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2.1.1.1
BE 1L H & L — Y —BRrY2E & O SE5E
Demonstration of Laser Decontamination Equipment for Decommissioning
P =™
Haruhiko KADOWAKI
Abstract

We have developed a laser decontamination system for the nuclear plants. We evaluated the performances of
the system for the efficiency of the decontamination, prevention of the scattering of the contaminated dust and
the safety measures against direct and reflected laser beam by application to the samples made with structural
materials used in nuclear plants. “Hot runs”, the tests for the radiated materials were also demonstrated for the
people belonging to the companies with interest in decommissioning.
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2.1.1.2
B Dz faL — —BIEr i BA o6
Development of Remote Laser Cutting for Steel Pipe
FA A ™!
Haruhiko KADOWAKI
Abstract

Dismantling and removal work in the nuclear power plant is often carried out in a narrow space. The device
used in such work has to have small size and portability. We developed the laser cutting apparatus which attains
the miniaturization of a laser head portion. We demonstrated the performance of the apparatus by remotely
cutting a pipe with the nominal outer diameter of 250A.
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2.1.1.3
L— P RO DAL OB
Examination of Increase Efficiency for Laser Peeling
FA i A ™!
Haruhiko KADOWAKI
Abstract

We developed method and device for easily decontaminating inner surface of pipe polluted with radioactive
isotopes by using laser exfoliation. The pulse laser beam is used as a laser beam for the decontamination. The
exfoliation of contaminant simulated layer on the inner surface of the pipe was efficiently carried out by irradiating
high—-peak pulse laser beams.
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Investigation and Data Acquisition of Dust Transition while Laser Cutting
under The Using Huge Water Wank
FEATIE . &5 )N 22 feff R ™

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
transfer amount of dust and dross to water and atmosphere and particle size as function of the cutting condition.

We investigated purification method of the turbid water and observation method of condition of the test piece
in turbid water.
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L—F—GWr 3T A—% B @i H1E 5B Se feaii bal A AR i
Relationship between Sampling Conditions and Statistical Characteristics in Analyzing Fluctuating Thermal
Emission from Works under a Laser Irradiation
[iP=% S
Shigeru NISHIO

Abstract

Relationship between sampling conditions, Ze. sampling period and number of samples, and statistical
characteristics in analyzing fluctuating thermal emission from works under a laser irradiation was investigated to
find the optimum sampling conditions which are used for the automatic laser—cutting parameter control system.
It was found that the statistical characteristics of fluctuating thermal emission are maintained within the range
of sampling period and number of samples below 0.1 ms and from 10 to 50, respectively.
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2.1.1.6
ZE R A B L — R DR R A
Development of Air—Cooled Optical Dumper Usable in High—Power Laser Application.
7 B !
Shigeru NISHIO
Abstract

The optical dumper made of 8 mm thick SS400 plate lined with an air cooler was subjected to laser irradiation
with 1.5 kW power to test its practicability. The one lined with a water cooler was also tested for comparison.
Although the air—cooled dumper was heated up much easier under laser irradiation than the water—cooled one,
it was not pierced by laser beam. In addition, the air-cooled dumper more effectively suppressed the light back—
reflected on its surface than the water—cooled one. For these reasons, the air-cooled dumper is found to be
advantageous over the water—cooled one as a practical metal-based optical dumper.
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2.1.1.7
U — P —BRYLEE T O T AREEEL 3 By~ DI H - 32 AL
Applied and Practical Research of Laser Decontamination Technique
for Civil Engineering and Construction Field
BERIR ™ AT LR — BB, S BRI, )R E, s
Akihiko TSUBOI, Toshiyuki KUSUMOTO, Ryuichiro YAMAGISHI, Masakazu TSUJI,

Masahiko NISHIKAWA and Katsunori TSUJI

Abstract

For the development of laser peeling machine to maintain the waterproof film coated on the construction and
civil engineering structure, we performed evaluation for peeling performance by irradiation of pulse laser on
epoxy—based and urethane—based coating films.
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M R M R F L — — BR G SERE RN BH IS Jo L OB IL RS &AM B RO 72D O EFEH
Development of Basic Technology for Radiation Resistant Robot Laser Decontamination and Practical Training
of Human Resource Development for Decommissioning
R RE— R &)

Ryuichiro YAMAGISHI and Katsuhiro YOSHIKAWA

Abstract

We carried out development of basic technology for radiation resistant robot laser decontamination machine
constructed by the WERC and training of human resource development for decommissioning using our laser
decontamination setups.
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2.1.2. ARMIH =12 —FI I EAR B 5
0.1.2.1

HARTZRNF —CLDKFBRE DT D DO~ 7 20 LA OB %
Development of Magnesium Regeneration Technology for Hydrogen Production by Renewable Energy
MEMEEZ LR —R2 | SRR AR R /NEZR
Yoshihiko SHINODA, Ryuichiro YAMAGISHI, Nobuyuki ENDOU, Tadamasa KIMURA
and Yasuaki KOHAMA

Abstract

Hydrogen is one of promising energy sources to replace fossil fuels, however, the social implementation of
hydrogen energy has many problems. We began the feasibility study for the development of the sustainable
energy cycle system using a redox reaction of magnesium. Then, we have studied smelting technology of
magnesium by solar heat. The solar furnaces have a potential to produce magnesium without emitting carbon
dioxide. Research was also conducted on hydrogen production using magnesium. Hydrogen has so wide
combustion range and low ignition energy that careful storage is necessary. A risk assessment of hydrogen
stations was conducted.
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2.2.1.1

FFE HOR RO OF N Z 203 AR IR D i EEARIZ A T VBIR AL 0 e it
Therapeutic Biological Verifications for Advanced Treatment of Cancer by Combining Heterologous Radiations
AT A T A AR AR ARG ER | LA 11 ACKAR™
Munetoshi MAEDA, Mika MAEDA, Hideki MATSUMOTO,
Satoshi MIZUSHIMA, Shinko SANDO and Kyo KUME

Abstract

At Fukui Prefectural Hospital, a new clinical trial of “Combined Concurrent Chemoradiotherapy” has been
started, which can concentrate energy 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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Elucidation of iPS—Derived Neuronal Cell Death and Inflammation Induced by Particle Radiation
IR E B RAEY @l A AOKAR, A HE A
Natsuko KONDO, Yoshinori SAKURAI, Takushi TAKATA, Kyo KUME and Munetoshi MAEDA

Abstract

In case of ion beam irradiation, the sensitivity to the ion beam or mechanism of cell death and inflammation
have not been investigated in detail. In this study, we irradiated human induced pluripotent stem cell GPS cell)
derived neuron with proton, carbon and helium ion beams and investigated the patterns of cell death (apoptosis
or necrosis) and transcriptional change. Proton beam did not cause cell death, while helium beam caused necrosis
and carbon beam slightly caused apoptosis. Transcriptional changes were consistent with the results obtained
from cell death.
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WOTNICHEZ Tz, ~NITATT R E— T AR SE B E B AR T HED T — R S L FEH LA RN AL,
Mg A TRLIICRE R ET JE LR o7,

S

R AR AR~ D B R IB A2 (AR U558 0 - A TENC BE O DA A REAR I3 B M BERR 2 - Quality of Life
DAL T AR E, iR T _REEERRETHD, BAFEREIS NI, BRI L2 06PN Ofh i [l i o A< R s
A7 iR E 23 53D L OMERHY | FLIBIEEA DI, B #0080 B R U AR & o Jeite
A7 S RRIRIR IS o TS O G B2 3B RIF 823 T AL, IESBIEFIZ R L T vy g~ —
JFIRSE N-methyl-D-aspartate = FWIEHIHREOFH T2 THRE#% 670 A OFBARSREITHER SN2 Y |, &
T FRIC K> THREZZ T TR 377 U 7 70 8 O i SN A 755 | U RIEDSEIEL | MR HEIR
WG TDHEEZLND, ZOLH7RIT, B hO ARG & O el e 0 B -k « BB 1-#R72 & OB -
WX DS ML HIRSE D AT =KX I FERESEIZ KR T DRIED AN = A AT EARH TH D, L IR
LM E AL . FRABEREZ R DT, ZNHLD AN =X LA T HZ I35 THY . AF5to B
L9 5, ZDTOIIAMZETIXER induced pluripotent stem cell (iPS #lR) H A RGHIIN 2 T ORI -HR
DSV - Al SEAR B - RIEHE 72 AR -5,

Fik
iPS M F Sl s R e L [ N7 e s KB B i e o 2 — « BRIR IF 9 o 2 — (& F K 1E )12 T 8 well

chamber GHEAHL A H) | T12.5 F721% T25 77 A2 GBIs TIBUMEHT ) (THEFE, 558 L7z, BRI H 12 iPS H

Ji F SRAR AR R 2 B L — R ZEE o 2 — 12 22°COARIBFEIC AV THREL . 5 % COy A Fa—X

—ZBL 3TCTHRE LT, 7 ab h—Rr ~NIU LR EZIE I 1,2,5,10 Gy BRI L=,

1) B 24 BRRARRICT A=A/ 30— ZIE AR E 2 e Mifa etz K> CEME - E BT L, A& Fl
HECTT RN ABI ORI/ — AOR I S L L2, 7R M— A% Annexin V IZX- T, 3
Ja— A (7 ARb—3R) 1 Propidium Todide (PDIZX->TYefalL7=,

2) MEBEAOBLG BB RNA-Se) HH 7 vid7aby h—Ry NIV LEZENEN 5 Gy §57
FTANZHEFE LT e MPRI I (n=2-DIZIRET L, 24 [k 7V 7 %77, PBS TUV A%, QlAzol
Lysis Reagent (Z&> TRl ZTAEL . 80 °© C TERIFLIZ, TD% . RNA ZfliH L, MR BR73 5
FEHT(RNA-Seq) (AN F) &1 T 72,

TR R A T R TET - RL T BRI S e o 2 — ¥ () 2 0T = L — g 2 — - WFJE B B - B - e 7 =2
ARWFFEIT ., AFERIILFRIMFFE L LT (AW B =X — e o X — DB R R LR R CEM L2 D ThH D, FIoAWFIE TRV
IPS A F S AL O HR B DN HRNTIC DU CI, [ENT B - KIREE R & — B et 2 — - St PR FE BRI kK
frE | EFLE TS MRS BT R e | 4844 B AT B ORFZE S 1) %1572,
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RS

1) 701__1]\\/\ 77‘—‘7J<\/\ /\U?A/‘(@%H\E\% F1. %\*ﬁ%ﬁ‘ﬁ@Tﬂ‘fl\—“/Xif:%i*7ﬂ~“/7<§%§§$(%)

24 1k O e MR A o A E Proton (Gy) 0 ! 2 5 10
Zr b BRI Lo T 24 B[ 013 7 Early apoptosis(%) 0.41 0.00 0.00 0.00 0.00
FErh—o AT HT . krm— ARG Necrosis(%) 10.56 11.20 9.30 3.40 1.73
B IS TREB Ao fe, H—g  [Crben@) 0 ! 2 d 10
Early apoptosis(%) 0.00 0.00 1.64 0.28 0.54

VIREHC L5 TIE, 5-10 Gy ThThC

e e Necrosis (%) 3.82 8.80 185 | 208 | 22

TR ADF RSN (02T e 0 1 2 5 10
AN

0.54%), ~JLMHOT AL 24 WM £y apoptosis(%) | 0,00 0.00 000 | 000 | 000

% 5 Gy, 10 Gy HEAEET 1.83%, 8.34%F  |Necrosis(%) 0.00 0.00 000 | 18 | 834

I — ANEZ o7, FIHIT REh— 2
1T Z B -72(F 1),

2) Zabo =R A~V SRS 24 IR £ 0D b MR A el A8 i A 1 s - 8 BUAR AT O i

by B CITIERT R T 2 (5L ERBLEITEDR H-72(p<0.05) s F ORI INEE 108, &
DR 128 Thole, BIGFA LMY —IZEEDSWTHT (GO f#T) ZAT T2 R FHIERREN -T2 5T
DOFEEEIL, Molecular Function <CiZ. adenyl nucleotide binding, ATP binding, adenyl ribonucleotide binding @
PEINCdh 7=, Cellular component TiE extracellular matrix O Th o7z, T—R o BREFEIZFERREFES L
AT, 2 fiF L ERBLEICEN Do T2(p<0.05)BI5 DT L F-#E 88, W HE 97 Th 7=, GO it a1T-72
FEEL. EABETCIL. Biological Process T, X

P RUTHRER OPRTET AR b — 2 AR Biological Process Tsz;mnsze
%ﬁ}iﬁﬂ:%ﬁém/fﬂ }\UI.\/ . 75#]\\‘/@? Top 4 terms of GO functional Aanlysis 0
PEE | intestinal epithelial cell maturation(5y " ey By PE3 Gl ® : N
{k). Cellular component % DNA packaging ! rodcton vlved - ' @
complex, nucleosome, protein-DNA complex et ammatory response 4 Adi. p-value
ABDT=(K 1), WA HEIL Biological Process e e aturetion ‘ k bl ‘ ‘ i B
T & cell population proliferation, cell S W A A Lo
migration, mitotic cell cycle 72 &M Z g N - o
AR OB B CALE AT U IR E IR D
KB KED -7z, £, DNA BE KGR -Z D
Fx v 7 RA L MEES B ATV, Cellular Selnarcompencal
component CIIFHEEMA, f5/NE 72 L OFAE S R — ® o
ZHZE 51D TH -7, Molecular Function ONA packaging complex ® i
TlX. integrin binding, extracellular matrix rotein DNA complex l Py I:::
structural constituent fﬁk@%%% * T(I/*H]H@ 0.000 0.025 0.050 0.075 0.100 0703

%%E*ﬁﬁg%?%ofco i&&)ék\ %HH@&E‘E GeneRatio (intersection_size/query_size)

L, MISOBTO LA D MR Lo BI1. h—RAC k>TSS TR
B RS, Mla=ata=r—ar o (_F) Biological Process () Cellular Component
T2 DR TER A D3 WA LTz, ~U A
FESTRECIIIEREREL LT, 2 5 LL B3 E
BIZENRDHST2(p<0.00) I DEIE LABE 244, WARE 296 ThoTo, GO fRMTORER ., AT
Biological Process 1%, BAE72b OB R5E | SRR T 2I0% M= —Tar | 7ARb—v
AREE - 7 07T AHIRREE - TERETE A - G1/S Al JE J B A 172 & CTd o7z, Molecular Function "Clifuss
ERTF747ax7F 0B EF LN, $E0D08, NAN RREZSZ T CRIAMAZZYE O &1L,
F12 G1/S T = ZRA U MHMBE BRI INH S4L, TR R L E LT MIfRSE S Z ~ 7, JlBET
IL. Biological Process TIZAMKE Ak RNA ARk, Bif7eE CTh -7, Cellular component 344,
DNA topoisomerase complex Td#->7-, Molecular Function Tl&, H&EE - EE2RLEW. (4. &B14 .
DNA #5& 70l Tho7, MREAIEN I Z T Z I HIRED AT T BT8O A AT R IR FEARRIBRBE S X A—
BT,
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EBE
HEFRAE S TR IMNTC. 5 Gy RS 24 BEfEI#4 . 7 0 b CIRMIIRSE R E DX A F 0 7 i85 TR DL

{bIF72 . I —RAZB WD TUIRIERCH RIPE T R b — ZFFE RO 2D DNA A&, DNA-ZL /378
BRI LT, I— RN & > THEMEZ DNA “ARSHIBr-CE A RN AL HZE 2L 5 B L7V il 5
Elp otz MR JE B - MR T DS (oA T 7 ) oM AN AR E DB AR TR BU IR Z A L, AR AR 23
T =R RG> TEHME DNA 544 L T, 208 TR~ N 7 2BIE 030 T AR — AT [ h»
STNDHEBZDND, ~ITLTT R— L AL N LS ORI SE BB AR 1 FEA T — R K0S S 15
MHHIL MAHE AR 2= — Y ar FEBE ORI KE EH LTV, Zo7L L Trrm— A
W EFAFTDHIEETEIFTRNEB ZHND,

s

RIROBRIEROBLEDG, 7 a b BRIt Z bR Z L2 T AL B — R OJIE TR st %
LT, AU AT O RE AR K TSR D A REME R H DD T, NIV AEDL I —R DM
R &> TIERITER NP2 EELW, 727U —Ry 5 Gy bR AZE A DN ZHD T, [HE
(AR BE DK TR D EIDERIBBIE T H2MLERHHEE XD, LNPLA IO RN, 10Gy £TO
KA BRUTARANIIEZ B S0V EIEE W EES, AL DR DS MEIURD o 72, A TN .
B OIAORL FAMEZ AT RDMEN DD EHE 25, i EHIROBEIZE > T, 2 IR OFERE
KT HIESE, F/2i37a 707 ORMERZRIEHE(LICE D /R B DT Th D,

BE R

1) PD. Brown et a/., ] Clin Oncol., 38, 1019-1029 (2020)
2) M. Hada and AG. Georgakilas, ] Radiat Res., 49, 203-10 (2008)
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T E S AKX T DRI RRIRIE DA M LT R TN B 32 JEpE R
Predictive Value of ®F-FDG and 'F-FLT Uptake in Cervical Cancer Treated with Charged Particle
Irradiation
T 2 B BEY AR IR ACKART
Yasushi KIYONO, Akira MAKINO, Tetsuya MORI, Hidehiko OKAZAWA and Kyo KUME

Abstract

It was suggested that charged particle irradiation is more effective in cervical cancer compared with X-ray
irradiation. The reduction of ®F-FLT uptake correlated with the change in cell proliferation ability at 96 hr after
charged particle irradiation. Therefore, *®F-FLT is a promising tracer for monitoring the early response of tumor
to charged particle irradiation in cervical cancer.
B

T E SR A3 L O LA ATkt 2R R R I X BRI Kb A 2 Th D rTREMEN RS LT,
Flo, T BB AAZIBNTIE, PF-FLT OEMBIK T2 4 B ZROMIEOIK FEMEBEL T\ e, ZoZ:8D,
B SHR A DR FRIBIFRIZIB W TL, PF-FLT OEM B T AR IOER R E T CED I REME RSN
7o

w

)

FESHE AR AT IME A2 DD A3, M2 T ROV EEN B, EHRIB R ARIEN B E VR
EFEo TS, ZOTD R AR T D8 NI RIE OB N E EINLTND, 2T, L FRER IR
PRSP DO AT U CHER D FSHFRIR IR LV R D D I ETO L FEIFFE R R ED LT, 5
SEHM A DR AFRR XS T DR RBIR OB ARG T 5252 BRE Lo, AT, BRI ORE A
F D QOL O RICHEE 727 774 —Th O RN D16 N R T4 PET 2 FA A=Y 71Tk
DEERL FTRE CH DA ISR I CRE T D22 HE LT,

FHiE

S B SHEBAR DS AR TH D GH354 Milfd &R - B BN ARIIaRE CH 2 SiHa AMARIZ, 0, 0.1, 0.5, 1, 5, 10
Gy @ X #. B, RE\EFNECNIRE LT, BE1H D4 B ETOAEMBEEHNIL-, £/-. B
26 FEfE1 12, PET 3KICTHA BF-FDG 3L BF-FLT 2L . FIE DA O ~DEfE 841 E
L7

GH354 HIfLO RET 4 H# THET 58, IRFEMEBGFHRIBEA Tl 0.5, 1, 5, 10 Gy I\ Tar ha— L
WU CH BRI OB 35RO BT, Ll X BRI CIE 0.5 Gy IZBWTH ERBU B BlE SR
Motz ZOZEE, RN AR T2 R BB IO R IR OB EEZ R T EE 2 LD, — . 4
H 1% @ SiHa MIfECTIL, BB #RERFBHRIRE T, 1. 5. 10 Gy IZBWTH BB/ BEIER S0, X BRI ST
TIL 5 & 10 Gy TOARA BRI DZRO BV, MRS AR L [FAR TR - FR B & OB RS-, MR
HEFEEBRICB T, GH354 M T, F-FLT 8L ®F-FDG OFEREIL, ST 4 A% OMIE O LH8
L7072, ZORKIL, EBRTFEICRIEND 7285 2 THEY, HFERZFE L T\D, —J7, SiHa #ifEic
BT, BF-FLT ORI, S 4 B ZOMIE OB ITHEBEIL TR T L TWeAs, BF-FDG OEREICIT
BALDZBO BT,

#E
FEEAP AN LT X BHBRIODORL BB O 7 03 2 Co 2 FIREMED VRS NIz, SHIT, FEENA
DRFHIRIIC T, F-FLT OB RS F ARSI ARE THCE S I RSN,

SRR RS BT RN R — RS 2 — 2 (A B = R L — e & — - BIFZE PR SE R - R AR R TR 2
AMFFENL, AFERILFRFZE R LT (AM) BB X — 50 2 — M Ma R F LR TEMLIZH DO TH D,
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2.2.1.4
B~ HREESEER S A TR I3 D i i 11 ek et 2 oD 78 iE B RE 36 L OYR RE DAY
Analysis of Pathophysiological Kinetics and Symptoms of Oral Mucositis
Developed during Radiotherapy for Head/Neck Cancer
FAATERE | BT FH SR, i AR, AIEER | LA 2, ACKIS™
Hideki MATSUMOTO, Munetoshi MAEDA, Mika MAEDA,
Satoshi MIZUSHIMA, Shinko SANDO and Kyo KUME
Abstract

Most of the head/neck cancer patients develop oral mucositis as a side—effect after radiotherapy. However, a
medicine for oral mucosal diseases remains undeveloped until now. The patients developing oral mucosal disease
is treated with symptomatic treatments using a mouthwash and analgesics and the radiotherapy is interrupted in
the patients with worsening symptoms. This project was performed to elucidate pathophysiological kinetics and
symptoms of oral mucositis developed during radiotherapy for head/neck cancer.

2

SHSEI S AN KT D HHRRIB IR I B W T IR 2 CORBFITRITER LU TIAE T 2O M3 e O e ks
PR E T D, LL7e3 D, g O ks IR (2 k32 T RASE /IR S I AR T BIERICEW (O
IR AWETT | AT A R ERAN T LD RRARE | T 2K - SR A S L DHETRAEAN /0 & DXHERIEICL -
THESITWDDHTHDH, 2 THERAE O BRI R E 35 TR /Ta R IO T2 B R LT, i
FRYE MR RERRRR O RIEB B IS LOYRREZ IO Z T 27012, IER <A~ X #RIRFHZ LY AEE D O
IEH AR B DBV RE AT =X D% U B AR 50 | R L 28 M AR R B L OV M TR kL
FAWTEEMIZ AT LT,

HE

ZNETOWFRIZEB W T FRRUK D IEH MBS S S W TR A 2/ /R 28 Al A4
FHIB L O AW FERNTIET L B2 AR RIS H1T D IEH AR O B 1 X< D2 PR IRIZE
HFERTE T U AR TE T, ABFTE T, B RREHSAED 3 AR IR O BRIZFEIE 2 Hci Rt 11 RS
B TE DORIEBNRE B L O REZ DT T D701, B F R IR S IE &~ ZAO T R 1 RS RE
FIEBNRE R LUV REZ A BT LTS,

BB DIEE

1. BB 1R EIBE (20 Gy, 5 Gy X4 [B]) [ZL 2 Ho it 1 PR ke o 8 SE Bh g 3 JOKRA A O U #k ik
1 kbR 5 L 2ok 3 2 B 2 R D FAT (1] 1)

(1) ~7 RBESHE~D B T B BB (20 Gy, 5 Gy X4 [\]) 0D [ e kh RS 22 0> 55 BE A - LA 35.9 ¢
DD IG TR S B AR TR TR 2 (IR E O RO BV, % 9 B B TRAKERD (31.6 g) . TDH R~ 1T
[AI1E L7z, ZORERITEED, BEH 3 H B2 D 1R E OFIENGRO LI, BETE 9 B H TFEY
JRAEATT (BHERE 0, B8 FARSIE . FLBE, DA /VRIE, FEIf, HIf oD 5 FEIR OB AL % 5 BeE-CREAM,
BEIATT % 5 LD~ T ATEEILTZ) A3 5.5 ETHELIZN, ZO%R L IZBEIE L, £z, ZOMERIE
FH N ARARAE, ORI OALEE B O M E CThH -T2,

(2) BB1-#1(20 Gy, 5 Gy x4 [8]) /3 EIFEHZ LOFER S D DRI R = x5 384 A ORG#ER R O ks
fEspEs 2 DB AR T D 3EH A (2.83 mg/kg BW.) 2[5 H FRETRT B . FRERTE % BB 1 A%, BB 2
H%., BE 3 H%ICRELIZ~T A TIL, EHIRE 35.7 ¢ DD B IRE BIAA T 15 & (IR BB O H3ER
DOI, B RRIRE % 9 B B TRIKREZRD (33.3 g)  TDHRIR A IZEIE LT, ZOREB/DITHE, IS
7 H B QPR E O RIEN RO HIL, BEE 9 H B TCEWREAaT )Y 1.2 FTHEELZS, 0D
Bt 2 IZ[EEL, BB 25 A B CTREICEIER /o7, -, ZOIERITEM T, 1 FRKEB LU A
WERERRDFLBE R L OTE M FHE T o7, AN A O G2 LD, OEEREFEREEDOFH L R RE EN 5| & i
ZENTWAEEZBND, * B.W.IZ body weight (A H) DR,

HARIER S R R » R 2GR « [R5 2R AR « IR MR IR R R 22 53 B 2 (M) T = p L & — B g8k o &7 — - IR ZEBH 6 38 - b 177
R E R
AWFFEIE, AT RINFFE R L LT (AM) FHE = 0L — et o 7 — MR KRR L LR CRIEL72b D Th D,
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. B BB (20 Gy, 5 Gy X4 [B) 1232 Hebhipit 1 ekE R0 55 oo J B2 O T (3% 1)

B2 1 H BRI T H BIZENZENOERBENLIIES 2 2 JL3 D8N, SAMERL X D%
W, EFAMHL, ST 7 U R Z2ERIL , HE YetaZfin L CR B2 21T - 72,

FRET% 1 H B OEARIZIBW T, SEIRR Lo~ AOH ISR B AY 70 B A FLITRED b o7, —
J7 . BEZ 7 B HOEARIZEB W T 4 ORFRZLAFT RO bV, R E EE%ﬂzo Gy. 5 Gy><
4 [A) LIz~ ATiE, BRBEE, EREALNIEE ChH-oTz, FMBEEARICBWTHIA A 05
% 1 PRI 5 00 2 L R RBUGESN RSB D b,

A B
20 Gy (5 Gy x 41m@) 20 Gy (5 Gy x 4H)
W W
AN A
(NNNNT] > (NNNNN] >
FEHIA (5EIRS) FEHIA (5EIRS)
(2.83 mg/kg B.wW./[E) (2.838mg/kg B.W./El)
T T T T T T T T T T T T 1
40 u © XJERE¥
© FFIAKSHME
b d ¥ 6 ® [ZFHRS)BIIRATHIINEY
15 30 19 o [ZFIRIRET + ERIAGE
t* wo
E yf . &
—~ A .
) o MmE d 2 .
10 |- © FEFIARSHINE - 7
© [ZFHRSD EERGTEIINEE .
© [SFHREZEY + FAIAKSEE
ol ! I ] ] ! Y 1 ; ; ; ; | ]
V] 5 10 15 20 25 30 0 5 10 15 20 25 30
Lbh L ShSTDI S LEbh L ShSTDI S

4 1. <~ REHSHES A~ OG- #5y BRI &2 1 PERE IR & O FEAE B iR
() BRI GORELED)  (B) BRI %0 MR L5 1 PERINEE <=7 4

# 1. B P RIS L D & TOBUHRIE 1RGSR oo g B2 RO R (RS 7 B H)

2ERUL LREE | LERBAL | SREE &5tA37 &5tAd7
_-----_

{ﬁ‘:]:

JEfREE-1
JERREY-2 ° 0
EFAES-1 ° 0 0
RAIARS-2 ° 0
P FRiREY-1 1 2 3 a5
P FRRiRgd-2 2 2 2 6
P FiRiRet/ FAlRS-1 1 1 2 5
PEFiRiReY/ AR S-2 1 1 2

AO7EAE 1: 8. 2. EBE

Ull[l

- GHSH S AT D T RIE R A E L T, ~ U AOBHSS IS 182 R PTRR ST L. PIRBLEL R 45 &

OYR BTG LD O RGPS OFIE BN REZMEATL . 1 IZEREEREE 2k 32385 A OF#E R4
fENT LT,

- PIIRBLZERHAMG (R AE A= T) 1T W T, B R IR IZ ZOREIE S LD MR R o3 288545 A it

WENRDFEO DI,

© ELRIREHE GBI R A= 7) IR W T, B or BRSNS KD FE FE S D M BRI RR = | 25692 2K

A DIFREUEN RN FBO I,
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2.2.1.5
AR D SRR S M 2 TR T 5 D 1 A A D iR ]
Analysis of Signal Transduction Mechanism Deciding Cellular Radiosensitivity
I FE A BT AR, & B
Munetoshi MAEDA, Mika MAEDA and Masanori TOMITA
Abstract

The progress of recent 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.

i

UTAED~ A7 e — LRSI B AT O RBEAI 72 3 B IS k- T M N OAEE D JBFT B~ #2255 1
T D ENTEDLINNT o7, Fox1d, B X MR~ A 7mae —2% FWCliiia /T e 52 212k, gt
AL AR B d L OSIIRIN D 53528 & D BRIZ DO UWTHRIT 2 D TN D,

i

il

ZNETOMTENS, Tl 52 28 Ba2AZ X f~vA7ae — A THRELZGA . Mo 2% 1
U5 A I Tl e 2% PR U735 A IR RS ME DS I SN D Z ER AL 7 o T, A~
OIS OF I L DB TR ZRNT LT L2 A HIIE ~DO IS NIV | M E ) D kE ~0
ATM (L& LR R FE L B2 o R 7)) DOFEAT (nucleo—shuttling) 23 26§ AKFR R (< 2 Gy) IZHBWT
DNA B EEEENFE I TRV RTEEME DS RIBE I, AFTETIE, ATM OFFEF72BREAA T
AR BTk 235175 DNA HIEEEEE ATM OEIFRIC OV THRRELTZ,

BREDIEE

E MR VR F S 1E R (WI-38) £ [H1% X f~A7nt —2% W CTHREL . DNA B ERALOD JEIZAFAE
T HEAR H2AX BNU L& Tz v ~H2AX 74— D ABL O T F I AUEAEMEFHEIC L > C DNA 18556
NIZEERE L= 53BP1 24 e Ye o a O TRl b L7, WEFEEEIZHRAE L7200, 5 37 A D X fii~A7n
B — A% AT O B U834 . y —H2AX D7 +— B AERIE 5. 10 Gy TORBEINT-M,
53BP1 74— AL 1 Gy HEIEES L, 5. 10 Gy Tl v ~H2AX O 74— B AL FIELZ, £7=, 100 2/
YAD X fpeArae — L& AW CHIBO 2R ZRF L8546, v -H2AX, 53BP1O X &L 1 Gy b7 4—
HAETERE L, M TR EL TN (" 1), —F5 . ATM FLEHIOFEE FTlE. 53BP1 O 7+ — B ATEAIEL T
RTOBEIZBWTEERINZA, v -H2AX DT +—H AT 2 Gy UL F Cl3@igsn g (X 2) . g~
D FRE B EENGA GRS RS SRBEOREINE 2R LTz, L723->C, 2 Gy LA F Tk DNA HBEEICE
F5 vy —H2AX D7+ —H AT ATM BRER TR ThHEE 2 HID, —F7 T, W EI TIL ATM fRE
BIOFETIZBNTEH vy ~H2AX D74 —DAREEIN TNDIEDNE, ATM IZIERIFRIZR R I L - T
H2AX OV BALDSFHEIIN TODZENRIBE T, L EDOFERNG KRR B2 35175 DNA HEEREISE
WZIE ATM DBREARRI R THHZEN LG -T2, MREZIZINZ TRl EZ BT 252812k >TALD
ATM DOEERNBATH., MIERICBITS ATM 20U 7 MRS OTE M L B S e Bl B, %
DOFEF LU COREHRIEPIE N B EINDEE 2 HD,

s

MR ~ MO L — 5 5.2 BB Z HUC o B SV M O AL 12 o C L O B
R RIS 5 700 A O HI 1 00 = X LS B SR S T ISR R
BU BB ISR DS — 5 b L COMIED BERE IS T, 4§ O T RBFIEOHEECLY
MR A LT ATM 205 515 SR O RIE BB/ L L X,

AT et L — It 5 — - e DA R - L P BRPE TR L. TR ) o I - J5 - 1) B D JE T - ORI 2 2o JE e
57__4
AL, (AR FHGH =L — TR St 5 (— ) T R L C ML 1600 Tl
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]

1:100 27 A0 X-fr~A7ae—s% H T WI-38 flEOMia 2% 1~10 Gy THREL, HES
L —H— B (FV300, Olympus) Z VY, fafE e et Lz vy —H2AX (k) 35O 53BP1 (JR4) & 7]
BTz, “Targeting” H10> [ M G I A 7R 97, BRESRR RIS, & SV TR,

1 Gy |2 Gy

7

50 um

1Gy|2G

2:ATM BHEAIOIFFE T T 100 7 A0 X—fp~Arne— L% H T WI-38 fifao il 2ik% 1~
10 Gy THREFL, S —V —BAsEE (FV300, Olympus) & VY, o H0O B L7z v ~H2AX (5 f4) 35
LY 53BP1 (GRfh) Z al i kL7, “Targeting” 10 A XA U fEI A2 7R, UL, &/ 3rL iz
KU,

29



ettt L — W9t 2 —BF AR (o Fo oA )|

2.2.1.6
K51 FRIB TR LD 3 00058 I 25 O A B & 307 1 S 728 T S e 1 0D B
Elucidation of Cancer Immune Response with Proton Therapy and Development of New
Radioimmunotherapy
WHEFRH, FAT - T Lo Re? CEiRIERT AR BTHRER, 475 —
Yoshio SAKAI, Alessandro NASTI, Masaki MIYAZAWA, 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 radical treatment for the most patients in
advanced stages, leading to very poor prognosis. We conducted proton irradiation treatment on PDAC murine
models using 3 kinds of murine pancreatic cancer cell lines. We observed that proton irradiation monotherapy
to murine pancreatic cancers was partially effective, whereas, when proton was combined with immunotherapy
blocking antibodies, the anticancer effect was improved. We will investigate how immune system of the host
responded in details.

i

I DT 13D TR E THY | kDL FHEIED A CTIXE R B/ DHNT 0\, B =1L —if
e F—TOWFE TR, B FRIEHRIC LD T 28l B OB &2 HaL . v~V AR ET v
Z RS- R B % S U 72 BR D S0 A D IE R 7 — 2 2 153 BT D O FERRIRIF e 4 L7,

w

Hll[l

EEREIE, 2018 FE120E 35,400 NDFERIE72D | FALBISE L CTH AN E (56D TS ([ESE S AMFZE B 2 — 3
ABGRFREE L) o R DEBAL B FE B EL (2016 45) 13 40,616 A THY ., REIEIET TN IV, ZOFEH 2
90 %A EDBEEZWIREO AT — U NI EL EOEITIRIEIZHAZENHIT IS, (L7 EEL T nab-Paclitaxel
+ Gemcitabine, FOLFIRINOX VAEABIFE S TEZDN, 24 A ELFERITH 10%2EE£D, ZNHDT-0 | Ik
FEERD 5 FEATFRIL, 106K THY, AL BEMEEE O T TiRb AR THDH, 2HL7-imIcdy, B
W T IEOBRSE EEBIZ, ARTBRIINBHTRIE O I D72 ET TR )L T KB N2 77216 I E DO B3
DM O TR UGE IO CTEETHD,

AR TIL, VAT T V2 AW T, B FRRa R O RO RIE RS OFEMZfRIT L, #ri-72 %
P TR IRBR R ~ D JEE ) T — H 2 S35 L2 B IEL TQD,

R DEE

3 FEFEO~T AR MR E T, ~ U ABEE AR T - i FIEGET L, ~UAKEREZ T« iz
JEBET VAR LT, ZHD~ T AT T VO RBREE TS~ i a R L, 7=, B#icht
FEA, SR ERHUARZ O LT, | FREEO~ 7 A KRR TRESS - 530 F F AR ICx LT, TR L OV
FEAEARHUARTEIRIC L5 . BRSTERAT 36 L O RIS AL D IS W 5 12 361 5 . MRS HE TR A 20 A e iR LT,

i

)

1$i@7‘7xﬂééﬁ%7‘/l/ 26U T - H IR L B HUIAR IS L D . BETEATIZ D) o B W HTE S 4 54
B UTo, RIS 5t U CRG 182 BRI L 72 BR O AR AR ZAE U A S I DWW TOFERIIZ DU T, ke L CHLLE
M A EED TN,

B PUR S  [EHAER BN - R 2R 2 @K AR EE St TR 2 IER (AT DA ZESEF) 2 () B = p L — b ek 2
— - WFFEBR FEHB - KL TR B AT e
ABFTEIL, BIRKFL (AR FPIE = RN F =Tt 2 — ORI L L TERLIZH D THD,
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2.2.2. K -HRIEEE AN O & BEAL AT

2.2.2.1
IR 72 B0 B B %
Development of ”Visualization of Radiation” Film
IR FE™ . Glenn HARVEL*® | FARH KRR M T E&ES, Ak I8 g Big™
Takeyoshi SUNAGAWA, Glenn HARVEL, Yutaro AOKI, Masanori HATASHITA,
Kyo KUME and Toshiharu SAKURA
Abstract

Development of an analysis system for PVA-KI gel dosimeter of a combination of a camera and an OLED
display was carried out. The effectiveness of this system was investigated with the gel irradiated by He beam.
B

ARBFFECTIIN AT EF Y BL A58 C PVA-KI 7 VR EEH RN S AT LAOREE AT o T, KT AT
L% He A48 — ARE STz PVA-KI 7V L A AEZBBNIC L,

I

S
BUE ., BUBRRIRIZ &S ~ DB V7ol | B Z YIRS TR ATREN kD, ZOT RN T —U%E
ML, ElE OO R DT DI FAUTRIEALFEIIEDIMT 22RO EE 1T L Th BRI EI T2 524 T
HEHEZED NS, ITE, B L TR RBBOMEE 5 2 1B 5k~ DR B2 e/ NBIZHN 22 o ik
FHRIREN T M L CERBY, BRI A N CHT-O IR BRI T BN ERH D, AHFFETIL, PVA
KEFIRE Kl 2L PYA-KI 7V EFHE B L72Y, fE3k, PVA-KI 7V ORE ISR AR Y EE R H 2
JAWT, PVA-KI Z /L ORI EZ AT CE Tz, LIRS, AN AT G EE H TIIOERE 10 mm A D
F A AR/ OHFHTUNIE BN H SRR, Z 2 CARBFZE CIRE R Z IR, 0 EARRES 2T
LDOBFE BIEL, ARE VAT 2% He A4 B — LG SN2 PVA-KI 7 /VIZiE AL, 7T 7 B — 7O E
EREL., WET — 2 &2 W ICEWT D FIEEMNLL, 2O AT THZE2HIELT,

EBR5
PVA-KI Z/WAZEBITHT Ty /e — I G a 8L - JE T 57D, PVA-KI 7 /L~

D He B — ARG FEBR A1 T o 72, FEBR CIIAEPE = X — 98 &L % —(WERC)D
% BB v rabay B AEEEW-MAST) A VT 220 MeV He B — A% R 5+
L7z, FEBRCIIR ORESE SRS 28 U7 2840 rIHHRA E E EE 5 (Stellar Net 18
Black Comet), 7 /VHRIERLEE , 7V RfgEHTY 7 8, 7 27UV (PMMA) 8 & /1 (50
mm X 40 mm X 10 mm), WYEERIE O E 10 mm A O&/L, PVA-KI 4L (K1
TRHE 9wt%), A > ¥ a_X—F— R f- A AWk = —R PHITS Ver. 3.08,

PVA-KI 7 NVEFER B ACE ALTZR B2 RO BciE & 3B 0%
He B —AHLHZ ALY, K TRHHEE —2#T s Abd TREL, &
BRI AR S, FEE T 8 Gy, 16 Gy. 24 Gy L7225 F TR L=, 1 RRREORR T
U7V FNE 2418 2 O CREBLOIRE ATV, Bioe #1377V gty —
MZXD RGB fi##T&4T -7, X 1 IZREHR E O 2R3, 7ok, WK BB BER (X0 FHAIL , $UR M
TWRINARED 4 Gy T CHREESNAIO RS LT,

FEREB L
(1)PVA-KI # /L ~D He A At — L JRE F2BR

MR /LND PVA-KL Z WISkl T He A4 0B — L% ST L. RGB T 21T -7, He A4 B — L% HRE
SIVT-RINHRE & 24Gy OF VG E RGB fift ORERE RAEREDE T, MELIEREZK 2 1R T, 22

MR TR TR O ES A TER 24204 TRKRT, (AW BPE VX — it 2 — - AR S &R
ZEEE M (AW B = VX — R gE e & — - AFFE PRS- b RRE R FSEEE  *° (BK) NUCLEAR TECHNOLOGY

ARIEIL, I LHERTE, (B BPEo L X —i%Et % —. (#F) NUCLEAR TECHNOLOGY O3[FffFFE L LTHEMELIZH DT
» 5,
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T, 777 Ot RGB i, Bl IR IR &[Gy Th D, X 2 D5 VHEG
\ZEW T, PVA-KI 7 ~0 He B FRRRFHZ LD RGO AR VT T
TE—UafER LI, X 2 OF ) VERE RGB T LIRS, 9 1.90cm T
G fa& B ENZBICED LicZbix, 7Ty 7 — 271281 A& Kk
>, AL 490 nm IZEBITDHFH FEOH ENWINE 720, RGB @
T GEE BENBRLIZEE R D, K 2 0T VBB O T Ty 7 e — 234
5T, G fiEE B EL X EL TABL TWDZEND, RGB HlE T 79/
— TR ME TEDI AR LT, ZOZ a2 B E X T, RGB HAWOE
FEVZAEHL  Z DN AT~
(2)PVA-KI &7 /L ~0 He Ki1-#RIRE K& O RGB 0D W S 45 1

RGB fHA WL | DR RZFID72 | Wt EERNE H 0
BE 10 mm AOE/LNGO PVA-KI 7 L2 He B — LBH EBR AT 577,
312 He B —AMBE SRR E 20 Gy O PVA-KI 7V OREF% 7R
T, AR TITBREN Y —Tho /L No.l OWRIEEDT —HaHiC, %
FEREICISITD RGB EZWLEEIZZE#A L7, FIAEL T, No.1 OWEEER
Ete RBIEIRE L., T —%% RGB fRHTLT-, D% RGB fi#trL7-
F— 2% TR I L 7=, RGB DO A HIZIZUL FO X%
FHu =,

RGBays = (FRETHITO RGB i — FRE1% 0 RGB fE) (1)
WG = RGBays X (2L No.1 DU /&L No.1 D RGBay)  (2)

(3JHe A A& — LR K O RGB B W R 28 4

402, %] 3 O RGB AW SERE (A B UL R r 7, SHIT, B 2R
K52 &E PHITS I28 D322 —av il 45728 RGB 4 2(1)(2)% H
WTIR G IS a7k e PHITS D32l —iau b Akl

2 He B — A 24 Gy FRIEfIEF
DL ND PVA-KI &
LDV E RGB EOZE
1t

+/LNo.1

!
L & L L] I
3 He B'—A 20 Gy &
D 10 mm /LN D
B~ D I E PVA-KI 7
IV

2.0

BE U 72, ZEMEERIT WL YGRS A el PHITS OFFRICKDH & 20
[Gy/source], Bl L EEEElcm] TH D, X 4 DT Ty 7 —T DAL -
B, G &L OB EOWIEEN 1.80 cm THY, G EE B EZK
FEEIZEW UGS, EBOBIRUAE R L/ >72, PHITS (2X55)
FE7 Ty 78—/ O 1.86 cm ThoTe, 7978 —20 _
NOE % LEER U7 5 AR CHEE L= E T AT A2 LD RGB os |
HIEDS 1.80 em, PHITS (X575 23 1.86 cm THY, JEfHEF oa |
FEOMKRITIE KA /R LIz, He B % RES7- PVA- o

Absorbance [-]

—6 I 1.8
—8 I 16

--PHITS | 44

F 1.2
F 1.0

Dose [Gy/source]

0.8
I 0.6
0.4
0.2

PV

KI 7 V@ RGB #IE TlX, G & B EZ W E I BT RE R 00
WS R YT T 7 e — 7 DALE DRI U Rl 72522000, G B
T BE TR T 200324722 E 25,

0.5 10 15 20 25 30 35 40

0.0

Distance [cm]

4 RGB EZEW A T- 4

BL PHITS 12X 32— gl

]
TR IR 2D PVA-KI #7710 490 nm 12331 DRI KD

Bk,

DI T IHN I AT EGE EL SV &2 V- RGB JIIES AT LAAEEELT-, PVA-KI # /L ~0 He
AF o — LDBREHCARRES AT L& UT-FE 5 He B FRRRRET 3282 ClI 7 Fv /B — 2 DAL E A E T 5
ZERHIKRT, L EDZENSARRNES AT L PVA-KI 7V 528 T RGB ORI &N N T

e =7 DALEZRE TEHFEL RHLL,

BE R

1) T. Sunagawa et al.: Memoirs of Fukui University of Technology, vol.47 pp.105-110 (2017)
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2.2.2.2
WL HR O T E BT BAFE
The Development of Measurement Technical for the Particle Ion Beam Quality
FAERG— BB 2 AR ZZ* | SR ACRAR™
Youichirou MATUO, Nakahiro YASUDA, Yoshinobu [ZUMI and Kyo KUME
Abstract

Measurements of target fragmentation reactions by high energetic charged projectiles (carbon and helium)
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

LR T IR IR GBS AT A @ EEARIZE 75 B W CL R RROMVE I E BN BH 3% 2 3 2729, CR-39

M A BT O @ AL, B U7 AR AR B E DB R A HEE T2,

w

)

CR-39 Gt A B EAT O @ EALE LT, B F-RrEANID DR OFERIRERRRE S L2703 AR R IRF OO 43 TRl & 1)
TE LA AT o7, Fom AR U7 A RBIF E OB E LT, DNA X° RNA ZAE kT2 Thdh oAU
XIVAF R ETHINE | R A ST 2, BRI KD AR E O G & M O & & SRl 3 54
Mz LT,

NS
(1) CR-39 MR HHARIZ L DY — ADE O FHAM SAL A A SIS O AT

B PR O BRI — I A G 38 L OME R DM T~ A Z S K0 A RSV DR - O FE AT, gt %
FEEICHE T2 FIEZ B Uiz, JhUTh R BB FEBRIZ 31T D AR T OB I3 59 HE I BRZE TH D,
HRETEF N OB — DD B « 8 FE 53 AT A HIND FIETH D, CR-39 M SRR BB 21T o722, = F
I EOR SR OB ERICELH T 5y FE Y MBI EE T CIRIRFICHIE 3528 C, B iEREIL Z=1, HiH
A PRS2 1072 B CHIE RIRE/R Z L2 D T, ABFFEIX. i SCEL TABSHL, iE 1 A& L,

(2) HOERERR L 7= A AE e o B %

DNA 5122V T, 1 ARBEEIET LG 2 AR OIEI BN AEREBOB SO EE THHIEN D> TS,
2019 FEE X, 2 REHOA VT XTIV A F R 6 WE Tdhd 6-FAM (6-Carboxyfluorescein) CIEAFL 7=V 7 /L
R, BRI LD DNA2 REHEIWT DR G & 29060 WL CREA LI 32 FIEZ BT L T\ D, 4
VI XYL AFROBHI LR IR OZER BN 5375 URASEAG T D—EROBLH @RI U T2, 55 =%
N —RFGE L Z =2 T DR HR(220Me V) Z FREF L, 6-FAM D82 L5 (L em=516nm)DZ (LA FEAML
7o WU B DA NN THEOETRE NI LT, ZAUTA VT X7V A F ROSEHUIBNE R T 55 0EE 25
"o,

i

)

CR-39 28 & FHW A Z L2 L0 KRR RS DO BRI AR I 38 ORI DT 5 Z Sl K0 A kS v b il
W OB A AR ZE T AT ELZBIE U-, £, 8O E 6-FAM 2B/ LT~ 2 KA VT XY
AT RAERBRFWEZ AWV T, BEHRRIC LA BEEZFMMiC&2 RIBL AT,

KU R 2R E R E T J1 TRFSEAT, *2 (AR B s = 3L — W JE v & — - i JEBR S E - hL1-HRIE IR IF T =
ARBFZEIE, B RZE (AR BPE =¥ —if e 7 — DO E7EL L TERLIZH DO TH D,
ARWFFED—E X, JST SRS 16811771 OBIRE=Z T 7=,
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2.3. BEE-AEWIE
2.3.1. WEW-BEHEDOAA L — LB TS

2.3.1.1

DNA R BERE2FI U7 28 BFFMRHER AT OBRSE —RE L — LT AV RFEMRO =RV —HEE -
Development of a Method for Enhancing Mutation Rate by Ultilizing DNA Damage Response
— Energy Estimation of Carbon Beams from Vertical Beam Line —
ST B ACKARS
Keiichi TAKAGI, Masanori HATASHITA and Kyo KUME

Abstract

The vertical beam line of medical course is now available for carbon beam irradiation to biological materials.
Range in water of the carbon beam at the target position along this beam line was measured as 5.34 mm by using
cell layer and DNA damage marker. Estimated energy and LET(linear energy transfer) of the beam at target
position were 500 MeV and 52 keV/pm, respectively.
B

b5 F- MRS AR LB D TR EE— LT A D | B~ D IR FIRST ~ O A3 e & 72 o7, Br &
JEL DNA # A=<= —a W TIOE = LT AL DRFRDZ—7 y MLE TOKPREZHELI-LZA,
5.34 mm Th o7z, ZORERNOHEESNDY — 7Y MLE TOE — LD TR /LF —& LETE = R/LF —ff 5)
1%, F1E 4, 500 MeV, BIY 52 keV/pm ThH-o7=,

&

)

TARWFTIEINE T, M EA~D R BRI = 4 OEY RS o —A(E =X —) & AW CEE
LT&E, 2O — L7420 Tlik, BE—AFKEHF AN SN T2 | A SnD 7 A dtim e d®|EC
BLE 20 8E0HY ., ZDOZEN, FHIKFIRFEDO B R EMRIBEHZ BT, FUEHERLA 8, BRE& Rk
HIEEEOREZ S| SR ZL Tz,

FRATEE 3 DA TERELEE T, AP, T]E 2 FADE — AT/ DM Z DAL TN, BE ~D DA%
TULI#Y ., DATRIRO I 724 B S LB o S ZER M Th T& -, Ll Bl L7=kH 7K
B — LT A TOEY GBI~ R FZHRIR OFENG , BDATRRIEE OB Y — LT % AWiE O R 7
PRI~ H 922 e ERESI, BEROIEES, VU7 N TF oo D —OREENTON R R, Zor
—ULTA L TDRABRIRE N AT REL 72T,

ZOE— LT TEYRBI DR ERBHZITH-OITIE, F—F Y MI B TOE —AD = RLFX—5 5%
MEIRDHD, ZO BOTD | B — AOHEIT H AN TICE =g 2 Bl & U CRR 2170, BREH %D DNA
B~ — D — DA RDIE T, X —7 Y MILE TORFEROKTIRIEEZ R EL ., ZOFERBE —LDH
— Y MIETOTZRNAE—L LETHER =L — 1 5) 2 HEE LT,

MR 5k
FEERAL B

FEBRPPEHZI, ~ 7 AHEZSAAEE BALB-3T3 Z >, 105D IR R I TE Z RN L7242 Ly 3 i 8 A —
TNEE A O TE B A T o7,
1% SR A PR G

RSB IH I TR S =L — R Z— DGR A TR IS E B L — AT A T T oo, ATAR
75 A2(Thermo Fisher)Z M LTL CHEDOZEHEIVEEL, 2V W THIlazZa 7V MREEFE TR E LT,
ZDATGART ZAAEEEEIR THii=L., 2 DOATAR T ZAa DMl E EZ 0 &hE b 0%, MlafEine
— LG EWATIZZ2 D IO E IZERE L, 0.2 Gy ~ 2.0 Gy DRFBMREBE LT, MEPHZLIIATARTT
A% COr A FaX—F—|ZRL, 30 HEFRAMGEL 2%, 4% TRV LT AT ERZ W THEELR,

AR B =X — e 2 — - B JEBR S ER - AR IRAFIE R | 2 (AR BRI = 0L —F g0 o & — - WF TR B S0 - R M ST
JE
ARBEFEIE, (A BPE = F = Te b 7 — DM@ I RA DO FENITEL L TR L 72b D T D,
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y H2AX DR 142

DNA 5~ —— y H2AX ORI, —KkPLEEL TvURE /27— VHiE anti-y H2AX (21273
AT ZIRPLEIZIL anti-mouse IgG Alexa Fluor 488 (Thermo-Fisher) % M\ 7=, A% % f4121X SYTOX
Orange (Thermo Fisher)Z 7=, Ml OB 22120, HE L — —FEMSE LSM 780 (Curl Zeiss) W
2o 7K EP%TE&?EUE@%:&)@Eﬁ%ﬁéﬁ%ﬁ*ﬂrx%*?%@ ﬂﬁu X =7 T a—F— 27 A SAS-200 (=R
WFFERT) 2 N,

FEREBEL

1 I EEE —LT7ADEETHD, ZOE—L0T
AATTCRMBATBIRDT-DITEE S BITIRERRE
SO ODOBEERHLT-7-0 , #—7 Y RE Tl T?T‘ﬁ"

i ARENCEDTRX RIS T B D1, BAL
i HZHERA TR 2 oo)éﬂiw_hi%% wa\
SMET R A TS TUNVB,

2 1%, AA—T T T —NIP)E AW TR L L7
S B DB CThH 5, X TIE, P2 0.6 Gy DIRFERRE IR
FHL72%% ., d0OEA A—2 % — FLA 7000 (GE healthcare)
AR~ ZHRWTHHE L7248 . 35 K OVHR S 85 vp 0 A8 2 A i
BEHIEDYT > T 07 1) LA 5 171 O FE k= R — A B R LT, BRI

ORI, MR Ao bb 00, Fad s
BYINFYIP— IR 2 em OFFAT.IZIE AT LY —

DAL TCNDZENRDMND, BETE LG 2
L - cm OFFHICEIL T, WA 2 A TE — LD
L B PR AR REE — A1 et asfon i Lo b, TAIEIC KB
FE1E 3.7% Thot-,

— EREZYY
— E—At0

12 12
11 11
1.0 A '-""""\.\ 10 / %w""h\
09 e 09 3
%0.8 / e %os ‘
o 07 @07
i 06 : B 06
ﬁo.s %o.s.
J 04 . Jy 04
03 03
02 : 02
0.1 0.1 L
00 00
00 10 20 30 40 50 60 70 80 90 100 00 10 20 30 40 50 60 70 80 90 100
B A AR (cm) it A AR (cm)

2 WHEE —LTAL OGN (L IP B, 45 FIERAF IO TR —757F)

virabhre N SNDIRFHRO RN —2BHERETHZEERETHLIEND, B — LD KT
EJ&?B' EL, ZOREENOT AN —2 W HTHI Lol iz, o, ZORBAROKPRIZTEL mm LIE

AW ENRES L, B WD NDKT 7o b2 & UG DR TH D720 B —LDHEIT
F’jc‘: JAFATICEL E L= R Mg 1o e — A2 R L, ST % D DNA 5~ —7— y H2AX O Ai & ~5Z
LT, B —ADKPHRERZRELIZ(K 3), H2AX 1%, X7LAY — &R T D AR H2 D) T U hD—DT
BV, DNA " AREHUIMI(DSB)AE L DB EINAFET D H2AX UV EE{EE 1T Ty H2AX L7225 Y, 2
T NHUREE O TRE T AL T E— ARNES HHOE DM EETDSB 23| XL L7 %Tﬁﬂ:?‘é
ZENTED, B — LD AFNE (T b AREMOE — L AFHARHZD vy H2AX MBS 7225 ETOR
Bz BB OYV TN AT VI NTT ) =T ma— 2 — O TH VAT — D OERE L L THI
ETHILET, B —LDKPRFEZ KD,

X 4 (SRR AR ST OIS E R 3, ROVE ISR 2R L, 72V UIE O BT v H2AX 2R L
TWD, IRFEFRD LET 23E\N 28, DSBIIAA > DOEVIEIZEFR LTRSS, R L7- R & MKL | Mk
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AT AA T BN DTN | L DK Ty H2AX 13RS AL THRZ TWVAA, 20 y H2AX #%
DO HIEE THEARR I /272> TWDIEN DD, FEARDZNHLIOIH IS EFTOHREL 3 A, 16
rETCHIEL, 2RO IZETA 5,34 mm £ 0.03 mm (FEHERRZE) LWVORRNELNI., ZORRDPLE
Bo—R SRIM2013 2 W THELNZE —ADT R /LX —L LET OHEEEIL, 241, 500 MeV, 52 keV/um
ThoTo, — . D EEZ AW TRO AR 2 — A TORFBROZ—5 v MLE TO TRV —HEE
fEE LET 1%, Z4E 40 450 MeV, 57 keV/um Th-o72, ZOEWNFFELL T, B — L5 HELS T D720 (=2 —
ATHOWTOAEEUAEM B o —2: 7= 1.5 mm, EREE: 27 A7 0.1 mm) OFEMEE
EDFEWITER T 5,

\AAAAAAAS

MRt & E

AZ1TRFZFA3 \
(Fr gz 5D#l) 254 K752

3 A B R D

4 FRFEM 2 Gy(FmME) ZHREL
T M OTRFE AR I AL D y H2AX 4

fEE

B RS AAB AL B D IEE L — LT AL CTORERIBE DFH ATREL /e o7, DNA B~ — I —5A[Ic &
STRDTZZDOE —LTA L TORBIROZ —7 Y MLETOKTPIREET 5.34 mm T, ZOMEPSLHEESND IR
FROT RV —L LET (ZZNL I, 500 MeV, 52 keV/um Th -7,

OB —ATA LTI — AN EE S RN SN D720 A E oFRIT LA S ThY, BE Fo¥
T TR EOFHREE N, T, K 104 U T APEHEATRERY L TN TF 2l UV —E 2 TRYE)
R BR N FEETH D, EWREI~DRFERIBIZE 2 TODH7IE, ZOE— L7 ORI AL I BEh 7
=Y AR

2 3k
1) E.Rogakou et al., J. Biol. Chem., 273(10), 5858 (1998)
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HAF B — AL FE RS ND G R TR RCA R L7 B R AT O B %6
Development of New Plant Breeding Technique Using Heavy lon Beam—Induced Chromosomal Rearrangement
IR B
Masanori HATASHITA and Keiichi TAKAGI

Abstract

Ion beams have been used to generate new mutants in higher plants. It is thought that ion beams with high
linear energy transfer (LET) value caused not so many but large and irreparable DNA damage locally, so novel
mutants without detrimental characteristics were efficiently obtained. Recent studies showed that proportion of
deletions, insertions and base substitutions in ion beam induced mutations depends on LET and heavy ion beam
irradiation with high LET value could induce large deletions and chromosomal rearrangements. In this study, the
range shifter at upstream position of the sample is used to reduce the residual range of carbon beams i.e. to
raise LET values on targets and biological effects of carbon beams with different LET values were investigated.
B

AF = AR ITEICEFEYOMFELROFELLTHNONTETND, @V TR X—f 5
(LET) &b olo A4 B — MIMEE DS E #E72 K A2 DNA #1542 Z< Do E I /atics &L, 2o
f R L THERIVE 2T 5287 Frlle R BIRZNRANIER T HILNTELHLEBEZLNTWD, i
EDWFFEND, A4 LB —LTIVER S D ROFIHIZ I T, KR KA B IO R RO
B 2G|SR ZTEIE Y LET ITKAFLTEIEL, & LET OEAF B — LR B RERR LGtk
L TOFER AT IEL TODIENPLINTR>TE L, RBFZETIE, I —AR B — LRSIV T, BSR
BO BRIV e 78— AT H2L T, BE— AR AL, TROLREHLE TO LET 2m<T228%
BETLTz, 612, RICA—R oA A ATBNTERRD LET TR LIZE DA RIZ OV TIHEL T,

e

AF e — LB ETIEL, I, BAMA OFLWZERE REREH T L TR L CX -, fmHH RO/
AEEEHE, P A AR CTHE— Sk B4 HELTZ AW RS 2N Al e ilidgs ThY, 2 ECIThmdEgs = FI AL
T RERZEL O LEMFZEIZ LY | 8O R AT > TET,
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2.3.1.3
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Development of “New Yamadanishiki” Optimized for Cultivation in Fukui Prefecture
SR RAR, ES
Kotaro MIURA and Keiichi TAKAGI
Abstract

It is difficult to cultivate ‘Yamadanishi’, the brand leading rice cultivar for sake brewing, in Fukui prefecture,
because of its low lodging resistance and late heading. Therefore, we are trying to develop ‘New Yamadanishiki’
for easy cultivation in Fukui prefecture.
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R4 KL
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JE EFL—b 5°C/min, 32mg OFREKEAZ A —RELT-, Bitak E T2 £ L IafiRe — 715 20 E
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2.3.1.4
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Production and Characterization of Antiglycation Substances from /nonotus obliquus
PRI Z T B
Akihiko SAKURAI and Masanori HATASHITA
Abstract

Production and purification of antiglycation substances from /nonotus obliquus were investigated.
Characterizations of the antiglycation substances were also carried out. The antiglycation substances were
efficiently collected from the mycelia cultured on the liquid surface by a multistage extraction using organic
solvents. The fraction, which was obtained by anion exchange chromatographic purification of the extract,
showed higher antiglycation activity than that of aminoguanidine. In addition, a mutant that shows 1.3 times
larger growth rate than the wild type was obtained by a carbon beam irradiation.
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1. )7 F 27 OWRRF B IEC LD HUhE b E O A pE 3 L ONRIIY
BEAFED TR )T T2 NY-1 BREIRIE R EEE BRI S LV SR L L E 2 & o R R 2 A FE L T-, [HIIY
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TWVE D EPERIBE CTh o7~ ZOWE T A A H
WL BRI LA AL B a~ N 5T 4 —12 kD

FFIVIFTFFPC

4 28 RO HEGiIH L

FERLATRETHY . LC/MS BLY NMR % W= f##T i
FJORBEZRET HIENTE, ZONKIZEALTE, BUE., FFHEO%EH P Tho, £-, HibmE o
A PEMEZ MERR L 72 IS S BT EE DS R E NS )T T 2 28 Bk ORI R LT,

A BIIHUE LI E DO K BAEPEZRATV, AR E LT U b B O 2R B I SO W TRIIT T 5 F 2 Th

Do
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AF L — DR LG E L RIRERE A Z T RO
Development of Novel Shiitake Strains with Low Toxic—Element Accumulation by lon-Beam Irradiation
Ve RBIE® | SR AN, T B#, EiE—
Akimasa SASAKI, Kazuhisa TERASHIMA, Masanori HATASHITA and Keiichi TAKAGI

LA X (Lentinula edodes) |3 <MBINDEEZGTe T VT TRIN T BHA HAR L THY , Wik
HEIREFEREREME L D 2 Z< B A TNDZ LD I REFICHIERZED TS, —FH T, VA8 EE
DA ETLHEELLER/THHE LD, FHIHRIVACDE LG AT R EM THEE LA, &0
ZHADS Cd & B R ICE R T2 TREME NG SN TUWND, 2T, ARZETlL, A X7 OF RO E R IKIC
AF L — AR ERZ R L TEON 2R E BARD S Cd DB EIME T Uk R+ 5244 H
HEd 5,

FEAEFE 1T, TIRalBRE L T SRR AT AN DI R E (R B 200 Gy) & RELTZ, £ TRELIZ#R
BN UZEEL 115 SOEREKO—EHE~/VMEHTR R L, ZORE FER RO iz /s Bis &L
5350 B3 BRZ BUSG LTc, ZHD BRI R BUG T DT D IR RS 21T o To R 5, BURE AT 4137
KRIND T FAREFGFHIENTETZ, ZDHH 2961 FROF-FRD Cd IRE% ICP-MS IZLVHE L7 F ., xR X
THHEWL 115 B0 Cd JEEEEHEIE 0.46 mg/kg DW (0=51)ThH>7=DIZxf L., SYBERED Cd I FE &P 11 5
/IME:0.16~F Kff:1.14 mg/kg DW Th-o7o, 4%, WHL 115 5Ll LT Cd RS 40~65% A L7- 108
RIZOWTHBIMEZRNDEEH I, BBENRO LN EHRICOW TR AR ZHEE T 5T ETHD, £
7o BT BERR O BUS . ARIERED Cd I E DRI EBNERIT > TV TE Th 5,

() HAZDZ B H— HERTGERT, (AR B = X —BF g & — FFEBR R T - AR B IR g =
ARFGEIE, (— ) B AREDZ o8 — LARDE I =RV F — R e 7 — DR L L TERL=L DO THhA,

A AL — LBBEFHC Lo THESE XN T= Schizophyllum commune 75 Bk k% Fv =
VT ) L r— 2760 E AT K AR pE
Direct Production of Organic Acid from Lignocellulose with Schizophylium commume Mutant
Constructed by lon—-Beam Irradiation
T B, mEP A, BB 2
Masanori HATASHITA, Maki TAKANO and Kazuhiro HOSHINO

FAEFREREIR ChONATZADLRERAL i Z EDZ 813 AL A BIRA~DIRAFOIHIT 5 51k L
THRFESN TS, AT AT AT =AY = 7o 8 TSIV TEY ., 220 b0H FWE A PE L. b
TR ALHEEET O AL B AR DT a R LS T TS, 2L BB ARRE R DL F S IZ LD
Tat A% ERIDZENERDHT-OITIE, T AO LRI AME, =R — AR DBND, ZIbE
BT AT DIIE, M b7 e AR T v AL FIRFICATO ML R B R A T 7 0 B A DB DN EHE Th
%o

Bz 1%, A Schizophyllum commune MNFEALIREEIRRFEST 7 02 R ICED, VF Lo —RhbH
WIS ) — Ve BRI AETELZLE AL, 2ORF, itV —FBIZEB W TB -
Glucosidase(BGL) #X O Cellobiohydrolase(CBH)D A I B 4F THHH DD | endo— B —Glucanse (EG)D 434
INZLWZENHLT, 22T AV E =AML BERFHREENL, BT —BAEEOR E2KY, AR
7 a— AL ER B AR A PE CEXOE BIROEH A MRFIL T/, 5L T BRI,
EG OopibAEFEENA BAZIN LU, B AR IS E T2 o Teb A TS b ALY BAFIZEFETED
R ROz, A BB IO FEZ AW TR SRR A BAROE S Z A ST O OO AM 2 E D
TN B —ARNAATZANEDNNAF )T 7 AF V) —H A ORI Z B 5 T E Th D,

T SRR B 3 o — T e e 5 — - DT TE - AL BV JEE . W 1L KT - LA TR I
ATFIIE, (AR BT R F— B ¥ — B IR FL A TR 0 Tha,
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R ZR ~DA T — LRI DB TR D B R
Development of Commercial Varieties of Flowering Plants by Ion Beam Irradiation
T B, SR AR
Masanori HATASHITA, Keiichi TAKAGI and Katsuhisa SUZUKI

AEFr B =R O R BAZIRWTIE, B, 1B, LRSI 24 OBIREIREAFHT52L T
FERRFE M TONTND, TOBIBEIREEAH LT tE72 Db O, RZRR 2T TR RSN CEZ B A
RCECDHERERTHA), TOBGEREREMAIZAIHL TS FEEL T, AGNIZR 2R BRI D
%o T DIERIE BAFFIFITB T, BB PN A E S ZNLSIMTIT R R ) 5 2 720 E
WO TN ROBNWHIED1IDEL T, AA L E— ML ERFER DD,

e & 1%, © o (Catharanthus roseus) DFFRII L TAA L E—LHBE L, FOHROBEDVERIKE
OB T HZLICIY, BrinfFEOEH AR A TE, KR, MRS EEZ VT, HEAHE CEDLV AT LA
NELTWDEGA I, FEHEN B RIRICR AN RS T-0200 R, ZOFERBEIHRMFESL CIEFIC
HWFRERCRFELAIRRIZR D, 2OV A7V ZERITIET, 19 MO MFEHFEZITV ., 8 SO dh xS
FRAITHOZEN TETZ, EBIZ, S ETITRWHT LWEVHIAEL T, BEAA L E —ARF THEON BRI A~D 2
JE B OREZR A TND, ZiUT, BEAA U E — AR CRIAE BT B2 DN EEFI LT 2 EH
DIRFHZE ST, —EOBE TIXELZENHELNREI S 5 IO R BT Z [FRFICHL 2 BIARZEHL
FHEVIRBTHD, %L, WEETITER LI RRIZHD 1R L7 2 b O TH > S5k D D8 A B
B LZ ORI ZIT > UV T IE TH D,

) B = — e Z— WESEBR S ER BB IR IR | 2T oA F—F at VRS
AWFTEIE, (AM) BPIE = RNX — 5t F—3n T oA 2 —F vaF MRS LRI TEBL72b D TH D,
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2.3.2. EWEIRODNANE B - FFIEZE O R LR A 58

2.3.2.1
B IRPE A E WD DNA ~— 7 — DB %
Development of DNA Marker for an Agricultural Product of Fukui Prefecture
FH o B A
Yoshikazu TANAKA
Abstract

RAPD analysis was performed on midi—-tomato (Hanakomachi), an agricultural product of Fukui Prefecture, to
obtain some specific DNA fragments.

B
BHEOREMELTT IR NNRHLIT b~ 2FH) 230 LT RAPD f#NT 21TV, R 72
DNA Wr i &8 5457=,

I

=

BHEIEIIT A~ MEFEOHITHY | L%W%f‘.%b\%%ﬁ%&ﬁfu\éo WA, ARFEOYE HHSCPE A TS/ 8 R
FEHR DHERIMMZ BEINDFHI N L 70>TND, ZIUTKHE T DI201Z, b FRO [ — PR E 2k - (12T
ZDFEM DB BB LS TND, AP T, BHEDEEOH THLIT A AMIERL, Zhathok
~ R BB A7 DDNA~— I —{ERL AR T,

BREOHE
IT AR TRTED) IR RAYZ DNA AU RZR
H9%J71E L T RAPD (Random Amplified Polymorphic

DNA) H A IV BUEH . f L 2 kB35 S5 C19 primer

FepL A — bt E NI = b RO b M 1.2 .3 4 5 6 7 8 9 1011
FHL7-. RAPD % 10 ¥ 05725 PARD 751~ —80

AL, fEH L7, ithid KOD One Master
' k!! ~ [
u u tey H g h =

Mix (TOYOBO)ZfEH L. 94°C 3 4y TEM:, 94°C
10 7. 45°C 30 £, 68°C 10 #%& 45 AV F7-7=,
FOSt . 3% 7 e —A7 & W CERKEIZ TV, 7 VR TV T S g g R gy i g
DNA £ ZHMesB L=, TOFRER 5 [HOT T4 ~—I12H b et
WTC T RZEBRA DODNAZR D R 5930 &5 8
il D FF FAI7Z2 DN AW &M 22 &5 k72 (K ~
1), Z2NHDTTA~—ZHWT TR ELEMO N,
FHEXRBITHZENHRDERIZ AT,

[X|1 RAPD fE#T OfE 5 (C19 I 1 ~—)

WA BEICH SRR TAEEIRI= b bR O Tk Mi100bpDNA Z5 =, 1129970, 2:Cf %
< R 2L U= RAPD fRMT AT 1372 2 £ 54 T3 F a4 maAA—b 5 IRERAER AL 6:
A D DNA W 2B T2 ek, =0 ATT T RRAERE B, 8 RRARE C. 9%/
RAPD 751~ — %47 Bt T i, 1370 % ZEL 10T T 47 11y R R
B OB ATREL B 2 DD, AR aan  REBRAITRLUEFNCEA T EHH4 0 DNA
£DOM MEEAR G LT 2RI AD DNA Y RBRLNT,

LT A LRIRFIZ . K02 E LR R 5570
12 273 DNA XU RO EELSZ 78~ T, STS (Sequence Tagged Site) 77 A4~ —%1ERKTATE TH5,

i

m

) B = R — B e S — AR SRS - AR IR JE
AWFZET, (AR BRI =R =T & —EH RN D OZFER L L CHRIEL T D TH D,
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2.3.2.2
& R PE A& IR O GTPEY S BT
Analysis of Metabolites for Agricultural Products of Fukui Prefecture
!
Nobuyuki ENDO
Abstract

Major products of Fukui prefecture, we investigated the difference in components and metabolites between
midi—tomatoes produced in Fukui prefecture and other areas.
2

ST AT MOV T, I IE B L P S5\ CE AT T DM - (BT S A B LT L, 5
Maf 00 REE T,

&

my

H 85 PE DB 30 R0 & DR PES A HIRO T T R L3212, B O R DR i E B B
R0, MEMED ULV T DD, Eio, P TIREHA LR PE S OIS~ DR IEFT 2, BEF IR E
ZHTeOTHNMEL2>TRY, ZIUIRFFEN DT T NMUIZH Tz > THIREL TRBEMETH D, €D
T2OITIE, ZAVS MU PE O din S0 A PE M A e » S ORI H BT D BN OBIFE RS EES N TN D, 22T
AMFFEL, FEFE IR D Rr PEW AR EF AT LT A <0 2E LG 1 LR C & 21 Rl EM 0D 8 e B g AT 2
WEWRPEM I 207 SR L MIRPEM L DZERME, I RPEM D7 T MEICHF G352z HIELTL,

FRROBE IAK S BRERR
FETND BEWEITEITRA—R—=THEALTZIT AN
NMealEte L, B RO TR, B BLOVERK S & RIK”
O~ TG mONTIEE, WA N TG BT EEEY  ——
FHWTEA R DFRIGE BRIV EAT T, Bor D3 BERCE
PRI T U7 3B AT AL BR | 23 BT S itk DR E & 5UBHE: (2 A5
FL R FHIE L7 S h 2157, SBHIH W I T sh~
NI, BONAE =2 ZUOEFN L PE | & AR E e & RmAS 17
TRLESTZ RESO TR S, St bt 5252 ) 7o
YO R0, AT ARE/ARS O TITUHER D F7p B [A] 5 Fl
DHLDEEGDT-F 31 FEHEH L, 7 AVEIERE y T
Fe7p DT, RHE, TRUME, vakE, SHEEToOAYT
W BERR D ELTT AR VERS  AF Y — L T
AT R TRV T R RAEDH 20 EOIL AW
b\fé\ﬁ%®§j\$ﬁ%??b \ttiigﬁﬁif%ﬁﬁbf:o %%mgfﬁjk 100 200 300 400 500 600 700
L CONE R EA BEXLIRUTZ, W ORSS AL Glu &R (me/1000
D ZEITIRESENEIFRFEDR A ONDLMMEEZEL RELS, K1 b~ 30 PO VA FRE A &
R DA BICEMA R E CEOREE R 28X T&E T S (PERD) 12 2[E (K97
W2, I OBIKIZONWTHITEITV., R ETT>  Bassionre —
7o) Z CHERHAIILERZA TV TR A TO LB B D,

W

FIFIRTERS GBI 7 b M BREREL, WE BB REE RO & D HIRIT 5 F OB R
AT BT TE A BRSO AT LB A I CETb OO B RE dn D FF#E 3 Z&I3 TETRL T,
£ PR TR CREAHOILEL TV R D1 L BT, AR AT S T B AT L b
REMEZ R T OLEEENTEY, Bl O EMIELORME 52 57 0123EH TE 5,

LA BB AN — W TE 2 Z— IR B - A B A TR R
AWFZET, (AR BRI =R =T & —EH RN D OZFER L L CHRIEL T D TH D,
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B S OGRS AT VE D BRJE
Development of Antioxidative Activity Evaluation Method for Food
2
Nobuyuki ENDO

Abstract

We have developed a simple assay based on electron spin resonance (ESR) spectroscopy for free radical
scavenging capacity determination. 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 revitalization of several foods produced in Fukui and the other area was
evaluated by using this method.
B

A AL I (BSR) HiEZ HV, 7V =72 v O EIE A TR L EHIl T2 A O Z H 15
L7-WF2E2 L TWD, B HICE FNATIT OV T, ERa v LIV h )L A= R—FF R T =45
DI TRV TIII T NAx N TUII | — BB L O ROCEEZ T LAY AR A WA
YIIYE T -ESR ETRHMI LT, F7o, ZOFEE VY, & FH: L E LA oo HUsk 5E O & S 2 DWW THL R b
DOFEAmZ AT,

w

)

R A OBERENED TP TH PR L 1L, ETEEIERCEL, DA LOBEMED T RIRS DI EA N 22 1]
THREANELTRHTIE RSN TV, T4, PIRIE 2 A T2 T R R SR | BWRHEIZ RO TIEE Lo
KSR | LIFTNIE B SN TERY, SURIE ] O B ST IMBE D & £LB123 2\, Zo72 | iRk 1%
FI DR %GR MOBRPED SN TWDA, HLBRAL ) & ) SHEE IR T2 5 R340 70,

LT, SESFIREE GRIE, B, R, R, Kisi7el) THLEMITHL T, FilRfk )2 EL <G i
TR LNFIEZ BT T D, WFIEITITTNTHE I LD - JELD M CRE H 35 ROK EE P H e | RF I 2 B4 &
VN, JUERE ) ORI 2 AT T 5, AFFEDO R I - T, JREEEKEY - & S O EICF 595 5
BT ORI Z X D,

B DHE

BEHEOREM THHN DM, HET L., 7oFav2E O LRMZFUEIE L THW, il IR EE S o R pH
fin & LI U7 SO HLER LIE VERFAN FYE D BHR 21TV TERIE L D IR ATV DD I E SRR U S8, 7Y
— IV HINVEFEDORAE G TR 2 [T LS B AU L7 St LS PR RN A & U R EE - IR B E D L
SR TFEERDLIEN TE, FHIikIREL TR~ DER{LARN ZERME DL EREF I LTI A—
IN—=F R RT =F TN TINKNTI I TAaAx )T —BEIEBRFZEDGFED 7 —F 1)
TEMERESE XL C, i {E CHRENED @V WE BTG RN FE 2 N TE T,

AZIT LY IREPH OB ~OE S FEMEE DAL, FIEOEELEZ BfRL T, HIEZER TV TE
ThD,

B

ABFFETORRIT, B OBEREMERHEiEE L TREAEIVISONDE WD L BHEERRIL & W FETH
508, —MREYRFIEL L THENZ T 272D IR I B AR UBHI T U CRIRZ HRIE IS TE O EZITO L E DD
Do A 1% MW IERE B D i 1245 TEEHERETEL L CO T mha— VU REA BHE L &b I, U E AL I
XU TARFIEETE Uil AA TV @ R P A O Rl LI 54522 B L TS

A BB T RV — W SE s 2 — - RFSE B ST - AR IR SR
ABFFEIE, (AR BRI = F — e X — M@ FH IR DO FEEL L THEMEL b D THD,
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2.3.3. A4 TIRBEHTH

LT M MR ORFZRIZ I 1T 5 Rhrtk
Effect of Season on the Fruit Setting of New Midi—Sized Tomato Variety
R B &, R TE
Masanori HATASHITA and Yuji IMURA

Abstract

The year-round cultivation in greenhouses is one of the most important issues for midi-sized tomatoes, which
have a good eating quality and the demand of which have been growing. However, there have never existed
highly fructiferous varieties of them for a labor saving cultivation. In this study, we have conducted the breeding
of high—quality midi—sized tomatoes with high fructification for the year—-round cultivation. Fruit setting and fruit
thickening characteristics of selected midi—sized tomato variety in early summer and late autumn were examined.
Fruit setting percentage of this new variety was very high and there were no undergrown fruit irrespective of
these seasons. At the same condition, the current midi—sized tomato variety could fertilize rarely and the fruits
did not develop normally without treatment of the fruiting promoter. These results suggest that the productivity
of this new variety was higher than that of the current variety.
B

TFEZOBRBEWICEVTFENE KL TOAIT A A XD ML T, JAFRKEA LR —2OETH D,
Lol & ETIEE IBEE RS TREe kG EMED @I T M~ ML R 7o B0 o 7o, ABFFEIZIRB VLT, JELE
FeBE FTRE THE EMED @ v B M~ FO B ARSI, BIKSIVEI T b~ MR ISR L, #8236 LU
BT D8 RMEE R FIERFFEIC OV TREILZ, RFTLEREZRICED T, B O & RRITIEFITE
L RBEBARARREL Aoz, [MURMCHRHEE LI T A M~ MER T, AR IEHELE LT, F 3
HIEF R RFEIRRBIZEALE AbNehoTz, ZTNHDOFERNG IT M ML FEIX, I7 0 M~ MERLREIC
T, AFEMED R WEES R P RE T D LB 2 bz,

i

Al

ITANYIDT ZURO—DTHLHONE — |1, fEFF RS R (BlE RS KR B PR CHERKS
NI THD, Fo. Uit 2 — LI RFFEL TOD RN SO E THET A TEE/NT ) 728 DT
AR I FER GRS AL, ITESHIL TN, fE IR CIE, a0 —B T, 2ard 57 IS KRBIBEIER 12 LD
MRS EHEEL TRY ., 3T A M hOEFEREHA LM TON TE TV, MEOBIGIZB W TIN5 T
1T A FEEFZ O ESEMERFRE THY, FEREICBWTID —BOE JHEB AR R THY, ZD7-DIE )
FEE N A REZAE RO B VI T A b~ MEREO B R AR O LN TS, ZHLIZH T, fEEEOE O E B R~k
DB A AT, MR ~DAF e — LB 2L, ZTEEETT> CORE TR ST R IR
KRIDERMAREAEH LT, ZOBRRKRZRARLL T HEOMETICIOZM ATV, RERESPEE BH72R
EOBLENDLRMARKL, Frinfil Lz, AL, ZOFMFEORZFICIIT D5 R R IR MEIC DN
ThRETLT,

FEROME

ARF M FRII R BB RO M THHI-0 , B X ME RS T T, | OWRETHEEINL WD, /EH
(FE, BpfK) [2 BT, MR B IE CH AR LT, EF LI 2 B RIS AL, 9mskizek LIS,
BEL, B E L7, T 20EkMfEE LT, BN 24 THE . IRESITWVD R EBEHE R OB T i
FiA -, ZOE R AT BBR I 2[RRI 7=, B =— 7 RS CRlBR i 2 i U 7=, R8s 5151,
fEfE N 12, P 11, K 10(kg/10a) | M:ME 2m, 2 Sl L URRRT 35 em CEME L 7=, HEAK ., 9753 Hh B bR 338 Ier 5 Jii
U7e, BRERIC IS Wy S5 25 RAVIER SR | IRENSZ 0 5 (ST LT B ~ D i B IR B AL 2RIC L D5 W)
Ll T, BEROBEBIORREDOEKRKAEEGEZE 2 {EENGH 4 FERICB W TN,

AP FPIE = X — R TR L — - BFTEBR SR - AR IRAT TR R | R I — PR At
AHFZEE, () BB =N — et —E s — RS LR TR L 7-b D Th S,
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ST A NI ORI LD E BB L O R EIERMEZRETLIRE RA K 1R d, PIE O M
IZBIT5 H e EmRIR D FEEIL 35.5°CThoT-, 2O TR LIRSV TIT, B2 A, & RHA
RLBREEAE  IRENSZ I S OV HUC BV THIEITE 100%D 3% BMEARL, REICBWTHLEBTRAREZRTHD
X RSFAELRD T2, — 05 FERMRIZE W COE, BFRAVELIC I > CGERRIL 90%LL L& 0D,
ZRSRMETIE 40%, IREVSZ S TlE 65%DERIBLIRERD o7, Lovh | & RANER LBV T,
B B2/ T-H 00 B L OIREIZ D S B O TIARET R TRE B AR R L o7-, 2Ok
BE TR IS RN B W TIER ORRMENRE UL T3 AZENHLNE 5T,

WK ZR DR FE IR 1T 5 B IR KIR O EMEIT 10.6°CTh-o7, B LIZHA Tl & B R HEE
KYEIZIBWTHIE R ELARRORSE AR L, B Sl 28 RAVLBRGAE | IRBV S S0 HiucisB\nTh
EIE 100%THEFRL, ERRE2DT 72, TIUKIL, PERMFRIZIW T, & RIEICOWTIE, )ik, &
RAVLFRLEA: | IR RO NWT IR B O THIEIE 100%2ME 727228, 2SR TIE IZIE T
TRHERRRETHY, IREVZ TIN50 BERRRTHoT2, BRALBLEFIZB DN TE R 1
ENRBF AR RENRAE LU, KIEHICRBIA0ER MO IER T FIXmiEH OZ UEE TIFADS, T
F7 R BT ICBW L BRALBLSMWIE THHZERHILMNI /257,

L EDOFERN G B f A0 OFaME I &2 2 EiR B LOMKIR NI B W TH R EICE R, #FE T
R L OB ZENIHALMNNT 25T,

B R

Tl HIHZ Wk

100 100

80 | 80 |
< 6ot S 6ot
# H
& 40 T
e e

20 | 2

0 0

fean B ARFANLEL B HEALER AL R

PER ATl WEZF Wk

100 100

80 80

60 [ 60

10 20t
20 20
0

0
i FRALE KRB AL AL BB

1 IT AN DOREZRIZ L 58 R LORE R ME

HIRE (%)
HRE (%)

AR =25 RA BAAER X100
FEH N RRNL A QDEH DORITHAEN, D00 JERDHSHNERE

]

Z DR ERNOTFEDOERPIIFFENDIT AP AX DI~ MIEL T, JAFERE LI L O s
BHEOELIR > TN D, AFFEICIBWT, fERIEOEOIT A M rOF L Z A4 — 2B AR5
CLTHRL, AdbTEL, 412 LB mii il s JOMERGIC W Th TERMIELIE X Thmu VvE R
REBIOEFRRFEOIERE R U, AiTELFI 32528 T, & RMEEEED T IRoa X2 KL 7OE T
JAFERRE CEDREME S R ST,
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DNA v ——% [ o b~ hoJi E R E
An Assay of Tomato Plants for Screening Disease Resistance Using DNA Marker
EE RN VST AN 7 N/ a8 5
Yoshikazu TANAKA, Katsuhisa SUZUKI and Takashi MIZUNO

PO BRI WIS m B ME I E ISR 2IRPTIE2R 8 SRR TR BV | i 2T
DRI IS B AT D iEZ KD TS, DNA AT Hi 275 L7 SR O# 5> DNA ~— 77—
W~ — b —F AT, BIE TR Z T o 72 EHEM 23, B8 OB & FF o hva sl > i
IR DM AIRRIC AR o7, ARFEEIL, BIERBEF O MIKH L Th~MEF A7 A /LA (ToMV)~D
P (Tm=2a) M H5-SNTemBhvE  DNA ~— 1 —%& W TR E LTz, O TE 73R A T 200
BIRTH T2, DNA ~— I — 3B IR EER GHBRG AR UL 02 AL Y, 3UEHIAY DNA fhHi~
77— (100mM Tris—-HCI(pH8) . IM KCI, 10mM EDTA) N T 3 mnfi DIELZFEEREL . 21 A PCR IZHV =,
PCR iid, KOD FX Neo(TOYOBO)Z{# L, SUGEA41E, 94°C 243 CA %, 98°C10 @F"ﬁ 63°C30 b
fHl, 68°C90 FRI A 1A 27/L & LT 37 [E#k0IR LT, US4, 3ul @ PCR EEY)Z FAVNT 10pl D45 & CHlfl| RS
AAT (TaKaRa)lIZ XAV LI S Z AT 572, 37T°C2 IO % | bul &2 T, 1.5% 7 e — A7 VT ClEAIKE)
ZAT\UN, PCR EEWO UM O AR LT-, ZO—HEDIEHEITL—T AL TEY, BBLZE 50 MIAERET
HIUE 1 BLAPNICHERANH D, S 1%ITEERE TR 2tk BL T, 28O RBIRZ R LR H Sk D 2T LDk
LT TETHS,

& Wk 1) S. Kuroyanagi et al., Res.Bull.Aichi Agric.Res.Ctr.44:7-12(2012)

LN FEREs = RV — e 2 — e B S E - AEEIR S v — ) NIV A B —F v a AR &, B Ty T 7 — 4 SETO
ARIFZEIE, (M) BB = RV — e L F— 3T YA B —F L aF AR AL LR TEML7-H D TH 5,
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2.4. BRI B DIEENE SR D BB 58
2.4.1. B BE%E - 5 AL

2.4.1.1

B TR GE o F— R X D B
Current Status of the Accelerator Faciity at the WERC
PR SEHEPRR
LR B 1 A ST R TEAE TS PR TR AL TR R N R A T
AN EATE RIRFEA | ROCHERE | dHRIERC SR MRS AT P
Satoshi HATORI, Tetsuro KURITA,
Hiroaki YAMADA, Fumiyoshi YAMAGUCHI, Masao YODOSE, Makoto HIROTO, Masaya SHIMIZU,
Ryuta FUCHIKAMI, Keisuke OTABE, Seiji FURUKAWA, Haruka ISHIKAWA, Atsushi YOSHIMOTO,
Shin’ ya NAGASAKI, Ryuki OYA, Naoki CHUJO, Ryo SHIBATA, Yutaka HAYASHI and Mehedi HASAN

Abstract

In the periodic inspections in the end of the fiscal 2018, we did not find any visible discharging marks on/in
the insulator and protective gap electrodes in a tandem accelerator. After the inspection, we could apply the
maximum acceleration voltage of 5 MV to the terminal. In the machine time, which started in April of 2019
after the inspection and ended in the January of 2020, we did not have serious troubles in the operation of the
tandem accelerator else besides the instability of the rectifier current in the operation in June of 2019.

The instability was found to be occurred by the discharge in the insulator in the RF transformer tank in the
inspection in the fiscal 2019. In the 2019 machine time, we tried to extract nitrogen hydride negative ion NHy~
from the plasma sputter source for the future use of >N beam. In the case of the use of the sputter type source,
carbon nitride ion CN™ is much feasible than NH, .

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.
B
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2.4.1.2
v rabar O HE G ERAE B ORE L
Optimization of the RF for the Beam Extraction of the Synchrotron at WERC
SE AR
Tetsuro KURITA
Abstract

The RF kicker method using band noise is utilized to extract beam from the synchrotron at WERC. The band
noise is obtainted by superposition of plural waves with discrete frequencies within a finite frequency band. The
intervals of each frequency of the noise component are usually set equallty. The power of the RF kicker increased
with optimizing phases of components of the band noise. The fluctuation of the spill structure of extracted beam
decreased with optimizing interval of frequency in the band noise.
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Upgrading of a Beam Extraction Method Using a Multiband RFKO
from WERC Synchrotron
PG B TRERE™ | BTt (L PR B TR
Tetsuya NAKANISHI, Yutaro OKUGAWA, Tomoya SHIOKAWA, Teruto YAMAGUCHI 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 method for this purpose has been proposed using
a multiband spectrum, and beam experiment has been performed using a WERC synchrotron. Experiments of
fast beam switching and increasing an extracted beam are done following a proof-of-principle experiment in 2018.
As a result, it is shown that the beam—off should be done within 140 u s, and an extracted beam is increased
greatly with proposed methods.
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Improvements of the Profile Monitor in the Extraction Beam Line of the Synchrotron at WERC
SEHATR 1L AR B B PR VRO I SO R TEMRESR DR LS R
Tetsuro KURITA, Hiroaki YAMADA, Shin HIROTO, Masaya SHIMIZU, Fumiyoshi YAMAGUCHI
Masao YODOSE and Satoshi HATORI

Abstract

Profile monitors in the extraction beam line from the synchrotron have a problem of vacuum leakage. The
vacuum of beam lines affects vacuum of the ring. One of three profile monitors was redesigned and updated to
fix vacuum leakage.
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2.4.2. L&A 3 H s OB - i AL

2.4.2.1
EERYF T DA T IOV T LT
Lithium Distribution Analysis for All-Solid—State Lithium—-Ion Batteries
SR ARBE™ 22 BRSSP
Kohtaku SUZUKI, Keisuke YASUDA and Yoshinori NAKATA
Abstract

Time-of-Flight Elastic Recoil Detection Analysis (TOF-ERDA) has been developed for lithium analysis using
a tandem accelerator in the Wakasa Wan Energy Research Center. Lithium distributions of mock samples of all-
solid—state lithium—ion battery was measured using the TOF-ERDA detector. Lithium migration was measured
while applying voltage to the mock samples by lithium analysis of TOF-ERDA.
B

TP RV — W JE 2 B — DT BE g% FO T, TR TR E S Bk -4 H % (TOF-ERDAY)
\ZRDVTF T LGEBOHTIEDBRFE A HED TD, ZOHEEIZID R BRI F 7 LA A g L 73Uk oY 7
7 LA E LT, B UEHZ B E AT R0 VT U LE R LIZE A B TF U 2O BB
niz,

I

HE
BELE KL TOWDIF Y LAA Y “REMI BB EZHE L TWDeD | FEK - BROMERZMEY, Zh

XL EEAR)TF T LAT BT, AR EHROBUE S OO, EN B D Z e 0L 4 IR

HEEZLNT WD, RN EERYF 7 LAF L BHOBITERR R B EANATDOITOD, UF T LI,
FEEL TRERAA B =D R b L TV, ATV F T LA B OUF 7 AOIREE 2 BB

W9 oZLT, BHIEREZFHL T2 FEEZE T LD THD,

UF U LA EHBEERRHI BT AV F U L0

VF 7 AERERE THD LICGC (L0-Al0s=Si0y-Py05-TiOy ZMEF, MRS AEAATHD) 2 VT, i
W m KA LUBMELTZ, ZORBIZEZET v N—|ZEH AL, BAELIEE&E 74— RFALV—%2 B L TERE
Bt LT, B —AMRETAHEICHL T, BEA 0 V. +3 V., -3 V EINT 2840 3 #Y T TOF-ERDA HIE%
{To72, TOF-ERDA & Ti, RATRFME = RN — 2RI ICHIE T D282 E» TR OB REZFHHE TS
ZENTED, Lo T ITFVLOEE (EEE 1IZHIETHEROHLIER|L ., VT U LD TRV X —45 4 2385 H
L7z, VF T LD AKX — AT R DD OIRS T ANZR ST 5, ZHHD T RAX —54i00, +3 V. HUIN
BRI R AT IS TV F U A ENBAD L, -3 V EIINRE LS SN e, Ko CEIEEINMZ BT HIF
7 LO#E)Z TOF-ERDA IZEDRIE T HIENAIRE TH LI LN oT2,

e

INFETVF LA BIDTZDDVF T LEBGHTIEORREEI T CTEZ 2, SRcEE TIIaERY T
7 A A BB R RN BB E A HUINL 2 36U F 7 400 TOF-ERDA JIEAFTVN, FHE AT DY F 17 LJE FE A
BRI DT LR Uz, A RITTEIE O 2ERY T AA A BRIZHTL T, VF T L0 TOF-ERDA /S EMERED
S A T o T,

B CHk
1) Y. Yasuda et a/; Nucl. Inst. Meth. B, 442, 53-58 (2019)
2) SAAFHAM, (AR BPE =X — 782 2 — IR FE Ak 27~30 4R (2015-2018)

) BHIE T R — R SE e #— PSRRI - TR — R L — T BRI NI P () BRI L — R gE e —
WFFEBR AR - L —F —H PR IE =

ARBETEIE, (A FPE = F = ge b 27— B E RS th, A AR AR ERKS L, EEENASED 3 b0 FEHTE
LLTEILIZHDTHD,
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KK BT DITF U Ll b o
IKSBIRE 347 DA A B — LG O H A B A
Development on In—Situ Measurement Technique of Hydrogen Distribution in Lithium Oxides
Using Ion Beam Analysis in Air Atmosphere
TR B SAREHET . ArhEERk
Bun TSUCHIYA, Katsumi TAKAHIRO, Kohtaku SUZUKI and Ryoya ISHIGAMI

Abstract

The hydrogen and water absorption characteristics of Liy,ZrOo:, (x=1.00) with some radical such as lithium
(Li) and oxygen (O) vacancies, heated to 623 K in vacuum and subsequently exposed in air at room temperature
and relative humidity of 80%, were investigated by employing weight gain (WG) measurements and elastic recoil
detection (ERD) in air atmosphere. The WG and ERD results indicated that the amounts of H and H,O absorbed
into LizZrO; increased with the exposed time and reached to approximately 30 wt%. The H,O dissociation and
H migration processes are enhanced due to the presences of the Li and O vacancies. In addition, by surface
analyses using Rutherford backscattering spectrometry (RBS), field emission—scanning electron microscopy (FE-
SEM), and X-ray diffraction (XRD), it was found that Li;CO3; and ZrO, were formed on the topmost surface of
the air—exposed Li»ZrOs by reaction of Li;ZrOs including Li and O vacancies with CO; as well as H,O. The
Li;CO3 and ZrO, formation may suppress HyO dissociation, and H diffusion and accumulation at the vacancies.
B

AHFZETIE, Bk E S (WG: weight gain)ZE (ki3 LOVKRKIRH KU I TH B 7Kk 32 (H)JR B 1 E % AT
REIC U7 S Wk H (air-ERD: elastic recoil detection)i#E% AV T, FIRQ0C)BLOFEREE 80%D KA,
FIHRNES NI T IV ER LiZrOs IO EHE&B IO H BEZLZREL , FiRAK DRI L OVKE S
WFE(ZDUNTR T2, LipZrOs wUBHD B B 322 SR ER P [ O INE B ITHINL | £ 30 wthETEET DI LA D
mole, Flo, H IRES ZEKIRBERH OIS EHITIEINUIZZ 80, 20 H RINAS, B s N0 ik #& R K
FFYEICBI DD Z D bh o7z, Fiz, RBS ik, FE-SEM 38X XRD & VT, Li,CO3 I8 LN ZrO, 23 22 5 Mg TR I
DN EEHIT LiZrOs iR TSN DT EB IS Tz, Zhbid, REDHD COIUZ L > TIERKL
SHL, H RO 4 KR EE I YR AEME B B> TR0, S6IT, KRB IO H WU EINH 35208 E 25
ni-,

A
/

e

BAE, COp ZHEM LW HIBRERBEIZIRFI L 72K R = 3L X — & O EBUT T TEL OB HED DAL T
W5, D HEEERL DT OB 7LD — D12, FIRTRSMRIZIVKFEZRIEL T, 2OKFLEH:
I D HANT AN D LD, RIFIETIE, VTV L= a=g ALY (LiZrO) X RIE TLE A DK
REEIREEL COKFBEITRTOME CHHZLER ALY, LnLaensh, HEVEH/KZREFELOKFZEHEG
JRIZROBIND 5 wthlh EOKFEOE R A EITEL TRV, ARBFIE T, LiZrO; stBh 2 B 2228\ C
#1350°COMBELT, LinZrOs B H B LUV IV INIZYF 7 ALDB L O F(0)ZE L E DB EH O T=TT 0
NS IR DK R, KBRS LTI, KA RS OKFE R LS IR 5T R iEfEs
M EXHBZEEHMELT,

EE

ZIVETOMERMRICEESE, REEVT 7 A(LLCO)MAREZ 1200°CH LT 1300 C O EiR I LR FF IR
ICBWTEERE A2 8Ick» T B 8 mm, JEX 1 mm OFT AAZIRD Lis, ZrOs(x=1.00) 3 E 2 /ERIL7-, 21
SOFREER 1 X107 Pa LU T O @ EZEEEEPNIZE AL, 350°CT 10 23 ONMNERLERZ X0 7 A% B B
X, EBIZ L BEIO O HICEYEMREH OV Li BEW O ZZHEERSET-TUNVER LiZrO; ik Bl 4R
FE 20°C, AHXHIEE 80%DSF TICE &, A= XIRERFFZ IR E B+ K2 W T WG Z2baflEL , 508
BRI T DARBRINEARDT-, F-. KEFEFARIZIBWTH B K H)EEE A2 TREIC LA 4

AR B0 - B R 2 B LS I MM R 5 (W) S X —WF5e o 2 — - WFSE B JE 0 - =L —h LS
="
AWFZEI, AGERSLRIFTEE LT (AR B HE = 3 VX — £ 2 — DA R B KOS TS KL LR CEME LI D TH D,
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B — A5 HETHS air-ERD 12X T, FBIRICBW TR IR LisZrOs s UEHE O H BEZRITEL
72 = D% . RBS {£, FE-SEM 3O XRD Z T, LisZrOs st R i D st B T B L ORI RE#LH 21T -
77

e

WG {ERB IO air-ERD 1£% VT, LipZrO; s O /KRR 1T 22 KR FE R oM e L6 128t £
4000 FFECIZIE —EDEGE 30 wtolZETHIEN DT, 7=, RBS ., FE-SEM BXL O XRD Z AT,
Li,COs BEN ZrO, NZEKIRFBIFM OIIMNELHIT LiyZrOs BRI ISR ESNLZ LG o7, 2D,
C Oy WIS B BB N 0D 28 S B R W RO AE L S B o » TWA Z S I ST, LinZrOs 3B Li BEY O
ZEILMMKEHF D HyO BED COy EORURERHES DD, LRSI LipCOs LY ZrO, 23, K53 fiE, H @
JEHB L OSBRI KRE R EE 5252 LR E 20D,

SE R
1) B. Tsuchiya et al, Int. J. Hydrogen Energ., 42, 23746 (2017)
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2.4.2.3
DLC f# [E i F D723 DB MEFIEN -2 78
Wettability Control of DLC Films for Medical Applications
AREFRS 325 80K PR, TR H#iB
Atsushi KINOMURA, Kohtaku SUZUKI and Setsuo NAKAO
Abstract

Hydrogen contents and nanovoids of various types of DLC (diamond-like carbon) films have been evaluated
by elastic recoil detection analysis (ERDA) and positron annihilation spectroscopy, respectively, to investigate
influential factors on wettability of DLC films. In particular, samples were annealed to induce structural changes
in films. In addition, the validity of standard samples for ERDA measurements was confirmed. A range of
measurements suggested that Si-doping gives some influence on properties of DLC and related films and there
is a correlation between contact angles and positron annihilation lifetimes.

i

DLC (diamond-like carbon) RO BIKMEIZEEA b2 DR T2 ~D72 Zhk7e DLC SREBIZHL
T, ERDA(elastic recoil detection analysis)VEIZID/KFE&E , B FIHIRS HIEIC I DT /22 BIIEIZED
P AT 72, R, BRI O FERRAY I I O G 2 2l L7z 5Bk & IV Ve, E72, ERDA 1EOFEHERCE)
BT 2MRE ATV, AR ESURL I OV EIE DO A A MR LTz, A FEDO—HOT — 2 & LR FT L7 3
Si IS DLC REMREOME B A 52 5L Hefilif CBIKYE) LB5EFam O RICFABIBAfR 2 05 vl g
PED RIS Tz,

HE

RFEFA B TS DLC BRI RMEEFEMCHE B ME ) 172 8 DB FREER R M) b2 B B9 & L7 B8 tiA o =2
—T A7 RELTRILSAFFERE DM TON TS, T TAUTMA T T =T NRAT U MRl AR
LCOISHBIIERED DI TE T, ZO &7 E MM EHIE RSN L HE M E IR ST DD, £
DM I BHER OB 1 ORI » BUK I, 7~/ R EHEIZED L ENHBIL TS, DLC i D#H
ARHEIZBAL T, Al ST A= 2 ofb F R R & L DFRBAZ R DM TR M T TETZDS, ZORIRIT- DU
TE T ICEBES TR ARFFETIIA B OB R+ THIR D L THRON OB e 22 FLZERIZ B35 1F
& ERDA HIE THRLNDKFZERITE H LT, T /G EBUKIEL OB Z i~ DLC BEOBUKMEFREHS
(ZBED D B B2 SEHERT 0 A S 2,

yoais

AWFFETHWLAFD DLC wilF L, PEEBAR SRR Pt 2 — CRiEL 7z, mE 1/ IVAA Ry Z
(High Power Impulse Magnetron Sputtering : HiPIMS) & 77 X< A 74 £ A% & (Plasma—Base lon Implantation:
PBII) Z#lA G PVD-CVD (MBI EALFEHRAE) AT UYR VAT L2 W, Si R B H, Si &
Grokk 2 7RAL R M D DLC SREIEZERR LT U, FEAREE I, RIAV VB R GUT I E LT3, A 4R B I
DLC } O PLC (polymer-like carbon) EZAUHIT STIRMILIZH DIZKIRERLD | BULEEZATWR LB O Z
bz ~Te, ZNENOIEOBIKMENT, PERMF OB A G2 W TRIE L, RO H Offext &%
Py = L X — R B2 — O N#EER % AV ERDA(Elastic Recoil Detection Analysis)iEiZ LV E G 7=, K
JEITEREHZEDIZSSERH L0, Wb R I SFH CIREZHIEL ., ERDA JIENLELL H I EOFH R
WL T, 2L CL Bt 28 (G- /725 820) IR L Tl BE - 1E I YERNE (R 7T — IR 30 R E 15
B RE) 2 5K E A TR R AR OJR R R — ARG E 2 — A7 A TEMLTZ,

SRR T AR IRV ERIERT, 2 (AW BRI = R — e & — BB SE IR - =RV — AR L — 7 R R TR A e T
HEE R BT FERS Y
ABFTENE AFERIILRBFFEE L C (AR FBRIE = L X — i JE o & — D3 R 5 36 KOV R S AR JE T L 3 [ C ML 72b DT D,
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FEREBLE
ARFFETIE, ERDA DB MERBIEL T4 TAT R PPS
(Polyphenylenesulfide) & T 72 2= R EL L THWT WS 80—
S, FERET T DT FAA AN St Z2HELT, K 1 N H-implanted Si (6x1078 H/cm?)
X Ho'a 3X 10 ecm? £ CTHRH L7-HE AL Si @ ERDA A7 % “l Surface -
MVERT, E— IR obdDIE, LA AR D 8 Lol oA -
BZeRL T Ca— ) — R TRV KT 9 fit2 —— |
FLK LTo AR — R SRS I R m I HERE L =72 & Y ooof
EZOND, FEALTAKRIR 1L, 7o T 407 BE (fitl) H» o
SRHALIAT M EEEALL, 07400 600 800 1000 1200 1400
RITKBAA LN S ZARHERARELTHNT, PPS H1D CHANNEL NUMBER

KB EETERLZ, PPS OAHES RN DE RIS
K& 3.61X 10" H/em? LD AL T o 7= fE R KBEAA U1 1 Si oA AL EASHTAKED
A Si EDRRFET 1T%~25% T 7o, ZHHDORIERRND, ERDA A7,

PPS ZARUEGEHI M > CTHH DR DR A TR T VAR
HESBLE L T2 LIl L 7=, ' '
DLC ZMEOME 25 KRERERIIAREOFETH  cdeposited
%o WEAEE | 3HK & 7RISR D DLC RV E [l -5 FE 5 [
AT TEIm, SFEIXRERL DLC EEEAZER), b
RV COKFZE S A BEHIEL, oM E 22 S -%
WZHE A I E . ERDA JIE . BB TH IR YERIE 21TV
U7z, BVGLERIE FE S LT, SR CGRALER) | 400°C, 800°C
D 3 FEFEAIRATE, K 2 1 3RER2 5 E IRy A
IV THD, BET DA RLF—(X 2keV LU, Si E

COUNTS

TIME
IR L= DLC 0D B By F- 3 A o & ne)
DBTANE =B, \ 2 W72 BEMLE D DLC IO WE
R 78 DLC MBI R LT o7 — B OBl B A

Lo Bl KFE R, BB Fm, IREEZ T A—2ELT,

ZNODOBOMBEBIRZ T T, FOIeT — 0D M 2 B3 283 LW =0 | LD JH72 FIR
TT—HEHH LT, F31E, S00COBLER AT T2 BN G K FB DR ELIRITIRAEDEE TNDEE 2B
723, DLC REHOHIEABEZ I-MEE OB AL TWHELRL, st IRT 23 0BHT =R L 400°C R
FROFEHZE S LT, IITKFEEN RO ENI R R M E A RO L5 2 lBITIRZE DK FE &L FF Ok}
M ClREAT o7z, ZOLIRHIET, G LT BN ARV IA A TV E, FUBHH K ONAIE fiEE D I8 1 4
HdZenT&iz,

FEIZ, Si-DLC G B) EJFUEF T AL LT CiHg Z2ff L 72 DLC GUE C) MRIERIEDOKFE G H ETHDHT-
FEBRIZIE L CUND, ZOWMEZ LR TRDHE, Si USINT 52 & TR A IME T L, R E - HabIK T 95
A Aoz, MR R A S ST 7201237 — BB R L TRY, AR OIBRDLETHLMN, FEE
Ry 7 Z— JRHOJE CRfil 4 3 E OFH BT OBRIZH RN ERIZ, SITRINOA Iz X0, #2fil A LB -
TE G RN B A D Al REME DV RIB STz,

fEE

DLC FRifEDBIKIEL | ERDA JEIC & DR &, i1 LIRS LD 22 G W [ 0 BIfR 2 i~ 572
DI, WEFEFLIZ 5| S & D DLC REEOMEZAT o7, SF L, BULEIZ IR ISR OS2 b
ARLTZEBIZ IV, S5IC, BB F MR mIEZ S A LT, £72, ERDA {EOFEREREHI B DatatTu,
ZOHMEAMRE LT, SHEEO —HOT —F & LLBRFT LRGSR, Si #1725 DLC RO E IRz
G252k, ffitfh GBUKYE) LGB ORICHBIRR D 5 LAVRIRS L,

S 3R
1) S. Nakao et al., Nucl. Instrum. Methods Phys. Res. B, 307 (2013) 333
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2.4.2.4
AF L —LE N2 TIv 78T D TR AT
Light Element Analysis for Ceramics Using lon Beam
ENAHHE TEICE P HEEA
Kohtaku SUZUKI, Bun TSUCHIYA and Yoshinori NAKATA
Abstract

Some of ceramics such as lithium zirconate absorb water vapor in the air, and desorb water and hydrogen gas
when ceramics are heated up to 100-200 degrees C. These materials can be used for manufacturing hydrogen
gas. And also, lithium zirconate has absorption ability of carbon dioxide. Light element analysis of lithium
zirconate was performed using an in—air and time—of-flight method. Distributions of light elements were measured
and compared.

C:P Y

VFU LD NAX—NeEDETIvIE, KA OKAKZWILL 100-200°CITBT L&, AR LK
RHADRFAET DHEVI R EF > TS, ZHDBKFEHTADOEEIZHEH ATRE TH D, SHIZFELRFED
WIN T 2B D305, EZTIF UL AR — N OEBIEHEDIRDERNEZRE T 57280, KEABILOTRITREH
ZEMEIZ LD T EAT T, FWITTEO A AREL | L7z,

i

7= TR F —ICRDBREEIRS LW E R SR SSRO D, KB LU TR 2 A 08 e ST
Do ZOT=DITIE, “IRLIR B LT KFRE T DU ERHD, VF VLY N AR —REDETIvZITR
KA DKFE LR TIAT MBS HZ L TRAKE LK FE T A% AT DR EFF O, MBI H RT3 /LF
—ZHWiUT, 7V = AR R E TIEEIRD R Do LNLIRHE | KR IR bR SR W IOE R R0 /K 38 77 A %8 A Bk
I 3> THRNZD | REA A B — SIS L DK FE 53T (BRI % : ERDA) <0, JRATIEE] 72211 7E
BCBeRz F-# ik (TOF-ERDA) Z I T, K38 VT U LD TR A E LT,

AF U — A KRB TEST

FNE T RN — T TE B Z—TIE RGP TRFB A ATREZR 25 & (KA BERDA) ZBs L= Y, AR¥EiE%
FAWT, REHFERIZEZEFICHRELIZVF VLY L ar—MI U OKEDHT LSRR, KAHFICHRE LD
DIZONWTIIKRBEN S RITE TN TWDIEN G- T2,

TOF-ERDA [ITRITH R & =X — 2 E T D& LD K F D E &2 E TEHMEFIETHD, Lz
Do TEILEEFRFICHEFRE TH D, BEZEHBIPRKRGAHTIRE LTV TF VLAY L3 Rr—MNIk LT TOF-
ERDA JHIEAEFT 7255 R, KA TITRE LI B DI IR B AR ESN 2, SHICREF T TIF U LM SR
DUFEN RSN 2, ZNHOFERNS, FHIZIZRIEYF 7 LBBTE RSN TODIEIRIBS N,
==

HZERBIORGF CRELIZVF I LY L ax—MNIR L T, K& ERDA 8L TOF-ERDA JIEETT-
Too REHTHRE LTREHE, KBDBNEBITRIES I, IRBE B LIEN D oTc, FIoRKE TOVTF UL
FOBEN RSN, REEVF 7 LENIERSTZ, KBI O T B R FWIIGEFEAHAL TETRY., 5%I%.
KFE A BHIL T L,

B 3k
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)

AR BB =R — G Z— PSRRI « =RV L — T AR S (A B = L — RS A — AT
BRZEHE - L —F — Al BAsE =

ARFFEIE, (A BB R F =W FE Lo B — DA IR P LI F TEMBL 725D TH D,

AHFZEIE., JPS] BHFE: JP18K04948 DB A2 1T 7~
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RAZARS TOF-ERDA JIEZEE T IS 3 EIRL S U a8 K0 HH 2R O MERERFAT
Performance Test of Segmented Silicon Semiconductor Detector for Large Solid Angle TOF-ERDA
LR B IS AR SARBHE
Keisuke YASUDA, Kana KURITANI, Shiho YOSHIKAWA and Kohtaku SUZUKI

Abstract

We evaluated the performance of the segmented silicon semiconductor detector used in the large solid angle
TOF-ERDA measuring system. Among the segments of the detector, energy resolutions vary from 27 to 63 keV,
which were measured using 5.486-MeV a particles from 2!Am. Hydrogen was measured by the stopper foil
ERDA method using this detector, and the change in recoil energy due to the difference in recoil angle could be
measured.
B

RALARA TOF-ERDA I EZEE T WD B ) a8 A (M BR OVERE R 21T o7, 7V 7 7l %
HANWTEFNX = RREZIE L T2 2 A AFMED 20 keV IZXLT 27 ~ 63 keV EVIENFHINIZ, 2D
i ER 2 VT Ay /S —=T 4 AL ERDA JEIZEDKFEHE LTV, RKBEA DOV IO Bk — D%
{BZRIE S HZENTET,

w

)

TRAT I [T 300 7 B S BRRE -4 HH (TOF-ERDA) V& 13 A A v B — A HiED—FE T, A4 — 20 EHT
IR ST BRI S VD A A D = 3L 28— LA TR 2 R RE LI E 375, Jo3e 0 Bilia L TR S
Oy PRRE CIRE T EATOZ LN ATRE T, W O STR TR ) &R 1T 5 Y, — kA7 TOF-ERDA JI&E
TIE =RV —OIER FEH) AN M2 TGRS EREZ 7 ESE 572012, B MO A FEIR230% 4% mrad i
FEVZHIRR T 5, Z DTSR AIT— 72 Ay /X —7
#+A/V ERDA HIZEED 1/10 FREETHY, PEBFR, HD
WITHNE IS 5, £ 2T, Frx T —&
AT 2 TR BEAZRETHEIZE> T3
LR —DIEBNFA IR DL NS L, R AT
D OEN T IRS 3 iFRE CHIE FTHEZ: TOF-ERDA &
AE1E (M4 L0 TOF-ERDA 24(8) ZBHH L T\ 5, X 1
2 BErfiE TOF-ERDA %& & O A7~ 3, A%
A& S Z R s . (R 2 JEL7RVY) Fil

BB R

FUR SR | 35 E OV RIS U o s SR Bk FBIE NS
SND. MBS @ R s Loy FI R U= HBEBL Y
S SR T OB AR E L. Db R % FRERER

RET D, S A S fi# TOF-ERDA ZE#E IZH W
Loy ERI Y a3 8 R kR gs O PERERE M 21 T > 7= D
TIHICOWTEHRE TS,

1 53 TOF-ERDA #&E O[]

HERLFER

SSEIFRI Y e AR 281213 CANBERRA #:00 PE-16CT-58%58-300EB % F\ /-, A& fEI% 58 mm
X 58 mm CTIIUAHES AT 16 3 EISIL TS, TR/LF —3fiFREI 5.48 MeV @ a #RIZKIL T 20 keV TH
%6

ZORHEET MAm BRFENSD o BEREL . T RX — D IRRED M ZIT o7, FEBRILERNF L RKF T
1To7, BN SDE R %27V 7 7 (CLEAR PULSE 5576) THIMREL . ATV =—t' —fDOF V&)L
15 B LIS E (DSP) IZ AN L CT — 22 B LT-, JIE TIE 16 EISN-Zf IO B o 3 fElIZ W CHIE

R SRR T - AR BRBE R AP FE R BREE R R, 2 O LR - AR AR BR B0 - BRI - R B 2 (AR RS =1 —
WFgEE L & — WRFEBRIER - =L — B L —T
AMFTEUL, BT SL R L () B P = RN — e 2 — DRI FEE L CREMLIcb D TH D,
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AT o7, BARAIZIZG0) fEE 1,

(i) peEdEk 2, (i) pEi 2 , 3 DAREL

RO 3 X — 2 TRIE LT, {8 5 H 500 -
DHLUERE EicL7-exicm i im

WIS ThHPDEE L, 2, 380 400+
7=, HIEG) B L OGiH) THONT-= ,g
FNF—AAIIER 2 o, 3 3007
IRV — S fifREE RO D O o
L) A 27 keV, (i) 25 34 keV,

(i) fEIK 2 1% 49 keV , fEIK 3 1% 100+
63 keV &7po7r, BitH#RO L

F—REEDNFMEIL 20 keV T 0-
HY | FFIZGE) ORI E TR F —
SYFRBEDSEAL LT=,

WA, BRI Y 3 8 KR
P FERRD TOF-ERDA & dE &
WO AT TILEEENS DO — 2%
W= ERBR AT o 7o, AHE
TIEZ AR HE XA T
Gy EIRL ) 3 R 2R D
Z FAWNT ARy /=7 44 )L ERDA 1£12 L 5K ZE
ExAToT2, EHZIZES 25 um D PET 74 /LA
Z  AHE— AT R LF—28 3 MeV D He*
AF W, Flo, AR/ R—T A NVIZITIRES
258 um D Ti % V=, JE A OO fETE 40°
Thb, ke OB 1484 mm T
23D 1 FHILDIEITHY 3.6 mm 72D T, M a2
TITBEA DN 38.9° 75 41.1° DO#iPHZ 0.14°
NI THANR—=LTNBIEICRD, B R TR
BEkSNTZAKFENR AN =T A )V Z @i LT 14
DTH/NF— ENILLFORXTRDHND,

2
R R CTNC
ZZTM; ISP OB & M, (3R
HE, @ IRBA. Ey 1T AT RLE— (s)
X7 A ANV TOMIEREDEEME, | 1Z7 44V

»

™ Y

A Y
— fit_ B2 (i) "
— fit PRI 2 (ii) A
|— fit_#REE3 (i)

ettt L — W9t 2 —BF e (o Fi e A )|

BRIE2 (i)
FaLEE2 i)
fRIEES (iil)

740 760 780 800

820

840
ch

2 EPRI ) a5 R s CHIE S 7z 2 Am it
TEBDaFRD TR — AT L, FRSHIE (), F A
RIEGD) DG D, FERUIA T AL DT 4T 4 7D
AR,

800 H | I I =
— i
REATE|-

~|
o
)
|
)

Energy (keV)
o
o
o
/
o |

o

=)

o
|
I

400d 1 ] 1 H
39.0 39.5 40.0 40.5 41.0

kA (F)
3 kA BRI TR BkAFE DO R LX — D
£, FERRTQ)RUC LD H AR a2, PLIERE
I SRIM2013 =1—F 2fl A L=,

DIEETHD, ZOXNSG DI BT X — X Bk A OB E LI 5, 22T, 45 5EE TRl
ESNTZTRNF = AT UINLRENE i CXBkESN T KBS A D=3 X —%RD 2z ()R k55
BEEEU, AN 3 17T, 2B bND I X — I B OBNE LI L, 2 DIE
FORUCEDEFMEE I —F L2, ZOZLIFIARE T ERDA HIE BT A BEA ICL D= RLF —DiE A
HETEZLERLTND, 7233, 16 FEIKDO S 6 FEIIT /A AR KEL =T —E N TERNoT272D
ZNDIZONWTIEERRL TR, o #RIRZ W2 HE 23 W CEEGEIR A R R E LT s &L —
IRRED AL D NTZ3, 2 /AR DR BERERIS D, FEREO A FE /i TOF-ERDA JIEIZRB W T/

ARZI D SEDHZENHEERD,

BE IR

1) K. Yasuda et al., Nucl. Instr. and Meth. B442, 53-58 (2019)

2) http://www.srim.org
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2.4.2.6

FRAT e R Bk i E 2 KD LiCoO, IEAS/LATP BAEME SR I T DV T 0 IA A AR BT
Analysis of Lithium Ion Conduction Processes at Interface between LiCoO; Positive Electrode and LATP
Solid—State Electrolyte Using Time—of-Flight Elastic Recoil Detection Technique
TR, mBE O, SaARBHET, Ak
Bun TSUCHIYA, Katsumi TAKAHIRO, Kohtaku SUZUKI and Ryoya ISHIGAMI

Abstract

The migrations of lithium (Li) in multi-layers thin films of Au/LiCoO,, which were deposited onto one face of
Li1 4TioSio.4P2.6012-AIPO4 (LATP) substrates, were observed using time—of-flight elastic recoil detection (ToF-
ERD) with 9 MeV Cu'® ion probe beam, after voltages of 1.8 and 2.2 V were applied to the multi-layers thin
films at room temperature. The ToF-ERD spectra revealed that the Li concentration at each depth in the
LiCoO, positive electrode uniformly reduced with increasing the voltages and reached to 65 and 30% for each
voltage due to the Li ion migration from the LiCoO; to the negative electrode in the LATP during the charge.
2

BT DIHERHD 9 MeV D Cu'® A A b — L% W FRATIRE [ B BORL-# H (ToF-ERD)VEIZ XD |
FHIRICBWTEZEF T 1.80 V BLW 220 V OBEEZFMLANSEERIF T LALA “RET
(Au/LiCoOy/LATP/POREF D Li J#FEEAZ D THIELIZ, ToF-ERD A~Z Lk, LiCoO, 10D Li
(ZETINEEDOHINE LHICE DERSITH L THIRE—HRITIHA L, BB L TEILE IR 65%36 JUKT 30%
FREEIZET DI EHIALT,

I

S
VF 7 LA A (LiNREAR T D E AR B AL (LATP; Liy 4 TisSio 4P2s012- AIPO)ZE FiVW =, R Bl 222 24 B
FeLT-2ER LitA 4 ZREBIMOBRFE N ED SN TWD, IEBIOERREO LitA 4 OffiRCBENEE ., 1E
BLOE O, FEAEREANOBPERL LA IR X, REMOBRIZHB W TR TEERT
—H L% Vo R CIE, 7SV AL — P —HEFRE(PLD)IEIZ LY, LATP Z[EAREBAE (AME & Tr), LiCoO, 4
2 A, £ AWBLIOTF7F T (P)EEMmE LB Li'A A — R EM(Au/LiCoO,/LATP/Pt)F B 2 EHRLL |
FPE TN X —F Tt 2 — TR E S TS ToF-ERD #2524 VT, 1.80 V BL 1N 2.20 V OFEE%
FINUZe 362 D5 C L EEARIEL T, BERHIBITD LA AZEZEEIZ OV T AT,

ES

PSNVAL =P —HERE RS L O~ 7 R ARy 2 VAL D 7RG RS A I C 2R LA —IRE
#1(24 nm Au/65 nm LiCoO2/150 pm Li; 4TisSio.4P2s012-AIPOs (LATP)/16 nm POREARRIL 72, RIZ, 1FER
L72iBHT 1.80 V KUY 2.20 V OFEEZ 15 RIFVINL CEERRIBICE T DT EAMRRLIZ%. 9 MeV O
Cul” A A B —2% U 7= ToF-ERD EZFHL T, BB O Li IRE DA 2RI E LT,

%ﬂ:

Hll[l

ToF-ERD %2 W T, 1.80 V BLUN2.20 V OZNENOELESHIMNESIIZ Au/LiCoO,/LATP/Pt R E
flﬁuftﬂ@ Au BRI O Li #2545 % O THIE LT, LiCoO, 10D Li #EEEIXEIINEEDOH ML LEIZE D

RSITH LU THIZFE R L, B EIEICH L TENZEK 65% (Li,CoOs: x=0.65)F LTV 30% (Li,CoOs:
Fo.so)%%rﬁ (T DL DT, ZORERIT, LitAA L BB AEIZLY LiCoO, 735 LATP EAEMREN
ZEREI SN CRMRA~BEILI-Z 85T,

B CHk
1) B. Tsuchiya et al., Adv. Mater. Interfaces, 6, 1900100 (2019)

AR BT - AR R L 2 AR LSl R - SRR 3 (A B = L X — i gk o & — - AFFE B S - =L — AR
="
ABRIEIE, LIRR T, (AR B =L — gt & — | U LSl R o LRI e L THEML 72 D Th 5,
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2.4.2.7
TANE—RT — DG EE O TERL ta-C:H RO KE B A &
Hydrogen Content in ta—C:H Films Fabricated Using Filtered Arc Deposition Method
BN PR SCY, TS 8 s ARG
Toru HARIGAI, Takafumi TOYA, Hirofumi TAKIKAWA, and Kohtaku SUZUKI
Abstract

Hydrogenated tetrahedral amorphous carbon (ta—C:H) films were prepared using the filtered arc vapor
deposition method introduced H; or CsH, gas. Compared to Hy gas, the ta—C:H films prepared with C,H, gas
under the same process pressure showed a higher hydrogen content in the films.

B

Hy 7213 CoHy HAZEANLIZT AN Z—RT =V 7EEICEY KBTI ~RINT 'LV T 7 AT —R
(Hydrogenated tetrahedral amorphous carbon: ta—C:H)BEA/ESIL 7=, [FIFEE ORIE 7 o' A E 15T,
Hy T AIZ A CoHy T AZ FWTHERLL 72 ta-C:H BED 53, B OKFEH BN ZVWEI Th o7,

i

il

A AT RTA7 T —R L (Diamond-like carbon: DLC) EFEIENAFEE 7 E /L7 7 A —R VT, G T
B EDOREREREL T, IAKHWGILTND, DLC O H T KFICHE C/KFELE G F/20 DLC KR
X, TRI~RI TN T 72D —7R L (Tetrahedral amorphous carbon: ta—C) BEEFE T, B C/hkFELAETe
DLC &L, KFBALT "I ~FI VTN T 7 A A —7R (Hydrogenated tetrahedral amorphous carbon: ta—C:H)
JEEREIXND, ARWFFETIE, BARDHTAFHKR PIZIBNT, TANE—R T — 272852V T ta-C:H REEE
L, MERLUT- ta-C:H B O /KFEE A EE ERDA EIZIV T 7228 T, ta-C:H BRI BT 2 RHR A
AFED L LN T 5,

Fik

FRIETF L 73—~ Hy WAETN CoHy T AZE AL, Hy £721% CoHy B AFZPHRFITEBWT T TR T 404
—RT7 =735 P2 VT, SR BT ta-CiH ZRRIBEL 7=, Si FER_EICERIRL 72 ta—C:H R OKFEH
&% ERDA IEIZX L7z,

fERBIUELE

ERDA STk >THEBI ta-C:H EF O KES A & 15 : o570
R IR T, FRREO T av 2 ) FIZE1T5 ta—C:H K
ATl Hy T RIZEEA ColHy W AEFHS, T CTERILTZ ta— 9
C:HIEDF M, ZBOKFZEGTLHEAIZHLZENHLNT & 107 07
7201z, Coble 53728 C-H R AR 28T, MRk o S0\60
FHIOBENT <RI EZ BN n cn 8

Hi: 54 2 205 ]

=1 HREAL L 30A%40

Hy AT Cobly W AZBALIZT 4 V50— R T — 75 o1 8 H, A1
EAE T, St ER BT ta—C:H A ERIL 7, [FIFRE O E 10° 107 10"
JIZ5PAS T Cld, CoHy HARHR D ST B OKFEEH BIRF v 2\~ DES (Pa)
BEREVMEINIC DT, — 5T, kS RO RS I T-FAD i5Z& HWCTIERLTZ ta-C 5
NI Hy H AR LTV AZ LR b7, L ta-C:H ROKZ G A & (P 05T

X, AT AP E(scem))

B 3k
1) J. Robertson, Mater. Sci. Eng. R, 37, 129 (2002)
2) H. Takikawa, et a/, Surf. Coatings technol., 163, 368 (2003)

TELR L P 7R TR T WAL L 7 2 (AT et = L% — BT 5 — - B LB 38 - = /L — BT FE o—
ARIFFEIL, SR EEITRR YA b (AR F7 96 3L — B 5 — D SRR L CE G L1 b 00T,
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b REE ALY Ty s IR A N LIZ BN A~D 7 v 2%
Infiltration of Fluorine into Tooth Structure from the Composite Resin Block for Restoration through the
Adhesive Cement
BRI pE s LARTE T2 PR a2 R AR 0, S RBIHA™, Bl EE ™
ARSEINF-*2, 7 R 5 %3 REHTIEYR ™, Bl = *°
Katsushi OKUYAMA, Hiroko YAMAMOTO, Katsuaki NAITO, Yasuhiro MATSUDA, Kohtaku SUZUKI,
Yukimichi TAMAKI, Mikako HAYASHI, Takashi SAITO, Masaharu NOMACHI and Yorihito SUGAYA

Abstract

Fluorine infiltration into tooth structure from a composite resin block through an adhesive cement was
measured using in—air micro PIXE/PIGE. The results of this study suggest that amount of fluorine infiltration is
affected by whether an adhesive cement has fluoride or not, rather than a resin block.
B

K& ~A71 PIXE/PIGE 2L, 2L ROy Yo7 ay s b e A NN L COEE~D7 v
RBLMERLIZEZA, 7Ty 0BT EA MO T A O FEN KREEEL 5 DL RIBS T,

e

VAR E TR R B E M B 2 B 55 S AT MM E0 R P85 SR BHI W T MBS il
BHA~DO7vF#ER T KA~A77 PIXE/PIGE IEIZEVHIE ., FHRL 7z, Z D85SR, ME DO 7 v R IZ BT
FET DLW ERGE VAT MCLDEELBD LN, BT HEEDNOO 7 o BRMENRKEEETLLE
ZBRLTIEY, BT, 790 B OMWREE IC T ay ZROa ROy P 2B 9 2 TRES NS
DN Z Lo T ay 227 Atk Btz 5 Lz b B ES N Q0D 2D OEEYI T I 55 T
DER, BB A M W T LA SNDT20, 7 a2 BRI HUMERIL - EEM DR IS 7 v %
WEANEERBESE DO, T ZOBA NN THILIRD, T TR TIHERE A= Ry
VT ay ) AN A N CHEE ST RN BT DR ~ D7 v FiZiB A b, RETLIz,

MRk

ARIFFETIL, 2R vy 7ay 7 LT, 79k E& A O KZR-CAD (KZ) . 7ok & £72 0
Dentcraft HR Block (DC) ZZ L E UEH LT, #5MEEA NI, 7o1b¥EH @ Block HC Cem (HC), &7
{b¥%& F720 EsteCem (BES) 2 I L7-, EMNMEE I OHEEYIRGE R P E mE BEHSE, A EHIZES 2
mm ([ZYIRL7=L T ayrh . ECRLIZEE AN CENENEE S 2, EMEES# A IOV TT
] H KRR AE R B S CRGRIE A THD GKFEE S 30008), SR THWEHE KZ-HC, DC-HC, KZ-
ES. DC-ES @ 4 #£T, T ZE4 8 BT O THD, H#AEMEEL 1 RefE 2 Bl AT I E RIS OB LAY
500 pm OESZFHRILZ, B RE 2T v 7 A TYRE LItk 3STCHiAA L K FIC 8 R LT, ZDH’ Ty
I A% FrREL PIXE/PIGE #E2 W, 3B i 5 M e A NG P E O R AT 57 v BIRE 4y
fite, 7oREANT T ARERIEICEIVE R Uz, 7y RBRE SRR EL TL, @A EO LT A
B 90%E R LT A E T DR FE D EE (A MO RE) ST LT, 7 B OBE @ AT
G S 200 pm BN 2 AT O SEFTE LT, B RED 7 v BEGA R EO EIZI, BA N
IPHIES 100 pm FTOBEEE A=, 554727 —#1% Kruskal-Wallis test 38T Steel-Dwass test (fGR
W I TR 21T o 72,

BRBLIUBE

1 IZKRE ORI - A NRHENOR FENEBIZT CO 7RI EOEALZRT, MELD T
FIRBIL. 7oA EE T AN THS HC 2= DC-HC & KZ-HC NRHEFETEW T v BB E AR L
7275, 20 pm DIES LRI D BO 7 v B &2 RO BN THD, 7 oAbmEHL Y 7 ay s Thd KZ &AL

LR A RS 2R 2 RIROR R 22 - B 22 e, 8 AL PR 2 - B 220, ™ (A /) BB = 3L —fF e o & — - A FEBR R 30 - =%
NE =BT —T % KRR R B BT

ARFIEIE, B H RS, KBRS, ACHBE R KT, (A B =L X —if 9t 2 — O R FEE L CTEIELTZH D TH D,
ARFFED—EIE, B ARSI R A B A7 A 4 (17H04382,  17K11705, 17K11712, 19K10136) DBhEAEZ 1 )7=,
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BECIL, 7y RE@TTROEACD BS ZHEFSEIARTH, 2T yF 2T 2 DC-ES LV REFI TR
W BRI T K 2 [T A RN R R LD R E DD 100 pm DIESETOEMEINLDO BT v E R
RUT, Tavs BAVREBIC T oAb E S T KZ-HC N7 At 4 £/ DC-ES LA B Icm\ 7 v &
RUTZ DU O W I BEZBO R T, JBONIZREROBMEL T, 7o tha Gt A Ml
L= KZ-HC BX O DC-HC N7 AtWEE ERNEAN ES A LRIV @V 7 v FEEZRLTND,

ZORERIE, WEITRET D7 v R EDEE IHE AL A MNIBIF D7 AL O A R K EBL T
HIEREZ LI, TACE G T R E B L AT A CEB ST EXT, MO T AL O IS
P REEBLIZRIEORED LI R0 O L7807, ZhUTRiEE HOBE T AT ALV RS NDR T
AT (LAY y MV b E RS G SE D) B um OFVETHLOIIKIL, A RNz E AN
30~50 um 1FEDERBHY, ZDHT 0y IinbO7 y FRBITEANFF NI ENEZBND, 121,
BAUN ES ZEHLIZGE ., 7T a2 O7 A OFEEIZID T v F'IFEDOH MM DT AN
DTy FRFBED AN =R NIRRT T 2L E R D,

4000
1000 r
3500 | . *
— DC-ES ’g 3000 +
E 800 B 00 | .
= = 2000 |
& 600 |- % o0 | .
Al
g 1000 |
# 400 | ol . lil é
ﬁ 0 L ==
200 | DC-ES kDC-HC KZES  KZHC

0 50 100 150 200

REMNMDIERH (um) ]
2R AN NHIES 100 pm FTO

L:RFE -EA N ENOD 7 v E R BE7vHEE
* MPEHENCA B ZA2ZRD 5 (B 5%)

EE

PLEXDa RO oD 7 av b EE A M L COWE ~D 7 vFERHEIT. AT A M
BIF27 Mt OF WP KREEBEL CWDIENHEGRTE, 7o b EHMEIOMERIZAE HTHHZ LN IR
7z,

2 3R
1) B shfd, (N B = p L X — 5 o & — iR 9e 4R (CFERR 30 4R ) L 21, 74-75 (2018)
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BEBZIBY — 77 07 7 A VIEHT FHOE T VBISBIREED 728 D 1% 5 #ELIRI E
Evaluation on Model Function for Peak Profile Observed Nuclear Resonance at Ion Backscattering
PSSR, SnARBEE* | At FERk™
Mitsuo TOSAKI, Kohtaku SUZUKI and Ryoya ISHIGAMI

Abstract

To evaluate our model function for analyzing resonances in ion backscattering, we have measured
backscattering spectra of He ions by C—13 at a resonance energy of 2.75 MeV using incident He charge of +1
and +2.
B

% T HGELEBR CBUIIS A A ILB IS DY — 77 a7 7 A RN O T D7 VB (B 1E) Z MG
2% HEYT, R ORI E 28R (He 0 C-13 BEMIC LD IRIBE — 7 I7E) 2B 278 -T2,

]

=
A HeA AN XD RFEDH T BELER CBINSNAE A IE SO —7 7 a7 7 A )V OffHT D7

DT /VEE Ol E BRZE) MR A0 HIE FEBR A LT-, C-13 & He MEZILIE (g = R /LF —:2.75 MeV)
Btz B 72912, C-13 O RMOINE RIS CEMBFERZERR LTz, f#AT (BT VB OFHE) 7 —Z &L

T, A5 HeA A2 DAMELDE N (+1, +2) 1IZ& 5% HFHGELICBLIIIS D B Y — 7 Ol E 21T o7,

=5 VR
SEHEE — 2 DR 0 el 13, T2 2 F /L HGEL Apot EFEIBEREL Ares S THL, IR THREND,
T 2
Ucl EP' ‘4rcs+A‘pm
= 35y oos(2ka) -l LB,y T )+ sin(2ka) -(E - Ey) - L(E. E, T, )+ S0,
k 2 T (1>
LB b Ty = T2 I
TR 7 (E-Eg) +(T,./2) @)

ZITC, TU3RIE T, Br 133G =X —Th D, A DOWrFEE 1 ™ AR (E : ANT 7V 7 D53 A7)
TERMALTETNEEEL, ZOF 7 /VBIE (W) (3, MFHEIERFREDO RN /22,

%gﬁ 500 —
Kk C-13 % IIERIH L CIE H % fER L7 (B0 He + 0
0.8 g/cm®), WAELAE 160° THFKELAZMVERIEL 07 0 key
77 He(+2) T ASF =R /LF —2840, 2870, 2900 keV DIH|E ;
T =BT VT 4y LT RGRDEX LIRS, &
FrIAFDIT T AR DOMR IV RANT 7V 71%, 95, 145,
170 keV (FEZ22%) LR T, %R T RGELOEEBEET L
BIEA W TR DZENAIEE TH D, Hetl flioE — 2%
FAUWNTIRICHIE 28R S D KO I8 i L 7=,

t E=2840 keV

300 2900 keV

Counts / Channel

200 —

100 —

Y _— _|.

ﬁ': = 4(I)0 5(I)0 6(IJO 7(I)O 8(I)0 900
BT+ +2 D He B — 2% AW TR B2 A Energy [keV]

ITRNX—EEZ THEL, T VBEEOREZ D TD, X1 % F58EL Het*C %3 — 27,

MRS R S TSR RN e ko 22— 2 () B = 3 — R gE o o — - P JEBR R - = R L — AP L — 7
ABFFEIE AR L (AR B RIE = 3N F — W FE e 2 — ORI FEL L TREBELIZS D THD,
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2.4.3. JEURRSE TR STV B RFAfH i BA 6

2.4.3.1
BULB STV v a=y A5 O Y D 43 bt
Precipitates Behavior in Zr Alloy by Thermal Treatment
ZEK RN R e
Kazufumi YASUNAGA and Hideo WATANABE
Abstract

Two kinds of precipitates, Zr(Fe,Cri-): and ZrFe, were observed in the thermally—treated Zircaloy 4 alloy
specimen. The main precipitate was Zr(Fe,Cri—y)> and most of the diameters of Fe in precipitates were larger
than those of Cr suggesting that the surface layer of the precipitate only contains Fe element.

B

BULH AL 7= v JraA 4(Zry=4) 121, Zr(Fe,Cri-: R MY ZrFe, 5RO 2FFHDHT HIMSFELEL . EHR
Hr i EIZ Zr(Fe,Cri-)s 5% Thho 7z, Zr(Fe,Cri-)z RO % DHT D Fe & Cr DRESTHRY | <D
i u%b\f Fe DY AXDF573 Cr J0HREWEMAZRL, ShikiE Fe DA THERS LTS AT REMEA VR
STz,

e

Zry=41% . INEXRFL ORI (PWR) OIREHE B E FTEFE L THWOIL TV, MEFEEE L, BRI Zry-
4 FEHHIZAFET DT T DON T, ZORER LR - FR B - (BB EAM A LT, ZTORRE, Fe X Cr
LT N DIFAEZHER LT, Fe DILHR DA D BlhZ AT ) OBEREUT-HIEMEIX 47~330 nm O#iFH
WAL, SERE AR 130 nm Thotz, F7o, R L1 8.3 X 10" /m® LRI STz, AFEFEIIB I Ehex 24K
DEIRHRINZIBNT Zry—4 ITIFET DI I HOW T AT R D LICHIE L= E il OV O RS0
A7 bl | SOIIZ BT ) D2 AT A TIE LI RISV THRE T2,

FRRDBEE

BN Zry—4 DIEREZ AVELRTAY—Y —THRIFED a HIZFATICEIE 5’°/1"\7—‘E‘/l~‘“‘/——1~“6$5ﬁ
BEL72 100 um EOBRFRECHD, BORFEHT 3 mm ¢ ORI T HHE, B22H2T 630°CT 2h DEL
RLPRZ S LT, BVLERBUBH I AR S 1L (VA Y=y ME) IZED TEM BRI LA ER(E LTz, YA
O NEEMRAIF BRI TN KRS F 1B FE AT D TenuPol-5 % FV =, (LG0T, BAEREL TAY ) —
JV 950 ml, SEIEFEEE 50 ml OWEHEZE W, 25 V, ~40°CTHD, B BB 220135 7 1 BN
(TEM, JEM-3000F ., JEOL) % FH\ . STEM-EDS {£ (Scanning Transmission Electron Microscopy—Energy
Dispersive Spectroscopy) {Z&VIEE S Ate 2 BELT-, BFONEEEIL 300 kV THDH,

¥ 11X Fe, Cr, Zr 434 % 733 STEM-EDS vt 7 (Fe, Cr, Zr DZEM A O EREDER) ThD,
® la ICHEAR AL AT
Fren 2 FEON HY R EES
. ST DM R IR D AT D>
O 5 1~3 1% Zr(Fe,Cri-)z SR &
5 4~5 1% ZrFe, REFIESNI,
ZrFe, FRITH¥ 1a THIZEINDIHIT
B CHEAETLOH25T, X 1b
HIZHRATCRT 8912 Zr(Fe Cry-
D2 RICHEHET DL OBAFEL T, 4
QE}JA?}H:_ L—ﬁﬁmu éﬂf: ZI‘F@X 77{30)
Zr(Fe,Cri-)y R T DIFAEEI G

1.0 pm

1 Zry—4 OBGHIERLRD Fe, Cr, Zr TE SO E RS DEH,

AR B T L% — e A BT TR B s - TR — R o 2 T R~ SR T R FE T - Ak & ) - B - Se el A
4y

ABFIEIE, (L) #HH = L% — BT & — S BITE ARE2th, AR T A St BB N EHED 3 M DZFERFE
LLT, MRS IERCEILIZL DT D,
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(XL T 6 i) LR, BLBLS LT Zry—4

\CHFETDEER
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(Long Axis; LA) } OMEEH(Short Axis; SA)DREFHIELI-EAT ALK THD, X 2b 1XX 1b FIZIFEETD

248D Zr(Fe,Cri-)s RO BTSN T, % DT HAIZE]

or|
e Cr| Fe(

80 nm), Cr(73 nm)

X (fieth) 2 FoR L2 X TH
%, %< Zr(Fe,Cri). %
O HPIE, Foifih, k3t
\Z Fe DIt Aitg Tl
L7ZED A Cr OFhE

a

Fe

LAT4 nm
SA49 nm
—
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FuEEE D
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&7z, 2SOk R
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2 1b FDH5 Zr(Fe,Cri—): SAOHTHMD Fe KN Cr DIeESHitk
i e (@), ® 1b FOfE % D Zr(Fe,Cry)s FON MO EE VEEOESD Fe

LR DPDIMBICHD g o) O & TEE ST S I HE D),

Fe JEEE Cr J2EE |2~

THXFIICEL 72D | FRIZEANRDOE nm DA
I T Fe DA THERSILTWD ATHENE
LI ND,

X 3 1% Zry—4 ORFEHIZIB W TEEONT
MimE DI ’/“F’ﬁﬁ’] AL TWADMNEE
BRCHIE T 272010 ARG R TRV R E 3
R OB HOWCEIZL L= STEM-EDS v
LB TThD, 4 DOREETIZB W THT
Y DOZEM AR TR —TIBIEL T, SHIZ
XD REITRT I, HDFTHIE~A
JuA— M/@Eé THI0, ERREITEC)
72 MR IR SN BRI 53 A 3 DA ] 23 7
5D, & ﬁumﬂﬁ T ELERET O M RN TR
DAl R D E R YAME IR T J5 ) &% i B
BNRBHDHDTITIRNINEE 2 HND,

Precipitate Number

2.0 ym

X 3  Zry—4 ORI O AL —72 28 55040,

i

mp

BLVBLX T2 Zry—4 FUEHFRIZIL, Zr(Fe,Cri—): SRICHNZ T ZrFe, RO ¥ H3 3
iz, 722U AL E RE LT I 5D D ZrFe, R OFIEEIS :t%z%kﬂi« F BT X
Zr(Fe,Cri )2 52 T o7z, <D Zr(Fe,Cri): 2ONT I T, B« Bl 2 Fe OnR oM E CHEIL
7258 Cr DFNEHERL TRERMEZRUIZZEND, B %D nm OFEIKIC iob‘f I% Fe DA THEALSHL
TWBRIEEMED DD, T, AT O EARRY 7222 500 1A — T BRI SME A S B 22 S Tz,
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Modification of Quantitative Measurement Technique for Evaluating Irradiation Hardening Using an In—Situ
TEM Observation during Tensile Test
Tk —" | MR OLE 4R A
Ken—ichi FUKUMOTO, Kohei UMEHARA, Kei NAKAGAWA and Ryoya ISHIGAMI

Abstract

A method of Ni ion irradiation technique was established in order to evaluate irradiation—hardening coefficient
of defect species in ion—irradiated stainless steels. The in—situ observation experiment of ion—irradiated stainless
steels during tensile test at low/high temperature region was prepared and performed to get an insight of the
interaction of dislocation with defect clusters.
B

HRST R B — sV BRI 3600 D B M i L IR - 20 E U C AT b A O BT I b e e T3 2720
=T NN T AT U FIEDOMESIZATV, A BT T A IRIR/ @I EEIC 175 TEM NG R
BRI 2 0% B FEOBMFE1T o7,

e

SUS316L $lia & 7= A — AT T ANRAT LU AGITIRAIF I AL E DIV TR, JR O EHEERIZB )
TEOREALIZEREAERDO DL CRIEE D, P IREHIC LS TREHEEICLD KO ZEFEICE
S CHAEB S E S AU L OMERES VD, ZO B L & TR W TEENE D RS R Bah Kok
BRI B | Z DOREAVARE A S B V2 E T A2 21 Lo CHRETREAL T DAZ s AN A L TR 251 Tl
DFREEED ] L5, EZTARMGE TITER 2 7oA A B A H e TEM N1 8ERERTZ 055 Il 22 2RI LD
B FE KBGO AR AR E T A7 SFEEIIAT L AP IR A B AT AT D= L7 A4
WBEHEIZ DWW TN T A2 RIR/ EIRfEEL T TEM N5 | IEZRERT % O35 8122 14 - B AR
B EFEORFEITo T,

KEBRITHE F 1 Ni A7 RERBRO &AM
O =T NAF BRI OffEST N -
AStA4A 58 N

S A ST E T PR L T a i '
2 TY, SUSSLL ICHBTIREAT A4 Thoik, ot | WETFILT [OMeV
BRI TR 20 DA Ao EH S TRBFGE D VAL 258 LT RATIRE #3200°C
Wh, EfLIZRERBROSKFER 1 IR T, RKBERITY 7R BB Y R i 2224
=7 “SRIM-2008" % IV TRO7AETHY | FHHEm@AE TIEHEHLL EKiglEs 4 5dpa
%I/\’fﬁix/]/ﬁf“—%f 40 eV kﬁXﬂibeo *E%EE 34 % 10_4dpa/s

@ KR/ SR T TEM W5 IERBRZ 085 18l 22 25
SUS316L #fi &l Mo 1ZxktL, o7 2hNdigs CAA BT A2 L CHRIN R BZEALTREEERL, &R
TEM N5 | 9RFRERT Z D35 I8 234 it L 7=, 200°CNi PREFL 7= SUS316L #fi% 150°C THIZIL, 700°CHe PRETL
720 Mo #EHZ 300°CTHIZELZ, (KR TEM W ERBRIZ D% JBIEIZ W TUIHID TORA TH 7272
. SUS316L Sl AR A 23808k U TRV, BLEIREEI1X-170°C T T2 72,

O =vr A% BSOS
ARl Ni A4 BBEFERZ U T, 0722 G rTREZ s R R . BRZOBEHE | Ni A4 AFEN
MBIV METHHZE, BB I E L2 WD E S AR T DN TET, = VAV B & L
7= SUS316L #floWr TEM Bla2mig X 1 1277, X 1(@)id TEM Bl Bt o 2K KT, FHECE L

R, 2 (A IS = p X — R ge ko & — - BFSERR S Bl - = L X — 4kt L —7°
AWFFEIL, () BB =R NX = Fe 2 24— 3B B S E, B AT B XS, LB IR EH O 3 5032 37
LT @HRFELFTEELIZLDOTHS,
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BERDTT75ERIZLDOThHD, BEY —7 O ENFHERFE TEM Hf Th3 I Re- TR, EX
EUTHRE RO F M AN IERE 72 T/ Tl 7o ZE SN E 2 DD, Ni A4 BREHNC I ARSI OGB4y
Hilx, BEE— I bEEITIT U O TORA D He AF L BB LTRSS THAT-%, TEM 5|
SRFRBATZ O JBI 2L BRI B W TR R OBIE N S Tho IS LD, X 1(b) Tix @R CHIZ L
LTV BE R MESHBEIZ DAL, 7Ty IRy RIS E T ) A=V D R AR E ZLSBIERTED, 1
MR TR R MEshr L — 7 CThHAET T N —T 1 RADZENTER -T2, L LD R NHZ T
LI E L D= A B2 T, TEM N5 BERRERTZ 035 I8 22 R A 1ERIL < 50BN A
INATREZIRRE CHAHZ L2 MR LTz, BUBHMEE-CH G &, IR & IR Sk o fai b a4 % i) 5.
@ KR/ EIEfEE T TEM W5 | IERBRT = 035 18 52 5k

EIRBIZR AT HTZ0REHR ORI LD E R TEM N1 IEHREI O SR A ERIL | 3UEMERL TR0
K2 LS, L LB OGN R Ik, SUS3L6L i CRERBIZ T AL TE R -T2, ZOEK &
L CREHMER TR IZEB W T B IZ LA 8IS v BE/R IR LS TR ST ZEMEINTHY 5 5% aURHERL
TRRERET 5D, A4 BRE LT Mo 3UBHCIIEBIAAL & PR K e DA AAEH 28122 L7=, T00°CHe A4
PR CITERN L — T DB ARSI, RA RIS N2 o 7=, Bafi/V— 7 LIEEh AL OF AR SW T2
WRT, BIEETAZ RGN B B LEANL L — 7 WL TE = T ARA L M B DRV L, L CHERL 9%
ITREDBIE ST, WAL T RO F LT 25 B8 AVBRNL SHAA L — 7 O AAEF THY | #i5i0 L — 7 FREK
P 0.3 BRETOILHESH, BIRAF TOMISEWEHERIS D, SUS316L #iz —170°CETHEILTZER
(2, BIERANCE NI A LT 20 BRNFE M TER) o7z, ZHUTBEIEIC KRB0 B F 5 AT E A )7
STEXRHNERLUIZT-D THDHEREES L, A% BRI Om HEO/EE TREAZREL, TEM N TOE
TN AIBEIZ /2D I0FREE L, FiEO M EEX > T,

Oum REE@

e

mxi-s+ 2w A |- os
P RERDY 5T

-

— 1.0

— 1.5

— 2.0

= 2.5

= 3.0

() TETEMRLIBIERE TSN EREDLE (b) B15FEEIZE 1T DB ST R

1 Ni A7 B2 Ui SUS316L SR I TEM B84, X2 700CHe A4 LT
Mo H D5 | IEFRBRIC LD HE)
HE T LHANL L — 7 DA B AE
Fo BB 0 s, ARHR 11.8 s,
HHR 18.3 s DEABETRT,
SBR[,

ﬁ:

i)

BT DIHEHCR D=0 W AF IS ZFE ML . TEM N5 8RBT & 035 8l 22 Faek e Uil F 23 T 6
IRREE THHT LAMERR LTz, AUBMECCR G &, SRR | N MO RIEL 245 it T0<

el /AR TEM 5| 9RARERT £ D35 JBLER BRI L DA A IR AF 56k 92 IR R Bfa s AR AR
WTHI R &5 5720 OFERME(R 2 F2 i L . Z2<ORER ML THRETZ1T), FiEom LzX-o7,
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Radiation Tolerance Test for Semiconductor Imaging Sensor and Electronic System Based on Commercial
Products Onboard Satellites
RPEREH A ooai™ | VBBl LRSI AKE E
PSR, AOKIS | KGR
Daisuke YONETOKU, Makoto ARIMOTO, Tatsuya SAWANO, Shota WATANABE, Naoki OGINO,
Satoshi HATORI, Kyo KUME and Satoshi MIZUSHIMA

Abstract

We performed a radiation tolerance test on an X-ray CMOS imaging sensor for the future observation in
space. We confirmed that we can operate it for more than 6 years in satellite orbit. We also investigated a
radiation tolerance of an electronic readout system based on commercial products used for a gamma-ray detector
onboard a micro—satellite, Kanazawa—SAT®. We confirmed that the electronics can be operated in orbit for 4
years.
i

WA D N TR EF I, X SRR E T CMOS oV —0 i SRR 2 2 hE L 7-, AsBrizk
. CMOS B2 P —DFH 2E[H] T 6 4FLL 7o > THESRIEREAAERF FIRE ThHHZ LA FERET DT LN kT,
FTo, BIRKFTHZE T o8/ MU EFET - ~ B M 2R O RE 2 H LR BRI h— 2L B — X3 Bk % 5 i
L. #ul |4 FEOER I 25D e LT,

i

il

SIRKFETIEH AR RLF —D X fR70.4-4keV)ZFH U 722838 RAKBLANC XD P H - BRI 22 R A
2 3HE HiZ-GUNDAM ~O#E#EZ ML T CMOS A A—T o — DM REFE 21T > T D, AEER
T, Gpixel #:# CMOS A A= —I1T%F T 2 H AR TR A S L . FH R rTRE CThH D MRAEL
7o Flo, B~ a2/ NN TR 2L, B RICFIL 7 X B8 RIKBLINC LD E 1 R
WEHEADOEENY BIsL-& IR KM E 2 H Kanazawa—SAT? (2353 950~ H s D 3 H U BE 25
T D WG RR R RRER OF - CEEMIL 72,

popis

HiZ-GUNDAM ZHEC 31D N THEEDOHIEZ S 700 km O KBS IEHIMmELE S E L2854, CMOS &
VY= AT BRI T I AT BB IOV AR ERFE AT 3X10° proton/cm?/yr FREE &
SPENVISYIZ XD F & T2, R DB X — 34k 100 MeV FEETHLHZENDL, AFEBRTIE 100
MeV D% BEL7Z, CMOS B —I121%, HET 58 8 Gy/yr Z/&IAICIy v a HilH] 6 010435
%9 48 Gy (S)ZHRELT-,

CMOS 2% —i% Hot BUFBRAITV, BURTAI#Z O X X —OF A ML FRRFE(LD) D25 b4l iE
LT, EBOEvy 7Y% 11277, LD 1%, CMOS B —DIETREFH A LB A X2k o> THRAT
DEMIZEDE T BIED, CMOS L —WTHERISNZ X NG HEMBIICLIE 7 EAfEEX
BITED X BT FNLF—O FREEL TEREND, KERTIL, CMOS B —IZX L T/ARDEEN+45
AR A REZ 2 22 7B L CHEE O ADC BMEICHINT D X e p ¥ —% LD ELT-, 7B, X AU b= x
JLF—HGIEIZIE, PFe OIS ILD Mn—K o B TITo72,

IR KPR OBGEZ R EE 660 km D KRG R HAREIE SE L, A AR ARSOBIHEE IR L0 i
TAR=0 A 3mm JEOMER AR T IC B ICEET DB OgIE &L, A 20 Gy SHERELRFELH
Tro FIT, BAEER AL CRERR SN AR L L LRI O H L~ e S5 2 U RIS AR L2 B0 10 AE45 10 FE
M97% 200 Gy (SDEL L% 100 MeV D52 L h—2 R =X RO BA R~ BAERIZIE, V=

* AR RS - BT HRSEIR - U RS % | 2 (A B HE = 3L — 50 o & — WP R BRAE TR - IR AR 2R | #3 (A BPE =L ¥ —ffF % &
B — BIFSE BRI R A R 2

AWML, AR KR (AW FPE = 3 VX —Fe ks ¥ — O R FEE L CEIEL 2L 0 Thod,

ARFFEIE., B ge Eafith 4 (16H06342, 17H06362) DAL ZSZ )72,
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TEIEL X 2L —ZDH ) 3.3V OZAb, ADC EFHET U AL O REERIREZ AR T 2 BT =4 —0D
B E TR, EBROEY N Ty 7 %K 31377,

25
5 [ | = 20degC "
a = 10degC
= 2 a 0degC
[ | m -10degC -
1.5 |- ™ -20 degC
C n
1_
n
05 ; W
o
ol v v e
0 10 20 30 40 50
Radiation [Gy]

1 CMOS By ¥ —BHEybTy 7, X2 h—ZLR—XIZ2%35 CMOS B P —DFIx
PR R IR 227 58, L7, HY L FIRME LD D24k,

current monitor

I T
FITY FETTY P FYTT i

T
1

0 100 200 300
Total dose (Gy)

M3 HowBRINBEAHLERO B4 R UE B O b— 2 LR — X
By 77 A XL 10em £, (XA EE=A—DH J1284k,

g

2 125 R BRI AT 2 T CMOS B — DRt H L FIRIE LD OF HFERA2 77, BREEIREH+20°C
DA ~ITLBRHATZ 0.4 keV TholziiAHL FIRIEIL 2.4 keV FTHEALLTZ, LL, —200CETHEA]
T HIE T FRRIBEHC K> TAEUTRE B MMM Z 5, BE#% TH LD 13BLZ 0.4 keV ThoTo, Zil
Z. Fex OBIRHEIL THS 0.4 keV ERIRE THDH-0 ., FHAH AJRETHHLZERHLNNI 2T,

Fio, Ho~mitasit A H LRI O —2 VR =X RN T V=T EEL XL —ZD ) 3.3V 1L
200 Gy FRE#EG H ILEHT 228, 10 Gy 720 6 mV OEE TEIENE FL TV ZENMERINT-, ZOEE
I ADC O7 FalZBRELICHEHINLN, BIERE T ORBNELR CXRNI DA 1 RIS T 2l
B ETOBIENNETHD, ZOMD ADC LFHET VAL BRET=4—DH 1L, 80 Gy ZiBITHb
HIEIZDAT 10 Gy H720 60 mV OFIG TRYZ KL, DB AL RS Z LL TOKER D3 s
i (K 4), EBEOMAICEEL TEH TEXRWETHS20, 80 Gy, T7abbiluE b 4 F£FTHREH Lo
MCTHY, Ll EoERE2E 9D I 3E BRI EATTOBERNH DI EN B SN,

]

=t
oS f B 31 HiZ-GUNDAM ~DO# A MRSl T CMOS B —i%, 20°CETHHEIT A2 LT 6 4E [
EH A RE CTHAZENEI SN, F-. IR KFHE R I T 25 o~ M H o FE 4 H UBEIKIEAE 1 [0
T aZEREE 3.3V OEERIELITOZE T 4 ERBEH B TH A ENFEIES LT,

BE R

1) Space Environment Information System, https://www.spenvis.oma.be/
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2.4.3.4
GaN HEMT Ei{EF D7 m b B 2h IR
Proton Irradiation Effect under Device Operation of GaN HEMT
Pz REES . HOPEAT™, PUBIR™, ApPEERR™, ORI
Hajime SASAKI, Takayuki HISAKA, Satoshi HATORI, Ryoya ISHIGAMI and Kyo KUME
Abstract

The influence of proton irradiation of GaN HEMT under device operation was investigated. We found gradual
drain current increase during the proton irradiation caused by a priming effect, and the gradual drain current
decrease after the proton irradiation caused by a persistent photoconductivity effect.

B

E{EF D GaN HEMT IZ7 mb WS L, 7 AR T G 2 D5 B Al & LTz, MESBMGTE, 771307
BNRIZEOR LA EIRDR 2 \THEINL , BEHE 112 | SRt B KON LA BRI AVER 2 (T LT
WSS AZBBITLT,

&

il

GaN HEMT (High Electron Mobility Transistor)id. ¥4hEes/Nil#E Bl B EEMA LN EIL TEXHIEND,
FHHRICE L 727 A ATHD, GaN HEMT ZFHEREE CTHEM 3257201203, m=xF—n7mhe | A
Ty BRED DR DT SRR RT LTy Aotk (B EMEA IR AT e EkaND, Al K7L T
TRATHT O ZREL, T3 ABEHEF ORI LEENOE NI 52 DB 1A Lz Y,

FHiE

SiC Al | AlGaN/GaN & HEMT 12, BEE = RLX —ffeto Z—To o ruabnrd 710MeV 7k
E—2ZF AWV, XNV X —F I —F —CAHEO = RLX —FTHIEL 1.7X10% cm?s OBEZ{T-7-, BB
O NRAT 2541 Vgs=-5.0V, Vds=100V T 5,

PR BRAAE R IR LA BRI R L, ZTO%RR 2 ([THEINL T\ D, ZAUTRH E%, B EfLxt o34
WZEVEBIUIR LA BRI . Z DBIRNERLIZBE L7 T A 7 3R TR 2 (ZR LA BN N
LTCWAEBZBND, TR 22 L% BREFICH)

HIERICED TR X WD T DN -7, 2 20 T d ON Rad. OFF
IR ENT T 12 F7 5t A {538 (Persistent photo 2.0E05 |
conductivity) IZLDb D EE 2 Hivd, BB = /L ¥

— BRI B, FUAVBROZE gL § 580 T
W5, ZHEETRLE—DT O DT ALK 2 om0s |
TOREINF = EBEF T DD THD, FbA 5
EROEE T NSRRI BT, SR
0.0E+00

e

BT F—OT RPN LV EER D GaN SR 0 20 40 6I0 80 100 120
HEMT ORL A BRI 2 \ZB %R+ 52 0% Time (s)
R~LUTE, %@%61/J\é<7ﬁﬂl\‘/élﬂbﬁb\%ﬁﬁ”i’ 1 70131\\/%%_].?{:0)]\]/4)\/%0;&%@

BHLTWDLZERHLNI o7,

BE Ik
1) H. Sasaki et a/, Reliability of Compound Semiconductor Workshop, 34, p.83 (2019)

N ZE RS B RO T A A RUERT - S ORAERT « (R R PR, 2 (A F P =L — e # — B ZEBH S B - IR R =R
() P =L — e 7 — SRR BB - L — AP L — 7 (AR B T L — R gE e o — - PSR ST - R
PRI IE R

ARBETEIE, 2B EL (A FRE =L X —0fge b 7 — DR RBITEL L THEIELIZH D THD,
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B ds L OVERL - =i 2 FEH T /S A AD SRR TE O R RIE
Evaluation of Radiation Hardness of Electric Devices for Space with Proton / Heavy Particle Beam

AHERS | TR SR PR SRR BRI A L PRI SOKRAR™ KRR

Yoichi YATSU, Hideo MAMIYA, Tsuyoshi NAKASHIMA, Teruaki HAYASHI, Yuhei KIKUYA,
Satoshi Hatori, Kyo KUME and Satoshi MIZUSHIMA

Abstract

The radiation hardness of commercial off-the—shelf (COTS) semiconductor devices, such as SRAMs,
communication transceiver IC, and operational amplifiers, necessary for on—-board computer (OBC) are reported.
For microsatellites, automotive—grade devices tends to be recommended as a highly reliable component with a
wide operating temperature range, however, the sensitivity to the particle events is almost the same with that
of normal grade devices. Among the four types SRAMs, the one with the higher radiation tolerance did not show
latch—up like current variations, but upsets of 20 bit/day per 64 Mbit is expected. If the rewriting of the data
is acceptable, it is considered possible to use those devices in the satellite.
B

ARAFFETIT, AR —Ras B a—% (OBC) IZRMEZRV SRAM, #{E 72— N IC R EEFHA 7o =
L7 (COTS)INBIBIRL . Z DB BRI TEZ SR L 72, /N R T, B EIREE L O IR i 13 e ah
ELTHEIZ L —ROBHEES IV DMIANIZSH D03 B BRI S WD FH R D SHIZ BV TE Y MR OB FE 1T
FRIZEN TRV ER AL, BB LT 4 O BIYED E-Tob DX, 7y F 7y A ALV -T2
DD, 64 Mbit &7-h 20 bit/day DEYMNIEEN THEIND, L, T —XOEZHDOINFFE TELHETHI
X, R COHARL ATREIZEZ 2 LD,

w

)

i RS BINIERE O SRR DED TIZH - T REEDT VX LT 7EAAEIRC, @l T —H RN
A[REZRR T v — N IC 78 DREMN, Iy ar BREFEBTH ETEHEEILR>TWD, (ERO KA R TiT,
TIVHAL LORZEFH IV — R &R T2 T BEHRISER 3258y Mg (57— 2 OEE i) :SEU) R
FvF T 7 (SELNZ LD K A KGR A BE T CTE 7203, 2D OF i B PEME B3 mD T 7e< | kg 1T
F o7 B0 EE T UL R TR TORE, 2520 RES/NSREETIHEA RN B RRREEchHH L
H %< RMFHBERBZRET D ETORERS AR /> T e, —FH T, FHBHERBRO DK
BT ERE T O REE A ROBENRZ L, ZHTLRBEI X/ Th T H BT RIT 5281
DI, AL R — R TIE AT BR O B/ h— 2L N — X3 BR (>~ BB E) & RKE T CRE S AT RE
727 — AT LD LR IEER DY G | FRIZBLRRWE RGO SRAM OB ERE IOV Tk
5T D,

EBRFE

PRSI DR T GE ECIERINZHE DDLU AFHERE O E 100 MeV 28R UT-, BRELIAR (20
J AT 1.3mm JE) Z i 5720 SRR RRCITIS X 90 MeV E7ed, BBEFL— RN 2016 450 KBRS
REBELLY, VI NARVIMIREER) B AERE — L~z REAREROEIEL EMISBHIC
%489 6x10° & 3x10° proton/s/cm? @ 2 FEEHDTRE 2% E LT, HANTILL — N TS Z1TV, RTED
HThiuIml —rCREZITV, K AIC—2LC~10° proton/cm*(MIBERIKBLERLE T 1 £ LA BT
DI EREIT T,

SRAM O fRESFR BRI T FEIRFE TITV Y, 20 ms AW TF —FEEZIAL, FEAHLEZITV, By MRS D Bog
DH AT NAALTE=S LT, ZOEZ A - GAH U ) DT720 | ESAHRFHAD AT BV
DRI RBS N TV AT RBET D 3/8 DIAThD, -, T —FNEXA TN TVDHAEYFEE

SRR LR BB - B UL LR LB - B LR L (A E S =k L — R Je o & — - AP SR BR S  - N g 28
N FEBEE =R VX — W GE e F— B FE BRI - R E R e ==
AWFFEIL, HOR T 3R L (A RS = RV —HFgE b Z — DO L FEFFEL L CEMEL 7LD Th5D,
ABFIEIL, TR A MR PRI EE SR FE SRR T 0r T A i E R AN T DA~ — NEEHE - O 2T 2078
BRFEHL A . MEXT KAKENHI O Bh%%5% 137,
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XL EE I E DI ED 512 Byte/chip &L7=, AEVHilfHlIL Flash 7'mt&20 CPLD Z M\, B —ANEEL
TRVWEERT T 4Ty TR H#EL T GER LU CRERF1E 7Y —XLT7),

EBRAER

KERFERER 1 ITEEDD, BRIRITE # 1 KATYOD SEE FitEEL 0
& 64 Mbit/32 bit ENEN 2 T OTH  7,30% AR SEU SEL SEE Wit
%o SRAMIL & SRAM2 [E[RIL S — R DA (Mbit) om? bit)
RENTHY, SEU/SEL FHEGIZEALTRIL  spam1 64450574 1 bit it ~4.3x1071
T&)Ofx_o ne 2 %ﬁ E EEB—JL;EQ%%JELT SRAM?2 36+/XUF ¢ 0 bit 41 ~4.3x1071
B MDY L EDOHHEESSNIZ AEIL srams 64 >40bit  SEUICRS > 1.7x101
I LIZ RO T, SEL 13 -7-bD 5-90 mA
LEZENS, WICHAIRIHED B o7 spaw . i im0

DL SRAM4 THY, B EER 4 [AlOEy
NHEA B ST, [RIBRIC SEL X ON72h o7, —7F5, SRAM3 IZIREBHARIEZ DR I &I v M
SR LT, By MR B RIT T — % EEXICID TR TZENHRDE DD, 5~20 mA 1ZEH KL= EH
EIXEIRE LD ETRLD -T2, 40 BILL EOREEERAML D OE=FE /L, & IXE RS K L-F
FROE LT3, fEREL CORAEEIZIZES T2,

A EERER U7 [Rl— A— 21— 4 Fi¥H SRAM 1T, 2 hfiE IR EE PO W EL# 7 L — R DR L7273,
FFIZ Parity THEHMO M 2 FEIZ OV IR BRI R T2 E N m W EDR RS, 2095 SRAMS 1,
SEL LD EF KRS IR L TEY, fiE L o EfEI I TERRE SRR 75,

— 77, A a0 ER D o T B U R E D & 7)v > 7= SRAML, SRAM2 @ SEU Wiz st B4 5L L%
4.3x107" cm 2 bit! &7go7z, JVL T, AEVHEI 2K (64 Mbit) &2 TUIZT — X2 EXZIAATIRETE E 500 km
OFGENIES 1 HRFATLIES A, BE%E 20 BOE Y MNHERDSFAETHIEITH Y 35 (FERIL7=0A 1 [[]72
FTHY, FEHHINTREEE 11&u\) ﬂﬁﬂdﬁ%ﬁ)m BWTIL, ff SR D K ER Sy A3 FE K P PR & 2 Ak oA
—RZHIZER L TNDID, 26D L2242 @i AR O O R BEENECLH A REERHHEE 2 LD,

AE@iﬁ%f T HFEHERTIIIEDON T IEHE I L —R | %iﬁuu%t/ﬁz“bf_ﬁi\ RS Ul
FRPEIZIZIES D ERHY | FriZE Y MRZEL TR (U7 472 1) BL5L X SEE OWIRIFED 1-2 HriEd
j(‘g??b‘/)f_o ZhuzxL, RAEMTHSTH, r—"—Ho ) $%7/7f/]‘>d%un X, 74/\/7/“‘]\J:%)5'%
HEE 1078 cm? bit ! EWVHETHY SRAM1/5RAM2 X0t 400 FIFEMHENEL, R CTORAZE 2 7=
NIV R FRAT R L D BN B WEWIFEGRNELNT-, — 5T, Eitf 7 /AR ESCR & T v 47%?«
WD B DT80 kﬁ%@@{%f@%@k WZEHT 201 il%ﬁﬂ%o A E[EERL7Z SRAM [T, v~ (771
Ty OFEITAEYHEEEL TEISG S, 1R fcﬁ/uf%)H/Hi$ﬁ75§@:@%‘ék&)\ ZDT=RNTT AT LN 7Y
— AT HIEEERLORVGERTHLN, Bl2IX, Iy a EE TOR A, BB UNRITELR WO EGR Ny
77 ELTCORATHIVUL, FEH EIZRER ﬂﬁmm“éﬁﬁfp FENWEEBZHND, BIR72NE, FFEEER T
BRICE Y MR Z o> Th Y AT ACRIEN N L 2 iR D Z ekt Stk L 70 57259,

rEe

AWFZETIL, BETRRIEICE B LTRSS O 720 OB b DR IEEIT 7=, EPA T/ N 2 B
FEDIEFE Jﬂohﬂ\éqﬂ (2> T, IR OB G 72 0 < BRI T — R AT O DRI D 2B 5
DD, KOEAEIR AR BAITE N RIRN T T AR M U723 5 03 %< . b—42 /LR — X
P D I C T #8 ) A il> OB B AN UL S LD, AR CIL, BEMER SV EELON TWHER L —
REFFHIALRRERZ LT223, ff RITH L T 2o > TEY, E-i%wv—bﬁ%_ NFEE BT D
RAEICHRBIRNZERALNI IR 5T, LIz - T, F 2 A 58=E T 556, Hlllih ThHZ LT E S
PRI — =0 T A LB TO MBI L7 BT, 25 fim\k%* W CXD, BRI T
OEMEEIRTE L7V A ST, FHRIE S RS0 72 | BRI W TR, FT5 BFRiok 181 IR
FRBROBEENEN LD TEEEVICRoTe b F 289, £o, RUAR—F TR OH & EFIZ L7223, SRAM
DIAMZEH, BEAHL IC12 B§FE, v > 7 VAR —Rar b a—4 | #HE GER) | T—2—HlEEEE 4 fE, A7
72 BEFE, IR 1C2 MR, AT 2 BEFEARBR L B PHMERA L GRESNZ, DI, 2021 4F4TH
FFFEOE T RKONIVEEICHEE T ETHD,

B Tk
1) BHERG— fih, (ABHFEBE = 2L —WF5E 2 2 — A e TRk 28 42, 19, 95 (2016)
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Performance Evaluation of Proton Tracks and Radiation Tolerance for Neutron Detector Onboard Cubesat
LR B FRSFEak ™ ANEES B A EA RA GRS, BEROE| PBER™, AOKRAES | KBRS
Kazutaka YAMAOKA, Takaya INAMORI, Ji Hyun PARK, Kikuko MIYATA. Hiroki OTSUKI, Daiki NOBASHI,
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 for the cubesat. In the two experiment of 2019, we have verified
radiation tolerance of key electric parts such as micro—controllers and FPGAs, and measured response of a
plastic scintillator bar with 4x4x64 mm to protons readout by MPPCs.
B

Gt B R TS T o N R HE T D A E S O B BRI T S T E DR T ATF v v v
FL—Z THERRS D T VIR LR OB F IS B AT DR T %, 2019 FEEED 2 FED RS TR TA LA —
R B a—HfEASND v A0y a0 FPGA 728 EE L OMMELZRFEL , MPPC TRt/ H L7z
TIAF I o F =B =D kT DI EZ R E LT,

i

il

At BRI TIIREE 10 ecm X 10 ¢cm X 30 cm OE/NUFT R (U Fo—7 N OB R A B THf#E THEsd T
WD, 15D T IEREHIE 2022 SR EOFTH EIF AR ED, BT 2 BRIy v a BEEEL TR 7L T
MNHO FME A2 FH ZE OB T AR e a #3578 (P~ #5 tIv i al: Solar Neutron
and Gamma-ray Spectrometer (SONGS) &4 ) THY. 2023 FLIE KRG AKHITOTH EiF 2 BHEL Q5.
ZORHERIIERIR DT TATF I FL—2% 256 A LI-HOT, FYEF O BOEL CAE U Bk 1
DO ZRNE T HZET AR HFEFDOTRAX —ZRTET D, SHIZTEIZ GAGG (Ce) iR FL—2 %k
X T IARAF I FL—RTar TR AL T~ e b D2 D2 TH L~ BICHIRE 2L D, ik
F(20-100 MeV)& AT > ~<if# (200-1000 keV) (Z[AIRFIZIEEE 28 D/ NEY e I I ) 70 2o B Ch 5, /N
B HARBHTE D726 | 2019 A EENORKGE AT RIS B ~O RN ATV, S T NAR T YT
7 w7 (SEL) R°7 v 7w (SEU) OEEE 2 B L CHLE L Tl AT RENE I ETH ST D,

2019 FEEERNAE R

2019 FEEIX 6 H 27-28 BIZ~UT A 220 MeV (B 1.6 pA) &, 10 H 29-30 HIZ1 200 MeV (i fE
8.5 pA) &~ A2 ADC, FPGA 728 \ZfuE L CPRESNDM 1 1 S0 (X BRR SCEE 570km, BLE RS
4 31 FEOHLIET 3x10° l cm HZRH U7, FHZIv v a B THWD  EREEIEE 2 HI 45729 0 Xilink
8 FPGA ICHEH L CRIBEARSENET D2 EN D07z, ZOHE R 58T 5B FE 5O\ T T — 2R ATF
FAAEVZRODTREREEZKR TL WD, 2, IyvarEFELL UIT 2t T3 792F v 7o F L
— XN —(4x4x64 mm)D I3 T DI E =R LX—200 MeV 2>DIFGEM i > TR IZ =L
—EEL, SOICEIBRINEITHELE 5 2 IO EKL — 100 Hz FREDE TR LT, A1 M
MELTHILIZ T TATF 7 o FL—S R —%Z O E-21F72 3 mm 4 MPPC CTiid L, B2kt
T DIEEEHK 10 MeV 235 200 MeV £ THIETHZENTET,

EE
2019 FEICH XM E, 2020 FE LT —XRFEAATV DG RIMTEZTIDLEHIC, TTAF VI F L
—HDEILRBWBELTD, FEE T TATF 7 o TF L —H 4 J@53 5N T ZDIEZTHRD T IE ThHD,

L H B THEHERBR TSI, 24 W R FRL . TEAIS0R, 2 4 iR K FER R TR EA BT - BT, (A
) Bt = R LR — R T A — B TR B - IR AR R, O (AR TS = L — e & — - WFFEBR R - b AR E R A TR R
ARBFFEIE., 40 RKFE (A BPE = X — gt 2 — D RIF7EE L CHEIEL 7L DO THD, MEXT KAKENHI 18H03700 (KY)D Bk
2T,
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Radiation Tolerance of Space Radiation Measurement Devices
T, BORES . EANE, @AEaA SR REPHEDY | LR E RS, R
IRKARS | AKMEEES ] SIS
Naoyoshi HIRADE, Kengo HIROSE, Nagomi UCHIDA, Hiromitsu TAKAHASHI, Masanori OHNO,
Kazutaka YAMAOKA, Syohei HISADOMI, Kazuhiro NAKAZAWA, Kyo KUME,
Satoshi MIZUSHIMA and Satoshi HATORI

Abstract

SiPM or Multi Pixel Photon Counter (MPPC) will be used as optical devices to readout scintillation lights in
space. In this report, we describe results of the proton radiation tolerance of a new MPPC (S14160). Compared
with the previous type (513360), this MPPC has the higher detection efficiency and lower operational voltage,
although the leak current is worse. After the irradiation of 300-5000 rad of 200 MeV protons, we observed the
increase of the leak current by a factor of 300—1000 times, which is comparable to the previous MPPC. As the
results, the similar energy threshold of scintillation detectors was achieved between the new and previous MPPCs.
i

SiPM F721% Multi Pixel Photon Counter (MPPC) IL, FHEREEIZEB W THI U TFL—FNoDT T L—1g
VtE B TR AR L U TR SRR S AL CUND, ZOERE T, Fio> MPPC (S14160) IZB5F A HRETL
T B D BB L Z DWW TR 5, 3D MPPC (S13360) (2L T, A [EIFH 72 S14160 1348 =3 @<
EEBEDMENEWOFI SRR DD, — 7 TREEIILE N EVD R DD D, 200 MeV 5% 300-5000 rad f
FIUT-AE R EEEVRIL 300-1000 fi5 @ <7edZ EMHBLMNIIRoTo, ZOBALEIL, 1ERF AT LRRE TH D,
FERELT, v FL—2 R g E LT IH MPPC CRIRE O = 3L F —BMEAN RSN DT LD o7z,

##

il

Fx L, RIEDDDOT < HUE BRI T 5720 | B ez #5i U7 f 2 5l a D T0d, N T
BT, B ARX—RDOHIRERH D728, F 10V OIKEETEMEL, £ mm O3 RN SR THD
MPPC 134 /1725 T 5, FHICBWTEE 500 km O#LE TIE, 1 RN 1 krad FLE YRS TS ND
(S —/VRZF T 100 rad IAKESND) , 2T, ZHETISHESR MPPC 0 S13360-6050CS O i BR M4
ZFA T MPPC CIIBFETR 2L 100 AL CLEHIZ LA LIZ, A EIEHT MPPC @ S14160-
6050HS (2 DUNT, BRI IC ZED O NDNE I E T,

L FER

R EE 2B L T 200 MeV DO+% MPPC S14160-6050HS (2R L7, MPPC @Y1 X% 6mm .
B 1L DN TE— 272D IFHFE LT, B T O RS & ICkI LT, BINL =R B A2 7 ey U200 1
Tdhb, BETRTORE ST, S14160 OBFERIL S13360 X0HK 4 im0, EBOLDOFFH IR BN 512
OFUREETEDHEINL TOD HEHED HITIFIT 4 f5ITR7 TR0, S LB RO CEIL) 1%
W31 CRRE THDOHI LN ol

300 rad FRESL7= S14160-6050HS % lem D CsI(T) o FL—&5HHEL T, +20CIZBNTH L ~HED
TRNF = ATV ERAFLIZEZ A, 30 keV FEE O = 3 /LX —BE G ER SN,

fk=
=N=]

A D 200 MeV [ - BT FZERIZ L0 . B MPPC @ S14160 125U Th . 630D S13360 L[RIFEEE D Fl i
M2 7R3 2 e oz, ZHUTED, 40V HIKEE TOEMER ML ETHIUE S14160 ZFHL . DL THEFE
TEOIRWBREEDN A 28 E121% S13360 25 FAN B WWE 2 Hns,

HIRER SRR SRR - BB R R, P A RORS s FHTHIERER BT IERT, A il RO BESART R SR T B R, M Al
R FL T TR IR ZERT | *° (M) FPE = 0L — i ge e o & — AR FEBR S0 - KL 7 MR BRI JE 2R | (A) B PRE =1L —FJE
Y — AP TR SR - s 2

ARBFTEIE, KRR i BRE (AIDEPIE R F — e 2 — DI FEBFIEE L TEIEL b D TH D,
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728 1 krad OBEHRRA A— T, MPPC OB 100 {56 L . =R/ — Bl GRE) 23 10 284
FHEALTLEIAITOWTIL, B X SRS 2 - B Ol O R A S E L LTI R S Th b, 5%
& 5| XfE XD U O HURHRTE O S MPPC OB N E N5,

1.00E-02 {]
® 513360-6050CS
1.00E-03 |~ ® S14160-6050HS .
&) ®
—_ @
< 1.00E-04 | . °
I "
ﬁ'ﬁ 1.00E-05
1.00E-06 I—
1.00E-07 I ' '
0 10 100 1000

200 MeV[5 T BBET= (rad)

1 MPPC |Z 200 MeV [5% F5 U7 BRO RS &SRO HE N,
S14160-6050HS 24 [EIDHH | S13360-6050CS H3HERY,
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Confirmation of High—Energy Charged Particle Resistance of Space Electronics
AT Z1IZZ | Isai FAJARDO* | Rafael A. RODRIGUEZ | B &R | Bl —1 %2
U SN =
Chihiro MAEDA, Isai FAJARDO, Rafael A. RODRIGUEZ, Chikashi TAKEYA,
Kei-Ichi OKUYAMA, Kyo KUME and Satoshi HATORI

Abstract

This report shows the results of the survivability and operability of some commonly used electronic devices
for small spacecraft under the irradiation of charged particles. The Single Event Effects (SEE), and in particular
single event upsets (SEU) where tested for the memory of the selected devices.
2

AWFFENTF BRI — MR AVAE IS TS D OEFERNR I @ = L — s kbl 2 R S8 2 b
DY T NAR T 27 (SEE) FAE BB AR AT 228 T, AFFMEZ T L 72, FFICARDFZE TIERBRIZH
WEERERIE DL 7 AR RNT v 2y b (SEU) SR AET DT RN —h b DT R E T2,

B

S R R R B R ) SCR (Solar Cosmic Ray) EERIT it GCR (Galactic Cosmic Ray) 2 O S AL,
SCRIZFIZKRGZL Team A HIZ L > TRAEL-E = 1L —0Dki+ SEP (Solar Energetic Particles)
T D, SEP 1%, KEEMSHENS 10 keV 2555 10 GeV DG+, B+, AL THY, FELTUIBFTH
%o, GCR 1T KGRI EEIAET DB RN — BT, ZDIZEAERE T THY, ZDOTFRLF—1 X
JUIE SCR X0 —H7LL EREW, AN THEICHEHR L LSI A28 ORI, —Brp0eidfE ) (V7 b5 —) R0fE
7R (N— R =7 —) 1%, ZAVOFH BN R EERE R ~DTE 22 SEE 8142 (Single—Event Effects) Th5
ZERFBINTND, Tl OBFFEBIFE TIL, ISR OFERER FEB AR O B AT i 2 WV C AN T2 O3 AN
L w K DENE DGR THD, LU, il - (KL - @ 3 L3 A 72 m B HE B AR B b VB BRI 23RV
D7D FHEEBAF I W TEI W o T2 RAES I & E DR B O BUR BRI 30 AR AT R 7R3 A 2
HThd, 22T, RE#E/NURRICEH ST B REEEITN R FHEICIBT DB R TEDS R IZFEL
RIS AL TRV ST LWEERE RIS O ) = L — A R - T E O R8sl B i A M5 372,

SEE %0 ¥7-i% TDE &

TR BROFEHIE SR . FRIZE TSR3 D528 TIX, SEE 2R, h—2 VR — X3 e b NN LI L
Hfefaik 72 E OB SRR DD, SEE R EIL, BN —E O —HDA AL HER T AR AF L
THIEEZTEPREDZEATET, SEE 2hRITIL, EIE R 7055 FB) (T 2 XAV ) REZEZ 37
AR T 7w h SEU (Single-Event Upset), i8NG CHEHAMBEIZEL VT NARU NI TF T T
SEL (Single-Event Latch-up)?3&%, £7c, b=V R —XZhREIL, B FITH B, B oIz L=
FNAF—ZRINL (ZOZ X —EDRMEN—HVRE =X | 2 EEES T2, fE a2 Kz
ECERTVL T, BHIHEANBELZ 52D ROZLTHS,

A Rl DFER Tl R AR/ N R ICER ST CEI-ERRIE ST UWERE B2 AL L, FkiE—
KX — W — DONEESME R CHON R BR AT 572,

R HOBLUORBR G

L E OB TITE B XX —f Rt Z—D v raba % VT, 20MeV, 50MeV, 100MeV .
150MeV, 200MeV @ 5 &EDRGFE— L& EFERIFIZ RS L T, SEE BB DR AERE TS UT-, NEZE 5
DB DT RF—1X 200MeV IZEEL, 77 —F — 23RO — 271 ERICGREL, 77 —F —
DESSC TR L Toe — A gL X —Z2 308 U7, USRI EA =T,

MM TIEREE ¥ AR BT A8 22 T4 T 22 (A ) B PHE = L —AFJE o 2 — - BFJEBH T R AR FRATZE S ™ (&
W) R =1L — B JE s & — < B R PR FE 35 - AR 2=
ABFFEIE, TUN THERELAID I =N — W JE e 2 — D IRBIEE L CRMEL I D THD,
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Radiation field at DUT position

Different energies are obtained with
different thickness of the degrader

Proton fluence (®) at 200

MeV nominal
Degrader made of solid water

I BB RV — W TE 2 2 — 381 251 B TR D i =L 26 — i AR KL - T ME R AR
E s

HERA B T OREBRE R

Raspberry pi Zero 334 O Raspberry Pi 3B 20z, #
HRARHLE R BB R [ TAZH 1 RELLDEEICHE
HWENFE T 7= PICI6F8TT @ 3 HOHEFEEIKIZHONT u i
MR RBR 1T o 72,

7" PIC16F877 OENEREFRIZDOWTRT, fhkel

AEMRFELTZ T A AO T TlIfd SEE M

BENALHIWTLT-, L., 150MeV & FRELT7-H7-07)>
O EENZLEETHT T — 2R TE T,

RIZ Raspberry Pi ZERO 3108 3B +&7 /L OE/E#
BAZHOWTRT, fEREL I T A REGLICTFHER
BETICRBTaMHEL TR @I Wl T, s

2
&

g

4
.

L]

o
e
°

5
&

le-10

Cross-section ((‘mzf’device)

le-11

ooy ERUILAR, Lob s care | 77 Pl
729 FEH T SEE MHEDMEN S KT L7 Th D, 1 " i il Y i
il FE B L fCTR A S B — o BRE BE P iTLT X 2 ?Eﬁﬁﬁaﬁﬁ%&%%%@mimv%ﬂﬁ R T
DTT—FL L, ZThENOMRIKD K 2 | TR e R P Bt S

~L7T

=1

RN B At G L LT SR RS RIS O U BRI 2 R 372 B I CHMEL 724 BIORER ClX, E 12— A8
§73 SEU BAED— R ThHHZ LA H LI TR 72, PICI6F877 134 Bl T E A D 1 Theh
BT RRTTE DB B EN 327203, # 160MeVHT-DMLENEN AR ZE BT 75, Raspberry Pi &
Raspberry Pi 3B +IZBJL Ci& PIC16F877 LLbi L CE51Z SEE MMV, 45 1% . Raspberry4 72 D FEFE (R
BE D BRI 2R | SHITHIERFE & RO A& LRI LT, 22T FE — A D0 TO R
EEATSTN, ZOMOEAZAZEHL THRBREITOLERHHEE 25D,

SE IR
1) “The Behavior of Systems in the Space Environment | Robert N. Dewitt, Dwight Duston Anthony K. Hyder.
Springer 1993.”
2) “ECSS-E-HB-10-12A - Calculation of Radiation and Its Effects and Margin Policy Handbook
(17December 2010) | European Cooperation for Space Standardization.”
3) “ESCC Basic Specification 25100: Single Event Effects Test Method and Guidelines”. ESCC Radiation:
Standards | ESCIES (European Space Components Information Exchange System).
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Basic Study for Radiation Tolerance Test of Martian Moons eXploration’s Scientific Imagers
FRIRFIER | A phiE k™
Masanobu OZAKI and Ryoya ISHIGAMI
Abstract

We irradiated CCD imagers with 8 MeV protons that are planned to be used for the optical imagers of the
Martian Moons eXplorer (MMX) scheduled as Y2024 launch, and evaluated the dark current caused by the
radiation damage. The comparison of the results among present samples and others irradiated by different energy
and particles suggests that the dark currents cannot be simply predicted either by total ionization dose (TID)
or non-ionization energy loss (NIEL) of the device.

B

2024 FFT BT E O KRR RA B (Martian Moons eXplorer) MMX (Z#5# 9~ 2 8L #81UH 5 A7 5 1 Ot
TR BT A B AL L7 8 MeV B 1 D BN FEBR AT o 70, AR I L O TOMVE D Be72 5 R G 25R
DFEFMNES, CCD F 1O EREIXN—2 A4 F—X TID RRIEAA AL = FLF —H8 2 NIEL ZHiz 52
ETIEFBLCERNIEDRIBEEND,

S
ok B R RA FFE[((Martian Moons eXploration) MMX X 2024 4E4T EFED K EFE Y I NV YZ— 31 H
Tho, EEHIITT T TOHRLLT R 2B I AT T 5, AW TIL, B4 5 - BiEEE 25 X
EN ARG A DB BTN A H A E LT BB Z T o7, BIEEETT 8 MeV [ — AT A28
L RGBSR OB IX5E T LA, FB A ESRORE CORGHIITREIL Tiedolz, ZORY Tlofi K
FRENTILE 50 Gy ThD, AHEEILE RWFE
M2 oY 7L OfERkZ HRIEL T, 2 [lD
YUUAALT 3RO EE LT,

BERAA L R S8 2.5 pm Au
IR RA S DOA 2 —F A4 CCD Th

5, BB YT 5.5um THI T+ AF

—ROmEIT 5% RELHERISND, 528

JEIEARARIZDG R REENS 4~5um & —pter
HEM SN D, BRIEIE D22 Z JBIRIT AR TH D, I
RS R OBES X Z X 11T T, ¥ — il o ¥ Target device

TA Y DY — LD ZER R EE 534 1L RFES LTV
RN B — b — HEGELIR (878) TR SH
BHI LTI LR AT A AR T DAL A &
Lize 720 BGELIA E o — a2y R EHEERK
(CCD) EDMIZ rIEhERA (BEIAT — T3
BLET AR ikt T, BETEISSIH A

%472 CCD O RO Rt I8 TREE L H "
TWD, =

FRB ST BT R T 2.5 Gy &3

8 MeV p

Peatig

&G, CCD ELCOBERFLELRW T L% 8 MeV p beam

VER T HZ LIRS LT-, ZhiC Ky EF DI

TARNE TR DS RAICTETT S 1 B TE — ABRSR AR, A LTE — 0%
CLRETREL AT, BETHELSE DL TR O ZE M A s L T

—7yMNZHRE T2,
() T2 AT 22 AT JE B A - - B AT JE 0T - KRB AT ZER 2 (AR BB = R — B JE ko #— - WFFEBR JE i - =1L —
MBI N—7
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2.4.3.10

FH SIS B (O T D m =L — B R U BT O B %8
Development of a Proton Irradiation Technique for Electronic Devices to Be Mounted on Spaceships
DR ARG (LR, R B2, AR £ AR, SRS
Kyo KUME, Satoshi MIZUSHIMA, Shinko SANDO, Masato TAKITA,
Yoshihiro FURUTA, Yuki MORISHITA and Tatsuo TORII

Abstract

Nal spectrometer systems, which had been applied to estimate proton beam intensity during cosmic ray
simulation experiments for onboard electronic devices for spacecrafts at WERC ion beam facility, were applied
to measure background high energetic photons at Norikura Observatory of Tokyo University during a summer
period of 2019 as a long term operability test. Detection of radon and measurement of atmospheric electric field
were carried out for the investigation of sources of background high energetic photons in the natural environment.
2
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90



ettt L — W9t 2 —BF AR (o Fo oA )|

2.4.3.11
B /N A B A B 1 R O O R T i A
Investigation of Radiation Resistance of Semiconductor Devices for Nano—Satellite
FNEE S| R AORIRS
Yoshihide AOYANAGI, Shinichi NAKASUKA and Kyo KUME
Abstract

In this research, we investigated radiation resistance of commercial semiconductor devices for Nano—satellite
by proton irradiation. These semiconductor devices have sufficiently radiation resistance, and were found to be
applicable for spacecrafts including Nano—satellite.
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2.4.3.12
TR R A R EOPERT B O BEFEAT
Performance Evaluation of Flexible Material for Radiation Shielding
BUTREL SR, SAREAT AFHE—, JORAE
Nobuhiro SHIGYO, Kosuke IMATOMI, Takahiro MINE, Ken-ichi KIMURA and Kyo KUME
Abstract

We investigated the application of a neutron dosimeter to the estimation of neutron dose attenuation with a
flexible material for radiation shielding. It is found that neutron response of the dose meter for high energy
neutron was needed to be corrected by simulation.
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2.4.3.13

RS T AL D MEREFEATIA 78
Fundamental Investigation on Performance Evaluation of Low Activation Building Materials
ARFHE—" | BATIE T2 AR
Ken—ichi KIMURA, Nobuhiro SHIGYO and Kyo KUME
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2.4.4. FMEHEATOBRZE

2.4.4.1
PRPH B i B[ L 7K SR W B4 0D B
Development of Hydrogen Storage Alloys for Fuel Cell Vehicles
FAARHERR™ ZEARF S g AR
Ryoya ISHIGAMI, Kazufumi YASUNAGA and Kohtaku SUZUKI
Abstract

Nickel and nickel-copper (Ni-Cu) alloy layers were deposited on magnesium hydride (MgH,) films in order
to decrease desorption temperature of hydrogen from magnesium hydride. Initiation and termination
temperatures of hydrogen desorption were 106°C and 178°C, respectively in the case of a Ni layer deposited on
MgH;, film with a thickness of 1.9 pm. These temperatures of MgH, films with a Ni-Cu alloy layer were almost
as high as those of MgH, film with a Ni layer. The evaporation of Ni and Mg was observed from Ni—deposited
MgH, film annealed at 200°C, of which figure is almost same as a termination temperature of hydrogen desorption.
This suggests that the necessity of adequate temperature control during hydrogen desorption.
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KFAb~T 227 5 MgH, 2> HD K FEOFHRIEZ F1F 5728 Ni 8L O Ni-Cu &4% MgH, I EIZp L
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DONWTCEREITHT-,

BREDIEE

MgH, FEfEEENT . SEEAFEE L= SUS304 RIC~2 Rhay 2 w2 ik LT LTy LK EDIRES T A%
AT ALL T Mg A2 HZ LI 8> THERIEN T, TROEXIE 1.9 um ELTZ, X BREIHT 2 —2 )b, 2
DORFTIEEAE D IEST FHD MgH, TR SV TRY,, AN RERED Mg 2>DORIFTE — 27132 LA MR L
72o ZOED EIZ, il S LT Ni BEOYNi-Cu A& K LT=, ZDEXIE 20 nm EL7Z, X 112, ks 23
VN MgH e Ni il g & 172 MgHL(BA T . Ni/MgHMEDH D KSR D FAIRMUBEA R ML &R, ZDXID>
5. Ni BARIET 222 TKREOHHBIARTREE D3 200°CIK T3 52803597035, Ni BEARREL7-2&1250 ., 7k
T BRIAIEE | KB TIREIZZNZN 106°CRB LW 178°CL o712, ZHHDIEE TR — /L UL ALEL
[ZBWT NI F 7R F720% NboOs ZERINL 72354 KRS W20 KB O R R ED I ELT=2 e 0inD, X 2
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X HZENTELOTHIUX, BRFIZHFITHS, K 3 1FKFHHHE TIRETHD 178 CLVA T EIRD
200°CC 10 73 PRFFZ D 100 nm JED Ni/MgH, EO G T D, 3EHZ, 2.5 X107 Pa DEZEED TEM N
THNEVRFF U T2, X 3a 13 AEREIE T BRIKEEIE I LD B8 (STEM-BF; Scanning Transmission Electron
Microscopy—Bright Field) . X 3b &N ¢ 1X[F—fEIk D Mg & O Ni Ot X fRic kb ez o 4ig Tbh
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D& T DI T Mg KON NI EHICKIBL TODZEDHERIND, ZNHOHKEF 5 Ni il MgH,
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1) N. Hanada, T. Ichikawa, H. Fuiii, J. Phys. Chem., B, 109, 7188 (2005)
2) N. Hanada et a/, J. Alloys Compd., 420, 46 (2006)
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2.4.4.2
TLX VT NALLT AR T DB E M O BH R B 3 DR AT AT
Research on Development of Flexible and Conductive Films
SEAFNA ARG TR 2K RN LR — R
Kazuhisa TSUJIMOTO, Takemichi KASASHIMA, Masatoshi GOTO, Kazufumi YASUNAGA
and Ryuichiro YAMAGISHI
Abstract

It has become a task to develop conductive materials with flexibility and durability. In this study, we created
conductive textile covered by conductive resin layer and silver—plating. This conductive material had a durability
problem of yellowing under high temperature conditions. In order to clarify the cause of this yellowing, the
elemental distribution in the depth direction of the conductive coating was analyzed by Auger electron
spectroscopy. From this measurement, it was considered that the cause of yellowing seemed to be a sulfur
component on silver plating layer derived from the plating solution.
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72007272 FENT20 35557, oL Zha= 2B GRE B S TERY, 2O/ G EHODIZ, 7%
T NWAEET AN EH T 5 T8 EIEFRA RO LTS,
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U — LRt RS o 2 — BRI B L — T 2 (A ) BB = R — AR gE o - WFTE PRS- = R — B e — T
() BRI T 2 — WG & — - R S IR - B ARTAR AR =
ARSI, B— L okl thd (AM) BB =31 —hisE o 2 — DL RN ZEE L THEMBLZb O ThD,

96



ettt L — W9t 2 —BF e (o Fi e A )|
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= E R, JAMP-7810, HAB X&) 2H W, 7rdvatr oy F o &AL, EE
PERERE DR E D HRS T MO IR MR 8- 72 (K3) . ZOFER, SEM Bl TITEWE MR THZENT
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Ultra—Fine and Nanocrystalline Structure Induced by Severe Plastic Deformation of Metal Surfaces
o LSRN | E 3 R
Kazufumi YASUNAGA and Hirotaka KATO

Abstract

A carbon steel (S45C) disk specimen, of which surface was burnished at a rotation speed of 200 rpm, was
observed by cross—sectional transmission electron microscopy. The grain size depends almost linearly on depth
from the disk surface, which suggests the strain introduced by burnishing surface decreases with a function of
depth.
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Effect of Interface Microstructure on Bonding Strength of Ag/Glass Interface
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Yuta SHISHIME, Shizuharu WATANABE, Tadashi YUMURA, Kouhei KADONO, Kazufumi YASUNAGA and
Takashi WAKASUGI

Abstract

Ag film and glass were sinter bonded in air or a reduction atmosphere. Only specimens sintered in air firmly
adhered, whose glasses contained Ag due to the chemical reaction between Ag and the glass element.
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