC bus voltage. The fixed duty reduces the harmonic components.
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Introduction of new type voltage dividing resistors and discharge points
for acceleration tube of 5SMV tandem accelerator

PURSH 1 SEHEAERR L AR B IR | TR

075 I NN N EE B3 = =5 RN L i e N R 2 452 SN Do N | A o
Satoshi HATORI, Tetsuro KURITA, Hiroaki YAMADA, Makoto HIROTO, Masaya SHIMIZU,
Ryuta FUCHIKAMI, Keisuke OTABE, Seiji FURUKAWA, Yuki HANEDA,
Ryohei KIKUCHI and Satoru KITAJO

Abstract

In order to keep the withstand voltage performance of the insulating column support and acceleration tubes
of the tandem accelerator at WERC, we keep the potential distribution on the insulator and electric field on the
electrodes uniform. For example, the resistance values of all dividing resistors for the acceleration tubes are
measured and the mean values and the distribution are controlled. The surfaces of the all electrodes for the
spark gap (discharge points) are inspected and polished. For the inspection of the dividing resistors and
discharge points, which are mounted on the shield plates, all the shield plates must be demounted from the tube
electrodes. Mounting/demounting of the shield plates makes the efficiency of the maintenance low and causes
the peeling of the adhesive faces of glass insulator and electrode. We removed all the shield plates and
introduced new type dividing resistors and discharge points.
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Development of Digital RF Control System of a Synchrotron at WERC
SEHATRR
Tetsuro KURITA
Abstract

A new RF control system is under development. Using FPGA makes it possible to digitize and process the
signal all over the system. The new system utilizes MicroTCA.4 platform and AMC boards developed by
Mitsubishi Electric TOKKI Systems Corporation. In the report, overview of new system, progress of beam
commissioning and development status of operation interface software are presented.
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ToF-ERD {£& FIWUF U LAF L E it O AR/ BME N EIZB T VTV LA BB D
F TR EHEARBASE (CBE D58
Study on Development of Operando Observation Technique of Lithium lon Migration at Interface Between
Electrode and Solid Electrolyte in Lithium lon Batteries Using Time—of-Flight Elastic Recoil Detection

TR, mE L SRR
Bun TSUCHIYA, Katsumi TAKAHIRO and Kohtaku SUZUKI

Abstract

The migrations of lithium (Li) in multi-layers thin films of Au/LiCoOQ,, which were deposited onto one face of
Li;4TisSip4P26012-AIPO, (LATP) solid—state electrolyte substrates as cathode current collector/positive
electrode, were /n—situ observed using time—of-flight elastic recoil detection (ToF-ERD) after charging at various
voltages of 1.80 and 2.20 V. The ToF-ERD spectra revealed that the Li concentration inside LiCoO; around
the LiCoO./LATP interface reduced with increasing the charged voltages and became higher than that near the
Au/LiCoQ; interface above 1.86 V. The Li gradient region was approximately 30210 nm depth from the
LiCoOy/LATP interface. In addition the Li deficient region with the reduction of approximately 10% was produced
inside LATP around the LiCoO,/LATP interface with approximately 150+ 10 nm depth.
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TOF-ERDA % ViR iR 38 B O fFATIZ A1 72 DLC 0D s = il {8
Initial Study for Analysis on Oxygen Content in DLC Films Using TOF-ERDA
B Y SRR
Toru HARIGAI and Kohtaku SUZUKI

Abstract
The deposition rate of DLC films fabricated using the CO RF plasma CVD method with different He gas flow
rate was investigated. The DLC deposition rate decreased with an increase in He gas flow rate.
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2.6.3.1
EAA VBNV Va3 =y AE &I RS VI RNV — 7 LK FE O EAEM
Interaction of Hydrogen and Defect Clusters Formed by Heavy lon Irradiation in Zr Alloys
ZEKFN | 0
Kazufumi YASUNAGA and Hideo WATANABE
Abstract

Interaction between hydrogen and defect clusters formed by heavy ion irradiation in Zircaloy—2 and Zircaloy—
4 were investigated. Vacancy type dislocation loops were formed only in Zircaloy—2. Additional hydrogen ion
irradiation increased the contrast of vacancy type dislocation loops. This phenomenon suggests that the
hydrogen atoms are trapped vicinity at vacancy type dislocation loops and leads to the difference in the amount
of hydrogen atoms accumulated in Zircaloy—2 and Zircaloy—4 at higher burnup.
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Modification of Quantitative Measurement Technique for Evaluating Irradiation Hardening Using an In—Situ
TEM Observation during Tensile Test
fEoalt—*, AR
Ken—ichi FUKUMOTO and Ryoya ISHIGAMI

Abstract

A method for estimating irradiation—induced hardness by computer simulation using a reaction kinetics model
of the point defect formation process was investigated for the development process of irradiated microstructures.
Based on the experimental conditions used to observe the microstructure of and measure the hardness of ion—
irradiated stainless steel model alloys, the reaction kinetics calculation simulated the process of the development
of the radiation damage microstructure. Under the assumption that the main process of irradiation hardness
increase starts from an interstitial spot defect, the defect microstructure development process was also simulated.
The hardening increase derived from the simulation was used for the verification of the hardening model.
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2.6.3.3
FRST R B T B G D IRSRAIC LD EZR & P B 22 R4 N R T LD 18 AT
Evaluation of Tritium Retention in the Fusion Reactor Vacuum Vessel
According to Comprehensive Modeling of Irradiation Defects Migration
V1Y NI = RN 2F ¢ X
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
influence of irradiation defects on deuterium permeation behavior, deuterium gas—driven permeation experiments
were conducted. Due to trapping of diffusing deuterium, it took longer to achieve a steady—state deuterium
permeation rate. Moreover, the decrease in the deuterium permeation rate following the removal of deuterium
gas on the upstream side was delayed due to the process of deuterium detrapping from the irradiation defects.
B

R G IR 5 —BEGRI B T D2 7 AT ATKIL R — T uh A4 v — ARSI L0 BT K il
vt NNV & 3751 [N A N NV 5t b A YA S I EE RN (10%- 7 Tt 11 Bl <8 o B/ T N R TN
FKFEDOFIED T K F G LA E FIRRBICENE T D ETOR MR D, HAKFED K K Fa O
i 322 L THEKE T AMAGE LB O H MK T 35728 O BENBIERSNT,

&

s

BERLA IR IZ 380 T, HZERZHIIB T DREIN 0 AR & O @G EEREM X, 15 > AT Ak GO i fis
FVFOWGE ., RO 7D BB ThHD, TN ETIATo =T RBI LT-4 0 7 27 h D E K E
BRI SRR, #2727 OB KA KB RN DS TR SN D ZED RSN, - T, JFIEERIC
FEO BRI R [ E R EE ERAICABELDZENTENUE, BERRNN F U AR &N TR TREL 25, 22
TARMFRTIX, X T AT RO RS RS RENZ B EL T, 7 ah v — AR ID R GE AL
VT AT ATONWTEHAR B AR AT,

£

ARFEBROFENCIX, =73t/ 2 7 AT fE(E R 25 pm)Z AV
Too ZOEE ¢12 mm ([ZHIV L | G BLFAITTERTRR E 00 K FRRIALAR
W TRz 1 A R 2 [ D B 28 N NEME I A LT, B2 OB IR,
E LB G R ET I ERIFIHASTODEE T, A UE a3 §
(L ICF70 ks CHZLRICHER RSN TIHY, ~6x10° Pa FREDHEZE FTHD J o Inevcrmscme
IEAH ATHE o, FREHE 900°CT 6 FEIIIIEMARES N, EIETOINS | Ria—nomesie
I, APETRNF— e —To T abv— L RE IS
7

T — AR T RLF =3 4.5 MeV, 200CTITbi, )
TEIRAEIE 0.73 pA T, BEFERIITH) 30,000 B THY, ZO MDD, 1FT
SHUR ST 1.3x10° dpa THHEFHST-, om . RGTEEE

REHIA I BRARPERIRFTC R biAL, KRAM AR | ixease @ N 22502,
AR B O K KR RE BRI ICEA S, AR EZRL@ITT Ml iiels
T K RN E BRI ARG IR o T0D PRIV IZAT ) b o e et et =t
LUABT, VOR I LR TG, AR g2 SRR
BT, ZOEME LTIV T A St F— T TUB, P MBI =5

1)

R LI FIR RS RRIE A - B AREHAIF FEREHE « A A BB ZE AT - ~UAVEIFZEER ., 2 (W) BRI = L X — W e 1o 2 — - A SE B 6 ¥l - =
=R L —T

ARRGEIE, RFIEEF SR E N B SREHEAT SO Al & B A e & (A ) B8 =3 L — i gt 2 — O3 RS LTI L 7=
HDThHD, F-. AWF52IE. MEXT KAKENHI 21K13903 DBk A2 7-,

84



B pieis = L — e o & — R FRAE R (i 4 4]

BIXENENREDZ —R TR 7T THREN TWS, BB TIL, b—2—IZ LA MBVLELD % | 3Bt
F CEFRAAND \Z KRBT AZ AL, W% i O 0 CRHe) N OBEEL 7= Bk R A% E &0 0rat (K1(b))
WZCRHAIT 2, NRIEC A N O BB EREHT B3 L Z BAEE 24 AL T, sk i O BURHE L 21 21T E R 2RI
T 5, Flo, BT DHARFE T AL V-Zr-Fe fH5w(FvF—) oy gmperature (K]
(RS- EAKF L, AL MBT 52 ThBiSE, £ : : : ——

—
<,
®

BT, ZOB RROBAENTECREHIEIZZ IR L S orf N\ o rmvomid

RIECHEBL L& CIARI RERFEO MR \

. EHELRIO SV T 2L T D2 L CRARAAEREL L £ | % ",

BICBRRSICBE L R RBRBIRA L Ui, ERORIEIE T00- 29 F e, a,

1000 K DOHiH THHEL 7, £ 0 %% ,

5 10" ®

ﬁ%'%% A o . IF.L\ueYaI.JINM2014 o

2 1TINEVLER 3 23k K OSARLEE R B 0D B K 3535 8% e ke

HOWR R T D, AR TR, BRI RN b DD N
FRFEBRRINI L O T — 7 Dol mE gL 2 RRHI 727 BHIR G
THY, UKD, KRBRIEE R OVE RS oK EICE AR EBEEOR K
BEITZ2NZ DR ST, '
INBGLIRD Ip A AT T2 AT 3B D K E N A
SER B AR £ Tk BB ORI b AR 3 10RT,
HERIR LT 773 K, EKE N AEIT 67 kPa Thb, iR
BRARS RN K BB A BLELS AL, ERIRAEIC R L
TUD, 500 FORREE Ttk fE 23 REJFHD L TnaD1E, |k
T O EARFEN AR LT LB Th D, T, 71
roE— LB L2 72T 3B 773 K, EBKEH AE
53 kPa (21T DHEKZN AF ARG a2 4 (TRT,
A(a) | TR BRBRAG T % DO TR F B L bE . K 40b)iE o
EHICEES . LR EAES AR Lo Bk ks 93 RTINS
O H LK Thd, [ 4L 3 #iikds  EARREBEEOL
L RBERE T E R — AR TIE B OB i &
E IR ET HETORE N KIGIZE RN TNDLIEN D (a) ‘
(BRI D 27— LS BIRHZ L ICHEB SR, £, R
KA AP D AR B E O DR > TS,
ZDOZEF, BT AT oY D E KSR LIRS R Ffa D E A
ERICER T2 E 2 2LBETED, T7/abb, Hil RN
L% B AT R OYE ST REZ R B K AR KA L0
HESTUREE DS 52 8T BT b, B KB OHEHGE L,
(KT Ut S, ERIRIBIC R T D £ ORI NE LB X e
BT, Fio EHEIRRBIC BT A EAKREEEE L, XS e
AT ERENCE RN RO Z T, B FE T L0 BR S R

LEREIEAFRAZHR

=
o
T

o
=

5

a ;w“&%ﬁ%fﬁ%)

w oo

s o

S g
&

. 12 -1
D, permeation rate [10° D, s™]
S
T
=)

5
T

| Qog;s
é@
£

L L
200 400 600 300 1000

60 PP
C[b %O %? Go
50 ooo oé‘j@% g e
) & o

oS PR e

40 Ho
o

9
2]
=]

. 12 -1
D, permeation rate [10° D, s™ ]

MFERISEASNIZEERLTVD, B () R
Soic, FRMEAFHAPRICLY, o /2Tl ol ST

TREZR AR 2700 S RIMEDDOEARB 2 ke, ”

i MEESND LT, BAREREESECDIBRETD  E L e

BT ERS NI B RSN, g . %

s ENT: %%é?%;%;o ]
ABRFE I, K HE BB AL T, B KMl 57k L s b g s

SRIFINL IR D1 - Wi B G D BB A "ML B LI BN T M

T2o ZNHD B EBIREZACD T — S ZfRHT I H LI . \ s

% L A BRI T 3
TR ARG ORI ML T ORI E M5 o 7 b S RIS
ZET, I KB EOFHIA1TH LA R EL TV, AR

85



B pieis = L — e o & — R FRAE R (i 4 4]

2.6.3.4
BAAVIRE SNV Vv a =0 GO KR i 26
Hydrogen Desorption Behavior of Heavy lon Irradiated Zirconium Alloy
E2 LSRN SV
Kazufumi YASUNAGA and Hideo WATANABE
Abstract

The effect of radiation defects on hydrogen desorption behavior of heavy ion irradiated Zry—4 was investigated.
Deuterium gas release observed below 200°C was probably due to the formation of interstitial dislocation loops.
Gy
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2.6.4. MEHEAROBRZE
2.6.4.1

T a R B L8R RIBAR N D il LB i R O H BRI B 9 A4
Improvement of Critical Current Properties of Iron—Based Superconducting Films Using Proton Irradiation
PRl =AC L LR s — oL AR
Toshinori OZAKI, Saku YAMASHITA, Itsuhiro KAKEYA and Ryoya ISHIGAMI

Abstract

We present the effect of 10 keV protons (fluence: 7.0x10', 2.0x10'® jons/cm?) irradiation on superconducting
properties of iron-chalcogenide FeSegsTeos thin films. The 10 keV proton irradiation with the fluences of 7.0x
10! and 2.0x10'® ions/cm? suppresses superconducting transition temperature 7; by 0.9 and 1.9 K, respectively.
The 10 keV proton irradiation with 7.0x10'* ions/cm? fluence yields the critical current density /(4.2 K)
improvement of about 40 % at 6—-12 T with respect to the pristine film. The transmission electron microscopy
(TEM) images of the proton-—irradiated film reveal the possible nature of the small irradiation defects, resulting
in the /. enhancement. These results indicate that 10 keV proton irradiation could be effective to enhance the
in—field performances of iron—based superconducting films.
Gy
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[X] 2 \ZHRET R FST s RS L ¥ —10 keV, BEF & 7.0x10" ions/cm? T7a b B L7z FST J#ED
(a) 4.2 LN 10 KiZBITFD J(H/ /DR AEM:., (b) (a)2>6E H L7/ enhancement ORESHKAFEEE T,
ZZC. J. enhancement = (jfer— jbefore)/ jbefore sop gl 7~ 7.0x10™ ions/cm? FRST L7~ FST #HEIX, FETRID
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B3R
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 ef al., Quantum Beam Sci. 5, 18 (2021)
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2.6.4.2
VGO DT PR L DR T IED FERAL
Industrial Application of Coloring Method Using Light Interference by Silicon Thin Films
ARSI TN A rEEik
Hideo KIMURA, Takahiro SHIMOUCHI and Ryoya ISHIGAMI
Abstract

To implement a coloring method using interference of lights reflecting on and passing through silicon thin
films, we have performed film formation experiments using industrial ion plating equipment. A newly introduced
deposition equipment was also used. The films were formed on the surface of three—dimensional objects such as
forks and spanners, and the color uniformity was tested.

G2 3]

A IR DT AR L3 6 5 5% ERME T 5728 | EEORGORE LA SN TnD A
FoTV—=T 4 VIR E N I ERZAT o7, FTUICEA LT RBEEEZ W T, 74— AT L
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ABHRN TN LD PMIHE S & B A KO A B & FEAT
Ultra—Fine and Nanocrystalline Structure Induced by Severe Plastic Deformation of Metal Surfaces
ZE KT AR LA
Kazufumi YASUNAGA and Hirotaka KATO

Abstract

A burnished pure Ti disk specimen was observed by cross—sectional transmission electron microscopy. Severe
plastic deformation induced nanocrystal formation whose mean grain diameter was about 110 nm at 3.3 pm in
depth from the surface.
B
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PRIE 34~250 nm OFPFIZHAL, FEIRIET 111 nm THY, Ffidb 10
RLDF ) A=V A XA~ LD RS LT,

NE 7 INTAZEDHE Ti OFFESIE, 195 HV 765 209 HV (22851
U723, R BT T REREALTIF o7, FEFEEOREFIZ Bl |[ | || | | = .
LBl R= VN TAC KD AR OB S R S Ti &4 ﬂ

1 ML 100 N, [FIHZHEE 800
rpm CA= U7 INTH# O Ti
DFEHDHERSK 3.3 pm O FEIK
DO Wi TEM KB4

Count

(Ti-6Al-4V) TiX. %I 50%R58 )N FH- U7, #li Ti OFFEIZOWTES
BT AT T = aNERE OFRBRETNLETHLEEZ HND,

0 L ! . L
0 20 40 60 80 100 120 140 160

4 Grain size (nm)

=]

)

NRE=L T U Ti OBGHIRERRIT R T 5D 72K 2% 3.3 um 2 A= 7LD T O
12BN TF A=A A X ETREBRI BT, RSk REDOIRSAY 3.3 pm ORI
AL B ST, B E A LAV SO B R AR T b, TE RS R AR O R A

) B L — B gE e 7 — PRI - =L — AP L — T P AR S S R P SRR LAY
AHFFENE, () B PAE =R — WS Z— M@ IE T3 B AR LR TEME L 72b 0 Th D,

90



Pepis =3 L R — B Jet s X —WFZeAE s (B 0 4 4R

2.6.4.4
Ge125b2Te15 @iﬂ 42? I‘ik %ﬁfm*%l_
Thermoelectric Properties and Microstructure of GejsShsTe 5 Specimens
N R 2K R B
Atsuko KOSUGA and Kazufumi YASUNAGA
Abstract

Thermoelectric properties of Ge2Sh.Te1s significantly depend on thermal treatment and microstructure. Planar
defects with stacking fault were formed uniformly in a water quenched specimen.
B
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1) “Superior room—temperature power factor in GeTe systems via multiple
valence band convergence to a narrow energy range”, T. Oku and A. 1 GesSbaTers DK
Kosuga et al., Mater. Today Phys. 20 (2021)100404. BtD TEM BE LG (a) K OY
2) “Room-Temperature Pressure Induced Nanostructural CulnTes RKaEEED 5347 (b)
Thermoelectric Material with Low Thermal Conductivity”, A. Kosuga
et al., Inorg. Chem. 53(13) (2014) 6844.

FURBRASE R - BT SR - W BT () B = L e —WihgE b 7 — - IR JER B - = L — A7 L — 7
AWFFEE, (AR BRI =N X = Jet e 2 — S RIRANI R LR CEELI2b D TH D,

91



P el = L — R ZE o & — WS (5 0 4 4R )|

2.6.4.5
<A RAT) =V ey hman—Ta R E O Ti &40 kg
Surface Condition of a Ti Alloy by a Micro Slurry—Jet Erosion (MSE) Test
LRI RN 5 AR
Kazufumi YASUNAGA and Yoshiro IWAI
Abstract

A micro slurry—jet erosion test was applied to a Ti alloy produced by additive manufacturing, and the eroded
surface was observed by scanning electron microscopy. It is suggested that the relation between dimple diameter
and crystal grain size.
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YT AT LEBDRE RN KT TIRINTTE ORI
Effects of Alloying Elements for Corrosion Properties in Magnesium Alloys
BB Z | K s
Masahiko HATAKEYAMA and Kazufumi YASUNAGA
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