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PIXE ##1i%IC &k 5B LEERADERATES 1 - BEDER

(17PJ04)
oEBHT N BAZTF ., HERKL RINF—°, RETH®
AEREERE, RS EZR SRR

7 1 (Plecoglossus altivelis) (&, AIJIITHEZR. HBEDS BIHENIZRTLT
REZQAFRETHEIL, HICNZEZB LT HEEATHD, LML, FIIKRD
KEEMBEOEREL LI, IENO7 LFRAORICIEEEETHETLTLA
WMEEDN—EHFET HDOTIEGLD] EOHBMSILTONTWND I EM. F
ARNIKRKREERERRAOEEZMYFAERICKIYHBE L=, EEIC, BEE
MUSmEAEHNETIE, BEICBET 52 LR CGAOBICERRERT 57 1LF#HADN
HESINTLDS, TITAMRETIE, RIKREBIIZEWTHEESA -7
NERREERZHESTSI_LZHNE LT, BEOMETRESTZEIT o=,

AbBUFOL (SN [THRKEYBKOANI00EUELEZLSEENTEY ., B
BSrREDOEILENHT AL TEERRZRALI-ERSHEHET S EMNT
TbH, AARTIEK. PIXEZAWVWT,. BEREOHFILAILHBILETO SrREEILES
1ol ddEEBIC, BREAOEATZTL., EENT710XRRERERE
FHE L. 2HOHER.OER TR OLEED Sr:Ca thhVE L B (6~12 % 107%)
MHIELVEE, (3~6%10%) ~NEERTZ/22LQFh LM LKTBETSrCatt
PRELEEET 4~6X 103 THRB T ENIURHLN-. DI EMD,
FINOT7IZEFB AN ERTLTCEELEBECERLEZRTRINIANEBES
HHEAIELERDOEENS NS —AT., BEICRTETITAKEZELERIGRE
T HEAERNFEET HEMNRBELMNIE-Tz, -, TAFEANARKEICEET
SERICIE. TGO AL IGREDBEHR L TLSATEEMENTRIE S t=,
BKEIZEBFE o E=7aANERFET B=HOH121F, EERIBEOKE. ERGE7aAN
S ETRELTREBEENES-TVWEAIRELSH L ENHR TN S,

AAEICEWTHE =T TIEEITLKLDETHD=0., SEBGELTT—
AERBAERDIVLELNH D, £f-. BHEETLHRAOWERRAEHAED
5 EITKY., MMERFEAOHE LG E XY MG ERIFMEZBHLONTT S
CENEFEND, TALHFAOEREOBEIC(E, A OBOAELHAIIRE. K
B, BEHIRBLHEZCDERINEESMICEEL TOWAAEEENEZEZ N BT1=0.
7A1NREPLEREEICITARBHHOAZRICMA ., HEBENERHFORE. RIE.
EERHRIE G R DIRBEF M ZFHMICHERT ODENH D=5 5,
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[IFEABE - EAEZ - KT - ILEsEX (1989) AIOKEIZE TS 7 1F
A7 - [EiE - BE. KELK 50: 47-57.

RIEEEX - ATR - HE%E - BAE - - AdE (1990) mMA+HIETORIZH
W9 57 1FA. BHARKEZFSEE 56(6): 871-878.



~HEE GRERS 19PH0L) ~

BB N E2R 1 (PASTA&SPICE) D& E{LE fiTBRF

(19PHO1)
ORJIFE—2 EFREZ? AJIMEA? MiE2b EAF—° HAEFRB®
LB FRPRMTAEEREE NAREZREWMENR DEISEE
b: (k) I5

<[ECHIZ>

EFHEHMIMRRAREERFTREZLREMEN (EWRER) OFEINRFRICIE. &
KA—3FILZEE 1.7 MV D High Voltage Engineering Europe B. V. (HVEE) & ® Model4117MC+
AUTRAOVIERBHIFRESINTEY. 3 MeV EZE DS FHRZFIFAL = PIXE (Particle Induced X-
ray Emission) T < 49 0E — AR EDRERIZLFAIN TS Y,

ABAZTERRETIL. BIERRE (P16-R&DO1TPIXE AT ECH THm EL T FAF ). H28~H30)
Z5|EME . Flp, p’ PF BRICICERGFE T HHBEEEZF AL TILENR FOIRILEF—iE
SHEBIEEERET 5, BIEETIL. 28~3.4 MeV fBEZEAMICIERLI-IEN D, REBTIE
28 MeV UTDMEEZESRMNICERL. REMNICEONET—22MALT. ERDI—3F
ILEE (GVM)RIEFXBELTLS,

ZLTCEICAHARRETIE. T//0E—LHMKEESTEE SPICE [CHELVT. 5.1 MeV D “He* A
2 (0HiF) DB EEHRT S SPICE-alcET SHEMFARKEEET S, e THIITIE LT
b-EFAEMEFZMEEICH VT, SPICE #EY—ILELTHREHRDABRERICE 1T MR
ROBIEREE in vitro THRELGRYERLI- LT, BN AMBEEIERST EEMEMO
BEHRERNA RIS —HRERASHT IRET BRSNS, TOMET—IDH T,
RRDBFREYS LET HIFZRVRENRICET HREIANEFENTEHY. SPICE ~D ‘He*
174> DB A (SPICE-o) AAFIN TS, LM LEFEMNZE 21 (PASTA&SPICE) TlX. Bt
10 FLUL *He? 1A EFALIZZEDN L A A VRIS I—T Y ETIRB[EEIZENTE—
LEENGA—A—FBET HIENRBELLOTNVS, ZCTAMERRENES 1 2OT—<E
LT.SPICE ~"D *He* 1AV DBAERBZBEL. (A VIR-MRF-E—LSAVITHITEH58FE
E—LBENTA—F—DRBEILETEDH D, ZEMICIE, 2020 FEDIAIOE— LI KERD
EHEZBEL TS, A ETIL, SPICE-aEIRAM(F1=, SPICE E—LZA~D *He¥ 174>
DE—LMZEEBROEBIKRICOVTHRET S,

< SPICE-aDBAFRR >

SPICE ~® ‘*He* 474> DE—LEERERIZENLL, BEHIELTWSTAATSATrOUE
A4 (Model 358, HVEE ®) RUYF I LA—To DY) —=2 % - BlFEEmMIZiTo1=. T
D& AFTVBRNTA—E—RUVE—LEEEROREILEERZESD. SPICE BEAERDHLE
T 16 nA BBEDE—LBRERERT HITEY. SPICE ~DE—LEERERZRMIELIz, K.
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SPICE E—LARSEIYHLEBIZRELIz O FL—2—(REHATR) L THEINT-. 5.1 MeV
He?E—LDFESDIEMEBEEEETRT . X AR 31 um. Y AM 52 um DE—LIZKDFEALIE
I, SPICE ME—LSAUKIFERIZ 51 MeV *He?E—LZEEZET A EITHMILE, =L,
E—LERNDLGNIEDNS AT VRRY YR OREFIRR) YNEFRZTHIEMNTETS,
IAYAE—LRBEDARL—a0F T HETIZTE>TULVELY,

REEFEUREE, AFVRIZHEITSE He BAAL DERMEEM LS EDOIC. UFOLA—T
VEBRTALLE . MEEMBEERAMNICEE-RABITLIFETHD,

B E—LAXKGSIYHLEBICHRELI=>VFL—4—LETO 5.1 MeV
‘He?’E— L DR

(S5 k]
1) M. Oikawa et al., Int. J. PIXE 25 (2015) 215-223.
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THMRTEEMREAR—E

BES : 19PH01
R4 - BAENNESEIE (PASTA&SPICE) D& ELH TR

BEMEE R

R

1.

Mahmoud Sayed, Naoko Matsui, Motohiro Uo, Toru Nikaido, Masakazu Oikawa,
Michael F. Burrow, Junji Tagami, Morphological and elemental analysis of silver penetration
into sound/demineralized dentin after SDF application, Dental Materials, 35(12), 1718 - 1727,
2019-12, DOI:10.1016/j.dental.2019.08.111.

Proceedings

1.

=
1.

RINg—, EFRER, BIIMIEL, /NEERE, Mtz S EO0F—, EEH
SEWREWFFEIESHER (PASTA&SPICE) MIRIK 2019
F 3202 VT LMERBRVZOREDEMOMAESEHREEE, 2020-03.

SREK (OERER. RR2—FR. #FEH)

RIG—, BrRER, BIRIGL, NEERE, iz, SO0AF—, ARt E5%
EWREWEFEIESHER (PASTA&SPICE) MIRIK 2019

% 32 BE2TLANMERRUZORIEMOMAES, #HERKEREREERFHAESR,
2019-07-05.






~H{EE GREES:19PI02) ~

75 o HEABEICEET SRE

BRICHETEV5 VRRHBDOMR & TRBEK

(19P-J02)
ORM =/ =E et BRIl [F—° BF FHe. LR =7°
Ah R° AR GA°
a TEHRE R AR
b FERFAZMAEIZN. o TERFAZRELHER

FEFE—RREHVLEBICHEITARBTIVOFLK, REYNIBLTE QOBEIFE
EE/AHDE. DIV T IV LG ERBHMELTESFRKCEEMDO R
MAEREFICEIFDANDFTLOHIENBIINDIEND, BERKIED LK
E(IZEHTAHZHAMRDEBENIRDOONTINS, FICHTUIE, MEHRSMEIZNZ
It2EREZAL. VSUEEREICECH T KERALEMNTIXEESENELS
ZE&[1, 215 BRI DR IGES Rt LD IEEBIE AR EZREL T
LIHEDLH D, LHOLEDNSD T ANEIEE - S ICEATHERT—2(EFELTL
P

INFETIVMNIHTIEBER VIR EEREBF AT/ VOE—LIZKDEHL X
A (4498 SR-XRF) &Y. BEfDEIEAIRMEE (S3 FREE) ICITEEGE
D 500 ELULLEDELARIILD ISV BHEEHIEET H LB, 4. COVIVBERIC
¥95IA40 XAFS BIEIZE>T. ISV DEBALIKENDSZILAAUHMEEL
TWAHIEZEBALMZILIEl, VIV RAEMICHET INAEHMET R DERILIKE
EEBIIUORBIE-THIEDEERELEILESIZEILTWNSIENEZILND,
—AA498 PIXE SHFICKDINETOREETIEX, VIUIFLEITKY BfED S3 R
HMEEETIOORERNHET LI Mot

ZTITAREEIL, DoVEEMERE) BEDOEEEZRELMNZTH-H. 71400
PIXE &< 440 SR-XRF LU /40 XAFS DA EHEFEZFIZLYHIS -
o DEFEMRMCIEEREIL. BEEBOTHRMREBRITLIz, £ BEIIK
EISUEEEEOBRICONTEHREIL =,

FEEE 5% 05 - 4 mg/kg DEIETEMR TICHEEL. BAMICHERLTERY
VTNEBT, BIEEEEOEET R (10 i B)ZRI)TOELUEIZHESE . E
RARILE—IZHRE. AlESARELI=, £FTY/490 SR-XRF [TEYISUAA—DUY
ZEFL. IIVEEEICOLT XAFS BIEZ{Tof=. VIV R EETEY 2 HE
#[6]Z ALz, RWNTIAY8 PIXE BETL. OI2E) D RTERIESE T,
YO BEEDISUE=EIZDULNTIL PIXE Spot AT CHIERRLT=,

9
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S3 KMIE LICHBRLEUBESBICEERBTFVSVEED 4 EE5 BRIV
MBI h, BICIE 100 FREREISETI30LH- 1=, UVBEEICIETH) DL E
FL. D7D XAFS ARIMVIEEFEE IS =ILIZELEILTEY . U2 - A D LBED
BOISUETIMTLIIRLLIBRERFTHIENEZADNTz, T V3V%
ERAEICTREEVCREBIMLERLIz, CNODHEREY. ISV EEHF X —#
TGNV DOEBRENVIVREBERICESELTWSIENE AN,

B
ABZAERD—EBIL JSPS RIAE 16H02971 DN ZZ (T7=,

SE Xk

[1] P. Kurttio et al., Environ. Health Perspec.t 110: 337-342, 2002.

[2] H. S. Magdo et al., Environ. Health Perspect. 115: 1237-1241, 2007.

[3] S. Homma-Takeda et al., J. Appl. Toxicol. 33: 685-694, 2013.

[4] S. Homma-Takeda et al., J. Appl. Toxicol. 35: 1594-1600, 2015.

[5] K. Kitahara et al., J. Synchrotron Rad. 24: 456-462, 2017.

[6] S. Homma-Takeda et al., J. Radioanal. Nucl. Chem. 279, 627-631, 2009.
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<4 ¥ A PIXE AW :-E£EKEH OB THRED MR

(19PJ05)
okl EE. HF R. BE 5. R H—. KEH E
MEHREFHR SRR

BEF—RFAREFORFEEICEILL., DS 0ZFIELHET IR
MEDARNBEICET HIRZMMENRIKROOENT DS, EARABTOME
DIVEEETAHEE. VI VDLBFRENMEV-HBRFREREIZ L HEEIE
BHTIXAL, BIFEBIE X #2247 (PIXE: Particle Induced X-ray Emission) (&, 4
HEEOREMZICBEVWTLELEAIATVLWSTRSTED—DOTHY . H
K. AR, MR, K& ERIRERFID PIXE 24Tk & LT, TR HAKICHE
TLEESELHHBICEEE—LZRBHFATLIFENALLONTLS, KHRT
(X PIXE ZAHWVWTHRRFORHRZ. BAPEOHMTHE - AEICEET 5710,
ROBETHAHOEEEERF LIz, Vo0 EDSUERTRELELT. V5 VICEE
PILEZIRLF—I2HME X REET DMy FUDLERAW:, BTEROMENME
BREREOMLICEST 510, ZBEEOBATHHMEEICOVTHBEEL
HHEZHARRMOEE,N SFHEEIT oz, REMWEEICTS R 10 EICHFRLT
05-5uL ZF TR E L, BBESELREOY A XOMRERT LIz, /-, &
TI5%FHER R TOELY T 4)LAL) ICEIYEIFLY /=T 407F
LWAFDIFLOHEAHBEMI LR, KREMEERICT 10 EHRL 1uL &
TLEHEHARIBEEERCEEMIMESh TERTEZ, 1Yy MIDLES
ORZWEBICTHERLUEZ LUL OFTHAM ZIRER <4 U 0O PIXEBIE LI-HE.
BEFDA Y M DLIKFZXHA—IZHEEL Tz, RIZ 10% RESOHEEZ.
PFA O— MLE%{To=/R) TOEL VT4 IILLIZETLYA - 0 PIXE BIE
#1To1=, 1) (. REMWERICT 0MBICHERLIz5 nglg My bUDLES
DRED PIXE ARY MILTH S, Si(Li) BHEZIFRW=E® Ca-Ka. Cl-Ka.
K-Ka. P-Ka., S-Ka, Y-Ka DA A —205HE &KU Cd-Te BRHEZZEAULZBD Y-
Ko DA A—S U5 %E 1(D)IZFRT . 149 keV 2 Y-Ko #. 16.8 keV [Z Y-Kp ##
DE— U FHmH L=, 1-50pg/g DAy R D LEEEARETH D ENHH -
fzo HRTIERFVSVOEERRICOVTEHBRS,

11



~H{EE GREE S 19PI05) ~

K
1 L
(2) 1000000 Cl‘Ca —Si(Li) detector
100000 >0 —CdTe detector
P Rb-Ka
g 10000 | Br-Kp
[
g 1000 Br-Ka Y-Ka
© ‘ Zr-Ka
100 ‘Y-KB
N M f
. Ly ) A
15 20

* Cd-Te detector

1 (a) FRZEMEERICT 10 BICHRLIz 5uglg 1 v FUDLEETHBD
PIXE AXY kL, (b) Si(Li) BmHEZB/ZRAL=EFF®D Ca-Ko. Cl-Ko. K-Ka. P-
Ka., S-Ka, Y-Ka DA A—P 5B XU Cd-Te imHIB/EAL=ED Y-Ka D
A A=Y

12
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Ni BEIHES O XX FDOTERDREEN

(19PJ07)

BK AL TN E&°, BRI F—°, omtE £EF°
a: FEHEKRZF
b: MEHREFHRAVZRRR

=7V (NI O ZEIEFHE THLH), IMEINZ 5T H LR OM R ESC/ne
VAEET, INET, O NiBFEITHERERE Z OV Q34 B o R e @R IS
T HBERMEY 2 OICHE STV D, —FH AWFFETIE HIMAC OIL[FEIFIH%E
BRICE DT, NI BREIAR A&E T O AR R F EAIZ Ne 14— L% REL
RO RARFEZEH L TE Tz, ZNHO L BAREEA Ni B RIE; Tk HZ 812k
0. Ni EREIEE T8 R ERRTELZ LI EIL T\ D, HIMAC DEAA
L= ARBENC LS TESNZ, ZAVE TSR Ni @ FI TR O TP ks 2 B &
DINTTHIEIE, 7 7e Ni mRIMPEREE O RIS D72 30 6B 2 g, £z, BB
(272 ST FHLO Ni RIS X, 20 T4 P FEICED oA XS X FEFRTT
T TR OO ER T AL THRREROIER I IC 72’585 2
b, EHIT, BIEFT>TD HIMAC (ZE D28 BARDVER 7D AH AR B 2RI
HEMTOND, £ 2 TARIFIEIL pPIXE T IZ LR O e R A &2 B 62T
5HZETHIMAC DEA A —ABEHIC > TEH L2 Ni iRl 28 BAR O
e S R N S R S P R

2019 4R OARMFEIRAE (19PJ07) TiX, 2FE 0 Ni b Rl i M R (Ne60Gy-39.,
Ne60Gy-86) (2O THENTEAT 572, ZOMRHTIZLD | 28 BAR 60Gy-39 285 Ni ik
VEEZZITRTUVRIC Ni 2RI W ZERIALDNI R o1z, EHI, FEM OIS
FAET DRI THONT A2 — LB T ATRETHY, A X X% Ni FIS:
BT ChIAa—AIC NI ZE BT HZEDBH BN T,

13
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AIFRROEEREICEZTATNI-EZ0 PIXE 24
19PJ08

oLl B, BRI F—LC0 ZwIIl EZ o w@ik E5hY AR HEC
A+ BRER. BK fEK®
a FEAKE., b MHFRERRAMEMN. c: BEXT AV F—TH=.
d:ZaEERZF. e EXFEMRENE

E5

TR A B SGERE TFnR] X, BAROR LS THEL TR L
EFEINDHD, FITWEFE LD T TR L-ME S & 5, WEEELRT. 72 b
GLFEER) DLRTOEROBAIFICIE, £ EEARALRLBL D, (EROMTET
(X, ESCERLERICE SRR A p AR & T ORERN 2 A B T E
EERAEYE L TN —FH T, ZERBNLSCBRPBE IN TV o722 E00R
SN TWDMR[1], BHEMRRREEC X 5 mI 72 dHiiiEb 7wy, 2018 428 A, L7=
LOWRETF —2id, GEENOKEH LEBEORSES MO BAEFREZE LT
HFEEREL(2], AEE ORI LERL, BRICHE DI BAEERK
ICHEZIAENTVD LW FENS | HEENTT I NER T - FRUTAETF LT
WEERO b D EHEE SN TEHE Y [3], FREGFTOREZ SN ~OEYEE
ELTHA D DD D, TOWETIE, BEORERNARIHT OFERNG, 4
REDRATED 3 A LWPEWIIZITHAKE L T2 2 S 2 T, LR
HFHA BRI NS THEED ~DIRTFRE E o722 &0, L7 & L TORSE
JROEWR E b RBE SN, ZAUTHe < A TIZ, PIXE o4 2 W CEEEIC
BXIAEFNTERBEZICEENIEROLEZOELHEE L, L EENICT R
DERBEZHET I Z LIl L VWD, EECESAENEBEICHLT
PIXE /328 AIRECTH D Z & 2R L= BT, #H B OEWLREL L 2 M
AET D Z & T, EEROAEEZ XV EICHEET D 2 L 2B D,

HAT CTEHWVRD I EEE & SERAREDKEXEMHE AR T 1 BT
DT MO EE D FUTET ., FITHES SR S, ol X IAEN=E
EZNHMTE 5 book-set (FBF : FED YU —AAKRT, [RIFFIZEIRN « 52 I
HoMoES) ZEH L7, EH I EFE 405 book—set ODFAEMNG ., i
RT20 em MY DEEE, BEELEGOT VWIS ICHER-TZ, HEEOTIAT
FEEHIRED X Lo, FUTHE ORI, EFE B Eic ko THEE L, &
B2 BOE LT, FIDTORLE 2% 2019 FEE O PIXE 4087 Tk, BRI FIATAE
D L0 LN EHEE SN D EFEO R ZEXGR & LTz, BEZ BURESR AR

15
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FTCD PIXE Z#ricfit L, BURADEED PIXE xS L Cl4][5]. 15 ik
DEREERE LT,

S HERE T, RECTHIRE 7 13 book-set & K THIRI S 7z 8
book—set DT LTz, 16 EHAEIL, A TIIWTNoeH b HER
AL B R & Ipino Tod, RITIIEH & digh CTHEREBLN A bz, F 75U -
KB OFERT 2 KBTI BRI 21T > 72 E. U v AL THERE/LN
Ao, £z, BIUAO LR EF RO LT HEROLEGH RO V% It
R ZA TR T A KBUANDLETHEREN AN,

ZD X D RN G, PIXE W& W CGHEIMER OFEZ 25T 5 2 & T,
ITHRERORAE®RETIHET D ZENAETHD Z LT +DIRBR SN,
AREHE O R E N DWIER RSB ZIIIEZ DL DD, WL DO & OfEIR %
BTFHZEMTED, BIZIX, KOWMEDHEIECTHL~Y TR T LETINLT T A
X, BARANOEGHEO I LT, IR EROFEHMEO 5N A B ME %
R LToe 2OZENEL HFNSRA EFT-EEKRBEEAKE L TERS NS E
AL, At R, RKIKICBWTEBR LY bahoTc e EESN D, £, K
PNIZ72 < TER B RVWE & - ENAILROIT & A BN O 3B ME )
o7, AL, ITFE, BRORBRNEATRERE LT, BRIz 548
FBICL2BMPHMETHEEAENMET L, BRARRIZES>TVDETIHHAL
—H L TW5D, 5%, oW E E0T 720 TH T O & BORAEZAL O RFEN
ARE L 720 | JERERYA N b (B, BAEZR &) ORBELRMIETE DXL H1T2 5D
EHIRFE D,

&3k

(1] JFRHES Q0IVTFOREIUL TR DOFE L £ DOW . /INFAE

[2] Maruyama A, Takemura J, Sawada H, Kaneko T, Kohmatsu Y, Iriguchi A (2018) Hairs in old
books isotopically reconstruct the eating habits of early modern Japan. Scientific reports 8:12152
[3] #f F ez Bl (2005) FAA A, ol i 5

[4] TEEBF—RE, =flRF—B4, fx REK (2006-2007) f/h b 7alel « RWBEZEE
B £ D RNIERIREZELORIE. NMCC S [FF A S A S 14 242-255

[5]1 O Cw A, “VIET, FEEsL, HEEBFRE, AIFBEE (2006-2007) PIXE AF
FSARDT= D DT — 5 R — 2 DOFEEE. NMCC & [FIF| FATFFTR L # 5 SCEE 14 122-135

16
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THMRTEEMREAR—E

REES - 19PJ08
FHEA  IRFBROLEEICEZTAEN-EED PIXE o
BEARE  RIFE—

R

1.

=
1.

A 2K
IFBROBEETZEEICETAFTIN-EBORERMALLNSHTET D
IsotopeNews, 761, 42-43, 2019 £

PANTTR
HEDNENO AN DIFHRORERE
F1—E—=1—X,544,1-15,2019 4

#MIER, - AOHE
HROHEK THE] OFRMICET HER
BT CBAREE, 4, 89-109, 2019 &

SREK (OERER. RR2—FR. #FEH)

sl - AOE
HAGROHA THER OERERFHEYIZCDONT
MBXEFSE 2 BT KRS, 2019 &

ZWIIEZ, B8R, MisEfh, A0 2GE, LUK
IFEROELEICESAENT-FEED PIXE B
FS6ETAY b—T - EHRARERS, 2019 F

PARTIE:

HEENLCEEFRETELT, IFBROBEEFRFT S
EXHS R L, 2020 &

17
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4. AOE
B DB & f &
E XY VRO L, 2020 &

5. fHIASERL
HROEBERHHEERDET
E XY VRO L, 2020 &

6. TVIIEZ, HEH—BR, MiEsh, A0 2GE, LUK
IFER [TEONE-EEITEZTAEINI-EED PIXE 247
% 35 [ PIXE 2RO L, 2019 &
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SPICE ¥ 7 1 ©— A% F\ 7z DNA HEEE MM ORZERSEI#EIC X 5

DNA —ARGEIWHEE ¥ > /"7 B OB fEHT
(18SJ04)

RABKH |, IAREEFIFD 12, KJIF— 2, /NPaEag !
Daisuke OHSAWA!, Alisa KOBAYASHI?, Masakazu OIKAWA?, Teruaki KONISHI!

1. BFREREANNTIERR RN B AEmR Rl v 7V VISERT 7 v—T
2. BARREANHT RIS U ARE A U EAT WEL T80 # R INE 25 =

1. FRERNEER

KA AERILT T v 78— 7 OMBEPHZTEN L ARIRBAIERIES LTO
M 2SI LT D, L LR b, R FRRTRIMNIIE » 7o MR RS ( N 7 v 7 1
1) &AM BSED TR THh H DNA ZAREHEIB-CHMEZ: DNA 815, Ml & MBI
IERTERIFZRENE N, ~ A 7 1 B — LS E SPICE 1%, 3.4 MeV B 1% ~2
pum O NERICER S5 2 & T, BH—Hifg L~V TR N R FTHR &0 10 & HAELS
B2 CEEBENAEETH D[], Z OBEMMEZED L, ABFSE T, MIaEN~OB 1
RO FEE) R T FT & BRBPRL 748 2 BRrZE A9~ 5 = & C, DNA BIEOEMME%
ZRRICAERE S, ZOBRD DNA ZARSHUIWHEE » o /327 E (y-H2AX, 53BP1, p-ATM,
Rad51, Mdcl %5)DEhE & g e Y a1k K 0 R RIZ B 5 2 & C, BERH - &
HINE RO 2 g,

2. BEEE TORE

FAEFEFE CORRREIZLLT 2 212725,
(1) FOEAR v FIRERAEAG D 72 6D OO EHEIRNT~ 7 1 DBR%E

AR BN OHE AR » MRE 2 S BB E R 5 Image] ~7 2 2B LT,
SPICE TIIHIfAfRYEN SRS E TOrt 2ITABLENTHY . BN 2 um ITHEK
ST AR EAE R DB -5 A MREZ /L 400 #/4y THEAIHRE T & % B W IRETREEE & oA
AN—T" hEFEBL WD, Ok, KEIZHNR B D HIREOEE & IZ >V T
il 2 ORI Z S TFAEETHT L TERBY . HEERE > Tz, TREMRRT
1 30 72 0 BB BT K S B a O BRMEE R e LT, 1. a0 R 2 & I8
HEETICL DB =—T 4 ) EMIE, VT, XAV TREL, 512, 2.
Z A 7N ORI U CRATEICR BB LR 2 i 2 & TR R e < B
fEIR A U, BN SO R ELE R T~ 7 a2l Lz, RIFETH,
BA%E~ 7 v & H\W T, y-H2AX, 53BP1 DG AR » FIREE « g O HREH% R K FE D
iR Z2 8D TN D,

2) ¥A 7 v B — LY A XD ENEEFHNIE DS

TR E RN IS S~ A Z o B — A A ANNEE L 72 5, BT 2R o e
ERHEREICOWTREREA T I v 7 Lo P AT 58 H 25 FNTD)IC
SPICE ~A 7 B —A% | 4729 7~1,000 fHESH L, Zic k> TT& % FNTD
WHEBDBG TR b7 > 7 OEH AR v b &2 IS L — —BAEE TR S Fc iRt Ui
BRI+ 5 2 & T, B — AW A XD MREPR FEK A7 &2 i IC b7 > TRE L7
[2].
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3. SEEDOMENE
E— 2 A X N R PTRRE A L y-H2AX SO AR~ SR - Hfg & o+ BEfiE
Hr

SPICE ¥4 7 m £ — A% b MlIES WI-38 DMLz 1 » FAr47= v 50, 100, 200, 300,
500 fE & Wbt U729, v-H2AX Z iR & LT, &AOLEE /R T R 1 FEfiic s 1) 54t
FAR v b HE S L — W —BAMEE CHIIEEZE S N iRg U35 Z & T,
ARy MR - WA SREEICESE LT, VT, TH0 1 EHErE 7= 0 o RSt
BB ENE, NS, B — A% A X NPT R4 & OFERE 27~ 7=,

4. SEEDORFZRE L VTR R

v — AR A B b % HIBRRE & [F—~ > v Z A AWRFIZ ENTD % AW TE— A
A RZFHR LT HFONTZHT T v 7 O®mNAR Yy MEZIRITH T A5 T
X, FEFEEET—LERE B D 26l A B — A A XE LT 1.4 x 1.1 (20 fE/1 &
FN2 5 2.2 x 1.3 um(500 f&/1 &) & FE S 7z, T, oz —at A4 XL 34
MeV B R OKHIZEBIT D N T v 7 BEEMHT D> & MR N R Tt B o A0 & it 5 L.
Z O PREPRL - EAR A E R BUSG Lz, SO N R ES ML, E—AH0EToa T i
KOV —TIEREEY— L E— AL TONRF T TR ET v — K
WA D 2 BB TR . Fo, BEPRLFE OB O GRIC B — A HULES
MR L., BIRL 8 ZHET 22 & T, BAR2MELZBERL Y22 Lamme LTz, 8
DI, PREHHIIREEN Oy-H2AX 906 AR » MR « mAED 1 (T4 72 0 O RSP 751k
fEMEZ T & 2 A REEIZ DWW T, RRL 75 TITRLF A DI IR B
KTDHOD, BERH(=300 fil/1 5T TIXbafn Lifd ., MIEENOET Y VBRI
NEOVERZ R LTz, EREIZOWTIE, &R 5= 100 f#/1 EFmIZR Hlc > T e —
AW A RE B2 TIENY  MIEENRFTRRESDAR & OIS, a7 ORI b3~
7 T M ED DNA _ASUIWHRER B A BEICHS T2 B nhoT,

5. &9

ZIVETIZ s EGAET~ 7 v OB, B — A A XOEREEERGIE, IO,
AN BT R DR BEE AN T 72, 2k, B —2a8 4 X, MM R
FREIAT ., y-H2AX S8 YEAR > NREE « mfE & OB Z RFERNCRT C& 72, S%ILZ
o LERINE &L OMBEERAICRHMET 2 TETH D,

6. HEE

ATV R e B AP Z2 T 2 218 SPICE % AW TEEME L TR0 . HEIEss
IR DAY v ZRER DHE AR L E T, RO 5L B AREMIRELS L2
Ze i Bh 4 PRERAY R HERFZE (16K 15586) DB A 5% 1 T Elifi S vz,

B

1. Konishi, T., Oikawa, M., Suya, N., Ishikawa, T., Maeda, T., Kobayashi, A., Shiomi, N.,
Kodama, K., Hamano, T., Homma-Takeda, S., Isono, M., Hieda, K., Uchihori, Y., Shirakawa, Y.,
2013. SPICE-NIRS Microbeam: a focused vertical system for proton irradiation of a single cell
for radiobiological research. J. Radiat. Res. 54, 736-747.

2. Ohsawa, D., Furusawa, Y., Kobayashi, A., Oikawa, M., Konishi, T., 2019. Analysis of SPICE
microbeam size using fluorescent nuclear track detector (FNTD). Nucl. Instrum. Methods Phys.
Res. B 453, 9-14.
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Analysis of radiation induced bystander response by COX-2 induction in A549 human
lung carcinoma cells

18SJ05
OAlisa Kobayashit, Daisuke Ohsawa!, Nahathai Dukaew?, Narongchai Autosavapromporn 2 Tengku
Ahbrizal Farizal Tengku Ahmad?, Teruaki Konishi*

1. QST 2. Chiang Mai University 3. Malaysian Nuclear Agency

[Background]

It is known that radiation-induced
bystander effect (RIBE) regulates radio-
resistance in vivo and in vitro [1, 2]. In our
previous studies with SPICE, targeted
radiation of cancer cells induces DNA
double-strand breaks in non-irradiated
normal cells surrounding it. On the other
hand, DNA double strand break repair of
irradiated cancer cells were enhanced by
the non-irradiated normal cells [3, 4].
These results suggest that the radio-
sensitivity of irradiated cancer cells and
non-irradiated normal cells is modified by
bystander responses.

COX-2 (cycrooxygenase-2) is well
known as a bystander mediator [5]. In
addition, COX-2 also plays a role in
enhancing the radio-resistance of cancer
cells [6]. In previous research, we reported
that COX-2 expression is increased in 24
hours post irradiate A549 cells < 0.01% of
total cells using SPICE microbeam.

Therefore, in this fiscal year, we try to
evaluate the relationship between COX-2
expression and radiation resistance in
bystander cells using SPICE microbeam.

[ Research contents of this fiscal year]

This fiscal year, we conducted a total of
16 beam times.

The purpose of the study in this year is
to clarify the bystander effect of COX-2
protein expression in A549 human lung
cancer cells irradiated with proton
microbeam. A total of 729 (27 x 27; 290
pum pitch in X-Y direction, less than 0.01%
of total cells) points within the center of
the microbeam dishes were irradiated, and
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500 protons were delivered at each point.
After 24 hours SPICE irradiation, the cells
were exposure to 1, 3, 5, and 8 Gy of X-
rays. Immediately after irradiation, the
irradiated cells and controls were
harvested and plated in triplicate to obtain
~200 surviving cells per dish. After 12
days, the cells were fixed and stained with
methylene blue. Colonies that contained
>50 cells were counted as survivors.

[Results]

As a result, with 500 proton irradiation,
COX-2 protein expression shows a
maximum at 16 hours post-irradiation and
significantly higher than the control until
24 hours post irradiation [Figl]. Next, we
measured whether the SPICE-irradiated
cells with increased COX-2 protein
expression show radio resistance by
colony formation assay after X-ray
irradiation. As a result, SPICE irradiated
cells showed no difference in cell survival
compared to SPICE un-irradiated cells

[Fig2].

[Conclusion]

COX-2 is expressed in bystander A549
cells by 500 proton irradiations (Figl).
However, the SPICE irradiated cells were
did not showed radio-resistance compared
to SPICE un-irradiated cells [Fig2]. In our
previous X-ray study, using trans-well
insert co-culture system, we demonstrated
that COX-2 induction in bystander cells
were result of PGE2 produced and
secreted from the X-ray irradiated cells,
which expressed COX-2 as cellular
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response caused by radiation [7] and
COX-2 expressed bystander cells showed
radio-resistance. These findings indicated
that the radiation resistance of bystander
cells is modulated by Gap-junction inter
cellular communication (GJIC) with
irradiated cells. Therefore, in next year
study, we will try to evaluate the
relationship between GJIC and radiation
resistance in bystander cells with
irradiated cells using SPICE microbeam
and GJIC inhibitor.
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Studies on radiation induced defensive intra and inter-cellular response using
SPICE-NIRS microbeam
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Tengku Ahbrizal, Farizal Tengku Ahmad 4), Masakazu Oikawal,3), Jun Wang 5)
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5) Hefei Institutes of Physical Science, Chinese Academy of Sciences

It has been reported that in low dose irradiated cells, radio-adaptive responses can be
induced which make cells refractory to following high dose irradiation. However,
underlying mechanism of how the radio-adaptive response trigger the activation of
defensive cellular response is yet to be investigated. In this study, we investigated how
cytoplasmic damage would be induced by microbeam target irradiation (while nucleus is
not targeted) by using the SPICE-NIRS proton microbeam system at the National Institute
of Radiological Sciences. We found that cytoplasmic irradiation activated the radio-
adaptive responses in WI-38 normal human lung fibroblast cells. Our results showed that
cytoplasmic irradiation with 500 protons prior to 2 Gy or 6 Gy X-ray broad beam
irradiation resulted in obvious decrease of the DNA double-strands breaks levels. Further,
the radio-adaptive responses were not induced in cells whose cytoplasm was hit with not
higher than 100 protons. And a longer than 6 hours’ time interval between cytoplasmic
irradiation and high dose X-ray broad beam irradiation was necessary for the adaptive
responses. In addition, cytoplasmic irradiation elevated mitochondrial superoxide level,
which further enhanced the phosphorylation of ERK 1/2 (Extracellular signal-regulated
kinases 1/2) and its mediated nucleus accumulation of NRF2 (nuclear factor (erythroid-
derived 2)-like 2). This signaling way contributed to the induction of the radio-adaptive
response in cytoplasm irradiated cells as manifested by using the selective scavenger or
inhibitors of mitochondrial superoxide, ERK 1/2 and NRF2. Overall, we confirmed that
cytoplasmic irradiation was capable to induce radio-adaptive responses, and
demonstrated the activated mitochondrial superoxide/ ERK 1/2/ NRF2 signaling was one
of the underlying mechanisms. Our results brought interesting information to cytoplasm
targeted irradiation induced biological effects.
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1. Purpose and specific aim:

The objective of this study is to investigate the role and mechanism underlying of gap
junction intercellular communication (GJIC) in determining human response to proton
microbeam irradiation. This study particularly focused on the communication of the
bystander signaling events between protons-irradiated cancer cells/normal cells and
bystander normal cells. In addition, the secondary bystander signaling events between the
primary bystander normal cells and the secondary bystander normal cells will also be
determined. Communication of stressful or protective effect between irradiated cells and
bystander cells after protons microbeam irradiation may amplify or mitigate the damage
in bystander normal cells. The radiation studies outlined in the project have been initiated
during Run at the SPICE-BIO Research Core, NIRS International Open Laboratory
program during FY2016-2018. In studies related to the 3 specific aims to examine the
following:
1. Test the hypothesis that the primary-and secondary bystander responses in normal cells
occur at particle fluences so low that only 0.04-0.15% of cancer cells in a culture dish are
traversed by protons.
2. To examine the protective effect of gap-junction inhibitor (AGA) in the bystander cells.
3.To investigate effects of hypoxia on bystander response in cancer cells and normal cells
after proton microbeam irradiation.
2. Summary
2.1 Emerging role of secondary bystander effects induced by fractionated protons
microbeam irradiation

We developed a simple method based on proton microbeam radiation and a transwell
insert co-culture system to elucidate the RISBE between irradiation human lung cancer
cells and nonirradiated human normal cells. A549 lung cancer cells received a single dose
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or fractionated doses of proton microbeam radiation to generate the primary bystander
cells. These cells were then seeded on the top of the insert with secondary bystander WI-
38 normal cells growing underneath in the presence or absence of gap junction
intercellular communication (GJIC) inhibitor, 18-alpha-glycyrrhetnic acid (AGA). Then,
cells were co-cultured before harvesting and assayed for micronucleus formation. Figure
1 shows that fractionated doses of protons caused less DNA damage in the secondary
bystander WI-38 cells compared to a single radiation dose, where the means differ by
20%. However, the damaging effect in the secondary bystander normal cells could be
eliminated when treated with GJIC inhibitor. In the current work, our findings highlight
the importance of the GJIC in the propagation of RISBE.
2.2 Hypoxia and Proton Microbeam: Role of Gap Junction Intercellular Communication
in Inducing Bystander Responses on Human Lung Adenocarcinoma and Human Lung
Fibroblasts

Hypoxia and proton-induced bystander response is an important contributory factor to
tumor resistance and normal tissue damage. The aim of this study is to investigate the role
of gap junction intercellular communication (GJIC) and hypoxia-induced bystander
response in lung cancer (A549) and normal lung fibroblast (W1-38) under normoxic and
hypoxia conditions exposed to proton microbeams. Prior to proton microbeam irradiation,
the culture media was removed and irradiation is carried out at mean absorbed doses of 2
Gy by which 0.04-0.15% of the cells were directly targeted by protons. Following 6 hour
incubation under normoxia and hypoxic conditions, the cells were harvested and assayed
for micronucleus formation and chromosomal aberration. The results showed that the
levels of DNA damage and chromosomal aberrations in bystander hypoxia A549 cells
decreased compared with cells under normoxia. On the other hand, the comparison
between A549 cancer and WI-38 normal cells under hypoxia showed increased of DNA
damage and dicentric chromosomes in A549 cells, but not in WI-38 cells. Interestingly,
downregulation of GJIC decreased toxicity in A549 cells under hypoxic conditions but
increased it in WI-38 cells. This result indicates that GJIC play a role in transmitting of
protective or stress signaling between irradiated to bystander cells. Therefore, GJIC
protects WI-38 cells from toxicity while enhancing it in A549 cells. These results show
for the first time that the hypoxia-induced bystander response is differs between cancer
and normal cells, and gap junction play a role in influencing the radiosensitivity of
hypoxic cancer cells against radiation.
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PVAKI 7 LR BRI & S EFRERIE

FLRE R - (17TNHO6)

OB AR HKERA, FHH MO, EME S0 I RO B O NI 5P
oA EP W)l Kl
afE TR, b RREEREITERT, cf il BT

1. HFx - BE

PVA-KI 7 VIR EFHE, AU E=A T b a—L(PVA) L I 7 ) 7 LKD) E D
REDREIISZFIM LTFHO 7 ERH Th 5, FRITHE T S oM EBHZ
AT, mEITIES | R ERLAHEN RS EZREDL, £/-. BEEBEOT L
ZIET 52 CHERICET ZENTELIHMAMZAELTEBY ., Ziiudfho
FVBRERHCIT AW T H B,

PVA-KI 7 /Ui PVA KIER 2R 7 i(UA TEET U U AN L - TG, 7 v
{ELTEY B RSICA VR ZEZ b, PHTIC X DRENHIRGF TX,
FPEF R EORIELZ WREE § 2 & B 1 T,

ZIE TIZEB W T, NASBEE(Neutron exposure Accelerator System for Biological
Effect Experiments) D FRAT FZERIC I T, PE BOEM BT b9~ 2 BV 1R,
~ BRI R B 3 D F I, OSL #REFH COMIE TH B MNITR > TN H IR
REFA L, BEEREZIT 72, AR TO PVA-KI 7L ~ORRE 715, PE
AR K92 B - IR D 404 & ERAN AT LA O EERHIC K D PVAKE 7L
W SEEE DA IS EAR BN B 0 . T~ ESAIITIN DR W R A2 R LT
Z LB PVAKI 7 VR EFHIBA P Mok L TR E 2 R3O 2 LAV R S Tz,

Z 2T, ARBFETIL. NASBEE % M\ 7o HHVEFHR IR 7 S i &R OAERL A AT
VN, PVA-KI 70 DRI T DI A fgsd L. P #REFHE L ToFIH
mEta BRY & LT,

2. B

PVA-KI 7L DFEE L. PVA KIATR 10wt%(7 LB 87.6mol% =4 2000).
KI, "o, Bl K THD, PVAKI 7o 2EAFFIL Kl O LEGIC L -
THERINDRY avkeE, 577 b PVA 78 OFEEEL & OSERZRKIC
Ko TRIZEAT D, BA LT ITEN AT G KX WA~
R VIS & > T 490nm (ZHE— DRk B — 27 Z R, PVA-KI 47 /U 1308 56 BE
FEH PMMA 815 ¢ 2R LIcE AL, BBt E L,

FRSHZ NASBEE (2 - TYTV, BRETZRAF1E 4MeV Proton (600pA) Td b . PE
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BOEM L 30mm, MR EZ KT 5 2 L TR A% L, 5X10%° cm™?
2B 1X108 em? OFPH TR 21T 70, BE T —;ﬁﬂ‘j*ﬁ T EE R
(SHIMADZU UV-1850)IC L 2 W SEEEHIE 24TV 490nm (235 1F 5 W FE CREA %
1To7,

1z, B RICKH 2 PVAKIL 7LD R D
490nm (2B 1T DWIEEEIT W T ORIE ﬁat%z;_»ﬁ L | Avsomance VTR IN OO g
T, Bl I E R Th D, MR bR
BIBRIZH D Z 0D, 1X10% em™? L;L?@ 2
WSEELITIER IS ZOBMTIIRERES 3 o
FE LTV, £, 1X108em? ToOWYE & §-’
BB Eic 7 r Y MR TVWA L IR £ J
ZHM, WEN 3 ABATND I END, & L /
BEEREZBEATWDEEXDL, ZOZENBR g
FEBROBRESAETIL, F5X10% em? 225 0> r @
ﬂ5xw“mﬂif@%lfﬂ¢¢% (ST . —a ,
bf&)é%ﬁ)ﬁj\b)ofbo Lol THhETO X 1E+10 1E+11 1E+12 1E+13

Thermal neutron Fluence [cm2]

WSO <RI KL DI ERR S . PVA-KI 7
XK1 ZHPEERICSKRET 5 PVA-KI 7 v O

JVOSEPETE KIREIIKG 35 2 &E0uANC
K AWBG RN RSN D FENS, LA LRSS 2L ETHZ LT
HIER NEEMNREE 2D Z E DRI EN D, FEANLHEEFICERET 5,

23 3R

[1] Y.Aoki, G. Harvel, M. Taguchi, N. Nagasawa, T. Sakura, T. Sunagawa, “Research and

Development of PVA-KI Gel Dosimeter” , Proc. of The 2018 Pacific Basin Nuclear Conference,

326-330 (2018)

[2] ME TS, PBTHA ARINEE, " 57 AR =T b a— 03— RS,
At 20, No.217, 303-311 (1963)
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hEFRESSN-EOA D EREPRESDAEL v BOFEORE

(18NHO04)
olUd—ER®, HHM" . BHFE °. NMIRER *. =EX°
a: B REEERRFR
b: 8. c:FIIKZE

1. WF9EERY

FIFAE 72 S AE R IZ BT DX RE O
FEEROLHE (M) T —Y) OZDD
FREFMEIC BT 2 TIEOMENL N FRE & 72 o
TWo, Z2< OXREIZHERFH T, 0.5-
1. 0Gy LA LR BRI < O fF 2 i
HI00E. BETFEOMAE DO ZMENLT 5
VERDH L, ZOMEIC L, APtide b
XIRE LCEHMTE S L Ny NEFHF
PEILIEHEYE (EPR) IS K VBB A HEE T 5
RNE A [ENTHE—BRZE - (RAE LTV 5D,
ZIVE CHRRERH A FREIE TIT Y b
EREL T 40—/ R TOHEDFEHME
(Radiation Protection Dosimetry, 2016)
RO T AINVEDOEHRD 2 (Health
Physics, 2017). FEFANE 72 2 R~ D
i & % M ( Radiation  Protection
Dosimetry, 2016) DFFFZ s, 92 B g
IZELTETEY, ERERE TOZWEK
b E T R IR G 720) Cra < BB R A
B ) B — IR ) A B T il TR
L7286 Z O IEMEER 72 FHHI TR
BREE DRERIZHZH LTV 5 (SSD19 THHK),
EPR {ETIX, ZAVE Ty BRIZOWTIRESF
PEDOFHETHONTE TVDH R, EED k
U7 =V TEFHEFHIEHEEIIONTS
R AT O Z ek oD, o, AN
EEORM A M D T kI o Fik
~OMREGED ZEITAERTEEEZON
%o ZAVE TORGEI T, NASBEE O H P14
TIXRZWEEI O X AR LT S%FEEE DI

ThHY, KZkHT DA R T7/8% 1
N OO X D= R ¥ —f5 &
FIRRETHD Z ENfER STV, R
ZEClE. BE LW A5 0REE X0 e
3R L, DA > E7R EPR JAIE To ik
TG EREZ TR D T2l 1 PR
DR EL S, ZOINEERT, AN
EEOREERE 2R D 2 & & B FE e
L7z,

2. WHENE

B LET iR & U C EHFAE O R 1 27
MAWFFERTD NASBEE Z W CHIMET % H
ARNOFHE IS Uiz, RS O Rtk &
LR LT WE D ICEHG T TR < B
FEMESETHEFGEEDY . P&
Be (p, n) BhtsCHF7o, FRETT 2485 Ol #7
Rt ZE 2 D722, v BOMEEZ —EI
b, BHPEOHPE T OB EE LS
EHLICRI=F L (PE) DEHREE
fbsE75225< 0 (K 1), ZOFRHEA T
BT 5 LRICENZNOETHES LizE D
L. band EPR tooth dosimetry 238 Z 72 -7,

P 154 mm
h 7,66 %66 % 15 mm’
<

NASBEE exposure port
Proton beam

1 MRET ORMEAY 2 %M
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3. MFIEAER -

3.1 PRI DR E

RE LTSI xt LT OSL #rEst CFF
PEDOHRE A2 I, Z N E DR 7R S
2k LT, HSTIRFM Z 5 2 & Ty ##
DEZ —EIWROLEPETFOREEZETNE
nNEfpsEs2enTEsrEEZLNTE
(F#& 1),

Proton 600pA & 9% & v REOBREZRIX

1

IFD@y Th o,

PE 0 mm: 0.457 Gy/min.

PE 30 mm: 0.249 Gy/min.

PE 75 mm: 0.136 Gy/min.

Fio. HovfiE 5Gy BT 5551
ENEFNLUTOEL BT 5,

PE 0 mm: 393000 uC (11 min.)

PE 30 mm: 723000 uC (20 min.)

PE 75 mm: 1326000 uC (37 min.)

& 1PE ORZZESE TRl L 2B Fo R

PE N ] ]
. I'hermal Epithermal X . Gamma ray Gamma ray
moderator neutron flux ny, * neutron flux* Cd-ratio Eth'p," df".m'\ D Dyny, absorbed dose D, dose contamination D /ny,
thickness . N [fem?/C] . ¢ X y g
[mm] [/em?/s] [/em?/s] [Gy/C] [Gy em?]
0 4.63£008)%10°  (559+£004)x10° 1.835002 (1.03£001)*x10% (1.33+0.03)x 10" 1274027 (11.7£0.35)x 102
15 (1L46%0.13)x 107 (583+0.05)%10°  351+003  (6.08+0.11)x 107 (249+0.035) %107 8.65+0.17 (3.55+0.07)x 107"
30 (L7550.13)% 107 (4.8350.04)x 10° 4625004  (3.91+0.08)x 107 (1.34£0.03) % 10° 6.91+0.15 (237£0.05)= 10712
45 (148+0.12)x 10" (328+003)x10° 552+006 (2.38+007)x 107 (9.63+028)x10° 6.04+0.05 (245+0.02)x 107"
60 (L13£0.11)% 107 (1.812001)x10°  726+008  (1.58£0.05)x 107 (8.37+0.30) % 10° 491£0.10 (2.60£0.05)% 10"
75 (742£007)> 10 (1.06£001)>10°  803£011  (1.09+005)x 107 (885+039)x10° 377+0.07 (3.04£0035)x 10"
196 (1.33£000)* 107 (987£041)*10°  145+062  (3.90+0.06) > 10° (1.76+0.03) > 107 0.94+0.18 (422%0.80)x 1072
296 (446£003)x10° (284£003)x10*  168+023  (1.17£0.02)x 10° (157£003) % 107 0.32£0.00 (434 £0.03) % 102

* Primary proton beam current is 600 pA.

. . - 60
¥ Gamma ray absorbed dose were calibrated by air kerma of ""Co gamma rays.

3. 2 WHFPET- D EPR {5 5 ~D % 5-OFFfh
PE DEHZZEALSEHTDOBMEE —EIC
ROHETHETREEZELZTSE5D L band
EPR ORER R 2K 2 12777,

0
8
2 w
g 7 —_
5 o —
E = —_—
b=l S
€ w0 - o

o

T T T
0 mm 30 mm 75 mm

X 2 HETREZEIZHEO L
band EPR D& DAL

PE L EFTHFOEEZH ST &, L
band EPR DJGENIK T LTV (p =
6. 193e-05),
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3. 3 LT HRE R DOMRROFRE

IS ETORFTIE, FHETHTOIRE
XRA vy MOMETHIANML LB LN
TV, ZOFEBRCITEP IR TES
HEWIRERIZ otz 7272, yRREL
TOIENBEELTZL D B/ WRER L 72
STEY, TNENORED IS E M E
MMLET, IHICBERNETHD EEZ
bz,

4. 5BOWRTE

L band EPRIZ & H T DB BIEET
HRENEM LTS, SFEIEI~v A A
DR TX R Do T T- 08 0 IR LRSS R
+4 T, ZOFREHWIZFHIIZ TE eno
Too NEEZRAME IR, # 0 ik LR OB
ZHEO L, JIEDOE ZUE S, L band EPR
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THMRTEEMREAR—E

FRETE S - 18NH04
REA . PMFES SA-EOA VEREPRIESDHAIEE Yy BOF 5 DMK
FEARE (FTAXEE) : TF #

PN

|_\

H&x (OEFR. RRF—FK. BEF)

Inoue K, Yamaguchi I, Natsuhori M, Imai S, Hanada N

Preliminary study on electron spin resonance (ESR) dosimetry using the teeth of cattle affected
by the Fukushima Daiichi Nuclear Power Plant (FDNPP) accident.

E 68 EBAOERERS - 5, 201945 A 22-24 H

Yamaguchi I, Inoue K, Natsuhori M.

L Band Electron Paramagnetic Resonance Tooth Dosimetry using affected Cattles’ Teeth in
Fukushima

The 19th International Conference on Solid State Dosimetry (SSD19), 2019 ££ 9 A 15-20 H

A —8, #E —E FE HEER

LNy FEFREVHIBEZAVHKFEO KRR RESHRERIE
FEE6ET7AY F—T - MFTHIRIARHR KR, 2019F 7 A 35 H
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ROREFIEEVERAV - ETFREEFME L

BRHZ ) AR RO

(18NJ02)
oE At K, RE B NIE FO, B FHe. WA ZEC. NkKHE EE
a:fE L KPR - EEE
b:IRERK - LR
cEFHERMHEREME

(F=

RYORDEFHEERZE BNCT) IX, ''B SHIELEWERYAEE-AAME
2, PHEFREFICEY, NAMIBOAZTHIET SNAVBEETHD. NABEE
HBIEEAND=ALELTIE "B(n,a)’Li &IiSZF|IALT= DNA2 REHOYIM &
EbNTWLS. —AT, BELIEPHEFRHICHESHE/NRE~DFEIZDONT
Bk o1, 2T, BAZERED 1 D2THBILF/ 14 FXZ2EE RXR) IZ
EB LIz AZBERIIMOBRNZEREANTO_EREHR LTS LT,
AKRNREZEENICHET 5. RXR [FLDIE, BAZEERTI7I)—OHET
HY, RXR #ZEMICEKHAEZITS 2T, PHFEHFICLIMB/NEE~DE
BHEFARDEERITERY 53DEEZ -

[EBRAE - HBR]

RXR 2 H5F M FROEEEZHARNLEBMT, RXRPIZTHEET DIV AV FE
&% (RXR-LBD) M, RXR-LBD & B &F{ELE¥ & L T['"B]boronic acid,
THICIERXR $EEMEE L TH 5N S bexarotene S 3 FFFBICPEFHREEE
Bt L71=. BNCT [ZHELAAMBEA ''B BE(X, 25-100 ppm EEHNTULVS
EM5, ['"Blboronic acid DiREE LT 04mM40mM ZEHAL-. FHEFEE
BB L= > FILIZDNTIE, SDS-PAGE IZ&KYABILELI=FILED/INY K&
Image) IZ& U fZHT L 7=

BEITOFEER, PEFEN 1.0x10%cm? TIX, ''B & & U bexarotene DH FEIZ L
HEALGEI/BONGEMN STz, TD—AT, RXR-LBD DH D% TIL SDS-PAGE
BONY RITHKERA A DNz, CORRIZOVWTIIREEZEREDRTHS. £1=,
BHEFXTLIE-BATOEEICOWTHLIRAERBTTTHY, HBHIZFELL
HREFETHD.
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R)I—FIBREHZRAV-FEFREARE

(19NHO3)

olllFf #He, HH MO Ml BRI =, BB KO, EE T BHER®

a: BERIEREEMFEXT

b: EFHFEMMARMAREKE ¢ RMRIERKF

AR IL—TCIHMEEREFTHEIER) I —TILIREF
(FILBEHZFIAL. PHEFSOKRIHREA - FMz1T7-
TW5, TILREETE 3 RETBEERENAIEELILRREE T
HY . REMRSHEAERICET5 3 RuBHOBEOEEEHE. A
BETEFEMEA~NDOFANRFIATINDS, KRR TIEHHEFR
EFHRIICKRAL. PHFRIIGED 3 RaiffliziT> &% H
MELTWS,

SEELIFEERK. RUIFLVETL—4—PE. B 1)
ZEAL. TONBPIZTIVIREFTEEREL. 7 ILREFTOHHE
FRHFICK>TEHELSBAZTILOFSIL. ZEDHEF. 2k
F. v BOVWT OB HIETRENES Z 1T o 1=,

i F IR EER TIX 4MeV D proton ZRULN=hHEF15 -
9Be(p, n)B [ZH VT NASBEE E#kfAa ) A —42 —AIZHEH
BEARTETIVBETAASZRYIFLUETL—4
#HE L 2Gy Bt ZE1To71-, PE NICIEF 2Ry FMZHAL
f= PAGAT FIL$E 2521 % & PE EICEWL\T 4 BT DEEEL
=.9Be 3 —47 v BT IILERESTE TORI®D PE EZ% 15, 30,
45, 60, 75mm EZE S

HT. TIROBEH 2Cy ;
Bt lc#i—shdL>
~EgEmeEese  O°
f=o %, 5
BHH®OTILESE §4
FSCHLEARKIZ S3
LYBBLE., FLBE G2
HEEETFMO =612 1 ° o
1.5T MRI IZT Ra(=1/To, 0
0 10 20 30 40

AEY—REVENE
BE)RIERIZ& Y #KEE
B L. FonzRME
MoXRESOa2 KO

B 1 FEBRIZERALZRY
TFLUETL—H(N
T VR T R
&, 2O E% PE
J& 0mm &§°%)

50 60 70 80

Polyethylene filter thickness[mm]

2 ETL—ZTHLRIZF L RHEENE DT NI D7 Vi &

FrOE A2 A MRI CTiE &7HfiL 72 Ro/charge(fitt) & o B4R

—ILD R EZHE L (A

Ro) & L ICHBGER(C)T
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HELE-ERET 571279 (R 2),

ARERECE[1]1X OSL #REFT. EMBEREA TERREF LA U YRDESHETOEER
BEETli & R —DEE THRE L TV S, OSL iRE5t. BHEMERETOHRETIEI PE EAKXE
KBBITHVEPEFIIRREITHEDT 5 —A Ty RIEFBEOHITHD LEHBEREKR) I2x
WSEBTEADE. TILREHICETAHBARGOFTES Ly BAELE 2L DEBERTE
b, SRLATEHAZECL. BEEOHERFZITVLVLEZZI TS,

&3k

(1] /NIESE, /NP, ZHE . AR E BRGSO 7= O 0T = X M asOFERF.  Fuk
29 FEIFEI I i (PASTA&SPICE, NASBEE, X/ y i/F4H4EE) £ &2 (2017) 65-66.

[2] Baldock C, De Deene Y, Doran S, et al., Polymer gel dosimetry. Phys Med Biol. (2010) 7; 55(5):R1-
63.
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BNCT BtiE0REFEMZ B E L-dhEFRHIFORERE

(19NHO07)
o B—a A\l M, /IR TP, AR TP, BH KO
aBHEXRE
b: M SHREFRE IR

RORDPHFHEEEZE (BNCT) IRGHRAENVEDODTHY .. BERICEREN
DHEIRIVRFEFZHRER. BESADKRNDRMEFERS L °B(n,a)'Li &
ICEFEHSE, EBICEBLERORIOBMESINIREOE D a B LU L
RICKVESHEZERMICKET 585
BHALEBREIAICEF T IFIMFEEZE-FTHELEEETHSH, — AT,
BNCT ORBRHBZIZHEITS5HhMFREIERIZES NV 6. SRERMFZEHEIA
BREBLWIA TSIy I LOCHERT HRHFRESBNROLNS, CTNFET.
LHAEITIL—TTERET7AN\DEHIINTREF O FL—2FEBELIED
F7ANREOHFREB[RORAREEDTE[1)2. CNET. FHEFUFL—
2 & LT, EulLiCaAlFs ¥ LIF/Eu:CaF2 #FALNT &z, S blEkT 74/ &L

SEXRMEDEBEONAERTIHIE
EAfmPIChEEFE—I ERT
EWSEN-HREEZTRT —A.

us A —4 —DLLE MR LVEZ R
EHEF->-THEY. TOFHE
BENTS TR EITEERL.
TAFTIVI LY OB
WEWSH@ENH Tz, £ T,
FYEERGHEFOFL—4

THALIASALUFL—4I(C
BBL. ChZRAW=ET 74

NE MM FRHBOREZTELED
fzo PHEFREAMERRAT
Ly NASBEE IZH VT, &g
TR MR ZEEmR L 1=,
1L AZRERAWVERED 7

o1

Counting rate [x 10° cps]

X 1

£ T®H5, BNCT Tlk, D &

N w S
T —T—

-

® | iF/Eu:CaF,
4 Li-glass

o

1 2 3 4

Thermal neutron flux [* 108 n/cmZ/s]

Li A5 AB LW LIFIEu:CaF: > F L—4
FRAWER T 7ANEPEFHRBEIRDEE
EZOHPEFRIKENE

A NBE P FIRHBFO R ERI M. KD LIF/Eu:CaF ZEERE VEE

EETHABBEETRT £V S HEN

/B~

=b

n, FA4FIvoLODOALET D

CEMNHER SN, SR, AUTRICHT HRE, AR E O ZE .
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ABRHFOEAMICEI AFTEZED TS FETH S,

S5 3R

[1] K. Watanabe, Y. Kawabata, et al., Development of an optical fiber type detector using
a Eu:LiCaAlF6 scintillator for neutron monitoring in boron neutron capture therapy, Nucl.
Instrum. Methods Res. Sec. A, 802(2015) 1-4.

[2] A. Ishikawa, A. Yamazaki, et al., Sensitivity and linearity of optical fiber-based
neutron detectors using small ’Li-based scintillators, Nucl. Instrum. Methods Res. Sec.
A, 954(2020) 161661.
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THMRTEEMREAR—E

SFREES - 19NHO07
R4 BNCT BEHEDEMEHEZEMNE Li-hEFRrEFORR
FHERRE B B

JREZ R

Akihisa Ishikawa, Kenichi Watanabe, Atsushi Yamazaki, Sachiko Yoshihashi, Akira Uritani,
Kentaro Fukuda, Akifumi Koike, Ryo Ogawara, Mitsuru Suda, Tsuyoshi Hamano

Sensitivity and linearity of optical fiber-based neutron detectors using small 6Li-based
scintillators

Nuclear Instruments and Methods in Physics Research Section A, 954, 161661, 2020

FaRR (AERR, RRE2—H%K. BEFH)

1.

BIERR, WEE EBOE— FHBEEF HAIE
R FRESFEARICAGTREEMR VFL—2ICEAT 2 EBHME
% 80 AL FAYBFEMEFMAES, 2019 £ 09 A 18-21 H

Akihisa ISHIKAWA, Atsushi YAMAZAKI, Kenichi WATANABE, Sachiko YOSHIHASHI,
Akira URITANI, Yukio TSURITA, Kazuki TSUCHIDA, Yoshiaki KIYANAGI

Experimental Evaluation of Thermal Neutron Distribution in Water Phantom in BNCT Irradiation
Field Using an Optical Fiber-Based Neutron Detector

The 19th International Conference on Solid State Dosimetry, 2019 % 09 A 15-20 H

Akihisa ISHIKAWA, Atsushi YAMAZAKI, Kenichi WATANABE, Sachiko YOSHIHASHI,
Akira URITANI, Yukio TSURITA, Kazuki TSUCHIDA, Yoshiaki KIYANAGI

Evaluation of Beam Quality Using an Optical Fiber-based Neutron Detector

yBNCT10, 2019 4 09 A 26-29 H

Akihisa ISHIKAWA, Atsushi YAMAZAKI, Kenichi WATANABE, Sachiko YOSHIHASHI,
Akira URITANI

Basic Study on Scintillation Properties of Mixed Powder Neutron Scintillators

IEEE NSS-MIC 2019, 2019 £ 10 A 26 H-11 A 02 H
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5. \IIEEE, WEE, EIB— THE=EF LAE
KT 7 A NE TR IO RS
$ 15 R LT EMES, 20195 11 A8 H
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it F 5T R R SHR I S L R O R RTE

(19NH09)
AR —ER . JIAEME °. KRS, BAM . OMKESR . MEE . HiHH

Y1

IMNIRESE Y, RAFE . HIB@Z ", ZHEN®
a:BIEKZ, b REEMBFRMKRERKRE. o RIRTEXE, dRHREF

HBEMEM

(@8] 775 AL, LERImE, MItE,

oY, BEIXMDIEESWDZIC, EBA
WAHTZHINS. TOHRTEH, BELlE
RFFHEED BEFRVEIERAT T XIC
FEL, PHFREASAADORAZFLTE
L7=. LIEI, FE &I Dy** &0 CaO-Al,Os-
B:Os HSREEHL, X #&IZx L TRFR
HEEMERT EERE LY AW
®TIE “BH&UUB BiERHEANT
BEHOHEBOAS REERL, X, o,
BLUFHFREFZRORRLIFEZH
~f-.

[5EERA3%] CaCO3(4N), Al,03(4N), B &
#E HsBO3(1°B>96.0%) F = I "B & &
H3BO3(1'B>99.0%), & & U Dy,03(3N)D¥3
REEMELTRER 7ILSFHIBICKE
L, BEKIFMN(1100°C) THIZL - j5RRE, R T
VURARIZTRLAA, BATHET, #
SREAMEERL-. ZS5LTELONEH
SRIZ, BHARET X K%, HIMAC T a
%, BEU NASBEE THHFHRE RS
L, TO®ROBHENT O—REZREL
1=.

[BR-FBE]IX1IZ, “BASRABLUV
UB S RIZHITS X iREBHFBROEBERNT
O—MfRZRY. WA THIOKIZE—Y
#HER L=, Ff-, 212, 'BASRE

49

BrUAFHREICBN S RDH

—10B glass
11B glass

Intensity [a.u.]

L

300 400 500 600
Temperature [K]

X 1. DY*RmMA S AD X #RES
FBoEEN;T O—HER (10 Gy).

—10B glass
11B glass

Intensity [a.u.]

300 400 500 600
Temperature [K]

2.DY¥"RINA S AD o $RIBE
NDEEHXYT O—@h#E (150
MeV/n).

—10B glass
; 11B glass
S,
> WM'
B y
f =
T
=
300 400 500 600

Temperature [K]
B 3. Dy A 5 XD iEFHR
BEEOBELT D—iR (10

n/cm?) .
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FUMB AT RIZEIT D o IRBHEDOHERL T O—HIIRERT. WHTH 400K
[CE—V WAL, COREMNS, BHEATRE B 0, oRIETELD o ff
BEUYRICHLTRELAREZE DI ENARIN. H3IC, MBASREEL
UHMBHSRICEIT 2 EFREBHEEZORRL T O—/RERT. WA TH 405
KICE—VZ®ER L. &Ff, RARER "BASALYIBASATODA
MREMN Oz (405K THE3E). COFERMNS, “Bn,o)RIETELz o &S
SV YRR ZH/ELI-CENRSNT .

[1] T. Yahaba. et al., Nucl. Instr. and Meth. B., 392 (2017) 36-40.

50



~HEE GREES  19NH09) ~

THMRTEEMREAR—E

SFRETES - 19NH09
R4 - PHEFEHAAMSHRESE B A O S EE
FEARE (FTAXEE) : G5 80

JREZ R

1.

=
1.

Ichiro Kawamura, Hiroki Kawamoto, Yutaka Fujimoto, Masanori Koshimizu, Go Okada,
Yusuke Koba, Ryo Ogawara, Takayuki Yanagida, Keisuke Asai

Neutron-induced thermoluminescence properties of Th3+-doped CaO-Al203-B203 glasses

J. Ceram. Soc. Jpn., 127, 663, 2019/10/1

SHEK (OEER. RR2—FR. #FESH)

Ichiro Kawamura, Hiroki Kawamoto, Yutaka Fujimoto, Masanori Koshimizu, Go Okada,
Yusuke Koba, Ryo Ogawara, Takayuki Yanagida, Keisuke Asai

Th3+- and Dy3+-doped CaO-Al203-B203-based glasses for neutron detection

8th International Workshop on Photoluminescence in Rare Earths, 2019 & 9 A 4~6 B

Ichiro Kawamura, Hiroki Kawamoto, Yutaka Fujimoto, Masanori Koshimizu, Go Okada,
Yusuke Koba, Ryo Ogawara, Takayuki Yanagida, Keisuke Asai.

X-ray-, heavy-particle-, or neutron-induced thermoluminescence of Th3+- or Dy3+-doped CaO-
Al203-B203-based glasses

The 19th International Conference on Solid State Dosimetry (SSD19), 2019 & 9 A 15~20 B

KAWAMURA, Ichiro; KAWAMOTO, Hiroki; FUJIMOTO, VYutaka; KOSHIMIZU,
Masanori; OKADA, Go; KOBA, Yusuke; OGAWARA, Ryo; SUDA, Mitsuru; YANAGIDA,
Takayuki; ASAI, Keisuke

Neutron-induced thermoluminescence of Tbh3+- and Dy3+-doped CaO-Al203-B203-based
glasses

The 13th Pacific Rim Conference of Ceramic Societies (PACRIM13), 2019 £ 10 A 27 H~11
A1H
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4. KAWAMURA, Ichiro; KAWAMOTO, Hiroki; FUJIMOTO, VYutaka; KOSHIMIZU,
Masanori; OKADA, Go; KOBA, Yusuke; OGAWARA, Ryo; SUDA, Mitsuru; YANAGIDA,
Takayuki; ASAI, Keisuke
Neutron-induced thermoluminescence of Ce3+-doped CaO-Al203-B203-based glasses
The 13th Pacific Rim Conference of Ceramic Societies (PACRIM13), 2019 4F 10 A 27 H~11
A1H

5. /E E, A . 8K ER, BB =, G5 8N, DR = EH T, 08 2.
EH EN
FHFRE LU X BRBSIZ K 5 Ca2B205 FEEEADEE H 45
% 80 B AYMEZEMERMEER, 201949 A 18~21 H

6. AIAT —BA. JIIA sh#. BEA 8. Bk EH. A . §©i5 84, DR =,
AH F. WIE 2. 2H =N
R FEBEHC &k % Dy3+ K— 7 CaO-Al203-B203 5 R D EE L4t
% 80 EICAYMEZEMERMEER, 201949 A 18~21 H

7. AR —BAL JIIR BhE. R¥ K. BRK . Bk EHR. BB =, G5 @80,
MR 5B, ZBH F, 0B B2, £H =70
hEFHBETIC & % Ce3+ K— 7 Ca0-AlI203-B203 75 R MDEE f4F 1%
%67 BAICAYEZEEFTLIBESR, 20203 A 12~15 H

8. A —BA. JIARBLE . BEAMW. BUKEHR, ZHEN, AFKE, HHEz. BHE.
mEBN. NIRRT, BEFE
Ce3+ K— 7 Ca0-AI202-B203 S5 RIZH T 5 hEFHRIBE R D EAE N
AXtZ v 9 XK 2020 F£4F%,2020 £ 3 A 12~15H
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BGaN Fheh 1+ Bk R H 3 D8R 1 BT
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o BB L Y, KM HEHE . WEEE. )ikt FARE . NI

= b

/NJC

a B KE. b MHEEFEMEMN

FHEFAA DU TEMBBLELRDIPEFRERICENT, SLERSE
REF OFEARRHBOERENHFINATLNS, DHEFHETETHS B BT
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BRHEBELTIRELEAREZIT o> TSI, GaN #&FE#ME & L THKBHRIZ B
BFNGFEHETAHET, aBEICKYELE-FEHNFOEIRIILTF—ZBECH
EHCRETAHIIENARGREEETH D, AARTIE, 1ER L1 BGaN 7\
A R HE T RE ANMNESE S X T L (NASBEE) [ TH M F42 B 4412 D LT E A
#1To1=,

EREESIHEIEZ X —MVPE) ZZAWVTHEBRZ1T o= BGaN EEZ%
FALNT p—GaN/BGaN/n-GaN #E:&E D pin # 4 A — KT/ 1 RZ1ER L 1=, BGaN
JEE 7Tum, BN EILHE 1. 4%D BGaN-pin &4 A — FZFH LT NASBEE [CTH&EF
B EBREERLT-, £-/E& L1 BGaN T/ 4 ROEMIFMHTME LT aigi
FHE&LVrREHZEEL T, FERTRBREFEIZOVTHREZT o=,

P FREHERICEYSBONEIRILEF—ZARY MLA, aff (2. NeV) B
BICBITAIRILF—RARY MLERBOREIZREONI-Z LML, dREIC
KOHBHFEREL TSI EMNERINTz, -, IHEFREMEEI B &
BENDLHENZH 1x10° %EBEIMETH Tz, LOLEAS, Yﬁl’*ﬁ’é#ﬁ
HEREMECRIRIILF—BERICRBESIIHEREInEM >, BGaN HRD
it - MBIt - S BEELCTENDSIZET,. Bn/rEOFHEFA A— y/?
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#E4 : BGaN FrhEF BRI H 2R DR IE T

A RE (FAXISE) : &5 A0

FREX (OBEHRK. RREI—FKK, HEH)
1. Yuri Takahashi, Takayuki Maruyama, Natsuki Yamada, Kazushi Ebara, Yuto Ohta,

Hisaya Nakagawa, Shigeyoshi Usami, Yoshio Honda, Hiroshi Amano, Kazunobu Kojima,
Evaluation of BGaN growth temperature dependence and fabrication of neutron semiconductor
detectors

The 9th Asia-Pacific Workshop on Widegap Semiconductors (APWS2019), 2019 £ 11 A 10 H
-15 H

T. Nakano, Y. Takahashi, Y. Ohta, N. Yamada, H. Nakagawa, Y. Honda, H. Amano, K. Shima,
K. Kojima, S. F. Chichibu, Y. Inoue, T. Aoki.

Improvement of neutron detection efficiency for BGaN semiconductor detectors

2019 IEEE Nuclear Science Symposium (NSS) and Medical Imaging Conference (MIC), 2019 £
10A268-11A1H8

AH &3k, 515 #hE. LA FE, =2 B, )l &, )G Rth, XEH BR,
KE &, I8 BT, NS —E. MR BR. HE B FK . 1 &2

BGaN M FHEHEFRICE T HBRRES L UT /NS RBENREFHEICEZ 5FE

F 67 BICAYEFEFZMBESR 202043 12-15H

IIE ZiE, KA &3} 518 #hE. Al 2z, Il &t JIE R, FIEE RE.
AH ER, X¥F & HL B, FK #B 5F &2

BGaN FEAhEFREFJOTF v TH 4 X/NE{E

%5 80 B FAYEFRMEFMEER, 2019F9H18-21H
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5. KM &3}, B8 thE. Al &2, LA ZE, Gl Rt I Rth, FEE BE.
AH ER, XF &, B #KFE DS —B. MR ER, #LE B, FKXK & PHF &2
BGaN @B ERIZH T2 TMB REERFMORIH L UFHFRET /N4 XDOERE
80 Bl AMEZEMFFMEER 201946 9A 18-21H
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T4 PR IIVERAMY 7 FIS5—5 v FOMBEHREREL B

(2018-005)
OfftR —iE
FEXRE

FHRICHRT 2 @ 3oL =R e & R ITHEEHRO VLSI ~DfEIZ L >TY 7 K
TT—EMEND RN RAET D Z AL TS, FETRA R T PR
(TR LT & SRS L W IEFLE BAELL, ZORE, BEBHRARET L. TOMKE,
AFRVRTZ Y v 77wy P EOFREEFICHRE LIENER S TREET 2 2 03 dH 5 [1].
WD VLS| O EERL, KEMLICEE, V7 b= —DRBEIZFEIME L T 5. 2o Xk
VIRBLEND, BEEOLEGULEZOMAEICL T Y 7 h=F—F v FRIEMEEZIN
T&E7Z[24]. FEEOORELLT v TFRIKEEREAMITI I 2L —Ta VERICED &
Wity 7 h= T —EE2H 35 Z ERERINL TV (K1) .

FFH DX 2019 4E 3 HloHhPE T RARMES Y AT & (NASBEE) % FV 7o k- HR PR G
FEBREITV, V2L —va VERET TRIERE FICBVWTHIRET v F RIS EI
TWAZEHRFEIET D 2 & x2RkAT[5]. BRI Y 7 =T — a2 Rl WEF DT v
F, WY 7 h=T—E2 BT HMHROT v F 2 FRINBLIMERT v FAlEHE#H LT >
TEBIEL, T L THIEFRERE L2, K2 IR IEF v 7D LA 7o bk ESNEZR
T ZTRENE— LTRE 110~300 1 A 12O T 30 4y [ e A-#R & PR 5 326k 2 5 3 [BI4T
Stz WEF v 7RO T v FRIFEICERE S VT, SN E T X FERE30 43 H 3,600 [A])
BRI ENT=. ZORER, Y 7 b= —MARTRVEBE T v FE2ELTXTOT v FEEK
WZOWNWT, £/ VY7 h2T—DREZMRTE o7,

S &3k

(1] RN B S, “JEITAEDR-4705A V7 b= —&R B A RF1 2,7
BN PE S 2, 2015.

[2] N. Eftaxiopoulos, N. Axelos and K. Pekmestzi, “DONUT: A Double Node Upset
Tolerant Latch,” 2015 IEEE Computer Society Annual Symposium on VLSI,
Montpellier, 2015, pp. 509-514.

[3] Y. Komatsu, Y. Arima, T. Fujimoto, T. Yamashita, and K. Ishibashi, “A soft-error
hardened latch scheme for SoC in a 90nm technology and beyond,” Proc. IEEE
Custom Integr. Circuit Conf., pp. 324-332, 2004.

[4] K. Namba, M. Sakata and H. Ito, “Single Event Induced Double Node Upset
Tolerant Latch,” Proc. 25th IEEE Int. Symp. Defect and Fault Tolerance in VLSI
Systems, pp.280-288, Oct. 2010.

59



~REE GEEES:2018-005) ~

(6] WM, (LA, JEHE, 9, RN ERIC K DRSS — NMEZHT DY 7
N7 —Z v FRIEORHM,” 1558, FIIS, 2019 4 6 H.
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SEBEES 1 2018-005
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EEARE (FTARSE) : 8Kk —18

FoRKR (AERR. RR2—H%K. BEFH)

1. HHE MR, WA EX EE RR, HK —iE
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BFERAEE HEKREFERY AT LWESR, 2019/6/7
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