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Therapeutic Biological Verifications for Advanced Treatment of Cancer by Combining Heterologous Radiations
AT A AT A AR SR KR | [LCET 1, ACKRAE™
Munetoshi MAEDA, Mika MAEDA, Hideki MATSUMOTO,
Satoshi MIZUSHIMA, Shinko SANDO and Kyo KUME

Abstract

At Fukui Prefectural Hospital, a new clinical trial of “Combined Concurrent Chemoradiotherapy” has been
started, which can concentrate radiation doses at the local tumor site by the combined irradiation with proton

beams and X-rays. We are pursuing various therapeutic biological verifications in anticipation of further
advancement of this therapeutic modality under cooperation rooted in Fukui area.
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Biological Effects on Blood Brain Barrier Induced by Particle Irradiation
TRE B RAE S RS A SRR KRS
Natsuko KONDO, Yoshinori SAKURAI, Takushi TAKATA, Munetoshi MAEDA and Kyo KUME

Abstract

Neurocognitive disorders after radiation therapy against brain tumors or head and neck tumors lower the
quality of life, and should be solved especially for child patients. Radiation brain necrosis is also a severe side
effect to be solved. In our previous study, we had already found that human induced pluripotent stem cell (iPS
cell)-derived neuronal cells are resistant to irradiations of proton, helium and carbon ion beams. Therefore, we
investigated the biological effects of those particle irradiations on endothelial cells and pericytes of rat blood—
brain barrier (BBB) model, which supplys blood stream and functions as the barrier with tight junctions.
Endothelial cells and pericytes survived and did not induce senescence after BNCT or carbon irradiations. In
contrast, the function of BBB was found to be disrupted by the reduction of the Trans—Endothelial Electrical
Resistance (TEER) decrease in all particle irradiations. Lenalidomide may ameliorate the decrease of TEER and
protect BBB function.
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A Basic Study on the Efficacy and Prediction of Therapeutic Effects of Charged Particle Irradiation on a Mouse
Model of Cervical Cancer
TEEP AR BB, AR [MIRF | ACKAR™
Yasushi KIYONO, Akira MAKINO, Tetsuya MORI, Hidehiko OKAZAWA and Kyo KUME

Abstract

In model mice implanted with Hela cells, which are cervical adenocarcinoma cells, carbon beam irradiation
was suggested to be more effective than X-ray and proton irradiations. On the other hand, *F-FLT PET imaging
26 hours after irradiation could not predict any changes in tumor volume after irradiation.
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T E SR ML THD Hela MUZBAELIZET L~TRAIZBNT, X B B8R, IRFEMRE BRI

S IR AR D ES ARE OB KNG A 2 CHHZ DRI, — 7T, BBE 26 REf&ZIIT-o7
F-FLT PET 4% CTi%, ME % OIEGEROZLE FRIT 22T TER o7,

&

Hll[l

- E SRR AR BB DSEIME TN H D3, #2 THODNEE BT BN BE /L FRIE D =
W Z RS COBZ LD, BRRIBRIEDBIRNLEEN TS, T T, KiHRIRIE] iﬁ&%ﬁf?{‘*fﬁf&#r
DI AN L TRER DI RGOSR RN HDH LN 2N ETOILFEF R B a2 e, FESHENRAD
RS AR k3 DR RRIBE D A IMEDO R JRIEIRIE DR ECEE D QOL D EICEER T 774
—TCThOHIBRM IR DIBE R T E PET 79 FA A=V I XD ER TRE CTHINDORGEE , &
SEMNATET L~ A% W T o7,

J5ik

T SRS AR T D HelLa MIFRA AR L= ET V~D RZAERIL | 5 Gy D X #R, B 181, [RE%
ZNENIRET L, R I L as tn— A i~y AE I Uz, ST 26 BFEI#RI, MU TRAE A g
{t:9% PET 341 TH S 18F-FLT Z B FHIRE V4 G- L, PET #Rfg 2470 B0~ PF-FLT OEFE =2
FELTo, F7o, PET #8057 AARE B BICRAM L 7B O R s H L 72,

g ha—UREE T, X5 Gy ZHRST L7 BEO IS AREOHKIE, I 1 HHES H H TH EICHHIE
Nz, £z, IRFEMR 5 Gy ZIRET U= BE OISR O KIL, EE%TI HHEE3 HBEUBETHEICH SN, —
. B #A 5 Gy MU LIZRECIE, IEEAREICA B EZITRO LN T, B FRRREC SV TE, 7
—HZDIELOENRRKEL, G AEOENT —Z L %fbnﬂ\m\o U, BRE Y H oS AR MOV
DEBROEFICH AT 2 BlFE/NEL, EAEOIZLSEH KEWET L~ ALNEE TX 7R Z IR
K235 EE 2 TD,

PET #5f% L0540 7 5 D JEIEEAL &2 O sHA O 7 R B DB Z 3R E L, £ DfE 5 iR 75 O/
R AE R Uz, ZOR5H, avha— Ui, X REE, B F#lE, REGIFEEOM T B2 EITRO LI
7eioto, FEER CIXREHNCLD BF-FLT BUABREDAH BB BHERSNTWDIEND, 51, PET ik
BOXAIL T E R LT DNERDD,

EE

FE SRS AU T D Hela MIIAEZBBHEL /-7 /L~ AZEV T, R ERR IR 2 RS A O 8
HINZH N THDLI LD RBI T, — 5 C, FS 26 eI #% O PF-FLT PET #f% Tl MR OIEEHAEOLE
b FRIT DT TE D o7, 5% . PET RIEDXAI T Z3E G52 81ckh ., TR ATREIC2D
LEZTWD,

FUEIFR S @R — RN E R 2 — | (A P = R — R gE o 2 — - TR PR SEET - LR R AT ZE
ARMFFENL, AFFRILRFE R LU T (AM) BRIE =¥ —iF et 2 — Mg R F LR CEMLI2b D Th 5,
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Bo1-FRIZ KD FASHE AN ABIRIREIZAED 1 PRSI 1 et 2 B REAI D BHSE
Drug Development of Mitigant against Oral Mucositis Accompanied with the Treatment of Head and Neck
Cancer with Proton Beams
FAASGAE | LA BER ™, PRS2 2, T — A2, AT RS, K EES (LG 19, AKRAES
Hideki MATSUMOTO, Yoshiro YAMAMURA, Yukihiko WATANABE, Yuichiro CHIDA, Munetoshi MAEDA,
Satoshi MIZUSHIMA, Shinko SANDO and Kyo KUME

Abstract

The oral mucositis is developed in most of the head/neck cancer patients treated with radiotherapy as a side—
effect. However, a medicine for oral mucosal diseases remains undeveloped until now. The patients developing
oral mucosal disease are treated with symptomatic treatments such as gargling, oral mucosal protection and pain
relief and the radiotherapy is interrupted in the patients with worsening symptoms.

We have already found a candidate medicine, ‘Drug A’, for radiation oral mucositis. The objective of this
project is to elucidate the efficacy of ‘Drug A’ as preventive/curative medicine for radiation oral mucositis
developed during radiotherapy for head/neck cancer. Toward the development of preventive/curative medicine
for radiation oral mucositis, we analyzed radiobiologically and pathologically the medicinal virtues of ‘Drug A’
to elucidate the effective minimum dose of it.

E%"‘J

HSEERD AN KT D RRIE PRI B W T RIE 2 CORBEITEIWER & U TIAE T DD D3 SRR E O e ks
H%*T&b’é LONLZRDIG | BRI DRSS9~ P B3R ARSI 37, FIER ISE WL (5230))
\ZRDAET T AT aA REREBRATIZ L DR IREIRE | TH K - SR AN LD AR 72 & D RHEFRIEIC Lo TR
ESNTWDDHTHD,

HOHHRE DRGSR Ak 2B A DB R A4 BHa L BURBREFER L COMRELR A T 534 A @
b5 - RR SESHER S AR IV THRIE T 2 B R ME D RS IR L e T~ D BhRE A & U CO A b Ik 5- & &
BANTT DT BHEHER I B IR ST IE R <~ 7 RIS TIAE 2 A ERE IR 28 125632384 A D3
h U AR 3 L OYR BN R PR 154 O CREMIA#-T L7,

&

s

ZIVETOMIET B TR FHRISR 32 IE RS I DUV TR A 00 | MR =AA | M A4
FINB L O F AW FHNIRATL | B -8R0 AR IR IZ 1T 2 IR M OISR B o Z 2R ICE
LR TE T U ABZE L TET, Fiz, BT #REESHE DS AU TR PR O BRIZIEAE 3D ficd st 1 RGBS 2% D&
FEBNREIS LOYRAEZ AN L TE 7o, ABFFETIR, FE41 A OREHHRIE D IPERIE I 5 2 A A i (K i -
LML,

R DB

1. BBT#R2HIFRS (20 Gy, 5 Gy X4 [B) 1245 O FERERICH353KA] A OBEIFEOREEZMAT (X 1)

(1) ~r7 RBASEE ~DFFH (200 MeV/nucleon) 431 BRI 0 1 PEREIE 2 D 95 BE AT
A% 7 H BB O PERIER ORIENFED OV, BH% 10 B B CHREFREAaY (HAEkA 0, 78 N
PE ALBE, NDA/VRIE, Feii, Hifnod 5 SR OIS 1~5 @ 5 B TR, &7t Aa7% 6 lLo~
TATCHERELTZ) A 5.4 ETHELIZN, Z20%IRA IZEIE LT, ZOMERITEH TR, O PR OAL
BE - SRS EEE ThH -T2,

(2) %ﬂ% PEIRE 1 O D PRSI T3E9 D 3K A DR

PERERE I DB FEAIGEAT T HIEH A 0.1 HDHUNE 1.0 mg/kg (KE) 25 RN AT B 3 X OWU 1 K

Fﬁﬁu ZEF5 Al ~ U RARFIRDO LR U, IS 9 B B D PRSI DFIENTRO BV, G4 10 B
H (55 0.1 mg/kg KE) BIO 13 HH (BEE 1.0 mg/kg (KE) TEEREAT NILIZ 1.3 FTH

AR R S R R AR R 2 0 B | A RO AUt 9 () F BRI = R LS — P e o &7 — - BIFZEBHFE T « o - R FRAIT
JEER

AWFTEIE, ABRILRF T LU C (AR B =L F — it ¥ — M@ FE R B L O A SRS LRI TR ML b D ThH
Do
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BTN, ZO%RAICEE LT, FOMERITEM T, OFSHEOALEE - 78 ML23 DT3RO O HFRE
Tholz, ZIUTIDIRA A OF AL 5813, 0.1 mg/kg (KETHHZEMHIFAL -,

2. BT EIRRST (20 Gy, 5 Gy X 4 [B) 1252 0 FEREERIZ R 3-23KA] A ORFESROIRE BT (X 2)
B -#R BG4 10 B BICBHSEE AR ML, 10%F YERREA /L A7 L7 ERR CEE L7ZsB O & Rk
WA 3o L OVER T IRAEANIZ HE Ye a2 U OB iRt 21T o 72,
B TRy BT Lo~ A CUE, KB R ORI A LISz T, B8 FIRO ZEREASBEE ISR B3,
A A OFFIRNEE G2 XD, ZNHDORER DS EIRS AL, = R 37RO DTz,

EAIAIRS (FRIRPIIRS x 5)

10123 5 BRm= 19

BEFHRERS (5 Gy x 4)
10 T T T T
—o— XIFBY (GRNMIE)
o BTN + Rk
| o BTERES + FTAA (1.0 mg/kg) i.v.
8 B FRRAT + |AIA (0.1 mg/Kg) I.v.

i o BTN + ]|HA (3.0 mg/kg) i.p.
5 Gl |
=
&
z4r T
|
i 21 / _
P v, : BRIRPIES
ol 4 i.p.: EERGS
0 5 10 15 20
EVORSTHISDEE

B 1~ ABGHEBA~ OB T BRI & ARSI (42 5H) A DOYFERN R (i iEA= 7 5HH)

BER &R SATAR

ERRER
(BB L)

< SRR
RRRTHE ™ o it

FRATHE

« BHSHER N AT KT A REEA B E L T, w7 ADOFESEIIZ R4 R TR ET L. JRExa 7 3 s &
OV B AGEAM 12 L0 1 PERE RS 2 kD364 A ODI%n%xJJ%’i’ﬁﬁﬁ L7z,

< JRREAT T TRV T, B AR IR I KBRS D MIEEREIRE A T3t 9 535K A OB IR G- E0
0.1 mg/kg (KETHDHZLEHVHALT-,

< B ARFEAMIZ I T, B AR B IR S KOFER S D DRGSR 23 9D 3650 A DZIREL LT, kb
i 1 5z DAEJE <3 A L D 36 LOVBR T AR O ZEREIHI DB DIz,
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2.1.1.5
AR D Ji SRR SZ M 2R T D 1 s B O fiR ]
Analysis of Signal Transduction Mechanism Deciding Cellular Radiosensitivity
AT H SR BT AEY, F
Munetoshi MAEDA, Mika MAEDA and Masanori TOMITA
Abstract

The recent progress of microbeam irradiation technology has enabled the analysis of the cellular response by
the energy deposition to the local site of a cell. Therefore, the response of molecules and cells corresponding to
the irradiated regions within the cells can be evaluated clearly. We have been studying the relationship between
the irradiation domain and the molecular and cellular response by using soft X-ray microbeams.

Gy

WD~ A7 v — LRI T O FRBEAY 72 58 12 Ko CL MR N DAL B O TN~ # a5 5 1
N9 D ENTEDLINNT T, Fox 1d, X~ A 7ae — 2% FAWCililia /T2 R 52 21280, PR
AL SRR d JLOSHIRIN D 43 IS8 & D BIRIZ DU THET 2 18D T VD,

I ]

]

T2 13, MR R AT~ A 70— S BR S E AV HIE PN 0D BR S RE I &R 00 i SRR 2 PR LS DV CREAR
LC&T=, ZDOREH, IR (< 2 Gy) TiE. MilakE7210 %2 X $RC Hﬁﬂﬁbté:é‘cl:% A 2R % X B CREG)
LizEx Mkl 5ZE3’L5H‘?%7535§<E5 IZH D3OS THINENFEITIZ W E B SN LT, flieZ I
FUEEED X BARBRSHSE R4 0% DNA EOER0EITITEA L ELW=0  DNA 508
fﬂiﬂﬁ%@Efgﬁlfbékféfiéﬂé@%zﬁt FTIZZOBBEHIATHILNTEAR, B EHE DB
PR C Lo TR S S S SN I MIIE OIEM N ESNDEZ ZHNDTEND, HINE O H RIS E D3
DI R M B 5.2 D AT = A DA L<HRFELT=,

DB
B NE G A (WI-38 HERE) (23 CHIBE ~O B O A 175 DNA EI0EIZB 595 84 OBEE D%
B 52588 % PCR 7L A% N THENT LTS SR IR~ B 5 o0 A 48| :iofﬁfﬁ%@@bﬂémﬁ AL
BTN ZIND T = ISR ELEALT DI ENHALN o7 (X 1), B Th, MR X BOIRESHh
TR U R FEEZ B CIE M SE O R8I BIfR T2 3385 1 (ABL1, CDC25C, TP73) )3, #HEH’UET 2 X D3R
FENTODHIFE RIS TIT DNA HBIEEEZ1TH7- DI B 215 1L S8 5585 1 (CDKNIA) HNEE
WZIEMAE LTz, 2D BIFDOIEMLIZ. Wi E ATM (ataxia telangiectasia mutated) #o/X7E 12Xk ->T
ﬁﬂﬁﬁéhfﬁb HIE ~D MBI DA HEIZ L > T ATM DEE N RKELE ﬂ:ﬁ“‘é*&rjiﬁﬁ%ﬁ (272572, ZIVET
FORFEEDOETELRTHE NLAX—CE N PO AIATIL, MIEIC X BRSBE STz
#Hiﬂ’ﬂ**'ﬂ@%ff VIENICIFEAET D ATM 20 LTI E N B B SN D DKL, fﬂiﬂ’j’gkfﬁiﬂ’ﬁ*@ﬂﬁ X #
z>%%¢éﬂfu\éiﬂ/\& 1L, ATM 25 B Bk S p 2 & CHllia B # 23S (RS T DSB (B M ThiD
(2 AEAET DA N5 2 HD, ARFFES ., ARIREO BRI S S ST, Mlakzic
mﬂ%ﬁ“é%ﬂiﬂ’aﬁ%%ﬁa‘é%ffﬁ&%mﬂ BIZHRTHDSBAEHE L CAZELT IO ET DN AL THY,
INBR ATM ICE - THEISN TWBZENRHLINT 272 (11 2)

Ea

HORRRD AR B IE, DNAIZAUTHBE, FrIC RS EE R E ThDH DNA ARSI (DSB) 23K ELFH
HBLTWSEBZLIVTE, o, BfcSLE - /iia Tk, DSB ﬂ%@%%ff%bﬁ%&cﬂ@rﬁﬁérﬁ%?ﬁwm‘
B Z LRSS MR R D SRR L 72 D3m0 26< 78 DSB E1E B &5 1 THHIEMN D, HIIE D5&E
BESITIRD o7, RN ARKR B IBT 2 A IS E DX —57 R e L TOMM S @i%
PERBABMNEI R ST, A DSBIRDAZEDHEEIZ LY | M B L ORI Oz HH 957 1 &L
TO ATM DT EREIC DWW CRELSREEZ 1D TV,

() B BAE R — e 7 — - WEEBR IS - L F R R SRR | ()& ) P R AF ST - R 7 B e AT - B e ek se
5.__
ABFFEI, (D) BRI =N — W 22— (— ) B R e LR TR L 2b D Th S,
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CDC25C ABL1 TP73 CDKN1A

a2
=
lﬁ 1
max

L RE A
ﬂﬂﬂéﬂil‘ﬁﬂ‘l

B FREIROTUE/IIHI0IEE

min

1. ffat%% 1.0 Gy FR&F L7 WI-38 Ml (| 3 47) Sl {A% 1.0 Gy FRST L7 WI-38 Al (' 3 47) 124
3% DNA HEEICBIRT S 84 BIA T OFBL A i LT, RENEML Gii) T25 0%~ 4,
SN s5 6% 7 ) — 2 CTRUTC, RENIALH TE R LA BB BAEBN OB E 7277,

< T \/Qmﬁ/ T

Z

\)\\)\, (RYAY; A \}\\A-
Py ATM Xag L | —@ . N
p am T C

[ = @&J /)

xmmmmr — DNAF?!
HRALETF

HFARIZ D REIEN TVRIEE

2. KWFFED LR DE Z DN DAMNZ IR (Z2) L RS CF) (2R Mla 0 £ 5E 475 54 D1
A (CCHR 1 ZV5IH, AARGE~UGT) o

BE R
1) M. Maeda et al., Sci Rep. 11, 13113 (2021)
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BoF-BRIE TR VA I8 50152 i 28 D F W LT S8 O i 125 0D BA 3%
Elucidation of Cancer Immune Response with Proton Therapy and Development of New
Radioimmunotherapy
T HETS Alessandro NASTI*, /NI FE ™, B IEA™, Tuyen Thuy Bich HO *2, B 52451,
FREEE G2 BpA R JORISS | AT RAS, &8 —
Yoshio SAKAI, Alessandro NASTI, Norihiko OGAWA, Masaki MIYAZAWA, Tuyen Thuy Bich HO,
Akihiro SEKI, Shingo INAGAKI, Hiroki NOMURA, Kyo KUME, Munetoshi MAEDA and Shuichi KANEKO

Abstract

Pancreatic ductular adenocarcinoma (PDAC) is the most serious malignancy in the digestive system with
regard to 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 immune response of the model to the proton
irradiation.
B

JERE X D2 W s KT o Z &0 T I \Tﬁiﬁé%@ﬂi?ﬁ%@?f’f‘hlﬁﬁifﬁiﬁbb\:kzﬁ%?‘ﬁ'
{LESRICBWTH o ELRAREM R Th D, W TODEE ., THRLEV, bivbivd B BRI
DFEIZL DRI ﬂﬁ“éﬂ@ﬁtiﬁ/“f?ﬁ(ﬁ%ﬁﬁ%ﬁ“é_c‘:ffbé 7‘7X5+Z)>/u%7/l/ X URG R R A1 T
VN, B RRRRE D5 I A A T

i

Ull[l

REREIE, 2019 HE121E 36,356 ADFEK L0 FEALBISE TSR TR AN Z (HD TS Y, TR OB L
(2017 4£) 1% 40,981 ATHY Y, FEEFLIETEDIT N, ZOFHITIE, 90 %L EAEE 2RO 27—
ML EOHITIREEICHDZENHITHND 2, (bF1%EEL T nab—Paclitaxel + Gemcitabine, FOLFIRINOX &
FERMBAFESIVCETZDN, 24 DA AETFRITH 10%2EEFD, TNHDT2 | RO 5 AETFRIX, 10%AR
THY, EALBIEMEESE O T % TRO AR THhD, 2HLEE RICED, BHRZK OB LI, RIBHIS
BHTRIR OISO 72 EI TR )L T, TOF N2 =72 1R L DO B DR O T 1% B I RO TEHE T
HD,

ARG T, vV AT T Va2 T B RRIE RO F | ERO G SIS OFEMZ AT L, iz 7a
2 T BRIR IR B ~ D I )T — 2 2 M5+ A 22 HEL TS,

DB

3 T~ AR E I CL ~ o AR KRR R T - 35 FIESET L, v~V AR T - FiEf
JEEET NVAEVERR LT, ZIHDO~T ABEEET VO RERE R T IS~ 200 MeV B 181 8 Gy ZHHL7=, £
7o B RS HUE A, o ER anti-PD-L1 HUAZ0FH L7, 1 FEREO~ AW KR A T I - 1535 5 T ik
BRI T B TRk L OV IS LIRS LD . FRETTRAL 38 L OFERR B O REIE BT 12351 5 fEE
HEREAN ) 0 AR LT, S Ak L2 T, RERB L O IC BT, K%< CD8+T M4/
HHITe—T7 | 121 CDA+T MR OBUZ BB R I L A DI o7z,

=

1O~ AFEE T T MIREU T, B AR RS E B IE M U O OF TG A . BREHERAL IS 70
PSS RN D = Lo MedB LT, RIS et U TG 78 BR S L 72 BR D ZEIRIZAE U D RS DUV TR
WZDUWT, fkfe L CBLIEMRAT 26D T D, F7z, abscopal ZhF:DOBEFFIZ DUV TCEBITHRNT 95 T E TH D,

IR R SRR TR - E%Tﬁ LEPRRFRFWE Sl TR P TERE (S AT DAL ER) | (AR B = 0L — st &
— - WFFEBR TR - R TR S 22
ARFFEL, BIRKFE (L) %ﬁ%@lfﬁ/vﬂ?‘\ﬁﬂ%t‘/ﬁ~@§ FIWFFEL L CTHEMELIZHD ThD,

15



B et = 3L — g L B — AR (A 2 4R )]

SE IR

D) BENIRAMGE B Z— TIRAUE#R—E A AAMEE ], https://ganjoho.jp/reg stat/index.html, fc#&
A FSMET A 27 H

2) MAT TR, TFERRIS VD AT — VB A TRRERRS &1 .
https://cancer.qlife.jp/pancreas/article4180.html., F &M ESFI34E7H27H
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2.1.2.1
RO 72 D40 B B 7%
Development of ”Visualization of Radiation” Film
)1, Glenn HARVEL™, #AHAES" M0 T B, AKAS, fafriiein®
Takeyoshi SUNAGAWA, Glenn HARVEL, Yutaro AOKI, Masanori HATASHITA,
Kyo KUME and Toshiharu SAKURA
Abstract

We developed an in—situ dosimetry system using PVA-KI gel, a kind of photo absorption material, and an
absorbance detector with a combination of a color sensor and LED. The effectiveness of this system was
investigated by X-ray irradiation.

Gy

PVA-KI 7V 17—t H B LOLED O WM &R 2 e insitu #REGHIIS AT L &BI%L

7o ZDOA AMEE X LD DT,

i

S i)

E$ mﬁﬂtfﬁ/\rﬁxuﬁféqﬂ B AU D2 L7 RFTHREN TEDRHRRIGR N E H 20 T,
FEIZ, IE T RRGNAL ~ DR B % i/ NRIZN 2 72 DO IEERAL ISR U KR DR B2 5- 2.2 i U R
‘Em%&maﬁiu\o ZDIH 72 EE EE U AR CIE, BB T LIS LR T DR B IR G IS, fr
ﬁa‘%ﬁ*ﬁ%ﬁ%%ﬁ@bm\éo ZORMFEFEEL T, IR T, IDEBEAR FEORMEN RO ST \6

AIGETIL, #B rAEARIE =—/ L7 )La— L (PVA) L3 bV A (KD) 2 JFUBHT , fiE sk Db F i &
6i£f£5}imﬂi£%%*o\ FEE CARICZ 2T BUERR S TaAMNL B4 Jﬁﬁ&&fﬁb&aﬂ\ﬁ@%
FrH, SO, WA E 2 - 10 Gy OFEIRICIE W T X O AIUBICEN T FE A2 RO #2727 ViR b
PRERTZ B LC&72 Y, BUE A7 VEREFHIXT L C IR &, 37205 2 Gy BT OWRIHR EERIC
BT AR EFTOFEMR B EZ LT HIENROLINTND, RAFFETIL, X B F o7 112k s
FWR UL % in-situ (ZDH) JIETHUAT LEMEEL, 2 Gy JVRWIRIERERFIRE CORIEZL TV, AR IHR
Ik ICI1TD PVA-KI 7V ORI Z DN T HZ A AT,

ERGTE

in-situ BIFEDBAFE

INETOHFZETIE, A BL ST VOV EERE AL I
At BIESHT-H# % RGB #9530 A7 LA L, X FRIR
Fr > PVA-KI 7 /L TR IR E:E RGB @ G &, B fEIZ LL B4R
NoHZER RN LT ) AT, in-situ JEE HIFL TRV A
TLAERBESE BT AT —REeDT— oV ElAEGDET, X
R IR [ O S LI R S U2 IR R PN PR R S R TR
L. X FREEEF LW E 2 R RFICATH) 2N AT REZR | in—situ 1| & 2E &
(PVA-KI Z /HIESERE) 27T 2 1T 74—V AR 1o
HEFFELT,

in—-situ AIFELXEE

X 112 PVA-KI 7 /W E 2 i OIS X 27~ 4, ERIET T AT
V7BICHY BIRIT, HEF 4 ADSIHAS WD, JIEE E
TORFFERRARICIY PVAKL Z L OWOE R 490 nm ITHERZF w1 in-situ B E B OB R
DIEBDISTNDLILDD 2 FIERBNEASNIT A ARV E (e

UE LR TEE R D EA S TR, 2 A 204 TRRT:, P (AM) £ = 3 V¥ — gt & — - WFFE B AE 56 - A= JRAF
Fe=E | M (A M) BPEE = VX — e & — < F SR BRSSP SEEE L * (BF) NUCLEAR TECHNOLOGY

ARFFEIL, RHTERE, () BPE- VX —iF9et & —, (#F) NUCLEAR TECHNOLOGY O L LTHEMMLI-H DT
H5b,
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EET D (S) MITHIRELTRAS A4 —R (FLF R 500 nm) &
FHEBEL . S HEICZIEEE L THT—H (S11059-02DT/03DS (AR
f=r 28 R E L=, 22 C, 77— P Green, Blue, Red ®
1T 455 - 630 nm, 400 - 540 nm. 575 - 660 nm TbhD, A~
— N T A ARV EHETD (S) FO FOERNICERESL T
7. HIHE R OGRERIE. 320X 240 TET 5 —F A A7 LA, microSD 1 —
R2my "Nl 272 SoC ##iEY 2 — /L Thbd MESTACK-BASIC/k
(M5Stack #H8) (ZX0iTo7=, RRPELEE L, 10 - 30 FOo> Il E R ]
b T2 A7 L SO R 53 iR E 23 FTRE T D,

in—-situ AIE

JE#E R 1 em @ PMMA 85 ¢ AR & /W PVA-KI 7 v &5 AL,
L2 (S) ERICRRE L7 RRE T X BRIRES L7223 5 10 Bk T
MET —ZBGEIT- T2, 22T, WIEREIT X BRI E 2% &

SN TV D EHERC L0 HE SRR A A HERIC B
BN AR A R 7=, WIEICEE L Cid, M5STACK-BASIC/k DT 4 A

T UACERBRNC RO D v NE T URKRREN, £
DFRZ T X BRIRGELE ORI R & > % FE) I Z &L TH
S & WE DR 2T T,

FEREE L

212, WA E OB X 9% 490 nm (21T D SEHE DO H|
TE RS R g, WO BE I TR IRR B Ee B L CHE N & DU LB
IR IZ @B R, IR IEROU R IXADEEZRL, 0 &
HHZRN, ZDOZEIE, 0 - 2 Gy OWRIAREOFEEL (A) 1BV T, 0
Gy [T\ MEHRR IR O W SEFE AR-CITEIINL . & D4 LB K
THIEERERL TS, LILARNG, 2 Gy DOIREZ L1 SR
ERATOIRME T IETIE. (A)D L7 B fE T, RIS K&
ONAE S KB R IR B R R CORIE SR T 5, X 3
12, PVA-KI Z /LI E 2L 2 T PVA-KI 7L~ X #EHRSHZ X
L% RORNERERERT, 22T, X I BT ok & =R
2% 1.50 Gy/min (0.025 Gy/s) T&H D72, lE R HR =R %
BNTHZ T ED | WA R~ 412 X #rHRGHZ LD
Blue (400 — 540nm)D % FAEIIZ 51T 252 7 o b E S S
Zoandt, MER I T N A IR BT D, IR S 1
Gy PLEIZRWT, 7 NI E DI R EEBITHRTERY
WA Z RT3, 1 Gy R W TUIRENST D
EEA SN, ZAUE, X 2 OIS E R LD
SEREEIE DFE R 2 Gy LLF OWINAREREIR (A) TG EE 3
ULHREDH RIZ LI LN E 2R LTUNVA, X 4 13X 2 128
WORBENTZNEZ ERIIZHGICLIZ DO TH D, kD
HEUR BRI X BRI S i TR A1 T2 OB BE W B A
TAHEVYFENHNLINTNET2D., 2 Gy IR TLNRIEETT
AZEMTEIEMoT2 AFFETHESEL 7= in—situ I FIEICE
0.0.25 Gy MR TORIENAIHEE 72D | (KM BB WL
FREREIR CORE IR L THE 72T — X BUS0 rTREE /o7,

Counts

%:E

)

ABFFETIL, X BRRRST LRI CZ T bR EZ FTREE T 5
in—situ | EEEDOBIRZRA, KR EERIZB T, IR EIZ
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KU T I T SFRIEEDNS TN D Z LGNNI LT, 5% . AE S AT 2% HWT, PVA-KI 7 /L ~D
T R R 20 B C B 2 2R B M E A BRSNS T A2 LN AT BE T HEE 2 D,

S 3R

1) FHARMKERHEHRIRE DT D PVA-KI 7 VR EEFOWFZEBI R 8 T3R5 56 50(2021)

2) W) 2E. Glenn Harvel, F A%H AR, LEMIFE, B/AKEE—, 1 0O YGIE, FEMKEL, T B&, ACKIE, A
B8, [PVA-KI 7V B F W BRI EABA S | |t T3 R FEMFIEAC T, 26 49 5, 93 (2019)
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LA BROBYE I E BT BHFE
The Development of Measurement Technical for the Particle Ion Beam Quality
FAJERG R 22 R | SR AOKARS
Youichirou MATUO, Nakahiro YASUDA, Yoshinobu [ZUMI and Kyo KUME

Abstract

Measurements of target fragmentation reactions by high energetic charged projectiles (carbon with energy of 55
MeV/u) were performed by using nuclear track technique. In this energy range, the target fragment has relatively
lower energy compared to projectile fragment, and will not be detected by routinely using an ionization chamber
in therapy. The CR—-39 detector is acting not only as a detector but also as a biological tissue equivalent phantom
in our experiment. Energy dependences of production rate for target fragment were verified in comparison of proton
and helium beam. We also developing a tissue—equivalent dosimeter comprised of oligonucleotides, which are short
deoxyribonucleic acid (DNA) strands, in liquid solution.
B

RiF#% IR S AT L FEAIZE 375 B 09T, R RROME R E B2 BT L 1=, CR-39 BitAHL
DEARTO E AL, R L T AR BRI E O BRI A HEHE LT,

e

CR-39 FtA BN O AL E LTI, R BRRO RIS N LD D3 AR O AR B E Lh i A1 T
ST R U AR RBUAIE BT ARFZ2 Tk, DNA R° RNA 2T A A ThH A AT X7
FR LT E | A FE S ST W E A O, U AR E ORE & N O &5 3+ A2 B R L
77

FFERR
(1) CR-39 #i T LA — LD B D EFAM R s DT

REAEE E IO, AR X ORI DS+ D 2 S K0 A R S VDRI - DB ART . i 4 FE A ds 8 3
HREEBAFE LTz, IRDAT 7 E LT, Yk B O CH O O A e (ROG Wi FE) 2R 21 7E
ZBR LT, ZAVUIASIRL 7D E DR R TREEL . ED IR B &R T2 3 E B HD F AN T D7)
7R T VAR A A 525, ZIVHOERIL, LW REREE T — 2 O H M LA NS E BRI 1
TR B U TR T — X2 DI IR E DR ELDT-D DT T VI D723 55 D Th D,

(2) HOCAERRU 7= A B E DOBR %

1 REEDOANIRI VA F R s WE THD 6-FAM BLOV o F+—WE TAMRA Z AW TIEARL 729
TV, BURHRRICED DNA @ 1 RGO E B 250050 L EERHEP-8500, H AN 3 5E) CREA LD FEAM
T HTEEBIFEL TQND, IS TR —AFFE L 2 —TIE U7 LR #1220 MeV)Z& FRETLT-, kLT
T2~ KRR EFPEERV TR D=L s 60 B VTR L7, W EIE 0~0.05 Gy Thd, 6-
FAM O#EHFRFE( L ew=516 nm)DZEALEFHILT2EZ A, NI AERE LI TH U~ RO D3, WIERE O HEN
(o THVITXI LA F ROSHGIR(1 AREHEIEN AN S I ZFE R INADZEDRSIC, ZOE F L/ <K B
G = JEATHFEORE R Ve JE L2,

Iy

TEE

CR-39 #tH#s% FAWDZ LD | 1R R AR OSSO B T 2 BIAR LT, F7-. SEE 6-
FAM ZAEHGL =AYV T X7V A F R ARBFE % T, AU LRIA B R O o~ #1255 DNA G R
M Cxp Bl

SE R
1) PRS-, H R B, No.89,13 (2010)

RSB EBRIE T ) LEARFFERT, 2 () A5 L — W JE e o & — PSR BR R - WL TR BT 7 2
TR, IR L (A BEPGE = R —b7E e 7 —OIRRITEE L THEMELIZb D ThD,
ABFFEO—ERIL, JST 5LEMFIER 16811771 OBIRAESEIT T,
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2.1. B
2.2.1. Fi¥ - FHEOA A — LB A5

2.2.1.1
TaA XS AT RS S E AR IRk T SCRT D522
Effects of SCR7 on Root Tips of Irradiated Arabidopsis Seedlings
1
Keiichi TAKAGI
Abstract

Effects of SCR7, an inhibitor of mammalian DNA ligase IV, on root tips of X-ray irradiated Arabidopsis
seedlings were investigated by using DNA damage marker vy H2AX, nuclear incorporation of nucleotide analog,
and distribution of dead cells as evaluation indices. The results indicate that SCR7 has no obvious effects on
X-ray irradiated root tips.

)

HFLEE DNA VA —8 IV OFLEH] SCRT 2% X #ia i Lo nA XX DY iR 5 2 258 8%
DNA #8#55~—%— y H2AX, Mz ~DX7 VA F NELURDIRVIA B B X OSEMI A& fa i & LTl
Rz, FOFER, SCRT 1%, X BRIREH % OG5 L TR 8% 5.2 a2 e ndbhoTz,

e

ZESRZE BT HIRRAZ NI AR/ NBY BRI KD A U7 DNA 1B E1E 32
WFECTALD, LIzio T, A48 — AMRE % T DNA ICHEIEE 5 2 2 BRIC, 0 ‘
(IO TFIETEREIBREZLE T EN TEIUL, 228K BIE ki AE L D1 H\“‘N /N
NG ZRsRIE BF R AR ME TE D A REMED B D, l\ |

SCR7(R DIFMFLEID DNA U —F IV (LIGHZHRINTIET HILD s
WA TS YV, LIGA 1., #E %W IE 8 R K 56 % & (canonical non-— r|| ‘
homologous end joining; C-NHE]) &FEEIL5 DNA “ARSHEEEE R

%b\f\ %%@E&B%T DNA@%ﬁ%%%%é\bﬁé{ﬁ%%ﬁoﬁ%ﬁfﬁ)éo LIG4 1. SCR7 @%iﬁﬁ
ZRHETHZENTEIUL, C-NHE] MNFHESI., LK E O MEE O E
B EDTZD | ZHRIE RN AT LR D LN T& 5,

ARFFETIE, XA RIT L= A X7 X F DI SCRT I8N 5-2 5 BB AT~ X #2 R 5B
FOHI% T % SCRT THLEEL | FRETSNE IR SR 2 RT5 SCRT D% H%A DNA 5~ —7— y H2AX, X
IV FFNEPARTTF = LT F X7 (EdU)A V- DNA ARG R  36 X OURSES O JE RN 25 A4h %
FREEL LTz, T ORER:, FREFRI# D SCRT IZLDMLET, FRESh i 12k L TRk % B 2 72 b
LY oYIRoY

ek

EERM BT AR oA X XF (Arabidopsis thaliana ecotype Columbia), BL 24 X)X F D
KU70 KAERH#E (SALK 123114)% iz,

A RXF AT TELZEEE I ER RS (1/2 MS—2% sucrose—0.3% gellun gum)IZ¥EFEL  $&fE 4 HH D
HENT L THEA X BROEETRF—33 keV)Z BT L7z, X BRIRESRFICIZ, BT 30 3 AiCSh i %, SCRT
e TR L (1/2 MS-2% sucrose)lZIRIEL . ERIE HIZ R L TGN 21T 572 # ., SCRT & & TR ARG i
WZERLT 6 REFIFRET L, 3O SCRT 25 E72W B AL RE S BRE L CH RS 2o L 7=, SEAIVILER 21T 70w vf
FREEIZIZ, SCRT OIEHEE L TR L CUWLD VAT L ALRF U R(DMSO) & #& I 5% CHRINLT,

PRSI, BB 1 BARIZ 4% RTHRA LT VTR Z G T EER CEELZ, BEED 1 R pncshw %
10 uM @ EdU Z & TR U LEERTO 1 KFEIZ DNA B E T 7o iR 2 AR L . SHICEE 30 43
BN A 7= DR E (Far Red Fixable Dead Cell Stain, ThermoFisher 1)z ¥RINIL CAEA A YL,
L7z,

AR BB RN — T & — B FE B - A B IR I
AHFFENL, () BPRE TN —WE e Z— DRI SO ZFEITEL L TEELIZL O THD,
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DNA &~ —h— y H2AX ORiHIL, Hio uAXF T y H2AX <D RE /7a—F LHik % sz o
BHICIE, Hie AR H3 O Y-F £/ 70 —F L iR (Abcam 1) % AV, ZHZ 4 AlexaFluor488 FEikHi~r7 A
IgG HifR(ThermoFisher 1), AlexaFluor 594 fZF#HTY Y 1gG HUiAR(ThermoFisher )% Fv 7= [ #2d: 6HT
RIEIC KRGS THH LT, DNA & RGHIIE, Click—iT Plus EdU Cell Proliferation kit for imaging,
Alexa Fluor 647 (ThermoFisher f1)% T EdU BtVIA Az et s L TR LT,

HOC ORI E AL — W —BEMEE(LSMT80, Curl Zeiss #H)Z VN, JEE 5 pm ONFE L THR
HU7c, FR0I 7 BTSSR OfEMTIZIE Image ] (NIH)Z V2,

TERLEELE
X# 50 Gy
r H2AX EdU H3 (H3K4me2) =173
B4R
KU70
WEERIE

B 2. X & 50 Gy Z RS U7= BRI E R, X O KUT0 BB R BSERIRICZIITS. RS 1
H# D y H2AX 7 F v, BEIOEAU 7 FAD55 %

BRARIE, REPEAR H3 7 V% HE/8EE0 BdU 7 V% fkth/ B EH y H2AX &
TF N, A — L8 —]F 25 pm o,

£9°, C-NHE] ORERENHE SN FRO L IR IG CO RS ISEZHH D720 AEMD T A X X)L
KUT0 #RERIES mAXF R F DO Z V. 50 Gy O X AL T 1 HE O EERIZHIT5 v H2AX
PV BdU TV ERAT, FORERER 2 1277, S 1 B % OB Tl y H2AX 28 B 51X 2.
fEdi B R BN, KUTO BERE RARIASh 1 T vy H2AX 7 LN KDEEZE CTho7=, EdU ¥ 7 UL T,
KUT0 #&RE RIB IR TRORE T L CWAH A S LD ATz, ZAUHHE ST KUT0 OBERE R HIZEY C-NHE] 23FH
EINTGAEEEICIVEE 1 H% O DNA R ESHEINT 528, DNA G EEDBIE 23 E# i
HZEEREL TN,

AT, X B 50 Gy & PR U= AT Sh i 2, BRET 30 2y AT, BSEOMRE% 6 FER 5.0 pM, 10.0 pM, B\
(% 50.0 uM @ SCR7 (ZRHIELTIED, REF 1 B RO RIFCIRITS vy H2AX v 7 F /v EdU v 7 L%
AT, FORERAK 312”7, 5.0 pM, BEY10.0 pM D SCR7 THLERL =401 OARIHD v H2AX 7
WX, RO B CHULER A U7 AR i & PR U CRR L~ Toi@ DS b o7 (K 3. & EEY), BEdU v 7z
DUVTH, 10.0 pM ETOPRLEE TIL SCRT THELU T AR M & | TAIED A CALBL L 72 AR S CIIBRSL o7 223 ALG
- 7=(K 3.5 2 B¥), —J7. 50.0 pM D SCRT7 THLERL7-%h i OARUE Tl, y H2AX 7)1 EdU 7
FALHIIEEAER SN2 o7, ] 3 O AESNZIE, X BRBBE %1719, 50.0 uM SCR7 LD 2 %47
STEEH O v H2AX 27 v BEO EdU 27 v E5Rd, BEZ5Z 1 CORWR IR CIZEEA 7R DNA
BT HONTEY ., 2 OMANAME e EdU 3277 L &27-3725, 50.0 pM SCR7 AL 21T -7 MR Tl
y H2AX > 7 v BEdU 7 L EbIZIiFEA L BIES e o7z, F72, 50.0 pM SCR7 ALERZAT > 7= 4R i D
B3 8% Roé, FG, JERRS EHICEDOMOFEBREECI T DG L 820 | FEF IR m s O 5
DB SNT, IR RO, ML O B E R T TIZIEA TWIZ MR Th DD, 50.0
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uM SCR7 THLERL 7RG Tk, 1 HRIZIXZEAE T X TOMAIDFEIR L T= FTREMEN B 2 B, FEERIZIEH
a3 AT ~_T L2 AIFREAE T R TOMBEE E RN IR L T2 R DT (fE A r~ET),

Xi#& 50 Gy , | SEmat
5% DMSO 5.0 uM SCR7 10.0 uM SCR7 50.0 uM SCR7 50.0 uM SCR7
5% DMSO 5% DMSO 5% DMSO 5% DMSO

3. BUNATHIC SCRT TAEEZATV, X # 50 Gy RN L= BFARSERIRICBTS, BN 1 H
#BD vy H2AX &7 F v BELWEAU 7 F VD55

LBt yH2AX 7 v 2 BEHEAU 70 3 Be B MilakH3)T 7 v 4 BRB: &%
RY T, B RIT, RENEARNS H3 U7 VA /SR BEdU 7 V% /S E0s y H2AX
T F N ARG, A — LN —]% 25 pm Ao,

50.0 pM @ SCR7 TRLEIL 7234, 1 BEZITIRZEAE T XRCTOMIEFER T D2 EDVHIHL=7-60 , #illy
FEISND [ EDII RGN BLA LD ET~T-, X RS Z1THT, 50.0 pM SCR7 ALEED HA1T-725)
B2 FO AR SGIEAM A 23 A 2 KAV ERBR AR 1 BRI #2200 5 BRI £C 1 BRI IS~ 2ok A K
AR, FERIRRIE, LB A BR AR L Tonh 2 eI 121, ARG A 58 T U CHERE SORMIIRSE ~ D 43 (b2 B if
T AR HBLL | R 2189 Z &\ S0 e AR s il 5 1), AR i 7 ) ~JE R L T 2 e otz R
L7291 T ATM X2 ATR D%k72 DNA B EE1E OFEIA 2% L T DNA EE A ENHI L-546 . FER
SR S CIXBEE 7o AR 1T B 2SN T RETIRERIC BV THL IO Lo 72 A5l D IS fi /e M ia 58 I3 Bl 22 s
o= BARET), £7-. LIG4 OMBER RIBESE - nAXF X%, EFIAER LRMEA R 71
BT DIENHESNTND 2, E5IC, MBSEAFE A UIAD I 5L, BASISHAE  ZE E E <7
WVEIR CdhoT-, ZHHDIEMNE . EIEEED SCRT (LA AROMAITEIL. DNA H{EE1E P20
S EE ML E I XD AU AT IR IRV B 2 b vD,
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50.0 uM SCR7, 5% DMSO, F RS

1 R 2 R 3 R 4 R 5 R
£ P X f ]

;

X 4. 50.0 uM SCR7 THLERL 7= JEFR S S5 1R m 2 51T 2 SEME Gak B2) 0 A DRREFE (b
FEHIIRZ AR SR OBy T BMSHE BT TRUTZ, A7 — L 3—1%, 50 um 27/~

VL EORER I WEIEMRO LIG4 [LEAIEL Tabd SCRT 1E. X SIBH 21T o7 mA X X))
EASXTLTIE, 10 pM LU F O FETix KUT0 ORSRERBIZLD C-NHE] BLE THRONIZLI 72 B A IR
13527, MR TIL DNA HEEERE S DNA FEHRIPHE LT MBILREE 2 DIVOMIREZ L HZ LN D
Motz FLIEHNN TIX SCRT 1 LIG4 721F T/ fliod> DNA VA — B[R E DL EZZ T DLW E N H
DIM, ZDLEH72 SCRT DR FMEDIRZIL, ARBFFEIZEI1T2S SCRT 28 X SRERET I B 12 X DHE5hsh F A
IRSZENEWOFE AT TE720, SCRT LB T M FLEAM A3\ Tk C-NHE] BFEIZE D7 RS
LOM ERRLLNLM VY MW T, b~ DY ) MREIZI T, SCRT AAER I LML O35 A L1 B7s
DIRENROM Fab b0 E) SCRT 28 C-NHE] FHEICEEL THHZ LA RIBTHMENH S 9, o
oA XF XS D LIGA DHAIEADOBE L1320 DNA BIEBEEICRE AR E A=/ 0 T REME T, S aX
FAF O LIG4 H§RE KA DNA {52 #2340 X ARSI L0 5 S S D AR T A58 7
HEVIIE DL ESND, LTS T, SCRT 12V RAX T RF O LIG4E ZHETAENE D, 5o T
LD TR EE 2 BT,

;(ﬁ:ll:

il

LA O LIGA FHERIEL THSHINLD SCRT 1, v aAXF AT D X HEHRERh R U CAME R
HETRIEH 27 RST, 228 SRR AR T2 alREMEME W Z &b o7z,

BE IR
1) M. Srivastava et al. Cell 151(7), 1474-1487 (2012)
2) H. von Attikum et al. Nucleic Acid Res. 31(14), 4247-4255 (2003)
3) G. Greco et al. DNA repair 43, 18-23 (2016)
4) C.V. Weber et al. Nature Biotech 33(5), 543-548 (2015)
5) T. Maruyama et al. Nature Biotech 33(5), 538-542 (2015)
6) T.V.Vu et al. Rice 12(95), 1-29 (2019)
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HAA Y —AZLOFHEI S ND Y AR TR R A FI ] U780 B B i oo B %8
Development of New Plant Breeding Technique Using Heavy lon Beam—Induced Chromosomal
Rearrangement
T BT R AR
Masanori HATASHITA , Keiichi TAKAGI and Kotaro MIURA

Abstract

Ion beam irradiation has been used to generate new mutants in higher plants. It is thought that ion beams
with high linear energy transfer (LET) value cause large and irreparable DNA damage in few small area,
therefore novel mutants without detrimental characteristics have been efficiently obtained. Recent studies
have shown that proportions of deletions, insertions and base substitutions in ion beam induced mutations
depend on LET and heavy ion beam irradiation with high LET value induces large deletions and chromosomal
rearrangements. The range shifter at upstream position of the sample has been used to reduce the residual
range of carbon beams i.e. to raise LET values on targets. The biological effects of carbon beams with different
LET values have been clarified in regard to primary root elongation. In this study, the effect of carbon beams
with high LET for rice were investigated.

)

AF L —LBEE, EICEHEED O ML RO FEEL THWOLRTETWND, BWRTRLF—fF 5
(LET) ZboTeAF e —2E, EE N R EER KB, DNA 542 Z<ADEOE T/ EE L,
TORERELTHEBERIEEEMET 227 FBRE RARE R IER T HIENTELEZZ LT
%o BT DWIFEND, A7 B — AICI RSN DA ROFIITIUN T, REULZR R IO A LA
DY ILE B E AR X THIAGA LET ITAFLTE L, & LET @E%ﬂ“/t“~A%’§d75§ﬁ%f£ﬁ(%%’
Pt KL L TO R ZFHE R L CODIERBHLNI /2> TETz, AFTETIL, RFEAA L E— LIRS
WT, BRI EICL oDy 72— B AT HZE T E— ATREEA L, TR HREHM I E TD LET
T HIEEMM L CE T, RIURBFAA L E —AICBWTHRARS LET THRELZEED ulXF KT )
HCOMADFMARIUZ BT DEM D RIZ OV THAEL TE7z, 41 ERAEMD 1O THHARIZDONT,
ZONE NI DE LET RFEAA L E — LRI O LMD R ETHE L,

i

Hllll

AF L — LRI, 2, BAME OFLWERE RERERH T CEREL T, =R foA4
IR 1X, 75 B AR THE—D MR B2 BHELTZAEMBE 21T WD IR THY, TN ETICREEE
DN ERZ R UIZ L RAFZEI LD 5D RS S HHEE 1T > T T2,

BT OHAL I TR AN LD T T WAEY) O 28 B lk I NZ 227 ) DR BT OFE s, 7T 78 D
AF e — LRGN LD R AT 5 B L F — i 5.3, Y IR L~V O FAE R Z DT LW AT DI
REFRTHIENHLNII o TEIZ, 22T, RIFZRITHE N TL, BB =X —Wfet ¥ —ICRE
SN TWAAF ISR BELNARBAFT L E— AL VL 72 —% N E— AT RAX—% F I
HZETIVEW LET ORBAZ Y —LE NI 35282 Mt L T& T, I, B2 LET ORFEA
B =AW T aA X T AT R IR L2 EDORBH R ICBIT DM EN DR EZRH AL T/,
AENE, EREM D1 O THLARIZOWT, ZOYE I ITHE LET [RFEAF B — LR O LY R
A LT,

E RO

AFE — AL, B0 ENMEHE 25 L mIEORELDG JE B OWE O AR RN ELRD, &
DFERIVRERT N —ZHHOWE A 5T DZ8107D, Lo T, AUAAVFIZB O THRENIHTD
ADRFO T RN =5 B2 HZET, LET 28 bZHDHZENTED, BB RN —M v X —DA A
IEEHZ BN T, PERDIRFBAA L — 2O BEHETIE, BEHIR LI XZE 450MeV DRFAA A4
E— AR SIS, LET 13385% 57keV/um EFHRIND, EALFEHF IR B LNIIL D255 KFIR A

A P = — WS s — - WEEB IR - AL IR JE | 2 R IR SIS - AR IR A - A B AR
AWFZEIE. (AR BB = RNF — W ge k2 — D3t H R Eﬁ)ﬁ“EbJT LUTC, @RI RF L F TEMBLI-H D Th D,
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DNA #iE 2 b2 23 &3 b LET 1347

<&t 100keV/pm LA ETHY Fhve Yy

DA IE SR CER T 5, R 4
FENOEEZ T THKREL FIEELTT

MR B0 FificL ooy 72 —24 A L
L, REMLE TORFEAA B —LDT R

AR T BIEREZLND, 0D ik / —

TOVIREREA

- FILEZI L
EHZET MBI ZEICE T OMH E LET  sappagesst PTW-786 E# 1.5mm
3x3.55mg/cm?

AT BRI EE B TRS, s Tk

E& 100
M2, [REAA L E—LD LET %3k o

&%f‘ﬂhéﬁ‘ét&)@t/b?ﬁ ZRL éi e gi 7o

7o, WE OB OLEIT, BEEFTTES

1.5mm 0)7’/I/i:‘7-5~;5fﬂqb"f\ B — A5

Gl JEX 100um OB 7 R EE L,

E— A% REUICEY HL TWD, B PTW-

786)%  RFE — Al FICERE L FEE — L% A

I, REHIE— AR ShAZ LT85, © 12

DO EFHIRFBAA L E— LD K FFREFEN

) 4.5mm HHIELHY ., FREAM O EEHE H W

TWb, —J7 . JVEW LET 21557200y T

v LU TCIL, BB (PTW-786) & FR & 3B L D

licL vy 72—l THEA DIREHZRDOT 7I v

WA AT DL TRIG LT, ZOROHR R E 2

IZBWTIE, REAA LB — DK FIRFEN 0

L.5mm Z8)0 fREER O EF TIEE — A0 8 R = D
IRNZELELT, TATTERROREEE Y a6

HZEII LT, 2OLTsEy Ty A IckY AT D B

TIYNRDEHE T ESEHZET, LET 2% %

ISR ZENTES,

W2, AR EREMDO1S>THHAHRITHD
/ANEN %mjjaaﬁﬁ BiI5E LET R#\EAFE
— LREOEYINREFE LT, FEBAMEEL 10
T AFD AW 726 L, RFEAALE :
—LOWHIT, 77U A 3mm AL B
W(LET:150keV/um LA 1) TN HHE % O 0
B TITo72, B ORI TR HF A%, B
SR REL 7, BB AL ORI » )
15 Al 24 REBICHELE, ZORKE. 15 A 2 SIERCBI ATV E = ARHORE
SO A IOy DK C 12.20m T AFERE% 150 BB, B %240 A OB
HoT=DITHL | FREDIE L7 DT DFVEBERC T LMK 2D 40Gy TlE 6.7cm 72 -7 (K 2 A), 24 B4
DOFAE THZDOMEIATHERFS L, 0Gy DX 23.7cm THHDITH L, BRI E LR DI OB PRI B L
<720, 40Gy T 16.8cm &72->7- (K 2 B), ZOFERIX, & LET [RFEAA B — LR IZLDMEB IR ~DH
A= THEL ISR D EHERIL T, 15638 LET57keV/im DRFEAFT L E— LD BEVEDLA .
100Gy L EDOBEEITH/nE, BELOMEIHIIERD L -7 EOWRENG ., AiElHRE O rA X
FRFDORFEFEFRIZ, RIUAA U THREHNZITHIAT D LET WA DD MBI 2B 13284k
THIERHLNIT T2,

XK1 =R —LDOLETZ LS 570Dy v 77 (BK)

BOEL (an)

20

HOEL (an)

0o 3 5 7 10 15 20 30 40
w2 (Gy)

SBOBELBE
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Development of “Yamadanishiki FPU-1", a Sake Brewing Rice Suitable for Cultivation in Fukui Prefecture
ZIHEE KRR, E RS
Kotaro MIURA and Keiichi TAKAGI

Abstract

“Yamadanishiki”, an elite variety of rice for sake brewing rice, is difficult to cultivate in Fukui Prefecture
due to its low resistance to lodging and late heading. We report the development of “Yamadanishiki FPU-
1”7,  which is suitable to cultivate in Fukui Prefecture.
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Production and Characterization of Antiglycation Substances from /nonotus obliquus
PBRIRBRZ M B
Akihiko SAKURAI and Masanori HATASHITA
Abstract

Production and purification of antiglycation substances from /nonotus obliquus were investigated.
Characterization of the antiglycation substances was also carried out. The main component of antiglycation
substances was identified as dihydroxybenzalacetone (DBL), which showed more than 10 times higher
antiglycation activity than that of aminoguanidine. In addition, a mutant that shows 1.3 times larger growth
rate than that for the wild type in a liquid surface culture was obtained by a carbon beam irradiation.
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Development of Commercial Varieties of Flowering Plants by lon Beam Irradiation
JH T EH, mUE L e A
Masanori HATASHITA, Keiichi TAKAGI and Katsuhisa SUZUKI
Abstract

Mutation breeding is an important method for improving flowering plants. Many kinds of commercial varieties
of flowering plants were obtained by ion beam irradiation. For the protection of new varieties of plants,
production of triploid plants by colchicine treatment has been tried. If triploid plants of new varieties are
developed, these plants are completely sterile and can only vegetatively propagate themselves. To estimate the
polyploidy levels of candidate triploid plants, the nuclear DNA relative amounts were measured by using
flowcytometry (FCM). The samples for FCM analyses were prepared for the nuclei to be separated in the buffer
including propidium iodide solution by chopping the leaves by razor. The peaks for candidate triploids and
tetraploids were found in the positions about 1.5 and about 2 times far from that for diploid, respectively. These
results indicate that FCM analysis method enables us to easily perform the ploidy discrimination and also the
determination of their nuclear DNA amounts.
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Hyphal Growth of lon-Beam Irradiated Shiitake Strain Kinko 115
FERE R B A 2 RBIIEY, SFS RN
Keiichi TAKAGI, Masanori HATASHITA, Akimasa SASAKI and Kazuhisa TERASHIMA
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Development of DNA Markers for Biological Resources of Fukui Prefecture
i R
Yoshikazu TANAKA
Abstract

Amplified Fragment Length Polymorphism (AFLP) analysis was performed to create DNA markers that
can be used for the development of new parthenocarpic midi tomatoes in Fukui prefecture. As a result, several
specific DNA fragments were obtained.
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Analysis of Metabolites for Agricultural Products of Fukui Prefecture
R 2
Nobuyuki ENDO
Abstract

For agricultural products such as midi tomatoes, spinach, and mizuna, we compared and investigated
whether the ingredients and metabolites differed contained between Fukui prefecture products and those of
other areas. We also investigated whether they had some characteristics.
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Development of Antioxidative Activity Evaluation Method as an Index to Added Value of Food
TR 2
Nobuyuki ENDO

Abstract

In order to establish a simple and accurate method for evaluating the elimination of foods against reactive
oxygen species and free radicals, we have performed the research using an electron spin resonance (ESR)
spectroscopy. The reactivities of hydroxyl radical, superoxide anion radical, alkyl radical, alkoxyl radical and
singlet oxygen with components in several foods were evaluated by spin trapping—ESR method using a new
reagent. The anti—oxidation activities of several foods produced in Fukui and the other area was evaluated by
using this method.
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2.2.3.1
MG A THE E AT AT B AR E O]
Suppression of Physiological Disoders in a Closed System for Growing Tomato Seedlings
with LEDs as the Main Light Source
JH R Bt HRHR TR
Masanori HATASHITA and Yuji IMURA
Abstract

The closed system for growing tomato seedlings has been developed using LED lights as a main light source.
The system consists of plural monochromatic LED light with different light wavelength. The light intensity of
each LED light can be controlled according to the intensity pattern set every time. Various intensity patterns
and the conmbinations of different wavelengths were tested for the best cultivation conditions as compared
with the cultivation under the fluorescent lamp.

The closed system for the cultivation of tomato seedlings reduces the risk of disease and insect damage
without using agricultural chemical. However, tomato seedlings grown under artificial lights for a long time
are subject to physiological disorders due to high growth rate. The suppressions of the physiological disorders
were studied for the stable cultivation of high quality seedlings.
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2.3.1.1
A& A YW 2720 DL — P — Uik D E
Development of Laser Cutting Equipment for Steel Pipe Cutting
(L1 FE e it
Tomonori YAMADA
Abstract

In the decommissioning of nuclear power plants, it is necessary to work in narrow spaces. We have
developed a laser cutting system used for the pipes just plumbed in the plants and evaluated its performance.
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Examination of Laser Decontamination Efficiency by Oscillation Method of Laser
R
Seiji ANDO
Abstract

For a decommissioning of nuclear power plants, we have developed a laser decontamination technique. The
efficiencies of the decontamination with laser irradiation by different oscillating methods were compared.
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2.3.1.3
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Dust Behavior during Laser Cutting in Huge Water Tank
RGO MR B S NBS 2, RRERRE™
Yuta MIYAMOTO, Masaru UEMURA, Katsuhiro YOSHIKAWA and Seiji ANDO
Abstract

The laser cutting of test materials which simulated the structure materials of the advanced thermal nuclear
reactor “FUGEN” was performed at a water depth of 10 m. During the cutting process, we have obtained
the amount of dust and dross which were transferred to water and atmosphere and the dependence of the
particle size distribution on the cutting speed.
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Time Evolution of Microparticle Emission from Stainless Steel under Pulsed Laser Irradiation

e
Shigeru NISHIO

Abstract

Microparticle emission can be controlled by choosing a laser irradiation condition carefully. This study
provides basic data set of changes of amounts and sizes of microparticle emitted from SS316L test piece under
a pulsed laser irradiation over time. The data set can be used for developing the particle emission control
technique.
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S L BLEER i DT
Elementaly Analysis for Sensitized Metal Material Sampls
LERERIR™ ., LR — A, B HEEE
Seiji ANDO, Ryuichiro YAMAGISHI and Toshio MAEDA

Abstract

Thermal effect of near the interface of stainless—steel base material in welded dissimilar materials by TIG
welding was evaluated by the optical microscope and elemental analysis. Those results suggest that the thermal
effect are staying in a narrow area, and the laser desensitization process is possible.
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ZIT, L= XD RATHIINENC A B Uiz, L—W —1X, JFEZ AW RS NEAE I T R0 | NG
FH 2 RGO — 5D AE DD ENTEDAHEMED D, o, IV AFX YT 52 WD ETRINBNDEE
U7 AINEVE CHRBLCE D728 | S b2 8E T D7D DMBFIELL TEL TWDHEB X T,

AWFIE T, b— — R LD BB LALBL D pIREME 2 R 535728012, JR 1) Bl % 2 O S
TWDERFEH (S15C) EAT L A (SUS304) & T TIG IEHAC KD BMEEEAI T IEHEABIZ LD ATV
U ASHO Vs T B O S b o A M L7,

REDOHE

TIG LD AT L A ~D NEAD B AT 272 JEA 5 mm OAT L AHiE V- X JEBR %G
W REATE (BEIARE) Y TEBH 56 R (A 2 2.5 mm JHVY) BE Y JEA 10 mm D AT L A% U
72 Y TR IR EE (FRITA A 2.5 mm AHVY) 0 3 ROV (v, BRI SR U) 1o TRl 2 il
TEL, ZNDE TR M LA T2 IS EIRT L, IS AL 7= % (W I 21T\, BT n— T~ A ra7
FF 4% (EPMA) TR a1 o7, £, HEE A EM Ty F 7L, CCD HFAD N FHIMBE TR LT,

JFBMERIC LA REBIZCIY , 2 TOREHIRB W T, IS —REO LR F A~ 1 ~2 mm FREOIR
BEBE MBLERS 203 | Wi 8312 10 iU L L7 SRS A RIS R T 80 um FRETHDHI LN
FTET-, IBIT, EPMA WS RS, BV BIC L0 7a AL U7 MR, B R CTH 40 pom FREEOFEPH T
Bl Fo, BUBULIEROIAZIZ, M HEEED IO BRI L NEE ALY, R OB R RKEWZ
EP 7 p LRI =T,

e
TIG VEHEI KO BT A0 RAHEBRE T ST e, 272 L 2ROV TR B S IS
BN ThBZ LD, L—F— A ORF il 5 L OB LI KB TR S M RIS,

T CARE) B9 /L e 5 JEDA - L — DTN 2. (D) F DT =0 — VI 5/ — i e L - Bl
ik

ARRFFEL, (AW FEHHE = —RFge 2 —03 (HAF) A AR HRFFEB D SO BRB R L L TEL2b D TH D,
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2.3.2.2
U— W —% T B VS B BV BRI O B 3 2 2 T — Y BUSE3E
Basic Data Acquisition of Post Weld Heat Treatment by Laser for Dissimilar Metal Welding
LEREFIE™ LR — R, R A
Seiji ANDO, Ryuichiro YAMAGISHI and Toshio MAEDA
Abstract

In order to obtain basic data for laser desensitization process, we prepared laser irradiation to the sensitized
stainless steel under various conditions. The desensitizing effect on the laser—irradiated samples were evaluated
by the optical microscope and the elemental analysis.

B

U— W —% W RSB AL B A TH 728 D IR T — 2 G2 H L LT, St ALER A T o T2 ATV LA
F AR % 72 S CL— W — BRI AT o 7o BB A EILL | 2D~ DB L | S BMEEC LR AT Ly
FEm L7,

&

s

AT L AHIE 600°C~800°CHEEE DANENZ LY | Al KD R BB ENATRA A2, 7 LAt sk
ra RS IHT 3 28U LA E TS, ZOSBIITRIE B EZ A LS <TAREEL THLILTWD, RH%
THREGIAECRT W ZOR R BN IE L2 D,

BB L DS EHFEEL UL, AEEA OIREITNBVRRF L= 5R 1AM ST B L BVLE N — R TH D,
AT AP BT ESLER X 1000°C~1100°CREEE THY , INEZ I — ERFEARFIL CRm S, Sk
(BB ET VR E IR E TE DR BEBSE DML ER DD, 12721, 20 B L BB %[5 - 77 BE i i
RETHOONA LI RE SRS L TITHDF, HERICREETHS,

I T, L=V —IC XD RFTIINENC S B Uiz, L—W —1%, %2 V=R SN EALIT 220 | e
FH 2 RGO — 5 D ANE DD ENTEDAREMED D, Flo, WV AX YT 52 WD ETRINBNDEE
L 72 TR NEVE CHEBITE 5720, B2 BT D7D OB IEL L TEL TWDEB X T2,

AW CIE, ENCAFZER R IE N B AR IR DS T T 57 7 AN — L — =L LN ) A%y
T TS LB FR A DR 24T~ 72,

AR D

ABHE, BRUFZ AW CTEUULALEE (650°C, 12 h, HIRZEM) Z1T-T- AT L AHH (SUS304) THH, L —
P EEHE ARy MREELSE L —F —BREEITV BB L BULEE O R AT~ Tz, L—H—
% OREHE, L —YF—EE H M LB TG MICER L, BIEaME L% I miEL1T V., B e
— 7~ A7aTF T4 (BEPMA) CrLE o &1{T-o72, Fi=. & BTy F 7L, CCD J=m N TEM
Sim W THEIZL,

U——BRGHZ KOV, B A LD S0 T, BBRIAR I IREPEDMEEI IR . SR RAELZ, 208
G OMigiE b aEE L, FUEEREAS 50 pm~100 pm THAHEBEE S OHEE LT, F2, L— —RE Ik
VYL, BEE 2RO TIE, EZUIRAE LD T, ZOBRE DS LiEE L, 3B E E2>5 10 pm
~20 pm THDHEBLHERNOHEE LT,

#E

BRI A7 L AL — P — 2 IR L BB LML OB AT ST R, L— T —
SRS 5500 B 256 2 TR A RIS S LT, L — Y\ LD BB I TR S BT L, &
LR B LT BRI OSSR DR LE L5,

AP PGB =R — B TR 2 — - AFFEBR S8R - L — W — £ B IS 5B 2 () FPE = 0L — WIS o 27— « A SR LA T - £
FRRRE

ABFTEE, (D) B = —WhgE e 2 —8 (ER) AAR T T FE RN OO BB R LL THEELIZb DO TH D, AL,
([EARIF) B A7 FIRITZEBH FEREAR It Rk (e il EE &R L7,

43



DEperl = LR — T Jet s X — WG (7 2 )|

2.3.2.3
L — P — Va8 OO DR
Evaluation of Scattering Particles during Laser Welding
Ly FE N BR pe e —
Tomonori YAMADA and Yuji SATO
Abstract

To apply a laser welding technology at a nuclear power station, we examined a method for estimation of
amounts of micro particles generated during laser irradiation using a high—speed camera and compared the
relationship between the circumstance pressure and amounts of microparticles.

Gy

U — I B I & R - S R AT D Bl ~E IS T D721 b— W — U TR A D00k 38 A A

R EE I AT ORI 2 FIEZBRFE L, SRR UL ) SOk 38 A2 B D BILR AR~ 72,

&

s

L— W —Fi L, m R SR e D~y F U M L X MESEIC B W TN S E A TAZEND, Ay
M. W7, I LA XU kR 2 220 B IR A S TS, R IR EITNICBWTH, L —V— Il THEIF O R
TEHL, TEER OHIES ZIRBEEM DA, (EER oW b 15YEREL 1L EOBLENG, Bl -~ H
Z HIRLIZF SRR M T Q0D b — — I LG i1 S8 BT O BIG#EIT 235 6 X5
SHEE THDT-D, L — — BRI 24T > T B AT D Y EE 2 & A T D IRk D2 & O il
HPNFREES TS,

ATl ARSTR R L T — W — I Ic S B L, b — — RSN IR LIS B 2 5%
5.2 A B (ki 1) DR A BE H BB Uiz, £, A a 54 B R HAIE /I OBREHR R, )
IS DL TR X EBEHIE XA A REE 2 R LT,

DB

L ICEBREEZ RS, BRI THDLAT LA SUS304 ICHTLL—H —Z bR LE — R4 7L
—NRBEEATV, TOREF- 2@l E D AT ICIVBIE U, @ ISy — —2RHd 5L L —V—F
BT — BN FEAE L, E DRI IOBRRL T ORI N HEL 22508 ABFTETId, HALARZ MV T DR
DEOL —F—RREA VY, 2Ol EIZEERIR, Bl E VAT ONE TR E L., @il E D AT O feimicr —%
— RO E O HEFBRBS T LN AR N R SAT AN E— 2 OHTAHZE T, Y RO T T 7 e 54T
W, AT DRI O R HALIZ B Uz, TR WL — S — 13T 4 A7 —F—THY | KX 1030 nm
Tho, L— P —IEHRME, U— — 771 6 kW, IEHEEE 80 mm/s ThHD, 7o, M E AT OIRE S
1L, 7L —LL—F 5,000 fps, v Z—HE 1/10000 s Thb, L —HF—MRBADIEEIL 97610 nm THY. &
AT OYIGIZBOHT To S R R2AT g2 — D R ld, L—F— BB O RIZEDETI76£10 nm %
BELE, REREELTH —UE% 100000 Pa~10 Pa ETCEALSE A0 Z DA BAFRLT-,

f
AERK
1 FEERALRE

A EPRE R — e e Z— WP FEED - L — Y — BRI = | KRR ARG B AT e AT - 28 7 e B AP SRR - L — Y 7' m
BRI

ARFZEL . KIRK G FHENTTERT O I FAFTE B O — R A TFITFERE L LT (A B PGE = 3L —AFge b o 2 — 3 KBRS 5 BT
FFLFETEBLI DO THD,
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L —W BRI E i E I AT R LTV Y RO 7 T 7R EICED | L — W —EE R OF B AR 352 LIk
LTz, X 2 IZEHE D AT TORREAERO—HIEL T, FRFHKIET] 100000 Pa TOL—H —FFHEH O 1%
TN RN DI T DA N AR TET2 2D, @R E I AT DM Z T 58T, A0 H DT
BeREh A S U7, BT Tl IR o 500 MDA SRR L. ZDH% . LA TT o7, X 312
DFERE RS, FIKEDEINT HEA R ZOFRAEBLINL TRY ., 0 ZITIRBEER % J7 12 m) TR
L TCODZENERTE T, ABREMEREA N ZOREELEL CGHELIZEZA, K 4 1R T EHIZFRPH
ZUES] 10 Pa THABEER 2.1 %, FEPHSJE /) 100 Pa TH ARG 8.6 %, Z5IH%E /1 1000 Pa T A (A A
£ 20.2 %, ZFPHSUES) 10000 Pa CHEHEFESR 7.9 %, FPHAUES) 100000 Pa CH @A HEIFESR 37.8 %&7/n>77,
FERET] 10000 Pa CHEGEEFENMIMEZ /R TEY, JRKIZOW IR RSB L2508, M EL T
WERPHEE OB I A A REROEINT D LN HER TE, UL ENS, BREAIENE LS E52LT,
AR B DR BEAFIECED A REMEA RR ST,

£/ : 10 Pa 100 Pa 1000 Pa

10000 Pa 100000 Pa
| .
S

r "\4

|
N =11 P
CID 1362 Rec 5000 Shutter

2 =Y P oOkT

40 ‘

35 1
30 A
25 4
20 A ®

15 4

A R (%]

10

5 -
[
O T T T T

1 10 100 1000 10000 100000
£ 77 [Pal

4 FHRIEALABRBRNORD A Sy Z D5 EBEO R

e

L U OB L IR R O AT R I BT T R 7S TR T
BT DA Sy ZORHUCIREII LT, A3 2 D Z I3 BER R 5 IS AT TRBL TRD, A3y Z OFEA RIS
TR T R LS5 2L OO AT RIS,
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2.4. FH IS
2.4.1. FH RIS DS - BEHO FEAf £ 17 BA 58

2.4.1.1

A — DD FHEEE K
Advancement of Space Industry by Ion Beam Application
DORA KGR | (LT 71 PRI JRURRIS 505 SRHEE™ /Ry VS | R —* | I e
Kyo KUME, Satoshi MIZUSHIMA, Shinko SANDO, Satoshi HATORI, Hiroshi SAWAZAKI, Hajime ARAI,
Yui KOBAYASHI, Hirokazu NAKAMURA and Yoshihide AOYANAGI

Abstract

In order to simulate the cosmic ray by using proton beam from the synchrotron to the target area, we have
developed the irradiation techniques for the control of beam energy and measurement of particle fluence on the
target. By using this technique, we performed irradiation on the solid state devices aboard the future
microsatellite and estimated the generation amount and/or rate of the single events, of which figures showed
that every device lasts during the mission in orbit. Our irradiation method for the simulation of the radiation
damage on the electric device is expected to contribute to new advancement of space industry in Fukui area.
Gy

TR U2 — 22 BT 572010 B — A gL —Hl il R 7 /L ZEHNC B 5808
BAFE AT o7, ZOWREHANE AV, #TH EIF %2 T EL TS/ N R IZHEHE T E O 8 R IZ DN T
FHACLD T NARIOFAEBEZTML, WO s B/ NUE R COFHNTRE ChHZ L2 H
MNC LTz, ZOBRFE AL Tk IR 7 IC B T D FH EE B R~ O E % H 57,

i

il

FHERICRMZ AR T, &I RO TOFH EET OEDBER SN TOD, ARFET —<T
T ATHEO/NEE - RS OFTEH OB S bEEE X B RFTIE — pLF—hiji b 7 — IR ES
NTODAA AMEZZAE L BT OB/ LRI DB 7 /A AT 5 e i A
Bt AL T EICED | R OFHERFRICHBN T 22z A fE T,

F¥E

AT TIE, BNEFE KFEEYIEANOB O EMF AR 2R L7z BT, 2oL FEMF R ARHNIZ IS
T R EA D 7= DL 7 AR N B A LTV,

EAZEET, Yo x—nrrrabny 25N SEAR =3 L X — AW REHEE (K 1) &Lz, [F%E
ETIIAA e =25 KGTICEO U CREHZ IR L TV D, LM CEERTHMREL DT RLF —%
Bige 45720, B8 — A LB~ DB E = 2L X — DA AT, 20, 40, 60, 80 MeV DR fE—24
ELTo, BEZEHNLEO M T2 — A Wi E (B2 4 - KRR SRR - ERER /2 L) THA T =31
F—Lhbt, BEER)ZF LUl E LU THAL, Bl E O RESEZR B PICE T 58T, v
rabay COR IR L =L TUIHE DT RLF —DAZRINTH LT,

IO TR FH A D720, B e —AEME O BEERAZFIEL, BN kL —
DEERLNCEHBER)ZF LU ORE IR EEBI o7, dHRE IR BRI Brm s o —R
SRIM20132% R L7=, sRBRRFIZIZ, BB — D00 E ORI 0E — AR LD 8 — 25 H 2h SR O AT
RPICEY B — AR E AR E L, BRI R OSEHI W T, AL/ EHEER I L0 B - BIEARIE L, 2
F PCIZHE R R FESE T, REHIARR A — 2o REHE IR VN T — 7 Tl & LTz, B IERD
— BRI DWW EL D HAR - B - EB S U CRIRHZIR R 21T\, Ty T 7y 73 AR - =7 — S 2 51
L7z, e fiaikld~A=  FET, DC/DC @ /"—# & 4 —IC T, T b/ EHEO-DI0%®
iEflA BT D THD,

() B BHE TR — W Z— - WFFE BT - A SR | (AR AP = 3L — W JE o 2 — - WP FEBR JE 0 - iR =, 2 e —1
> (BR) - BRIERFE B 2 — N TR R YV —7 M RS SRR JE A Y - P2 B i A
ARRFIEL, (W) FPRE TN —AFFe o 2 — BRI RN LDOZFENIZEEL T, E—L > () BL ORI R FA L FE TEEL 72D THD,
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fHE

B IR =L — L@ 3 AR =T L R EE DR EVEIZ DWW TR %, X 2 12 SRIM2013 TEHAE S
7o, B — 2R S Te BELORE T2 BLL T — Bl 2n T, 72X 3 ITRBRIEICBIT A T 0k x /1% — (B
N X—) LEBERIF LU OESEOMBEEZ R, ZORRENLE T R X —%, B xL
F—20, 40, 60, 80 MeV ZFEHL 95121 100 MeV TRWIENFHER TET,

OXNZHRBRIF OB B — ADORRIREIZONTIERD, M 1 OB T — 2% (LD I-RFO B &IZLY
B CEAE — ARK OB EA R IEL, [ 4 O — A5 H 0 BELNHRERB S 1231 A — 2K Hzh ==
2, E— L IRE P OB EG, ZOREER, SBHEE 10 cm x 10 em OFIPHIZ SO TIRE =11 —(2
57 1 x 107 B5+/cm?/sec DFRERDFERDMER TET= (L r/abrr NE— LR 1 nA ),

ZDINTEmRNF — REEEE LT B2 — A% W CEENE L 7= FREERBR OFE B i3, SR TRAL
12Ty F 7y 7 RN =7 — LI E, 285 an & U TR IRFR IR B8 TRIED 22V HDW N B
DORR AL DHZ LT A AT REZRFPHN TH D, SIS,

;ﬁ‘:I:

B

FHBEBE LIS T2 — 2O M BINZ B L FRTOBEH R FIE, ©— 20Tk, SHTFIES
AL HZE T TR OB/ N BRI RZ GBI L TOD YBT3 v T A~ bkl e 52
Mg D LN TE, H ORI ATREM 23 L 7=, F-ZOBIIZIENLD | RNAEZE - KL YA AN O IEFEAFE
R ZAE LT, ZROO I AZ D, @I R T OFHEETRICEI S22 L MifrEh D,

SE IR
) BB X 52— TRV — R
http://www.werc.or.jp/newsdetail/img/R021026press.pdf (2020)
2) SRIM code. “SRIM homepage” .https://www.srim.org/
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o136 KLOVERL 872 I 8RR T S A 20 BUR BT O R FIE
Evaluation of Radiation tolerance of Electric Devices for Proton / Heavy Particle Beam
ARG, MR /IR RARHIAT . PRI AKAEH, KIg
Yoichi YATSU, Kei WATANABE, Hiroyuki KOBAYASHI, Yuki AMAKI,
Satoshi Hatori, Kyo KUME and Satoshi MIZUSHIMA

Abstract

The radiation tolerances of commercial off-the—shelf (COTS) semiconductor devices, such as CPUs, FPGAs,
and communication transceiver ICs are reported. Automotive—grade devices with wide—operating temperature
ranges can be good candidates for small space missions. The radiation tolerance of those devices, however,
depends on the production process. In this research, we tested an FPGA which includes a hardware CPU for
high performance computing in orbit. We detected a number of single event upset (SEU), but we did not detect
single event latch—up (SEL) with current increase or permanent failure. The present result implies that as the
expected upset rate is about 0.1 bit/day in orbit, these devices can be used for mission components.
Gy

F R =R B2 —4 (OBC) IZR) 72V CPU X° FPGA, (@5 h 70— N IC R EDRGA 7Y vz
(COTS)DH-HART /S A ZADFEESFRIEIC DV THE T 5, BT L —ROT /S AT, B RREEFEPHAS A
7o/ NSy Sa L OFEHEMIZ E23505 BRI E RS 7 m e AR T 2720 FHELTHD, =
DT ANCTIE, EEEEICHNWD N—RY=7 CPU 2N L7 FPGA Z3Hili L7z, BSERERClIZ oy MY
Hz T NARCET T ek, SEU) ZMHLIcb OO RERERIEMEEDTYF T 7 (Lo 7 NAR_
v F T 75 SEL) ROMESEIL O 20572, WiFFSiL2D SEU B 134 ATV T 10 HIC 1 ERETHY,
RFL-NVIVOFHIy v a #am ChiuXE H AR Th oLV fsima 1572,

i

il

FREZANWE)B—R LT T EITHOES, CCD 2 CMOS 7R2E DG Z RSN WD, T4, Bt
YHOETBAE YT IXEAE AL THY, BFFEEOEE T HBZOLDON Y TVHi LT, FRI7m—N
Ny H—FED CMOS BTl BERFICHEFEHFMAHEE HINDT0 | REBED AT LV MR
FET D CPU, BIET YT BRELI>TND, (a7 F1ETRITE S A KA CTlE, ASIC 0 FIHS
NDM, Flt O EFEFWENZ ADC 2L TOD720 LA D FPGA 20721 5721 THEVTLED,
ORI EMERED RAETF AA A FH TR T22enTEIE, 2 CEtEieEs o o AT LA FH TX
L1280 T Ay T SA ZAD R EZ AL, ENLOWORERTREAENHBAET LD, A~
BEPNBELGAIXEDRIERICHA DO ERE T 52127, RLAR—R T, $51Z FPGA X° CPU %
\ZHZRE ST, 100MeV DR F-HBRIBEHZ LD 0 7 AR RRBR O RA iS5,

KRG

PR 2R X HIER IR HE B CREETHY 22 P8R T NARCH L CREREEL 52 58T R LF
— DL, 100 MeV 38R LT-, BELER (o7 27 1.3mm JE) ZidiiE 57280 g RS T X
Z 90 MeV £72%, BB —1T 2016 AFOEFRFEREBELLY, L T NNAXUNAR(SEE)F LR 2 —ELX
I A, REEIARFOEIEZ IEfEICBEIFCE5L9 1.3x10° & 7.0x10° proton/s/cm? @ 2 FEFADIHE A
HE LT ONTIEL — N CHRE 2TV, FEN WIS ThILZE L — TR 2TV &I —2L T
~3x10° proton/cm? MERIKHIERRT T 1 4£57) LU EICRD X0 FEBREFT o7, 8K HE TIX R AR ERD
PR DA AR 572 1 I TR ONCIRAE CTRRE 21T\, B FEATVSEIIC T O EE EXIA L, HIEZ
HHELTHRAL, B MNERED R OFEL) T NAA N TE=L— LT, 728, B HRIRE 1T, SoC (FPGA &
CPU ZEME LIV AT LA T o) ORZEL, FBEEIZIX S 207N TF 7 o T ay 7 CThE#ELTZ,

PR T3R5 2R - B SER, 2 BUR T3 K22 T 2800 - B T22 50 (AR E IS = 3 VX — W FE 2o & — « B FE B R B0 - I AR ==
NIRRT =R — W IE L B —  BF SR B T - IRE T

ARWFZEIE, B T HE RS (A BTE — R X —F et & — DR ZEL L TEML 2L D TH 5,

AMWFFENL, SCH R 2R FHE M SR R EA 3, TR T 0y T 4 S d e AN T2 A~ — MR - v AT 2OWFE
BRZEHLE . MEXT KAKENHI D8R &5 13 7=,
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EEFE R

“H"/7°/I/<l: LTFHU V7= FPGA §i/\‘_‘}‘]7 20 1.E+09
=7 CPU D ATVEEL, FPGA O 7 1y 18 okl .'
7 RAM (BRAM) #81, =L C FPGA On s ® Counter LE+09
U IEND 3 EETE I U OUNTIHAT
ICE Y MNREEORE A =H— LT, £7-, o 8.E+08
ZOFPGAITIET v 7 ey MNERIMREN R £ 12
HEINTEY, ZOMEL[FIFHIE=4—1L % 10 6.E+08
= 2 s

P, 1.3x10° proton/s/cm?® TR 2 p 4.E+08
ATV, BT HL7e<#< e
HERLT-, BEZ 10 H OB AFFN * 2.B+08
CPU #& BRAM #CENEI 1 By 2
ODT Ty N LT, FLISh 0 0.E+00
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1T 2o T- T8 | AR %
1.3x10° proton/s/cm? Z /& & TR 52

AIESRELTZ ) 1IS, ZOZED CPURE 191 sRAM 122 FPGA 0 SEE DxF—H7 b, HHL: 7
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B RICBTT7y 7y gL —R R 1 ITEEDD,

A al o BB L — b (1.3x10° # 1 SRAM 7t FPGA o SEE Hitk £
p/s/em® FBEO 7x10° p/s/em’) T ey 7R SEU Rate SEL
1% SEU O3 AL — MR 221378 (Mbit) (bit/day@LEO)
< BV —bE 7x10° p/s/em*IZLTE Futy i 256KB 0.19 bit 1
OHIFONTSUSBIIERA T S ay 500 512KkB 0.31 bit
MR=B T ICHT DRORIGHSE  ny,y 32kB 0.1 bit

IRV D ThHEREam TE 5, B
SH7z SEU FAEL —NE, B — VW RED 7 7 HL7AR 3mm [EOH EEAENICHE L HE5I12EI 1 [F
BRELIHL—RTHY, ZNFETHRERL TE7= Flash 72t A0 FPCGA LEESTAE . OIS EEL 2 #is
WEWZ D, — I, IO/ KA SEL OFRZRZEENT— S R b oTz, BE6IL, BRI SEL
KR DFESILTNDE D ERERISILD, £z, 2y ZEBiclE SEU ZEEHTDHEEENHY ., B MR B> T2 B
WXL B IZ oo 7 3 ) 2y RS, BEREA [ L QU 2, 1 SR OS2 [BI7210 20 T CTIEF I
IR TERWEEIZKY., Ve ME I8 — R =Tty MZ L > CTIEREEIC R o7, &I 1 R
4y DB ZRRBR L T, KABIRFE FIEIIIESR ) o7z, ZOFERIT—4 /LR —X (TID) IRBRIZB VT
20krad 2y DIREFIZIH 2 722 EF JE LW R ThoT-,

A ROFERCTIL, IRERHFHANPHOIRE LN LET L —R 0O ERE LT, fERELU T L)
STEHDOD By M EEE D S FRTHE IS E0 B b O TR D o T2, AR R EIC 258 8%, BAVET
E7F5 (ECC) MR SN TWAIN Y — 27 L — R0 2252 269 Z LB Th A9,

o

)

AWFFETIE, i BB N E O WGt H LU T AL LT — I DID SoC(FPGA+CPU)&ED
T T R A T o7, TS L —R® SRAM 7ut A FPGA & U Tl HER 72 R TE THY , Svie
VAR THIUT R EZ I ER A CELZEAMER LT, ZNDIE, 2022 F4TH EIF PEDOHE T RKHIADIEH
HRIZHEEH T ETHD,

BE 3R
D) BERG— fil, (ARDFPE = 3LF—iJE b 2 —HHJEaEHR Ak 28 2, 19, 95 (2016)
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Proton Response of Multi-Layered Plastic Scintillator Bars of Neutron Sensor for Microsatellite
PR Rt AP, BPAE O S U O PR ACKIE, KIEEH
Kazutaka YAMAOKA, Ji Hyun Park, Daiki NOBASHI, Masaki USAMI, Satoshi HATORI, Kyo KUME and
Satoshi MIZUSHIMA

Abstract

The purpose of this study is to investigate 1) radiation tolerance of electric components onboard CubeSat
under development of Nagoya University and 2) proton response of fast neutron detector which consists of multi—
layered plastic scintillators to be installed in the CubeSat. In the two experiment in 2020, we have verified the
radiation tolerance of data memory (NAND flash memory) for the mission sensor and measured the proton
response of a counting system with a plastic scintillator bar and two readout MPPCs (Si—photomultipliers).
Gy

4 BB K RS o NV B PR R S DU BRI M E L FE R T E OFE R ST AT v v T L — 4
THER S IVA HPE TR B DO B T I E 2 DM Th D, 2020 O S R CIy a7
EDT —2 A7 AT THDHNAND 77w v 2D ARFEL . 7 TAT w7 FL—H N —D i 55
RS FFHT SAAZAMPPC CTREA L, B IR DI E IE D R Z1T 72,

&

s

KB RFE LR FETIIREES 10 cm X 10 ¢cm X 30 cm OF/NUEEBU X o—7 Y MO B A3 T
ETHED TWD, K7L T B0 A E2FH 22 RN o2 1582 7 & (P~
Y63 = Solar Neutron and Gamma-ray Spectrometer (SONGS) &4 ) TV . 2024 F-EH D YR B KGRk
HToITE FFE2 B LTS, ZOMEEIERO T FIAF v 7L FL—~F% 256 AFEBLI-HDO T, Fik
T ANFHZ KOS EEELE I 72 SR B O TR A E 95 2 & TAF P F- D=L —2 R ET D, SHITTF
B GAGG (Ce) RS > F L — X2 BE | TIAF I v FL—HTar T ARELLIZH o ~fa b2 52
ETH U~ BITHIEEZL S, Bl M1 (30-100 MeV)EA > ~#1 (100-2000 keV) (2[RI (2T &8 DA/
A7 722 T D, M/ INVRTE - ZRERFE D72 2019 AR EE M SAKGE T f 2 15 H FH B BB A~
DI EAT, S TN AR Ty T 77 (SEL) R°7 7 b (SEU) DS A fEFR L CHLE T H THE
MEIMEFIRTND, w136 R KBk -~ S D720 B #R OB 1-(10 MeV-100
MeV)IZX T DIRE 2~ T D,

2020 FEEEBRNE R

2020 FEEITIREL2ODEERAFT 7=, 6 H 30 HIZ~UT7 L 220 MeV (BS EBIRE 7.9 pA) &, Iviar vy
PNEDT —ZELFHND T EDAEY TEHD Micron f1& Kioxia £ 512 Mbyte ¢ 2 FE¥HD NAND 77
T TR L, SEL X° SEU NI XRWDMREELTZ, ~UT ADRE L —RE 6.9x10° cm s, £7/L—2 2 AT
2.5x107 cm ™ THY ., ZAUTHE EDOGEEL TR 1 0 DRKEICH Y 45, ELLDE LT —4DE
Y MNEHRIZ L DR B AL DT, Micron #1071 XFRGTHHIZ SEL O JO 7B HI L A b ed o7, Fox &L
TlE Micron ftD3E 1 A2IvartrHHARVOH N7k E LT, 7o, 11 A 5 BT 200 MeV &4
VT AT AT EELS KL —RM1000 Hz S9)IZHD, BEASAU N ELTHEL e 7 TFAF v 7o F L
— SN ZIRI LT, Z OB, WM OKEM 7 7 B2 Z LS I, EHIZE—LE T3V A—XT 2 mm FREEIZHY
7235, £ 10 MeV 725 200 MeV ECRAX —2HURE LS T2, TIARFT I FL—2—FHEHh LA
TEAR 4x4x64 mmNEHZEV D7~ 3 mm 0D MPPC T L, ##HD ASIC % H\WTE B 51T
VY, TRILF = AT LSO D He e WAL B R 2 E LT,

A RRS - T HERBREEIIZEAT, 4 B IREE RSN LEEFSEEL, = (A B = x L — gt & — - WFFE B AE 5 - Inisk 2
S, AR BE = R L R— T & — - TR B S T - BRI S i SR

ARREI, 4 BRFE (A BPE = 3 X —if et 2 — DL RIFFEE L TEIELIZH DO THD,

AWFZE1%. MEXT KAKENHI 18H03700 (KY)D Bk A2 13 7=,
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Radiation Tolerance of Space Radiation Measurement Devices
EAEILTE T At BTN REPHEDS | AOKAR™, JKIBE | PSR
Hiromitsu TAKAHASHI, Ryo IMAZAWA, Hiroto MATAKE, Masanori OHNO, Kyo KUME, Satoshi
MIZUSHIMA and Satoshi HATORI

Abstract

SiPM or Multi Pixel Photon Counter (MPPC) will be used as photon detectors which read out scintillation
lights in space. In this report, we describe the proton radiation tolerance of 4 MPPCs. Two MPPCs are
commercial products (S14160-3050HS, S14160-3015PS). The others are modified to have the better radiation
tolerance than the commercial ones (S14160-3050MOD, S14420-3050MOD). After the irradiation of 200 MeV
protons with dose of 3—10 Gy, we observed the similar increase of the leak current in all 4 MPPCs. As the result,
there are no significant improvements in the current modifications.
B

SiPM #7213 Multi Pixel Photon Counter (MPPC) %, FHEBREEIC IV THL v FL—HnbD v FL—isg
VAR IR E L TR S TD, ZOE T, miliidh o 2 7 MPPC (S14160-3050HS,
S14160-3015PS) &, Jidfit o B4 B L T R L7z 2 MPPC (S14160-3050MOD, S14420-3050MOD)
D AMPPC OFESHRITEIZ DUV TR <2, 200MeV P-4 3—10 Gy HRES LIRS R, 4 FFHES THEE A ]
FEFEICEA LT DhE Rl oT, ZORER, A BIOS R TiE MPPC ORI IEZI3A Bl # T b
EEZBIND,

i

i

Fex1E, RIEDDOH o ~ME BEMR T 570 B s N as 2858 U7-fi 25 m 28D Tvd, N LA
BT, B, AX—ZDOHIRRHDT-0, $ 10V OKELE TEEL, £ mm D2 I MR HER T D
MPPC 13H J72Ei T D, Lol MPPC I3 SHRIC I B I KRB RN IEHE L CLEY T AV v b D,
RO AT, B TEDEF O X —BE (REE) OBARIZ O35, £ T, BRSO M2
HIE L B L= MPPC O i SHRrim e 23 L7,

FHE R

FTLTOHEIT MPPC OBGE L THHIARR =7 ZHZ BN TREI, ST FARDOTE ML E THRAELZF )
TRT Ry BIZRELRWIIICL., F-R A TOFv—T v 7 %I4T0 ThHd, EBRTIL, iz
HE TR (B 500 km Tl 1 4ERC 10 Gy FEEEOBIE) 2165 LT, 200 MeV [ 1-% 4 Fi¥HD MPPC
(FfAH 2 FE S14160-3050HS, S14160-3015PS L B it 2 F S14160-3050MOD, $14420-3050MOD) {Z 3—10
Gy [RIBSIBS LT, FRSHRITHRIC 1 BRFE ORISR A LT 52, BB EE 100 15 LRBREOELTHY, S
BICIAE BRI AL -1,

=

MPPC DOF AV M ThA MR LA EROLLIL. A EOFE T B TIIWEN LONRh -8, 5l
fexth RO ERiT D, — )7 T BEERDO T 2RI T IFONAI00C, KR T CEFORFERH %
KTFEELZE, IO EDOZ W F L —2E2FHT5, DO FEIIHOWTHEREZED S,

R By K e B TR RV ARl B 7 0 T 4 2 (A M) BB = X —F5e s 7 — WP FEBRAEE « FRI SR =R | 5 (W) ki
TRV —RFGE L Z—  BFZEBRIE S - E g ==

AMWFFENL, IR RIS = AN — et 4 — DAL L CEi LI DO Th D,

AWFZE1%. MEXT KAKENHI 19H01908 DBIRE & 15 7=,
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Radiation Tolerance Tests for an X-ray CubeSat’s on—board Signal Processing Boards
Ab B TE IR RS VR A B RS, E B, R M R
RO, E RN AR R PSR, AORAEH KRR
Takao KITAGUCHI, Toru TAMAGAWA, Yo KATO, Masaki NUMAZAWA, Tomoshi TAKEDA, Yuto
YOSHIDA, Naoyuki OTA, Shoki HAYASHI, Hiromitsu TAKAHASHI, Hiroto MATAKE, Ryo IMAZAWA, Toru
TAKAGAKI, Satoshi HATORI, Kyo KUME and Satoshi MIZUSHIMA

Abstract

We present radiation tolerance tests for an X—ray CubeSat’s on—board signal processing boards by using 200
MeV protons generated by the accelerator at WERC. We selected radiation tolerant electronic parts and
estimated the incidence of a current rise and communication failure due to single—event effects to be less than
10 times per year, which is acceptable for our CubeSat mission.
B

/N X R R SR BT T A5 5 R BI B D U BRI 2 | 8 o s = kL X — stk 2 — (=
W) OANERE TARLTZ 200 MeV 5B — 2% > TRl L7z, S BRI MO &H 28 - Hl S DB ENTE,
T NARNHRAZIDEIE L A-ROMEE BT 10 BRI THY | Fr 2 FEE rTRE S Ik TE T,

&

s

T2 1T RED DX EBIRNT 5720 ~A 78— H 2 Hde% 6 U 42 (10 x 20 x 30 cm®) DB
/R (CubeSat) (253 L TS EiF5 NinjaSat 21l Y 2 TE, ZO/EO T HET., KIEE
\ZHD R R DX R AR I XA S & 5 K% | NinjaSat CTEHIRE=4—8l+252LTho, 5 0L
Bl AAE T2 7T RAE R ZE A 35720 | T BB FH R T CIEREET 507 A
NAMERSHD, T T, R RS =X — T Z— (=R WF) IZB W TR = )V B — 51 B 5
L. Hch SR R 2 F e L 7=,

Fik-tER

BIE NinjaSat #FRIXEFEFHAT—ar (SS) MoOMHEIEL TWD, EOHIE TOMMRE R,
PR PR DO E R THEER N ELIIC 3 mm JEDOT A= AT —/LRENDETHE, 14HEHT-VH 50 Gy &
RS HID, 22 THLE - THS 100 MeV DO E—LE TR D> raba CARKL, B i L
OVEEFEMIZIRET L, 10 Gy A —& —CO KGR E ARG L 7=,

TR CORFIRETE 2020 0 5 A 20-22 HE 10 A 20 HIZATo7=, BiE Tk, 7 a71E 5408 A1
D EEIL THLBEBIREY 22—/ AT T Vo) —F A4 —REREL-F 2= —P L % 2
HEL, 2124 100 Gy BLOY 1000 Gy (fE F 2 2B LN 20 4E451CHY) D%, £ F D ERE
AT FEFRA LT, A4 — R feEsfiz 5 AR L, 7 X TUZBW T 20 4E3 OIS L -V FRPEICE
(b2 e oT-, 2 FEREOGERAY A E LA 7 12N TIL, 2 55 OB CIIRIEI T/ 7223, 20 4y
OG- CITEIRMEN 2 mA BINL, A7y MREINUT-, BEILHIINEY 2—/Vi% 20 5 O 217> Th
HME I B E TR S0 o7, ZOFERRD, 2 FEOEH TR ISR NWE T AR ETHIENTE -,

#H DFEERTIL, CubeSat ERIZINDHNS 10 x 10 cm MU RO R EEHIC, (1) FPGA (a2 T 40]
B —hTLA) BEI MCU (vArvarba—7) #H\ T PHVIE B, (2) TbE—2DF 7 |T
I 7= System—on—achip (SoC) & H\\\=TF DX ESALER, (3) U= PIN #tHi#ss F\ = faf kL -
UM BENEIVEREE L CEELSKORIERREAE L, ZNOEENR T, FEROEREA AL E
F, R E D SN—TF 5L 10 cm WWHFITHET 72 100 MeV BB — A% TE—HRICHR S L7,

FHAR(1) FPGA BEWN MCU ZHE5#T 57 XN E BB ENCCIE, B -7 727 A 10° protons/cm?/s C
D 27T BORE OB TIX, S T NARUNIBURIL )3T, £ D%, 107 protons/cm?/s (27T 7 A% FIF

L ([ERIF) BRAL AR ST - BRFRAF JEATD 2 B ERR R - B TR R, IR B K2 BV e R} M) T — = — (A #F s = x v
X —HFgetr 4 — IR R - IR = () TS =) VX —Rf T 2o & — - WFJEBR 6 50 - B S B ==

AR, (ERR B L ERFIEATE (A BV = 3 B — et 2 — O ERFIE L L CEMLI-H D Th D,

AWFZEI%. JSPS KAKENHI JP19H05609 DB A% 177,
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TR ZITO, BBEFHAT —a B2 B E L2 FHBRRE 1.4 ERC ST 20 77— A 7 x
10! protons/cm? ZMH L7z, JIEFITHR—REDOBEBIOERMEEZT=4—L, BEHIZ 2 bit DL Eox
Z—%i# =4 Single Event Upset (SEU, ARIZIAEY EOE Y MNCERE DS ARHE TIZER A2/ A
g7 —L9%) % 8 [al, Single Event Latchup (SEL, 7 F 7 v/ IZ LA EIRZNE) % 3 B, fHERL1-, =

FuL, RIS SEU 5.7 [al, SEL 2.1 RIAFATHZET ST 5,

HM(2) SoC ZHE# T DT VXA SALERIEMNIE, 7T 7 A 10° protons/cm?/s D% BREHEZ A
REEL 72T, ¥5HLT- UART-USB ZH#aF v~ (UART: JLAIERBIRESZAZE) ISHETFRICIPED 72 2 &8
EZOND, HEBHEINIIEOF v T EFHE I UART 5% AL, #i EikBRCld UART-USB Z#i
r—7 NV ERWTCRETAZE, £ UART Tid7Ze< CAN (Controller Area Network: HL#iHéasim{E Hik%) %
FABE FIEETAHZE TR TS,

FAR ) MiERL AT ZITIE, P Yay PIN BHHERISINA, 7715 BB Bl #E 36 O (2) L [F T
MCU Z1H DA —RIZIED TS, 7 krad (1.4 F55F8Y) ORREHITKIL, SEL b LENR EABLOIY
HUEy AN T 8], SEU O—FECHHEONLET EAEZEDRWEBETT—N 4 BI3EL, 2N
DOF3EL—RE, SEL 2 5 [Bl/4, SEU GRIE=T7—) 2% 2.9 [E/4ETh-o7z,

BRI T Y 2 DL — MO AR BRI 5
AP LB LA HEELT, 10°, 106, 107 protons/cm%/s 10
DT T I ADGFE— L% Z DR —FEM TR L, 7
F a7 Bl C I SNDI ARG 5 DV AL FWHM
N 4 < A7afRRETHAHI=D ., 10° protons/cm?/s w i
2B —FCIISANT oI Z B E LN ET S
23, ZNLIAMCH HIME B EEDS—ERFH 0 V [T %E
BHRIZIOR RIS AR Em TS, R,
BT RT LI, @b —hORG 1Tkt 328 2RI 3
L&D 7= DD 107 protons/cm?/s EFTHOEL —Mg
FITHRIL, AN 1000 eps & FHEIZZEEA - 102 ‘ . . |
T BRSO L XMEIEZ LY 1 HTEL R, 102 103 10* 10° 10° 10" 10®
RIS 572 L — MFHER S Z LD BV, RBM input rate [cps]

1. kLT 2 DA ERIEL — OBk

—_—
o
'

\ |

-
o
w

Test pulse (random)
Proton beam @ WERC

RBM output rate [cps

ot

s

2020 = FEIZ SN L 72 By 1 FRATERBRIC LD | Wl R 24F 0 O BRI 2 DALDE i AR E T& -, 2L
T, EBRIZENDZ M > THATE T VX G S RLER RSO BRI 21X, A2 10 BRSO 7 A
RUNhRERR LT, EARZREBIRY A7 N7 8 OEF Th/N—TX 5% THY | fir 2B EA -7
TEDHERTETZ, Tz SoC 587 VLB R B X IEFEMEL /20 > 7223, S B ALE-D\\ 2,

23 3R
1) T. Enoto et al., Proceedings of the SPIE, Volume 11444, id. 114441V 20 pp. (2020)
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Examination of Radiation Tolerance of Small Pixel CMOS Detectors for Space Use (I)
ARHEVES, §HE— B0 e A FARRR ™ 8 B2 K ILUACR™, B IS AT B /N R,
FHEFES | EfoLTe™, PG PRI ACKRIET, KGR
Kiyoshi HAYASHIDA, Kazunori ASAKURA, Shotaro SAKUMA, Kenmei SAWAGAMI, Tomokage
YONEYAMA, Hirofumi NODA, Hironori MATSUMOTO, Hirokazu ODAKA, Tsubasa TAMBA, Hiromitsu
TAKAHASHI, Hiroshi NAKAJIMA, Satoshi HATORI, Kyo KUME and Satoshi MIZUSHIMA

Abstract

Radiation damage of small pixel CMOS sensor GMAX0505, which will be used for X-ray imaging system MIXIM
on a small satellite, is examined. By removing abnormal pixels in analysis, the sensor is tolerant for 6 years in
low earth orbit.
Gy

/N RS E B R L CRRRE R X BRI T A7 2 MIXIM (2 fi F 350 e 710 CMOS k{455
F GMAX0505 (2B T, BRI IEZ T A LTz, —EhD BFH 7 LA THRAM T DL AR EE BIHLE 6
Y O BERVERRAHMERF CEAT LN DT,

i

i

2019 ARIZEEEIC /25727 Ty 7R — VG OB TH 03D X912 RICFETIX A o fifhem E RS ARE I
BETHD, X BRICFOFETIE, 1999 F4TH B CEIESEH H D Chandra 20 0.5 oA 23 EEIHIC
N B IRRE RS > CWVA D, VA Z DMERED SEEBIBIRF L CTH H &3 e o TV, a1, ZvET
DRI IS BELIL R0 ¥+ 2 O THNVR T B ESED R LWRBEOXHRRIETRG S A7 A, £
B XGRRTF-PEEF(Multi Image X-ray Interferometer Method; MIXIM)A BA%& L T AV29 ) SPring-8 (233115 Hl X
RIS FEBR T 0.1 B AZUIDMERRE TR TR0 ko NI B ITHE# 3 22847 % | SPring—8 Hi 325k
THEA LI 7L CMOS #5856 1 O U BRI 2 T A T 20O B3 A5 0 B Th D,

ERGTE

FEEr 413, Gpixel A8 CMOS R 3F GMAX0505 Th b, V' a— Ly —EROETFLLT. b
SELWUNRE 7B AKX 2.5 um LD, MIXIM TIEE 7B A XD/ INESNZ EDR B M ZE TH D, =
DBLE T, RRFEEHD CMOS g D hnG GMAX0505 BERINLUT-, 72720, ZOF I3t

WZBAZE SN TVD, Tk 1T, ZAUC X BRIRE R 21T, I TH 5.9 keV D X FRITHKILT 170 eV FWHM F2
FED TRV —ERE TR ATRE CHHZ LA LML Y, 72k, FFOARIEFEHIL 25Mpixel TH AR
1% 12.8 mm 12725,

MIXIM ORI LT, K& 223, YEREDfT B EH N AT RE TH DN, HTHY . S AN Fc 8 CIEEL AT REZR
DN, /N RICHE TR THD, S EOFERRCIL, HERE B S E#LE (LEO) TRIKEFEDEM %
FE LTz, LEO TORHHRAL - DAXIIVET VAN P 20mm JEO Al TAF 7 m LS i3 518 E
T, AR 5 um EFEHlL TS CMOS F DX —F Ry ML 1.5 Gy/year L7325,

200 MeV F5 B —2% MV 71237280 S &2, 1 Gy, 5 Gy, 10 Gy, 30 Gy 2251012 FE 1-12iX

TEIEENT 72V RIE TR 253 HEIC LTz, B — ARRSRT, B OHE, CMOS F 12 RHE LI HL,
B E CTEMERIFKICERE  BERRIR “Fe O X AR, 7 — 2% 5, EREOHLE 2D, IHIT, B H, K
PR GRA SN E T2 OFHEL 7 =—V> 7 DR 71D,

EEBER

B — L MR FEBR T, 2020 4E 10 H 22 HIZFEMLT-, CMOS FFDOMEREFRED H1 ¢, Fx D MIXIM D
HEJTIE, X BT DRV X = FRAEL LT 200 eV LA FASEEL TS, A EfEALIZEFO ., B+ R
SRR — S REEIL. ZNAETET=L. 5.9 keV D X FHIxL T 179 eV Th o7z, E2AMN, 1 Gy M4,

FRBRIEE R - BREEAF TR R, 2(EF) T 5 At 2 A 70 B R T B AR JE AT, U RSB - B0 R R B R R Bt - St
TRBHERFIER], * B A EBE R SE  BE TS50, 0 () B = L — e & — R BAREEE  ERR = | *7 (AR)) 25 8 = 2L ¥ —1fF
Fee B — W FEBASE D - PR

ABFEIE, KK FE (A BPE = 3L X — i ge w2 — O HFFIEE L CEf L2 D TH D,

ARFZEI%. MEXT KAKENHI  20H00176, 19H05185 DBka32137-,
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CMOS ST —ZNOAER L Te AT MZBAE 70 e 5 5 A3 - DL, 5.9keV BERR 2 DTN LD iRk C&E 72
WZERbhoTe, FHEICHEV 10 Gy FTOMREFEITIE AT VO IE, SHIZ 1.6 fFRREHML
5.9 keV HERRI mﬂaf%fo&f@oto ZOWFRT, SO BEHI ALK, 30 Gy FaHIXHIEL7, 20 H
. RICR PSR ESITE B T2 L ChEe k058 1% 10 Gy BB EZOT —ZLIFEFRC TH o7,
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ALY N I35 e AR 7 1
CMOS EZ 1D T AZ BAEN B 5 g@ msnmwmm@wwwwwg ﬂ ,,,,,,,,,,
D, XERANU DA L Z OB & 7 : :
B DT AL AN BN ARRE L 2 2 & it
BT 5, FERIZ, HETLHE, —EB
DOETENAG AN, BERNZLERTIE
@720, DD, ZDT L —LFEDE
B KELTpo TNDIER DT, £
T, HHALEIVMELARELTEDO LI
7 RV(AEIOSE ., 2RO 12.6%) %k
S pE . BEETEIFIERC, 181 eV O
IRBET X BRI TEHIEN DT
(X1), 1 Gy BBETHHEHAAR L2559
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=

A E D FEERT GMAX0505 O HHBRIHED FeffE T — 2 20D THEDHZEN T, Ll B skt
THUEO RS, REE 7 BB RETLHRROIEHNKTE THD, o, 5 ENTERA 7 T — L MHEH
Liziz8, v F 7y 7 MEIRHE CE TR, ZNHAS L OFETHD,

SE IR
1) K. Hayashida et al., SPIE Proc. SPIE proc. 9905, id. 990557(2016)
2) K. Hayashida et al., SPIE Proc. SPIE proc. 11444, id. 114441C (2020)
3) K. Asakura, et al., SPIE Proc. SPIE proc. 11444, id. 114441D (2020)
4) K. Asakura et al., JATIS, Volume 5, id. 035002 (2019).
5) T. Mizuno et al., 7732, article id. 77323C (2010)
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Investigation of Radiation Resistance of Semiconductor Devices for Nano—Satellite
FAARGES A RTH, PAEEE S AKAR
Takeshi MATSUMOTO, Akihiro ISHIKAWA, Shinichi NAKASUKA and Kyo KUME
Abstract

In this research, we investigated radiation resistance of commercial semiconductor power devices for Nano—
satellite by using proton irradiation. The result shows that these semiconductor devices have sufficient radiation
resistance, and that they are applicable for spacecrafts including Nano—satellites.

Gy

AWFFE T, B/ N R A~EH T DT — T RS — T a b PR BT BRI R AN A S L
Teo EORER RARD /T — T D AF— T+ I8 #R I EEZ AL TR, Filtas ~OmHE M1 /e Thd
N Y B e

I

]
N R 2O RAT MR A SV TODD, Filo RAR - OF R~ HIZEEL T
I, ZOEHFMEFN A EECTHY, SR FREFE OB ZITOENEE THDH, RER T, fHEDOL
RSB A A BB B2 05 Power Control Unit(PCU)JEHRIZHE#HEID MOSFET DR RRI
R LT, MR E ST €D MOSFETS &8 (TPCA8108, TPCA8016-H, TPC6108) & fFRAGIF]H A
HIAEIN TV MOSFET3 fi2E(TPHIR712MD _L1Q. TPH2R104PL_LQ. RSQ035P03HZGTR) Z {3k AL L T,
Fa b B R OHER B 1T [ X L TN A RN RIC L D= T R (SEB) 07 — D A
R (SEGR) @ L5782 MOSFET OEEE—RAF LW DO A BAFEZR LT,

RREDOEE

Zuahr OB T 2 LX— % 20, 60, 80
MeV., 77y 7 A% 2x107[protons/cm?/s]. FR&S
FEIE 20, 60 MeV T 600 £, 80 MeV T 900
Utz PR S L R E EERBE L 0D Lhifig
A EL T, BN FHHEES ESA 23BRFE LT —
Jb SPENVIS ZHW, FE =¥ —TD7
b AN R LE (EEFH AT —ar
CIRVEHNE) TEIFAE Y C 20 455 LL B&7e
HILEMERLIZ, o

PN L Y T BN i Al 1 PR RRE il AR
R RE ATV, WPFROSME T2V TS SEB R SEGR X572 MOSFET OfEE—R AN AETHIEMN
TONZ LA R LTz,

o

)

MOSFET & 6 fE~T7'mho R 21TV B R 2 FEMi L 7=, £ DfE %R, SEB X° SEGR 72L& d
MOSFET O#fEE—RB3FEATHILDRNZEN R ST, B Sk L 2 H0E LERET L O LR D
INOOMIEE—RAPLE L THHAETDMERIT TR ZE DD B2 D T AR OFHitH ~
DRI T4 AEETHHEE ZDND,

HHRRE RS LR E R - A2 LB, 2 (A M) B = 3L — e o 22— - BFFEBR JE 0 - IR S ==
ABFFENL, HR KL (A FPE = T —iFge e 2 — DL RIZEL L THEMLZb D TH D,

58



DEperl = LR — T Jet s X — WG (7 2 )|

16/14nm FinFET AV T SARIZEIT L7 mh B ERE R
Proton Direct lonization Effect on a 16/14nm FinFET SRAM
TR, VNS OO LR 12, KRR R 2 Ak IS

Yuta TSUCHIYA, Kozo TAKEUCHI, Keita SAKAMOTO, Shinko SANDO, Satoshi MIZUSHIMA,
Hiroyuki SHINDO and Kyo KUME

Abstract

Proton Direct lonization (PDI) in transistors contributes to soft error rate of spacecraft in some cases. While
the latest transistor technologies such as “below 20 nm process rule” are expected to be applied for space use,
the PDI effect in Static Random—Access Memory (SRAM) fabricated by 16/14nm Fin Field Effect Transistor
(FinFET) has never been understood yet. Thus, proton irradiation tests were performed to investigate the PDI
effect with proton beams at the Wakasa Wan Energy Research Center. The result shows that no PDI effect is
found under the present irradiation condition. We will continue the detailed analysis.
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2.5. TR/ILX—458F
2.5.1. FCHF R EHIEL T o B

2.5.1.1

RIS T L —B—~DVF T LA O B 5%
Development of Lithium—loading Method for Liquid Scintillators
EARBHE™ N TRE, INEERORAR, EJFE—"2, AR
Kohtaku SUZUKI, Atsuya KAWABATA, Rentarou OGURI, Yoichi TAMAGAWA and Kyohei NAKAJIMA

Abstract

A neutrino monitor has been developed to monitor the inside of nuclear reactors and spent nuclear fuel.
Lithium—loaded scintillator is useful for neutrino detection. We report a method for dissolving lithium into liquid
scintillator.
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Development of Verification Technique of Proton Irradiation Field Using Gamma Ray Detector
IKAR KIEER LB HEHIE N2, B E S
Kyo KUME, Satoshi MIZUSHIMA, Shinko SANDO, Masato TAKITA and Tatsuo TORII
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2.5.2. BR& 7R R — DA FE

2.5.2.1
PR L B[R] L 7K SR W R B4 0D B S
Development of Hydrogen Storage Alloys for Fuel Cell Vehicles
FAPPHERRY | ZEARFN SR SR AR
Ryoya ISHIGAMI, Kazufumi YASUNAGA and Kohtaku SUZUKI
Abstract

We have developed a method to generate hydrogen gas near 1 atm at the temperature range between room
temperature and 200°C by discharging hydrogen from a magnesium-based hydrogen storage material. Nickel
nano particles were made by reduction of the ball-milled powder of NiCOj3 in hydrogen gas. The hydrogen storage
material was made by ball milling of mixture of the Ni nano particles and MgH, powder. Hydrogen was discharged
from the hydrogen storage material at 200°C and the hydrogen was absorbed into LaNi;Al alloy kept at room
temperature. Afterwards, by heating the LaNi Al alloy at 200°C, hydrogen gas at a pressure of 1.0 atm was
generated.

B

TR L ERR G ET AR ERIEM BHTE 2 DATZKED D, RS 200°COIREEEPH T 1 BT
DIRFEFAESELFIEORREIT T2, NiCOs R — LUV L= KB CETLTHIET Ni F kL
FARVERILT-, 2% Mg, BIREIRE L TR— AUV 22 2T, KBRS R A ERLLT-, 2Dk
K& 200 CITMET HZETRIBL ST, ZOKFELRERICED L LaNLAl @I CR STz, 0%
IZZ D LaNLAL B42% 200 CITMEAT 228 C, 1.0 [IEDKFEL AT HIENTE,

&

s

FHAEDO MR R BR BT B O E E0ND, "B LR FEO RN kT a2 RENE U= BB L B~ D B0
MR ESTND, KFEL~T R 2 MgH, IF7KFEE A HEDN 7.6 wihd LA RERAFO R L 72720 KBl
R DGEMCTHDDN, KT ML Ko ET 1 AL (BLUF, JE DT TRkt £ CRoab) 1272 IR E N
287°C &L, KRFED it 300°CHITETHIBLZRWERLZ B2, FI2 K FE W SSASEEEND R B3
HD, PREVEMHECTHWODE AR 5 AR EHE MO BIEREE X 100°CLL FTHY, BREIE SO HEER
TKEW MBI INES 52 b S TE AU, Z0720 LR MEE TR ZE LI TES Mg RAKZEW A
BN EN D, F7o, BERE Y FRREE O K EOEMEE NI KRKEMITTH LD, FAETELK
FOJEINIRKIEAE TRIT TR 720,

ABFFETIE, NI Z7KEOW A AL U7 Mg RAKB WY E 2, KEAFEIZHE L 7oA — /L UWE TR
B 200°CLLF T 1 RUERITEDKFEEFRAET DI IEDORREEITo7,

R DB

BAFE LTz Mg KB WA B O FUEHZIX, kDK FEL Mg F3oR (MgH., MUEE 96.6%, & L7 A /L LFil
) LIREE= 7 VR (NICO3+xH,0 ., HIEE 99.9%, mifl AL 2F 0 T) &2 Ve, IREE=> 7 VK 3.6 g, =
X /=)L 10 ml, B 1 mm O /La=TR—/L 70 g%, P/La=7 THWIRVIN=ZEH 45 ml DR—/LILE
FHZ AN, WEERTAR — /L)L (premium line P-7, 7Yy F =) 2 VT 400 rpm T 3 B L 7=, FZPASILK
K[REUT, B ICEZZH L 5DV TR —LEZFREL, BN RS 0.50 g ZEW, JEX 5 pm @D Ni
BETEA 0.65 KUEDKFEFIZAIL, ARIMFINBYFNIZ T 220°CT 2 REREEETTAEEL 7=, MBI I3/KE ST A
DIRES FH457-0E 13 0.8 KEREET LR UL, ZOLBIC LI EFADREE=/ 7V K 0.50 g 1T
BN K 0.25 gllipolz, Zhe MgH MK 1.4 g ZIRAL, B 1 mm OV La=7R—/L 70 g k&t
12, EREERIUAR — L UVEEHIT A RS CTEAL, B2 AR — L UVALER L 72, [Bl8A3E 13 200 rpm 7>
% 800 rpm ET 100 rpm TOHINNEHE, & [MlHEH B COMLBRIT 10 4rME Uiz, JHK T . e Nl
RN aA=T RV OFREIZEE LI RZEI L, 3t LT,

A BRI = RV — e 2 — SRR - =R — AR L — T
ABTEE, (AR B =X — 5t ¥ — DMEFE RN DO XL TR L L CEML72b D ThD,

63



DEperl = LR — T Jet s X — WG (7 2 )|

(2 B AREEID DO KFE Hy /K HoO DFAE 1.4E-06
BLEA~T MVRR T ARIE SOCHED SR 2
BED 150 CAHENHLRBICHHERE N RERD 2
932°CTH KT/, 200CTHIERIED E5FE 8 10E-06
mﬁzmﬁr%@m 5 200CThIEHZ R 3

FIFEAEDOKRBRHINLEHEREND, AR S
nﬁm%f&;@k JKFE L L CIEF A7 o7, < 6.0E-07
MgH, ® 200°Cf@¥@?7k$}£zi 0.04 JELELS, o
%@iif TRBHEMIC R TER, 22T kE T
I O R A H BAZ O Mg REGEM L 20E-07

ANVIE g UL e B I v E S - v/ AL 1]

8.0E-07

4.0E-07

0.0E+00
THDHN 2000CTOYHAKRRBIEN 1 [JLEEZ AR 0 100 200 300 400
B&EEHWCIENZ L OKkER T 520% i (°C)

FOE LT R A T o7, AR BIE A LT2K 1 R—=VUVILEEE T MgH: & Ni DIR AR
FEARIRICE T LaNLAl 810N, 20l OFHRIEEA IV, Fl#EET 5C/mELi,
200 CICHIRT 56T 1 RUEFTTDOKFEFAESEDLHIEEZR ST, K 2 23R 2E B O X 27~
T, EADORGITZNENE NG, BZER 7 KFEANONFNTEY, b= —LBELF Oy
AROBPANZ B & TND, ZERIDOAYRIZIE Mg, & Ni DIRA B REL 2.2 ¢ 2 AT, TOREIDKFHE
A BT NI RKOWIMELR — VUVIED L) EFNG 6.1 wihk it RS 7, HRIO/ YR LaNBAlL &
&% 5.9g ANz, EADEZRII NV T N L TORB> TS, LaNi Al 81X EZBRATNC, /KO i
AR L FIEIEMAV AR 21T\ Z ORI RS E HZE5|E L7235 200°C TINEAL &4 ok FEA T
HL7=,

1 KIERFT O KT DI LR T, MgH, & Ni DIRAE B KB ZH) 0.8 [UEDKFEF T 200°Ch”iﬁc:ﬁ'<o
TN L1 KET TZORA K KRB OIREZRIBIC T, RS2 EZZ5 | & LI-%ICZOREIDOIR
FEZ 200°CIZ B OKFMZBME LTz, ZORITEL DR O ST 23T ZO0E) %%%Eu@k%
%, SEIRIZE )DL LaNLAL B8RS 7z, ZOMOET1IE 0.018~0.023 KJETH-72205, I TD
LaNLAl &4 DMK EFEIL 0.01 KELL T DD DK FEZWINLATHE TH 5, 300 2 FE % I s oL
7 %L LaNuAl GEDREZ VLT > LT 5L, ﬁﬁzu”jé:hmk?% iof*””?\]@fﬁ IV BR LT,

159°CIce o b FICENFA | KEAR U, #A LA 88T, BT HSh AR IEICI Z bh7en
P Z OIS FC RIS, 200CET L5 EAi TRl :,t\ otwﬁrmk?%z@ét{f%fz&ﬂmémo
$ ok~ t oA~
B BZe S -
BZERT 3 H %‘/7 }j—/:%jjﬁj_ﬁlﬂﬂ N
(R ) (PR AT
R R
®
B ;)
B, /,%
[ERIDGEA - MgH\Q+Ni = LaNLAL — [ERinGE
2 1 RUERIO KA A S 73\ LT 4 0 A3 [,
wE

J%PWHAE 2BV TREOESE S IR TE D Mg BKFEW S 4O T4 Hige L T, MgH, & Ni @
BB RER =NV INARIZIVERIT 2 2B LT, TORAK KL LaNLAl A4% VT, KR 1
200°CLJT®‘JET§%§T\%@/ BIRIZEENTNOTZAKINDS 1 RIEDKFEEFRAESIEDLIENTET,

64



DEperl = LR — T Jet s X — WG (7 2 )|

HARTRNX —ZLDKBRIED DD~ 7 20 AFAERIF OB
Development of Magnesium Regeneration Technology for Hydrogen Production by Renewable Energy
[ FERAE— RIS | A RO | A% H AR, /BRI
Ryuichiro YAMAGISHI, Tadamasa KIMURA, Yoshihiko SHINODA and Yasuaki KOHAMA

Abstract

In order to utilize magnesium, which is a solid hydrogen source, as a sustainable energy source, we
conducted research on a reduction method using solar heat and confirmed the possibility. In addition,
hydrogen storage using solid magnesium was compared with other hydrogen storage methods, and safety
and cost were evaluated.
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2.5.2.3
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Development of Ceramics Fabrication Methods for Hydrogen Production
ESARBHA™, LRI HEHW, FHFRM
Kohtaku SUZUKI, Bun TSUCHIYA, Ai YURI and Yoshinori NAKATA
Abstract

Hydrogen production methods using ceramics have been studied. Some ceramics absorb water vaper, and
desorb hydrogen gas during heating. Several ceramics have ability to desorb hydrogen gas, however, conditions
of the ceramics synthesis have never well studied yet. We have studied the conditions of baking temperature,
mixing percentage of powders, and so on, and investigated the ability of hydrogen production by ceramics.
B

T IIv I ERA U KR E FIEOBZED TWD, HOFEDOETIv 71, REFOKZEKEWINL ., N
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2.6.1.1

BB =X — W FE o Z— D g e D BLIR
Current Status of the Accelerator Faciity at the WERC
PUSE | BEHAFRR [ (LA ST RS, JEMmHETS | B AR JE A, D BT /N G
I ) T ) A R
Satoshi HATORI, Tetsuro KURITA,
Hiroaki YAMADA, Fumiyoshi YAMAGUCHI, Masao YODOSE, Makoto HIROTO, Masaya SHIMIZU,
Ryuta FUCHIKAMI, Keisuke OTABE, Seiji FURUKAWA, Haruka ISHIKAWA and Yuhki HANEDA

Abstract

In the periodic inspections in the end of the fiscal 2019, we found a discharging marks in the insulator in the
RF transformer of the tandem accelerator. The discharge caused an instability of the current through the
Schenkel rectifier. Although we replaced the insulator in the RF transformer and did not find any other
discharging marks on/in the insulator and protective gap electrodes in a tandem accelerator, a severe discharge
still occurred in the application of the high tension after the inspection. In the machine time of fiscal year of
2020, the maximum acceleration voltage is set at 4 MV.

Although we were successful to extract chlorine ion for the ERDA experiment, the ionization of the element
with low electron affinity such as vanadium was not successful because of the contaminants with high electron
affinity.

A synchrotron with the tandem accelerator as the injector was operated well for supply of proton, helium and
carbon beams for the experiments. However, at the distance of 20 years after the construction, we are now
facing some problems in the system, for instance, leakage of the cooling water in some magnet power supplies.
Some water—cooled parts are going to be replaced to the air—cooled ones.

COVID-19 pandemic has been affecting some experiments to be canceled.
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2.6.1.2
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Development of Digital RF Control System of a Synchrotron at WERC
SEHAFRR, AR S0E
Tetsuro KURITA and Fumihiko TAMURA
Abstract

A new RF control system is currently under development. By using FPGA (Field Programmable Gate Array),
digital signal processing is utilized all over the system. The current RF control system has become too old to be
continuously maintained. With solving problems of current system, the new system follows recent technological
trends.

The new system utilizes MicroTCA.4 platform and AMC boards developed by Mitsubishi Electric TOKKI
Systems Corporation. Off-beam test is in process. In the report, overview of the new system and off-beam
commissioning of RF voltage feedback system are presented.
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PAN =77 A DREZATWZHRE L7 4 — Ry ZHHR OB EZ MR LIz, PL 7 A DOERR IS L ORI
WIZHAWSNAT— SR 7 (L2 —L LT, 2 stage Tracking CIC & Tracking CIC+Leaky Integrator ZFrEZL .

Tracking CIC @ Leaky Integrator DFLAE O NIFFELNWZED3 57D o7,
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5)
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BEHTAR, BB R — e 2 — SRR, 15, 55 (2012)
SRR, APE kX — i JE e 2 — IR EAR R, 18, 63 (2015)
SEMHRR, A PE L — gt e 2 — SRR, 19, 72 (2016)
F. Tamura et al., Proceedings of the 14th Annual Meeting of Particle Accelerator Society of Japan, 241

7) J. Molendijk, Proceedings of the 2017 Low Level RF Workshop, 0, (2017)
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2.6.1.3
< )LF IR RFKO JEIZ LD BUH E — 2O FEHREAT
Detailed Evaluation of Beam Extracted by a Multiband RFKO Method
HRPG T BRI RIS MR T BE AR
Tetsuya NAKANISHI, Yutaro OKUGAWA, Tomoya SHIOKAWA and Tetsuro KURITA
Abstract

A spot scanning irradiation for a cancer therapy using a synchrotron requires a fast beam—on/off control as
well as a uniform spill structure. An RF-knockout extraction using a multiband spectrum for this purpose has
been performed with a synchrotron at WERC. Following a proof-of-principle experiment in 2018, beam
experiments were performed in detail on the effect of beam bunching on spill, characteristics of beam switching,
and so on, and expected results were obtained.
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KL AR ANGIRDTZD D ARy b A v =2 7 HSHT, o rmhal inboe — AR UIZIB W TR AE
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B \Zble> T—EDEEE RFKO EMRIC Workstation devces of1 63 o e
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1) Th. Haberer, W. Becher, D. Schardt, G. Kraft, Nucl. Instr. and Meth. A 330 (1993) 296
2) T. Yamaguchi, Y. Okugawa, T.Shiokawa, T. Kurita, T. Nakanishi, Nucl. Instr. and Meth. B 462 (2020)
177-181
3) T.Shiokawa, Y. Okugawa, T. Kurita, T. Nakanishi, Nucl. Instr. and Meth. A 1010 (2021) 165560
4) K. Noda, et al., Nucl. Instr. and Meth. A 492 (2002) 241-252
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2.6.2. L&A AT A OB JE - i AL

2.6.2.1
DLC & [ H It D78 D F K VEFIAEN 2 B 925
Wettability Control of DLC Films for Medical Applications
AREFFAES A, PR
Atsushi KINOMURA, Kohtaku SUZUKI and Setsuo NAKAO
Abstract

DLC (diamond-like carbon) thin films formed by various deposition conditions followed thermal treatments
have been compared with H—density measurements by ERDA and nanostructure characterization by positron
annihilation spectroscopy as well as wettability (contact angle) measurements. Doppler broadening measurements
of annihilation y-ray show that the DLC thin films have a similar type of positron trapping sites. Positron
annihilation lifetimes show that positron lifetimes increase with decreasing H densities. There is no clear
correlation between contact angles and positron lifetimes except for the influence of Si doping. Validity of DLC
thin films as standard materials for ERDA measurements was also reported.

Gy

kR 2 IR IS TR LT DLC (X AYELRTIA 7T —R ) R E 2 O BLIR L CUE % L7
Xt EL T, ERDA JEIZKDKFEMIE , B IHIR IEIC KD T MR IE MR 24TV IR (il ) &
D IEIR S AT T2 B dEFIHIEAT o~ BROR v 7T — IRADHIE I T, BARDFIHD K T > THIELE
DYFE AT AN FFOZEDRINTZ, Fio, BB FFHL H 2D L E A FHm s RERDME M 2380 -
Tz, HEefih £ L5 EE 755 & O BNCIX IR BN I/R SIS T2 STIRINISZ DRFEIC A 52 D2 EDVR
STz, £/, DLC %o ERDA JIE Hr oD /K F L BEA R CEHREEE TR ERAERELE L T2 2 Wl e
Mea R,

i

il

IRFBHM B CHSD DLC I, MHEEFEM:-CHE B R 70 & O & FEURFE R 4 B B9 & LB LD
a—7 T EEL TIRIRSHIFERAFE DM T T\ D, I, ZHIUTINA T, AT —T IVRAT M K& bt
BtELTOIS B MFERHED DL TE T, ZDIH72 E A EHIERSN D EE M E ICHu e A 28 1T b s,
ZOMEE X, MBSO BER T OBUKYE - BUK M, -/ R maEIZ DD e b TuV5, DLC RimD
BUKMEIZBIL T, B ST A— 2 oAb 2 AFL R 22 & E D AR 2T R DHFZEN T TE T2, ZOREJRIZD
WIS LT ARAFZE T, BB ORGE - IEIR K THRLND T /22U 3 515 e
ERDA JIE CAEADILHKFERICHE B LT, F/AREEHKIEEOFBIRR AR, DLC MO BRI IR
DO BB T D SR A S LT,

Fik

DLC RuMEIL., EEEFTR AW e 2 —CRliE L 7=, & 17V AA X4 (High Power Impulse
Magnetron Sputtering : HiPIMS) & 77 A~ A4 13 A3 & (Plasma—Base lon Implantation: PBI) Z#HA&
72 PVD-CVD (W& AL F7855) AT VYRV AT DA AW, Si At BIC H, Si 2l aEiekk « 7okl
Jif - WD DLC A ER L7z ¥, BEAEEE LY DLC & OV PLC (RU~—TA4 70 —Ry) LZbHIT SRt
72 DIZHREARY , BALBRZA TR BB O AL &G~ T2, IO BRI, Bt 52 W THIE L7,
RO H Ot &2 PE = L — et 2 — D& 7 MR VY ERDA(Elastic Recoll
Detection Analysis){E(ZRDFE ML 7z, BERITRESFHTRIZEL 300 nm §if: THD, LT, B0 T /i
(F7ZEB) ICBAL T, B 71 R RIE (R 7T — IR D30 JIE & B - TE IR il ) 2 Rl K S
JE A DR ZE T OBE G & — LT A CTEIELT- 2, £72, RO E BT 215 WM E55720 .
AFM (JFR [ 70 B8R I LBl 52 21 T o 72,

EIRR T AR T IR, 2 (AR B X — e 2 — B R s =L — R L — S BB R S FTE T -
HEERT BT FEET
ARFZEI, AERILEDFFESIEL LT (AW EPE =X = b — AR I L OEE B R AW e L LR CHRIEL7-b D Th
2o
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FEREER
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1) S. Nakao et al., Nucl. Instrum. Methods Phys. Res. B, 307, 333 (2013)
2) M. Nakajima et al., Rev. Sci. Instrum. 91, 125109 (2020)
3) A. Kinomura et al., Nucl. Instrum. Methods Phys. Res. B, 502, 54 (2021)
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2.6.2.2
VF T LERTETIv I DAL E — LT
[on Beam Analysis for Lithium—Containing Ceramics
AR LRI
Kohtaku SUZUKI and Bun TSUCHIYA
Abstract

Lithium zirconate has a feature of absorption of water vapor and carbon dioxide in the air, and desorbs
hydrogen gas with water and carbon dioxide during its heating. The mechanism of gas absorption/desorption
never been well understood, therefore, ion beam analysis of lithium zirconate was performed using time—of-flight
method. Element distributions at surface to inside of lithium zirconate were measured, and we suggested an
absorption scenario.
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23 3R
1) K. Suzuki and Y. Nakata, Nucl. Inst. Meth. B, 450, 135-138 (2019)
2) K. Suzuki et.al., Nucl. Inst. Meth. B, 478, 169-173 (2020)
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TOF-ERDA MIE 3317 2 ita A 25 PR 35 Wil C O HGEL D 52 D R A
Evaluation of the Effect of Scattering on the Carbon Thin Film of a Transmission Detector in TOF-ERDA
Measurements
LB RN T GHBET) | BESRT g AR
Keisuke YASUDA, Chika HASEGAWA, Yoshino [IZAWA, Kana KURITANI and Kohtaku SUZUKI

Abstract

Transmission detectors, which are used in the TOF-ERDA system, have carbon foils. The detection efficiency
of the transmission detector witch isdue to scattering by the carbon foil was experimentally determined. The
detection efficiency for C ions in the range of 0.5-6.5 MeV was 40—-100% when using a carbon foil with an areal
density of 3.1 pg/cm®.
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2.6.2.4

FRAT R R SRR - A2 B LiCo O, 1IEAS/LATP B EAFE S mIZ BT DY T 0 bA A AR EREAE AT
In—Situ Analysis of Lithium Ion Conduction Processes at Interface between LiCoQO, Positive Electrode and
LATP Solid-State Electrolyte Using Time—of-Flight Elastic Recoil Detection Technique
TREIC, mE O, S ARBHET, ArhiEEk
Bun TSUCHIYA, Katsumi TAKAHIRO, Kohtaku SUZUKI and Ryoya ISHIGAMI

Abstract

The migrations of lithium (Li) in multi-layers thin films of Au/LiCoQs, which were deposited onto one face of
Li14TioSip.4Po.6012-AIPO,s (LATP) solid—state electrolyte substrates as cathode current collector/positive
electrode, were in—situ observed using time—of-flight elastic recoil detection (ToF-ERD) after charging at various
voltages of 1.65, 1.86, and 2.05 V. The ToF-ERD spectra revealed that the Li concentration inside LiCoO,
around the LiCoO,/LATP interface was 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 3010 nm depth
from the LiCoOs/LATP interface. In addition the Li deficient region with the reduction of approximately 15%
was produced inside LATP around the LiCoO./LATP interface with approximately 150+ 10 nm depth.
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WEKFEEH DLC 2—T 47 IZLDRUVEIEIEREO ) |
Improvement of CFRP Cutting Performance
Using Drills Coated with DLC Containing a Small Amount of Hydrogen
ravEE WG S e AR
Toru HARIGAI, Hirofumi TAKIKAWA and Kohtaku SUZUKI

Abstract

The hydrogen content of DLC films was clarified using ERDA. The cutting performance for CFRP was improved
by coating drills with DLC containing a small amount of hydrogen.
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1) J. Robertson, Mater. Sci. Eng. R, 37, 129 (2002)

2) H. Takikawa, et al, Surf. Coatings technol., 163, 368 (2003)

3) T. Harigai, et a/., in Carbon related materials, ed. S. Kaneko et al., Springer, chapter 3, 55 (2021)
4) T. Harigai, et al., Vacuum, 183, 109755 (2021)
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%I BELTBNS WO EEINRE — 7 DT VERIC L7 07 7 A L it

Profile Analysis with Model Function for Nuclear Resonant Peak Observed by lon Backscattering

PR FE T SnARBH, A tpgEaR™
Mitsuo TOSAKI, Kohtaku SUZUKI and Ryoya ISHIGAMI

Abstract

We have measured backscattering spectra of He ions by "C accompanying a 2.75 MeV resonance using
incident He charge of +1 and +2 with incident energy of 2.765 to 2.81 MeV. The observed resonance profiles
were analyzed using our model function. We tested the validity of the model function.
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2.6.3. HURHRE CRUNSNHHERR - HOR OFF A H AT PR %

VN a=y hGETON O FRLIC RIE T EAA R LD
Influence of Heavy lon Irradiation for Chemical Composition of Precipitates in Zr Alloys
LR () S
Kazufumi YASUNAGA and Hideo WATANABE

Abstract

Changes in the chemical composition of Zr(Fe,Cri-,): precipitates in Zircaloy—2 and Zircaloy—4 under heavy
ion irradiation were investigated. The dissolution rate of Fe from the precipitates in Zry—4 induced by
displacement damage was lower than that in Zry—2. The present result indicates the higher chemical stability of
precipitates in Zry—4 than Zry-2 under irradiation.
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Modification of Quantitative Measurement Technique for Evaluating Irradiation Hardening Using an In—Situ
TEM Observation during Tensile Test
fE el MR AL Ak
Ken-ichi FUKUMOTO, Kohei UMEHARA and Ryoya ISHIGAMI

Abstract

A dynamic TEM observation of Fe ion irradiated SUS316L steel was performed during tensile test in a TEM
column in order to investigate an interaction of mobile dislocation with defect clusters such as solute atom
clusters. The utilization of the dynamic TEM observation during tensile test was discussed for the irradiation
hardening evaluation.
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The Study of Crystal Orientation Dependence of Irradiation Hardening in Tungsten for Divertor
HUIA—" S, monik—* . A rhEEak™
Kouichi TOUGOU, Maoto FUKUI, Ken—ichi FUKUMOTO and Ryoya ISHIGAMI

Abstract

Tungsten (W) is the one of divertor candidate materials in nuclear fusion reactor, and its life—extension under
a neutron irradiation environment is desired. In order to investigate the relationship between crystal orientation
(slip plane of dislocation) of crystal grain in W and material hardening by irradiation defects (irradiation hardening),
the in—situ TEM observation during tensile test, XRD analysis and Vickers hardness test were performed.
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2.6.4.1
A RO SO T L3 A ED I
Practical Application of Coloring Method Using Light Inteference by Silicon Thin Films
AR TN AP EERk™
Hideo KIMURA, Takahiro SHIMOUCHI and Ryoya ISHIGAMI
Abstract

We have performed silicon film formation experiments using industrial ion plating equipment in order to
realize practical use of a coloring method to which light interference is applied. Direct current sputtering systems
are installed in this equipment. We placed substrate materials in and evacuated the equipment for 90 minutes
while heating the substrates at 250. We performed plasma etching of the surface of the substrate, and deposited
the Si films. A pressure at the start of the deposition was 5X 107 Pa. Discharge gases were Ar only or a mixed
gas of Ar and Ns. Silicon was deposited not only on flat plates but also on three—dimensional objects. Color tone,
uniformity, and effects of surface roughness were investigated.
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Improvement of Critical Current Properties of Iron—Based Superconducting Films Using lon Irradiation
JRMRFREACH RS YR B — L AR
Toshinori OZAKI, Takuya KASHIHARA, Itsuhiro KAKEYA and Ryoya ISHIGAMI

Abstract

We report the effect of irradiation with 1.5 MeV protons on superconducting properties of iron-chalcogenide
FeSeosTeos films through the transport and magnetization measurements. The 1.5 MeV proton irradiation with
fluence of 1 X 10'® ¢cm yields the highest critical current density increase; approximately 30% at 5-10 K and
below 1 T without any reduction in transition temperature. The present result indicates that 1.5 MeV proton
irradiation can be a practical method to enhance the performance of iron—based superconducting tapes under
magnetic fields.
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TOMALDO REZITBE 1 KEL2>TNDA, 10 K L EIZBWTRIFEALRL TH-oT=, K 1) DA IR K
FST Mo 7:m 1%, 16.6 K, 1X10' e FRETL7- FST s 7.1 16.8 K LIEFEAE LA LD -T-78,
WAL RO E LD T ah S FST I KR CORALARKELRY  HE R +— T 12> TS
ZERDND,

[X] 2 | AR FST SRS = /L% —1.5 MeV, FRET & 1 X 10" cm > T/ mh RS L7 FST #ED 5,
8. 10 K (28I D L OBGAT 2R Y, ZNOOMEITIF AR OB LORIGRFEN SR U, s
WOMERBEG A2 FIIN T2 & AR O X5 7e i b B R 32 EN DI TCND, Zivid, BRERIZISIT DR
DYV IEDBRIZED . IBLE IR DA THALICREREAT VU ANEL L0 THD, J 1SRRI D
Bean EF /L& AWTE L, BIET DB A X% 2aX 25X 2¢ (a < b < )DFAR TR 2aX 25 I TE
EAIZHIINEI CODET DL, LI

J=AM/ f1-a/3b)

BT A AR, RS AR IERY, 0 (AT B = L — i JE s 2 — - B SEBRSE AL - =L X M L —T
BTN, SRR e S 3L L C (AR S T 3L — i JE o & — 3 BT B K I L O KRB L R CE ML 72b DT D,
ABFFED L, MEHEAR Fil&H MO R 2207,
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1X10% jons/cm? FRETL7= FST #ilED 7,72 % 16.8 K LIZEAE B LI o7, T, Tah BE%. 5. 8.
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FeSeosTeos FEMROREAVOIRBE R AFNE.?

106 T T
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o —O——0O0——A— Pristine
S T
—R=R0ol:
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10° N " aar | 3
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£ e
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=~ 1.
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0.01 0.1 1 10
Magnetic Field (T)

2 RIRHS FeSeosTeos ML IRE = /L —1.5 MeV, FRHE 1X 10 cm™? TF b HREFL 7= FeSepsTeos T
B> 5 (8 | 10 K IZRITD L OBESHMAFIE. FAKIL 5 KB DR OB A7t Z .

BE IR
1) H. Matsui et al., Appl. Phys. Lett. 101, 232601 (2012)

2) T. Ozaki et al., Supercond. Sci. Technol. 33, 094008 (2020)
3) T. Ozaki et al.,, Quantum Beam Sci. 5, 18 (2021)
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2.6.4.3
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Fabrication of Nanofiber Mats from Polymer Containing Polyimide Structure by Electrospinning
JHF B &
Masanori HATASHITA
Abstract

It is well-known that aromatic polyimides are applied in many industrial fields due to their excellent thermal
stability, high mechanical strength, and superior chemical resistance. In this study, to develop new polymer
nanofibers, a polymer having polyimide structure was synthesized. The synthesized polymer was soluble in
dimethylsulfoxide, dimethylformamide and dimethylacetamide. Nanofiber mats were successfully prepared from
dimethylformamide solution of this polymer by electrospinning method. The nanofibers with diameters in the
range of 300-500 nm were well distributed in the membranes.

Gy
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FTAF w7 % T HNE RS 725700, Alal, 20950 — 2L THBFHRRVAINER—RL LT, T /774
—H VA A LA AT,

DB
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Y TR VRIROIRE TR 22 LRI TH DT80 | 55 T E A SO A BRI T SR S 2 BN
D%, LD, WRUAINIIARER ., WA THHI-DIC, ZDOEEOHETIZTL V7 AL = 7 L%
DT TERNWESNTETZ, 22T RIAIROREE LT, ikt / ~— LI EmMEE / ~— L2, ILEAS
G Z G I TRVAIR OIRBER I 2 W U T, TORBEC AL 2> T2 RV AIR R T2 VT, =
LINaRE = PRI E DT )T 7 AR =D I T, T2 DA (BIE, WE, &0 FIRERY) 2L,
TERRSIT= T 7 A3 —% SEM IZIVBIZE LT, ZORER, 7 0ar D7 7 AN—RERT T 7 A3 —DAERS
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%:él:
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TRV, RUAIR R E 7 113, Bva— A0 M E 24 4 72058 C ERlS> Tl K EtEReZefLung
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(A B = VX — B e Z — - RIFSEBR R  - AE IR JE =
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Research on Development of Flexible and Conductive Films
52T, OZARNE s 1Y/ RN (3= V| T T = sy SN 7 T
Takayuki NOSAKA, Kazuhisa TSUJIMOTO, Masatoshi GOTO, Ryuichiro YAMAGISHI
and Kazufumi YASUNAGA

Abstract

The development of conductive materials with flexibility and durability has been required in the field of
electromagnetic shield materials. In this study, we are aiming to develop a conductive film with excellent bending
durability by laminating Cu or Sn layer on the polyimide film. The conductive film under the development has a
problem that its bending durability decreases with time. To clarify the cause of this decrease in bending durability
of the conductive film, the elemental distribution toward the depth direction of the metal layer was analyzed by
Auger electron spectroscopy. The measurement revealed that Sn/Cu alloy layer thickness increased with time
at room temperature. The present results implies that the increase in Sn/Cu alloy layer thickness is the cause
of the decrease in bending durability. These knowledges lead to the further improvement of the durability of the
conductive film.
Gy
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TERIE B OV 7L LR T, ARG LB DIE A NED L TRY, — 7T, AREED G 48 DRI (Si0;
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Ultra—Fine and Nanocrystalline Structure Induced by Severe Plastic Deformation of Metal Surfaces
LRI IR R
Kazufumi YASUNAGA and Hirotaka KATO

Abstract

A pure Cu disk specimen burnished at rotational speed of 400 rpm was observed by cross—sectional
transmission electron microscopy. The grain size increases almost linearly with depth from the surface. This
behavior is the same as observed in burnished carbon steel (§45C).
B
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U NI KRB R SV BORR AR 250 1, R S & o s &
DIRWBIBRTHDHEE 2 DID,

Friction
direction

21

600 -

t
t4

400 - o

Grain diameter (nm)

oo 200 +
[FHAERFE 400 rpm CTRA= 7 AN L LTl Cu OFE SRR EIZ DU
T, HENPODOERSKIFMZTAE L2, ko iR SR mn %5 1000 2000 3000 4000 5000 6000 7000
’50){%5 &\:ttﬁdb—(i’%jﬂjbflo :@'ﬂﬁﬁ’ﬂ 5i/\:f‘/:/7buj:éﬂflﬁ§% Depth from the surface (nm)
£ (S45C) TN FE TITHELNI-MHB LRI TH T, P
H(845C) = B ERfcsH 2 #li Cu DR FERIPEDIRSAFE

A I T3 — W SE 2 — - FFEB RS - TR L = L — T P R T e S Y A B A
ARFFEE, (A PSRN — e Z— M@ IE T3 B AR LR TEME L 72b 0 Th D,

100



DEperl = LR — T Jet s X — WG (7 2 )|

2.6.4.6
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Microstructure of Ti Alloy due to Micro Slurry—Jet Erosion Test
LK A R
Kazufumi YASUNAGA and Yoshiro IWAI
Abstract

The surface of a Ti alloy subjected to a micro slurry—jet was observed by cross—sectional scanning electron
microscopy to reveal the wear property. The surface showed dimpled structure with sharp edges of a few pum in
depth. The present results suggests that the wear has progressed with brittle fracture at localized regions.
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2.6.4.7
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Effects of Alloying Element on Corrosion Properties in Magnesium Alloy
FETRFIEE L
Kazufumi YASUNAGA and Masahiko HATAKEYAMA
Abstract

Corrosion resistance of Mg—Al alloys depends on the additive amount of Al. We investigated the distribution
of Al in a Mg—15 wt% Al specimen that shows lower corrosion current density than those of Mg—Al alloys with
Al concentration below 7 wt%.
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