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2.1.1.1

JE L H i AL — W — BRYLEEE D FERE
Demonstration of Laser Decontamination Equipment for the Decommissioning of Nuclear Power Plant
e i Rz !
Haruhiko KADOWAKI

Abstract

The laser decontamination test was conducted for stainless specimens, and we have obtained decontamination
data such as the surface removal depth and the size distribution of dust particles. To apply the laser
decontamination technique to the decommissioning of nuclear power plants, an equipment for the
countermeasure of laser light and the prevention of contamination dispersion has been designed.
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2.1.1.2
AT L ZED L —Y— BT D CA L B
Dust and Penetrated Beam during Laser Cutting for Stainless Steel
P BEZ, ArrdEik™
Haruhiko KADOWAKI and Ryoya ISHIGAMI
Abstract

For the development of nuclear power plant decommissioning, the cutting test for stainless steel was
conducted using the fiber laser with the power of 2.5-10 kW. The size distributions of dust produced during
the cutting test were measured as a function of laser operation time. The experimental result shows that the
dust size distributions during the cutting were different from those after the laser cutting. This phenomenon can
be explained as due to the difference in dust production mechanism between during and after the laser cutting .

We have tried the dust adsorption and the reduction of penetrating laser beam intensity by spreading water
mist during the cutting. We have confirmed that the presence of water mist reduces the concentration of
relatively large—sized dust particles and the intensity of penetrating laser beam. Additionally, we put a simulation
material on the laser beam axis, and performed the cutting test. We have found the conditions of the mist
spreading, under which the simulation material was not damaged.
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2.1.1.3
JF PR DFE I &S ISR 350 — Y — R
Utilization of Laser Decontamination for the Decommissioning of Nuclear Power Plant
FRGEHRH | MR IR | S S [ A
Satoshi TSUZUKI, Tadashi SHIMAZU and Naotoshi KUWAMURO
Abstract

During the decommissioning process of nuclear power plants, a large amount of radioactive wastes such as
steel and concrete structures will be produced. For their decontamination, the laser peeling is a useful technique
which can remove the surface of radioactive waste and reduce their radioactivities.
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2.1.1.4
L— =W 31T o LA T T — & B - A
Study and Data Acquisition of Dust Transition while Laser Cutting
WEERE IR e e A BF oo B
Tadashi SHIMAZU, Naotoshi KUWAMURO and Kenji NOMOTO
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, and we have obtained some data for the behaviors
of dust and dross which were produced during the cutting process, and for the dependence of their transfers to
water and atmosphere on the cutting conditions.

For the present cutting test, we previously prepared an equipment for the cutting in water, and confirmed its
safety.
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2.1.1.5
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Performance Test of the Photodetectors to be used in Intelligent Control System of
Laser—processing Parameters
YN S
Shigeru NISHIO
Abstract

Optical sensitivities were examined for a variety of Si— or InGaAs—based photodetectors with thermal radiation
light source and the optics which simulated the laserhead for co—axial probing optics. All the photodetectors
subjected to the test were found much sensitive than a typical two—color thermometer. A net sensitivity to
optical emission from a work under laser irradiation can be drastically improved by employing the photodetector
used in this work or an equivalent one.
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2.1.1.6
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Development of Metal-based Optical Dumper for High—power Laser Applications
[EPEA 3.
Shigeru NISHIO
Abstract

In order to provide a guide for the designing of practical optical dumper, time—dependent temperature changes
and change in appearance under high—power laser irradiation were observed for a variety of metal plates. Small
temperature changes were found for copper and aluminium plates. In addition, no irradiation damages were found
on their surface. Most of laser energy seemed back—reflected on their surface. In contrast, large temperature
changes were found for steel plates. The laser energy seemed absorbed effectively by them. However, their low
thermal conductivity resulted in irradiation damages.
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Applied and Practical Research of Laser Decontamination Technique
for Civil Engineering and Construction Field
PEHRIRZ | LR — R e A VE)IEZ, ™
Akihiko TSUBOI, Ryuichiro YAMAGISHI, Masakazu TSUJI, Masahiko NISHIKAWA and Katsunori TSUJI

Abstract

To develop laser peeling machine for coating film intended to maintain architecture/structure, we performed
peeling performance evaluation for coating film and development of quantitative evaluation method for peeling
state by CW laser and pulse laser respectively.
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Development of Basic Technology for Radiation Resistance Robot Laser Decontamination and the
Decommissioning Training Using Our Decontamination Setup for Human Resource Development
LR P — R Sees e e
Ryuichiro YAMAGISHI and Naotoshi KUWAMURO

Abstract

We carried out development of basic technology for radiation resistance robot laser decontamination machine
constructed by the WERC. The decommissioning training program using our laser decontamination setups was
also provided for the human resource development.
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Laser Processing with Less Damage to Matrix
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Development of Hydrogen Energy Cycle System Using Redox Reaction of Magnesium
W HEEZ LR —RR™, 2
Yoshihiko SHINODA, Ryuichiro YAMAGISHI and Nobuyuki ENDOU

Abstract

Hydrogen is a promising energy source to replace fossil fuels. However, the social implementation of hydrogen
energy has many problems. The purpose of the present research project is to address the problems when using
hydrogen energy by the concept of an energy carrier. We began the feasibility study toward 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 and practiced hydrogen production by reaction of water and magnesium.
The solar furnace which can efficiently collect the sunlight energy has the potential to produce magnesium
without emitting carbon dioxide. Furthermore, we proposed a method to increase thermal efficiency by
combination using superheated steam and microwave heating in hydrogen production by hydrolysis of magnesium.
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2.1.2.2
NI TVT % AWK B BLE T O A A
Research of Carbon—-Free Hydrogen Production Using Bacteria
A H B A
Yoshikazu TANAKA
Abstract

Photoproduction of hydrogen by photosynthetic bacteria is one of the key technologies that produce carbon—
free hydrogen. In this study, we utilized the RAPD method for the genetic fingerprinting of mutant candidates
created by ion—beam breeding technology and examined mutations of genes related to hydrogen production.
B

A BB & AWK FRAEEIL, A—AR 7V —IKFEEZFEBR T D720 DEEFINEL THLETH L, &
[\l AF L — AF R LS THERLT- A B5EAfi 2 RAPD 3E%& FWCI, KB EEICHEET 58 E 1
DRG],

&
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TRLIRFBEYEH LW — AR 7V — DK BB EEBR T AR, BAEZ AT —OFH | ALE R
BEDOBEH 72 AR AR 22 AT ST DA B L0 D, REETIX, KFRAEEFTEOSHEILD—2LL T, v T/
NITVT DKBAEFEHRRICE BL, A4 B — 2B AW COKFEEER D Z N LS8y 7 /77

TEBROERMZ BRIET D, ZNETIZ, A4 B —AIRENT L > THB- 8 BARER R B /K 35 A2 PE |2 B
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£-T DNA ZHliHiL7=% ., PCR (Z&oTeRulrF—EHk -——
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44°C 60 B, 72°C 90 Bb& 40 VA7 NATH T, SUinte Dk
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oo TOREFR, eRas 7 —¥ (hup LBREFIZBWTL, 6

RO RAPD 7'F1~—THARBKESD DNA I 215K T
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KBGF & KB L —FI AT
Research on Applications of Solar Thermal Energy by Solar Furnaces
MEHEAEZN, L RERE—RR
Yoshihiko SHINODA and Ryuichiro YAMAGISHI

TV RN ATRBEESESCL TR 2 B0 3 TRBIF 10 9E2 Rk 17 47 (2005 4F) 7pB3EHEL T
WD, ZORNTKREL /IR G2 i%at - BUEL D@ EAL L3 B TR D FEERAF SR L7z,

LIk, KGR ORI 72 BPHARIR L, B R D SIS )7 RO FE 324 HHRL T& Tz, D=L — il
BWFZEFE ] OKFEWIIE) DIBLD T~ 7 XD AOFRALIE TT RS I LT KFE TR —JE B A 7 )L O
FNTBNT, K ETEH LTI~ 2y DETTIEORSEZ 2017 FENSIRVM A, ~7 20 WRBRTE
L2 o T D EERBNE Jr ik a1 LT SERE R 2 L T D, RN, BIRE T~ 27 %7 AORRALE ST
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A%bKIGIF ORI REAZRIRL, 7L b X FIV g it « JE AT o KGR O s 7e SR S & 15
MY ZET, TETICE R LIz 1O B 2 SR il R 2 - Uit TVl

TN BTl = o LT 5 W T FE B - o L BATE 7 7 () DR o L3 — R G 0 — « i I B
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2.2. RIFRE
2.2.1. KL FRRD AR B FEAL D T2 D AW I B R B F 5T

2.2.1.1

BRSO O FRIZE D3 ARIR D & BEAIZ M T VB iR AR 07 fet
Therapeutic Biological Verifications for Advanced Treatment of Cancer by Combining Heterologous Radiations
AT FHSRAI BT AR, ISR RIS, KRR (L a7 KR
Munetoshi MAEDA, Mika MAEDA, Hideki MATSUMOTO,
Takashi HASEGAWA, 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 accumulate energy at the local tumor site by combining proton beam and conventional X-ray
irradiation. 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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D, W OBEME OFE RS T RS LSRR I

=
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FNCE DRI RN U IR A T RB RO ERDEEL [ 1:BEie X $aRay @ o iR
AN 72 JEiE ) 72 7 — 2 2B L TITL, AP OHEEEZTE 54U M E I (WI-38) 1251 A A
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LET B2 —% W TR 855 236 U DIMEESE I BRI B 5~ A 7R T ARD
Microdosimetry for Formation of Brain Radiation Necrosis in Particle Irradiation Field using LET Counter
PSR B TR E - LR R ACORAR® | AT R
Yoshinori SAKURAI, Natsuko KONDO, Takushi TAKATA, Naonori KO, Kyo KUME and Munetoshi MAEDA

Abstract

The objective of this research is to approach the biological effects on the cells such as vascular endothelial
cell and nerve glial cell, accompanying brain necrosis formed by the particle radiation such as proton, helium—
particle and neutron, from the viewpoints of physics by the microdosimetry using silicon—on—insulator
microdosimeter (SIM). As SIM did not work for malfunction, the microdosimetric experiments using LET counter
were performed in 2018. The irradiation experiments for the preparation of the brain—necrosis—model mice were
performed using neutron, proton and helium particle. The prepared brain—necrosis—model mice were analyzed
by MRI images, staining pathology images, HR-MALDI-IMS, LC-MS, etc..
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1ToCD Yy RRZ, BEESEI WA U D IAR N RE AR - 770 77 il 5 0D s i SR A L 2 k3~ ZE M 2 2
ORI E S EE TS, AIFIETIE, ZHOMIBEIZRT T2 F RN R DN T ERR A1 s DR
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Wk 30 4 11 A, UOW DARZ Y7 D3k BIZEHE T, SR FHEE TR 7 B A ERT (KUR) B L O
B X' X —IZB\W T SIM ORFEFE SRR AT & A G M L7z, £3° KUR B HE 7 FREER
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phosphatidylcholine: PC(16:0/20:4)+K+DZ B D, | e RS L =
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=1

UOW 7 —T Dl idb & SIM ~ORRK EBRZFHI L, #5788 = LX —iF5e ' 2 —COFEBRIZIENT
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SIMDAHVIZ, KUR BEKFPEBBEFRHICIHB W CLET Ay 2 —% Wiz~ A 7aR v AN EBR AT -7,
PR —R, 370bb, FEF 2R NF — AT NI D~ A7 aR VAN v 7 AT V() =T v
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=P N

1) N. Kondo et al., Appl. Radiat. Isot., 106, 242 (2015)
2) L. T. Tran et al., IEEE Trans. Nucl. Sci., 62, 504 (2015)
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T D AN T DRI RRIBIR DO A TR R TN B 32 F A n it
Predictive Value of ®F-FDG and "F-FLT Uptake in Cervical Cancer Treated with Charged Particle Irradiation
TEE AR By M AR WIS ACKAR
Yasushi KIYONO, Akira MAKINO, Tetsuya MORI, Hidehiko OKAZAWA and Kyo KUME

Abstract

The reduction of ®F-FLT uptake preceded 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.
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ZEZ0 | BRIk IR B ARG OB ED R T T, —J7 . ME-180 filfid 4 H % Tl X #RFR4ST
TIX 0.5~10 Gy THERBU/DDBBD OIS, B R EREIBE TIX, 1~10 Gy THEZRBD D BlIES
Nize ZOZEXO R R D AR 53~ DR 1 #5 PR S OB I X R Hj}f%fowoto AN AR FE FEBR (T
BT, HeLa fifia T, BF-FLT ORI, FRH 4 B ZOMARELOWAN A BIL TR FL TV 223, BF-FDG
DEFEITITZAL AR zsbgwocmof:o —J5. ME-180 #AEIZIWTIE, X FREEHZ W T BF-FLT & BF-
FDG EHICH BRZALRRBD DI >T, B FFRE IR BRI TIX, BF-FLT &, ¥F-FDG OEFfEIL, B4
4 H % OHIRREL OB AHBIL TR R LT,

ﬁ:

nuu

FE SRR A B L ORF LD A ORLFHIBHERICINTIE, PF-FLT OERER T 24EIRICin R
ZPRITTES AR VRS,

HRIERE BT IR — BT F— (A B PRE R L —E 2 — BRI L TR SE S —
ARMFFENL, AFERILRFE R L LT (AM) B RIE =¥ —iF et 2 —DME I R F LR TEMBLI2H D TH D,
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Analysis of Pathophysiological Kinetics and Symptoms of Oral Mucositis
Developed during Radiotherapy for Head/neck Cancer
FAZRERE | AT B A2, AT A2, AR5, KGR (L HOET 2, ACKAS™
Hideki MATSUMOTO, Munetoshi MAEDA, Mika MAEDA,

Takashi HASEGAWA, Satoshi MIZUSHIMA, Shinko SANDO and Kyo KUME

Abstract

The oral mucositis is developed in most of the head/neck cancer patients treated with radiotherapy as a side—
effect. However, a medicine for oral mucosal diseases remains undeveloped until now. The patients developing
oral mucosal disease have been treated with symptomatic treatment using a mouthwash and analgesics and the
radiotherapy has been 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.
B

SRS N A3 T2 IR IR IC B W CUIRIE R TOBFIZEIWEA L UCHIE 32O D3 BR-AE ks
PR T D, LU D, Fa R 1 PR IRRE 55 532 TP 38 /TR RESRIIAER 97, BIERICE I
DAWETT | AT A R B LDREEOREE | 1H 2K - IR A L D08 A DRI &N o To HE R A Lo Tkt
ENTNWDD I TdrD, £ 2 THUEGHRIE D ERIER OFIEBNRE R LOYREEZ ST 57201, EF~Y
AOD X BRI 1280 0O 1E 5 AR SO OB RE AT = X W& U R A 70 | R b 789 | Ml e
FHIBL O AW FRIFIEEZ O CGEIZHT LT,

&

il

ZIVETOMHTETIRBN T, B FHRISR D IE R BOS SO TR A 0 | MR L 200 Milla 44
FHIFB L O W FHNTIRATL . B2 A TR R 31T D IEF LR DA B X< D Z2 2 ARITE
LRI TE T U AL TE T, AWFIETIR, B FRREASHER A ATBIR D BRI FEAE 32 B RRIE 1 EERG 5
[ DORIEBNRE R L OB Z BB T D701 PR IR SV IE B~ 0 ZAO TR R 1 BB R
FAEBRE I LUV REZ BT LT,

R D

(1) =7 RS ~OB1#1 (16 Gy) H[E] RS 1% 00 O EREIREEE O REREAT - 15 -8R 7 B B DBEEE
IRAREERD RO GV, 11 B B EBEBRIE LT, ZOMRERDITHE Y, DR R E ORAED RO I, IR
1% 9~14 H H CRIEVH AT RRK 13.0 ETHEELZN, ZO%MIE LTz, ZOMERITSE /57 O
REBOIBI, OFERSIEOFE ML, FHEOFE, T OBOERE/ LA NEE THh-oT2,

(2) B 7# (16 Gy) HIAIFREIC LD FHERE S D O PR 1S xh 323840 A OBL#ER S 384 A(2.83 mg/kg
B.W.) Z 5 F#R ERGTRT H | B E%, B 1 B, IS 2 B, IS 3 RIS G LI~ UATIE, BT
MBE% 7 B EDEEE R ERD DO, 11 B HLAEREIE L, ZOEERBDIEE, Ok
FEEDIFENTRD O, BT 9 H H TRIEAZT A 5.5 FTHELI-ZITELHIZRIELZ, 0
FEIRIZEEF T, SHEBRT T DIRBOIEN I IOV BRI D I i/ IR AN CTh- 72,

g}{

wE

p=t
hu!

|

BHEHFR 3 AR D SRR A AE L T, ~ 7 ZADZHSHES (B AT LRI (BT R RS L, 1
KGR DR O FEREBN AR A ARAT U7, 72 1 RGP 0§ 2351 A DBTREN R Z T LT, 5 7RISR IS
KO FESND AQEERIRIEE (6 L THEA A ORGP AN THLZ LR RSN,

R R BREE R AR - (R 2RI - E B TR oA - T R R 22 5 B | 2 (M) A5 0t oo 1L e —DF e o 57— - RSB 0 « L -
BRTFEE, (F) T 7
ARBFFENE, AFHILERFFE I ZEL L C(AM) BB =R F — it ¥ — M@ R F LR TEML b O TH D,
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Analysis of Signal Transduction Mechanism Deciding Cellular Radiosensitivity
I FE A AT AR, & H A
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.

B

UTED~ A 70— LBEHIEE AT O REEAI 72 B L - T HIIRNOIEE O RS~ S 2 2 5 12
RN T D ENTEDLINNT o T, Box ld, X~ A 7ae — 2% FAWCllia /T PR35 21280, PR
BB &N F KOS N D43 F I B L D BRI DU T 218D TV VD,

&

il

ZIVETOMIEND, THlatZC 52 58 ExEAZ TIX f~vA7ae — A TRELZGA ., MilaiEo 2%
UG A ATl R A BN U735 8 I IR B S ME S S D 2 E B L e o7, HIRE ~
DHHOATIZIDB R TR ERAT LI EZA, MRE ~O RS NG | MR E DM AEEZE~D
ATM (ataxia—telangiectasia mutated) ®F1T (nucleo—shuttling) 23542259, R &I (< 2 Gy) IZ8BVYT DNA
HBEAEEBERE DT E SV TRV AREMEDS RIB S AU T, ABFZE Tl ATM K7/ FEIRAFRY72 DNA {E1E
WAL S A e e e I K> TR B L . ZORELERREL 7=,

RO

B MG T B SR TE R (WI-38) OHEIaEZH D NTHIIE A% 1~10 Gy THREFL, ATM EKFIIZFHEX
AV ERLEAR H2AX (y ~H2AX) D7 4 — AR B LN ATM FEIKAFRC e F AKX
>7C DNA BEEAICERE T2 53BP1 25t e taz W Crfi b L7z, TORER. 5 /e A0 X #i~
A — 2% W T O a2 B L2356, v —H2AX D74 — DAL 5. 10 Gy TOABEINT-
23, 53BP1 D74 —H AL 1 Gy HEIEEE ., 5. 10 Gy Tl y ~H2AX D7 4 —H AL FIETHZENHS)
272072 (K1), — 75, 100 7aA0 X f~vArae—2 &2 O CHIBO2REREL-54 . v -H2AX,
53BP1OM Tt 1 Gy b7 A —AAZFEEL . B 1T RTEL T DI ED RS (X 2),

BRI TR TOLRECENT 53BPL O 74— NANERSNTEY, X f~vA/ne —AC LD BE 2L -
THEFEITHIEAENIC DNA BENFHESN CODZEN RSN, FIE ~O IR 2N AT BRI (<
2 Gy)IZBIT5 H2AX OVUFREBSETIRNZED D, ZOMEIRTIE ATM K77H972 DNA IR E D531
BTN D RS, Ml SN2 CHIIRE A2 RS2 2 812> TAELSD ATM OBENBATH,
AIEEENIZEITD ATM 20 LT2o 7 B EERS R OTE M LIC B B E 2 R L, 2O REL TR
PUERHEINLEE 2 DID,

fE

AR E SRR D =R — 08 5.2 HiILHZ LI K> TGS OHIBL N D IE AR FEIZ L > T, MR
RIS MO BT BAR I K] D AR R0 il 2 W] 2 A = X A0S DN TERI ST | AR BT
B DB IREDZ—7 v e L TOMBE O EEVEIIH LN THD, 4% D HRDHFFEOHEREIZ LY
M E Z it LT ATM 2519 D15 USRS ORI 2 B BT LTl

() B BAE T RX— e 7 — - WEZEBR IS L F R R SR 2 | (M) &) P R AFSERT - 7 7 B e AT - Bl e bk e
5.__
ABFTEI, (A BRI =N — et 22— (— ) T P e L 3R C oML 72 b D Th D,
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&

Targeting

1:5 7m0 X—f~A7ae— 2% T WI-38 Mifdofifatsiz 3 #3 > 1~10 Gy THEL, 3
HEH L — Y —BEMEE (FV300, Olympus) Z VY, Sty ta Lz v —H2AX (k) 3L 53BP1 (R f4)
Z AR b LTz, “Targeting” F Ofk A~ — 27 B L O/ KL D REIDBE U7l 2019, &5/ino B
FHR R SRR LT,

2)20190603.1724_100x100_dark x20 it (1/1).

2:100 7T AD X~ A7ae—2% VT WI-38 MO a4k %E 1~10 Gy THRE L, Lkl 5
L —H—BAMSE (FV300, Olympus) &2\, s eieta Lz v -H2AX (fkfa) 38O 53BP1 (JR€4) % ]
b LT=, “Targeting” o> A A G EIk A 7~ 97, BT EIE, & SRV HRIRLTE,
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EREER M I T DI A AL L — K F DR
Analysis of Novel Bystander Factors in Human Cultured Cells
toward Elucidation of Induction Mechanisms for Proton—induced Bystander Responses
INASTEA6* . Carmel Mothersill*, Colin Seymour*, Bijf FH 7=, Bif FHASES,
TN KIGER | L HCHT 1, AORAE™
Hideki MATSUMOTO, Carmel MOTHERSILL, Colin SEYMOUR, Munetoshi MAEDA, Mika MAEDA,
Takashi HASEGAWA, Satoshi MIZUSHIMA, Shinko SANDO and Kyo KUME

Abstract

Induction mechanisms for proton—induced bystander responses are not fully known. This project was performed
to elucidate the contribution of p53to induction of proton—induced bystander responses using radiation biological,
cell biological and molecular biological techniques.
B

BRI Lo TR SNDNARZ L H — |SEDFHEAN = AL E, FEARR R BN Z TSN TND, £
ZCH RGBS ARZ B — IGEDFFEAN = A LWL T DT2DIZB TR aE 2 A RS H— &
BIZBITDDAMENEISF ps3 DFETOWTHETRRAD T8, Ml W5/ B L OV A 78IS
MZTHZEE BEL TR E L7z,

&

il

1992 4E | Little & Nagasawa (23> CHEHEER NA AL L — JSE NI RENTLR FOFHE AT =X 1
[ZDOWTHE TICHIFZEDM Thdu, a Bj, v B, HDNIE X BUCE > THERENDNAA AL — | SE DR E A
H=AXBNIDNWTUEEL DR LR RSN TETCND, LNLRDG, B RN ARG TWD IR E R
BLOBGFRUC L S TERIND ARG L H =SB DFHE AT = AN DWTUIELE AR SN LRSI T
WD, EZTE XX, B TR A ARZ A — BB DFHEAT =X LT DO TR A S A A
B — B DFHBNBIT DD AANEIRIS T ps3 DA HAZ DWW CREMZRfRNT & HED T D,

RO

(1) BRI ROFFE SN AN A RS — R -2 5 R R IR O TR IR MR B ps3 it
RE/INFAE AT 23 A (H1299/mp53-143) fifEIE 3T CTIXAERM ps3 MfuCTHDHMN, 32~33C ClIiEwmH
po3 RS2 %, ZOIREREZMEOMEEZFIHL T, 33 CHHV L 3T CENENTEEE L H1299/mps3-
143 FRLC SR % 0.01~5 Gy BE L, ZIE 33°CHHVNE 37°CT 3 BRI LT- % I ik & 0]
INU7,

(2) [ L7- B2 TP COIEF R H A NI B ps3 fOALFEROME [ L= E 08k % H
WTCIEFERH AW TE TR p53(H1299/wt ph3 DM H1299/mps3-248) fifRlcan=—Z RS, &
FHREREL,

(3) PN L7-B5 38R U E ENDWE DOFRMT  BE IR I E N DB R A 7 LIS DM E A = RS T
1y MEB L OVE &5 HHEIC IR LT,

BAE, EITHFH D McMaster University (28T, 5072 TR RO ZEMIZ AT 2 it H CThH o, 5l
e, EEEM 72 EED T CARILFBFIEZ MG L . B TR R A RS A — WA IR T D03 A MBS
F pb3DEFH-DORFFZEL . B TR Lo THERENDSA AL F —SEDFHFEAT = X LD Z BT,

R R BREERARIY - (R 2R AR - E B R R - A R R 2253 B | *McMaster University, ™ (M) B PE =1L ¥ =R Je2
B — - WFFEBA RS R T RRIESRIT T2 (RNt Ty
AHFFENL, fEIFRFL (A B PR —Mige e 2 —DLRFIFEL L THEMBLIZL D THD, ,
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Elucidation of Cancer Immune Response with Proton Therapy and Development of New Radioimmunotherapy
WIS, AT+ T Lo NI B ERER, JORAE™, BSR4
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 4 kinds of pancreas murine cancer cell lines. We observed that proton irradiation to murine
pancreas cancers were effective in part. We will investigate how immune system of the host responds in details.
B

R D P12 13RO TR R THY | IERDALFIRIED I TIXSEREMI /DB, BIE =L F —hf
G 2 —TOMIETIE, B HRIRRICZDMERE 6T D87 e R LD E BIEL . ~ VAT T /L
% FOBG 1R BB S 2 S U 72 BR D S I 25 D FbE 0 7 — 2 2 S5 T 572D O FIEER IR P P2 2 FE i LT,

&

=Sl

SRR T, 2017 AT 34,224 NDFEREZRD | S BIFE T ELCTHAN 25 D TS (ENEDSAMFGE B 2 —)3
AB G RERTED) o R OERALRIFE BRI 36,156 N THY, FREEIIETEN T, ZOZED—KELT, K
FEIZ. 90 %LL EXNZMERIZIX, AT —V ML EOEITLIRETH S, L F WL L T nab—Paclitaxel +
Gemcitabine, FOLFIRINOX JREMNBAFE SV TE2A3, 24 A AMFERITH 1002EEFD, ZNHDT=6,
BIRO 5 FAELFRIT, 10%RE THY, FALFIEMEELE O 1% T RR ThHD, 2O RIZEY, B#2
Wr 5 LD BR%E EEH I, RIGHIN BB DTS ORI TS 123 LT, KA R #i=/alm i ko B s
I D T BB RO CEIETH D,

AWFIETIL, U AFEREET Va2 W T, B FRRIBEON R AR ORIE GO AT L, Fi-72%
T RRB I BRI ~D IR T — X 2 ST D L HIEL T,

R OBEE

4 T~ APPSR Z DT, ~ D AR KRR T - 55 FIEE T v, v U AKREREZ T - [T i
BT TILEVERR LT, 2D~ AR 5 L O KRR Rz R S~ B - 7% TR A U S 1 A % B A :ijr
W7, 2RO~ 7 A KRR RS (2% L C L PR HE M ) 22h S 238D | b5 1-#R PR 2 852 1
MPHERINT,

Iy

E
2RO~ ABIEE T IATK D05 F-H RS O GURIS A R iR LT, BRI o6 L TRy it RIS L7
BROAMIZAE LD BRI AW TOFEMIZ OV THLEMRT 2 1D T,

PO EFARAERT IR - R0 SR AR - S TRIE AT IERE (O R T DM A5 0F) | (M) P = o 8 — et &
— - WFEBASE D L TR E RSO
ABFFENL, BIRKFEL (AW BB =RV —MTE e 2 — OIRFIRFFEL L TEML b D ThH D,
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2.2.2.1
(ISR O 72 D40 5o B
Development of ”Visualization of Radiation” Film
O )IE ™ Glenn HARVEL* | F KA L Hl T E &1, Ak, g Rin™
Takeyoshi SUNAGAWA, Glenn HARVEL, Yutaro AOKI, Masanori HATASHITA,
Kyo KUME and Toshiharu SAKURA
Abstract

We developed a measurement equipment and an analysis program specialized for PVA-KI gel dosimeter
combining camera and organic EL. The device was applied to a proton—irradiated PVA-KI gel dosimeter to clarify
the usefulness.

B

PVA-KI 7V EGFHT PVAGRVE =7 ba— L) KEEIRE KIETEAID L) Z L AR AN CERE AT

RETH D, ABFIETI i 77}72:4%&% EL ZAilZr G872 PVA-KI 7V s IR L LI E SR E . S ORAT
7m77A®Eﬁ%§%ﬁb\ TNEDORREEGFIRIBR S PVA-KT ZViERHCE AL, A AMEEZ LN
L7z,

i

il

BUE, DAOIERIEITIZE, SVEFFIR, S8 IE . I RIR IR 55, %@qﬂf%ﬁfﬁiﬁ’]ﬁ#ﬁéw AN
TFHRIG R OLESN B R ELL, @bt > CTERERZE 2o, TO000 BE B 2R T A nﬂﬂﬁ
TEDL7 VAR EFH OB IINETHD, AFFEETIL, PVA KIAKRE Kl 2FHAL, Ko AN CER AT HE
PVA-KI 7V EEF (LI#% ., PVA-KI 7 V) 2B L7z Y, REFFETIEL, AT A1 EL ZfAEbHET PVA—
KI 7 /AR LTI EEE & .} OMRAT 7 07 DO BHFEITO ZIVHORE A B 1 RS &7z PVA-KI 7
VI L. BIZE AR OA RPEE SN A28 ARE LIz,

EBRFE
(1) JELEEOER

AR BEAH EL I AZARML (Canon kiss X5) L' A (Canon
EPS 18-55mm) U< —hAA T (Canon RS-60ES) 7 At — A A /3 —
(Canon EW-100DBII) =4 (LPL. WALKIE POD mini mini) % A7 f 7k
Yegs SMEREIR (AC 7H 74—k ACKE-8)

MR 77U (10 mm ) 727U (ES 1 mm) Z 2 R—v
ER K

L ICHIELSEE OB EZ /RS, AT CEH LI 2L
PMMA (7 Z7UV) Z 88k L PVA-KI 7LD FetE#R % (50 mm X 50 mm
X 10 mm) ., (60 mmX40 mmX 10 mm). (40 mmX40 mm X 10 mm) & Ja
L. 20 348, 4, 1 EHRELT, 1 HEEEO R

(2) X BIBEL7= PVA-KI 7L DI E

IWt % PVA-KI 7 /T2 X ARERFHZ 351 DU S & RGB e D BIfR A A1 572912, 9wt %PVA-KI &
VGV (50 mm X 50 mmX 10 mm) IZE AL, PVA-KI #* /LT X #i PR35 (H S24# MBR-1520R-3)
A UG 2 Gy~14 Gy OEILT 2 Gy TOMRK LI, 22T, BIHOSMT. BEBE: 150 KV, &E
i:20 mA, 7/L%:AL0.5 mm + Cu 0.1 mm, &2 Gy/min L7z,

UEHR LIRS T R D EAN S A TR 2 A 20 TRRT. © (AM) B = 3 VX — gt & — WS B AE 51 - A= 4 Dt
FEEE (A BRI = X — e 2 — WFSE BRI R F-RR AT 82 L ™ (%) NUCLEAR TECHNOLOGY
ARRGEIE, B TR, (A S = 3 X —HF5ts 2 —, (K) NUCLEAR TECHNOLOGY O IL[RIBFFEL L CTHEIMEL-H D THD,
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FEGH 1% OFEHE AL CERIL 72 E I E A H O TR 21T o7, IRE LB T — X 2 ARFIEEE CTHI%
U727 VARAT Y 7 S CRENTL . RGB I 28 #2 7=,

no.= 1, ie=1, iy= 1 e e
(3) B FHBB 720 DN PHITS 17172 i 374 ' ' ' i Soeenr

PVA-KI 7 ~D R R DT20012,
s T XX —W 2 —DL% R v 7akn
Ve 2T Mg (W-MAST) 215 JH L C R iR
HEEmLZ, 22T, BF#o= ¥ —i3 200
MeV ZAf L7z, 70T B4 et o —R I
PHITS Ver. 3.08 Z AW CRHHEFHRL-, FHEIZH
W R R TIZER L (40 mm X 40 mm X 10 mm) 1 2 PHITS IZLDR5 1R R GRS R
. (60 mmX40 mmX 10 mm) /L 4 >%EF
23, LD FER PMMA (B 1.19 g/cm3) . B/LNDA /L PVA-KI (B 1.118 g/cm3) . By R x/L
F—200 MeV Z# A7, X 2 ([ZEHRMRRBLOGHER RE T, SRR D, 7797 —IOALE I 24
cm THAHZEDRESIL, 7T —IINER VNI E T HZ N ARSI,

x [em]
Lo
L T S e -2
LD @ R R LR SRR L7 |
s 33333 3 3 3
Flux [t/cm¥/source]

FERLEZ N
(1) X #RESL72 PVA-KI 7Lt f

31238k 2.2 T X MIBFTL7Z PVA-KI 7 L ORIERE Bar,
AT RGB i, BRBIIZLISR B C D, R IFBIEAVIEL G 13 6 e
Gy £C. BfiiZ 8 Gy ETOMIBIENH -T2, ZOFNS B filiL, Wi
WELOBIBGE R e G IR TEA THAIENS) - o &

s ‘ r'y
(2) W-MAST CH PRI L 7= PVA-KI 7L ORI 5 b ae
4 O _EERIZ 200 MeV By FRRIRENC BIT 2B E AR, PVA-KI | g oo
TNVEREHT, 5 DOB/MITE AL, WA_RTIRECTEHEEA | LA L e
= MR L PVA-KI 7 V3B R R B SN - B I L0 3 * .
BIEHT-, ARFFRIZ 31T 2R 1T 16 Gy Th %, X 4 FHEHIZ RGB " :
RN 24T > T IR 97% B HORE RA77R$, 22T, 4 cm, 10 SR

cm, 16 cm, 22 cm fUTICFELET D B HOAERIL, BV ORI I 3 WUV L RGB EOfE 5
XD THD, 24 cm IS B EOHR
IMED LB ND, ZOMIMEILT T 7
BN T AEDTHHEEZD, =
DOFEFIT . PHITS |2 LD EHE 5 5 (1% 2)
E—HL TV,

EE u \ M‘\,MW'W
ARAFZEIL . PVA-KI 7 VIR LT- \/”/\ ! l »
WE AT DEAEGE LT E A ERL |

PVA-KI 7 L~O TR Rom e .
ENFTHETH D F AR LT, 4 200 MeV B51-#IBFNCBITDEHELE B AORR
BEIIR

1) T. Sunagawa et al.: Memoirs of Fukui University of Technology, vol.47 pp.105-110 (2017)
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The Development of Measurement Technique for the Particle Beam Quality
FAJRRG—BR*, 22 A7z | SRR AR ACKIS™
Youichirou MATUO, Nakahiro YASUDA, Yoshinobu IZUMI, Munetoshi MAEDA and Kyo KUME

Abstract

Measurements of target fragmentation reactions by high energy charged projectiles (proton 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 tissue equivalent target to simulate
human body in our experiment. Energy dependences of production rate for target fragment were verified in
comparison of proton and helium beam. We also developed a tissue—equivalent dosimeter comprised of
oligonucleotides, which are short deoxyribonucleic acid (DNA) strands, in liquid solution.
X

B8 O IBRREEHE S AT A FE kA B & UTORL R ORI E Hfr & B 55728 . CR-39 Hiidr
BT m AL, B AR U7 AR B R OB s 2 HEE L 7=,

CR-39 Bt A B HAT O AL L LT, B Fre~U D DR OERIRERIRSOG S L% 28 AR HRINE D ARl B
TEHAAT T, FIHOUERR LA E OB ZELL T, DNA ° RNA 2§ AL ThH oAU
XIVATFR | ETHOCWE | 2 & ST E 2 I RIS XD R E O 5 8 M O R 27l 5 8
Bz LT,

ISiADE 3
(1) CR-39 R AR 2L DY — ADE D FEAM EAZHE RS D FFAT

R IRET O BRI NS L OME R EE A D Z A K0 A R SN AR A 2 B AR FE Akt L T 5,
THAUTHRL R PRGT SEBRIC BT D AGPRL - OB T 5T 2 E B Th b, K FUERIM B4 CR-39 MiHasC
TRy FACURFBRIBE 21T o 72, MEHIRITL EFRAICIIARE —20EZ2FHAIL, MPEH R CTRFENZ
NEOH R AR D% T CEHIL 72, ASPRIF- D R/LEF —73 55 MeV/n L0 K Vi
DOEEREROGT — A TFEAETFELRWZ0 , EERTEFRA S LG L TWD, BIEMIT L C)D,
(2) HESEAERR U= A (B RN D B3

BAEEERE O —REAVITXIL A F R i W E Thsd 6-FAM (6—Carboxyfluorescein) IERfiL 7=
TR, R Z DG A O R CRE A LVRHIl T2 TIEE B L Q0D AV XI L AT
ROBHN IR ORI B 5775 URASEBIR 1D — T OELH 2RI LT, B PE =L —ifF7ek
VAT DR (220 MeV)ZEFRETL | FEfigE U TR KA TH U~ fra B L2560 6-
FAM O NIRE( A en=516 nm)DLALAFEAMRL7=, 0.03 Gy DRREHNZLY, ~U7 LFIBE OSA1TK 7%,
VRIS OBE TR 15%DHEIREE DI LT, U DR THRE L T~ OIS — A A VT
LA F R OGRS B RGO, ZOMEITE T ay a3l —ar OfE R VEF E LA,

e

il

CR-39 # s TR FEFROEEAIRLRI R DR EIE D TREMEZ 7R LT, 7o, HOWE 6-FAM A&
i L7z AR E 2 O T RS S DR G R A THE TE D Rl L 257z, 4%, “AREA VIV AF
Rt 7 LSOOI 2R Hl 55 B THD,

2 3R
DUERNT+ BRIF-FRRT o7& DNA 1145, ik, 89, 13-19 (2010)

R R BEBRIE T 0 TSR, 2 (A M) B80S = 0L — st o 2 — - WFFEBR JE 0 - B F- M R JE =
ABFFENL, IR FL (AW BB =R —AFE e 2 — OILRFIFFEL L TEMEL b D TH D,
ABFFED —ERiE, JSPS BHFE 16K18347 DBk a7, Fia, ABFZEO—HBIE, JST FATJER 16811771 OBIkZ T,
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2.3. BEEEAEWME
2.3.1. fEY)-EEOA A B — LB

DNAEE L FI U7 28 Bah R B D B 78
- ATM, PARP1 K ERDALFERIT 0T D X BRIRH | IREFRRS D28 -
Development of a Method for Enhancing Mutation Rate by Utilizing DNA Damage Response
— The Effects of X-ray and Carbon—beam Irradiation on the Survival of Arabidopsis Seedlings Lacking ATM or
PARP1 -
TS —* MR B A A KRR, T AR 2 B
Keiichi TAKAGI, Masanori HATASHITA, Kotaro ISHII, Hiroyuki ICHIDA and Tomoko ABE

Abstract

The effects of X—ray and carbon—beam irradiation on Arabidopsis seedlings which lack a function of ATM or
PARP1 were examined.
B

DNA EHE K1 ATM, 3550 PARP1 O§REZ KRR L 722 v A X R 28 ARG O ATFRIT 5 X #rRR
5. BRORER G O EAE TR~

i

il

AF U —AE, TIWETICENZERE BT E L CTE H SN TODA, SHICEWERE RIS ELEHT
&0, ROV A R % LV EREICHIETAZENROLN TS, Fox X, DNA EENFICTH4 53
FzANDHZET, INOOHTGREE R T2 A T0D, 2O BZET 5720123, STHEEHD
DNA EERIEDOE ST T 5 ENH N EESITRSAR, £, EHIDEMICVERZ ZIEL THDH)
ZRHIE4 572012, B ST HEEN T OBEN BN -GS IR I HE 2R TN ERH S, Zhb
D HEIBYERE 29 AEFEICIE, DNA ZAREHYINT(DSB)D 2 >0 FE2MEMR K, 1E IR FER R R Skt &
(canonical non—homologous end—joining, C-NHEJ). 33 OMH [EH#4 % (homologous recombination, HRIZEJL .
FEIENDORERLIR - KUT0, 355 RADS4 ORHE R B BARIZ 395 X BRIRET D0 HRAFH~7, PRk 30 4F
FEIE, DNA 552 (DNA damage response, DDR)DIHIK 1~ ATM, BLUMERI NHEJ(A-NHEDIZBE %
PARPL (2R3 DHRE RARZE BARDAEAFITH T 0, XAk, BL OB OB LT~

Bt

A XFRXF O ATM ORERERIBZE BAAL LT, SALK 036940 #£Z(LLF ATM (-/-)&3650). PARPL O
RERIAZ BARE L C SALK 111410 #£%(LLF PARP1 (-/-)&3KR50). 44 The European Arabidopsis Stock
Center JWATFL., HHDELFDORELERIKRTHLZEAMER LT ETHMICIVE 215 CTERIZHV,
BT LU C. Arabidopsis thaliana DX A~ Columbia %V /=,

ZNHOFET-I1X, 2% A7va—Z 0.3% 7 /LB ZETe 1/2MS Bl FICHEERICHEREL ., #:/ 4 H HDDHD
T, X BRI 2 E (MBR-1520R-3, H AT 42)& HWT X fREEH= ¥ — 33 keV, fREFE 4.3
Gy/min)% 25 Gy, 50 Gy, 100 Gy FL 200 Gy FREL 7=, REBMIBFCIL, [FERIZ D4 OSEIZHIL, f&
WEME VX — 5t 2 — DAY R a2 — A(F =L F—) &2 O TR FEFR(450 MeV, #REZHE 30
Gy/min)% 25 Gy. 50 Gy. 75 Gy #BX0 100 Gy FRHLT-,

PRGOS HIZZENENOE AR AREX T LI 25 AR D[R UL OB T 2 fike L. D46(X #2),
HDHUNT DAS(R F M) F TG Afkfoe L CAEMPIR LA HIT L7,

MRLEE
112, X BRA RS LUT-%hH 0 D25 TOWRMA 73, BFARL . 3B O PARPL (-/-) T, 50 Gy 75 100 Gy
OMNCBAE A BT RO EALS Ab7z, ZHUIxtL, ATM (/=) TiL, 25 Gy 75 50 Gy ORI CBHE4EH

AR R L — e 2 — - WFZEBR JE 0 - AL IR AR 2R 2 (EWD B L2 FERT (B IR 3B A TE o & — « A4 B
JEpRFE =
ABFTEIE, () BERRIE = X =W FE B 2 — 3 MEH RSO FENIFEL LT, (EWD B LA JERT L 3L R CEIEL 72b D Th D,
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PRILO LN FLS, 100 Gy TIEZELDOEEN A L=, 200 Gy TIE, WD R FHIZBNTHIFEAE DE
EREL T, BAERLL PARPL (—/-)Tik 200 Gy BaECHDE D EFEIR N HHT2H, ATM (=/-)Tix
T _RCOEEPFEIE LT,

L] 2506y 50 Gy 100 Gy

200 Gy

AR

PARPI(-/) |

ATM (-/-)

1 X HRREE 21 H(D25)D

B

2 \ZIRFBIRE G L7250 D D24 TORWERT, IREFROLGE . X BRIVBIRWRENOE OAF IR
WNTEALLUTZ23, X BROBA LIRAR, BpATE PARPL (—/-)IZEPILIZEINEEZ R, — T ATM (-/-)D
BA T, MiE LOBIRWRED D E OA BRI E(LL TV,

Ecth] 25 Gy 50 Gy 75 Gy 100 Gy

HER

PARP1(-/-)

ATM (-/-)

2 [RFEMEIS 20 H(D24) DS

3T X MR BLORBMRZ OAAFRE R T, BROAELFTBIL, XERTITEF AR LS PARPL (-/5)T
1%, 100 Gy ETIHE TR CTOMEENAELFELTZDIZH L, ATM (/) TlX, 100 Gy TEFLRN 24%F TR F L=,
IR BRI OBE1T, BFAERLE PARPL (/)T 75 Gy THEFERNLLME L, 100 Gy TIZEATIY 24%,
PARP1 (=/=)28 40%FE TIK FL72, — 5. ATM (=/-)TlX, 75 Gy THEFEN 8%FETIK TL, 100 Gy TILTXT
OERDFEIE LT, IRFEARTIEL, X BREVD IR VR E THEIFRA~OEENTNDH, FFE ORERE KRBT
JR BRI T DI MEN BN, HDNTD T DLV ST= BT AN oTz,

PLEOFERDG, PARPL BERED KARIT, GHRIREH I35 AR EFIEL U Mo K& B
HZ720DIZKL T, ATM OBRE R BIT SRR RT3 2 S A KRS T 52 L3070 o7, DDR Ol
IR CTHD ATM ORERE R IRIT, HRR RS O A7 R L TRER W BE 5 2 HDI2xf L, A-NHE] 1%
HEVREREEE B 220D EHE 251D, WAk 29 FFED KUT0, 3L T RADS £ HARE H - FEBROFE
Ribbire, BEHIL->TH BN DNA 51X, ATM Ol T T A-NHE] 2 EEEERKEEL TEE
SN TWDATREMEZS K&V, 72720, A-NHE] (ZBIL Tid, PARP2 78 PARP1 LRIZLL EO#&EIEZ B -L D
EVIOIENHY V| WD RFTEET D,
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1.20 : 1.20 , :
1 X#R RIRAR
1.00 I3 o) 5\ o AW 1008 3 o HEw
% & ATM (-/-) & ATM (-/-)
—_— : \: PARPI' (-/-) _— O PARPI (-/-
It 0.60 ' i% 060
0.40 \ 0.40
0.20 Btk 0.20
0.00 0.00 A
0O 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200
RUARE (Gy) RIERE (Gy)
3 X #, BLORBHIINZ DK RO EL7H
=

A%, A RlDF —4=0, DNA 5~ — 1 —7258), DNA &t~ —h—2Z8), S5IITEEEIC DNA HE5E
IR FHERE R IBIR CRRIN R ICAE U R E RO B BROBE B Y — U PRI R A b ol BREN L
PHAE— I e DNA (BRI EZRE T 5, 2L T, TOBEREIC T DB OB R4 | [Fkk
DISREA IV TIRA L Z29RZ5 AR GLIRIE HL R 2 — L DI AT 2075 S5 D e i & 68 FH IR S0 o oD e
wbEX 5,

2 3CER
1) J. Song et al., PLoS Genetics, 11, 5, e1005200 (2015)
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2.3.1.2
B HR A T B TS A1 D B 5%
Development of Novel Immunostimulator with Use of Fungi
SN B, myE AR BTk
Masanori HATASHITA, Keiichi TAKAGI, Hiroyuki ICHIDA and Tomoko ABE
Abstract

It is well known that 8 —D-glucans from fungi are effective initiators of cell-mediated immunity in humans.
B —D—glucans isolated from various fungi differ in their chemical structures and consequently in their
immunomodulatory activities. For example, schizophyllan, which is B -D-glucan extracted from the fungus
Schizophyllum commune, and is classified as a medicine, stimulates the immune system. In this study, several
extremely rare fungi with immunostimulatory activities are focused. In the latest study, monosaccharides
composition of polysaccharides obtained from Fungi were determined by Liquid Chromatography—Mass
spectrometry (LC-MS) and polysaccharides were analyzed by NMR spectrometry.
X

HEHEBCRO SR THD B -7 NI ATRERIS DR R A =2 = —F— LU THIBIL TN D, Flix D
HRBNOHBELT. B-U NI ATENENDILTFAEE D B2 > TERY, ZOREREL TR/ 2 27
HESITND, FIZIX, Amen& bt &z B-7 N T Thin Yy 747 AFESEMELTHHE, EHE
AVTODD, ZAUTE D IE R ITAER T D ZENB OISV TN D, ABFZE Tl SEIRIERED T OB B>
IZEN TN DDA D IREFEIHIZ OV THRET T 28I Lo, SFEEIT, ZHEE MR T2 BEEEO
LC-MS (ZLB[AIE L ZHHED NMR IS L DS 21T 572,

I

S
ABFZETlE, BEBEOFR DL R T, b EET A4 IS E O HEEL Z Ol L

AF e — LB E DS EERO B EEZ FEE LA LT, ZNSDFDEZ RO ICHT-0, T

BRI, RBEFLERFEOMK A2 B CSET-ER O CHE AR R OB M AR A 528120,
R M R 2 i Uz, AR B IREE IS LTI, 5°CH 5 35°C £ TR BEEFEIIC 31T 5 B R AR D H Fil 2

AL BB R 2 B R IR E A B M LT, A4 B — AIREHC L A28 BRI 21T 7012 B A4

VB — AIREHT T2 B R R B SEE O BARTF A A LTz, W OB EIZIWOTH REH 2 O BE5H O I 4L

MR, ZO %I BT 5 ETO B BT EAR T IESHERRS Iz, B R IRD EH /2Ry Th

HEMHE B - NI H BT D IT1EE LT BTV H Y BRI A IE TS ) — VI RIE THDHEWIPEE

IZE BLU T, BRI ESR IR E O, =& — Ui R O 5% Ik L BVK ATV 2% o2/

— VIR AATO FIEEFIT U, SOz ibEmIiL, 23— Ly REDRAIZE DT LRI, -7 v

o THHZERMER LT, SHIT, AA B — LB LT E R O S B2 BAR ORI AT, TR D%

LB RO BIG AR CE T, SFEE T, ZHEEHE R T2 ERPED LC-MS IZ X5 [FE L ZHHEO NMR

\Z RO E R 21T o T,

RO

EEFEELU T, Fuscoporia obligua(LLF . WK A) . Cordyceps militaris(LL R . B#E B) . Polyporus umbellatus
(LR, BEERE C) &A=, Bi#il LT, Potato Dextrose Agar 32#1 (DL R, PDA B2#l) . YM Ager 321 (LLF.
YM Ezih) 2 2, ZNE NGRS, A — L —T7 %IV — NI L, B A S, EREo
BB EEEHORIZENEIVEREL , 26 CIRF RS TRmEE L, 3 B ORERZIC, R RERm
ORI LUTZE SR IARIE, SRS RZRIC KD 2 ORIRE IR ST, IRIC, =& /7 — V&N, iRk T TR A21T
ST, Atk AURITHRE LR LT, FRIEICXI LTk, Bukainz 4 FEH L, Atk £ DOAHRIC 4 55
DL ) —)VENNZ, 1BEERE L TRE A AR LT, 20y ) — VRIS D IE L, 186

AR FPE T — W SE e 2 — - FSEBR R - AL G IR ZEEE 2 (EIRD B L ZERF 2T « (RIS R A e & — - A4 B RN
JEpAsE =
ABFZEIT, (D) BRI =N — et 2 —PEH R HOSZEENITEL LT, (EF) BYL AR FET &AL R TR L 72b D Th D,
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B2z LT, BUKRH oM, 7 B KON AT
JVANVIRF VRGBT L ., B L7 2 E R R T 5
B O AR RDZ LT, 2O SiL- ik
W\ K & N2 CRIEMS YT, TO—&E8 L, N7
VA B EEEEE 1%L, 100°C T LR MG S B -0 bl
KT L0 FEAIRL T2, ZOUSHEA VT, LC-MS (Waters) D
IHTIZRHW, £ FHEPEHED DB CEORMFE MG
Too BEMEME LU CNRNE, FLRbE . 8 A 7 A
(glucose (LLF. Glu). galactose (LLF. Gal), mannose (LA
N, Man) . fructose (LA F. Fru), xylose (LLTF. Xyl) .
sucrose (LA T, Suc) | Lactose (LA T, Lac)) #fi L. S
BEAT o2, A ETOMRBPTTIL. BT LI Suger-D ZHWT
W23, Glu & Gal L& o3BT 2283 TER DT, 22T,
717 2% Shodex (CAH L, AT LIREE 60°C., IOV &
% 0.5mL/min &L, MS 13, B &ML, 341, 179, 149 D[H
EETHOMLIZEZA, T FEOREA ST AN TET-
(K 1), ZOFMEL LIS AR T 2 HE O A
OHTLIZEZ A, Ffk A T, Glu, Gal, Man, Xyl Y. Bk
B CiE. Man, Gal, Glu XY, E#k C TIE IFE Glu DA T
SZHFADRERL SV TCNDZEDBH LN,

EIE B IZOWTIE, RO DOZHEEOM I S4%
ERHZET, GO L PR Z MR T 2 HPE O A 2
b3 2ZEn 007 (X 2), Bk IV EOLNTZ 2 hE
FEHIX Man OFIG R L o7y, 7BV LIZHDIE Glu
DOFEIEAHGIL, DMSO fillH L7726 DIXIFE Glu THERRS
T e, ZhUE, ERDSEEBOREO S I EA AEEL T
WHZELEITRBL, ENOINRIRD 2 R IE EEERETE
R LR 2 ORRMEZ A LTSz, i St e
X, BAD 2 HEP TS TLAL DO EHERI ST,

FE C OZPEEOREMRNTZ "TH-NMR JIEIZLDTT-
72 (4 3) , 4.5ppm AT LN 4. 7Tppm {3 kDY —F L H
BB RTIEEIR) ICE— 2R RS, B-1,6 fEaBk

W B-1,3 FBAEBALTCWDIEN D)7, s, E#HMN B -1,6
A OREE I LT, MIEHIZ B-1,3 fEADHEEEZAL TWDAEHD
72D, HHE, EHD B 1,3 FEAOREEITRTL T, MBI B -
L6AE A DOREEEZH L QDL D7R2D0EFH_5H7-5H1Z, Endo-1,6-
B —glucanase % VT, ZHFADORERUILAEIT 72412 'H-NMR
REZAT T2, TR, 4.5ppm DE =T HKLIZZEND,
BR C AEPET AL, I B-1,3 fiADEZHL, 2D

I B-1,6F B DIEIEZA L TODBDLEEZ LI,

SBOBELEE

A FTOEINDL, BEEA~OAZ B — AREHI LD Bk
TEHNCBEILC, O m A AR S5 N T, &
72  LC-MS ZHW= 3 Hrnbid, 2 a5 B O
% NMR LD ZHEOREE R DI, FEHEMBHOMEEEZIS

1518 B AT
i 341
Ih
Iﬁ
J VR s g m
0 5 10 15 20 25 30
76 7
) ] p 179
1
| | J*
3 AN
S | e ne pe ol wa) | VL
o0 5 10 15 20 25 30
*_,mﬂé h 149
= |
105231 48 LN - A= e E:
0 5 10 15 20 25 30
BI g f o .
7 s w
f" I\ f\ i 2'{‘{1\
| I\ | H\ ﬂ. | |
266 IR f 1
BRIBAT o s ne Hm,;:;;J Wy, ‘J '\J . k'J | mu2®
Tine
0 5 10 15 20 25 30

AR (min)
1 B, R T ARG LI
ORI o~ N 77 a8 N~A7 < b
77 N

DMSOfH H

7 A Y Hh

BokAhH

|I

(=]
oo
o
N
o
(23
(=]
©
(=]

100

HLBRLE
2 W B OFFMHGMFIZL - T
5 BT WA T O BUEORLAL

W : Man, M : Gal, ; Glu
~ A
™ [ (a)
AN S .
2
»
N
S| (b)
\\\\,\ S

4.7 4.6 4.5 4.4 4.3

FIAANT7 R (ppm)

3 HIRC L0 L=2ED
MR 222 FoL
(a:EERALHRR, b;EEFRALERTER)

MZTDHIENTE -, ZOMIZYH, ZHEEN~/u 77— UHilao

TEHACICE OFRREE BT 20U, ZOFMIEEMENL LT, A 121%, MG SR AEE T 22 A
a7y — U OIEMAIZE DR R D HD DT DN TRFIL . &I B E A2 g
NRTE ) D BN R EFES AT AOBFIZ O/ QLK ZENLEEND,
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2.3.1.3
FH IR COREF TR b U730 K “Fr L A SR OB Rk
Development of “New Yamadanishiki” Optimized for Cultivation in Fukui Prefecture
ZIHZERARS, EhRE—*
Kotaro MIURA and Keiichi TAKAGI
Abstract

It is hard 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.

B

KOy 77 Z U RTLTHS# ) E, BRSO RN ORE R TOREE N LW, 22T, Fox 134E

H R COFEENE S 7 UL B OB 2 T D,

I

S
[ SR TRRIA KR EL BHE DR LB T D EZ L _RIE T2 A CRELO F L2 ALE5)
INRENEN) B AVERE S | CEEREE NS, FEOUR @, Z0HA0, B, Bkt Fa-7-f 03K
SIELERMNBBLIETHME) LWV RSN DD, TN ETICEMELUAFFEBR I LY, TELOME | T2E235L
Fe). TIHHESREVE A TRRILZ2W | BV IBEZENENH T 5RO B IR . T E i B
DO ERER THHLOD LHEIVS 2L/~ T0, FRCREAE BIOWCRL LR TIENZE LM ELT
BO, @IEANTOIZIL LWV DD 72 H L HE” OB RICITR S LTz, 2T, ZALHDZ I L H# 0D
EKFFEIZ DWW TR L72E2 A, TREBAKZW |, DDA KEZW | W BEEIRE ITHERFL T 23, £9—
DEEREE THH T 7 DOIRITRLT I DELL TN, — RN A RO T 7 OFRITRe9 3%, BTE
20 HETOVHKIREMEIRHY KRN EF-THERTFITLA2D0, FAL LU L HERFRRZ BV CH A
FRIERRIRET 7 OFET RO T SITIFIEF ITE W RH Y | BRI E IR b e%
SN LTz, DFD, BAICRDIFERILIBE D TRV LI D03, Kk EL TOME IR T LG Al fE s
TRBHENIR =R AT DRMRIZ 2D EHHLNI LT, 2D R REE W= AR X TESLAME VY |
TR, NUESEIVEFA | THRILZW | OB E 2B DR RO B RICHEER L7225, AR 2
FZILTNTCDOTREMNHEETH -7, 2T 30 LT, BRILeWE BIRICHE IR FBAA B — %0
B35, BRAEMEZ BIETHMEHEDZATH LR, (L H & R AR Z O & E S AW O T 32
TELIe DX AIL T O L, PRI L7 WE BARD I REBZ2IZ L LRI DR R 2 Bl DM 35 2 8% H
FRLCiFgEE Ehi L7,

MEIL
TR L

AEBRTIT, AL 29 @A RSO M 88-1 OfEFHIST RSP AW EIRBFII 72— EBR[H
B Cigk U7 1L B AR B AL BRAE I O Fl -2 V2

TEAE

FE-1%. 200F5 12 AR U2 L — R TIZ24RERIRIEL . Z D%, AKEKIZBEL TAHMWKL, HDOLRE
W~y MIIRBHIZV TR AREFEL T, ZD% , AWEIRBFEM et 2 —DFHIRBEIC Tl AMEH LIz
7z FR304EE A 15 BT L6 H 15 BIZAE H RN R P A& IRBA T 78 £ o 2 — N O K I ERE LTz, 335
S, S:f25em, BRE20em Tl R H7=0 30 AR E LT,

AR I IST RS AR - ARG IR BRI JE o &7 — 2 (W) R L — R e o & — - IFSEBR S 0 - LL W G IR JE =
AT, AR EEE L CAM) BB =¥ —i et 4 — MR R LR TEMLIZH O THh D,
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(L S5 8 b e 28 AR 0D 8 B 55 %

L1 FH 5 S 7 25 SR D T - A AR ST EE 70% . IREE23°C D BREE FICB W TE KRATHIEL A5 E &12.3%
\CHHHEL, ZOfiA%  BFPEE =xL X —R o A —N v rahar b IHET SN DR FEA A B — (450 MeV,
LET ca. 60 keV/ u m)ZWULHRE75Gy, 100Gy, 125Gy SALEL X TS 72, BRLPRIX 2% TO0RIFRE D Ff-
ZIRE U7, TERRSIAEL A 10 B IS, MR- 20 L — N T/K T 24 R BIRIE L . 2 D% KIZIRIE L T4 KEH]
WK LTz, ZIHOFEF-1ER 1 (R E3) 40kglZxt LTIl 5%130g, AV 72 10gM 2 CRIRE LT -
IZREREL | RN R AN E IR 02 & — DIR B NI TR LT,

T T RRIRE DR E

F U VRIRIRE IZOWTIL, R B (DSC-60A Plus BEEUERT) 2 V- Isfif e — 7 IR Tt
BE U7, UNHERL - KOy & B TA%FEFE |CHEEFTHEE L 7= 22K 10g 2/ MRS K S — L AL (Y NRF2RFZERT) %
T 90%ITH K LT, FEKRLTZ K ZI I m Ry 2 — (FIREFHT AR 2 VTG LT, 15mg DK% 30mg
DB THREL, TNAIFeAl >—'v AUS  BHEEBUWEFICE AL, BRI 20°C-120°C, IRE 1
L —h 5C/min, 32mg DAEEKEAZ A —REUTZ, FRlRRE TN Z LML, Wie — 2R 2R E L,

i feg D AH A ) 81 5%

BATEERTOMNAE Y7V 7L, FAAG/V <Y ~FERE -7 /a3 — V)E ERIZIRIEL 30 /A% B ER
AL C—BRIE LT, BH 30 AR, V7 7= Yetath T 7 0 mIEATO, 9 um O] AR
L., W BaEEs TRl 21T o7,

fER
(L] FH SRR 8 AR~ DR FEAA B — LIRS

L1 FH 5 e b 2 B A A AT B 282 IRBEAT LB — LD AT o7, HEMRI S BRIL, BEIC— L
RIFULE 2T > CRIKLTR I THDHT20 , AFICBED LB FIT OO E BN EC TODATREMEZ ZEL .
75Gy, 100Gy, 125Gy DIEAVERRED SR LT, REAA L E — L& BE UI-FE -2k SE, IS
H7-LZ A, 75Gy, 100Gy, 125Gy DIERX TEIZEIL T6%, 56%, b4%DIEHER LI o7, ZNHDOEITATIC
RETHEL, 125802 E OB HEEICRA RO AT —=0 T 57O T ETH D,

AR W MR &7 YRR O Pk

ABEIOFHET, LEHALILHESTIIHELR T 25~28 HOEWAHY, T 7 DIETRTE T 4.5C
BEDENRHLZENHLNTR -T2 (K1), £, HEZIT 72 1L HERA BRI W T, Il A ERZED
HFEH ORBETITHE TALREOT T ARTROTIERY, L E AL LSOO HORET
IEHME R T o AT T EERL TV (K1), ZOZEND, HFE A &0 7 ORI T SITIEF I0E
WARBEINRSH SR ONICRY, E A LILHEDOT 7 ORITRTEDEEZREL TWADIT I T
BV, FEERIR CTHDOZENAMEIT o7, ZOFRERIT. A T ATVLIMEICT 7 NETe9<, 1L #E
HDSEE PR O PR B KT D72DITIE, ORI FAI TN\ D8 BARE R T D20 E RS
HZEERBLTND, SBIIZNOLDORFEANTT 7 OETOT SENEMEN L E R XA T %
REL TV ERDS,

L1 R S AT 28 S AR D e e D 8 5%

FUREME i PR 3OB) LB O 2 50 Bl JE LI X D U040 B SE RS D ZE DRI TV D, £ 2T, #EBikE
7 BRARDBERE DAL TODINEHERE T D120 T T A R L TR ERE DG R DBLER 21T -
T2 ZORER BEBURL AR TS B ARIZI, BIMERBEIE TS TORW OIS L 1L IR e B
JEDBTERR ST DT LSRR TETe, BRI ZE AR DA IR BIER LI LA, ARG L I ~% LRI 2B E
RSV TODERIC LA D23, 1L SR ORI B I IR RS Q-T2 (1K2)
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75
74 © 5/118HH
73 | 6/1B 4K
®
72 @ o v
S 1 3
< 71 B $
= - HE A \v\ ® y=-0.2018x + 8812.5
< b4 R? = 0.8062
J 69 —
A
¥ 68 s
i« " s (L1 FH
67 ol
. ,_!g,_.;
66
o "
65 5
64 T T T T T T T T T
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Production and Characterization of Antiglycation Substances from /nonotus obliquus
BB 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 in a liquid surface culture by a multistage extraction using organic
solvents. The fraction, which was obtained by anion exchange chromatographic purification of the extract,
showed high antioxidant activity. In addition, antiglycation activity was higher than aminoguanidine that is usually
used as the standard antiglycation substance.
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WCE BRI 35281280 Bl b E 23R B0 [BIL CE AT ERH Bl o 7o, B L= Hii b E
E AT~ N T 74— KD S IR R T RE T o 7o, R m W IR bTIE A R LT, E72ht
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T DL EBIT, PO LRy DAL PRGSO R E DT 21T o7, &
7o PO LB DO A FEMED B WA B OB W THL IR L=,

HiE
L. R )TFH A OEARE B L DU LW 00 A BE K OV IR - 45

SR A O D PR LW E & KA PET D720 BEAFD 13 )75/ NY-1 Bk O CiiR iR S s
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Breeding of Stock (Matthiola incana) Cultivars by lon Beam Irradiation
PR ERTR™ | B — 2 T B A
Takaharu FUJII, Keiichi TAKAGI and Masanori HATASHITA

Abstract

We have obtained flower color variants of a certain stock (Matthiola incana) cultivar by irradiation of carbon
beams to dry seeds.
X

AR 7 BRI )T DR BRRIRATZ LY HDAN 7 M FEOIEA L A IGHI LN TE =D THRE TS,
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a
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DOTHET D,
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R AL R AR AR BE BT, *2 () A BRI =R L — WP JE o & — - WL B BT - AL B IR e =
ARBIFFER, AR AL B G R A A L (DA IS = R X — R JE 2o 7 — D FRFFEL L CEML 726D THD,
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Improvement of Heavy lon Beam Breeding
S A B R SR I RR T AR 2 P A
Keiichi TAKAGI, Masanori HATASHITA, Hideo NAKASHITA, Kotaro MIURA, Hiroyuki ICHIDA
and Tomoko ABE
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AF e — LRSI LD mRIM T2 ) — V3B R R B O 4T
Ethanol Production from Rice Straw with Thermotolerant Fungi Mutant Constructed by lon—beam Irradiation
MR B, mEEA, BB
Masanori HATASHITA, Maki TAKANO and Kazuhiro HOSHINO

BUE, AT~ ABOH AWEAEED FERIZIN T, S AA S ZAD MR MREOGOIEE FE DR
THRVF— DY, FEREIREE O] e 8% R CE D ERBREL T TR PEDS Pl REL 7R D FEME AW 3 5K 8D
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o — LR IR E 2 B @miRmE o2 ) — VR REEZ BT 2282 S LT,
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ZOHT, 50 CEME TR r—REE M ECAF ARRRE RELEHIERL, 2090 14 ZHEOEREK TR
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BT HIENTEZOT, %O FIEEZHWTEY @R RRO S E RS | BEmIZiTmboR
BEAM T2 DN T — 2R NAT ADDDNSAFN T 7 AT V—E M O 2R F DT E Th D,

() FPGE =R — B TE e 2 — - FFEBR SR - AR IRAITZEE 2 B IR R B - B T AP e
ABFTEE, (AR FHIE =X — i FEt e # =3V E LR FL R CEB LI DO THD,
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Development of Commercial Varieties of Flowering Plants by Ion Beam Irradiation
ST B EIUE L SR
Masanori HATASHITA, Keiichi TAKAGI and Katsuhisa SUZUKI

KB R ORI BN OO BRI WL, ETHEYOXTA S ~D A4 v — AR
FHZED, BE L RICB W TRE DY ERE T2, RIS, ENOORZEDVEHR LRSI BHE O HIEIZL-
THAFEL | HIHERR B W THIBE N L BRIV TODIIZOW T ZTI T, 2O L7l R 218 Toe s B
ROREMEL T, BRI COR LN THZENTED,

T % 1%, © B (Catharanthus roseus) DFFRIGL TAA L E—2EBE L, FOHBOEDOVEBIKEE
BoEP3HZ 828D, B FEOEH 2 A TE T, D12, 4 ECITMFERERA T o 1A BARDOZETA 7y kA4
WXL ThAF B — LRI Z TV, HICER LAY OB AL TND, OO T, H&4E
RMR (i g 5 256111 5) (238U T, AEITHITE FIRICASTZBEDIE R E L 7 THLBKITH LT, £D
BEDAEEAN F e oo B R B LT, ZOZEBIRITIEANTR B IhbiR/ FINZE L7228,
7B Dz MZARD A EL, BIFRICK L TH 310 L TEDL D Th 7o, A %IT, SR gk C LT/ 3
TR ChHLZENE., Y —WEHERT DT E ThD, TOMO SRR EMEAE AR OV T, BEF b 2B L .
R R TORMDIRATEL T T2,

() BB =N — e 2 — - BEEBH R - AT IE R 2 TP oA 2 —F af W Aatt
ARFFEIE, (A BB =N — et =T Z—F2aF AR S LRI TREL-b D Th S,

AF L — LRI LA E T REER S A2 R OEH
Development of the Low Toxic—element Lentinula edodes by lon—beam Irradiation
Pex RBIES | SF RN M T B#, SiE—

Akimasa SASAKI, Kazuhisa TERASHIMA, Masanori HATASHITA and Keiichi TAKAGI

VARIIE LD LR BEE G TR T VT CTHENTEAGHA B ARG THY . BWHHEC I RS RENE R
NG P TNDIEND, I, REFLINCHEHEZED QND, — T VAT SO FITAETHE
L ERT DI DHY  FHZIRITNCDERSLE AT R IEM TRIE LB A, SO Cd &
SBRETHAREMENGIRESN TWD, £ T, AFZETIL, S A2 7 OE B FEICA A B —A(RFEE —2) %R
ST TIRE BARTA TSV —ZARH L, ZD T8 Cd OB EME T L HRA R T 5222 AL 15,

Rk 30 AEEE X, IRFBE — LIRS O BRI HEZ DEBEEFIDHT012, k& 72E(10, 25, 50, 100,
200, 300, 500, 1000, 1500, 2000 Gy)=E L 115 SIZPRETL, T-FHAEFEAEREF -, BEHEEZaLI7R—F
— TR E VNS CEE R 21TV, BRI RS D72 10-500 Gy PREHED G 4 Je i 0 BELC 0 45 BlEkk
ERUG LTz, FRREX 30 T OARMEEEREITV., T EIRORAERGEAEBER M SHEM)Z A& LT, T DRk
. 10-200Gy FREFEEECIE, RPRIX (BAEFE:76.6%) ERIZED 1- KR AR Th-7-, Lo, 300, 500Gy
BHRROD T BRI AERIZTZNE I 27.8%, 18.9% ERIEIZIL T L., SHICH L BIEN A0k < b=,
PLEDFERMNG, T FZRFEAEIT AN 20 200Gy & Cd (KERMEOEBEA Z 35720 O EX LT,
BIFE, 200Gy PRAHEZVEE R e B2 2L CTHsh ., 5% . /o BERE WV TR EEE 2170 5oz 7%
RO Cd REZNARBNETH T E THD,

(=) BAREOZ 2 — EYIIEAT, (A BB T L — R gE 2 — - WFFEBR R - AL G IR S
ABEFEE, (—/) AARED B 2 — L(RAFE SIS = 2L F — 5t t # — ORI L L TEMELIZH D THD,
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BT FRT LD IR BRI FH L7285 32 D i Rl BR 56
Breeding of Vegetables by Particle Beam—induced Mutation
UG R BFT A B (LA MR ENDLA . B KRR
Keiichi TAKAGI, Yoshikazu TANAKA, Masanori HATASHITA,
Junya YAMAMOTO, Tomohiro TANAHASHI and Yutaro GOTO

Fx T, AF L — DB AT IR T2 WTT 7578, < AR, BL O 2320 Stk B %
RO TCQND, - IR BRELZERTH7-00 DNA ~— I —OMENHERL TBY, ZRLETICRKIBOH
BEMEERR D~ — I — &ML LTz,

Rk 30 IR, ZVETICHRIN LB O RIS Z ket T 5L 2010, IR Z X3RRI T2 D DNA
~——PRBREL T, AR MR EN ML CRERBLOIRIK L7e s T BRI 2R 35~ — I —%A{E
BIL, I=b~ O LR BV REOR IS0~ — 1 — 05 AT RENE D E T2, TOFE R KEM IO
B A5 R~ — D —1%, S= M hO AR R R T2 2N TEANWZERHALNE o T, ZORE R
1L, I=M OB FE RN KEMNERDIER HHNTEB T BREE/R S TNAIEEZRL TNV,

LtelE. TNETICHRE AT T A SO R A ORI A Ehii T 2L 012, RIS EREE Ehti 3
5120 DNA ~— 1 — OBk L CHEML . A 7225 3RO/ 2 B 89,

) FPGE =R — B SE e 2 — - RFFEBR S D - A IRAITZEE 2 Rk T e R
ABFFENE, (BRI == JE o & — RS PR R L L [ C ML 72b D TH D,
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2.3.2.1
&R PE A& RO DNA ~— 1 — D BA%E
Development of DNA Marker for a Special Product of Fukui Prefecture
FH o B
Yoshikazu TANAKA
Abstract

RAPD analysis was performed on midi—tomato (Hanakomachi), a special product of Fukui Prefecture, to obtain
some specific DNA fragments.
B

WHBOREMELTT TR IR HHIT AR 13722FD) 3B E LT RAPD FEATZATV Y, FFEAY 72
DNA b1 &8558 7.,

i

il

BEH RO T T RbaED LB, FEA T ST H 72 82 B T2 D OFRM 2R 73 AT L 72 5800
DOBAFPUE LS TND, RAFFETIE, @ ROFFED L R T b~ (322 FB)ICHFERL, Znaok
<R BT A= DDNA~— I —AERk it AT,

R DB .
I e (3722 EB) (72 DNA /Su %R T B12 primer

5 H51EE LT RAPD (Random Amplified Polymorphic DNA)

EAE Wz, b REHE, SE T NDOA—/S—THiEALTZ M 1234 5 6 7
T b e, i SENDAFLIZ K ER R U,
RAPD 2% 80 ffi¥H0> PARD I A~—%fi FiL7-, KT
rTaq DNA Polymerase (TaKaRa)Z MY, 94°C 3 43 CT&ME:
. 94°C 30 %), 44°C 60 F>, 72°C 90 Fb%& 40 A7 1T»
7o BG4 2% 7 Ha— A7 W(TAE Ry 77— & HWTE
RUKENZITV, 2RI MR LT, 2O R, 80 FEH D
RAPD 7 IA4~—D55H 13 HOTTA~—IZBW T, 1T
ZELORIHELT S DNA NUREZEESDZEN kT
(K1), 2D T ITA~v—%HNDZLIZL-T IR E
HAAhO L X BT D LD R DERIT T,

h=

R=

A EESIZER A7 DNA XU RIT, 10 %
RAPD 7T A~—% W =b DT, HEMEIMENKR B D
728, S 1% 1T N HH B2 DNA /XU R OB 25~ X1 RAPD fE#T D& SR (B12 7 Z4~—)
T, KW22E?: DNA o4 ~—% e T HFETHDH, F M:100bpDNA Z4— 1: HEKER EX,

T2 NI EBITIEN ORISR D HCHTE AN L | A2 pE B, 2 HRAR=V R, 3 RAS = A, 4: kK
BHIBWTRRO BIERFEIZ /2> TD T2 BUERE) A= —2 5 HKRARZ 71 b, 6: HEARRR,
ORI T DB 2 AT 53 22 miREE o> T D, 703722 F 6

T AN NTGFICB TR RDOT TR N EHERFT D728 PEATRHITRUTCITICREFA972 DNA R
2L BREICHWDZENHKD DNA 7 T4~ —D1ERD I YRR AL,

TLTHT> OV FIETH D,

() B =0V — g B 2 — R TR B - AR B IR R
ABFZEI, () BRI =N F— et 2 — MR H DSOS FENITEL L TEMEL 72 D Th D,
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2.3.2.2
& IR PE A B IR O EEY 3 BT
Analysis of Metabolites for Agricultural Products of Fukui Prefecture
TR 2
Nobuyuki ENDO
Abstract

Major products of Fukui prefecture, we investigated the difference in components and metabolites between
agricultural products of Fukui prefecture and those of other areas.
B

IT AR AT RFITHOW T, IR PE S LA PEHI R I WTE AT D50 - AR PEM IS 72 20 %
LEESTRATL | FF A AT o0 AT o7,

i

il

W5 PE D BP0 72 8 D R PE A Ik D7 T R T B 1E, B E O A E DO B
oL MEM EDERULINMLETHD, £, A TIIPE AR PE S OB~ DR IEF H S, RO E
EHT-OTHENRREER->TRY, ZIUTREED DT Z L REIZHT-> THIEL TBREMETHDL, D
72OIZIE, 2SR FEM O SRS A BE A& BORED > D R I B D H R OB R AL ELE S TWD, 22T
AHFZET . 48 IR O R FEY) AR KR B SR U C RSO pE MR B LR F CE R EM O RO fiEdT 2 F
WZIRFEM I B e 7 AL | IR FEM E DRI, R HREM DT T MU 5 T5Z 2 BRE LT,

RO E

FETNO REME TP A—/S—THEAL
TXT ARSI AT AF A B L, By
BLOBFRR S B a~ 7T 7 G Bk
&, BT R7u~ N I7E&orEEE v
TEAKS DFE  ERINTEAT o120 KA D5Y
BifE R0 7 M 43 ML 3 L7 OB BT ALER . A3 AT Stk D
REE KRBT LITHRETL ., FRERETCE L7 4
257, M1UCHERFTEREELZBRICELNTZ
HAZa~ T Z70 TIC ya~ T L%k R U, &
FRPE2FRD 22T/ EL, mE R PE AR R R E D
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PR L& PEREAm L O BA %
Development of Reactive Oxygen Species Detection Method for Evaluation of Antioxidative Activity
TR
Nobuyuki ENDO

Abstract

We have developed a simple method based on electron spin resonance (ESR) spectroscopy for free radical
scavenging capacity determination. The reactivity of hydroxyl radical, superoxide anion 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 areas was evaluated by
using this method.
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2.3.3.1
JEVEAREE ATRE e i B T A MY RO B
Breeding of High—quality Midi—sized Tomatoes for Year-round Culture
ST EH @I HARTE™
Masanori HATASHITA, Keiichi TAKAGI 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 high 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 round-
year cultivation.
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Y BREDON (A HIE LT DNA ~— 1 —DBi%
Development of a DNA Marker Improve the Efficiency in Plant Breeding
FH A BRI SRR A K B A
Yoshikazu TANAKA, Katsuhisa SUZUKI and Takashi MIZUNO
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2.4.1. NEZSHEATOBAFE « & AL
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Current Status of the Accelerator Facility at the WERC
PR SRR
AR, BAE I E (L H SR JEMHE SR
MRy B R E JEACHE ROGHERE | PH) B A
Satoshi HATORI, Tetsuro KURITA,
Yutaka HAYASHI, Atsushi YOSHIMOTO, Hiroaki YAMADA, Fumiyoshi YAMAGUCHI, Masao YODOSE,
Shin’ ya NAGASAKI, Makoto HIROTO, Masaya SHIMIZU, Ryuki OYA and Ryuta FUCHIKAMI

Abstract

After the periodic inspections in 2017 and during filling SF6 insulation gas into the tandem accelerator tank,
we found the adhesions of the accelerator tubes peeled off and all the tubes could not keep the vacuum inside
of themselves. After the completion of replacement of all of the tubes at the end of May in 2018, we restarted
to use the accelerator system for the experiments in June of 2018. The insulation performance against the
acceleration high tension was so good that the application of the maximum tension of 5 MV to the terminal was
successful in very early time of the machine time in 2018. After the successful use of the accelerator system
of the fiscal year of 2018 in January of 2019, we conducted inspections of the tandem accelerator. In the
inspections, no traces or impressions of discharge were observed on the surface of the insulator and electrodes.
The synchrotron with the tandem accelerator as the injector has well supplied proton, helium and carbon beams
for the experiments.
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2.4.1.2
Trrabhul O E RO B
Development of the Beam Extraction System of the Synchrotron at WERC
SRR
Tetsuro KURITA
Abstract

A beam extraction system of the synchrotron at WERC has been improved. A reference of spill feedback
control automatically adjusts to constant spill width according to charge in the ring just before extraction. Using
the function to measure charge in the ring, we have added the function to measure charge at the timing of before
and after acceleration.
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WERC v 7abar % iz~ /L F /30 R RFKO IZX D — 2 HH Uik o LSRR £ 5R
Proof-of-principal Experiment of Beam Extraction Using a Multiband RFKO
from WERC Synchrotron
PG B TREACRR ™ | HE T8 (L FOBE N 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 including many frequency bands around the betatron resonances. A prototype of the
RF-knockout system has been developed for a proof-of-principle experiment at the WERC synchrotron. The
beam experiment shows that a uniformity of spill intensity can be improved by increasing the number of frequency
band as predicted in a beam simulation.
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17972812, RFKO ¥ A7 AD 7 a MR IR LE — A EBR AT -7,

AR SCTIE, 7 MEDOHEE 2R 7% I EBREE IOV THE 5,

<)VF UK RFKO VAT LADEE

RFKO ¥ AT LD 7 aMED 7 1y 7 XA X1~ , MB A7 MLO & G Bld, RO LN AESES,
FP TUOANTANA— S TUE B DT PANT — 2Bk L, V—I AT —ar (WS) NDT VX -T
Ful EHigs (DAC) D ATV —IRIFT D, TDOT —HEIR7ay 7 I CXVELELELTHIIT5 Y, DAC DAE
V—REIIARTHD=D, ST 1 06 2 T =0T —2 %0, N @0iRLI S8 5, 14—
720DF —2H1I84TH Y, 7y /& HIL250MHzE 2D, 10 fH 0D HnE & 3l 25 D D 1O I L B e 4
JE L, R 55MeV/u DA IE1IMHzD S 14AMHZ Th 5, - T, mERIETEO T P2 NI HT->T
D fie KJE W Bk o\ 2%t 354

o S Clock
LAV THIE 250/14=18 T Fuiee

25) D —I—ﬁ:}&:j{%b A Mother board Senerater 40W RFKO
° o electrode
X 21% WS Hi7)% LPF 2381 0 VN
TARING LT F A TR p{ PP Re-switeh |35 o @
L7z Td%, 1-14MHz O] oiga 180°[{ ATT » | |

noise signal

@L[Z\gfﬁ;ﬁéq%}gj i&i&%f)i 10 'ﬂﬁ] < EAC withfmemory ﬁr'l'll' Att(;natur ]
- H evices of 1 GB : Impedance transformer
@iﬁ’b"@/ \%):k%ﬁﬁﬁ}ﬂxbf:o i Workstation APN: All Pass Network

7=, 32D HF ORI D/
REIERLIZEDTHY , JE K
MEIX 0.925-1.068MHz THY . X FHEIZ —E L7,

1 ~/LF K RFKO Y AT LD 7 ay 7K

THANRGE AERE AR BRE T LR ™ (AW B PHE =V — e 7 — B JEBH ST e ==
ARFFEL, B ARKFE(NIDE TS =N —HFJe b 2 — DILRIFFEL L TEML b D Th D,
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LPF Zi# L7= & AR 51 RF A FIZATIE,
v — A URE O 72T o sivd, £ Colides
(&, (A 180 FERABIEBLLT, ThEh 40W 1 T
DJRHIE T 7 IT,APN Zif L CHEMIC A TIEID, o \ ' H [\ \ |

a) (b)

APN (TR E I IS Te > CT—EDEE% RFKO
BN 572D DT, A= R(38
00Q . IT DAV —F L 2 AT 16 (BELHRE L
1£1:4) T, ¥ o

oo 58, 61

2 ARIINT FTAY —TBIRP L=~/ TF R
PR R AT ML) SR ORI, HE
BE%&17- RFKO + A7 L% WERC v 7nbny dE WHITAK D 1-14 MHz ., A XITE R E0E 143

FB I 3B A= R 2 T L T — BB kAT > %
7o BUHURI 13 FE 55MeV/u C, HETIFRTITL 250ms. #0iKL2Hz Th-o7-, K3I1FE—LT 32l —ar
T AT ERE R CTH D, [AOREENIA S AT — T ICHRA AT T — 25 L 7p > TONB A AL LA
TVDEAIEERIC L C250ms THY | [HIEREITHT 750,000 & —2 T D, X335/ 30 FE 10 TAE /LR EED
XD OENINSIRDIEN DN, FEBRTHIREROE BB LNz, EBRICBITHEHLE — A TR
BADEEIT34% ., SUREI0DEEITAT % Th o7z, ZHUTASUREOEVC LY RFKO BMICEIINESNS &
JE I BB D FNEN B2 DI EE 25, WS TER T 27 — X3\ R BT DL T FEEN — B 1272559
WZFHEE L QWA & B T 70 1T, APN O B U EIC LD, 2D Xo7B A U5,

BASIF S REUZ KT DALV FREEDITH DE DIEER £ Th D, ZIENDIEER 2T EE O E
THISTND, ZOFRERNPOH I Il — v ar DO RIS I AN R EEB IR £ NS 7e>TnH T E
D,

so0 | (a) 025

0 10000 20000 30000 40000 50000 60000 70000 80000 90000

0 100000 200000 300000 400000 500000 600000 700000 800000
tur [arb.]

250 ms.

50 (b)

0 100000 200000 300000 400000 500000 600000 700000 800000 o 10000 20000 30000 40000 50000 60000 70000 80000 90;m
[turns] farb.]
X3 AL ADIIal—a bR, M4 AELOE—AEBEER (a)
()R, (b) SR 10, SRURERL, (b)) RER 10,
R

L IVTFT N RART VDT T —R ) A X% ffio7= RFKO B —AH
HUZEBRZ WERC v o rabar affioTiTo7-, EEAERIiX, A 0.9
JUBREE DAL AL — A2l —a CRRILI @Y Al oS 2%

—&— experiment —M simulation

o 0.7
ROEMEEBIARIB T DR LT, ZRUCEY, —BARAE LR Zos
T — 2 on/off il CE DI LA IR XD, g0 .
;0:3 ‘_--“l—-l
BE IR go2
1) Th. Haberer, W. Becher, D. Schardt, G. Kraft, Nucl. Instr.and ’ OI;
Meth. A 330 (1993) 296 0 ? N o ofbaﬂds ¢ oo
2) Tetsuya Nakanishi, Nuclear Instruments and Methods A 621
(2010) 62 X5 NN DA L
3) Akio Shinkai, Soichiro Ishikawa, Tetsuya Nakanishi, Nuclear R EE DX 5D E DR £,

Instruments and Methods A 769 (2015) 16-19
4) T. Yamaguchi, et al., Proc. of the PASJ2018, Nagaoka, Japan, pp.562-565 (2018)
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2.4.2. EEA]H 3T Bl OB JE - AL
0.4.2.1

UF 0 LIE BT DT80 OR5 R0 2N E L& — LR R A E O B %6
Measurement of Detector Efficiency and Development of Beam Current Measurement System for lon Beam
Analysis
ERARHHA . 22 RS, T R
Kohtaku SUZUKI, Keisuke YASUDA and Yoshinori NAKATA

Abstract

Time—of-Flight Elastic Recoil Detection Analysis (TOF-ERDA) has been developed for lithium analysis. The
TOF-ERDA detector efficiency was measured, and beam current measurement system was developed. The
detector efficiency is less than 80%, and we have found that the TOF-ERDA detector efficiency becomes higher
with increasing a particle mass.
X

TRAT B AT 7 B BRRE -1 A (TOF-ERDA) IZ XAV F U A E &S HTIEDR B L ED TW\D, ZD72
TOF-ERDA friigsOfR Hh=7a & @(ﬁu;eiootmz — LA B OBARE AT o7, MHAERIT 80%LL T
L72D RIFNEHEVNEE EDRDTEDHER SV, B — LB AL E X EEAAL L F e — L5 TED L

NZLTWD,

T

%_
VT bAF L ZIREUIL, B AV H B HL - A THEL Li“CTA%ZéX’L“Cb\é UL IR AR A
FALTWDT=8 , F& ok IR IEDfEAfED . ZHUTT L, REURYTF 7 A BT TR« EER O IE 25
HIL, G BB Z DL 4 IS 72 B 8B 2 BV TWND, BUEIT R ERYTF 7 bA A B ORFFER
FEREANATOITND, BKAFFEIX, VF U LAT B OVTF T AORBNZEEE N T 5720, /48
—2% 2 TOF-ERDA (ZLDVF U LE&DSHEE R THIEN BRI THL, 7J<?%%3J‘ﬁr7bta&®%m:
FITEEDTNREET, 44— ED 0 NTIENE— D T1ETH D, TOF-ERDA 3% 1B
X — RS TR F O E L = R L X — 2[RRI A FE T, BHE niriéf%éf_esf)mﬁ:%#%mf%é ”0
ifj‘%ﬁﬁ%@nﬂa\ﬁﬁ‘ﬁ%ﬁ-/x~wlx®ﬁffﬁ%mf-§5t&b BAREE O R EICB T DT T LAOREN
MR D%, VT LEBSHTOT=0I21E, B =20 LV T AOEELWT RFE, ©— 2B OFHA, B2
0)*»‘%%)34%&04%&17‘;3:@fﬁ&ﬁw&gfzﬁéo ZHVETHEELM AR OB H b e — AE A EE E ORE
EAToCER Y, WAL 30 AR 1T — AEIRFHAE E O — AT A E A BILOMRHEROM HBh =R &L IR A
ZRDOT-, 3

v —AEBHEHEE

ERE =R X — W ge e — (1 BF) I 2R *ﬁﬁg%
E 2 DAAF L E =L —AIZ TOF-ERDA $EE )35%
SNTND, ZOE —La—R/ERLTZE — AF {/lour@'
WEAE AL, K 1 ISEALTETE2RT, BE— A
MHEASIL, AR OL—7 MRS 35, ZDORIZF]
AR Z[E E SN TR OPNRHY | F T 52812k
ST, B —AERiHHES—F Y A~DRS 22 BITITH%E
EThD, MIEENT 2 rpm FREETS LEER OIS E TN
Binotz,

X 1 B—AF {)lunJr{EJ" B,

R AR RERIE

AR #5 S = VB SE o Z —  BFEBH SR - =L X — BB v — T 2 BRI R, P (A ) B X — e A —
TFZEBRFEES - L — Y — B fiT B e ==

ARRGEIL, (A BRI =X —HF et 2 — 0SB TR DR NE A, A AR B aUE A, dbbEE kS0 3 b0 ZREr%E
LLT, '?%BWij(%k“‘H’Cé%bﬂjbt%@’Cf)é
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TOF-ERDA (3% A HH2E 2 B8R e | BIcky ., R ORITRI M 228 = R LF — 4 R
ETAEE ThD, B T ESE T ) A— ML O R EE AR 723 Fm U-BR I &b —IkE
FEFEIT—CvA7uF v R T L — MBS 2> T0D, 207D HHZERIT 100% (27257,
R DR EE B B AKAT (it —IRE - BIK ) 756288705, AT, ~UD AR L UNHE — A% IR
FU . BPEBGELL 72 — AR U TR SR AR E L . =V — (KA EA R L 72, TOF-ERDA R H#HIE
— BEISOEELA 40° (R E SN TRY . SHITE — 28 20° [TETT, K 2 1A A (ER) BX
Ol (B D WCxF 9D 3277, TSR AR AR LR BRD3& TR g R RS2 T 2 AEd
ORI E RS, AR, 2 BEDETMRIEDOHTLOD, HEROT-O BARTOFEL KD,
HIRORHREROLEELE 2 BADETIRERDDERANZEET, v~ (7uF v RV T L —ME=
OBRER R/ AT- 8 ROEEAIE 1-2 MeV D= RAX —THRHZIEN FR-TWAE, 72771 2 MeV
DL EOSEI T, kL 2 B AL RE T 58, BIROZROFEN 2 A bR TFT KL T
DHIENTIND,

18 - : T Y 1.0 T T u
0.8F ) 0.8 <
S osr S 06 i i
Q0 k) A,«};
g 9 \\"\“
& 041 ILJ : £ 04r | -
0.2 } 0.2 ' |
) R S S S S— 0.0 | 1 1
0 1000 2000 3000 0 1000 2000 3000 4000
Energy [keV] Energy [keV]
2 FEAR AR O DR, ZERBAID L GRS T D83 Thd, HARIT ., MM T O
SR BEIATORIRTHY, RS 2 BEDEIZRTHD,
e

TAMTIEIF T LAF L BIDTZD DIVTF T LERIITTEDBRFEEAT> T D, BRI OIZDOITIE, B —
LRLF- (AUT L) LUF 7 LOBELWTEFE, & —XFEHEHAL BRI RO R EDRERAMLETH D, Fhl 30
FRIZIE — LB HERE OB AL MG e RO, Rk 29 FEEITIIANIT LY F T AOHELWTH
FEZ RO TNDTeD | EERD =D DFRMBEAH ST,

SRITEREORE KT TF T LA BHALEEEHI KL TV F 7 D5 21T > TS T E TH D, TOF-
ERDA DAz E S RREDFFIEZ L)L T, E—E M E R E TSRS I D) F U A MAREMICRIEL TS,

=P N

1) Y. Yasuda et al; Nucl. Inst. Meth. B, 442, 53-58 (2019)
2) B A, (AW B35 =L X — i FE 2 —BFEAEAE R 29 421 20, 132 (2017)
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LR RS A i da i LAY
TN GEGVT T LA O RS FRIZ LD 7K 56 A Rl o fi B
Clarification on Hydrogen Production Processes of Radical Doped Lithium Oxides
by Water Splitting at Room Temperature using In—situ Elastic Recoil Detection in Air
TREIC, mE O, S ARBHET . ArhiEEk
Bun TSUCHIYA, Katsumi TAKAHIRO, Kohtaku SUZUKI and Ryoya ISHIGAMI

Abstract

The hydrogen and water absorption characteristics of LizZrOz(x=1.00~1.25) with various densities and Li
concentrations were investigated by employing weight gain measurements (WGM), elastic recoil detection (ERD),
field emission—scanning electron microscopy (FE-SEM), and X-ray diffraction (XRD). The WGM and ERD results
indicated that the amounts of H and H,O absorbed into Liz,ZrOsz:(x=1.11) with the lowest density in air at room
temperature were the highest values, as compared with those for Liz,ZrOs.(x=1.00 and 1.25).
B

BEBLO) L BEORRLZTOHNER LinZrOx,(x=1.00~1.25)8 84 KZIZHTUCIRL . 1 K.
ERD, FE-SEM, XRD ZALENDHRIE FH1EZ AW T, 28K R IR 2 E &N, KBRE, RiEE,
AR B L ORI AHIEL T, /K IBRUOKBRIFFHEIZ BT 5 R BB LY Li IREKFAEIZ OV THI~
72o x=1.11 @ Lin,ZrOge, #UBHZ 3617 2 B &N F JOVKBERIR FE A i =\ 2 &3 oo T, ZHUE, 7K
WY 36 L O AR P D MAFE 8 B CRE ) DI B LY Li A BOHEINCIVRESND TWAZEERL TS,

&

il

IRFBWRIL, BP 8 SOV R A2 357 IV S/ VT 0 LA K W R ETIRR B -T2 R K 55
fift - IR SBAERL S AT LB Db A G A HIE LT, BRAIITIE, 1200°C I LN 1300°C D BERS L T8
BEO LI BEDRRDTHINER LinZrOs(x=1.00~1.25)3E ERIL | UF 7 A b FHm B L OV ILy
I Li O FMR A B L O E AL EO B2 O TP N AR SE BRI DK, kFEWRIL
BLOWTIER, AKFEAREOK TSR S5 T oF b RA M ESE5Z 2 HEL,

EEr

ZIVETOMFEARRICEESE, IREEV T U A(LLCO)ARZ 1200°CEH LT 1300°C O EmiR I LUERTRFHA
IZBWTEERE T A2 LIk o T ER 8 mm, EX 1 mm OF A AROEEB LN Li DRI DTN 5
A LinZrOg (x=1~1.257B 2 /ERILU 72, 2 B0 EHK) 1X 107 Pa LA F @B 2245 E NIZE AL, 350°C
T 10 43O MELER L5 AT A% B RO A 30RHRLEE 20°C  FHXHIEE 80%R.H.OSF FICE X, 45
T RBRBF R ITEEE T K2 AW E &2 L2 HE L, SRR R 2K FWRI EE R T,
X7 A4 — DS HTIETH A K BB 1 H(ERD:elastic recoil detection)iEIZL-> T, |iRIZB W TZER T
(IR Lin ZrOgr, BRI O /K F IR E B L OTEHR i & AR HIE L7,

==

Lio,ZrOssy AREIO B EIMOEFN G B LY Lin,ZrOg, 3B O /K R FE 1342 R F B R O BN & & 12 HE N
L. #4000 BRI CIEIE —EDEIZETHZ LN DT, 2. x=1.11 D Lin, ZrOq., i BHI B 1T D EEH IR
FOUKFRIGHEEE DN b 2 ED3bnoTz, ZHUE, =111 @ LinZrOs., s BHT 31 B IRFEE FE CRi )1
4100 BE x71.25 @ Lin,ZrOne, sBHT I B IR R FE (R LV B IR (UM EQ), ZBRUTIRS A HIFEA LYK
TN ZLOKPBINEN G WIRFEETHDHEE 2 HND, T2, Li EFEOHEMIT, KKHFO H,0 BIO
CO2 EDOFUSNT LD, LisCOs, ZrO; BL N LIOH ZED AL T AR HET 2260, H BHIZENT 5702 Li
DK, KB DPEH B IO RIB R I KRE R EE 52 DEE 2 5ND,

AR BT - B R 2 B L E IO  MEM LR L S (A W) S R —F 50 o 2 — - WFZEBR ST - =L — 8 kL
==

AWFIEIT, AFERSLRIF R FHELL T BPEE =X —i5Ets X — B4 MK EB L ORER Ll KR E CTEMLI-H DO TH
%,
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2.4.2.3
DLC 5o [ H It O 78 D F K VEHIAEN 2 B 92 5%
Wettability Control of DLC Films for Medical Applications
AREFFAES A, R
Atsushi KINOMURA, Kohtaku SUZUKI and Setsuo NAKAO
Abstract

Diamond-like carbon films (DL.C) formed by plasma-based ion implantation techniques on Si have been
characterized by contact angle measurements, elastic recoil detection analysis and positron annihilation
spectroscopy to obtain materials information on wettability, hydrogen contents and nanostructures. The
measured results were compared alongside each other to find correlation among these measured values to
understand the origin of DLC wettability.

X

T IR AR AFENEZ T SRR ISR AW G TR 72 DLC (Diamond-Like Carbon) %L T,
Fefil A 1 . ERDAJIRE | B THIEG JCHIE 21TV, & aUBHTR U THIKME, KR &, /22U 215
WAL LT, 250 3 SORNEREROFHBEIZIDZEILY, BIKMEICEEE 52 DM O ZRIZ B35
BEToT,

&

il

IRFE BB CTHD DLC MM EEFENE OB 7] 728 O TR 7] B2 B L U7k ko=
— T4 T EEU TR AR B DM TV TWD, I, ZIUTINZ THT — T NRAT VM L i ke
L COICHBMIZERED DI TET, 2D IH72 E M BHI BRSO EER M E TN T ond, £
DOPEE VIR B AR SCRT B R 1 OB KM - BK P, T/ R A& (B D e F BV TS, DLC DBl
ARPEZBIL T, BRI ST A— 2 AL IR R 22 E L O FR B 2 FH R DAL T TE 7223, ZOEJFIZ DN
TIEF B ARSI TR, ARWFZE TR B OB E - TH 187 Y TROIVA MM 72 22 FLZE BRI B 3 51
AT U — LT CELNDKFEREIZE HLU T, T /EEEH K MEE O BIRFRZ T, DLC O KM
FBUCBI DM B PEIZ B3 2 LR 504 FE it 32,

Fik

PEER TR ARt & — T, @& 1173V A A3y 4 (High Power Impulse Magnetron Sputtering :
HiPIMS) & 7T X< A4 13 A& (Plasma—Base lon Implantation: PBII) Z#HA& 472 PVD-CVD (&
HALFERFE) AT VYRV AT L% VT, Si R EIZ H, Si 28 Todk & 7oAk - iSO fR 37 SR 1 552 YEf
L7= Y, AHFZ2 T, DLC (Diamond-like carbon), PL.C (Polymer-like carbon), GLC (Graphite-like carbon), Si—
DLC, Si-PLC |2/ ASND IR R A V-, £ PBIL (A CIIZe T A/ Sy 2L CIR B REA L 7-
sp—C. KBAIFEALEE/20 DLC EEEL T ta—C (Tetrahedral amorphous carbon)t iV /=, ZHIUHDIEIL 4~
T Si R EIZRIEESN T2 DO THD, FEEITFEHZIVIEL SN H 503, Wb RIS G CREZHIE
L. ERDAJIENHELID H(OKSE) B EOFH BRI LTz, 2V ENOREOFAKMIT, [RINFFEAT OBl 5
ZHWTRIE LTz, B RERBGEHT O H Ot &2 308 = r VX — et 2 —DA4 B — Lo Hrdk
BIZED T LIz, JIE T2 1L T ERDA(Elastic Recoil Detection Analysis) % 0% TOF-ERDA (Time—of-Flight
ERDA) O 2 FHAD FiEEAE LTz 2, 260 R 3 R IR 5 - TH o R E (R 77— IR0 E)
ERAESKRFEA TR A IRV O AR — 2L 72— AT CTHIEL %,

FERLEL
ERDA I TIIFERANITE ST A—=F DR BNICE £ D H 2GR T 22813385 LT
DD E ST A—ZORGEITNT Lb S e, 2 FEEOEEREIOKRAA AEALE ST &m0

R T RV EE TR, 2 (AR B = X — e 2 — R B REER  =F—RR L — 7 BT S e T -
MG EHITZEER

ARFZEIT, AERILEDFFESIEL LT (AW EPE =X — Wb — AR I KL OEEBIR AW ERT L LR CHRIEL7-b D Th
Do
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PPS (Polyphenylenesulfide) & {# FH L . = DHF ZhIEE MR L

7=o ERDA JTE Tl WIEF O H BBESRIREL /25720 1 250 [T——————————
FEHTXL, #3[0 ERDA WIE 2 ML H AR ZE 00l P Sr[ ]

AR AN H BEESERShAHa T, zomMEE 2 | Mol
THKIFMEA T~ COMEO H B2 R BB H & g 150
ZEECHEE T D T EA BT, [X 112 DLC 50 ERDA A q
ATV, 57 H BRSO TREYIEICHE D

787307z, SHIT, 1 BIROREL 4 B R ORELORM T sor .
KRERZEFIZRONT ME P ORI IGIR DA 0 i, !
400 600 800 1000 1200 1400

I CXAREE Th oo, —J7, PLC BECIXRH IR
SN HE B IR RO, WTTIUIZL T, TXTDH
MEsUEHZ LT, E SIS L CERE 7 1o T4 7L,
FEEEMNE 0 DLEDO H BEIMEL T, TOfEZREIO H
L,

TOF-ERDA JEDFHI D=2, — 5RO k3 RO E 21T 72, IO H Z 5B TVD
23, BEA ERDA J0HEWHIERE (B — ABE &) SV THY, TOF-ERDA HIEITH > IXHIEHERK
BrOMEBOREE M OO T2008 B NWEE 2 L5,

Bl A E X, PIERSEE R L7260 KO TE SR ESROE 5y EO RN E 5 & ZORO A EEHi~TC,
Pefih A 2B 3 A MR 72 5 1R E Wz, BRIZE S TER DI, BEEE 70 FED 90 FEFRE O®FHOEE
RLT,

ERDA JHI7E K OVl A I 8 (25t s 250 BHI X L CL BB K FE G TR T IRV 2 T T ORER B B -2 —
LI HNT, = bF— 0-30 keV OFPH CTIHE=RNAX—Z2E X BRNORNY 77— KN HIENBHED
D S NTA=BZD TN — KA (S-E 1 —7) OREEAT T2, S /NTA—=FDEFHEITIL 511 keV E—2D
HLLHE0.8keV OFLFHICAD D U MIEE — 7 2ARDFEE (N7 7 T0 R Z511%) CRISTEE LT,
FIFETXRTORENT, Bl 7O X =R E<7ebl, B 23Ry 2@ LT, 564 Si 2Lz S
IRFGA—=RETRUTEN, TR F— 0.5-2 keV O&IPHD EHY S T A—ZDONEEEZ KD | EHEIEEH 5y DS/ T
A—HDEELTERLI,

BE LT D R REEFEHI R LT H & (RFEE D) | 2l CBUKME) L BE D S N"FA—=H(F/
ZEBRAE ) Z RN E LI, ZOHFNE 2 SOBEERA T I7712 7y LT, EIROMEER -, £9°, 7
TOBRONT —HRE— 2077717 ay L%, St AR EFESHRETHIT T ay L, SHITH
MZRTEMRE T 1T 7 Lic, H &EBEA A O ITIROFE B BIRIZ A0 T, Ll S/3TA—4E
Pefi ey S NTGA—HEH EBEOBUREFH DL, Si A REE Si FEEGHRENT Z7 O CRRDEE DD
AlREMER RIB LT,

CHANNEL NUMBER

1 DLC i€ ERDA A7 L,

ME

WLV ISR TR LT 32 R IR UR 2 Y L, £ ORUEHIXTL T, ERDA JEIC&% H BHITE ., HEfil
ARNE LB, B5E TRy 77— IRBDREIZED S NIA=FRED 3 SOREEATT2, Zhb
DRERERSAFHNT 3 FIADREMNORRD T —HITHR L, ZT06 2 SORIE B3 A CTHEKZE N
THTZAT -T2, T ORER, H B8t 2B L IR B X ROV, S /T A—F-FEfilify | S—3F
A—Z-HBIZEL TR, SIGAOHFEICINZ V=T 45T TTEHILIRIREN, A 1% DR HIFFS DR
Re&ipolz,

BE IR
1) S. Nakao et al., Nucl. Instrum. Methods Phys. Res. B, 307 (2013) 333
2) K. Yasuda et al., Nucl. Intstrum. Methods Phys. Res. B 442 (2019) 53
3) K. Sato et al., Nucl. Instrum. Methods Phys. Res. B 342 (2015) 102
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2.4.2.4
K& ERDA % A= ET730 7 A DK FES3HT
Hydrogen Analysis for Ceramics by using In—air ERDA
ENABHG, TESCE, R
Kohtaku SUZUKI, Bun TSUCHIYA and Yoshinori NAKATA
Abstract

Ceramics such as Li2ZrO3 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. Hydrogen
analysis in ceramics was performed by using an in—air ion beam method. The increase in hydrogen quantity in
the samples was detected as the increase in the sample weight.

X

VF DL NAR—PREDETIv I AT, REF ORI ZWILL 100-200°CITMMET &, K7L
KRBT ADFEET HEVIRHE AR TVD, ZHIWNSKRFET ADRIE T ATRE Th D, £ 2 TR L 72K
S EAERET D20 | REFIZEITHA4 e — D0 FIEE AW OKEGIT 21T o7z, ZOFER. BTy
ADEEIAIH KFEEDBIML TNDIEN D37,

I

S
HERIR IR L3 R D720 ARIR B O FEBLN LTI TS, T ETITKREEZREE L TE 32408
RENTWVDR, "Ik FE T KB RE T o EE R T DM E R DD, VT U LY LaRr—Rel D
TIIVv I REF OKERE T IAI, BT HZETKREREINTK BN AT AE T DR AR, BT
HART X —Z O IUE, 7V = 7k FERGE HIELIR0 2 D, LInLIRING, KRBT AFEAED A =K TSy
Do TNRNZD | R A B — ML DK FE AT (KRR 15 : ERDA) 2 -V T, KB DOIREE WA
BHLTND,

K& ERDA (2 X BKBEHIT
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TOF-ERDA HITE T 33T 2HT R IERHT AR DE AN LD R 7] oDRAT
Attempt for Improvement of Sensitivity by Introducing a New Shield in the TOF-ERDA Measurement
L AT PN g AR
Keisuke YASUDA, Motoki TAKEUCHI and Kohtaku SUZUKI

Abstract

A new shield covering a transmission detector was made for the improvement of detection sensitivity in the
TOF-ERDA measurement. By performing TOF-ERDA measurement using a carbon beam and using the new
shield, the sensitivity to oxygen has been improved by 31%.
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Attempt for Background Reduction in the Fluorine Measurement using Micro—PIGE Method
LA 2 HEFE, SaARHHRS
Keisuke YASUDA, Kasumi YASUDA and Kohtaku SUZUKI

Abstract

In order to reduce the gamma-ray background from the upstream of the beam line and then improve the
detection sensitivity in fluorine measurement by the Micro—PIGE method, a lead shield was introduced in the
beam lime. This shield reduced the background by 55%.
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FRATIRE A S BRRL 7 H HEIC 8D LiCoO, 1EAR/LATP B EME SR i 23 1T DV T 0 AT ARG RE AT
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 @B O, SaARBHET, AR
Bun TSUCHIYA, Katsumi TAKAHIRO, Kohtaku SUZUKI and Ryoya ISHIGAMI

Abstract

The migrations of lithium (Li) in multi-layers thin films of Au/LiCoOs, which were deposited onto one face of
Li14TisSip.4Po.6012-AIPO, (LATP) substrates, were observed using time—of-flight elastic recoil detection (TOF-
ERD) with 20 MeV Cu ion beam. A voltage of 1.8 V was applied to the multi-layers thin films at room temperature
between TOF-ERD measurements. The TOF-ERD spectra revealed that the Li concentration at each depth in
the LiCoO; positive electrode uniformly reduced to 50% due to the migration from the LiCoO; to the negative
electrode in the LATP during the charge.
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Small Amounts of Hydrogen Content in DLC Films Fabricated by Filtered Arc Deposition
BHAFE, FRBCH, BEA, W, gaA Bk
Toru HARIGAI, Takafumi TOYA, Koki TAMEKUNI, Hirofumi TAKIKAWA and Kotaku SUZUKI

Abstract

Hydrogenated diamond-like carbon (DLC) films were fabricated by filtered arc deposition introduced hydrogen
gas. The hydrogen content of the fabricated DLC films was analyzed by ERDA method. The hydrogen content
of the fabricated DLC films was 8 at.% or less.
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Penetration of Fluorine into Tooth Structure from Fluoride—containing Materials through the Bonding Agents
BRI FO S A2, PR ST I A8 F AR 3, $nARBHE™, EES2E
ARFEINF-*2, F RFAE K07 REHT EVR*°
Katsushi OKUYAMA, Hiroko YAMAMOTO, Katsuaki NAITO, Yasuhiro MATSUDA, Kohtaku SUZUKI,
Yukimichi TAMAKI, Mikako HAYASHI, Takashi SAITO and Masaharu NOMACHI

Abstract

Fluorine penetration into tooth structure from fluoride—containing dental materials (resin composite and glass
ionomer cement) through the dentin bonding system was measured using in—air micro PIXE/PIGE. The results
of this study show that by using resin composite for filling, amount of fluorine penetration is affected by whether
a bonding system (bonding agent) has fluoride or not.
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2.4.3. SRS TR SO BE AR MO O REAT H it BA 58

2.4.3.1
E IRk Al P Vo Sty WAV NORY i PS5
Microstructure of Zr Alloy by Thermal Treatment
2 L SN VALY
Kazufumi YASUNAGA and Hideo WATANABE
Abstract

Microstructure of a Zircaloy 4 alloy specimen which include defects and precipitates by the thermal treatment
was investigated. TEM observation revealed the existence of some kinds of precipitates with significantly
different in mean diameters and volume densities.

B

K et H DMEAE T A BV A i L T= v v A 4 (Zry-4) OREIFLSERZ FAA L 7=, TEM B2 Zry-

4TIETER, B K OMAFEES B O BRE B D T M DMFAE T D2 S RSN,

&

il

Zry=4 1%, MEKBLOEK I (PWR) OBREHEEE B L THOLIL TS, AT OIFIE, B D
TR T BRSNS OVK RALI DT AL OB R R I A 5.2 D, Zry—4 O Zry-2 EBRIpDRASIE.
AT IERIT NI 25 Fen2 e, L OBRE RO TIOR3 R AL QWD ZETh D, AT, Zry—4 12t
KAFETDHTHIIZONWT, ZORERKR TR - B - AR AT E LIS RIS W THRE T2,

R DR

FEHZ, 630°C T 2h BVLERSINT: Zry-4 DEREF ATELRUAY—Y—TXRITFEED a I PATICOIWT
% FATVESRY =N CTFELZ 100w m EOHCIREENCTH D, HORFUEHT 3 mm ¢ OB HHE,
BRI EE L (VAT oy NE) oA A U PR E A R L C TEM B HICHEIRL L T2, YA ¥ =y NEMHTEE I
PRI RIS 28T D TenuPol-5 %, A4 U AFEBRICITERE = R LX — 8 % —D PIPS
(PRECISION ION POLISHING SYSTEM, Model 691, Gatan) ZZiLE AWz, VALV =y MEIZKDHE L
ST, BRI E L CAS /—)1 950 ml, i FEEE 50 ml DIAETEAE ., 25 V., ~40°CTh D, 1A HIEEICLD
WAL ST, PR O DRI S B AL -5 F TRl R AR S ER L7235 6 KV D Ar A4 % FRET
AHAIT 60 THDH, SHIZ A EFIMTELT2 kV O
Ar AA % N8 6° T 10 min FEL72, ION BEAM
MODULATOR I DOUBLE, 2 2D AF U JEAELE 1 X2L12
TOP Tohbd, ZOAFWFEIZLD, VAL Py MFBEET
TR o TR RE IR A B 05821 2h D TEM #1432
V238 L7 3R M ER S I 7o, BUB O TGHIAERR BL 22 121X
B - S (TEM, JEM-3000F, JEOL) Z Fuy,
STEM-BF (Scanning Transmission Electron Microscopy—
Bright Field) 18 & (8 STEM-EDS (Energy Dispersive
Spectroscopy) ¥ BTNV TEE SN LTZ, BF DN
WAL 300 kV THD, Lon ey

1 1, Zry—4 #§%0> STEM-BF 14 (a) . Fe &% Cr = B e
D4 H %7+ STEM-EDS =t (b ¢) . ZHHAT - Overlay.
\Z Zr OO ERA DR () THD, JEME (B 1 Zry—4 ORGBRERRA 7~ 3 STEM IR &
D F5 it R FE DR BB E SN D) 0 ORERHROM R ONEE~y T,
HENEE (O T CRIEE SN D EI) &5 TefE i DUV TR

T CARE) 5 P /L — B e e F— R T R R+ XL — RIS J— 7 " JUN K e F 1T R T
ATRIL, (AR EHH 3L — B 2 — S DRR AL, AR/ BB AL, AP N2 LD 3 HhbOTER %
LU, UKL R TR L7 b O T B,
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X BRo3 T 25k Fr T2, STEM-BF H1 0D 88 Al O FETEAEIR AN Z ORI C, BRI AN X #ROFE AL 7R V22
TR A S B 6O T, EREREIIZ I, F R L UVRDBREE SR SIS, T NO DAL E BIfRS — 8L T
WAZEDD, Fe O Cr & e B DMFEEL TNDZ L0705, JEIRER O 1% STEM-BF 4 ClXE
THRE I EMEN 2D HER TERD T, BRI OE
THRROERICIVIAELIFHE X BMOBBEICLD RS
it KO FER T REE Ao 7o, INFEE FE MR W RIS D
B FOFEESEAEZ DT DITIE., SR HEI23
REEFENH KT D, 2T, TEM OFLRFELL TILbE
BUIRAE=RD 25,000 5 CIAEPAD S+ RERLE TS
FEIRCBIZR LT, A RV RRE X BROFERICI DR
FE DAL R G2 D Beds FAE T SRR O AR Y
FEFRIZITC R A D JFPTHR b E NHLHERITIX, ZDF]
FUE R OVEBACICTE e TR ERVEHEE 2D, K 2 1T
Fe, Cr, Zr Ofs X #o8E O BAK A2 R/ 77C
HDe FEHRICIX Zr DR X BRIRE DML Dy D2 DN
DB R FEIRDMEIEL TN D, — 7 3B D JE 5 o ket e
RO 7 LTI A HE X RBREEDS L T2, I Distance (um)
JERHINCIZ 0002 77w 7 BRI AR U D5 R P4 1 o L I R S e N S 5
Uz, 300 kV B0 Zr T COWEIEREL 45 nm THD, 2 PRRSRILE TR X SRR
Fio, Zr OFEE X BRBRE LIRS FMCRI A Lz, £
TR I OW TR 1d O s TP 7 fEde (2
pm W) CTFAET DT ) DR SIS EE2R <
D BRI % B BT R A TR U TR 238
U7=, JEMSEAEIE I IANFE 2 8.3x10"8/m® D Fe 8L Cr
Ta AT DFEIEL WD LS L7, HLRAT 4 D
P A X (EHORIEE) 1% 47~330 nm OFIFAIZ /AL,
Y)Y A 213 130 nm LIS,

3 1%, AEHR O MRS 3\ TSR ST /T
Hi¥ % 7§ STEM-BE 8 Th D, MM HIZLEobH 0
A EAAEERL TRETAHEABHY ., FilELTHBR TR
U7e, S8/ IMIT W O R RS BE 1, 2.4 X 10%/m® LEEAliE4

2700

B EEER R
Wedge-shaped Specimen
thicker region edge,
Thinner
region

Intensity
3cTE o s TS T EH B W

. 3 B O S B TR ST
Too Fo, BUMTH O AR1Z 4~33 nm OFFRIZ 34 ?;ﬁ/]\ﬁ'ﬁgﬁ R FEsh

L BBV ARE 14 nm FREfSI, B A RITHLRHT
W ERREIC OB EHE Cho, MO THEOH  F 1 Zry-4 ITEENDITHHOFA XKD
FRAZDWTIE, B S CIEARBCThD, MU iR R,

MY OBFEE L K O A AL el 58 | (RFEE L 4 HA 2 (nm) RIS (m-3)
K< . P AT 1 K/ ASUMEZE S D2 EMRHSI ST, —
! v . - AT EY) 130 8.3x10'®

WE AN k) 14 2.4x10%

BT LR ORI & O E nm JEOJEEEA I C—
B2 & T Zry—4 % TEM BlE2 952 L1280 T A X R OB B IS SR (B D0 M D - AE A IR IS LT, ML
KATHIE Fe-~Cr 5%, #/ T DR X BLRE ST RIATH S,
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Radiation Tolerance Test for Semiconductor Sensor and Integrated Circuit Onboard Satellites
RABIHH | A Toan™!, VREPEm| PELREIR™ | VR | JREF A
PSR AORIR, BANEERS | KRR
Daisuke YONETOKU, Makoto ARIMOTO, Tatsuya SAWANO, Shota WATANABE, Daichi SATO,
Naoki OGINO, Satoshi HATORI, Kyo KUME, Takashi HASEGAWA and Satoshi MIZUSHIMA

Abstract

We performed radiation tolerance test on an analog—to—digital converter (ADC) in microcontroller used for a
gamma-ray detector, onboard a micro—satellite, Kanazawa—SAT®, and an X-ray CMOS sensor for the future
observation in space. We confirmed the ADC has a radiation tolerance of 400 Gy, and we can operate it for
more than 3 years in satellite orbit. We also confirmed the lower discrimination energy threshold of the X-ray
CMOS sensor keeps less than 0.4 keV in the environmental temperature of -20°C after the irradiation of 23 Gy.
B

SR KEFEDBAR L CWOAHIE/ NI R Kanazawa—SAT® (ZHE# 950 0~ Bkk H 25D e A H USRS R I 2 #4
fsnie7 I nr 7o ar N —2—(ADCIZ K32 U R TR 2 FEhE Lo, E7o, Fkof 2 i
T X BBt R CMOS 2o — DS it e A S ha L7z, AREERICED , 2 E D FE 103 FH 22 ]
T 3FLL Il T REME R CE DT LA MRGET A ZEM KT,

i

il

LR K TIiE., 50 kg FhOAB/ NI R Kanazawa—SAT? OB Z D T, By a et LT B/
WRATRDOOEDEL TEZLNTND [HIFE A~ S — AR | R END 228 RKIRD S5 [ & R E T 5720
D JEAE XA B =0, R R AR 2 E T D720 DA~ R e 2 I L, AV D2 A
FUT2 3y NEE TR LT RIROAL BTG A S35, H o~ HEE. AT~ # % S & ook
2, e —TELIZERE SICEH L, ADC THU SO RV X—ZEBELL TiA . AEBRTIL,
~ A2 AEE ADC DM—2/L R —X(TIDNZX T DHERED LL AT ~To, ST, IR KFTIE, 8 XFRHER(0.4-
4 keV)TDZEFRE RIKEHZ - FH - MRER RFZE 2R A 2 51 HiZ-GUNDAM ~O#H AL TD
X MR ThDH CMOS A A= —DHEREFHII A1 T TV D, RIEERTIL, Gpixel fHH CMOS A A—
T D O R B A S L F A RTRE ChH DD MRAEL T,

Fik

BROWLEZ FE 700 km O KBERIBIBLEEL L725E ., 1IC FFBZTDRLFH7 7y 7 AL, B ~UD A
D EARJFFEZC 3X 107 proton/cm?/yr FREE L FLEEL B35, R 1 D)2 =00 X — 388 100 MeV F2ET
BHHZEMND, ARFEBRTIE 220 MeV D He* Z SR, 7-EL7-, 2018 42 7 A 5 H.6 H (FRHIX 6 H) . BILO.
20194E 1 H 14 B, 15 H (FBEIX 15 H)IZ 220 MeV DO~U LFREEERZ ADC, CMOS Er 3 —ZFhFhic
FEhiL7z, B — LA RIIZNEI ¢ 63 mm, ¢ 56 mm(@FWHM), B —LFE 1 IE — A2 THFHE 3 X
10® particle/s EFRELT-, BEEITZE . ADC (21X Kanazawa—SAT? 238 E 9551 50 Gy/yr #/&BEIZ H
w3y ar Wi 3 HEAE R D 400 Gy &2, CMOS B —I2id, JBET 5K 7 Gy/yr /&8I BAEI v a0 #
fH 3 I TH Y 540 23 Gy &, TNZENIRE LTz, X 112, COMS o —DMH -ty Ty 7 %2R,

WIS DOVERERIE ST IEICHOWTEILAT %, ADC I hot BREFERBRZATV, TID 1255 AD ZEHa DA
DI ZRNE U, B EEEETT V2T I usar _"—2—DAOIC L5 EEH 1% ADC IZASL,
— KBTI 4 T4 T EATV, TDOU T HEE O LA FLER LT, CMOS B2 % —I3 cold FREFRBRZA TV,
BRI O X B —0f AL FRELCD)DZE L ZRIE LT, LD X, CMOS & ¥ —DrFE i Lt
LU ) A XD BHICLDE 7 R/VIRED X A3 CMOS o —FFNE CHBRINL TH 258
PR RICE S TELDE 7BV ELXBITESD X X —0 FIRMEEL TEIND, AFEBRTIL, B

FLEIRR: - B TP TRk - SR 2R 2 (A 8 = )V —RfFJe e & — - B R BRRS T - IR AR ER | (AR EHE = V¥ — i g 4
— < WFFEBAE D AL T RREFRAFGE S L — 7 4 (R A~ e Ty s

ABFFEIE, IR KL (AW FPE = X —RFge b 4 — DL RIFFZEL L TEML-H D TH D,

Ageix, BRI MliBh4: (16106342, 17H06362) DBh A% T7-,

78



e pers = %L —WF gL & — W22 4E 3 CPRR 30 4F )]

—1 BRI TOIARD TGN R CXALE 78 THsEO ADC MBI IST S X oL —%
LD EL70 X AR RO TR L —BEEIZIT, ¥Fe 1255 Mn—K o & Mn—K s O X #THONUHIT-T,

e l l . =25
¥ ) 9 o E = 20 degC ‘
‘ = | 520—_- 0 degC
o20r
- | = -20 degC
15F
. 1.0 - .
' 0.5%
| !
0

2 4 6 8 1012 14 16 18 20 22

- Radiation [Gy]
1. CMOS BoH—D &y 77, 2. TID IZ%}4% CMOS ¥ —D
BB IR T X5 | C RS B Al 7 AL T IRE LD o281k,

i

ADC (2 400 Gy M2 ETOM. MAEORIE ., 74T 427 %K) 50 [B RIF S EIFREO R AL & — ]
JVTIT 572, DAC IZEDEIEA NN T2 DOZE L ITA 7 By MEET 1.6 mV (at 1 0)LL R, HEXDOZ AL
1% 0.1%LL F T, BB I DAEOF B LIZ AN o7, RIT, X 2 1ZA~UD ARERBRTH T CMOS
B —OF AL FIRE LD OB HFE AR 3, BRERIRED 20CO%4 . ~UT AR 0.5 keV Th
STeFiAAHU T IREIE 2.3 keV FTEALLZ, LU, 200CETHEITHIETRENZ I DR EEE NI 2
B, BH#% T LD 1% 0.3 keV Tholz, 2, Fex OB THS 0.4 keV % FEISTEY, FHFIH
ARECHHZENEIESNIZ,

WE

H /N B Kanazawa—SAT [T # T A0~k HAs O = )L X—RIEIfE 42 ADC 13, R EEIR
BEIZRBWTH HESya MO 3 FERITER rlRE THAT ENEIESNT-, F/2. FFkEHHE HiZ-GUNDAM
OB ARFIL D CMOS BoP—i%, 20CETHENITHILET 3 FERTEH TRETHHZEMFEIESH
7=

BEI

1) Space Environment Information System, https://www.spenvis.oma.be/
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T B DY GaN HEMT ORMETEMEIC 52 D55
Proton Irradiation Effect on Long—term Reliability of GaN HEMTs
HOSR AT 2 REE | AATSROKAR™, PUSBIR* | AP, Ak
Takayuki HISAKA, Hajime SASAKI, Eitaro ISHIMURA, Satoshi HATORI, Ryoya ISHIGAMI and Kyo KUME

Abstract

In this study, we investigated proton irradiation effect on long—term reliability of GaN HEMTs. We found a
novel phenomenon that the change in device characteristics owing to the irradiation can be recovered by an
appropriate electrical stress even at relatively low temperatures.
X

AAFGETIL, 7 SRS GaN HEMT ORMIEHENEIC G 2 D5 B4 A Lo, BRI IR
ZEABIE, R ARIRIZ B W THIE U e B AN AZHININ T 5 Z 2KV EIE T A2 &2 BT LT,

i

il

GaN HEMT (High Electron Mobility Transistor)id., Fihggs>/ Nk b, S5 EME LN EILTEHIEN5,
FH AT ANARELTHIFFSIL TS, GaN HEMT ZFHEREE CHEH 57-0120%, M= X —n 7 mh |
Ay BREDOIRDFH BB U T o7 [F M2 R T2 2N EREND,

BITAEFEIT. GaN HEMT 12 70MeV. 2X10'2/cm? D7 u by FEZ1T\UN F D% D RE WEEEMEIZ 2137
WZEEER LTz, 4Rl 5125 NIEL(Non-lTonizing Energy Loss)SfhD 7 mh BEHZ LA G R HETH
PEIC G- 2 D50 B i~ T,

FREDOBEE
SiC Hiti b AIGaN/GaN 43 HEMT (2, #5568 = 3L —Wige b 2 — DNl EE S 27 2% AV T2MeV,
3X10"/cm? DT ah BRE AT T2, BREHZED, GaN HEMT O H )7 (P,) 1%, £ 3dB AR F L=, 7k M
RHBEICEOF YU TIRE . R OBEBIENME T L B2 b5, Fubr 2 RE S, Blebd AT DAR A
R ZTT o7, Py 2L &K 1ITR T, RE B{ERBRIT, To=125°C, Ve=30V, AJJE (Pl 3dB FIFSEAE &7
HIDNTIHEES —EE LT, miLY A7 A (HTRB) 5%
1L, V=5V, Vg=30V, Tu=125CTITo7, 1.4
G L7271 (Non—Rad) 13 RF B ERRERIFOD P, 28 12
B3NS ARV RIZH L TR IE TH D, T rbr BREH 1.0
7ViZ, RF Bi{ERBRICIY P, 2349 1dB [EIfE L7, 125°CD 08
PEAECIEE 0.3dB DEEIZKL . HTRB 3B II#1dB [A] 0.6
L7, RE B)fEL I~y b v 7 2307220 HTRB Sefflc & 04
BOTH RF BIERBREASORENRRSNLIENE, A 02

AT AT == VR KENEE L BB, o

AP, (dB)

. 0 200 400 600 800 1000 1200
== Time (h)
Fubr BEHEEIC LD GaN HEMT OREZ I, =D
) 01 Tl RO R
%0 RF BfEHHL % HTRB RERIC LD {ET5 L7 ;ﬁ? fg d ‘;@ﬁ@/\fﬁéxw
W57 S LT, — 08 Rnh, B0 ABRILD Po 22
KL TR BIMEA A LT EL bILB,

T B TR e PRI 7/ A ARt~ BLRAERD - [ BPER T, (AT 5 DRl =4 /L% — B Je- o 2 — - D JE R - I R .
3 (IXHE) B =L — RSt 5 — DS RREH LSE— B L — 7 () 25 HS = L — e 5 — RS BT - T
BRI

ARFIENE., = AR A (AR B A —BFIEE 5 — D FIRFIEL L CHIEL 160 T b,
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Evaluation of Radiation Hardness of COTS Single Board Computers and their In—orbit Demonstration
BB R AL, S SR PR AME T PRI ACKAEH KGR RRJISE0
Yoichi YATSU, Hiroki ANDO, Tsuyoshi NAKASHIMA, Kei WATANABE, Yuhei KIKUYA
Satoshi Hatori, Kyo KUME, Satoshi MIZUSHIMA and Takashi HASEGAWA

Abstract

Evaluation of the proton induced single event effect on COTS single board computers for space—use is reported.
The performances of recent single board computers are almost the same as those of desktop computers a few
years ago. To utilize those technologies in space, we conducted proton irradiation test at the synchrotron
accelerator facility. We chosed several samples from commonly used “Raspberry Pi” series and irradiated 100
MeV protons without any modification. As a result, part of new products fell into permanent destructions after
exposure to protons equivalent to several month in low earth orbit. The observed radiation hardnesses are
totally different from that of the previous—generation products, which is already demonstrated in—orbit.
X

AW TIE, TIRD T 7 NVAR—Rar o —2 %R L CRHIH TEDMEINRIET Dl v rabry
DG 1-a BETL ., ZOBEHRMTEEZRREELTZ, 7 Wi I &0 D Raspberry Pi 2 U—27)
DIEIRL | ESLEDEE 100MeV DR —LZ MU, #EREL T, —HORFET MTHIEIKHLE (2T
Bor A5 DRSS %K A2 MG~ 7=, i EO R — 2V — X133 CloilE ECEifEZFEIEL CWD, £
DEXDFER LTI EIEARDLOTHY, ZNOOFHEFIHIIXEENLETHD,

&

il

0T ¥§Z3DIE FDARAL T D720 IWH-D > 7 ViR —R 2 2—# (Single Board Computers, SBCs) D4
REM I3 L ARIRDOKREST, TAAT LA ), USB, LAN, 5 LAN, Bluetooth %%, % DT A7 kv
TR A LI B DBV ERRE OEEEA T H TA T TES, MEROFHEBIIER oy =/ A E
FI 2700 TN EE LR W BRICER B2 TH720 . RIZIC 40 ERTO 7 0o S 2% A K HL b7
—2Ahd D, — T, /N RO S EIF A7 DNE DT LWFEEE T, A a—ROklf 2§ HE
BEJT TV, FoT-< BTl 2 Al K92 Z S ERN B TS, ZORERFH I TIE SBC OFI H il
D T, FILWFHFIA - EEEZ TP gL 72D,

#2005 FITHTH EIFT- Cute-1.7 +APD 1 SHIZ T, Iy va XA/ —R% USB Ok —ixi7e R
I/F T, B A ACEDN—REEDT AT 745 BB L, ZNABIE iR/ Ml 25 Lol
RO T ANEA T I05TND, Tz ITZED G0 FEHGH O BN BRTHE D 2 O R 2R 375 1T
D CTEETHHI L%, MIEEREBREEEEO T T A NEBR TR HEIEL TXz, 20 15 4C, #5731
ADT et A — I A DO — 1T E L . E USRI ERL T IZ LD SRR E S, T7b by 7 A
~UMEhEE (Single Event Effect, SEE) DFEA L IBLE 2 M KL TEX TS, 727210, 20T LH K AMEE
HEFRLT, BRAEFHHRATLIIETEIRTED T —ALHY, 20O RAD I, ZNHDRAT SAADFHF
ORI B ERTE ST D,

AMFZETIL, ZAVE CTEML CE T BB SR - FZER DT T A NEREDORERIZEESE | B2 — A0
FHFEBRZATUN, HeHT D SBC OFURRRMHEZFEM U7, F72, Ak 31 4F 1 AICIFEBIHEZITS i 7
BRI COBEFFEZMEIL TITo TUVD, AL TIE, B — A BROfFE R L LB ICEBEO#LE EEFEORM Fx
HboE T, sl KA REET 5,

EBRF IR
L. E—=bEyhT v
MRS DRI T 0E b CIERIM 2 A ool oLz, B a8 SEE X R F— D7 Ty

PR T3R5 2R - B ZE R, 2 U T3 K22 T 2800 - B T2250R (AR E IS = 3 VX — W 7 2o & — « B TR B3 5 - I AR ==
HAIDFETE = AN — W FE 2 X —WFIE B S5 RS2, (R~ T v

ARRZEIL, B TR (M) BPE = p X — 52 2 — D 3L FRFSEE L CRIEL =L O T b, ARFZEIL, SCHEHAE FH 2R %
HAHEE R UL 7 0 T A B A AT 2 A~ — NEHEER - T AT 2AOWFFER LA . MEXT KAKENHI OB A%
2T,
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E— I TCORGE, BT RN — 5T 2 BEAEA AR L CHIERITRISD 2 DORKENRE 2
HNAN, KERTIIE TR — B FOEEL RO LU, Fox 13, HBRIKELE TSN A0 =%
N —ZAT VTR al—hl, b AFHEE SR OB 100 MeV 23R U7= (WL R ET O 7= O B A D7 &
TIX 90MeV L7250, i EOFHARE R EFEAVEEZ D T-O R —DIEZRELTD),

FEB L —RT 2017 AFO FEBRFERA2SE L, SEE BAEFRE —EL Uz, A EAREROEL EE
BB CE5 X9 10°-10° proton/s/cm? D#PH CTERE LT, FHHR &L, ~10° proton/cm?® HIER{KHELE #AFE
T UAESEL, WIRASNTEIE LA 3T TR T LT,

2. iR

R IRIZIZ, [oT 728 THFREIIZIALF LTS RaspberryPi S U—Z75 K0/ NCIEE ) D /NS0
Zero W (ZeroW) | FESEF T 4 — L7 77X —0D /&7 Model 3B ComputeModule (CM3) . iEERED Fc#TE5
JV Model 3B+(3B+) IR 7z, Zhbid, WIhblEduEs L, SD I —ROREAEEZRET D20, 7 —hT 1A
INIIER N—FRATHMFITEL T2, SEL F4AEMD  CPU IREAZE=4F25 AT CPU FEIZITENESRTZ2HY
. O EEBIZREER LT, B TR, BRI IN (Single Event Latch—up: SEL)HL<I% UART #H TOIT
JVABIE DY ARG > CTIAREE | Ea7a L, EHICEIREZERT UEFRE ALV FRB IS, $-, fHEn
W% CPU TlE, 4 DOaT 0l b XTI mAMORBR A 7 07 L% 5 DRAM IZERL
7=BE% O M s (Single Event Uplset: SEU) 2 =417,

RRLER
& 1: SBC DR 1#a% % SEE ORAEBE

Foqz | meERE SEE | @ CaEE 53 # 1 ICHERREZ T, SRR LT

(em%s) R (S) (day™) RTOFEAXIAHEFE DO EE s F R KN T
cM3 (1) 2.8x10° | >3500s | < 8.3x107 | FEAARL DIV = AL CSP IAT DIRA DA DI
CM3(2) 1.9x10° 132 0.03 | Lo pompe | CHVREBDENIMFT N, RERIC
™ T B v o pom ] 10°/s/cm? B CHUN LB R B4 g8k
oroW Lax10° 693 0.03 | B R EBET X 0.03event/day &, HiIlFIFEERORE FH D

TALIZ @Y O RS REF &R D, —FC,
[HESFECIE 1 LR IO T-HHIEN R TDOT NAATHERS IV, CM3 12O\ TIIWIEID BB L — MK
L BREANDEISR2 o700, 2 FEHORECIE, #uE ETREZ 1.6 0407 b 2gkSng-
A CRE B RREIZE 72, ZeroW (Z2WWTCIE, B I3 IR 2 MR L7223, B H ORE A CITEEIL 72V ik
HECThH T, OTIDST=DITIHRFTTT LD 3B+ THY, BLZ 2.5 7 A/ ORG ClRENRiEL/e>7-, CM3 (2
DOWTIL, W ED MRS ERRICHIL 3 0L —CTIRETL TRY, WREEREBRO fREM 2 H B LR CIBMEE T 5,

— A% 1A 18 HIZH S LT B DLAS IZIFEGE iR Model3B 2ME# SV THRY, BIEETIZ ON K
HECRIZIER 80 KFffl/mEH TV, BIRE R ETIZC—EL AR EASIIFRAEL TR, ZiuL, 7mh BEHE
BROFE R EFERMERETH D, 514 SOICTERBEEZ D, B8 ECOBEIRELZER 52T, # E
TOT7 aby FREFRER EEEEOFH CO SRR E L OB %2 E &AL T2,

=

R=|

Bz aie 3 Fl 4 #40D SBC ICH LiE R F— 7 uhr OB EBREIT 72, FERLL T, BN R ES
BRI NN AR E LIEB) T T8, N 3 DOV 7L TRABBEAR RS, ZRBICOWTOFH T
DEERITREE THAI LV REFRICE T, Fio, [l — U —XETNZ, B EHETHD20 , m5o
BRI R RE N E B Tl D T LA W L7 fE R CTh o7, Fox i3, ZNHORBREIATL THLE L TOFERE
DIGET =2 2B ThHY, A% EIET —F LES DR HBMRGEL 1T TE THD,

2 2B N
1) AR, (&) F P = — W 7E o 2 —HFJEAE AR 28 4R, 19, 95 (2016)
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FH B RRFHAA SiPM & CsITDY v FL—4 — O f bR
Radiation Tolerance of SiPM and CsI(T1) Scintillator for the Space Application
JRR S PN RV, i REeATE, KREPHESD™, IURIAIE™?, ACKARS, JKIBER, PSR
Kento TORIGOE, Nagomi UCHIDA, Hiromitsu TAKAHASHI, Masanori OHNO, Kazutaka YAMAOKA,
Kyo KUME, Satoshi MIZUSHIMA and Satoshi HATORI

Abstract

SiPM semiconductor devices and CsI(TI) scintillator will be used as gamma-ray detectors in space. In this
report, we describe the results of their radiation tolerance tests using energetic proton beam. We found that
the dark current of Multi Pixel Photon Counter (MPPC) increased by a factor of more than 300 after 1 krad of
the radiation dose, which corresponds to one-year operation in our planned space orbit, and it makes the
detector sensitivity degraded. We did not detect any unusual signal response from CsI(T1) scintillator during
irradiation of the 200 MeV proton beam with an expected in—orbit particle background rate. We need careful
design of the detector in order to reduce the proton dose to keep the detector sensitivity for the space
application.
X

ik 30 AFFEEDEBRITIW T, FH SR SR L THE A T E THD 8K T /AR SiPM (Multi Pixel
Photon Counter; MPPC A2 7 k=22 S13360-6050CS) KT} CsI(TD > F L —&—|Z5%3 Dhd i
RBRE 200 MeV 7 a b BREFIC IV E LS RICOWTHRE T 5, FHZEM CTOER 1E5ICHY 15 1
krad FHY4 D7 mRBREHZRIL T, MPPC ORFEREIEL 300 500 BICHIN4 22 L2 MR L7, —77. CsI(Th
YT == a b I LT BRICHE A LTAE BT IR E R FIX RO o7, Wi O AN
REE DR T Z2HT26T 70D | FHE BB O BRI &2 I 2 D720 O HER 7 A ORI RR I T (B 7
MPPC 7 /3A ZDEE NS % DRE ThH D,

i

il

oz 13, R R SR A A U7 N R 2T D BT BT VO MR HH SR O B AR HH IR 00 IR
ZEFIALC, FHEICBT DR ORERZ R E T 25 EE2ED T0D Y, /NI EOHINEZZEL,
MRHERE LT, 2237k, BEHTEEDO BUVEERT SA A SIPM THREDEW CsI(Thy T L—4a—
DO FL—rarrEp At TERERFIL TWD, S EFIH T ED SIPMMPPC S13360-6050CS)7 731 A
IEFHEFA OB D722 FHZERIZ BT DU BT TE I OWTER AR D 2R H 5, F-, CsI(TH >
F L —F— I IFHE IR LD KAE IR0 B E R DA RS D EOD R T D LN B D, £ T,
AREBRTIT, TG ZEE L 200 MeV 7 b B — 4% MPPC KX CsI(TDS o FL—&—|ZREFL ., %
AUVE D FG BRI 23R~ T,

Hik

G EOFE ST B TRERSITERY, Fox OETLEE 500km, BLUEMEAEHE 30-50
FECIX, —4FERIC 1 krad FREOHIRENFEEIND, T2 T, AERTIE, EEO R MPPC(S13360-
6050CS A7 A h=7 ZNZXF LT, 1 krad AifZ O A 72 & T 200 MeV O ah B — L% TEXH20T
MPPC (256 L T —1272 5 IR L=, 3-20 MPPC (Z%fLC, 100 rad, 300 rad. 5 krad {ZF8244 57 ok
B —LEWRET S, SHIZEDDOONEDIE, 10 rad, 50 rad, 100 rad, 1 krad CEEFEAGICHRETL . SERNCEE D,
T RO FEEE L L C, BE RO R AT Z IC BT 528 b, K OZDHZDOHEBIC OV TR T 5, EHI H
HED Lem® CsI(T)Y v T L —4—% T 2 Am B PERINLIRDNSD 60 keV Ho < BRART ML fkfe
L CHUARL, -l 35, BIEEBREL T, Fx BDFHAS R M HEL TR T EDO KT Cs(ThrrFL—
4 —(75x150x5mm*) 125 LT MPPC(S13360-6050CS)C *"'Am @ 60 keV Ho~i#zama LG, v oFL
— XTI ELIE200c/s) & OV R 7 (10°c/s) THES DL —h T 200MeV 7' ah B — L% FREL
AT E SR 2RO F I T M O > < R AT MUVIZ B DE T 72\ I E00 e+ 5,

IR R PR ICR - R — el - rTBURAVRO SCEICE s R 0 HUBRBRBEMT e (SRR Dk =X L — B 7
WS BRRE S KL TARE A v —
ABFIERL, IR R, 44 MR, (AR BRI )L — g 5 — D IR L T LI 0T,
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FER

1, K2(2Z+F 40 10 rad, 50 rad, 100 rad, 1 krad fH24 D7 mh B —ABRGHEZICHRIL - B iEE
MAmM 60 keV Hr~HEATMLETRT, K155, 1 krad FREHEZORFEFITREI AT T 300 fFL0L RIS
HIMLCWAZENDND, X 2 T, BFEIROBINIAEN AR R — D /A XA RS &2 Ed
7o THIIML TNDZENR DD, F72, 100 rad FRETETIZ, 60 keV o <fRHKOE —7 MR RLF—1{H]
IZT7RLTEYD, MPPC D7 A RS WINAR B> TEL T 520305, 7 a4 | B D%
fbZT=2 U205, D7k et 2 7 AICiE > TEREFRAR I L > TR B ENEIE 752 8137207, X 3
WZiE 7 e BB EZ 2 2 ABICEHIIL o 3V X —BIEOR E R 279, =X —EIE T~
DME T EORKmfEY v F L —F—(75x150x5mm?) 2 H L7256 D /A XA XU MO S _EsGaTE L TE
FL Q5,1 krad BBER D MPPC TIL, fith#s% -30°C FTHAITEZLL TH= /L —BEIX 100keV
ISETE(L, ZIUZIRERTO 10 5 2L EOBEALIZAY T2 HHEREE O T 267263 2 enbhoT,

4 XK EFE(75x150x5mm?*)CsI(TH Y > F L —F — Ll F Ll L CHRESNDL —h T b BB 21T
7RINBEAF LT MAm 60 keV L <ARANT ML THD, K 4 IZRHNDIONZ, TRINABELTODGAEEL
TUVRWNEA T, 60 keV T~ AT MUICRERENDD BONIRNZ LD 2,

10°

B B e ses Baras s s BE Ses Bas s s as Ra R eS AES 10 e I T

3

& —Orad
10° E —— 10 rad
E \\, — 50 rad
L i 10 o\ 100 rad

\ \ 1000 rad

dark current (A)

3
Number of Event

1 1 1 I 1 I 1 1 i
100 200 300 400 500 600 700 800 900 1000
total dose (rad) ADC channel

°K=H‘ T TTT (@t 1 oo

v . MER=R NN Y . [A=P=N
1: WRR B LS O BAfR 2: WRIRR L 2P Am 60 keV AT LD BAG%R
80— T T T T T T T T R | T
- @ _Z Before irradiation 7
160 :_ ] 200 Hz protom beam
140; A ‘yT —————— 200 Hz proton beam (after passing SAA)
)?:‘120; b4 = £ E
= F &
2 100y . ] - o T
2 3] =
"E;_ 50:— * —: é [
s _F =
& 80— « 100 rad - 10—
F . ] E
40— . = 300 rad = =
20— * 1 krad = - 1
S R R B B D = IR S S S P S S P S W
a0 20 ) ) 10 20 0 200 400 600 800 1000 1200 1400 1600 1800 2000

Temperature (degree Celsius) ADC channel

3 WIARED 725 MPPC BT AHIRE & 4: TabrBEFERRRRLERICEKITS 60
TR/ — [ E O BER keV AT RLOD L

A

A EAT-72 ZDOOFEERICED MPPC 134 2MEE T2 2 80E _EICBW T, VFEITH Y 355 1 Ao
FUC L DR AT BEREIES L | AR E U TR R A e U CORREN 105 0L BT HZ A fiE LTz,
MPPC % =5 iR g OB R L LTl KOREHRRIIED B MPPC 238 E 452850, T2 #E
FCTEBLETRHI L NROIEA TEDL VAT DAL THZ 8, SHITIEY — A RICEDRINAREZ DL O
Z DL T P AL DA THHZED MR TE Iz, — 7 KA CsIT)> v F L —H—ZEIF D FH Hcht
BRGT-HT RIEFDOEE T ah R THIITIRERER WL MR TE-, S BB AR E L0 -
TEEDICREREEDLIOT AL R T 20 ER DD,

2E 3CHk
1) Werner, N., et al., Proceeding of the SPIE, 10699E, 2 (2018)
2) Rl e R IR E R (2018)
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FHT RS R B L o2 | = L — 5 RR FR ST A o0 B %
Development of a Proton Irradiation Technique for Electronic Devices to be mounted on Spaceships
ICARAR AR IO RN 522, PSS, BEHIE A, SR s
Kyo KUME, Satoshi MIZUSHIMA, Shinko SANDO, Takashi HASEGAWA, Satoshi HATORI, Masato TAKITA
and Tatsuo TORII

Abstract

A Nal spectrometer system was applied to estimate proton beam intensity at WERC synchrotron facility during
cosmic-ray irradiation simulation for electronic devices which will be mounted on spaceships. The same Nal
spectrometer was also applied to measure high energy photons in Norikura Observatory of Tokyo University as
a background run, to estimate high energy photon energy spectrum in the natural environment.
X

Nal AT haA—47%f LT, TR A 1S3t T 2T i B R SRR o o o~ 2 3 2
720N, BB RO TR R AR AT, FT[RIT Nal Ay b A—2 % B K FRELBLAIFT CO Ry 7 7577 R
EIHHL, BARR TOETZ RN —HARRART ML OFEHIHIT -7,

&

il

WYY H—TiE, ITFEOFHERBEO=— XD @ ENEZIT, 200 MeV B3> 7aba A LD F R ARG
FERBRERRE O PRI AL TWD, BRER SN W O B 1R 58 2 FEMEE A 72 FEECRME 372 FiED—okL
T, KRB THDHE RN —T < HOFHBENREZHN5, ZOBHIDT-®, Nal ATk A—27%fHHL
TR —EERL T, £ 07T RHIEEL CHBER BT RNT — AR S 2 W CE A IR
KFFEEHNFT CEYONEZFEmL ., HARFUCKBITEE T RAFT— WA RAT L OB T 72,

Fik

FERIAE LIz Nal A7 b A—Z I XEA 12.5 cm x £ 10 ecm OAFEIE T, MEHEEEH 27T
VTHEINEL . GARTF R AV AT AR NT100-GPS 120 =X —FRNCLAE BEHIE B2 /o7, B —
LFEBRL, BB =X — g 2 — % HIA A g T L 7=, 100 MeV [5 1% Hi b R4 | = 11
X — AW R E ~ R L CR 2e o T T B S FH B 0 IR G 2 BRIREL B o iR I, AL T2 T
~RERE LT, Ny 7770 RAER, SeEBLINET O 3B E I W TTH b9 H ETOMIMICEML
7=

FERLEEE

B AEBRIC BT AT — BRI OV TCE, IRICEE LT — 2 OfTIC LY B — AR R O — AR
FEBAIT IS CTe T~ BB B b A 15 H LN TE Tz, EITHEERNOLOE — A G 2 — U 1T E i o —
LR RIS IGH LN TE T, ZIUSHOWTIEIERGEZ D TV5,

RELZBIT DN 7T RPTEIZ DWW T, ZORNE AT L3 B AL CO MR E N A RETHHT
&L BN EHUEE O Y TR RV — A DS ON D T LB R LTz, 2B E H KO E = R F — 17
ZHIRFL QS BRI I A B R E B0, FHRO B = 3L X — e RIS e Tz,

G =
Nal AT A= ZXHH L ~<REFHANCID | IR gs O 1E iR N2 — AR Ul L~ $R 58 A Re  9 Ari % B
BT AZLNTE, FEHIC BV THE Y AT AR PEE R LT,

() BRSNS F— PR B R TR IR AT R 2 (F) BT o7 S (A B RIE =L — e 2 — - if %t
BRIEHR - IR AR ==, ORI TERT, ™ (EIRE) BRI WFJEBE Sepas
ABFFENL, () AP = R — WS o Z — D3 AU R AT HRREZE AT O L [FIR AFZE D05 TSRO — Bz & T,
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R bR ER AL OPEREREATAT 72
Fundamental Investigation on Performance Evaluation of Low Activation Building Materials
ACRFRE—1, FERH 811567, BUTIREL™, KA
Ken-ichi KIMURA, Taiki MORI, Takashi HASEGAWA, Nobuhiro SHIGYO and Kyo KUME

Abstract
The depth distribution of neutrons produced by 8 MeV proton to Be target was measured for low—activation
concrete materials.

B
8 MeV B F% Be Z—7 v MIIRI L TAERRS D THEF EOEHEIH L= 7Y — M3 RS T M i &
BAEOHIHHEIZ LV HIE LT,

&

S T

I 9 F Nk g it 5% C O FH 2 A8UE U7 il S il F A DA B HERE D REAM &2 1T 57260 O FERE R 70 4
ﬁ?ﬁ:ﬁoﬂ Do 152 30 AR I, LAAUE b= 7V —MZX LT 8 MeV [51% Be #—7" MIIRE LT
SO A BEORS T Az IE LT,

Fik

FERIT, 2 HR v rabay 2T LR DS AT AREE 2 AT A EAT—AT{T o7z, 20T LK
FRINHD 8 MeV [ &HZE4—/7 MR E LT Be 4 —7 v MIIREL | &I A S5 —
VR — -2 B U, R A L7 RS LA R b= 27U — b (type—1: @il A K A & HEE AN
THERR) TEFE 2.3g/cm® Tholz, W —LERIE 8 pA, BRI 1 BRI S LT, VU AX—5 R
JEE1E 8 MeV B FOTRIEI VG E W D& F AL, 227 —FaBtOJEST 2.5, 5.0, 7.5, 10, 15, 20, 30 cm
LU, TR T 7V — R BHI BT 72 EAS 6 mm, JES 0.1 mm O&EAE AL, T3 4eEE
I T DB EIZEY YT Aun, v )'BAU OSSR ZD, B 95Au O 412 keV OFREEN L~ #%& CZT -
B AR CHE L, BERFIIE 1200 #7225 3800 #h& L7z,

FEREEE

X 112, YTAu Db EDa 7 — R ORS S5 R Sy A%
Y, JDIT ITRE 0 cm DIETHAE LEAT>TNND, =2 .
JU—MZITHKR 8 MeV D= /L — 123 B S i .
. 2O 3o 7)) — i CIRGE - IR AT, °

EX 75 cm THHEFENE =225 TC0WADIE, 7.5 cm
OB E RSy THPE - DSBGE S VAN R D i - DRI E
ORI DE mNZDIZ, T Aun, v )R D W FE 23 K &<
TR DB MR- D B DY %Jj_&bf%ék%i%ﬂéo EJNRES
S 20 cm T, BUHEED SRR D LN DT,

Arbitrary Unit

%:k

nuu

K b= 7)) — RO K= RLF—H 8 MeV D fi

TR F— T R OVES A A B H LM TET-, 10750510 15 20 25 30 35
Thickness [cm]

4 1 "*Au ZEREDTRS I 18153 41

B W7o it 2 — (R ANET 7 B IR REERE T2ERF SR - =3 L6 — 7 T2 ™ (AR #0831 % —hiF 5t
S— P TEBH AT R TR HRATFE R
AMFFEL, (BR) 722 UMK (B BB =2 —igt e 2 — D LR E L TEBLICH D ThH D,
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2.4.3.8
TR RREERS ) RT &S AL B REREAM
Performance Evaluation of Flexible Material for Radiation Shielding
PUTE RS, 48 L, —ARE R RFHME—2, BRINEES AR
Nobuhiro SHIGYO, Kosuke IMATOMI, Takahiro MINE, Ken—ichi KIMURA,
Takashi HASEGAWA and Kyo KUME
Abstract

Neutron dose attenuation of flexible material for radiation shielding was evaluated by PHITS code. We have
found that attenuation coefficient of continuous energy neutron between 0.01 eV and 200 MeV is 0.035 cm .
X

T R AT D MR LD FRE R BRI O R 2 PHITS TfT-o72, ZOMELD 0.01 eV 735 200 MeV
DEGE T LA — A TR DR E ORI FRET 0.035 cm™ E7RDZED DT,

&

nuu

IR MR T 7)) —MEA R E A2 LN R #E2 tR FT I ] CEA ISR SN e 2 H 4 244
BEO R R RE AT D% H Ay &5, PHITS :r~l\f 200 MeV [t — AL S TAERB S
D =R L — 2 LT 2o R ES PR BRI T O - OB EO B AT,

Hik

T B R AT EOMEAEHZ . JEE 10 cm O L2
%A%Xkbt77/r‘/~/1/é:éf‘o AR R EIRIMUTZR
TRANDTT 4 — VMM LTz, PHITS (285032
—ar Tk, £ BRI ER S AT AR E4 5 =%V
X — W) MR 8 COEHE L 7= FEBR L[R2 0D 200 MeV B
FEEX 6 cm ORI AFL, BSIZEVAERS N
ToE e = R L — A THE L, A E MM RO i

1x 10° < En < 200 MeV |

Neutron Dose Attenuation

BTOFMEFIRBELZIR LI, BOSET VITIE .
INCL, 20 MeV LU RO EF BT LTI T —# o rasiseatoxs °
/r7 7Y JENDL=4.0 %{fﬁﬁ L/f;o ® boron radiseal exp
10— M radiseal PHITS _
{fﬁ%&%‘% N M boron radiseal PHITS‘ |
1120.01 eV 25 200 MeV ETOHMTNEE 0 0 shielding th‘isckness forn] 10

cm & 10 cm O A EIMER B F UT-RFOFR A <7,
PHITS (Z& D5 CILHE T IREDTREI I 7T 4
=T 0.035 cm™ RYRADTT 42—/ T 0.033
em ! LRV EOF MR EDOIRTHI G- 2 D F BN /NS
WZED DT,

1 IF 43—V EFRTFEANDTT 42 —/LD 0.01 eV H»
5 200 MeV FTO g o %/ — - O B 0
FBRE PHITS (2L D5 R oo b

%:k

nuu

AEOPERBE D= RV — M F- DR R R Z PHITS TRHAL T S EOBIRIMREE G LHZE3 T
&7,

HIUN R KFBE LA TERT » = — 7 Lo 27 D& - Hiir e 22— S ([F) A~ T w7 (AR B = — gt
51—« WIFZEBHE IR - hL TR E IR T2
AMFFENL, JUNKF, (BR) 702 (B BB =2 —igttr 2 — O L EF R E L TEELICH D ThHD,
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2.4.3.9
e/ Ny B FE T o - Pt 0D B BRI A R A
Investigation of Radiation Resistance of Semiconductor Devices for Nano—satellites
FHNE S I AORARS
Yoshihide AOYANAGI, Shinichi NAKASUKA and Kyo KUME
Abstract

In this research, we investigated radiation resistance of commercial semiconductor devices for Nano—satellites
by proton irradiation. As a result, these devices have a sufficient radiation resistance, and these devices were
found to be applicable for spacecraft including Nano—satellites.

X

HE/ NIRRT A RAEE IS~ T T RS AT BT RR I PR A SR i L 7=, 2 ORE R, k5

D RAB AT 072 BRI EZ AL TlY ., FHEE SR~ OE AN TRE Th O LA el LT,

&

BN R D S I RAT OB SIL T3, FHR O BAEE 7355 fh OF Hikgs ~0m A Iz L T
1. FOEEMFmS EETHY BRI R O R 21 TH M EE TH D, CPU L UAEVE T EE
VN KRB BN DIZ DXV GRS FE S BN U RITHE D55 < 72 DM D3 o D728 | Fe i o BRAEE 10 dh
2 BB BN CTHh D, IT4E, Raspberry Pl 282 FEEND X972, PC DIHITHEWBEFEN BN
OS SN TNDAL LV NN —Rarta—403EHEZED TRY, ZHARAAT IR KO FiR 72 bR B
Bi . ILAMED @S W AT IR AT HEE 72D, ARHFZETIL, 24U B L. Raspberry Pl zero Dtk %
SEAML . N TR ~OFEE N A RENE I ZMEEL 7=, Raspberry Pl zero (XA 7 ah BBEHTIIVE v Mg
SEU. &7}t SEL #5| XL, 2R AR IV R #LE L To SEU, SEL O3 LA MENTHIZEHIEL
77

il

R DB 1.00E-16
Tubr DRSS LF —E 20, 40, 60, 75

MeV &L/ff_o 7797 AL 7x106[prOtOHS/Cm2/S]9: .T'l.OOE-l7

L7, | 1T, SR =L ¥ —I281F75 SEU

D EWm A OB 2~ &7 vy M alsxt 3

% Weibull 5347 00737 A— 4% Tl 2 LA

TOV T VAR NI ERERE AR L7, FF

121X CREME (Cosmic Ray Effects on Micro

Electronics) 96 &M\, B I X[EBEFH AT — LO0E.20

varv kgL Lz, SEU ORFlifE F L1 <, CPU ' 0 10 20 30 40 50 60 70 80

DAVER{E: (R ZJH Rl H TR 3L, K 166 H LET / MeV

/Bl CRIGIE B, BeGELIEITIRS: ) THho e 1 BB x X —I12B1T5

DERTET, SEU O B Rl i FE

It

1.00E-18

Calculation
1.00E-19 ° Results

Cross Section / cm2-b

e

il

Raspberry PI zero ~7"mho B ZATU | BURBRIEREA 2 S /i L 72, Z DR, SEU (THUE L TRAET D
ERONDN, AR | FIREEOHERTHY, FIRKEWEHREGS ORI, Uy MRl E 2 BSE 52 LI LD,
F A~ DB AN D RE THHLE A D, AWIIET TRHBL 72 RAETE 7 dnid, 4 1% O/ N2~
FHUHE E~TD B2 T ETHY, #uE BBV TH BRI E O AT A1 75 T & Th b,

HHRRFEREGE s THRUPZER L2250 TR 2 (A M) BB = R —HEJE o 22—  AFFEBH S8 30 - W7 AR AT JE ==
ABFFEIE, FCR L (A B = 2 X — i et 2 — DRI TEL L CEMLIZH D THD,
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2.4.3.10

AF U LTz V-xCr-1Ti 42O SR I KT 7 LRI K O iy o 5228
Effects of Cr Additive and Interstitial Impurities on Radiation Hardening for lon—irradiated V-xCr—1Ti Alloys
fEICHk—* BRI R, IR — R, A PEERk
Ken-ichi FUKUMOTO, Koji FUJITA, Shuichiro MIURA and Ryoya ISHIGAMI

Abstract

In order to investigate the mechanical properties of ion—irradiated V-Cr—Ti alloys, the TEM observation and
nanoindentation test were performed for 2 MeV He ion irradiated V-4, 6, 8)Cr-1Ti alloys. With increasing the
content of Cr additive, the irradiation hardening increased. The TEM observation confirmed the void formation
in all alloys. In addition, the formation of Ti(CON) was observed in V-4Cr-1Ti alloy with different impurity
concentrations. Hence, it is necessary to adjust not only the Ti and Cr addition level but also the impurity level
for suppressing void swelling.
B

T2 S F U0 LGSO ST B AT THRIMEAFEEZ TR 5H728 |, He A4 BRETEBRZIT U,
PR IE U AR DART 2 IR ST 20 a4 D Cr IINC L5 BB L ~D BN 130>,

I

S
b N U BG4 ThD V-ACr-4Ti 1%, R ARG 7 7 7y MEM LU TIfF S Qg AR
ARATY AN XD TERL EALZINEIT D720 Ti 2L WD, Ti ZEsiNd 228250, Ti At
Tho T(CONWIERLE AL, AT bA 5| &EZ 3 JRK L0 D, RIFFETIE TCONT B Z 2 578
W2, T dIN&EA 1 EL7- VxCr-1Ti(x=4, 6, 8)&4 D He A4 BEFF %2 FAVNT . BRGSO 7 18 T i
P EE(TEMBIER B L O /AT o 2 — iSRRI LD IR R LD G 21 T 7=,

KRG 1 A F VT LGSO LR E A EE (wih),
TiEBEZ 1 wtblZEEL Cr BE L 4~8 wthlZ 2 Cr Ti c N 0
ESETIRINSE T VXCr-Ti @ E M EaF 2 | vecr1Ti 789 | 099 | 0.006 | 0.006 | 0.038
FEpbiEfaZ 7, & 1 ICEEEOTFHK | vecrTi 597 | 096 | 0006 | 0.006 | 0.036
R, AR 11.5 mm X 2.5 mm X 0.1 mm OB [ acrai 386 | 096 | 0.005 | 0.006 | 0.035

WINT U7, Bt R W& Wik - A¥ ) — VBT
BRI L2112 V B@a 2 o AR LV a=r AETEA 1000C, 2X 10" Pa DEZEFRHFHKT 3 KefHD
Bedti 21T 7, BEPIL . ERIB = XL —WF4E L 2 —DZ T DR EEZ WV TILE 500°C, —R/L¥—2
MeV, B —Z7{r&E COBREE(ICEHLE) 1 dpa,
RIGHE 8X 107 dpa/s DT He¥' A4 %%

ZUMH[N/mm? ]

SCEHZ BRI L7, 7B 3.5 um OO T H A 408 A % ;0
X1, Focused lon Beam (FIB)Z HAWCatgh 2N T ¢
L. TEM &HOCHBIEOBEE T2, £ T 8000 . o 3000
He A4V REZATSTNF VU LEREZMNTT € o r
AT A SRR EA T o T ST U AT bee 2, 4000 [ 2000
WETHHID, TAHE<L 1 1>ITRATA 3
WEIs DB ENTIE T2 FTHIAT i AR E D 2000 - 1000
UL, J .

0 - | T 0

EES ) V-4Cr-1Ti  V-6Cr-1Ti  V-8Cr-1Ti
U MR AR ORER D> DO He A W RS (2 kD) [ He FRAHRERS (4 B EKY)
WS OEX Ultra Micro Hardness(UMH) & X @ RHE{LE (HBEY)

PRETRE LB AUMH {22\ T 1 (2R3, Cr #shn 1 B NG R 2 L2 kD V—xCr—1Ti O &Rl B

HHRITERSE, P (AM) B T X — e 2 — BRI - =L X — R L —
ABFFENL, IR FEL (AW BB = =M FE e 2 — OLRIFFEL L TEML b D TH D,
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RARDOEIER 8 LT = b AN L5 B AR B 1]
BE AW TIRROBEFEREZ IR TBE LT 0%
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TICON)AELTZ Dy ZDZENBIFALT Cr, Ti TRINJERE
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1) K. Fukumoto ef al, J. Nucl. Mater., 335, 103 (2004)
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2.4.3.11
KA R PRARE MMX FEHUHRG 351 O M BOH SRR AT 78(2)
Basic Study for Radiation Tolerance Test of Martian Moons eXploration’s Scientific Imagers (2)
R AR A Fh e
Masanobu OZAKI and Ryoya ISHIGAMI

ATAEFEICH &, 2024 4T £ T & D K 22 A (Martian Moons eXploration) MMX (Z#5 #9285
BN A AZ 21 O U AR RN Z B & LT EER A T o7, AL 2 O RS SEBRAFME L7,

FIEEPEL 20 mm LLEE SN2 — AOBERITHARREINS | R TR OHEEZ #5123
TRBMENZ 2D, B2 TR 8 MeV 7' ah B — A5 &R AR L, 2O Eo— S THkELL=
R BRI T 5007 T —F 2 Ho TS, BIFEESEBR CIE TSN N T AR E — 20808 A
DAFGATIRF L TN T HOLIETREDT VN AZFHIE LT AEREIIE — LR IZE 07 TATF v %
T AR TR T DI LTIV N AERET HZ SRR LTZ,

— T, B — A= b LIRS 2 DT DI T B ORIV AIN T — 7 %8 A LT3, i XA
AR IESTINTHENLT TN AN EL | -G EEPBE T O85 RERoT-, 22C 2 EHORSTIX
BOWNE TRTDHIETRIAINE DT LKL, TUMNIAZALT 1 pA Ll EOE —L5HFE
I > TR CEORDBELTE T LT,

— 0 RO Z I T EREORIICEVIEFEEL L 72</oTc, ZD % KFEEITRHFNHELHOL T
FTFDOMMEEZFG 5T E ThD,

I ([EF) T AT 22 0F 20 BR JE B - TR 2R S8 T - KEGRBFFIIZER 2 (AW B =0 L — i Je o & — - WFFE B8 - =0 L — 448k
TN—7
ABFGEIE, (EAF) T T Zefr 70 B s it & (AW B8 =L X —iff et 2 — O LRt E L TEREL72b D Th D,
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2.4.4. MEHIIT OB

2.4.4.1
IS D2 472015 L BROHANTFI AT REZ2 7K 55 W R A 4 D B 58
Development of Hydrogen Storage Alloys for Safe Transporting and Handling of Hydrogen
APREERR 2RI A B!
Ryoya ISHIGAMI, Kazufumi YASUNAGA and Kohtaku SUZUKI
Abstract

Hydrogen is released from magnesium hydrides at elevated temperatures above 300°C. It is well known that
the temperature for the hydrogen release can be lowered by coating some catalysts such as metals, metal oxides
and metal fluorides on magnesium hydrides. In this study, we show that for the magnesium hydride coated with
NigsCos4 alloy, the temperatures at which the hydrogen release starts and that at which the amount of hydrogen
released per unit time becomes maximum are 110°C and 177°C, respectively. These temperatures are 15°C
lower than those for the magnesium hydride coated with pure Ni.

STEM-EDS mapping for Ni 5 nm thick deposited on MgH, 100 nm thick thin films clearly revealed a fully
coated Ni throughout the MgH, surface, and the surface roughness of MgH, films. /n-situ TEM observation at
200°C at which most of hydrogen is released, shows the local evaporation of Mg and Ni atoms. This result
indicates the importance of the proper temperature control.

Hydrogen quantities in magnesium hydrides before and after heating up of the magnesium hydrides have been
measured by using in—air ion beam analysis. From the measurement, we could calculate the amount of released
hydrogen during the heat treatment.

B

KFE~ T R L (MgH,) DHOKED LT 300°CIRE D EIRAMLE THDH, Hix e Boa B IR
1e¥), 7 At % it e 32 Z L TRFBOFLHIRE R TARHZENHMOIL TS, AIFFETIE, Ni-Co G442 fil
L3258 Ni, Co BUARIOE KA BHARIR B | HAALIRFRA] X2 7o D DK SE AL B3 e KICZRDIRPEED FvHZ e
IMIREHTZ, NigsCosa BBDYE | TN 110C KW 177°CEZRD, Ni HKL IR L CEHLDIRELE 15TC
K720tz

<7 Rha 2R ZEIC IO RRIES K 5 nm JED Ni ZFHEFSE7-49 100 nm JE0 MgH, #1507t 345 1
B a 57z, TORER, i ThHD Ni 13 MgH, I —ma#mL T DIl KO MgH, IO R R E OIS
HBRIZ AT LT DDICHE N THHZ LR BD L7257, KB D F XA (192°C) I0d miv i (200°C)
(2T TEM HC 30 min PREFTD &, fdabr AL B 2 DD — I fEIk ClIH 3B O Mg K OV od Ni
DAFEDETRZ AV, AKFE I RF O IR EE B B O HE MR STz,

MgH, F DOKFERERIE T HI2 . KRBT HAA U E — L0508 FiEE AW, RFEICED, (ER% &
UINBMC L DR FE Rt Ok FEEZREL , FEMIHE A CEoRFRER L,

o
fll, AR KIRAT AR ERERTLOIREL O MR & 34 BRTH D728 | RFRBIIZIXAMAS -3 & s LA A3 R 5
(IR DETAEIND, F-ZNOORE R OEET D21, R AELA B 2 5 &3 KA iR b #E
BE OIS0 %, KBTI —OF LI NSO MBI T DR R D—>THY, KFBDERK, i
i HE7R E T B TRk & 2R ZE B DM T TS, RIS FTIE B AD bR FHEH EOK) 18%%
HOTWATZDRIBR T R L —ERLEENTODEN, KBILHIR TR TEENMIN -0, & EX 7105
B 05 ARIC U Tl 32 515, AN 25172 8RR & 72l T IENE BENTWD,
ZENHDOHTKFEWIE A BZFIH T2 EBIREBINTOD, RS MEMEIKRFEE S MR &N
TIEENTCODEN, BEYTZVOKFER BDN/NSNEVHIBE RN H D, TOHF TH~ T 1T LR A4 i7k
FEAEN BRI VDKEOKHIZIE 300 CREDSHIRZMLELTHENSTZEIINHHT O &I

il

AR BRI L — e 2 — RSB R - =L — AR L —
ARBFTRIE, (AR FHIE R NF— T b 2 — M@ RN DO ZFE TR L L CEMELIZH D ThD,
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EoTHRN, AT TII 7 R0 LSRR FWE A @& Tns i as OIREHIERE AT B E L TRIF 27201
VB FAROBHR ZAT T,

R DR
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7Dy Ty RIS E ) KA EW H S 7=70BH T, 5 43 PANIZ 20 mm X 20 mm O EFE IR SR MRS
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AR AT 5 b a2 BRI L=, 3B O - Stgh'-Pieiddmag
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iz Mg e ONNi D438 T D, STEM-BF 0 HEOPEEEE Ni DA B OIROPERO XGRS B UL &N
R C, STEM-BF O RO b7 AR Ni AR OIRO 58I D E O EIR AN EIE — B L T 5, STEM-BF
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100

Counts
3
[

um, FRBERS D MgH, (500 nm) . # 23BN L0k ik 20
HEDOHLOTHD, PPS 74V AOKSK AL 3.6 X 10 fi o o0 3™ oo
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Fr - [E - HAH OB NSO+ 370 BN NE ThHEE 2 HiLd,
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2.4.4.2
RVAIRFRE T 17 7 A7 3—DBHFE
Development of a Novel Fiber Produced by Polymers Containing Polyimide Structure
Sl T
Masanori HATASHITA
Abstract

It is well-known that aromatic polyimides have found wide applications in many industrial fields due to their
excellent thermal stability, high mechanical strength and superior chemical resistance. In this study, to develop
a new polymer fibers, polymers containing polyimide structure have been synthesized. Aromatic polyimides
composed of carboxylic dianhydrides, diamines having sulfonic acid and diamines without any ionic residues were
heat—treated for desulfonation. The properties of obtained polyimide polymer were investigated. These polyimide
polymers showed higher heat resistance and higher mechanical strength properties than the pre—existing polymer
materials as plastic optical fiber (POF). The optical transparency of these polyimide polymers to near—infrared
light and that of the pre—existing polymer materials as plastic optical fiber (POF) were about the same. The
effect of gamma-ray irradiation on the optical transparency of the present polyimide polymer was compared with
that for the pre—existing plastic optical fibers.
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FRORFEBIEDLILERLCRT. TR R o) 80
MEEL7Z 3 FEHO & o BEITEE TR 100 k Gy A
800nm (2331 T DT A3 90% %1 2 TV
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HHEERHLZE, IDICaT7 BT EICE T CE, Zifilea 17 X CHHENATRE ThH D ZENFILTHD,
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IRGTH T 4 27 LA /N —F — B — 2GR I T — D7D ORGP M) E OB
Quality Improvement of Magnetic Films for Compact Laser Beam Scanning Mirrors used in Eye Wear Displays
s LS| Pk
Toshio KATSUYAMA and Ryoya ISHIGAMI

Abstract

We have studied an increase in the thickness of magnetic films, which can be applied to compact laser beam
scanning mirrors used in eye wear displays.
X
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2.4.4.4
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Research on Development of Flexible and Conductive Films
AN BPSRALZ R R BRI AR S L R — R
Kazuhisa TSUJIMOTO, Takayuki NOSAKA, Masatoshi GOTO, Kazufumi YASUNAGA
and Ryuichiro YAMAGISHI
Abstract

It has become a task to develop conductive materials, which show not only flexibility and durability but also
show creativity such as black appearance. In this research, we tried to create NiZnP/NiP plated multilayers,
which was expected to show durability and black appearance on flexible film. To clarify the structure of this
conductive plated multilayer, we measured depth profile of elements by AES further more. From this
measurement, we found highly oxidized interface layer between NiP plating layer and NiZnP plating layer.
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ABHRN TN LD PMIHE S & @A RO A B & FEAT
Ultra—Fine and Nanocrystalline Structure Induced by Severe Plastic Deformation of Metal Surfaces
ZE KT R LA
Kazufumi YASUNAGA and Hirotaka KATO

Abstract

The burnished carbon steel (S45C) disk specimens worked at 200 rpm and 1200 rpm were observed by cross—
sectional transmission electron microscopy (TEM). Other burnishing conditions were the same for the two
samples. The dark—field images revealed that the rotating speed of disk specimens affects the formation depth
of nano—sized grains, below 50 nm in diameter, from the surface.
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Solute—Dislocation Interaction in an Aluminum Alloy
1L N o T
Masahiko HATAKEYAMA and Kazufumi YASUNAGA
Abstract

To investigate the solute—dislocation interaction in an aluminum alloy, we used the Al-Mg-Si alloy which
contained Si as an undersize solute atom and Mg as an oversize solute atom. Enrichment of Si on stacking faults
and Shockley partial dislocations were observed.
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Influence of Interface Microstructure on Bonding Strength of Ag/Glass Interface
PS5/ NN STAR £ 1 RN 57 S N o SN S E 5 27A0 N7 (@1 L e 2 A
Yuta SHISHIME, Shizuharu WATANABE, Tadashi YUMURA, Kouhei KADONO, Kazufumi YASUNAGA and
Takashi WAKASUGI

Abstract

A peel test machine which can pull metal foil at 180 degrees from the glass surface was developed to measure
adhesion strength between metal foil and glass. The peel strengths between Ag foil and glass increased with
firing temperature, suggesting that anchor effect of glass into silver foil surface roughness and/or chemical
reaction between the glass element and silver.
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