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Basic Medical/Biological Considerations for the Realization
of Multidisciplinary Cancer Treatment Built around Proton Beam Therapy O
—Impact of Combined Treatment with a proton or X-ray Beam
and a Molecular—targeted Drug on Cellular Radiosensitivity —
AT FE A BT AR AKIEGER | (L HOR 7, AR
Munetoshi MAEDA, Mika MAEDA, Satoshi MIZUSHIMA, Shinko SANDO and Kyo KUME

Abstract

To realize cancer treatment using a combination of proton beams and molecular—targeted drugs, a five—year
research project starting in FY2022 will investigate the combined effects of radiation and multiple molecular—
targeted agents at the cellular level, verify therapeutic effects at the animal level, and accumulate knowledge for
clinical treatment. In FY2023, we verified the alterations in viability of cells treated with a molecular—targeted
drug after proton or X-ray irradiation, and the therapeutic effect of molecular—targeted drug alone on model
mice.
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Basic Medical/Biological Considerations for the Realization of Multidisciplinary Cancer Treatment
Built around Proton Beam Therapy @
— Establishment of an Experimental Model System for the Development of Drugs
to Mitigate/Protect Side Effects in Radiotherapy for Head and Neck Cancer—
RGO AT SR AT A AR L O AR
Manabu SUGAI, Hideki MATSUMOTO, Munetoshi MAEDA, Mika MAEDA, Satoshi MIZUSHIMA,
Shinko SANDO and Kyo KUME

Abstract

In radiotherapy for head and neck cancer with proton or carbon beams as well as X-rays, serious side effects
on the oral mucosa and mandible have been developed in almost all patients. To establish cultured cell and
mouse model experimental systems for the development of drugs that mitigate/protect against these side effects
in radiotherapy for head and neck cancer, we examined the radiosensitivity of normal mouse cranial crown-—
derived osteoblast-like lineage cells (MC3T3-E1 cells), and normal mouse mandibular bone marrow
hematopoietic stem cells (HSCs) and multipotent progenitor cells (MPPs). The survival rate of MC3T3-E1 cells
to proton beams decreased exponentially with irradiation dose, with Dy (proton dose indicating 37% survival) at
0.73 Gy and Dj¢ (proton dose indicating 10% survival) at 1.69 Gy. The sensitivity of normal mouse mandibular
bone marrow HSCs/MPPs to proton beams showed a steep decrease in survival (low—dose hyper—radiosensitivity)
between 0 and 0.5 Gy.
Gy
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Elucidation of the Mechanism of Cellular Radiosensitivity
Dependent on the Spatiotemporal Distribution of Radiation Energy Deposition
—Establishment of Dosimetry Techniques for Ultra high Dose-rate X-ray Irradiation Using Gafchromic Films—
AT A Sl s —*2, BT RE & FEIL
Munetoshi MAEDA, Ryoichi HIRAYAMA, Mika MAEDA and Masanori TOMITA

Abstract

FLASH radiotherapy, which utilizes an ultra—high dose rate (UHDR) of radiation, is characterized by a high
antitumor effect with little adverse effect on normal tissues. Despite this beneficial function being termed the
FLASH effect, the induction mechanism remains unclear. To elucidate this mechanism, it is necessary to
understand the detail relationship between temporal and spatial radiation energy deposition and biological
responses. To achieve this objective, we have devised a straightforward approach to quantify the dose and dose
rate of UHDR X-rays using GAFCHROMIC film.
Gy

AmR RO R AR V2 FLASH BURBRIBIEIL, @O BIEE 2 A R b2 8O IR F ALk~ D

WNDTRNEWI RS R R o T D, ZORFEIEL FLASH ZhREFFHIINTODN, ZOFHEAN =X LT +5 _ﬁ’i
SN TRV, 2O AT =R LE T 5720 121%, R 36 L OVZE M B2 U B =1 L — D f+ G- LA
B DORREFEL BT DB DD, EXUTITTZRAIDAT 7L LT, 2 1Tl EMERD X RO E
BLORESRET 7703077 4V DX THRHEIZHIE 32 FIEE L LT,

&

s

VAR BB R R (UHDR; > 40 Gy/s) BREZ V= FLASH BURBIEIR EFEIZ N H LB RRIESE B &
LTS, UHDR FREIE, TERO#EE=E (CONV; < 5 Gy/min) BRI H AT, 23 AU k3o U 20 e
LI FE, IE RO BURN BRI 5 2 e DI TS, 20 FLASH ZR0FHE Al =X
WX, 7V =T h NSOl FE e S TRHEI B S L QWD EZEZLILTWVDM, T DFE iif:ﬁmémm\f;
W, FRARING, BIAE, UHDR MRS AN rlREZR A ZE i sk 120 72< . FLASH Zh 3% JOIRS BRI 5701213, B
e KR, BhA & e X TOAEWEENT UHDR BRI A AT RE/R BB 244 2 AT LR A R EVZ 5, ﬁz/z
DIABRIED E A A B L IR DIFHIVD G 1-HR72E ORI 1 R0 B e 72 & O 1 i #k e 1 u\
TSRO A B T A HERE L CTX T, 2D Th, MR EED X AN RIIGDHIENTED S I,
FLASH Zh5RD AN =X BEfRIA 457280 DR J170Y — IR b EBE 2 bND, 2T, Fex 13, SPring-8 D itk
SR LT, FLASH ZhSRD A D = X L Efj 57 DI FRICE T LT,

R OB

FREFREBERS O o7 — )7 &EH 2 W T
UHDR HHIZIT DM EFAFI 52 801%, D
MEROBIHIZINETHD, ZOEETTRT D

7=O\Z, VA —& —CHilfl FT R il s o X — 0ms 20 ms 30 ms 40 ms
% SPring-8 ® BL14B1 ¥ — AT AL FitICEEE L.

EN SRR CRERE AL TWA T 7 — — — —
I3y 77 4V T L0 RRE B O B LR D 50 ms 60 ms 80 ms 100 ms

fifi & B 2 72 o i BB Hf]' xf H ic Bt Franw 1 A XBRERIE LT 7783077 OV AO A
GAFCHROMIC EBT-XD IZH5 e (& X #R) % 20 o e (RS 4 mm X 13 mm)

~100 ms FREHLC. 74V 2 (FRETER) oo e
ZFHAILTZ, 5 REFEF R O A v U i A X 1 IR, &;%ﬁxb&)w%bfm\tﬁﬁ X b ELN-
BRSO THEBEREZRD | @ vy X —OBARFF ChREL TIRERZ RO (K 2), TOMEE, AR

*1</\Eﬁ)ﬁﬂeﬁéimvﬂ?~m Fetz B — WFFERRFE D - R BRI AT TR R | 2 (EIF) BB BN 2 B F A - QS THwRE  BRL TR IR T
FEER - LM BRRIFGE T N—T ¥ (— ) BB R R GEFT - AT T T IV AT DRFGEAHS < AW - BREBEA LRI SE Y

Z:EVB F (M) BRI = VX —WF5e 2 — 28 (EIWF) & 7R 2B T FE B F A 35 O (— ) BB ) h e ge pir & 3[R CRE L 7= h 0 ¢

BD. ARFZEDHLT Ve FEBRIT . AR FIE N S B LR A ge 22— DK ER D N CHM L7 GREIR B 2023A3653, 2023B3653)
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X BROFLIRRERIL, 84.1£1.7 Gy/s LHEESITZ, ZOMEROZ YMEZTHIT 5720, fh 2 e & CTHA
X RO TAEAE X BRA RS L7 KIBE H 2k pBR322 7*FAIR DNA (AU - 84804 & B L C il L7~
(43), A X #rAE RS L7 7AIN DNA OEXRKEEZ X 4 1ITRULTZ, B X AR L7 I7AIRICE
(7% DNA ARSI GIBr O WRIHR S Toer 3 2 R IT, B X A R LG A LIREE (K 5) , T7 e
VT T 4V NI DR BRI DO S D R ST,

IR
&)
4

0 5 100 150 200 250
Dose (Gy)
HEXIRICLD DYERY

' HI903999400 4

-

il

» e B ' NS, (FIIWE = Tolalt 275)

HAEREZERS vy —ORIEARE TRRE

HI9039974b s

24 FHCLBIEREEDE REORRIT

X2 H77a3vl7 40 M EAE B IO & f?ﬁﬁﬁ@*ﬁ%%ﬁ

Form2
Open circular DNA W
5 7 (ssb)
gfxﬁ 2 Form3
I Linear DNA A |
J BEHREZAELT
TENYI7—(TBNUEE e alORE I
pBR322 plasmld DNA _’DD 25 Closed circular DNA Ndsh = 1 (I:';:_nnmn)“
(Sl N + —(Form
(0.02 pg/uL) BRKE) 1.7 % 77JD_Z7)L Nssb =—In(Form 1) —In(1+ Ndsb)
TAEN\YDr—fEMA
850 V/m, 5h @ 4C DNASHEI Rz &

%] 3 7*Z7AIN DNA [ZZE U7z DNA —ARE{EIT (SSBs) L N AR I (DSBs) D & &
BeEXiR ()

BREERU
(p=0.6043)

-"-——)

- FREEXHR
- Elﬁzxﬁ (ESIE‘B'&)

N
B X AR CIRINL- 79 AIR DNA [ 5 FEUEXHRHHUNE A XA R LT- 75 A3
R DNA IZ31F% ZAREHEIWT (DSB) DA sh3F

B~
N
X
&
\IPTI

ARG, 7 7a07 7 40 27 TR Gl T572Y UHDR FREHZ#E H e Ch DL ENVRENT=,
21X, A 1% FLASH Zh DA i8I 20 FIEEE L T,
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AR D A 38 P E 3 DM E — AfaEZ 7 m AN — 27 DR
Elucidation of the Mechanism of Cell Life/Death Determination via Crosstalk between Cytoplasm and Cell
Nucleus
B FHELL | FiT S
Masanori TOMITA and Munetoshi MAEDA

Abstract

The present study aims to elucidate cytoplasm—cell nucleus crosstalk mediated by ATM, the causative gene
product of telangiectatic ataxia, using an X-ray microbeam. We obtained human immortalized normal cells and
proceeded with experiments to confirm the reproducibility of the previous paper”. In addition, we proceeded
with experiments to confirm the temporal changes of p21 protein expression after irradiation.
Gy

ARAFGEIL, X B~ Arme—o& N, Bl E LRI EE S FEO R K& B ED ThDH ATM 2Lz
-z Dy aAN—7 OfF % B ET 5, S4B IXENRSELIE R fifnz AT L CRE#RR S YO Bl
PEA MR T HEEHIT, HIIEHIEICEE 532 p21 XU "7 EOFEN R ZOREFRRIEE ESIZEDRRIZ
AT DONERGET D IBRAEHED T,

i

i

Fx ORI V—T 1%, MIIRNO RFFTE OB S TES X fiivA/rae—2% ), ATM 24 L7- DNA 48
I R N2 TR E ~D R OF B Z K> TEAL T A2 LML V. MIEICFEETD AT
DS DIEM AR E T HEV) EFHIEELATER LT, RIFSEIX, ~A(7mE ~A77/n/»~%ﬁﬁu\ ATM %
[T | e DI E - EEE D 7 e AN— 7\ XD T e P EA S 2 i 2 22 H VL 372,

R DO E
1. FRE R EE 2 o A N—2 O T RAL SR AT

AR TR T DML L T, RIE{LENE R RRHEZE M Cl-huFIB (InSCREENeX #1) ZHf5L, —#
DIEWET — A BF LT, BRI O~A7a — 5 X BRIBE AT A 2% v, Biliasz 1 81 & Dfasz 10>
Pt +MAE 2 2T D ST RS 21TV Y DNA ZARSIOIWrALICERE T2V B bE AR HZAX( y ~H2AX) &
53BP1 OFEFEEBILZ LT, TOREE, 2 Gy LA FOMEIZIBUW T, A D A% B U561 Tl iaiz
CHEREEL 2 PR L7 M Tl y —H2AX OFBFENZ BB 72 D BEH R S VoG oo FRELY %%ﬁﬁa’dlﬂi@ EN
53BP1 D JS{EZEAY LN JE B 45 A 28122 AT REZR Focicle 71— 9% CI-huFIB I AL ., ZERB 570
— A HBELT-,

2. MRS ERAL I T2 ATM 27U 7 O fif I

1 RV — N G TEAS A « B Y FEBRE 5% D U X~ A 7 o e — DM B 2 1 2 F VO BN IES
HRAE LA WI-38 f\ODinE’jﬁd)él}ﬁﬁﬁﬂzfﬁiﬂ’a RIS 24T o7, dEHUARYL I L  HaE #AHIAE 2 B
% p21 XL B OFRBN, SR R U R E R BT DR 2 b2 R T R OREEEED 7=,

=
AWFFECTIL, BlEfEE, ATM 7 F U T ORI AL D AT =X Mg 2D HZ LN A, Fii=iZ ATM D
PR b LD E D DR EE N ~D A T2 5 RIM L AWM O R ZZIZE T,

BN

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

2) M. Tomita et al., Biology, 12, 734 (2023)

3) K. Otsuka, M. Tomita, Sci. Rep., 8, 17309 (2018)

() B PR TR AT F TN AT B FEAES « AW - BRI AL SEFZEE T L 2 (A M) 5B = oL — i Je e & — - WFSE BR 580 kL
TR RIS

AWFF21E. MEXT KAKENHI 23K11434 O Bh%A 5% 137,

AHFFEL, B VX — IR AR TR - O IE R SEBRERRE 2023G045 (2881 DIFFER R A 5 e,

AHFZED—TIE, (A EPE X =W Fe 2 7 —03 (— ) Eﬁqﬂ%ﬁnrﬁti‘tl—]f%bmbf_%ﬂf&)éo
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Elucidation of Cancer Immune Response with Proton Therapy and Development of New Radioimmunotherapy
Alessandro NASTT*', B2, BATEEES*, Tuyen Thuy Bich HO*, JEHEFR, /NIFEE®, fREEE,

ERIEA ) BPAEAT AORARS . BT SRR AR OR | M2 ARG, 1R RRR™? | LA

ﬁ%ﬂ**l *2, *3
Alessandro NASTI, Akihiro SEKI, Kosuke SATOMURA, Tuyen Thuy Bich HO, Yoshio SAKAI, Norihiko

OGAWA, Shingo INAGAKI, Masaki MIYAZAWA, Hiroki NOMURA, Kyo KUME, Munetoshi MAEDA,

Hiroyasu TAMAMURA, Makoto SASAKI, Taro YAMASHITA, Kazutaka YAMAMOTO and Shuichi KANEKO

Abstract

Pancreatic ductular adenocarcinoma (PDAC) is the most serious malignancy in the digestive system due to
the difficulty in the early detection for radical treatment and also very poor prognosis by chemotherapy. Within
this context, we conducted proton irradiation treatment on PDAC murine models at WERC, and investigated
the immune response of the hosts to proton irradiation combined with immunotherapy.
B

FErs T OIBR AT RE L 702 RS RSN EEZR BT, SEMREIC D THRITAR THLHZ LN, EERIH LA
LEZND, AWFFETIE, RO P BEED 2D | B2 O TR 3 28 72ia s B 2 Ryl L,
~ U APEEET I D5 R D IR R L g I A et LTz,

&

s

T | T OIBR T REL 72 % R 8 RSN 2R B ALEIRIRIC I D 2B F I P RAES 10 7 ARREEICEE ED
THRRRIRBTHD Y, FeZL O CTHNESNDGIET = 7 RA L MREIE (CD b B AF RIS
NTWRW, ZOLTHE F0s, YIBRAREEA TR (X 2 BUBIR DR S EE TH D, AFTIL 2022 4F
(IR PTHEA T BB AN REERE L2569~ 2 b5 R IR S TB IR DS R BRI b & 72 > 7o 08 | IR\ oeh 9~ 2 BF BRI D TR R 2D
RRLOMF IS TR, ABFZEIR, <V AREE T L2 T, B Fiin RO R Ao G
BRSO FEMM A AT U 77 5o 5 O Bia R B T8 (S T T SR 7 — 2 2 A5 52L& HIEL TUvd,

RREDOEE

B & 1XE9 ., in vitro ITRWT, =7 AR A AR : PANO2 (National Cancer Institute) 3JXTY mT3-2D
(Cold Spring Harbor Laboratory) (ZXf 3 585 F#RHN O EEZan=—Ek T v A B L0~ A /eT L A1E%
FAWTRIT LT, BRI E, Bk O a0 = — R EEA R BAR F AR T &7, BB 3BT O
FEH L IHIIARRIZ W T BRI TNF &7 U RiE, p53 v T IViniE, A A A BEAERIZ B D
HigfnREOTUEL  DNA ERL HE 31, DNA EHE IR b S @InFREDOIE 23807,

D 3UNT, in vivo (23T PANO2 F7213 mT3-2D 24 EA AR LTZ 2 S R~ AT T LV
ER L7, RIFET MZRIL ., T PD-L1 HUROREIEN B G- 0F i L CHIOIEEEIZ 200MeV B 7#; 8 Gy &M
L7z, B AR IR S & 5T PD-L1 HFUROOFHIE, SEREEREL LE Ui AR T 7 /U2 38\ TR F-RR BB 0D LI5S
BERZIHIL (p<0.01) . mT3-2D &7 /L CIEIERRETEROREEE KA HHIL7=(p<0.05) 2, b5 TR IREHRR XL
NI IR ST FE05s oD i N % i M R 2 S B AR L 2 et s L OV o —H A R ARY — (FCM) 2 THET L 72 &2 A,
CDS8+T #lJi, CD1lc+iLIRAIN (DC) . CD86+M1 ~Z7u > 7 — (MP) O FEE AL . Gr-1+#0 &
CD206+M2 MP [/ L7z, CD4A+T Mifa<° F4/80+HHINEIZ ZE 358 7e0 > 72, mT3-2D &7 /LD IEFR K AR
BENIZEITD DC AL, EEVEEEEIZ ST DIEEN DC Mt LN PANO2 57 /M 1T 2 FERR B iR
5N DC g bbbz L, BEANL Tu e,

ZEARRETT D720, 2 LR TSR~ 7 2T AnBELN T MIEAN (SPC) 2 FCM Ik Lz,
CD45+CD3+SPC (Z81F% CDA+THINE DOEIAIL. PAN02 £F /L& mT3-2D £F /L CIEWEZ RO R0 T208
b5 AR R ST PD-L1 FUAOHEH CTIE, mT3-2D €7 /L CTDF SPC WD Thet SRS INL 7=, mT3-2D &

BRI ORAE A B BT TR} (I AR 22 B ) *‘/\(F\k%k%rjﬁ‘aﬁﬂ)ﬂ:%ﬁﬁnﬂ B BIRKFAR D S‘EJE?I%E%ETnH(
AT DM ET) | *Wi‘ﬁa“)z%ﬁﬂﬁlzwf’r Wgete 22— WFJERRFEED - R T-HRIERI LR, ™ FIRSLIRRE - 15 TR LB E e 27— ™
I STIRBE RS T RRIB R IET

AWFFEE, BIRKRFL (AW BB XN —Je w2 — D LRI, SRR EAREOLFEPITEEL THEMELT,
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FIUICEITS CDS+HIifRIE, PANO2 %T/thtﬁxbf4/§7—7im/v’%’77/‘5‘/}’JA B DR BLTHEAZTRD
77 CD45+CD1 L+ id &7 L CHE I 2 KITRR D 720 7278, mT3-2D 7 /L CTORIEMAL DC Hilfa
NEIMLTRY, 77 X:rz\zl/ij%@)‘iJw—XA/\@E@ﬁﬂiﬂ?ﬂﬁéﬂfco

EF =3

In vitro DRRFOEE RS DS IASE D 72 5T RSB R T D A ReES R sz, £, in
vivo DIRFINSHT PD-L1 HUARSH A B DW= R RS, BRETERALIC I8 1T DI Al & I ) 32 T REtE:
DRIBEIL, ZONEEC BT CD86+& 7T RIEME MP Tdhb M1 MP, CD11c+HHlfds LT CD8+Z 7~ i
FEEPE T Vo RERZRE OFMIRE D BN % fE > T2, mT3-2D £ 7 MIZHEWT, it PD-L1 HUk S-S HE
7285 1-FR PR 72 L 2 FE BRGHAA T D RS 3 9 2 BB HE R O Ml RN Bl 2 sz, 2O~ TR BT

DI E O Tl RS R OIHI S RA2RER ) o7= PAN02 £ 5 L OS5 ERIEE &L, CD1 e+l
DA EIZHEINIL TERY, CD11cHMAEDIR A Z DIEEIE RO MG FICB 1T 25— R Th L Al RetEd R~ s
770 8 EDOGRIE R S Z k3% SPC D447 Tld, Thl MaLIEMEAL DC IZX> TS SN AHUEE fE S iR
FHEFU, CDSHT AL DOTETENBE TR S 7z,

ey
Fejai=]

Kﬁ%&ﬂ%?ﬁ‘%ﬁﬁ%ﬁ? ELEA IR F TN A Tl 2 D IIEM A& ST L7 e Z S B 2 A 52812
0T T A IR Hif}ﬁ%é’i‘m%ﬁﬁ“éT AR LT, A1k, RT3, Fﬁ%f?ﬁﬁ%ﬁ#@f}ﬂ
%é’%ﬁﬁﬁ“é%’éf?&:ou YT, B DREMZ A 21T,

BE IR

1) MAT IR, EIBIS A DAT =D ML A TRIERIE &1
https://cancer.qlife.jp/pancreas/article4180.html

2) A. Nasti et al., Elucidation of immune response in murine models of pancreatic cancer receiving
combination therapy of proton beam irradiation and anti-PD-L.1 antibody. % 51 [A] H RS0 fe 22 4E
2, REAR (2022; RAZ—).
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2.1.2.1
LA BRI BT DT T A IV RAA—T U 7B 95 Bt i 5t
Fundamental Study on Abscopal Effect Imaging in Particle Radiotherapy
TEEP 2R PP AY | AR MGG T ACKAN
Yasushi KIYONO, Akira MAKINO, Tetsuya MORI, Hidehiko OKAZAWA and Kyo KUME
Abstract

4T1 cells, the breast cancer of mouse, were transplanted into the left shoulder and right thigh of the model
mice. Irradiation on the left shoulder region with X-rays, protons, and carbon beams suppressed the increase in
cancer volume in the very right thigh, which was not irradiated with protons. This suggests that proton beam
therapy may be able to induce an abscopal effect.
Gy

< AL AHSRHIIETH S AT1 M A IE#~ 7 AD L JE L RBEER IS L= 7 /L~ A2, fE T BB
\ZDF X Hh, B F#i, IRFBEBRA R LIRS R B8 BN TR L QUi W KERER D D3 A RFE D HE R G 41
STz, ZOZEIZIY | B RRIREICED T 7 A LB N E CE D ATREME S RSN T,

&

s

Z B R BRI GEI L T 7 A SV RN E B D CD, 77 AV R L1, U RRIBIR IS
B THE SRR SRR O IR E DG/ N T D E I TR BIG DO ZETH D, DAL DWFFEDOE BRI, 20D
T T AV Rk T B A OB G- 23 B 2D T\ D, BARICIE, B RS L > ChaEE 5%
T HERR S S A7 S AR FR SR O 9 2 IR 23R8 L . Mifebs st T Mlaz k8452 Thlx
RSN TWNDHEZZLIVTND, LI, EDQLI G TRERENRIKEN B TEO0 N ELRFE TETWH
72, B BHBRIZI W T T 7 AV R A S5 2 & TEA LR AVUE, FRIIZITFIE B~ R
FHRIRGHNZ KVERRE AL DD A 2 TR CED A REME N B <720 BRI TR DO BIRE ~L 27 D,
FDT=DIIE, T T AN R A A= 7T 5720 DFAT DM BE 2o TL Dy ARFFETIL, B 757 PR
BT T A OV RN B E D S & B A OTE AL 2] E 32 Z IS XVRET 75, A T mE M
DIEMALIRAEZR A A— L TRIBETHDLDD, EBITITT 7 ATV Ba &b 11BN B0 B 1% Filll %
AA—=D U T RETHLDONE T2 HIET 5,

Fik

EH~U AD R &G KB~ AFLBS A SR CTh 5 4T1 Miflaa Bz T2, ~T ADERHALIC
DIBE T IRFEME 5 T 10 Gy HEIRHFL, BH A% 0 A BLLTI A BETOLEFE LA RIBHON A
RS B ACIE L,

U 9 B B O AOEREE BRI O3 ha— L BEE g L= L 2 A BREHAT (72 J8) 132 Tz W T,
HEIZNADEERKIE DN ETONDIEN DT, T, FEIREHA (5 KBEE) (2B W TH I 78R 10 Gy FRE}
FEICRW T, MR E IS A RINH DNE & TWOADZEDRENTZ, By T-FR IR RED U BRI E RS
DOBABEBAHE RIS NI RK LU TRIESROE 53 70b b T 7 A UL BN E 2 i, B 1 HRE
X7 7 A OV AN RS CED AT REE D RSN,

o

)

Bk, KRR ST L BB ONARTEZE LR H BB T2 2 & TRESHRIZ I D3 A DTRR R
REWNIT 7 A7 NV R 5IE T ZENTELDEMTI L, B CHRIET = ZRA MO 23127
T A VN REFHE T HIENTEL ARt a R LT,

MRS BT RN R — RIS E S — 2 (A B E = R L — e 2 — B ZEBHFEED TR FRAT T R
RTINS, (AR FPGE =2 — b TE e & — SR IR DS (A FPE = 2L — e 2 — O AZILRFF7E L L CHRIRS U TR
LIzbDTHD,
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TSR I TS BUT 6 L7z DNA B G ARHTIC Lo 4RI X< EaEAliE 0 32 1L
Study on the Development of Novel Dosimetry Based on DNA Damage Analysis
Preparing for the Case of Radiation Exposure Situation
FRRBRE—RRx1, SREE(R*2, JEKEATER2 A K3
Youichirou MATUO, Yoshinobu [ZUMI, Kikuo SHIMIZU and Kyo KUME
Abstract
In order to establish a novel dosimetry based on DNA damage analysis using PCR, it is necessary to clarify the
relationship between DNA strand breaks that occur in living cells and the yield of DNA breaks in the aqueous
solution containing DNA observed by PCR. The yield of DNA double-strand breaks (DSB) in Chinese hamster
CHO-K1 cells irradiated with proton beams was evaluated using YH2AX fluorescent immunostaining. This
result shows that the dose—dependent behavior of DSB in living cells is similar to that of DNA damage in the
aqueous solution containing DNA observed by PCR.
Gy
PCR % A /= DNA HR T IZ LD TSR R IE O FEAUE DO T2 01213, Ml 112 A U7 DNA S 6 & |
PCR IZ &> CiEfisiu7z DNA G E&DRARZ BN T DU EDN DD, G A LT2TF v A =— A LA
#—CHO-K1 #fifd T DNA ZAREHEIWH(DSB)DIEAESRELIZ DU T, yH2AX dOE s Yeta bz iV CRIAML
770 ZOFERIL, EEEEIZ PCR L - THE L7 DNA A G E L RIR E O BIR EFEEL L= @A) Th-oT-,

i

i

PCR 12k5 DNA A FEOEHRN 7 LD DNA O BIZHET 5281235 B L, BEIEL7- DNA 58k
HEEOHE DNA & (PCR OIEMEA RO ARIEN DNA &) 25l 425 FIEEZBI 3L T D, DNA 28 T /KA
RITHEWT PCR THEDHALDH DNA HEZ B fifia 1 CTo DNA S48 2 KL T DNE 90 Z e L CTls<
VENGHD, 5 5 FEEIL, B FRERR LT v A =— A NLZZ—CHO-K1 #ifiThD DNA Ak
(DSB)DFEAEBAPEIZ DU T, yH2AX B sa Y taihiz O CRE L 7=,

FERR R 20

CHOKlI (F¥ A =—X /"L AZ—JI 5 H | M
)2 X 10%cell 27 TATE AL FRB= LT =05 S o 15 | +

—(ZT 200 MeV DO FHR(LET:0.45 keV/pum)ZREL7=, WL &
BRI b — R D 0~3 Gy bL deser B 10T @ D
ﬂbﬁ I% DNA Damage Detection Kit— yH2AX~Green ([f{ b5 .|"€<_M 5 | LIIJ

FEPT) & Iz, DSB EACICERR Loy H2AX I~ IR FUARZ I 8 I @

jJDL\ ORGSR N N IRGUERZIRINL, 2Dk, 88 0 : : :
SEBABREE (T — LY 7 A 2N KOS T-0 DYH2AX O foci 2L o 1 2 3 4
ZEME L7, RUXHRE (Gy)

CHO #fa CORG 1R EHZ 2D H2AX foci #fE F 4 X
ISR, WU R ORI & L6 IR 8720 O foci Bk, 72 L Bi#td CHO-KI Al HU L7
b DSB AL, — 7. 3 Gy L RBE T, DSB 1344 B ORMLDTZY DY2AX foci £
FIL TR 23 A DTz, SF0 4 A2 F L 7= PCR 1285
FERTYH . —TEOWRIERELL FTiX DNA 15O S [ 23 il S v,

=
B 1-#% L 7- CHO-K1 Mg T DNA —ARSHEIMr O F AT, WU EOHE NS EbIZ R Lz, 2
DAL, PCR ICE > THHIZ DNA 815 & LR IR B F%%&*EULTED\ M THHEE ZBND,

*1 RIFRZ LRI ) 224 TR, %2 F& KM B EBS IR 1 1 LEEFSET, *3 (A ) 258 = R X —iF 98 & — - iR JE B %
B L FRRE T IR, AFZ21% . MEXT KAKENHI 21H01861 D BIRkZ 213 7=,
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2.2. B
2.2.1. Wa¥ -BEHEOA A v — LB TR

2.2.1.1
A — DBROTD D=1 AL Wik
Propagation Method of Narcissus tazetta var. chinensis for lon Beam Breeding
A
Keiichi TAKAGI
Abstract

Propagation method of Narcissus tazetta var. chinensis for ion beam breeding was established.
B
AF e — LE R O7=80 O =R A U HEHE 5 1Ea MesT LTz,

i

i

=R AL (Narcissus tazetta 1. var. chinensis M.Roem)I %, faF RO IRIETHY | #hEIEF CIAFREEX
IWCWBIROREML ThD, =R AL, 3 R THLOFRFDERIILT ., D ERICL AR B R ESHIC
Ko THIEL CTXT2eB 20N TND, LT -> T, MmFENRIEFICZ L, BRI E R BRI E N2 b LT-
A AR RO B TUND,

AR I L FE B DN EE ARG G L FEIRICA A B — L E DR BIFAEH S| SRR IR BIERF 229K
BHEEFHRT DL THRERAR T 2HIENEZZOND, Tox 1, A4 — LIRSTRFIZ DNA B RBAE A%
TERSELZET AA L — AT LDERF N R T D TFIELFIL TR, ZDOHIED FEFEHID—>
LT, =R AL B EMBLELIZNEZE X TNVD,

SR AL AT = DB RO GETHIOITIE, 3 SORES N DD, FED 1 45 B, i 7iE
ThD, =R A 'L, EIBDO S ERICEIVEEFET 225, 1 HOERIRDBIE 1 AFITEIE O /NER LNV ERL 720,
A — L FRIZIVE HARAROBRKE AT O I A B O BARE BB 420 ERH DT, ilH
DIYERZ FIWZ 5 E TR, BB EIE L TELDERIR NV FL L7025, BIEO 2 5 B IXREA B cHh D, E
AZ U — AFKPREED L BB =R VX — 5t 24— CREE — L BT 57201213, MEOJE
X% 2 mm UUNICIIZR AR5, Lol ERIRIZZOHIRBIOEH D00 KEL, IREBEE — LD BB
HZENTERN, D 3 HHITX, AFHRICTHD, A ATFEABIEN AIHETH 72Tl FE RS
ICELET 3-5 FREOFRMMEZLELTS, DERLI-=R Ao bOBEDG A TH/ IR L
SR TOLEEIZEAE T 3ELL LBV ETHD,

ZNHORBERON, B L, B IO O 82 R 5720 | ERIROFHAkET 82 1
S FATL ., 1 BROERAR)ND 40 ERFRE D/ NERIR 2155 1k E MeSL LTz,

KB ETTE
R

FEEMEHIIL, JA B FE BB AF LT =R A (Narcissus tazetta 1. var. chinensis M.Roem)ERIE %
=,

ERAR O IR

BRARIT, SN A B BRE THAROR B Aa VT, Rilnx BUEFLICHK, 70% =&/ —/WIZ 5 srHliziE
L. HEWT 2% PPM & (Plant Preservative Mixture, FHT7 AT AN 4 B, IRGRIELT-, IZEEZ K TL
TZERAR 1L 2% AZv— R, 0.3% 7 VT4 (Gelrite, & 7 AL AF1SEHMEK) . 0.1%PPM 2L 7= 1/2
Murashige—-Skoog BEFHUZE IR LT, BERLZERMRIZ, 1 ABZICERVHEHLTHO 1% PPM WK T 2 BRI
BEL-0b, BEKLZ, ZO#EL 3~4 [AI#0R U7- BRAR A IR ERIR & L=,

(NP BB =0V — T B 2 — R TR B - A B IR R
ABFTEE, (AR B =X — et —DMEFF RO DO X FEREL TEML LD TH S,
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ERAR - tRAR OB

ERIR, HOVITHRARIL, 2% A7a—R 0.3% 7 VT ANMGelrite, & L7 AV AFEMZEE), 0.1% PPM & T
1/2 Murashige-Skoog £5#1% T, Z7'0—AF x>/ 3—(MLR350-HT, $>=—)F1T25°C, HHWL 15C D
JREE, 16 FEIFEAA, 8 FRRIRFEROBEHRSLMT 7 AREREL (U ZIx—1ar BN LA MR LT,
PPM % & F22 B RAE LBE 2 A-fikfe L 7=,

FEREEE

=RV AA BT E D DERIRNSELAE D /NERAR LM ERL 22V, 200 K72 R Gl N R A R 9~ [ 35
FIELEL T, VAV RT— )LD FIERFDIL TN, ZO 5L BRIBZHES M Ry BIL | 85 ok
WA ZERFEETHZET, il x DERIR A bO 5K EFE T HHIETHDH, A O T IZHEITH YL, ERIR
FEEGRAD D 2 Kok 3Bkt T DR L BEMR Cdh T D, MM DIERIL ., 32— BT DR T L /LR
HDHIN, TR ABID FIET, v a—hDOTERNIH S TND, AL BAZEBW TS, 7 I o MR R X/ N ER
LS DR T v L INH DB IHISIL TR, VAL A — AL TITERIR Z2 DBl 52 Ll L > T2 O]
RSN, BEAR A THEMNHEISN-LE 2N,

HIRIER (PRY2—FHD)  FRIFW(PRY 21— MEL)

—— —————

1 EREGEE TO/NERIZ A2 10 A B) 2 ARMRME R BEE R Do L LI/ NER
(230 HH)

2T, ETE OO TEF BT HBRAR H1 0> 2 — RS 53 BRENH 0 FEZER L 725 TND O TIEARV W)
& 2 W LT BRARZ ACE 7 BT L TR ERICL 726 0 BEOY FERICLI & PRED S 2 — bR
b DEAERL TNENERERL THIC, TORRTRIBO Y 2= e FRDVROHFERTIE 2 MO ERR RS
NIZDIZXFL, HIRO Y 2 — RO HERTIX 10 B3 EkN RbiTe, ZORERNL, RO 2—k3 sy
BRI O FERK LR o TWHIENHERI N, F
oo PROVa—IDYIVEEL - BT A 35 1 B AR IR F D TR ST N EREL
T IIXEVZLD/PNERBEHLNLZ LN TSN

7~ IE|BE(C)

AT EERAR AR 4 2B 715 SMAASE 2 4 LR 15 25
Fofif A UIBEL | R ORE G 1~2 8| B8 =6 ——r
mm DEI TR T U T AR BEREGER D I D T 08 + 06 13 + 08
WRHEIT LT adk A ke LT, i F R iR DIk RE col 13+ 10 1 s oo
AT DL, 25°C DRFIE I TIEERE 10- : : : :
14 H CHEEEIC R — 2RO MR AS KB NAAD | 30 78| I8 &1 16 £03
H L C/NRAR ~E R T 52 Envbhotz, 15°C 9-10| 39 £ 29 42 £ 20
ik, 25°C HERICB\CAEER T ORkS S \ela] 2 &40 ol
INERDE T N DL BRIROIMINZ B3k 475 &t 98 + 39 109 + 48

R AIEE/NERDIERE D %< 1/4 BRIRE 72D
10 fERT#., 1 EOBRIMRICHF 5L 40 ERETERO SRR OLIE, FAE 1 L TRL,
INERIMFONDZ LD DT,

LI EDOFERD S| /3BT RAEBE R 2 558 35281280 L O BRI S 40 HIRFTE O/ NEREFHE T 52
EINFIREIRZ EMDOI 0T, Fo, ZOEE 3, NS DL RO DI BT SR DS R 28 o Lo
5 2mm LINOALEIZHY, [RFE — LR ORIRETHIEN AR THDH LB DI,
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iE

)

SRV ALV AT = D E RO RET DA OB S THD, B 7 kRS AR RLCEIL, —
AD =R AL B ERIR DDA — DB RO RIS L7209 55538 A2 ERLL ., 40 BRE#% 0/ NERZ 152 7 15%
et LT,

A%, IR E CTHLAE BT YR B HIEE R 28010, ML L= T2 VT, DNA &1 %80
ER| A — DRI LD 2R BF AR ER R ORI T TR R 2 D 5,
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HAL U E— ATV F RSOGO RFRE R AT LB B REE R o B %S (1)
— @ LETAA U — A LD BFFI DL AR D FRE—
Development of New Plant Breeding Technique Using Heavy lon Induced Chromosomal Rearrangement (1)
— Demonstration of Diverse Mutation Inductions by High—LET Ion Beam Irradiation —
ST B, myE | B
Masanori HATASHITA, Keiichi TAKAGI and Tomoko ABE

Abstract

Ion beam irradiation has been one of useful techniques for breeding of higher plants. As ion beams with high
linear energy transfer (LET) value cause large DNA damage in only a few small area, novel mutants without
detrimental characteristics have been efficiently obtained. In this study, the degrader at upstream position of
the sample has been used to increase LET of carbon beam in targets.
Gy

AF e — DR DR EEEY O SR BOFELL THOLNTETWD, BV —f+ 5 (LET) &
bolcAF e =ML, REET: DNA {52 Z<ADBEOEFNIRATANCS L, 2O REL THERE
BT 5287 BB RN NRENTIER T HIENTEDLLEEZLN TS, AWFFETI, FKE
TRNF e Z—DRBATE—LITH LT T —F =2 FNHZE T, K@ LET ORFEAAE
— L BHI R 52 L mEt LT,

i

i

AT — LBEFC I A RS B EATIE, B A B OB LR BE R L L TR L TE -, F&irD
YL TEITIC R DT T WA DL BAR % N fRIT OFE RS, T A 728 D LET OEAF B —A
TREIR A ETIZRWIA T DEREFH IR TDIENHALINI > TE T, T T, AFZEICB O T, Bk
PN =T —D7akal b ELNAIRBAT L E— LI LT 7L —F —& U B —LAT L
X—Z FIFHZLETIVE W LET ORFEAA L — L ERBHI IR A2 82 Ma LT,

FEROME

AF L —AF, FICAA U FRICEBWTHREHIT HIATDRRFOE — AD =R VX — 52 HZET, LET 248
(LEFDZENTED, BB VX —F 3t X —DAF IR BV T, (ERDRFAF L E—LD
FREHE T, BN LB L2 450MeV D RFEA A E —Mxﬁgﬁfénéo ZOLED LET 1XB X% 57keV/im

CRPESIND, Fox X, REAAVE—L0D LET 2I0ELT572012, BB ENOIEE T TrlER HikeL
T, BB FIcT /L —& —Z4fi AL, BB TORBAT L E— DT RLX—% FIFDHIL a2
FILCET, 2O HEEEAZET, BT LIl ORSE LET Z2ED 72 BE D31 7‘%77 L—&—D
HUAND B TEHATIZENTED, LET150 keV/um DfRFEA AL E — LD EBPEIZIBTUL, RFBA
A —LOKFFRFED 1.6mm LLFOFER COMEHNI/25720  FRIAREFHClIE — 2083 mhven2 e
EIELT, AT PR EFEH O TEZIT-> CE e, 2084 B O IR ANCER O EFF 2 H VT
MENEET DL, B~ DOBE OB AR 2NE /2D LV ORRE R H T2, LinLRNG, fREARIIR &
G AT TR B COMEFHAE O E -2 A T2ZUAMT 7'V —% —73 3.56mm £ Tl BB
BV FRIEAR R CH R TRE TH A LML 2572, 3.5mm DT ZUNAREAE AT DT, S rAx
FAFFEAOLH72EAE 0.5mm FREDELES ST 32 U T ARFO S THY , £ EDESREE ST
FEHI L TN T ZU AR EAR AT DL/ D720 At OMERIE L, FRIEAREFICLDHE D
TS ATHE CH D,

¥
=

> T

Atld, ZOMRENEZLFEIFFE2 S H L T ZE T, BB = X —fF 5o X — D IE gs D4
YRR 2 KL TV FETHD,

) FPE = R — e & —  BFZE BT - AR IRATIE SR (DB LA JERT - RN B 22 JE e o 2 — A A H TR ZE
BAYE
ABFZEL, () BPHE TN =W FE o =PRI D OZFENIZEE LT, (EWD B L2 7ET L LR TR L2 D TH D,
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HAL U E— AL IVF RSO Y ORI A T LB B R R o B %S (2)
—EHEEY BRI T A4 — LR B H R OF) F—
Development of New Plant Breeding Technique Using Heavy lon Induced Chromosomal Rearrangement (2)
— Application of Ion Beam Irradiation Technique to Staple Grain Breeding —
JH R BE, s IR
Masanori HATASHITA, Keiichi TAKAGI and Kotaro MIURA

Abstract

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

RITDOWIFED D, A AL E — A IVE RSN DA B OFIEIC BT, RERZ K LA B L O ZE RO
BRI 5 X R THEI AR R X — (G LETITRF L CTE{EL, @ LET OEAA B — LM
RERRIROGPAAARL -~V TCOFERREZTFREL TODIENH LN > TE, AFEICB W T, A1 H
AKIEFEA~D1& LET JKFEAA L E—LIRENTID ZEOLREEEHL TE, 41l ZREXOMIH T
IO, BT LRENTITHEER T2 DNA $ o 7 L O L 28 BARDZE RS PT ORI E AT o712,

I

]
AF =N, FCAT A FEIZB WO THRBHIFTDIADRFO = p VX — 2B 2 HZ LT, LET 28385
ZENTED, BB LIRICT 7L —& — &AL, SEHMIE TORFEAA L E — LD R —% T
HZETRLNIZ @ LET DRFAL L E—AZBNTE, S FE TRV EWERREEIRL, FrLVIREEEL
TR HZENTED, AFETIL, ZOLH 72 FREHE THESINI-A 1 B AR £ RARDZE BARXZ IO
T DO ILLEI2 DA ) IFEHTH D DNA o 7 )LV OF L8 BAE T D[R E &1 T 72,

FEROME

LET 150 keV/um DRFAA L E — L% A % HAREHE 2K L TZEORIROE KLY 21 B ZUED
ERAREIEG LT, ZNHDE BARE ZM T LICREFZ AR LT R Z - 1 RS20 10 ERE T & A
(RO, BEADER 10 mg TOEL., &5 100 mg L72251912 L7, 7 /24 DNA OffHEIZIZ TR DF
N VN, ZOF abha— e TEMLT-, #iH L7 DNA [ TBIES R 2 VT, AR EATT-
Too FHBLL 7244 2 2 DNA 1ZRMACS — o2 VT, U —A L AU, BB T — 2 %A 3 H Al
BARRDV T 7L AT ) NNy T LT, ISV REE LY 20~30 Tholz, 225 — K723 25~T5% D5
IEAT AT 15~100%D% GIIREHREMAER LU, 2 M — L2 B R TORTIZ 7L AT
JBEFCHN N B2 DREIN T N 7 T T RE R U TRRNT I DR 2, (BB TEZ IS 3720 8 B IX
Integrative Genomics Viewer 7177 A TR ANCHMER LT, 2 B1& FTO [FlE 131 T L E B0/ N D
AR E e HPIZEED TRY KRR oY R L~ L TORREE DA E 1T BLE T TR THDHM,
LS ETRIEEEEITo72 3 RFITHONTUL, BRITBHEST-VE A FEITRE TEL QD EALND, Fo, &
Yeta (RIS 1T 528 Bk AR B (A e 7 R RIPEIEER D BT B RS 003 WO Ry BAR Y MO TEFE IR FRIC

I TV, BROK 8 BIFREEITER 1O L FifEk, £ 1 BIRENTZ Y f8IHICAL, Znlistb
OFER COERNI K 1 Bl ThdERFELLNTZ,

=

WA —2r o T EATIZ I A4 E— L FRE CLIRULIZHAWSLINDIRFAA L E— LT T UAE
WA H ARG DA ) NTEHER T HILRE RO EIZHOW T, ES I TIEd AR BN ENT-, 5% 1T, &
B U722 BAR D2 B P O [R) & DOfffoe L8 BAR ORI 21T > OV T ETH D,

) B L — B gE 7 — - WP I - AR IR SRR | RIS R - AR B - A R
ABFTEIE, (AR B =X — 5t ¥ —MEFE RO OZFE TR L LT, ARSI R F LR TEREL72H D ThD,
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AR SRR T L SR FW1 5 OFRS - BEE BRI L O LS FW2 5 D F L
Cultivation and Brewing Test of the New Sake Rice Variety “Yamadanishiki FW1” and Development of
”Yamadanishiki FW2”

ZIHFERRRM AR E R, EE—

Kotaro MIURA Naokuni KUBOTA, and Keiichi TAKAGI

Abstract
“Yamadanishiki”, an elite variety of sake brewing rice, is difficult to cultivate in Fukui Prefecture due to its low
resistance to lodging and late heading. “Yamadanishiki FW1” and “Yamadanishiki FW2”, which are easy to grow
in Fukui Prefecture, have been bred so far. “Yamadanishiki FW1” has already been applied for variety
registration, and cultivation and brewing trials were conducted by growers in 2023. The data on the traits
required for variety registration have been extracted for “Yamadanishiki FW2”, and are reported here.
B

RO 77 Z R L 81X BRI O RIED DR H IR COFIE R EL VL, ZETIZ, &
FRCOREENE G2 NLEEH FWL 5 LT ILHSE FW2 B 12 B Uz, TILESE FW1 B 133 Clo i e gk
REEEAToTHY, B RSHE TR PEF 1T L oAk RE iR k. OEE sl A1 T o7, F7o, TILUHS FW25 11220
T, RGBT E T — X Lo TG 35,

&

s

BERARBERE BT, kEk7 7 REETHD TIHHEE) DNEEINTWDHA, EEED
H8E 2 IIRFEN EO TR VKA REE L T\ Dd, Z07d, BIFRNOERE A — I —Tlix, @i/
WAhE UM AN E 2B 0IRIICH D, BIHIRNAEEICEE L TR 21T 77—
A5, NLHEE) 1TELNELSRDT, EERLAWVEENOEIR LT <, BRifEE v
ESTRFENONRTNT EMETHHEERS WV EENELWVWETH DL, T0 Lk, B4 (IEH 2N
BV 0D BN SR 2 ) LT W EHUAE OIS CId AN L W KL 725, 2072, 8
A — T — R OEFEE N DRI TOREHNTE L2 “HILHE” ORI RD ATV D,

INFETIZ, ERRoIImEOAERMES 2 L-EZRIKEZFIH L, 16 HEAE, b3 ME, i
KL 7e\WN ) OFpEZORFERD “BrilEe” a6 NILESE PV &) OMESRGRRFEEITo 72 (HFE
F5 0 36235) , E7/o, IWAMFNL 5L E5IC6 HRADFW2 BLBE/K LT-, AR TIE,. OZ0
(LI SR FW1 B OFERFIEZ R L, E O FIEEZIRET 5, OQFEFHICLBERREZITH>Z LT
BEIETETE 25N L. IS TIEEMENLT 5, £o. OILHS FW2 5o e HEEZ BHE L, 35
M, AEPEMEOFM ZIT - 72,

Mk

T4

AREBRTIX, B0 3 ARICHEH RN KD D OX v AR 1 CERE L7 fE 12 W CiFE 21T o 72,

TEAE

FE 71X, 200fF 1A R U720 L —TIC24RE IRIE L . £ D%, AEKICEL TAH WKL, DL E W
<y MIIRBIVVRIEERE LT, ZO%, BH RS K FEHDOLX v ABFHREIC L ABBE G Lz
7 VE | ATI24E5 A 15 B RS K2H DT v S AN EBREIER L7, & LA AKX, BRD2
A CHEE L, 45 X T00ME R &2 ks Lz,

EIRA

JEMROKPER SRR SRR — A — DI A S CO AR R A R IS DSV Gl 2 T o 72, 2SI T
BH8TIEHRA DWEH S, 661H B ICHOW R ERA 2 I LT,

R ILST R S ARG IR - ARG SR AR, AR BHEECE), ™ () BB =V — i JE o & — - B JE BT - A= E IR JE R
ARBFZEE, IR ARG (&) . (AP =R — et =08, (A) BPIE T 3L % — et 2 — AL R ZE
FELLTERLIZBDTHD,
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et = VR — e X — AR (B 5 4R )|

e RN AT AN e | S

AN TACEEELICERE L, SHMBEHEENTET S, 6 4R ICARMEEED40a0KE (EH
VI T S RT LU 1B L7, 10 RIS I v A I L AR B 2170, Wl T2k
DIKGF RIS 72D K D IR S W7z, ZOKZ65%E TRIK L, Bl sl L7z,

B RER 1T LU O TR THEM L 7=,

12 A 17 HIRIB51A, 12 A 18 HIREERE, 12 A 19 HiREHIE, 12 A 20 B{R# - B51A, 12 A 21 A
fibka - SRR, WAZ, 12 A 22 Afhe - BB, 12 H 23 BfpfiAA, 12 H 24 BEMEASA, 1
H 14 B k4l

Wit L7l 3 A 3 H OEEBA A N~ M2 Tay FIRE 2TV, BABEZJRICT v 7r— Ml %
1T-o7,

FEREER

LU 8 FW1 B OB RFME IS L OVE PENE DO RFA

(SR BWL B (LU 58 X IR 11) OFIEREZIT o 725 R. ILHER FW SO HFERIX 8 A 22 H Tl
ML b6 HRAETH-7Z (F1, K1) , /-, BEXodss, BELILIAMH LY bEL R (F
1) . B LI2RrE 2 B U7, BORIPEOFE TS, IWHS L D &35 L BRI D72 < Bk oM
BAaprLl (F1) . 1000 RETIIA T/NEL<, ZROBELES HRBRICE /IS 2o T (R
1) o ZROVA ZADNEL R DDITEKROREE L TIRETH A, ZNRFEHRIND DOKRE
FELRE B IEEICHELAIT O LERH D, R, LA, 10a 40 INETIE, P TITAEEEN
o0, BHFEAMERRA OO B IEEICHGE L TREZITOMNERSH D (R D .

i Lol 7 PO P AT 0 N o, A B MR T g T

LIS (LEASEFW1S
X1 (LA FW1 SO HFEH OB+ (5F 6 4£ 8 J 22 HiRE
EEHIT XL D ILHESE FW1 5 ol bR

AN 6 FEFE ORIERBR OSSR, (LSRN 4. 5 \TO/KE T 16, 7T10kg DINETH > 72Dkt L, (LHEH
FW1 =13 4. 4 KOKH T 1, 800kg DUNETIH > 72, 10a 4V OULEICHE T2 & [HHEN

375. 08kg/10a, [LIFH#H FW1 =13 413. 22kg/10a & 72V | LS FW 1 B OULED 10%FEE L < BAF72kE R
Tholz, 77— MERTIL, 85. 4N HZLEELTEY, BWHABEN TEXTWD &k
(H2) , £/, AL LT, fRAELTV, HOTEBW LW R EDREENRG LI, IWHED LnEkbun
NE LTS &Sk LT,

(L1 F 8 FW2 B OFRELRFIE IS K OV PEME D RFAT

(LI 8 FW2 5 O SRR LB 7 2L EOBE T — 2 0 5 b 1 /EHI B & LR & IR L,
F£2\1CE LD, LHEHFW2 SOMFEH II#MGFEY ILES I 5L 0 6 5 HR, B - BRELLUH
i EWL 5 20 HAK S BERIMEORE 2K 1000 R 8 & O K GhFE & FIFREEIC 72 > T v | L HESFRA O
M CTH D BRIMENLGE L, K E L TORKITHERF L T 5, D ARBLEESCOR LK E b thoE K
Eig U CGHRERWRER E o7 (R 2)
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R GE AT T2 HAE DT 2 — M R

[ZOWTIIHSE & OBfEZEW R Hh

77o F72, A W2 ZORAETIZILHEMKF VL ZL 0 L IS5 CHEN S BHRELS, XX - BELILHE

FW1 5 X0 HE<

ERLIE RS 2K 1000 RZE & O K AL TE & [FIFREE & BAFRFERDPFFHNTEY |

AR RGO T= D OT — i b FE i T E 72, WS FW1 Z2 oW Tk, S DOAEEILR DT DI EH
FWIEETDHHLENDHY . (LHESE FW2 B DV TIRAEE OB T TG LT /2T — & Z 4

L., BEHFENTE D2 L O WEEMKGE T D REDR D D,

# 1 [UHEEILEE FW1 B OIE O i

L8 LS FW1 =
Hig A 8 A 28 H 8A22H
&3 (cm) 111.03%1.29 107.82+1.44
BE (cm) 89.87+25 87.37+1.18
#E# (cm) 14.63+1.27 16.31+0.8
Bthite (ko) 26.5+4.9 2+1.4
fE%K 1000 HIE (g) 24.99+0.35 24.24+0.11
TARORE (mm) 5.26+0.11 5.32+0.05
LK@ (mm) 3.05+0.05 2.94+0.05
LHKDES (mm) 2.09+0.03 2.05+0.04
BRE (%) 45.89+4.83 40.78+6.16
DARERE (%) 86.73+3.71 93.03+12.16

10a 4 ) HNE (kg)

483.48 £40.75

469.85+28.19

10a ¥ ERINE (kg)

381.78+30.18

362.33%£26.55
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#£2 [LHEE FW2 SISO TS

R WHEEFW1S |LERFW2 S |22 iZFh [REAR |Firds eI A EoF EEE193S |BFmE
H&EB (BR) 8Rz238 8Rz228 BE17H 8H23H THz248 8H308 75288 BE7H BH15H BH13H B8R 166
HE {em) 111.03 107.82 103.84 98.36 98,62 97.11 102,46 104,24 99,39 106.25 88.27
RE (cm) 89.87 87.37 85.07 79.64 76.11 76,32 80.13 81,64 78.79 79.13 69.54
BE {cm) 19.68 18.12 18.76 18.72 22,51 20.78 22,33 22.60 20,60 27.12 18.73
B () 14.63 16.31 16.29 16.60 11.54 12.98 11,13 10,74 13.63 10.73 13.87
ik i = 26.50 2.00 2,10 0.50 5.20 23.10 2.00 1.00 0.10 16.50 1.40
T A10000E (g) 24,99 24.24 24,23 24,46 24,89 23.97 23.54 2464 25.06 21.18 20.98
EHOESE (mm) 5.26 5.32 5.28 5.24 5.17 5.12 5.07 513 5.33 5,64 5.00
EHOE (mm) 3.0 2,94 3.01 2,96 3.08 2,91 2,92 3.06 3.02 2,51 2,99
EHOFE (mm) 2.08 2.05 2,11 211 213 212 2.08 2,10 2,13 1,88 2,11
R (%) 45,89 40.78 20,44 46,44 27.11 30.56 27.00 39.67 35.67 29.83 20.33
LEARRE (%) 86.73 93.03 73.08 95.11 92.68 75.49 99.14 96.19 91.92 34,50 61.73
10a Y U (kgd 483.48 469,85 465,14 486,67 500.52 533.32 569.56 570.23 460.11 830.80 539.24
Wa W REEE (kg 381.78 362.33 357.37 376,97 382,96 422,91 434,84 430.00 350,44 471.21 408.07
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— B — L RREHT 6 D ME DR —
Exploring the Effect of High—Energy Ion Beam on Lactic Acid Bacteria
H SRFERE JEimg < 26, S HBER  ATH RE T B2, SiE—*

Takao HIBI, Nanami IWABATA, Sakie HIRATA, Yoshihiro MURATA, Masanori HATASHITA and Keiichi TAKAGI
Abstract

We have selected three mesophilic lactic acid bacteria strains used as cheese starters and have tried to
enhance their organic acid production of these strains by ion beam breeding. Proton and carbon—ion beams were
irradiated on the three selected strains, 1, 2, and 3, and the relationship between irradiation dose and survival
rate was investigated. We will measure the organic acid production of the surviving strains, select beneficial
strains, and examine the efficiency of the production of the useful mutant strains.

BHy

F—RARE—H— LU TR U FIRMEILEEE 3 RIS DWW T A — LB CHEIEE RO L4 H
FELTo, WK 1, 2, 31T L Tl PR B KOV EMAIRIT L, BSHR B L AP ROBRE I~ 5%, AT
LTC ERRO ARSI EPE R ORIE 2D | A ROEL L DIEH R E R,

e

oz 13 R IRPE Y S BBES U T-FLER T FHC3 BR(Lactiplantibacillus plantarum FHC3 FR)Z XU &9
5. TIRMEILERE 3 BRETF —AAZ—Z —L L TR LT, @tE~T oIl iR i V21TH OO @RI, JEE
FF 50D TV TN, SLBRFE A O B LR D72 | EPETED T — XOFHLCRUE D RO, #k72
B AL RO LN, £2T, ZHOHIRMEFLERFERIZ DWW T, FIRSME T IZHIT oA BEREEE A RED M k-
ZHIEL, A —AFREITHIZ LI,

fEER

FLERERE 1. 2.3 @ 3 FEIZ OV, B RBIOURB RO REHRELAEFROMBEZIK 1, X 2 [TRL
7o BEE 1 I CRBRO AT B A R T OICKI L, HEE 2 TIXRFRR, BE 3 TIE Rk m s
MAR U, BIELTZERROan=—25 3 BRAJIC 30 TR L, TR RE T pH 2= —1L71zL2
5 AR AT pH AR TSRO B 1-2 KDL,
fEe

FLEEEERE 1, 2, 3 © 3 FEHAIZOWT, B B L OVREMRO RS E LR LEOBEREHLIC L, 4
e NAAN—T o NAERERETR L ASFEEPE BRI C Lo A A B OB A D HEEH I, BRPE
EOFBIZHOWTHET 5,

100 .Es 100

) 2
},«; 50 ® S0
dhia dhia
H H
)
0 * 0
0 100 200 300 400 500 0 100 200 300 400 500
HE BT =(Gy) BE B1#R =(Gy)
X 1 B 1Hpo R E L AR X 2 [RFARO GRS L ELTR

SE R
1) T. Zaunmiiller, et al: Appl. Microbiol. Biotechnol., 72, 421-429 (2006).

HRITIRSE R - WG PRAD . (M) R 0L — e o 22— - WIFFEBR JEH0 - AL IR ZE =
ABFTEVE, W@FEIRSLR D (AR B RS =L X — it 2 — LR CEM LI D TH D,
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FAA Y — DLE I @i - BB S — LIy SOAE AN AR E AT D B 78
Development of Doubled Haploids Production System through Heavy—ion Beam Irradiation of Pearl Millet
FHZAE T BHL, SE 2 AR
Takayoshi ISHII, Masanori HATASHITA, Keiichi TAKAGI and Kentaro YOSHIDA

PR= Ny NI, 77V D PO GRS 2 IR E L TR, R Tl B 7= IR M & 8 I i 2 B o
TEMO—FETHD, T7VH, A RERLIREES . B CHRERAORBEIB IO, ZEOfE LT
LN TWD, T4, hyEray TRIFE SV TO DS ERVER AT O 56k L 72 218 5+ MATRILINEAL
(MTL) 2 HBES Tz, ZOBIR - ZAE L7 28 SR 2 MBI WD Z LT IR OB R T RIS,
HED EARZ A L, Yt lR 25N T 5L ST, TR TOBIBTENREDRFE VETAW T ZEn
TRETH D, AWFFETIL, BAA L E — DB L0 8= L3 v hDZE BAKE M 235 L. MTL &5 A
SNTe =Ny MEBRIR R OB A T/ HRIZ T 5, R3 FE T, HPE =L —ifFsetr 2 —I28
WCL R IADESZ GRS AZ LIk 2D #7225 LET(50,150keV/im)D R FEA A B — LA GHEEL , /3
— ARV ROFEF IR LENENDOE — LB O EX TR LT, RFEAAFE—LD LET TE R
ST 20(E Y& b AR EZ P L= (50keV/um T 80Gy, 150keV/im T 20Gy) , RASE | Xzt HubfF
ge H—D RS 30a & FVTRIARIZ 1000 [EAZE 25 M1, MO fEIRZFES L7-, RS AT/ S— LIy
e BN THEEICE COHIEEMNL LT, F7-, 73— ALy hOMTLE&E R 2L )50 RNA-seq 7 —#
ZHWTRETHZ LTIz,

SR PRI IR 782 & — 2 (M) BB = L — W 5E e o & — - AFFEBH IS T - AR EIRIFFEEE s R R S i JE R
ARBFZE, () BB RN —MFFe e 2 — R BRKF B SO R AR EL LR TERL2H D ThD,

=R — LRI LD b Fielder’ 28 BARDVEH
Development of Bread Wheat Cultivar ‘Fielder’ Mutants by Carbon-lon Beam Irradiation
B FARRRR AT B H, mE
Kentaro YOSHIDA, Masanori HATASHITA and Keiichi TAKAGI

SRanX iR Fielder’ 1%, 770770 NEIZ LD EEHN R G2 W Ch D, 7 MREICEVE
AR E RIS abFhRIN TS, 2022 £ B2 L% L FE ‘Chinese Spring” (2, 1—7HRy
E— AU ATV, LET 50 keV/um T 80 Gy OMLER X CHRERE B LA ERIE T, *HRIX L, AR
BB T ENRESNTZ, Fe, My FE - COFRIERIL, 1009 ThHoTz, ZOT —FITHDSE /Nval¥
fufE ‘Fielder’ 650 B2V NT 50 #2932 LET 50 keV/um T 80 Gy TRLEEL7-, M FE 1 503 KilZ- DUV TH
ERZFAL AN DOH T ARE T, ER1EATHREE LTz, AV a0 (EARER L) LR E+L%E 11 IZRE
L., &t AREVEIMNZ 52O, MiFETOFIERIT, 100% ThH o7z, Foid, BARERE LE L,
RS E DN ED T2, TAE MERIT RO T20 W N AR S, 7a— A RARN — T+
fERD DNA BEZFHRIZEZA, W EHIZBHAREREFRICL ANERTHLZEMH L, WIZ, Mttt
503 fERDFREIC DWW TIRE L 722 A, ARz R U B RN 44 B, REEIARDS 6 fEIR R 57z, Flck
STRMEDENWN R SNTAAERD 15 EIRHY, FAT THHIENRBRIIZN, BREICIDRESRITERNTS
ZLRELEZ DI, My A THER T2 ENH D, FTo. FARMERIZ OV T, My S TRERBIL., AR E
(R LFMEEIRD S BELL 2 R DT E T D,

R R LR FBERE AR, 2 (AR BRI — L — W 5e o & — - WFFEBH 380 - A= BRI JE =
AWFFEE, (AR B =X — it =M R e LM CEMELI-H D Th D,
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AL —LE AW EIRIZE KR B R O F L
Breeding of Rice Cultivars Tolerant to High Temperature at Flowering
JHT BT, S R R NRRIRR 2 RS
Masanori HATASHITA, Keiichi TAKAGI, Genki CHAYA, Asako KOBAYASHI and Shinji SATO

AWFFETIL, A4 E—AFRICEY, 29°CEBZ DI BRI LT, kAN R 3 OV SLIEY
DOFERMZ R T EEEMEZBRTHZIEE2HIEL TS, FDTDIC, RERAE RS U7 K776
AUTZ ZRRAE BAREE [ & iR S F CHRES L | I8 A4 & A BB R - D FE BB IN L TOD AR, 8 L OVR
FELVFLAZEO ARMBIDNDINMERIRE | HERO AR B R CIIEL N2> @i T2 A 3 D K % %
T HZEEFEL TWD, AERE T, FBEE1THROERBL O F 2oL L 7=, FAIBW
THEE S CODKFG AL FE2FE (SLFE A, §hFE B) OFE- (2% LT, LET 150 keV/um DRFEA A —L% 30
Gy £721% 40 Gy FRETU7Z GLER X 3704 58K 1,000 KL), ZDH 5, fhfE A [ZOWTIE, 30Gy OREEKX T
#9500 fE{A, 40Gy OFREX TR 500 A, BLOVGFE B (22T, 30Gy OFREXTHI 500 A, 40Gy
DOFEEXTH 500 B, FH 2000 fE (4% FESCHbs L, HBEENIIO T OB R W TH RS
I EIZ RS CThH o7, RESCTIEANE I, 30Gy OBEX LVE 40Gy OB EX DTN ARROFEERT
BOBEEIT00m o Tz, NS ERND 1 a7V 7L AR OFE LU CRELL 72, [RIRE
V2, B 2E B R BRSO BB TR BT FIEOREE A X > T,

() F BB = R — e & — - W EDH I BT - AL IR TR R | 2 fR IR SRR - M T D AT e
KRBT, (D) FHPIE RN F =M Fe b Z— M E I RERBR Y LR CEML 2L D THD,

AL R K% DNA #8155~ — 0 — & D AR 25380
Differences in Shiitake Nuclear DNA Damage Marker Response between Radiation Species
EUE M BT RS SFE A
Keiichi TAKAGI, Masanori HATASHITA, Syuji USHIJIMA and Kazuhisa TERASHIMA

2 1THEAL e — AREHZ LD IRRE B8 % VT, IRIT LM HE B T 2D 1R A~DEE
PMEJRES T A2 O BEREE A TOVD, i IEAREOPREIZEEL , R R 544 8 — AR
MR R A IRFBE — LTI X RO 7B — AL L TRV RV E CTESR I E SISl b e
Mot ZIT XM B8 —A REE— LI %O DNA G~ —— y H2A A OEO AT,

FU 30 SR ITEENICIERLSALS v H2A 74— AOBUTEL T, X #i. B —A, [RFEE—LDOMIE
WIE RSN DT, ZORERIL, BETIFICE RS S DNA ARG, B TRV NI L2 0R
L CW5, BE 1 BRIZEND y H2A 27 FADERIFL CODINEIDETIRTZEZ A, [F— R EDOBEHZ
BT X BREGTE—ATIE, vy H2A BEEZ R TEOEIGITALIL T, IRFE—LTIE, X 001
E—2k0h y H2A BtEa R T OEIG @< o TWDIEN DD -T2, ZORERIT., RFEE — LDMETE K
RHREEGIEEIL TWAI AR L, B R E BN O HUR B FRIZ L DE IS 20 O 2R BHER AR S T A
JEDEWNZ L CHIEFRZENTODD TIZRWNEE 2 BT,

NP FPGE =R — B TE e 2 — - AFFEBR SR - AR IR IR 2 (— M) AARZ O 4 — AT SR
AMFIENT, AR E RTINS 7 — A/ =T a AR LT SEHEtE DB R E =T 72,
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2.2.2. AEWEIEODNANE - RSO fENT S22

2.2.2.1
&R PE A& RO DNA ~— 1 — D B3
Development of DNA Marker for a Signature Agricultural Product of Fukui Prefecture
A H B A
Yoshikazu TANAKA
Abstract

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

fEHBRDBHFE P THHIT A M FORKRFIZHND, B #ESAMEHRIH DNA ~—I—OfErkca B &L T
AFLP fEHTZATV, FFEHY7: DNA WA 248500572,

&

B

T AN NIEFF BB FEEEO R THY | I TIT IR ~O i &b X EHEEE ) O TR L3 FREIZ 2> T
WD, ZDT28h | BUEBFE T OIT A b~ M TIIEREO L E L, B IMEITRE O OTEEDOAMRAEEN TN D,
AWFZETIE, L TH IR ENIEF I T DA K R LW OMEE O A5 TE5 DNA ~—7—
DOYERYZ B &1L T, AFLP (Amplified Fragment Length Polymorphism) {51255 DNA B0k HH 21T -7,

R D E
PEHOR~ T, B REA A5 2 HRE LA
FEBL AR BMED 2K THY . Wb R I ‘

Fluorescent intensity

ERBRE OIS TZH O % vz, DNA T 5005 |
£ RBIOZEE 100 men 5 QIAGEN #1: DNeasy f I | ' '
Plant mini kit Z AV CHIHERIL7Z Y, AFLP

fiEHTIZ. ABI #:0> AFLP Plant Mapping kit O~ MQA ﬂ

nhaL %527, PCR iiiE TOYOBO ;

tt @ KOD One Master Mix % {# i L . ABI

ProFlex PCR System & H\T{7-57~, DNA % !

BID 121X ThermoFisher #1: SeqStudio 1 | { !
Genetic Analyzer % H \» 72, AFLP Plant wl [ \

Mapping kit D7 Eha/ U RENT MO E ﬂ

64 FIHDO T TA~— DA OWTI~NT 0] | Ll N |

T N P 40 450 460 470 480 490
BMEAFLRNEDIC 8 ., &5F 12 HOs R Size of AFLP Fragments (bp)
{972 DNA BT ORISR, TEOMIE 1 a0 o

FFl 2o g S mX P ([9
DNA ZRERIT S FHCT, (BL). A VL2 B b B SN S B e b, AR TR L
7=¥B531Z DNA 2R3 ke & 7=,

AR FE | AR IR R R BRI N DAL G- S - b= RRBHT IO Tl B 12 O R A7 DNA W 2 i L7=,
SeqStudio Genetic Analyzer Z A= Tld, 1 EIEDEWEZH T A5HENAHETHY , ZNETLL BIZEEM
72 DNA B0 i i &2 U HAS< DNA ~— I — DR IFRF C&E D, SR ITTNDHRFR Y72 DNA Wiy D3
Pl H AR EL, BEICHORODN KD STS (Sequence Tagged Site) (b~ — 1 —DIERREZITO T 1E ThHD,

o

)

>

23 3R
1) Dellaporta, S. L. et al., Plant Mol Biol Rep 1, 19-21 (1983)
2) Vos, P. et al., Nucleic Acids Res. 23: 4407-4414 (1995)

(NP B =0V — g B 2 — - F TR B B - A B IR R
ABFTEE. (AR B =X — i 5EE e = MBI RN D OZFEFRE L CEML/2b D Th D,
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RIS 7= =78k 2 45 H 3 RERIR
Growth Status of Garlic Bulbs Propagated from Root Tips by Tissue Culture in the Second Year of Cultivation
S R BRI /NBE R, RS
Keiichi TAKAGI, Yoshikazu TANAKA, Daisuke OZEKI and Yumeko ITO

Abstract

Garlic bulbs propagated from root tips by tissue culture were grown in the field for two years and size of
resulted bulbs were examined. Only 17% of them reached a size vendible as a seed bulb. Another year was
required before they could be sold as seed bulbs or edible bulbs.
Gy

KRB R I LR DR S o= = 2 512 C 2 ARG L, ERIR D AE B IR A il L7, FlREREL
THRGE FTREZR R ESIZEEL 2 DITRED 17%THY, FHER, BHEKEL TRIET H72DITITSHIT 1 FDE
BHIRNBVLETHD,

i

i

=2 =00%, B AR T LAV ARBIZIVAE BT BN 7570, AFEFITEET LICTA VA
TY—DFRERZE AL CRIEA FEH LTS, AN AT —FREROUAGTEITIRS N T Y | ZefliZsy A /L 2A7Y
—FRER DA A KD BN TS,

TP LD R 2 r = =2 %, ShFEBA R L <, A4 B — LB I LD LB FE kG L7 B AT REME
NHDHM, F DT DI IITRFEDENEA A L — AT LT B M B E R T A ML T AN BN G 5,

LD BHIND, Fox IXEFE (L L= = ORRED DRk A O CONRIR 240 b, H9IET D  TEE
R, TTICHRE SN TWBHTIEICSEZ A HZE T, BhRIN NERZ 15D FIEE ML LT,

ZZ T, RIS DITES B T ERAR AN b S E TS HET L, 2 MO CEDBWOH A RETER
T ODDREREAT T, TORER, 2 T OFERG Tl FERE L TIRFE TEL N ARXETERUIZERIRIE 17%
THY, FERCEHEREL TIRFETDITIZSHIT 1 FLL EOFIENRLETHHEE 2 LT, L, bR
RRGURILANE L TR -T2 ATREMEDNE Y IS Tl 2 R OFEE THO R ERBMELNDL L2 RIE
T Ok RGN,

KPR LR
KB

EEM BN = =27(Allium sativum L.)D7 AN A7) —FEERZ 7 Vb B E A2 [H CHE S b 0%
FNZ,

R 5676 D - ERIE FH
EF 2T BEL TRIBSE 3~6 7 HRFE AL THEREL THE LT,

[ s e b

AP —EHOMSITT, 2021 48 11 J 17 BIZEREL, 2022 48 7 7 21 HIZINELTZBRR A | 2022 4F 11
H 14 BIZEREL, 2023 45 6 J 26 HIZIUEL T, IVHELZERIRIS, S e 7otk EREZWIELI

2 AERICBEL TR, JHREL THIROE A A FERZ AFL ., [5—E35 TR — 8RB Lz, £72.1 41
BIFOFMHITO /Ay ML LT, ARHERESE LT O [M55C 2022 4 11 A 11 BIZERL, 2023 426 H 29

HIZIXFEL 7,

FERLE

LIZ14FE BT HES VT BRAR 2 4F B ISINHES U2 ERIR | B L O IRE U TR T BR A [F] — 135 C 1 4F4K
BEU INHELTZBRIRO B2 R, 1 A L 2 F R AT 58 BN ERIRIZAERL TODA3, i RFEER )
OHEIEL  IHELTERIR LR S T E WD RN DI R R D,

A P T — W SE e 2 — - FFEBR JE G - A IRRIT R 2 2 ik T Ve R IR
RBRFEL, A ALT Yo RE L OIRPFFEL L TEMLZ,
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| EEEEEEE) 2 ERREE) | OEERGE) I EREREEME)

1 NEL/ = =7

X 212, 2 B ICINHES LT ERIBD B &2 8D

ki > BEPE Az g, ARl 10 g TEOHEEX Sy, fiE

REEH 5 Hihy ii<$$l: FOBEZ RS, FREREL Tk

0T - i.‘%%ﬁ(n -~ T 5701213 60 g LLEM, RAEREL CTIRFETH
B W HRIER(N=26) 7291z i 70 g UL ERVETHD, B

—_— 5 THBLNTERIR O, FERAIKL ~LIZEL TV
LD 17%, BHEKREHEL LI, % CThotz, T

3 WA ER A HZBRAR Tl FRERGAR L~
{%( 9150 39%. B HERERL ~LiT 35% ThoT-, ZIbHD

AERI, BRI SO N BRI, 2
D HFE B T s & U CH R AT REZR U B S
3TN LA RLTEY, S6IT 1 LI RS
kT DML ENRHDLEE Z BT, LinL, TR
OFEERZ AW THLRBIE 60%IAFEL ~TEL
TEOLT | L REICHENH D AREMENE 2.5
EERXS (0) iz, B DIt rip T BRAR . fHREL THVZ
HTARFEER &4 (2 FE M SLFE T a0 | B2 (5 Jn IRL)
. T, 2022 4EM5 2023 FEDREAERET F Tl H4y

X2 IELIRIRE & R)OB RS P BB T ATREE A,

BeAR v A R I CAR BT L, IR ET T 1 4R B OfE R L2 L IR (MR —E )T 1 F£HD
BRIR(X 1 28 DO FHIELED 2.3 cm (0=46) THHDIZHTL T, 22 ELHRESE (LB 1 4F HERR(X 1 £
U T, 5.1 em (n=10)&, BRI T 2 (5L EOEFE R ROz, ZORE R bl CHEs 21T 213, 2 FFf o
B CHIM L~ EE LT ERIR N S HAG DD FIHEME DV RIS T,
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fEe

RSO T CapE LB 13, i CoORRE 21T 2 FETHATARE/RL -~V ETAEF TED
AIREMEAVRIB ST,

AEIOFERIT, = =/ O AESCERICIE A CTEXD AR HD, £-. ZOMTE THELIZERIRE 212
R 25 I, fhOERBIEM O AA v — LA FRITTE T2,

B3R
1) Haque, M.S. et al., Plant Cell, Tissue, Organ Culture, 50, 83 (1997)
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Development of Antioxidative Activity Evaluation Method as an Index to Added Value of Food
ey S llias
Nobuyuki ENDO

Abstract

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

AR I (ESR) ZEE A WV, B DA TAIEMERERFECT ) — T UKk DI RGNV EE | fiifEC
F5 1 LG 2 FIEOMENT 2 B LT-AF7E 2 325 L TN D, HRIR, EIR, KR, Bk, K7l O0XESF
RIRRETHHLE KL T EREF I LT UH L A== XU R T =4 TV TAFILTU AN T v
AXINTVII — BIAMEFE LOSUSHEIC DWW TR M AZREIE T 072D B LA U My B 7 -ESR 14
TRHI L SR biE M2 IELSEHIl 28T LW FIEABRFE LTz,

i

i

B DOFEREMED T THHURRAIG TR 4GB IR AL, B A LOBEIENVRR SN DIRIL AR 224
il 2RES L TRICTE B S TRY . HURRALIEED M\ ST IE AN & £ 61732V, Zo72) | Hilik
IETEMEA AT DR 22 <& Lo RO R NHED HIVTWDAN, I EAOHERIZFHE 55513720,

ZIT, SESEREMITHL T, FIBETEMEZ IEL G 28T LW FEZ BT L T& 72, AFEICIZ I
FEUR PN - JE30 138 CRE 3% /K PER O HU T I SRR RO 722 e 22 O HURAETEPE ORI 2380 T LTz, AATE
V. BRPE K PED) - B S OB ) I FF 59D SR ORI A L5,

R OEE

THETOMZET, SEIFRIRAE GRIK, BHR, R, 5k, KIEERRE) ThHREMITRL T, kA
L CEATEXDIIN B LB AL LR (BSR: X 1) V., B 0NA T DIEMEBRERESC T —F U )L
\XF DI BIEMEE 08 OR E LRl d2 TR0 A2 B 5L, 6FREOERN TREEICAER -TEFL TV
HIEMEREF (ER X LTV -OH, A—/N—F X KT =4 F0 )0 -0y TIVRNVLTTUHL R, TV
axI LTV RO ERE~ULF X RFV 0L ROO-, —HIAREFHE 10,) ED UV T, iR
F TR BUE D @ W R R3S o550 EOM A A
O PR R E S L OREESCFEHLELIZ OV Tk
RUIAE NIy 7 -ESRIETRHMIL . Sulg kg4 EL
FHM T2 FVEOMESLAZ R LT, ABFZEO RS ATE 3
BT ESLAFFERE IS N E R R MOKE M R 2 —,
fE R R R BRG  Bn R E 3ER A 3 BRG 3 L R CHUAE
A TWDH KD NI L DA RIS B LT, =BT
BWTE, ERNAOH EKOHERLIETEIC DWW TARTIEE
FAW TR L TWD, BEEAZI A I 0 & 2 B N BE D
Rk BT TN AR BT,

X1 AR g

o

)

ABFFETORRENT, B OBEREMER L L L CBEAALVEON OB 2 FEERRIL MO FETH
DDA ARA TR AT W REZR FE T D, 5| SHESHENL TET-FIRIT OV THI < IG5 Al e 2200 2 PE
WD AEPER ED IRV A ZATOECROTE F & B 59 LEBICAFIEDO NN END,

) BB = RV — W E e 2 — - WFSEBH S - AR IR SR
ABFTEE. () EPRE =0 —BF et & — D3 [E ST IEBR J8 A N EBREEMOK PESERIT S o 7 — | IR RGBS . R R R A
Bn LR E L CRBLI-N AL & T,
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Establishment of a Technique for Diagnosing Neurodevelopmental Disorders
by Measuring Free Radical Scavenging Activity
TRFER( 2 Rl o R
Nobuyuki ENDO and Hideo MATSUZAKI

H AT RZ LJE (ASD) Z1Z U & T DR R EIE B W OUX R A EEENUL TN TS, —
ITEN PR Z LD FHAM O A THER S EEE D FLSh 2 W& IEFEITATHO Z &I M Z THEEL L, B A
\ZEL T2 DITHIE R D BTEACIZ ST S W F 2 TR OB R AU LS T, wxwm% PR TR E
ORMBWNTE 5, R T BV 2OH LW FHIFREIX N EIT2 0, RIS ASD B O ARFE M.
ZRWT, F %xt/#\:ﬂ%{i X7V =TV A EIEMEEE R T HIET, ASD Vi M VTR CARR i
TV—=F VIV DEACERZ DKL, H 1172 ASD R4 R EGEHE L CRIEL Vo LLRN
HZOHE FIEZ, KM CTOTI—F VDAY EEMERE ORI Z B AL Lz 7k L@k ST
AR

VN R Qe N R b el ol = g S AV sl S5 s | K o9 R o s R P S =81 | E%’#f(mmns?f)%aﬁzﬁbﬁk
WL 7Y =T NS BIEE DO R R Z MR T A28 T MRS EIE D R EZ WL T D70 B
BERMEMENLT D, 7V =TV NV DFABCREREL O Bl L2 B LS x OFME T TO)/H'J/:E%:ﬁ
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2.2.3.1
FEISE N L2 A DB L 2 ADFE T 1EOfENL
Establishment of High Value—Added Lettuce Cultivation Method by Controlling Light Response
SR B, BT RS [
Masanori HATASHITA, Ryusuke MACHIDA and Yoshihito OKA
Abstract

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

Abstract

Polysaccharides are believed to be the major bioactive components in medicinal mushrooms. In the previous
study, it was demonstrated that crude polysaccharide extracted from one of the medicinal mushrooms enhances
immune response of murine macrophage cells. In this research, we extracted polysaccharides from the mycelia
of the mushroom. It was examined whether the polysaccharides have growth—promoting effect on the vegetable.
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2.3.1.1
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Development of Laser Cutting Equipment and Evaluation of Particles during Laser Cutting
(L EE L LR — BT, R R
Tomonori YAMADA, Ryuichiro YAMAGISHI and Akinori FURUSAWA
Abstract

In the decommissioning of nuclear power plants, it is necessary to cut pipes in narrow place. For practical use,
we have developed a laser cutting system which will be applied to the cutting of pipes just plumbed in the actual
plants and evaluated its performance.
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Trial Work to Investigate the Applicability of Lasers to the Removal of Rubber Linings
TRES S (L g
Akinori FURUSAWA and Tomonori YAMADA
Abstract

As part of applying laser decontamination technology to nuclear facilities, we investigated the feasibility of
applying it to the existing maintenance and preservation process of removing rubber lining materials. We made
test specimens with a base material of rolled steel for general structure SS400 lined with chloroprene rubber and
natural hard rubber. We investigated the performance of removing the rubber lining using continuous wave lasers,
pulsed lasers, and quasi—continuous wave lasers.
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Data Acquisition Work on the Behavior of Dust Generated by Laser Cutting in a Large Water Tank
and Measures to Prevent its Diffusion
AN ERTE OB, LR B R MR BT S R B OREET
Mamoru KOI, Toshio MAEDA, Ryuichiro YAMAGISHI, Tadashi SHIMAZU,
Hiroki IWAI and Masashi TEZUKA

Abstract

To investigate methods for collecting airborne dust generated during the dismantling of the reactor area of
‘FUGEN’ using laser cutting, we conducted laser cutting on test specimens simulating reactor structural
materials in a large water tank. We acquired data on the behavior of the dust during this process and confirmed
the effectiveness of HEPA filters in preventing dust diffusion.
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Study on Laser Cutting Technology Focusing on Suppressing Fine Particle Generation
FIT FH A 5!
Toshio MAEDA
Abstract

This study was conducted with the aim of suppressing fine particles diffused into air in underwater laser cutting.
The results of the experiments revealed that fine particles generated during underwater laser cutting are seemed
to be diffused into the atmosphere through the injection of large amounts of assist gas bubbles in water.
Additionally, particle size distribution measurement data shows that the amount of fine particles, regardless of
whether in water or air, is almost the same. In the case of underwater irradiation, fine waterdrops generated by
the adiabatic expansion in the absorption are observed as fine particles, therefore, the net amount of the particles
dispersed by underwater cutting is presumed to be less than that in air. Therefore, underwater cutting is likely
to suppress fine particle diffusion into the circumstance.
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Work on Mechanical Property Evaluation of Metal Additive Manufacturing using Laser Processing Technology
LR P — RIS AT I — B, S AR
Ryuichiro YAMAGISHI, Toshio MAEDA, Shin—ichiro OKIHARA and Takahisa SHOBU

Abstract

To confirm the effect of peening by laser irradiation, we fabricated test pieces by metal additive manufacturing
and evaluated the improvement of mechanical properties by tensile test.
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2.4.1.1

FHPEE A A — LB F DR
~ T NANR NI TFE ORI AN T T AR~
Development of Standard Methods for Single Event Evaluation
DORFR L AW L (LT 71 L PRI YRR S5, SR, iR i — g e
Kyo KUME, Satoshi MIZUSHIMA, Shinko SANDO, Satoshi HATORI, Hiroshi SAWAZAKI, Hajime ARAI,
Hirokazu NAKAMURA and Yoshihide AOYANAGI

Abstract

Efforts are paid to an irradiation technique development in single event effect evaluations, mainly for three
aspects; an improvement, a standard method, and a validation verification. As a result, a beam transport
simulation in the single event effect evaluation was improved with an extension of the initial beam energy from
100 MeV to 200 MeV. Also a fundamental design was considered to adopt a vacuum chamber with an energy
degradation system for the single event evaluation.
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Development of In—situ Measurement System for Semiconductor Devices in Irradiation Chambers During
[rradiation Experiment
AIRFE ERARBE S A PREERR . ACKARS
Mitsuru IMAIZUMI, Kohtaku SUZUKI, Ryoya ISHIGAMI, and Kyo KUME

Abstract

An [n-situ measurement system in an irradiation chamber has been developed at ion beam irradiation
experiments on semiconductor devices such as solar cells. As a result for a measurement trial of a beam current
at a target device in an irradiation condition, beam current measurements were performed on the target plates
in both irradiation chambers of the 200 kV ion implanter and the 5 MV tandem irradiation course with ion beam
irradiation.
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Construction of a Test System for in—situ Evaluation of the Perovskite Solar Cell Radiation Resistance
TR AR SR R B
Yu MIYAZAWA, Ryoya ISHIGAMI, Shusaku KANAYA, Hiroyuki TOYOTA, and Kazuyuki HIROSE

Abstract

We constructed a system to evaluate [-V characteristics of perovskite solar cells (PSC) in a vacuum chamber
while controlling the temperature of PSCs at low temperatures to clarify whether proton irradiation causes
defects that reduce power generation performance.
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Radiation Tolerance Test of Soft X-ray pnCCD Sensors for Satellite Use Utilizing Low—Energy Proton Beams
AT, BRI LR A B T RO R PSR, A EE R
Makoto ARIMOTO, Shuta TAKAHASHI, Hatsune GOTO, Daisuke YONETOKU, Tatsuya SAWANO,
Satoshi HATORI, and Ryoya Ishigami

Abstract

The Wide—-Field X-ray monitor scheduled to be installed in the future satellite project HiZ-GUNDAM is
expected to have a wide field of view and an order of magnitude higher sensitivity compared to previous
astronomical instruments. To achieve this, a silicon pixel sensor that can be used in space is required. In this
research, a radiation tolerance test was conducted by irradiating the pnCCD, a candidate silicon pixel sensor
for the satellite, with a 10 MeV proton beam. As a result, it was found that even with radiation dose equivalent
to three years in satellite orbit, HiZ-GUNDAM can achieve its goal of observing soft X-rays above 0.4 keV if
the operating environment is maintained at temperatures below —35°C. These results provide essential
information for designing the Wide—Field X-ray Monitor, and future development will proceed based on this data.
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1) Space Environment Information System, https://www.spenvis.oma.be/.

2) X. Yuanyuan et al., Sensors, 17 (12), 2017.

3) S. Takahashi et al, “Radiation tolerance tests and performance verification of pnCCD at high temperature
for future satellite mission HiZ-GUNDAM” 13" HSTD, 2023 & NIM-A, Vol. 1064, 169413, 2024.
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Radiation Tolerance of Radiation Detectors Used in the Space Environment
LTRSS SR EAT Y SRR I I L
IAKARS | ARMEEES | 3 RS is
Hiromitsu TAKAHASHI, Teruaki ENOTO, Naoki TSUJI, Hiroshi NAGAOKA, Makoto HAREYAMA,
Kyo KUME, Satoshi MIZUSHIMA and Satoshi HATORI

Abstract

For scientific observations on the Moon and in lunar orbit, we are developing the MoMoTarO radiation
detector for lunar water resources exploration. We irradiated several scintillators for neutrons and gamma-rays,
MPPC photodetector (SiPM), and their circuits with the 200 MeV proton with total dose of 10 Gy simulating the
space environment. The degradation of the scintillators and MPPC was measured and guidelines for the future
circuit designs were also obtained.
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Proton—induced Single Event Effect on Si Semiconductor Devices
SRAOR A PIsE™ | LSO, KRR SPLSHR™, kit 2 ™ ACKAR™
Keita SAKAMOTO, Kozo TAKEUCHI, Shinko SANDO, Satoshi MIZUSHIMA, Hiroyuki SHINDO,
Satoshi HATORI and Kyo KUME

Abstract

The influence of proton direct ionization (PDI) on large—scale integrated circuits (LSIs) manufactured by
cutting—edge processes has been receiving strong attention due to the increase in soft error rate (SER) in harsh
radiation environment, such as space'™. In our previous experiment, we demonstrated that the 16/14-nm Fin
field effect transistor (FinFET) static random—access memory (SRAM) circuit exhibited better PDI tolerance
compared to the 20-nm planar SRAM circuit when biased at the typical voltage in the data—holding state®. To
further understand the SER increase due to the PDI effect, we studied its dependence on the data retention
voltage for the 16/14-nm FinFET SRAM circuit.
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1) K. P. Rodbell et al., IEEE Trans. on Nucl. Sci., b4, 6, 2474-2479 (2007)

2) A. Coronetti et al., IEEE Trans. on Nucl. Sci., 68, 5, 937-948 (2021)

3) P. Caron et al., IEEE Trans. On Nucl. Sci., 66, 7, 1404-1409 (2019)
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Status report on development of the solar neutron and gamma-ray spectrometer (SONGS) for a microsatellite
LR P S R
Kazutaka YAMAOKA and Satoshi HATORI
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Evaluation of Radiation Tolerance of satellite components with Proton Beams and In—Orbit Demonstration
AREERG 1 R TR R A KT RARHEAT ™ PSR ACKAR | AKIg A
Yoichi YATSU, Minori FUKUDA, Kei Watanabe, Hiroyuki KOBAYASHI, Yuki AMAKI,
Satoshi HATORI, Kyo KUME and Satoshi MIZUSHIMA
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Performance Improvement and Long—term Stability of Lithium—loaded Liquid Scintillators
ERARBH L /NERBRRER ™ s BN, IR
Kohtaku SUZUKI, Rentarou OGURI, Yoshiaki ITO, Yoichi TAMAGAWA and Kyohei NAKAJIMA

Abstract

A neutrino detector has been developed to monitor the inside of nuclear reactors and spent nuclear fuel. For
this detector, a liquid scintillator with dissolved lithium has been developed. Furthermore, considerations for
improving the detector’s performance and an evaluation of the long—term stability of the liquid scintillator have
been carried out.
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2.5.2.1
B TIv 7 Ko EE R LTz K & BE AT O B %
Development of Hydrogen Production Method using Water Splitting by Ceramics
AR LRI
Kohtaku SUZUKI and Bun TSUCHIYA
Abstract

A hydrogen production method has been developed using the ceramic water decomposition at The Wakasa
Wan Energy Research Center. As a result of improvement of the hydrogen production capacity, it has been
found to be effective to use catalysts and material reforming by ion implantations. It has also been found that
the material can be reused repeatedly.
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1) K. Suzuki et al., Nucl. Inst. Meth. B 478, 169-173 (2020)

2) K. Kataoka et al., International Journal of Hydrogen Energy, 50 B, 599-604 (2024)
3) K. Yasuda et al, Nucl. Inst. Meth. B 442, 53-58 (2019)
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Development of Ammonia Synthesis Equipment Using Molten Sodium
R 2
Nobuyuki ENDO
Abstract

It has been reported that ammonia can be synthesized by passing a mixture of hydrogen and nitrogen gases
through molten sodium. We have started the development of ammonia production using this reaction. In order
to develop ammonia production method, establishment of reaction analysis method is necessary, by which the
reaction was analyzed. Furthermore, based on the knowledge obtained by the analysis, we designed and
prototyped a new experimental device.
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W, TS T REO H b Eh R b E XD,

B3R - —
1) F. Kawamura, T. Taniguchi., Scientific Reports, 7, 11578 (2017) X1 FREL/ N SRR EE
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Development of New Hydrogen Storage Materials by Making Use of Nanometer—scale Structuring
—Nanostructure Formation in Metals by Severe Surface Friction—
KB
Kazufumi YASUNAGA

Abstract

Severe plastic deformation was imparted to hydrogen storage metals from the surface by roller burnishing and
nano—sized defects were formed in the metal in order to improve hydrogen absorption and desorption property.
Pure Mg specimens burnished by newly developed Ni roller showed nanostructured crystal formation and higher
hydrogen desorption property.
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Development of New Hydrogen Storage Materials by Making Use of Nanometer—scale Structuring
— Deposition of Mg on Substrate Cooled with Liquid Nitrogen and lon Irradiation—
PR
Ryoya ISHIGAMI

Abstract

A magnesium (Mg) was deposited on substrates cooled with liquid nitrogen and Mg plates were irradiated with
neon (Ne) ions to form nanometer—scale structure in Mg films. By depositing Mg while introducing argon (Ar)
and hydrogen, a Mg film with a highly dense and various nano—scale cracks was formed. After depositing nickel
(Ni) of 12 nm thickness on the Mg film and hydrogenating at 150°C for 1 hour, 0.05 wt% hydrogen was released
below 320°C. By depositing Ni of 18 nm thickness on a polished Mg plate, of the Ni-deposited Mg plate being
irradiated with 190 keV Ne ions of 3.4x10'® ions/cm? and hydrogenated at 150°C for 3 hours, 1.6x107° g of
hydrogen was released below 240°C. Assuming that the hydrogen was emitted from a region below 700 nm that
was damaged by Ne ion irradiation, hydrogen content in the region was calculated to be 11.5 wt%.
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Study of Hydrogen Absorption Behavior of Vacancies in Fe—Al Compound Alloy Introduced by Ion Irradiation
SRR AR, ORI — N KR s
Fuminobu HORI, Qiu XU, Kazuhito OHSAWA and Kazufumi YASUNAGA

Abstract

Although the interaction between vacancies and hydrogen atoms in this type of Fe—Al alloy is not cleared yet.
In this study, we have performed slow positron beam and elastic recoil detection (ERD) measurements for
irradiated and hydrogen introduced FesoAlso alloy with B2 structure to estimate the hydrogen trapping state in
a vacancy site.
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2.6. ZARIL W OTEBNZ A HHAN B %
2.6.1. IM#EZSHIFOBHFE - 5 AL
0.6.1.1

FPE T — W gE e 2 —dE

B pieids = L — e o & — R FRAE R (o 5 4R

T 5% DR

Current Status of the Accelerator Facility at the Wakasa Wan Energy Research Center
PRSI SEEAFRL (LA B P TR KHE TEMEER
VA FRAT . AN A )1 L S G A, db FIE . B
Satoshi HATORI, Tetsuro KURITA,
Hiroaki YAMADA, Makoto HIROTO, Masaya SHIMIZU, Masao YODOSE, Ryuta FUCHIKAMI, Keisuke
OTABE, Seiji FURUKAWA, Yuki HANEDA, Satoru KITAJO and Yaki ISHII

Abstract

In FY2023, the integration time of the high tension generation of the tandem accelerator reached 3426 hours.
The operation time except the conditioning to maintain and improve the insulation was 2683 hours, 34 % of which

figure was for the evaluation of the radiation—resistant performance of the electric devices durable in space. In

FY2022, we introduced new type voltage dividing resistors and discharge points.

marks nor degradation of resistors.
be excluded.
avoiding the resonance.

L2y

We found no discharging

New oscillator also introduced in FY2022 works well for an initial defect to
Although a sharp parasitic resonance in the RF system was found, the oscillator is operated

2023 FPEDZ T MNEER O TEERRE L 3426 FEH Th o7z, FERO 7D OIEFRIFH D 34% LT HH%H
RO M R REREAM I W BV TS, 2022 A FEIZ T FT LIZIEE 7 /3 A 4 — IRPLC AR A M
ERELIEPEO L L BIF T, @E R IES IO R B2 iR LEMER I Ch D, HERIZY v—
TR AR O E MRS N D AR ERR A2 T 72> CUD,

wE

BT = RV F— W FE B 2 — DN S e
5MV X7 AN, X7 DN O — L%
FIH T8 — LT A8, 20T LR E NS 2R
E35 200 MeV 1> rabay (EAA BN
THE.EREEME= OBEAFLDOE S
55 MeV/u) | vorabarde—MEH T 58—
DTA U EEAG R Do ZDIEEDORERLDS 22T I
INEZHT 2 TONMEZRF A ERICH O, Z
DI X T BN A2 VDN Z BN EER T 50
WEETHD,

ZEINCER YA ab-y ) 11 A D G Ve 22 B S A oY Rl o
fai BERL - DR (YY) P COEBEZFIHT 5, ¥
VT AR OS A EESE ER T 5,
L7zeBo> TR AT — 2150 LT 5L NEE Y
5.2 DR EBIEAZ VDS E LI A HER TE D
INEET/2D, N & B D BAL A% —FRIC
L. BEZE UKL TR AZ B 25T
%, MutgAEE Y « RS OBy i 2 -2 5 45
BHem BIEF A AR BRI ISR E Ot
EOEHLZD—E ThDd, 2022 FRE(TNEE O
BB AT DEEE L CD, FIHE R EIE
BRI D i I R IR B L O IR R O BT -

OC4+ Pulse

EHe2+ Pulse 10 MeV

OH+ Pulse 10 MeV

OH+ Pulse 9 MeV
BH+ Pulse 7 MeV
OCu4+ DC
BN3+DC

0OC2-4+ DC

DHe2+ DC

BH+DC

0y Faia=ry

OE#

OEMMR

B FEROE

OHEREEA
LES st
O4AE— L7
OMRER
Basyia=ys

O Foaazrsd

1 27 DN i B E R ] O HERS

EYImEKL T F) FHRT —~ T LRI ]

N N = AV — W TE & — - B SR B - DNk 2 2

ARBFZEL, () B TN =R 5E o =R R DI

BOZFEZT TEBELIZHOTHD,
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WEL B IR > TS, ZIWHIZE L TREEATT 72D T, 2023 FLEDEILRILE LD I ET D, Tz, /4
TRIZEET 2877 VB OF OGS 95,

DA=INENZE O SN 18 A ta=riante JIVe SElOpY i =Ef A ot = YNy N = oW 1B = Lo Ak g ]
FES R ST H 2SIV EBLT 5, N & JE I TR AR~ & JE A G 5 DI A - iR O T
HALEA LB —T 2 — AR A TV, ZAUCBIL T, fZ SO CRElc S 95,

JI[IBZESEC R e

1 32T DR O NN & B 2 3 A SR OFEE T LOHEB 2 F LT-b O THhD, HidhnEh:
S L F—(ZXD FITIEESF A EROT — <20 EED7=b D THD, 2023 FFEDOERFFRIL 3426
BRI Cdh o7, MR E BEHERF OO DaL T L a=u 7% 743 Bl THh-o72, COVID-19 = IEDFE )N
TEEWL L7228 2019 4E0D 3847 FERIICIZ KT\, o 7ah N LA FIEIC 1465 BRfE 20 7 L2 gl
L= 1 oo He pulse 7 MeV) . 2095 63%, 921 HEEI N FH S 28R ~DO FBHIZFE THIT-, B
D 480 WEEINBAFULL OONTHY | FHHEA - ER O MR A LS B I 2 5B 2615,

BAA VD7 R FIR—Tay

BHAAARITZ T DIHERASAS T DA AL R ESEDAA4 RO — D TREIRSE I &g A4 AR+
MOMEANERAZRNRAT27T7A~ AR =TI AR THD, EREHE T TA~ Tl HETALE
DOEE AR, EARE R OMEFERE T T A AR E LT 572010 7 AR R N EASND,
TIRZFENI T TAACTT AR COT — VB TITI, 7 —V MENBMEZ DT 72T o MR S U
LBV U LIEKR R T D728 7 — 7 B IR & B L7 BRI (CsGV) DM 2. b T\, BHAA
TR CsGV \ZAN—Y—I NFBO LD TR L=,

AL DIRFAE — L5 | X HUER Ty MR T A L INBAD Z A 7 TR FEDAA AL S5 A2 <K
TERBFEEDT O RNAAALZI Tz, CsGV D A— B — (AR X, BRI O IEANI S—7 )L
FaRl = —7 /L(PFPE) S WO TWD I ENR DY T2, PFPE BREAIZFHWEREL, BREAIL 7 RILE
WM(TATNFAaXE2) ThHD T, HEAIREEERZ, EEIFRL > ON—F 7% Tolc, 7yH#ar ¥
IR —vaATIElEN, e R AR EZ O VT OEIEL RAF ThoTe,

2022 4F B FH I OWRN

IS T A H =P EBRA L MCEIR X7 o T2 T3 —PIE AR (2022 4E 5 H) . bodd
O 76 MQIKHL (AZE 1%) OIRPUE ) LA MR 221324 75.91 MQ | 0.29 MQ ThH-o7223, 2023
FEREFEMARIFT75.95 MQ | 0.32 MQ THY, HFELWHILITRRO LI Tz, L, ik~ MO
Xy PO THE OFBEL) — REROWHEANE UT-b DO LS, NS ~D~ 7 N EO 74 L
FELETT-o7=,

2. AR RS LG R

BRI EREI A A H—T 2= 2 DR BEAIC IV E DC ASAEE N 1. RF A% 1832418
REBHATZN, 77— L0 =7 OFHN LB GEIZZ T2 > TN D, SOHICIRE R RS, Q fEaHA
O fERen A B, SRE RO EL I Bz,

BRI AR E AR RN A R D EEE B A VISR BT RIS L7, FAERIES 1/10
PLFIZIZBNT=Z b oT=— 05T, @ JEIK AV — & 83 TR 1% 58 0 2 8 3% 2500 3 1 2[RI CRLEE o
Q EZEL IRV MRSV, JRIRNEFRA A 7203 e HR B I SR 3R O FaBH 2 il [R 923 E H 21T 70> T D,

Ea

2023 FEE DX T AN EFOIEHARERE]IT 3426 Kl ThoTz, o r/uaba Al LA — 28 i 1465
KE]CTHY . Z D 63% 03 F-H B A -8R D HUR RRI T REAN D FEBRIZ TR THATZ,

HAT RO Y LT — e R LT TT Y ROIRBADMEE /2 o7z, AR RIZI VT OHER
REBOIEFNZ PFPE WO ND IO T2720 Th D, BREAIZ V., 7y FRIBADOEEIIRESNT-,

2022 FEEIZHEFHSNTNEE 7 N\ A2 —BITB LOUER A NIERE DL 2<RTtEO Lk Ao+
B CTHD, @B RIRSHIVM AR NS 72BN 7 7 — 20 =7 B CHRARITEER IF CTH D, HIRRIIAS F
TILRBNeD Ty v — T e T AIIBEDFIERRO LIV, Fil- /e R Z kT DiEER A T /2> T D,
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2.6.1.2
orabnl & EEEGE RO T2k
Development of Digital RF Control System of a Synchrotron at WERC
SEHATRR
Tetsuro KURITA
Abstract

A new RF control system is in under development. By using FPGA, digital signal processing is utilized all over
the system. The new system utilizes MicroTCA.4 platform and AMCs developed by Mitsubishi Electric Defense
& Space Technologies Corporation. The system consists of parts of an RF acceleration control and of a BPM
signals processing. The part of RF acceleration control has been utilized in normal operations since October
2023. As a result, acceleration efficiency and extracted current have increased. Some modifications are required
to reduce noise on the feedback signal to dump quadrupole mode oscillation.

Gy

FPGA (Field Programmable Gate Array) % H\NTT UHALIITZS 2 rahm o i JE I i) 8 % 2 B
FLTND, F AT LTI MicroTCA4 27Ty 74— Ll ZEEBKT AT 2V AKAN—RAT 7 /uy—R
RSt k> TRRZE S 7= AMC (Advanced Mezzanine Card) Z 5, & BIEINEEH|HEE S — LT E T
=4 —(BPM)E GBI L > TR SV TUVD, B B EER 13, 2023 4F 10 H 0 DiEM & psaLiz, €
DFER MEZHRE M BRI L7z, WARE—RAARRENZINH] 327 4 — R G B A XN EHE:
LTEY, AEBPMLETHD,

&

s

vrabay O ERINEFRIERLLRE: Low Level RE)D B FITHEDAHA TS W), RSB IREE /2> T
XAV AT LEEHL, SESFRMBEAE TR T 572012, BIEMMBLOT7 0 —R 7l %, BPM {5
BRI R DT T4 FPGA (Field Programmable Gate Array) Z V=7 %L & JEIAE 50188 CREEEL 7=
AT LOFEEAT>TND,

MicroTCA.4 7T 74 —LEL T EEBHET AT 2V A ANR—AT 7 /0y — X ZX-> TR SN
AMC (Advanced Mezzanine Card)?Z FiV N T\ %, AMC (2%, Xilinx £ Zing XC77045 (FPGA + Arm Cortex—
AN NS TEY, WERD Linux T EPICSY 10C 2 #ifEL CT3Y, EPICS Channel Access Z iU TR EL
E=H—ELTI,

=O0 AMC THERKEILTEY, —DlF, 2R EE LB EOHIE, BPM 5 52 H\W\ =7 — R 3w 7l
(75 JE IR A1) Tdn D, 2019 4EFEICHUEL 72, ©9 25D AMC 7R—RI%, 675D BPM DIE 54245
(B =M EE=F—E 5 BE) , 2020 FFEERICEELTZ, 2021 FEZ Y, B —LilBRABRLALTC,
BREWATLC, A —ar A —T 2 —ADBRL B I ->T% ¥, 2023 4 10 H 75 ) JE 50056 i 450
DOiEMZRFELTZ,

& RN BRI DA DZH R
2023 4% 10 A 23 A2D, = BB OE 2B Aa L7z, EH LN OAREAOMIEEA <L —ar
AL B —T 2 —ADYREIBIeoTz, i AT ZEAFIE DY rakay ONEDF B IO H B &O R
YREXL, X202,
X1X0, IEZNERA 70 BELEDD 80 RFLE I EFL CWABIENbD, 2072, HEEHRED 2.5 nA 2
FEMDERT 3.5 nA FREEIZEE 2 72, ZAUE, IRO2EBFHEL TQNDEEZE X TD,
- 2 fE R AR OFHEE DG E R<AT A 5017257,
> VAT ATITIEARW TG TRETRE OIRIBEA AR L, 74— R 3y 7L TWDHDT
TR RS B BLEND, [HY AT LTI, 265 @i O 7 4 — Ry ZHIFEN 2R Z ETE -7,
- RETT DY — LB 7 4 — Ry 7 DR E 73 EAs T,
> BPM 74 =R/ 715 B ONIHE A~ SBE 7S 50kHz 725 300MHz 1T E23> TR0, AN
RO AR D72l TN D,

() BB TR — WP TE e 7 — - WFEBH I - I e =
ABFTEE, () B = — B gE e Z — BRI RO B A ZRE, TS 21 TITo72b D Th D,
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FPGA Z W\ TT U kST w7 bha s O3 JE M i R O 1E H % 2023 4% 10 A 7B LTZ,
IR O EFICR I L= DB 5T, B — AEREOHEINCE 5L T\Wa, L, ADC OEIENET 5T
EWBHDH7RE FPGA 77 7 5D AR BED K- TEY, §l&E s BE X IGZ BT 70>T5, £/2, T-Clock T
DJE P ELHE, VUARE —RAABIRBI O 7 — Ry ZHillfili7e & K0 & R A A D, B — MMLE(E 5L
HROTEM% 2024 FEEIZBAGT 5,

BE IR

1) ZEHEIFER fl, (AR) BPE =L —F5et o #— AR a4, 24, 71 (2021)

2) FEMIEL fih, (AR B PSR —WF5E L 2 —WFFEAE R, 23, 55 (2020)

3) M. Ryoshi et al., Proceedings of the 13th Annual Meeting of Particle Accelerator Society of Japan, 340
(2016)

4) https://epics—controls.org

5) FHPTAR, (AW) B IE =L —F et 2 — WP ek, 25, 76 (2022)
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2.6.2. NN ESA 3T BT O BAFE - i AL
0.6.2.1

AT — L% AW FERICB TV F T LERMANO - A RRE O
UF0 AT R BT BN BAFE (B 3D HF 58
Study on Development of Analytical Technique of Lithium Ion Migration between Positive and Negative
Electrodes in Lithium Batteries by Charging Condition Using Ion Beams
R QNI WTRARNE T N - T
Bun TSUCHIYA, Katsumi TAKAHIRO and Kohtaku SUZUKI

Abstract

The lithium (Li) depth distributions in multi-layers thin films of Au/LiCoO./LATP and Pt/Li; 4TisSip.4P26012-
AIPO,4 (LATP) sides in all-solid—state Li batteries (Au/LiCoQ./LATP/Pt) were in—situ measured using time—of-
flight elastic recoil detection (ToF-ERD) before and after charging at various open circuit voltages of 1.8 and
2.2 V. The ToF-ERD spectra revealed that the Li concentrations, x, in Li,CoO, anode was reduced to 0.65 and
0.30 times from the initial value, respectively, at the charged voltages of 1.8 and 2.2 V. On the other hand, the
Li concentration in LATP for the Pt/LATP side increased approximately 3 times higher than that before charging.
These results show that it is able to estimate the amounts of the Li migration between the anode and cathode
using the ToF-ERD technique.
B

ToF- ERD EANT, 1.8 BLU 2.2 V ETHREBEINZEREER Au/LiCoO/LATP/Pt kD Au F5 LT
Pt 31T D Li E DA Z IV ENVHIE L72AE B, Li,CoOy IEMRH O Li JREIL, EBIEOHEIMEEHIZH)HA
&> Er'rﬁ 0.65 XN 0.30 iFETHA LIz, F=, LATP/Pt S EFHZIS TS LATP o> Li i EEITHY 3 50
EETHEMUTZ, ZHHOFERIE, LiCoOy IEMRH D Li'A AL A LATP A ~BREI S A2 L2 RLTRY, i
(285 Li B IE - ARRE O Li'A A4 Bl &2 8 ERICEHI 22 &2 rREE LTz,

i

il

BUE, BfRE 2 A BIRIED DERERE ~E AT LI 2R Li EHOMIEESED LN TD, ZOEM
@Ffﬁ% ZRWT, FRERICBIT D EM, BiR, BEREMRENBLIOENENOREIZBTS L BEE2ZD

LCEBFHAIL, Li N0 LA A OB 8 s IO EZTHE T 208305, AMFFE T, RITRERH
I BRI T 125 (ToF-ERD; Time—of-Flight Elastic Recoil Detection)iEZ AT, FEERFICIITD Li BN
DIE B/ [E R B E S RO Li R ESAZREL, 1E-AMmEO LitA4 BE & a s il
EER

YT R AR B PRI S D7 E L E A VT, K 65 nm @ LiCoO; & 1IEAR, 150 pm @ Li'A A 15E
M T AT 7 ALATP) Z [EREME . £ 24 nm @ Au BLUK 16 nm O Pt ZEEARE L= 2K Li Eih
(Au/LiCoOy/LATP/PtFEMAERIL 72, RIZ, 9 MeV DOFI(Cu’)A A B — 2% = ToF-ERD 2k~ T,
1.8 BLW2.2 VOELEFTHEEINZFAEID Au BLO PO Li EE AR E L, TEEZOREHO
Au BEOPLANZISITD Li B A 22 N FUAIE LTS 3R Li,CoOq IEREF O Li IE(IL, EBEOHME
EBIZHIHIMEADE) 0.65 F31 00 0.30 fEE TR 3223, Li IBEEAECH LiCoO,/LATP JHE 2 54 30 nm DOFE
WATAEUAZENR DD -T2, EHIT, K 10%FRED Li JREEKEN LiCoO./LATP 25/ 170 nm @ LATP
B R AE BRI A U D LS HIBA LT, E7-, LATP/Pt SRS LATP 10> Li #2EE I3 A0/
ZoRL, FREATD Li I TR 3 EOEECTET LI EnNb -T2, SHIZ, LATP/Pt A HE2 5 200 nm
/5 50 nm OFEIIZIITD LATP D Li #2EEITRSIZH L THR A IZHEINL . FEERTO Li BEIZHETH 1.3
FEDEETET LD oT,
fEE

FEERFE R LD, 2 FEEO Li,Ti (PO DAL LATP/Pt F 25 0~50 nm XY 50~200 nm D
P B W TR ESNAZEDNHIBA L 72, E512, LiCoO, IEMH O Li'A 4% LATP/Pt STz :%@%%EJ‘Z
STz Li TifPOy); DEMBA~BREIS DI L2 R L TRY, FEERICKITS Li S o Lif4 B Ei &z E
A2 i T s N =] N =0 B el

FAAGROCEE - B TS0 2 SURD L R - MR LSR8 () B =L —RF e b & — - IFJE R - =L — s — 7
ABFTENE, AR (AW BB T RN F — T # — B L ORER LS R A A SR RIS R L L T REMEL 72 D ThD,
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2.6.2.2
AR DY TF 7 DT A D BA %
Development of Liquid Analysis Method for Lithium
e ARHER
Kohtaku SUZUKI
Abstract

In—air analysis methods have been developed in The Wakasa Wan Energy Research Center. By using a nuclear
reaction between a proton beam and a lithium target, it is now possible to measure the lithium distribution in a
deep region of more than 10 um depth from the surface without any background.

Gy

EPHE RN X =B Z—TlE, R]P TAA e — LT CELFIELZFEL &Iz, e —AaL)
FULEDEREEANDZET, il D 10 pm LA EOTRWSEIR OV T U L0 Ai% /Sy 757 R 70— Tl
ETELINNTIoT,

I

Ha
VF T LZEDRETLIR D GHTIE—ANIET ICNEETHL, A4 B — b2 W FETE LR OE By
P RE TH D, ZHETHERIE =RV —hF 78 #— Tld, MAT I 22 0 E SOBERL -8 ik (TOF-
ERDAVIZRDVF U L M T oL TEI2py U, JIE I EZE h TITon o720 | ERMENOUTF T LTI IR
BN Tz, LLBRIZEMESIL T DI F U AAF U EHITIRIE THY . 4% bW RSNMEREA A EL T
WEBZBND, ZDTZDITIE, EIETH OV F Y L B E RS TELFIEITHEFT AN THD, Hr ¥
— T, RRPIZBT A4 B — 20O FEEZBRFEL TRY . KBOSTEEML T2 2, ZOFELIR
AT 2L TORIKFOVF U LEERESITTLFIEEZFRRE LR Y,

RIS FE

VFDLoHIIE, TLilp,a)'He DEEUGZ WD, ZOKIETIX 8 MeV D mT— /¥ — o BRETD
7230 BRI DIEVMLE CTRUGE Z > THRR A AT BETH D, B2 — LD RV — %, ks
D=7 THY | Btk CWIEENR 7 7 M 3 MeV ELTz,

EPBE XN —Fe e X —DOREE 1 ITREINTWDILE I —ADE — L7 A& D, Z0D
E— AT ATl 200 nm EOZE LIV EHEAE — AROH LT A R ELTHWS, JIELTZWEEHT Y A
VRIS 1T mm FIRICERE L. VAL Ry AR L7 —AE KA 1 mm 2@ IR 5, 30B ¢ k3
DEZOEBEIAVUL, B=FF — o BRAEL—HBITEES A~ S5, FERBRHRITIE — 2000
140° OEZEHFIZFRESIVTEY, 140° HFRIIROH L o ld KK EVA Ry Zi@iE Uk g TR shs,
BEGTHRALZ o DRI F =T EThHDHERRED, - T MHEINTZ a DT RLF—IZLDIES FH
DIFERPELND, FlomTRNT— o BIZIDHTZO, NI T T RT7)—DRIE THDH, A TIEITIDES
J71E T 10 um UL EOIRSETHMBPIE B L ONEED AREE -T2,

]

BROEE G KA THREF OUF Y DO N TELTHEZBAJE LIz, RFIETIE, Nv 77 TTRT7)—
TH2, T’E 10 pm LLEDODATO PR FIHETH D, 4 BIZARE FELZV TV LA BHO D HTICEH IS L
TI/ \<o

SE IR

1) K. Suzuki et al, Nucl. Inst. Meth. B 478, 169-173 (2020)

2) K. Suzuki et al., Nucl. Inst. Meth. B 450, 135-138 (2019); K. Suzuki et al., Trans. Mat. Res. Soc. Japan
45[4], 97-101 (2020)

3) K. Suzuki et al, Nucl. Inst. Meth. B 554, 165413 (2024)

A FPIE T X — e 2 — SRR R - m R L — AR L —
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2.6.3.1
Unamy LGSO KRMEEKFZOMAER
Interaction between Hydrogen and Defects in Zr Alloys
2 L SN SV
Kazufumi YASUNAGA and Hideo WATANABE
Abstract

Interaction between hydrogen and defects formed by plastic deformation in Zircaloy—4 was investigated.
Deuterium gas release behaviors showed different manner in non—deformed and deformed specimens probably
due to the formation of dislocations.

B

Zry=4 WP LDE A LT K ol K FE O AAERIZ DWW TR LTz, BVILEREUE ) OB B %

AL UEI DO HKFE ORI ZEEN IR0 | Seff O EICER LE BB LB 2 i,

&

s

Ua=r A (Zr) BAE, BRI OBREHE S MR L TSI QD REHIREE B 18, TR P i fis
Hp - R LD LRI IC LD BRE KB DTE R B VKD BUR KR 3 fRIC K0 58 A2 T~ 5K B0 milk &
BB E R LD NIV AEC KB EWINUERE T D, KFBOWINIT, Zr & CERESDIZIIKRF LD O
TR SIS, @REE B W TH B LI B E N S D, ZDIH7e R m LA B L TR AT
LK FEOEFED HITIF NI ERFRIAR AT T 270> BRBEEE - FRUR BT IR F T 20 AR T M B D KEE
FEMAE ORI IR B R M O MR D EB X HID, Vv aA 4(Zry-4) IZF\ )T, BB & RN T
MU ClRl— et CHEAKSEZ RE - SREIE 2%, TOMEEEZHE T 2281250, KB 268
W52 D5 B A LT,

DB

FERITHWZ Zry—4 SUBHT, ATHIESAY 115 pm OHRE %

HERE 10 mm X 5 mm OFEF AR TL, 3.0x10 Pa D £ 1 vndmd 4(Zry-4) DILFHIK
ZeZEBUNT 630°CT 2h ZULEEL 7=, D CThHD, Zry-4 DAk
SR AR 1R, BULE%0 Zry-4 BN, e |(Zry—4| Sn | Fe | Cr | Zr
AW TN L (cold working CW) L, B KFEOEHEEELT | wt% 11.29 1020/ 0.11 | Bal.
HA(T A A LT, JEIERIT 0~20%T, BN A B Fie %
AEIEERIL 7=, ZD% ., BKRFBAA U Z U KFIGH ) FAFE T I ER B ST 8B A A i gs 2 V. 30
keV @ Dy’ A A & EIE CTHRE & 3.0x10°" ions/m® H L7, E/AKFEO M 8%, F IR BLEED A58
(Thermal Desorption Spectrometry; TDS) {54 FHWTIHA LT,
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Tah BRI LTz Fe-Cu &7 VG OB AN 2 KIZ TR 53 A O %8
Effect of Damage Rate on Mechanical Property Changes in Proton—Irradiated Fe—Cu Model Alloys
fEocait—", BPA S ARk, 5 ERIE™
Ken—ichi FUKUMOTO, Yusuke NOSHI, Ryoya ISHIGAMI and Kinji UDA

Abstract

In order to understand the effect of damage rate on the irradiation hardening behavior of reactor pressure
vessel model alloys, proton irradiation tests were performed over three orders of magnitude of damage rate at
the same irradiation field and nano—indentation hardness tests were conducted. The results showed that
irradiation hardening was larger at lower damage rates, and this effect was accelerated with increasing Cu content.
This suggests that the effect of damage rate is dominant in the formation process of Cu—enriched precipitates.
At high damage rates, the effect does not appear, suggesting that the effect appears below a certain threshold
damage rate. The effect of damage rate might be caused by the effect of damage rate on the vacancy behavior,
which are responsible for the diffusion of Cu atoms.
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1) K. Asano, et al., Proceedings of the International Symposium Fontevraud 7, p. A123 (2010).

2) Q. Xu, et al., Phys. Rev. B, 73(13) 134115 (2006).
3) Y. Nagai, et al, Phys. Rev. B, 63, 134110 (2001).
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2.6.3.3
FRST R B T B G D IRSRAIC LD EZR & P B 22 R4 N R T LD 18 AT
Evaluation of Tritium Retention in the Fusion Reactor Vacuum Vessel
According to Comprehensive Modeling of Irradiation Defects Migration
V1Y NI = RN 2F ¢ X
Makoto KOBAYASHI and Ryoya ISHIGAMI
Abstract

Tungsten will be used as the plasma facing components in fusion reactors. In this study, an energetic proton
beam irradiation was carried out into tungsten samples to induce irradiation defects. Then, a positron annihilation
measurement was conducted to know the size and density of irradiation defects formed by proton irradiation.
Additionally, a tritium ion irradiation experiment was carried out to the proton—irradiated sample to decorate
vacancies with tritium. For a tritium depth profile measurement, the conversion factor of the time duration of
electro—polishing to the thickness of the tungsten sample to be solute into the liquid phase was quantitatively
evaluated.
Gy
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1) Y. Hatano et al., Nucl. Fusion 53, 073006 (2013)
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2.6.3.4
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Study of Temperature Dependence of Obstacle Barrier Strength in Tungsten for Divertors
HOPRIR—"1 ZKEFBE !, fE o ile—"2, A rhEERk™
Kouichi TOUGOU, Kaito MIZUNO, Ken-ichi FUKUMOTO and Ryoya ISHIGAMI
Abstract

The temperature dependence of the correlation between irradiation hardening and microstructural changes
was investigated to clarify the material hardening mechanism of tungsten divertor materials for fusion reactors.
In-situ TEM observations during tensile test was performed in a TEM at 700°C to study the effect of test
temperature on the change in the obstacle strength factor and fraction of cross—slip behavior measured by the
interaction between dislocations and cavities in the temperature range from room temperature to 700°C. It shows
that the hardening mechanism of tungsten depends on the irradiation hardening temperature and the temperature
dependence of the microstructural changes.
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1) A. Hasegawa, Journal of Plasma and Fusion Research, Vol.92, 891-896 No.12 (2016)
2) K. Tougou et al., Nuclear Materials and Energy, 30, 101130 (2022)
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Development of Simulation Code for Ion Irradiation Effects Including Ion—track Overlapping
PR /NS AN ) ==Y S
Akihiro IWASE, Fuminobu HORI and Shigeru NISHIO

Abstract

Under the assumption that the lattice structures are modified only inside the narrow one—dimensional region
along the ion beam path (the ion track), and that such modifications are affected by ion track overlapping, the
exposure of oxide targets to spatially random ion impacts was simulated by the Monte Carlo method. By the
Monte Carlo method, the evolutions of the two—dimensional images corresponding to the lattice structure
transformation of ZrO, were simulated as a function of ion fluence. The total fractions of the modified areas were
calculated from the two—dimensional images. They agree well with the experimental results.
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1) A. Benyagoub et al, Nucl. Instr. and Meth. in Phys. Res. B 175-177, 417 (2001).
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2.6.4.1
R —7 b S 72 FeSeosTeo s RO RIS E R ICEI 3 D0F5E
Superconducting Properties in FeSeosTeos Thin Films Irradiated with Low—energy Protons
FRIRF A, B A2 FHEIRS, Ak
Toshinori OZAKI, Tomoyuki YOSHIDA, Kinji UDA and Ryoya ISHIGAMI
Abstract

We investigate the irradiation effect with the fluence with 10 keV proton irradiation on superconducting
properties of iron-chalcogenide FeSegsTeos thin films. After the irradiation with a dose of 5.0 X 10" - 7.0x10"
ions/cm?, superconducting transition temperature 7. slightly increases. The 10 keV proton irradiation with
1.0%10' ions/cm? fluence yields the critical current density /. (/4//¢, 4.2 K) improvement of over 50 % at 6 —
12 T with respect to the pristine film. The transmission electron microscopy (TEM) analysis of the proton—
irradiated film reveals the possible nature of strain defects with size of 5 nm induced by the irradiation, which
could result in both 7; and J. enhancements. These results indicate that 10 keV proton irradiation could be
effective to enhance both 7: and /. in FST thin films.
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1) H. Matsui et al, Appl. Phys. Lett. 101, 232601 (2012)

2) T. Ozaki et al, Supercond. Sci. Technol. 33, 094008 (2020)
3) T. Ozaki et al., Quantum Beam Sci. 5, 18 (2021)

4) T. Ozaki et al. Nat. Commun. 7, 13036 (2016)
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2.6.4.2
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Development of Novel Polyelectrolyte Membranes Using Polyimide Nanofibers
SR B & LR Z e PR
Masanori HATASHITA, Yoshihiro YAMASHITA and Kei KAWAUCHI
Abstract

Perfluorosulfonic acid polyelectrolyte membranes are commonly used in polymer electrolyte fuel cells.
Polyelectrolyte membranes with excellent thermal stability and proton conductivity have been developed.
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B AN @:E/“\?H%:/\EJZL’C#% Kl LX/VTAKTM‘F%/\EAW%J:VQ 2 BBEOA AV ETH -
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EIEME DRV AINIIMMEE DMK T4 52BN M5NTWAHR, A RIOBZE L PEFC AOEBEMENE T, {EEHA
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2.6.4.3
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Improvement of Mechanical Properties of Low—Loss Magnetic Materials by Ion Irradiation
A RIS AR ERARHR ™, LR s+
Kazushi ISHIYAMA, Ryoya ISHIGAMI, Kohtaku SUZUKI and Kazufumi YASUNAGA
Abstract

By ion irradiation to 6.5% SiFe alloy, which is promising material for improving the efficiency of next—generation
power electronics circuits, mechanical properties of 6.5% SiFe alloy were improved. This result provides
important basic knowledge that will lead to future industrial production.
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ABHRN TN LD PMIHE Sohr & @A RO A B & FEAT
Ultra—Fine and Nanocrystalline Structure Induced by Severe Plastic Deformation of Metal Surfaces
ZE KT AR LA
Kazufumi YASUNAGA and Hirotaka KATO

Abstract
The cross section of burnished metal specimens with three different crystal structures were observed by
transmission electron microscopy. Severe plastic deformation was imparted to the metal from very surface and
induced nanocrystal formation with mean diameter of below 200 nm in the vicinity of the surface in all metals
examined.
B

EEMBIRE A N= 7N LU E OMWEETEAE AT DL il m S (KT REHEEIC 200 nm
P ARDF ISR R T DN RS,

o
s

NE= T, [FER O @ BH @il TR DR a2 b DR T REAZFL S, Rz 8k
REICT DR EUIETHD, MLHPICEEREIX, TEEOBEEIZIVIREIZEIEETESI, 6585 - i B FE
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2.6.4.5
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Thermoelectric Properties and Microstructure of GejsShsTe;5 Specimens
INETEA KRR
Atsuko KOSUGA and Kazufumi YASUNAGA
Abstract

Thermoelectric properties of Ge2Sh.Te1s significantly depend on thermal treatment and microstructure. Planar
defects were formed uniformly in a furnace cooled specimen.
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B FHF LN Al-rich— o FHDOFZRERIENC L5 mEif & T Mg-Al-X &4 D B ¥
Development of Highly Corrosion—resistant Mg—Al-X Alloys
by Controlling the Morphology of the 8 and Al-rich— « Phases
BB 2k s [ AR
Masahiko HATAKEYAMA, Kazufumi YASUNAGA and Syosei OKADA

Abstract

It has been reported that the addition of tertiary elements to Mg—Al alloys improves their corrosion resistance.
However, few systematic investigations have been carried out in the same environment. In this study, the
corrosion resistance of Mg—Al alloys was evaluated by adding a third element and changing the morphology of
the B phases and Al-rich- o phases. The results show that the corrosion resistance of alloys with the addition
of silver is the most improved.
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Research on Development of Flexible and Conductive Films
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Takayuki NOSAKA, Kazuhisa TSUJIMOTO, Masatoshi GOTO, Ryuichiro YAMAGISHI
and Kazufumi YASUNAGA

Abstract

Development of conductive materials with flexibility and durability has been expected. The purpose of this
study is to develop a conductive film with excellent heat resistance and bending durability by plating Cu and Sn
on the polyimide film substrate. The conductive film under development has a problem that the Sn surface turns
yellow under high temperature and high humidity environments. To clarify the mechanism related to yellowing
of Sn surface, the oxidation of the Sn surface during exposure to high temperature and humidity was observed.
As a result, it was confirmed that the thicker the oxide film formed on the surface and the higher the degree of
yellowing under the longer the time of exposure to high temperature and humidity environments. It was also
found that the area affected by yellowing was approximately 2 nm from the surface layer of the Sn oxide film.
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