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(P16-CNUO1)
AT TR 2, 7 P O, AR — b, K11, BTy
T KBRS e TR KB A T TRE . coHE 48 L HF e

FRIFVESEDNEITL . REOFERLEIVZ D R~DHEfHEL T, T NED L)
PRI E DIDNTEVZENDLDN, ELTENDLDEMEIZ DWW TOR R AT
BLZEFEETHD, REGIL, ERICRVIAENTZT T DBIRICERE LB REE
HETHZEICWERSER L, I haeflioTu 708 5 ZERICIDZ DR BT D
WFFEZ el TVD[L1,2], W o lo VBIRICE SN2 T %, IR B R DAl A3
HEINT% ., FERRREE LI T 503, ED%, VI ATEICBEILER T HIL
PMLOBFTE T L — T X0 S TOD[3],

KIRIWZHETHEHERT T80T, U785 (UO) DIEN K Y 7 A
(Ca(U02)2(P0a4)2+10-12H20) 238 %, HIERFR EEREL T T 13 ka3 T 6 flidow
T=NAT (U0 ") ELTIEER L TR MR AR LD BV U R[] VA
L CHM 72 DT EMHIBIVTND, ZHIVERBRD ZEN RN, FRICEEEIC VY
U AR R AN E T O SCH TRIAZENERH SN, T L TE OB OB, ¥
TUNEIHE T DA REMES RO . NERHIRCT 70 L) oesk A RO L3
ICEDEEN L K& 2 e falEnsg, LnL, BITE, FIcEET2507
> DRI 205813 F07e< | = DAL FBIREIZ OV TOH I
FEETHD, ZZ TR V—T 1L, EDRERL THDTy oy 7 & 555
DFERBELNTF OFEZ W T, BlREX IS LTI E ~DO U7 OIRERMK T ORE
ZBRLALTZ,

AR IR T EL T T 2R G L QDR W Iy D FIZEENDT T DE &
TIHTEE DD R TOIT DAk ROHIEZRART, D7y Mot Lz
KR OWr i O BRSO (L0pum) IZFTRBLL | ~ A7 1 PIXE 4T &AT 57, EDREHR,
FERAT DTN T L VATINZ T, BV L i E, R P LRSI, 2RI
B ELTERET T ZNZ T 2 RLILR VB T aAT o122 A, B Ok S
EXHS LT B RE DMK E /LN TE, Iy LEY ATEERE ITITIEEAL
RS A IS REL T e, —J5 AUD LSRR 38T A B s L0 6 Ak
EWRAHETE WM RRBOONT, Fo, V72 HG L THRWT Y ROF LI,
U7 AT EAERIH SR T, ERMERIZ 225 & R RO B Fr 28 IR L2 7
HTEMD, SBRABHER T EZ SOITHETL B ICB I DRI 72 e A BB IR 9
HIEMET —HENEL TP TFETHD, £io. 7SI DITLREDPRFEIZONTDH, ICP-
MS Z W THRIE T 5720 OB EEA L TWVD,
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[1] S. Homma-Takeda et al., Uranium dynamics and developmental sensitivity in rat kidney.
J. Appl. Toxicol. 33(2013) 685-694.

[2] S. Homma-Takeda et al., Cellular localization of uranium in the renal proximal tubules
during acute renal uranium toxicity. J. Appl. Toxicol. 35(2015) 1594-1600.

[3] J.D.T. Arruda-Neto et al.,Long-term accumulation and microdistribution of uranium in the bone
and marrow of beagle dog, Int. JJ. Radiat. Blol., 80 (2004) 567-575.
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1. HRE#—, KB &N, BF Fi5 /NfE B /R sh
ICP-MS IZ& B BHV T UAHD = DHEBAEEDKE
AARBAHRFEF RS 60 @ AEK, 2017-10-25~28.
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PIXE A HTEEICH T HEELRMTFHRE

(P16-R&DO1)
ORJIG—*, BERMEE® FIIMEL: Mitz® FEOE—"' HEFHH
a: BFRERMHRERGE RARELRATER MEBITEE
b: (B) FAR T4

<[ECHIZ>

ETHERTAEAREERIREZREARAMOHEINRBRICIE. RKI—IFILE
[£ 1.7 MV @ High Voltage Engineering Europe B. V. (HVEE) & Model4117MC+2> T kAN
RBMNFRESINTEY. 3 MeV FRE DIGF#R%FI LT PIXE (Particle Induced X-ray Emission)
PP /0E—LHIRBHRE DRBRICIECFIAIN TS Y,

PIXE S#73%. F1=1E 2 RITHD T ATRELR Y A -0 PIXE 24Tk E. S HRRBHSHTEELTESE
[ZHEMEY—ILTHY . BRNOABHEE SO TERRH CRERHLEDHFTIZERAIZE
FAEN TS, BREEDTAY0 PIXE S TEE T BEAVHARSFICEIT5ZFGEE TR
[CRET B0 A AVE— LR EMICET 2 EL MR EED TS, EFE. it
PORENEEORBFICEVWTIVRANICETIEENFTEON TV -CEnn BLROM
BT OBESFH L EMAREEL > TV LAL, FRIDAKYVEBE N TRDO ST,
PIXE B HTEICEWT—RIIZER T 2F ERREBFOEBEM B (XIZAVY D L) DHEIFIZEYEH
FUTONTHELT . BFREBEHFICE >TELIAR/VRERELTRRDHFTESTS. PIGE
(Particle Induced Gamma-ray Emission) 3 ATEDNBRAEINTLND—ANE LY, FETAHEE
RATIE. "Flp, p' \)°F BRISICKYRET DB T RILEF—DIEL 110 keV DEIRVIRIZER
L. BEFDETH PIXE 547 CdTe #RHi 25 (XR-100T-CdTe. Amptek &) ZIGALI-TvHRD T
440 PIGE T DIREFEHHTLVD,

FRE 27 FEF, FARBEOEHERELZLT. RFILERBERAVEERBIFTER
MELT=. Rk 28 FEEMLIX, *Flp, p' )'F BRIGICHIBIBOEMER DO KIBEENFET D
(H1Z1£0.935 MeV, 1.421MeV, 1.940 MeV, 2.322 MeV, 2.563 MeV, 2.789 MeV..etc) Z&%iE
L. AV TROVMEBOIMEREERIEFTOEEFTHEMEL T, MEHF O TRILF—HEx
EBELHEDH TS, F 29 FEICEVTIE, BFHREDOIRILE—5H 34 MeV LLT D HISHEE
BFEREERLED, RAAREOEIER (DMEHDORESE) PAXYTFER(EKER:
+3.75 A, =50 V, Oxford Microbems Ltd. # OM-40e Scan Amplifier) D&X[E R MEE(Z XY,
AARRBICEETONTI UM LERECHET HILERY  BELIZEDEH I
BNEM Tz, AV FTEROBMIEIZDONTIE, ¥490 PIXE 1—HF—D—&IZH T U241 L
EX v TRHEDEEERIZFLLA, TR 29 EERNICEIBERZ., F/ 30 FEDOTI Y
BALDNBERIZEHBEINTODIRETH S, FARETIE. T3 LEFYO LT HETIZE
S RAX v FEROBIERMEEEFICDONTHENT S,
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<RAFyFEBROHE-BEEF OB >

AMRICTHERAT D SrF ZEFHB T, DOFL—2EREB BIZIE CaF) DT LAY LFEERE
NATAEEMTHY . E—LBHFHICE>TRBFTUTHELT 24FHMEHL TS, FERL 30 £
2 A6 B. AMRZREDIL VRS LHIZF—TINETEZFT DAASRBEERE T HE. S B
EHHEORLITHEDSAVBIKERLTEY . X ARADE—LRAFvUNHETIVRNIE
2R =, T, TNERIBFICETHHREEWERLI-CED D, RETEREIT HERAFTYT
BIR{TETHLZENHIBAL HONERANTERL-, TDE., MEMMEHEST L
ZEHMELTEREBRATLHE X RAFv U AND—21 =y bDFR—O—EH (3 W, 047 Q) AR
BLTWBAILEHERL, T AXvTERE -2 HBLT. EXEROMMEFHRICRAEL
THADE RBEAL TV =AR—O—ER ERICEKESN TLV - MOSFET DinFREMNERIRETH
BIENHIBALE-, ChoDREM D, FREBLUE 20 ERBLEESLISERTIHESEZ. &
BELTULVEL Y REFYUAINT—1=y b EH T, h—A—iEHi& MOSFET D& RBIEEEE
LT, BEEETTHRIZ, Au F1) YK (#2000) DEE BB A B ME (STIM: Scanning
transmission Ion Microscopy) ZBIFEL .. BIMEHERERAF Yo DH A X/MELL DR EREEER
Ltz ZDHRE . BEMETIRAF VYO DA X/MEBLICKELEVIRONT | BEEIZRTE
BICENEL TLWBA I EERERRTE T,

e d A |

1. Oxford Microbeams Ltd. #! OM-40e Scan Amplifier



~REE GREE S P16-R&D0O1) ~

2. (E)FREBLTW=rh—O—&iH (B)mFEN X 3. Au%')wK (#2000) D STIM
FHARAET=F= MOSFET O—" AR EBBIERBOKT
[5Z& K]

1) M. Oikawa et al., Int. J. PIXE 25 (2015) 215-223.
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BEL : PIXE M ITEEBICHE T 55 ELFHiHR%E (R&D)
FRERERE  RINFE—

[REH
WHEE, RIG—, BEES, HREOEZAVVA

=

BRI AFENFOTME —%F

FEHNFOREEHAMEEORRT Y THoD7 T0—F —, RERIHN, 45(2), 31- 37,

2016-05.

2. Keiki NAKAMURA, Hidenori HAMBA, Syozi NAKASHIMA, Alireza SADR, Toru NIKAIDO,
Masakazu OIKAWA, Motohiro UO, Junji TAGAMI; Effects of experimental pastes containing
surface pre-reacted glass ionomer fillers on inhibition of enamel demineralization, DENTAL
MATERIALS JOURNAL, , 2017-03, DOI:d0i:10.4012/dmj.2016-303.

3. Yuki Tsujii, Masakazu Oikawa, Kanehiro Kitayama; Significance of the localization of

phosphorus among tissues on a cross-section of leaf lamina of Bornean tree species for

phosphorus-use efficiency, Journal of Tropical Ecology, 33(3), 237 - 240, 2017-06,

DOI:doi:10.1017/S0266467417000141.

Proceedings

1 RIG—, BFEER, BIAIEL, NEIER, Btz SO0F—, EED, EHH

MEMEREMERHESR (PASTA&SPICE) MIRIK 2017

E30EE T LMERRVZDOREDEMOMERIRESE, R

FoER (AERKR, RRY—FER. BEF)

1 RIG—, BFEERE, BIAIEL, NEIER, itz SO0F—, wEED, EHH

WREHSHEMEREHEEE (PASTA&SPICE) DIRIK 2017

% 30 @4 T LMEREVZOELEMOHARS, ELHRRAREABREFHHAR

FRMERERFt > 42—, 2017-07-06.
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RAVAPIXEICEKDY T REHES v MEBPHMETRD

RTEfRHT

(P16-SHTO1)
ORMAEm ., HHEBR . HwREMH—>" . BFFH. MEREEE RJINF—?
2 BEHRESUATET b FERAPALRBABTISEN o FEASASRESHELR

EEREERFEEICEVTIIFRTRELZBRET IV OELRK. BEMSZOLES
BTOZRMGEBEENABIRINDI I LML, BEREBEOERZEICET HRENMEDE
EAROENTWNS, FTHLOIVEBEEHENETHY . B TOBEEEELLIHRES
NTWBEH, NEEEED RV FBOER L GH/NREDD S VARNEHICET ST —
ARZLLDONRIKRTH S, CNETYA Y OPIXE RO AR XBEITOLEDTA
JOE—LRRAMFEICLDIEAT Y FBERADOY S VR ET>TE, TORR.
S UIEBRAD TREALACIRME ICRIRMICER T 52 L. THREGOEGRMEE LK
I/ UMAREEDOEEBOY S VEEHMAFAET S L. CORERMIETY I VEER
E#0AMBEEHOREHICEVTIREINDI I LENHOhE L > " 2. HES Y
(TRAERICHERBEDOY S Vo RENEC. BEETHRZUIBLLLHI LA L, BRE
ERIGLE-BRAD S D EBOY S VEEHOBREHZIBET ILENH DI LEERT, &
NETISAVOPIEIZEY., RBMERICEWTIHAEMRME TRESTYS VERET S
)o0h D LDEEROBMENMRE SN TINS, ZZTARHETIE. V5 VIEL EQOYE
Sy FERIZDOWT, Y4B PIXESHIZKY DY - h) D LDOBEBEL BRAEEFE
DEREZEITo 1=
WMEES v MZEFEEYS V% 05 HDHLNME 2 mgkg DEISTEHEHMETIZRE L., REHMIZHE
BILTCBRBY > ITILES, SEERXISVICKIEREEHNHOBREY > TILEHD
[T o=, BREETIVIZEVTIEEREME SR LAVIEREL Y KRE. $EEN D
BRICA T TOFEEZE 250~2000 2V AV WAADBEHEEICRAF v oI5 LITKY. Y- Hh
) LEERERET I ENTE -, —AZUAIZEICLD V- AV LDEELD
BRETIE. 1 2 0VOERAEEEDRIEIZFH LT 100~500 pg/g DEFET RIFLEREHH
Jontf-, V7 UAERMICERE T HIEMKMAE TRBEE TIE., BEMER & RRICHEE R
[CEVWTHREE LR LEIC) DOREBAHRE LTz, oD VEEEIEAY Y LAITM
ZAINTILDEEZFES>THEY . HAMEKRICERAILS I LOEENBEETH 1=, EFR
EETIICIOVTIE, S DS, SHENDERICH T TOREETY D ORESIEHRE Shix
Mot-, MEELL 1 fIFOOHRRTHY. SEEFARCOERELEEELTCT—2ZME
L. $EEICH T 2ERMERRTOBREEREZRL. VI UEFEEAEBRENH D &
EZZbNT=,
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[1] S. Homma-Takeda et al., Uranium dynamics and developmental sensitivity in rat kidney.
J. Appl. Toxicol. 33(2013) 685-694.

[2] S. Homma-Takeda et al., Cellular localization of uranium in the renal proximal tubules
during acute renal uranium toxicity. J. Appl. Toxicol. 35(2015) 1594-1600.
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1. Shino Homma-Takeda, Yuichi Itakura, Chiya Numako, Masakazu Oikawa, Teruaki Konishi,
Yasuko Terada, Toshiaki Kokubo, Hiroshi Ishihara, and Yoshiya Shimada
Cellular localization and chemical condition of uranium in kidney of rats exposed to uranyl acetate
by uPIXE, SR-uXRF, and uXAFS
1st International Symposium on Quantum Science and Technology, 2017/7/25.

2. KB &N
RAYVBE—LRWICKDMBT VI VB L UVERYMETRDOEEIBOEN
E36MEEKRLEER - LFEMEICET HBER, 2017/8/7.

3. Shino Homma-Takeda, Chiya Numako, Masakazu Oikawa, Yasuko Terada, and Toshiaki Kokubo
Distribution of phosphorus and uranium in kidney of rats exposed to uranyl acetate
6th International Symposium on Metallomics, 2017/8/14.

4. KEXET
INAT T2 ANAA=DUT DS VEKREE LLEREEL.
SFHEAR SR, 2017/8/27.

5. KEET
NAT =TI ANAA—D VT EBELT~Y I UERANEIE S HBTZE~
% 98 EHALFREFER, 2018/3/23.
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14 VE—LEBHRAANDITRI T OB IEDRE

P17-TSHO1
oIl EF . W BEF, ELAK K
a: MEHREFR AR MARESTORARS EESFHREBIMRET—L
b: RMRFEXFR EFUER WO FHEFK
¢ BEXE REEMNFHRBIRERZR

HEAX

7%, HIMAC LEIFIH CTHED 50TV DR F# 2 FIH L 7= FFEr
e« BEEEIEDOFHNEDOILRIZ L D, HFFeiREOHEEZ B S LT
W%, HIMAC H:[FEFIHME CIEBUEEER OREIZ W TE RFFEMTEN
FEhENTWD, T TICEODOLEEENELNATEY . ORI E
LA A DT DR X IZ TR DB HEA TV D, [EOECHEOHIEELEE
X ENENRR D 0FOEER O TSR, Z ORI — I IX
HEFIZHNETH D, BMEMOHT S PIXE 2L 2ATHEINIT. tRBEE
2DV BT HRETH YD . ZOMNTRE/IIT E ThiEV, HIMAC TOZA S
#FHHL PIXE ICL DR~ vy B VT2 lAaabd s 2 Lok, BT
D BN TV D ERFENIEICIKN T, KM flRBIZ 2 D 720
T <o F LWEATHREE OB INC X 5 BFEMIEO F a0 28k 2349
HTEMWAEEE R D EB A BND, £ 2T, AETIX, HIMAC JL[FF]
HTOBERRETH D J501 BB TR L /e > TV DA, L U4 1% S %
FRES LT DAERIRESY) & TR TE R AR AT DR 21T - 72,

AR 2 Bl %] 2 [BlofEdT MT 2% LT, HIMAC #fEIZE
WCHEBRICEREERICHWONTWD Y VTR, I—x—T a3 UiEpt
S DEBRIIZGERIC DN > TOW DR L BEMY OiHE~ v BT
o SRSy

J—2—3 =z > (Dianthus caryophyllus) DAt E Y =)V A —F v R

(Macodes sp.) DEEZZ D F £ £ IXUIWIE IS S BATICHW T,
(BT OENT TIX, K OIRTED WS S L7z, BEOMRNT TIX, EARIZH - 7= Cl,
K D534 Ca O & JEEML D MAED TR BT,

VX A (Solanum tuberosum). = . . (Daucus carota) 7% £ ®
REF BT < ORI, fae S, AT W, SRS IZ W TR
B3R ClI, O ~OERED K OFFE L Ry ~D Fe 72 & OHFENTR
Do, 2T LEOEBESMIT. TNENRE BR-TEY, KEE
Ol R 2D, £ ORI & FEREIMOBERIZ OV TH LT

15
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THTETHD,

U = (Malus x domestica cv. ‘Fuji’) 1%, RZ&TRIELHEUIWEIC,
MM S BRTICH W, R T uiE, REE S ASHIIN & oM H A%
LR DT ~DRENE O BTz, LinL, RELOEE~DOR
M7 ) 7 AOERBEMRT D ENTET,

AEIHAWZ EDOY v TIILOMHTICEB TS, PIXE OFF->eEHAR D
Mg~y B 7 E@mWEERREZHERTHZ N TE L, 202 &iE, J501
TR B BRI DT R D—> & LT PIXE OF#MEEZRTH D
Thbd, SHLIIEHMEBFTENGHY e E O 2D, 4 BE— A1
LRI LT RARZE W2, e R 2R & T DHEEERT O nREME & R Et
LTW TETH D,

3 8 A A
2 3 5, 3 ST SRR

ol

DOaARED TR RN

) 500um 002014 PO K Ka1 (NIRS)|
-V T b 2 s
. o | i il
A ¥ * ." 3 . 28

B>
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EEEES  P17-TSHO1
REA AT VE—LBEEBRAEAOTERSTOENEDORKEST
BEARE  TIEE

FRHFER (OEFEER. RRI—HKR, BES)
1. FHEE

1A E—LOHHELBEE~DFIA

BFEMIFERE L2 — 5 229 E2F+E 25—, 2017-10-10.
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PIXE ZITEIC & HKEEMOURATRG

(P17-TYOO01)
BREE . NEE - PABE - HATT - SRR -
RIG—"b - REZ®
a HRPEEAZE b HRESRA TR

KD SHREILRKELEEL 1005 L LB COEEZFIAL. BERICEEINT:
St RFEDRIEEREBERBET IMRNTHON TS, KK TE. AIIEEF
ZITERT HELEER THAHHTF) (Cottus kazika) B U7 2 (Plecoglossus
altivelis) DEEBEEZH E T S0, PIXE SHEICKYIT4—ILETRBLI-EIE
DEHAIZEENS St DRHEToz, £-. BERETICHITEEERELTIE. K7
A 77 A (Eichhornia crassipes) IZ&DKIBED EEEREFBHNELIZT7AL AT
I—23 DEBBMBEZLTITL. KPISBEFT S P RY CuDRTATHA~DE
HiEmZBRLMNZLT=,

(1) H<Fx

ARF)IE BFAIEER DA FRERTTOIRKEDHIHABETH D, A E., A
REFERREDBLICKVERHDOBDHABIEINTEY . XEEORELEDIL
FEICRAIRGEFECERRRICEATOIEEMREDERE N RODON TS, R
BTIE. KB FRR) ICERTEI2ATFVERRELT, KEQMNIEFLHICH
(THERFRHLMNITHIEEZBMELT,

ERD SrCantIc&bEIERFEDHETIL. 5 AMn 7 AICEEIN-ATFY
X, BENASH EBRFLLMEARTHDED LMo T=, RRBITEB RN
DHIERLBEL. YFANEERITELTHYOVEHNRONIEYREDESE
EY(RURR)THY . KEESZAINANIETRICBITTORITEEERNURE
FAEERELTVERENTIVEDY ., ABEICERTHANIEAVCRDERMN
EbLIZIRFELHAIREMEAREINT,

(2) 72

HEGANEEBREBLCRODLTEELGRETHA7IDBEN, TRIIKRDE
BII(RRER#HF-FER) TEERINTHEY. 72OEREBICAIT-AKRDEEIC
DIEMNDHMENROOEN TS, KARTIE FBERERBNDT71EZR/RELT.E
AOWERRAMICKYELEBERZHETE L =, Ff=. LBRDOKENDT L EDELE
LTV BEAEOEFELEDERZHALMNCLT-,

19
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PIXE IZXDER St DEAHDHERNS, RENTLERFNT LIFELIZERE
BOHRTARKBEEBKFEEITERLTWNDIENRSNT=, =, B Sr: Ca DRS
MOFERMS BENT LR KE - BKIETOEENLLERES, RKETDE
SENRDSF=DIT L RKFNT LILSRKE - BKETOEFN LR RS, 3K
WTOEFENENIENTRENT-,

(8) HRTAT7HA

REBHINKENTHEIRTATAAZEBROFMREL TR T TEL, FEME
ERETEIFANATAI—2av VNS B RANERETRE T HSENEFEINT
WB, KRIAETIX, RTAT7AAIZKBT7ANATAIT—a 0 DEBMATZEL T,
KFIZBEFTDPb R CuDKRTATAANDEEDIERIZDLT, FEELHIGS
HTHLMNITEHIEEBMELT,

Pb B U Cu iiIN/KTOKH (BRFE) RERZE TR PO RMEDRTATA LD
BOS PO DEEELE—IMNEZRIN, CuARNMRIZSOVWTIIREBR ELEERLTEL
Cu DE—IWHERSNT=,Pb & Cu DIERZLLE T HE P KUE Cu DAL EKRE
LTOEEENZVLIEALAMY . RIEEATVEDEEZ N, F=. ERD
BV TEIENEESINT:,

SHIZ. AR OFER. PO IETEOAIRE. LD TR EVAIRICE L TIE—H#
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Background

The aim of radiation cancer therapy as an
effective tool is to target the tumor
accurately, while limiting the exposure to
normal tissue. Although the target is the
tumor cells, the exposure effect also
occurs in the normal tissue surrounding
the tumor area. Therefore, it is essential to
investigate the intercellular signaling
process between irradiated cells and non-
irradiated cells in surrounding areas,
known as radiation-induced bystander
effect. In previous study, we reported that
a signal from the bystander normal cells
have modulated the DNA double strand
breaks (DSB) repair in irradiated cancer
cells exhibiting a rescue effect [1].
However, the question arises now is how
radiation-induced bystander effect is
facilitated? There are two major pathways
that permit cell to cell interaction; Gap-
junction and Media Transfer technique.
Therefore, in this study we proceed with
our previous findings to determine which
pathway is involved in rescue effect.

Method

We established an in vitro method to
mimic tumor micro environment in
radiation therapy by using the microbeam
system, which targets only cancer cells
(A549-GFP) co-cultured with normal cells
(WI38). To identify the involvement of
secretable factor signaling pathways or
GJIC pathway in the A549-GFP/WI138 co-
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cultures, a gap junction inhibitor (18-a-
glycyrrhetinic acid : AGA) was used.
After exposure, cells were fluorescently
immunostained against y-H2AX as a
measurement of DSB, and the total
fluorescence yield per each nucleus was
calculated from the microscopic images

[Figl].

Figure 1. Representative images of a mixed cell
population fixed at 1h after irradiation. Upper half
(A 1)-a) shows targeted area, lower half (A 2)-b)
shows non-targeted area. Green is A549-GFP cells,
white is WI-38 cells. Red spot in A549-GFP is y-
H2AX, a maker for DNA double strand breaks.
Bar: pm

Result

y-H2AX levels were normalized against
the non-irradiated controls at each time
point. Fig2A illustrates the temporal
dependency of y-H2AX levels in targeted
A549-GFP cells. One hour and towards
24h post-irradiation, y-H2AX levels were
observed to be significantly reduced in
targeted A549-GFP cells, in both mock-
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Figure 2. Time dependency of y-H2AX levels in: A)
targeted A549-GFP cells (t A549-GFP), B) distant
A549-GFP cells (d A549-GFP). The A549-GFP/WI-
38 co-cultures were mock-treated (solid circle) or
AGA treated (50uM; open circle) prior to
irradiation, and changes in y-H2AX levels were
observed for up to 24h. Statistical significance was
presented as * = P < 0.10 and ** = P < 0.05, for
comparison between mock- and AGA-treated cells.

treated and AGA-treated cells. This
indicates that DSB induced by microbeam
irradiation were repaired up to 24h post-
irradiation. However, y-H2AX levels of
targeted A549-GFP cells in AGA-treated
A549-GFP/WI-38  co-culture  were
significantly higher than those in the
mock-treated cell culture at 4, 8 and 16h
post-irradiation, indicating that DSB
repair was suppressed by inhibition of
GJIC. In contrast, the y-H2AX level in
non-targeted A549-GFP cells [Fig2B] was
increased with the existence of WI-38
cells and inhibition of GJIC did not
alleviate y-H2AX levels in bystander
A549-GFP cells to similar levels in the
A549-GFP/A549 co-culture. Thus, the
existence of WI-38 can enhance the DSB
repair in targeted A549-GFP by GJIC
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pathway, however GJIC pathway was not
dominant for the induction of y-H2AX in
non-targeted A549-GFP cells

Conclusion

Intercellular signaling between cancer
cells and normal cells influence the cells’
sensitivity to radiation as well as their
sensitivity to bystander effect. Finally, by
using  microbeam technology and
cancer/normal cells co-culture method,
this study is able to expand the knowledge
of intercellular signaling in radiation
cancer therapy.
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1. Purpose of Research

In classical radiation biology, it is described that initial DNA damages induced directly by
energy deposition of radiation are the main cause for the varieties of radiobiological
consequences, thus the DNA is considered to be the primary target of radiation. However, in the
past few decades, there are many phenomena were reported that cannot be explained by this
classical dogma. These findings indicated the existence of non-DNA/secondary targets, that may
affect the fate of irradiated and nearby non-irradiated cells. The possibility is that this
non-DNA/secondary target has been activated by direct energy deposition in the cytoplasm. Our
aim is to provide answers to questions such as what is the non-DNA/secondary target and how
does it involve with the damages in the primary target. Therefore microbeam technology would
be the effective method to fulfill our demands.

2. Preliminary Results:

We examined the velocity of DNA double-strand break (DSB) repair in microbeam irradiated
WI-38 human normal fibroblast cells that were targeted in the nucleus, cytoplasm, or both
nucleus/cytoplasm using SPICE-NIRS microbeam. Cells were fixed at various time points betweenl
to 24 hr post- irradiation, then immuno-stained against y-H2AX to quantify the residual
DSB/nucleus from the obtained microscopic images. Microbeam irradiation significantly induced

v-H2AX, which were proportional to the number of protons per nucleus (FiglA). Contrary to
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nucleus targeted cells, y-H2AX level did not show a significant increase compared to the control at
1hr post-irradiation. However, at 4 hrs post irradiation, y-H2AX was significantly higher than the
controls, and the increase was proportional to the delivered number of protons.(FiglB)

A . 1H post irradiation B ~4-100 protons
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I = S )
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S
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0 0
0 100 200 300 400 500 0 6 12 . 15.? . 24
Number of Protons Hours post irradiation

Figure 1. Panel A, dose response of g-H2AX with the nucleus and cytoplasm targeted cells at 1hr

post irradiation. Panel B, Time dependency of g-H2AX of cytoplasm irradiated cells.

However, for cells irradiated with 500 protons per nucleus, we found less residual of y-H2AX in the
cells with additional 200 and 500 protons irradiation in cytoplasm at 16 hrs and 24hrs
post-irradiation. Taken together, cytoplasmic damage enhances repair of DSB induced by nucleus
irradiation. Further study is needed to clarify the type of cytoplasmic damage and responsible
intracellular signaling for the enhanced cellular response against DSB are still need to be
investigated.

Nucleus 500p + Cytoplasm
4

-#—Nuclues

—+—NeCytoplasm 250p Figure.2 DSB repair kinetics of nucleus
~#—N+Cytoplasm 500p

targeted cells and both nucleus/cytoplasmic
irradiation.

y-H2AX level
normalized to control
n

0 -] 12 18 24
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1. Purpose of Research

The objective of this study is to investigate the role and mechanism underlying of GJIC in
determining human response to proton radiation. This study particularly focused on the
communication of the primary 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 human lung
cancer cells and human lung normal cells after protons microbeam irradiation may amplify or
mitigate the damage in bystander normal cells.

2. Specific Aims:

The radiation studies outlined in the project have been initiated during Run at the SPICE-BIO,
NIRS-QST during 2016-2017. In studies related to the 2 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 0.036-0.4% of cancer cells in a culture dish are traversed by
protons.

2. To examine the protective effect of gap-junction inhibitor (AGA) and carboxy-PTIO (NO
inhibitor) in the secondary bystander normal cells.

3. Experiment Strategy:

Preliminary Results:

1. We found that the protons microbeam irradiation-induced bystander response in both A549
cancer cells and WI1-38 normal cells. (Fig. 2).
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2. The secondary bystander responses are propagated from proton microbeam-exposed A549
cancer cells to neighboring non-irradiated WI-38 normal cells. Gap-junction intercellular
communication (GJIC) is the major mediator of the induced bystander effect detecting by using
insert transwell co-culture strategy. (Fig. 1&2). The results demonstrated that GJIC amplifies
the toxic effects and secondary bystander responses of proton irradiation in normal cells, which
is directly relevant to cancer radiotherapy.

3. Demonstrated that the NO play a minor role in mediating proton microbeam irradiation
induced-secondary bystander response in normal WI-38 cells (Fig 3).
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Fig 1. The schematic diagram
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Figure 2. (Left) Confluent human A549 cancer cells and normal WI-38 cells were exposed to dose of 2
Gy from proton microbeam with a LET of 11 keV/um and assayed for micronucleus formation (n=3).

Figure 3. (Right) Micronucleus formation in the secondary bystander WI-38 cells (n=3).
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ZEALIEE. 25MeV T3 L TH 447 EOBFHFRAB/ONATH Y.
DEFIRILF—IREFTIRETEFRICERT HEEZ NS, Ff-. 4
MeV proton E—LZFEAL-IGEDEHAICLHREATE T, BARBRHE
&Y 046 GY/IC EWVWSHERMN
Boh., Zhix Be(p,n)°B RN 2.3
ZETHY. °Be(D, n)'°B KD 0.28
BETHB

]

FA% L 1= Li $R#9(% NASBEE D osh
AENTHHEEGR L REERATRE O'i °® 0o 0% e §
Thd&ERrLIz, £ 25,4 0 50 100 150 200 250
MeV proton E—LZ@EEALEES PE filter thickness [mm]

IZJ:SL\—Cs %&Wﬁ?ﬁb“ﬁ%it 7:‘;6 2. 2_5’ 4 MeV proton t—lxﬁﬁﬁ

X 10°

3r L L L B
Lsp e ® 25MeV |
“le P o 4 MeV p

2F Y ]

1.5 ]

irs ° ]

Thermal neturon flux [/cm?/s/uA]
°

EERARZTBHLMNIZLT, WIS DR,
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25 i FRIE AR 1S & A IERSR D HEFIHEO A

(16CV0002)
Ot #° hmBfkRE: AW %' BH £&°
TH ML EE B APE—° B A

a: RPRIERKE, b MEREFRAWRR, CLEXRFE

HHEY: IEHESEF IS, T~ BV M8, B8, md ik
T IO BHBIRE Y T D, BIHFRIEGH O ER L ORRE OZE bR E R I
P D720 12iE, SR OF BB kO EZ S HEL THlE o Et =4
AT DNISILELES D, FRIZ, BN RROM BT = TlImEib E N>R E LT
TFEDRDBILD,

AUFFETIL, MdEgs FHE I A TR DB i 1B O RR B2 & i B LA
T o7 DITRIELTZ B 2 WV, I -5 ORIl S AT LOREEEIZEIL T
T 5. ZAUZRY, SBHE SO M B, Mg MR AESIZB TS
FIRREEE D BT 532N MR ESID. MEFEEECITREEE L2 BRI ICX
LM AT L T, FEEERE O S B R & E o i B S 2B 3 5 e & S
L.

FE: S REFREFRITRBEERDOZ T 284 4 FIha (HVEE) :
NASBEE Z MW THRIEEBRZTT o7, Miligs s LT M IR mWRT 3R ADFEMIC
LOEBEF LU CRYEL BN RE TR LBO BEER, 777 74 MEERER (1IC-
17: Far West Technology), Anm ADEREFT(IC-17B: Far West Technology)., #Hfik5%
LB EESS (IC-17: Far West Technology) Z H W CHIELT-.

FNENOEREE O EME YT AEAEL T 300V OEEAFINL, & EHEFE)
SO EBNLRE (6517A, 6517B, 6823: keithly) [CHEft L C BB /- 12 B HESE
T dtlL7=. g2 —7 o NEIRDOET=2 LT, VTV AL I ERE IF 2
#2742 (C2100: Laboratory equipment) CHIFEL T —AH B O EIZ
Wl F7, KIRFEHT563: YOKOGAWA), KUERFMT110: YOKOGAWA)Z FIV T
FERJEMIEIZH W, ZRHOFHAIMEZ I FRIRFIC PC (ZHSGT2HIET AT LEL
THEZELT-.

REE 12055 150 mm OAZEIZ 300 mm X 300 mm X 300 mm DORVZFL 77k
LEBLEL, FEHREL T 7 PANICH O IA L, 77 MARIEDPHLOTRS 15 mm 7>
% 250 mm F£T 10 mm fIfE THIEL F L 7.
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FER - BE . KEEERICLANERROE%E Fig.1,2 lIRULIZ. ZE LR —5%
PECRIEZ 4 [ FEHi U 72 EE SRR ER 22 THY, JIEIE O FFEBIMEIL 5% AN T R AT
THOHIENMERTEI. BN 22 mm OEFEFEZ T 7 FAHFJIZ 20 mm [HFE THL
ELTWDAR, =777 LORIEIZEY, E—LF 0O LT 98%D &l
NOTEI THHZ LA MR L. B L FIRFALE L7256 OB L B OREITD
WCIRFTT 20 ETHS.

d-Be 4MeV p-Be 4MeV
7.607 ¢ 2.E-07

6.E:07 —-LBO ] ——LBO
5.E-07 —
4.E-07 —
3.E-07 ,

2607 | %

reading per beam current ( A/A)
N IS o o = = -
m @ m @m m W m
o o o o o o o
o 0 5] 0 ~N ~ ~N

1.E-07 |

reading per beam current ( A/A)

0.E+00 C . . . —® L 0E+00 Looww i vy 0Tty

0 50 100 150 200 250 300 0 50 100 150 200 250 300
depth (mm) depth (mm)
Fig. 1 Depth—-dependent responses. Fig. 2 Depth—dependent responses.
(d-Be 4MeV) (p—Be 4MeV)

72, BFEE E CICEM L7z B AMER o, mESICEY LBO &
BIERE OO I BB 1, B RIS LT 2.23 X 107+ 17% pCeem?, B hEF-#R1C
XL T 2.00X 10°+6% pCeem® DIEMFHILZ V. LBO FEBER X B I 7-HR 1t
LTHRRBEZAL, @BEHMEEZ G352 LIS K0 B P L B e 7
Dy BERIE DS T EECTHHZEDSIREINTZADY, WULHR B~ 9D 7= O 1S 1
R T DI B R Z DU BN B 5.

1) Satoru Endo,Hitoshi Sato,Takuto Shimazaki,Erika Nakajima,Kei Kotani,Mitsuru
Suda, Tsuyoshi  Hamano, Tsuyoshi  Kajimoto,Kenichi  Tanaka,Masaharu  Hoshi.
Determination of the thermal and epithermal neutron sensitivities of an LBO chamber.
Radiat Environ Biophys (2017) 56:269-276
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EEBEES - 16CV0002

REG BT AER

wmERE  THB

JREZ R

TR 29 FEMRBRRE—E

EBETE I & D ESF P FISO T

1. Satoru Endo,Hitoshi Sato,Takuto Shimazaki,Erika Nakajima,Kei Kotani,Mitsuru Suda, Tsuyoshi

Hamano, Tsuyoshi Kajimoto,Kenichi Tanaka,Masaharu Hoshi

Determination of the thermal and epithermal neutron sensitivities of an LBO chamber.
Radiat Environ Biophys, 56, 269-276, 2017.6
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BNCT iR#FEAL D= DRV RE & PiEFRE DA

(16CV0003)
oEEFER . AHF . MIIEZR . BUIEHS, TH—E . N/E" FEEF'. EBELE
—b, MNIZEL, WEXRE . EERTL. BER . FRES ), RHEFE . dXRBE— -
INEFEREA . EBRES . MHEC, MXAEE . BRESC, EEBHR. BELtRZz°, &F
Ko, 8Kk BREC. FHIIFN e, Li Jiatong® . Aurelie Morytko®, tJIIBEBA °
A MAHRERREMER b AEEXRE. ¢ ELXE
HEEARX
R U FRPMEERTE (BNCT) X, Ings 2 Hv 7z BNCT O FERRRRER 23
LD DOREFIFRE SN TWD, £ 2T, Invitro %3 5 72D OE M-l
HURBOEAR 2 /ER L. NASBB O H i 2 H\ 72 BNCT OIERFIKRER sk &
LTHGRET D Z E2HIET D,
FT, MBS 5720 0B PRI ZER L (K1), BvpErR, I R
I UL (Cd b)), yBEBREER L (1), AEEOBHPMEEEERRIX
RY ZF L OREHMOHIZ 9 RO~A 7 aF o —7 )t uﬁﬂf%émﬁ
2o THRY, MIEREREMEIX 1~9 ETH AN 7 ENTW5D, £
AT HEARHEDSI — & L THRALE (5) O LERIC 10 % H 2 E L7z,
MR RBR O BICTPHEF R E T~ BEOHIE 21T o7, THAFRITEH
Z W B YA TR L2, B 2 & OISR O BIRE BN K E W2, T D
BARET D720, RIS RZ p C A TR TE S L 51C LT, &
DIV R 27000 Cd tha X 0 IEREICRIET D720, Cd ITeiEa s
WIS ELE (K2), £ 112 1~9 OFLEICBT 28R E Cd
oo 3 RIDOFHMONEEIE & AT o~ BRI #R 8 O el 2=+, B s ol E
P HRONE (5) TEENLE (2,4,6,8) £V b 4% & m < A HULE (1,3,7,9)
FVE8WIEEENZ LRDOND, £, PRACE EE (10) 1%, 1~ (MLE DK
1.9 %2725, BALE TORIEMDOIES S XL 2~3%TH Y, HHMAET 0 TH
HEVR D, —H, TR EL, T 0072 < BNCT @fﬁﬁ'
THWLHILTWD TLD fREsHI A2 T, L fEVFvy OSL (nanoDot) #f &
ERHWTEHM L7z, 2 DOMEHNPOHELND T BRI EIX, OSL THl
E LT REFEWMEZ R T, ZHUITHFORELZZ T2 REZ6N5,
L. TLD iZHWHND BeO D ATFDOREE X 23 2 5 & nanoDot CTHlJE T
HIFMEFELWZ £ S, nanoDot O METIC K DB LEZHET DML ERNH D,
DX, B FAENAMIE (SAS) 2R W TEAHRMET#RE L Oy # A BE L.
colony forming assays (CFAs) 21T\, ZAH %1 & D W) 2 h 3 & 34l L 7=
(E13),
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X 51T, SAS % 200 u gl0B/ml 777 T C 24 W54, K, THE. @ED
Burpie -2 B L, CFAs 2470 (K4) ., AU R SOG 2 38l L7z (X
5), B & LTHAEBAKTHWWLNATWS 0B XTIHR8 ) 7227 F=0
(BPA). Na2Bi2Hi1SH (BSH) ##45., 2> hu— A #E X 0B IER G & L,
CFAs DR & 0 HPE-# & O BENNT A B A A7 Hh B DA T 238D 72, Fr
(2 BPA 2 5-FRIC W TIT L 0 OB R 235380 b7z,
/\?7}4“0) BNCT OFREDI=ZD, Iidds THETIR A2 AW ISIHR U # b O iR
R, Tl 2 OREGHIIGIZ 361T D PG 20 R 2 5l 3 2 Mgk & L Tl o4l
FTHD26DD, KHERET DHLEZEZBND,

proton (4 MeV) NASBEEERSHK—

F1 BT R E T o~ IR R

3.37x10° 1.81 221 0 82
3.54 x10° 1.95 210 092
336x10° 89 198 211 094
3.59x10° 9.8 202 215 094
5 3.69x105 93 211 221 095
355x10° 98 194 218 0.89
7 341x105 94 213 218 0.98
3.55x105 94 197 230 0.86
3.37x105 97 219 213 103

BefZHy

12
@ W

Top view OO

0B-BSH 10B-BPA

TLD/
EPETR LD nanoDot
(n/cmZ/y .

. X4 it FRI108H D 3 D[S:X1E1 e
- [Gy]
8 e 0 2 4 6 8 10 12
= N S 1 e [X10* n/cm? ]
= ° —_ LT TYTION
g B ik,
) * T
a. I‘k_H‘ 1, i
u.' 1'-'=‘ .
Y Oll -. -.
. "
0.1 ¢

« Neutron e Co-60 gamma 001
SAS cell line 8 Cogamma [Gy] Neutron [Gy] RBE )

® nonB10 e BSH e BPA

(5 #ll a4 7 2= O ¥l

B3 £®FMEhRL (RBE)

48



~$EE (BBEES 16CV0004) ~

RYIT—FIBREMHEZAWV - EFRERTE

(16CV0004)
OJIAE $R 0, T M. ML ISR, AM FO. AR Fo. AHR
2 FHBTEHAS
b: BAHRESREHRF

AHERTIL—TTIIERZREHTHIR) I—FILREH (T IILREFH ZF
RAL. dMHFHEOBRIHREE - FHE T o TS, TILIREETE 3 RTREAE
EMNAREGIEERETTHY . BEBFHREAEIZE TS 3 RuBRHOBRDOKRE
EHALL AEETEFHEA~DEASHF I TS, AR TIEDHEFREET RIS
AL, hHFRIIGD 3 REFFHZTS5LZBHHELTLS,

TR 2TEECIIRELXRAL-BESILREFICLIBREATEFEZOELE
T2t TR 28 FEETIEHTIVBREFEFEARFICHE T IEZRAZEZAVZRR
DIRELEEANDEE LBIBORMEMREICLSIBELBTHEIZTOVTOE
BHERFT LI AFEEIFEEICS EHE. ORMENEEETLICK DT ILRE
HEEFICOVWTORFBLUVOT ILBRENORER ST SDIEEE~ADR
HEITo=,

O IR EHDE—LEEABLERICRVIFLY 27V PAZEBRELAWN
BERLIUVEBELKR)IFLUEZ 1~3mm FTELLSELHEEIZDINT,
3Gy Bt L1=, E2RZEDEME & L TIX 1.5Tesla MRI THILIEE ST DIEMZE
E Ro(U/)EBIE LTz, $ERZRLIZTRYT, RUIFLUI 7YV FLAFRELA
WEE(ESE ommDBEIZIE., THAMSDHEFAEES ILRETICES S
N.BLWEELNRONZBDD. RYUIFLU I 7V FPLEBELL ZETHHFE
RVIFLUT77o bLDRRG L, dHEFENFL L. FILBREFDIEENMET
Liz&ZEZAOND, RUIFLUIT 7Y FAZE Imm T OERTIN &, BtEF
ERVIFLUT 7Y bPLARIG LI-#ERE LD REEFO v DT IILIREE
[CEET A LICK > THILRESORELEMT HEEZT -, SHSILICHK
HEER. TIVBREHOFHEFICET INE. FREFERUIF LY EDORIGIC
KO TRETIHIRMEF Oy RO TIVEEFHORZICOVWTHLHMICAET S
DELRHDEEZ D,

QT LBREFNDOHAEREINEDOEEEA~ADKEICOVTIX, SERIBESIL
{8251 Td D PAGAT(Poly-Acrylamide, Gelatin And THPC M 5)Z {8 L TULVS A,
HEH®D Bis 7TVVILTIRELKUVTIV VLTI REEZHRED 1.5% wiw H 5
3% wiw [I2ZibSE., FREFNERLESILEBEETIZX LT 0-6Gy T THIHRE-
ROGEHBREEH L. HMROBESEWEHRELNSRERELREZTo-. BN
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FHERER 2 I2RT , PHEFRE-R ICEHREDIEE L. 1.5% w/w T 0.079(1/Gy-
s). 3% w/iw T 0.218(1/Gy-s)&# o1z, 3% wiw [ZHTH 2.8 EIEEAKEL
Ho=-SENOHFERENSBENEMEDETIE Bis 7TV UILTIREXUT7TH UL
TIFEXEOHEFESEHIRECAY, PSVVBRETHLREFIEETHLIZ LD
CEFTHLIZ LA Dh 2z, —ATEFEOT I LTRAMECHELTL
55E5HHY. BRFEREICE>TIE 3 REBFREBONBEVSEENHZ-HH
FEMEIZRALHILEEZAOND, SELILEREFTHLIHHELED
LTHEBMERZEOERLGLEZRETHIILEEATLS,

y =02178x+1.5469
R*=0.9883

0 3.0% w/w

B 1.5%ww

y=0.0793x+1.515
R*=10.9096

0 0.5 1 1.5 2 25 3 35 0 1 2 3 4 5 6 7

Phantom thickness(mm)

Dose(Gy)

K1, E—LEEBEARLREIZRYIT
FLYIAY I ZBRELGEVWEES
LU, BBEL Ilmm ¥ 2ERT-IGE
DIRELEFEDEIL
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hiEFRET LD~ > EREPRESDAIE

(16C\V0005)
ollO—ERe, 8 FP UK $R°, EEHHC, AEFEC, HHMC MIER, SEE
a: EMREEREER. b RMEIERKE. o KWEH. d BlIXE

1. WFEHBY

KB AR I DX R E OBILEZ RO DN (R 7 —) O
D ORI BT 2 FIEOMENLD, iR T REFPEE oo TV D, < OX4
FTHERF T, 0.5-1. 06y YA EOBUN#HEIE < OF A AT 251213, #EFE
DIHE DO LWL T HHERNH D, ZOEICKT L, ABtlde Faxtge LT
FHAICE B L ANy RE I BMEIERIEE (BPR) ICX VBELZHEF T 0EE %
ENTHE—BZ - RAE L TRV, LR COHBDT=DIZT A v Szt —
Tz AaA VY R —HIZB L EPR Center at Dartmouth &AL K TBEIR X1
b ORZENEIEHAIREL 72> T D, ZAVE T, MREaHl 2 S T17 9
TEEBELT 4 — /N RTOHEDFEMM: (Radiation Protection Dosimetry,
2016) RO T ANVEDELDEE (Health Physics, 2017). FEEENE S
TR~ DI E M (Radiation Protection Dosimetry, 2016) DFRGEZ 8 T
ETRY, EHEEIGELTE,

EPR £ TlE, T E Ty BICOWTUSEREOFHMAITON TE TNDH N, E
B B Y 7 =TI F RIS B EICOWVWT B ZIT ) Z & BARD 5N
%o ZHETOMFTT, NASBEE O FFVET-45CIrIisWraEik o X FRIZx LT 8%FREE
DINETHD ., KIZHTH A Raxo T %4 N TOBFOMBZ L D%
N —fTHEERRECTH D Z BRI N TV, AR TIE, BB L5
DEFEZ X0 ZEMICHYB L, DA > E7R EPR JAIE T k- 2 e 2 5
XL T2 OIS IG O R 2 2L &8, T OINE 245 T, ANREEORER
RO D L BNCER LT, £-, BEZENOEOWRHTOT7 2 —TF 1 v
7 DR A AT,

2. WA

i LET B #R & U C RS OB IE TR B 28T D NASBEE % H VT HI T
AARNOFAEICHE LT-, FHF1E. Be(d, n) BUSTHE-, BENIHARA O
WA ENREEL (=11, ESTRIZFLCDODRAZTTO7 7 b aEHNWT
fTo7= (N=6),

D%, X 1 IRT XD KT, BET DG OMEREEEE X D7D,
AR = TF L W RITLAERHWEGEE S Y ZOREAERT 5 LIk
FNENOTHET L2 @ L band EPR tooth dosimetry 8B Z72-~7-, F7=
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T —T A VT OB ETRD DI E TEZE O OWEEZITo 7, FEF
FEDFHHTIZIRS RN M7 RE I L0 b LI SR ~D AT, HE%
FOVEND > T-, SEBIIRNOZENTRFZ2Z—5 Y MBETITY 2 &
T, BEA~OHFHTEORANVE/NSS L, BFEZPORINERICAETES L
T LTz,

EBEy F Ty 7RSSR CR-39ic & 3 &P T RRER
AEBRTIRFAMEREA— FRICEE L, BelBMIGETIS C & TREES LIfT YBBEOAVCR-30ARL TETHTRAR £3E
Yy NPy T RIS CORBE Y b7y STREARROLERESEN LD, B . cdlr — =
EORFI N TEVHM TR EICAZTESEVIA Uy b5 5, o
SENZLLT O34 ClRE % T 72, £ = g?

s cdr—= r\\ :
¥ ~ smmED [
ﬂ, Tk %
1 \\\ 7?77'
SmmED LTRE
cdTHEEE
gIvy -
LTHE Bty b TuT PE+Cdty bTv 7 PE+PbEy F T o7
Bty Py PE+Cdy h 797 PE+Pbty b7y 7 . g . B
BT (S PEDH BRI - A PE B A ICPE ’
ERlicdr — AR SRR P TyFEy FEER ITyFEy FEER TyuFry bEER
1.05% 108 /cm?/C 0.16% 107 /cm?/C 056 107 fem? /C
YIRIGE : 12.4 Gy/C y IR : 24.2 Gy/C Y@ : 4.90 Gy/C (%8 : 1) (t23HE © 0.143) (3t : 0.53)
SHIZ108 CEHLA-OT SHIZL0BCEHELA-OT $HIE2Z16CHENLELOT SHIZLBCHEALAOT SHIFLBCRHELEZOT £H($2.16 CRHLEDT
yBI$ 134Gy B L. yIRIE262GyBSLA  yiRiE 106 Gy BHEL% 1.13x 108 /cm? 0.16 %108 /em? 1.21x 108 /cm?
K 1la. #—7% v MfFETOEANTORS 1b. #—7%" v FTETORENTO RS
S E=pe A= 3 M=R=N TRy
TO y #rEOFH TOF PR EO G

3. WFFERER -

3.1 FETH COIRE ‘e ——
ZNENOWHNCEH L= AL £ °] . —— 0 :
MEHTZ0 DEPRIEEZK 21T £ 7] — "
T, HIC L BMBEOREDE 17 —
VAR E VA, 150KV o X AR E

Hcl~2 L, THT 8% (i é - : :

PH: 2-15%) DOISENBIHISH e oo sample

770 Cs—137 Oy L5 L E2.$ﬁ%%%ﬁ®Emﬂa
SR DIGETHDH EEBEZ BT,
3.27 = —T 4 T DA

100Gy St L. 0% DE{LE R
T (K 3), Fa—= M0

e © ©

8 & &

N - (=2
)

£}

R B (Cs- 137D THRIRE)

L2 EBZ N DA RIEEDIK £
THABESN TR, BFEZNS  E.
n)hﬁﬂi@(‘%)%ﬁ%fcﬁ7:n‘—7‘/( ~ 0.02

o

7 ﬁ% j%ﬁ%‘gf % T k % jﬂﬁ&%'ﬂﬁi 0:00 1:12 o 2:34 \ 3:36 a:48
CFNICEVBEORBELY &t — R 8 05 8 B 1 (D)

LT, X 3. FPETRRETE% 25 OfF 5 D%k
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3. 3 HE T IR DR 22 28 2 72 EPR JIAE

NGOty N7y 7 TEPRESEZHIETREE v ROBETHHAT 2EFET
JVTHRNT L2 & 2 A, 1RIE y BROFET EPR (E 5O KRE S THAN O R &
7eolm, HMETEIL, CR-39 Z Wy F VY MNEFE[/em®] THEAT L7223, —
v I By MEETIIERTE 20T F X —(KIEEDHERR SN TR 0 fax i &
DEEFHITITE > TV, PEHCd By 7 v 7 TlIy BT 2%, P+ 2131F
—HI/NEL T2y T v FITHHILTWDE EEZ NS, PEHPb Y v T v 7
TIEy BRDY 0. 79155, HPPEFN 1L OT(EEIRIEPE v BT v 7 & [FEED RS
2725 T\ 5, PEHCd THREEZ L3I UL, PE By FT v 7ICHRy D
B 15, WP EEZ 0.07T FI2T2KRbAMBETIERVNEZ X DL,
COXICHOBME L ST D Z LT, IREORMEE I LT D IR ER
NEMAETHDH EEZ LD,

4. 5BORTE

OSL R VR R &2 W T RS SR 31T 2 XERIRST S v U5
O FES Hb TITWHORHEOIIRE 2R, FHEIC XL 2 3 & HE
% T 2 2 & CRFVED ISR O E 210 LS8 5,
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TR 29 FEMRBRRE—E

EEBEES - 16CV0005
REL  PHFESL-EDOA VEREPRESDAIE
FHERARE  THHB

[RERX

1. Umakoshi M., Yamaguchi I., Hirata H., Kunugita N., Williams B., Swartz H., Miyake M.
IIn vivo Electron Paramagnetic Resonance Tooth Dosimetry: Dependence of Radiation-induced
Signal Amplitude on the Enamel Thickness and Surface Area of ex vivo Human Teeth
Health Physics, 113(4), 262-270, 2017

FRFER (ABEHFR. KRR —FK, BES)
1. Miyake M, Nakai Y, Yamaguchi I, Hirata H, Kunugita N and Swartz HM.
In-vivo tooth dosimetry using a deployable L band EPR spectrometer
International Conference on Electron Paramagnetic Resonance Spectroscopy and Imaging of
Biological Systems (EPR-2017), 2017.7.16-22
2. Yamaguchi I, Nakai Y, Miyake M, Kunugita N
Influence of Ultraviolet Rays in In Vivo EPR Tooth Dosimetry
ISMAR 2017, 2017.7.23-28
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WRERIL S ORI E B DA 5T

16CV0006
o Bk 2. Guillaume Vares®, — = FEhE @
a B UHERE - EW, b PERPERT KR K

XABXESOMABIEHRALGAIFTHRIESATVLS, BHHRFEEORHTD
BRARGYEHIFMINTETCLD, BMESHILEYMEIXRABEDOFIZCEH Y.
FAaHEE LTVWABESERS DADS IV HOBERD ZEHERH T
%, DADS [FILERENATOHEDROCADNAERGENARLGN TSN
WEHRBAE DB S TOFFMAFMICREI S TUOVEN o1z, HATHIERME
BLEEBHIHFICBROERTEZS30 L LTHEATOES TL. ZDH T DADS
FHRETEIIVRBEERADEESETEH X BRICE>TEHELD/MEOHEEEZERSE
DUMBENHLEELEHALOMNILT, BE. ERFTOFMEToOTLSA. R
BFICHRMFICLEEE~DHENR M T 5 -OARRELTIREL-, 22T
(FIEEMAECTVRERT X B CTOHEERIERTE /I RERORERL
T DADS OHMEFTO/IMEIEEADIHESNREH D, PHFRTOHEDNRL
BEoHohIL, ISS (EAFRFERAT—YaY) ATRISATWSHEFHROM
EXNRORN D LFHFETOFANMAFEIN S,

(EERAR)

YNORABHTOEMOERIASE FTOFFMRELTE FEFER MR
(MSC) #RAW\zo MSCEREEL. hN\—HSREANEEET v kIC
BiEJT 5, 1 BiEE%., B 1BMEETHN S DADS 24N %, MEEDRESE
B THEEOEHDRTEEER. 056y THREZITLY., BMEHMEDAENE. BHE
Moo L, EhER L/IMEERREO-H 2 BEEERICEE. 2B L.
Ml ESnt-/IMaEitEk. M L71-. DNABE~ADEEICE D EMEMEEN
FHEFOIRINT—EBEICEVERLDIEEZONS=H[1]. BHTIHHEFE
L T Deutron-Be TO RSt & Proton-Be [T & BBBHTD 2 £ T4 > THRET LT,
(#&R)

Deutron-Be [& 10MeV fBIBFE TOLE VI R F—BEHETOPHFRESTHEY
(0.1 Gy/min).Proton-Be [& 2MeV LL'F D H & FH#RD A D B GH(5mGy/min) &742 5,
CDEIBIRILF—DEVHIMARICE TP EOIRK. BHEFIOMRIZE T
H5E2VNEELESHEH LI DR L EOFFMZETH o1z, TDFEER. Proton-Be IZH
(T 5BHDGEDANNMIDREEHELNTOICHELIERIZRWNELEA, £b
SDEEDOPHEFIZDLNTE DADS DHFEMRFBDH LNEN 1=,
SRERITEBEHEZINHDDN AEBEIZDULNT gammaH2AX  foci DD ZEAE.
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DADS “HEIEMBEDMRZFICOVTORHNZTESIFETH D,
(BEHHX)
[1] Baiocco G., et al. (2016) Scientific Reports | 6:34033 | DOI: 10.1038/srep34033
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=
1.

TR 29 FEMRBRRE—E

#ES . 16CV0006

BE  MELESYORSHREERICEYT 28R
BRRE  PEHX

SHEK (OEER. RR2—FR. #FESH)

P Ex

Differences between photon and particle radiations in terms of their biological effects :
Evaluation and protection.

% 55 MEAEYYBZEES 2RI L [Frontiers in  radiation biophysics
utilizing quantum beam technologies] , 2017.9.19-21.

P Ex

FHBEICE TS RBED DD NA AT —h— LIHERIDIREE.
BAMSHREZEFREE6OERE P URDIL IFHIZE T HRIHRHEEZERD -
FEOZEME & FHE-1 |, 2017.10.25-28.
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SOF BRHARIC L S RPEFD ) F7ILE A LBIEBEHDRAFRE

16CV0007
o/MINR 322, #Il #hiBC. {15 BARL°. EF B AE F°.
A ®e. B EfEe
aMEREFR SRR, bitBERZRERRFEMZR. cltiBEXFRERERET 0.
dALEERZEZRREZFR . e dtBEXRZRERFRER FHRER

SIEA=E:D)

NASBEE ZE X RPN ETFOEYMEEERET H=-HICHRE I, EFE
BAhMFEOMAFTENEML TS, LBEXFELEDOHBMARIZELY . B
MF ISV RN EERNTHI L TREBGHHOFEMAEZE®RITTHEH
(SRR NAIRELGARRERFAT A EICLKYBRFHRF IS v I ADIE
mx BT,

IEASEN

PEE. P MFROFTFAEIEEMOMEHEEN—AR T H o =AY, MNRIFJH
FRTIIIEF/NSA =R EDELRIZKY ISV I ANEHT =D U7
WAL LTRPEFROFMAATREGEEB/IDEE G >TER U TILEA
LTHAEFFAENTRELREBRE LT T 7ANDERTSIAF VY
DUFL—A2FRYFIT-tRHEs (SOF #&Hi %% ; Scintillator with Optical Fiber
Detector) AR INTEHEY . 20D SOF FBHEZHALVS Z & TNASBEE 28
(T 5B HFHOFTFE. RATEHHRBE A TLOBEEZITO O L L DI,
SOF BRHENHRIZDWNTHRET 5,

BAEFMAIN TS SOF RS TO—JX, o FL—2AIZCLIF 28T
FDEEFHRNTO—T 2 KEHEL., ChoDERE LS EICKY B
HEFOAFRELTWLWBIN, LML, 2KDTO—TR7ZRHNBHE. 70O
—JDERENELDON  BBRALEANDEENEHELIGZGENEL D LS
BENH STz TST. AT 7ANRNIZEITE R FE#EEZIaL—bF 52
ET2 BREDVUFL—AEDODETEHANTET LR ZHRETL. S
ECCONMASZEZRAVWTEREREFICLLETDHERANTELIHELTAEIR
TLEEEL, FEHEOELEHLL SOF RHBOMHIZHIE L=,

SOF #HEBFIIEWERSBEEZEAL. FRUTILFIALBEZRAGREELT
WSO BEHERIEICHREZICERETHRDMFR IO 7 7 1 ILOAIEH
AIRETH D, —A. RRBFHFRICH L T 5% L& F % FiBMEE & &
LE=BE. CRETORIAANSKE 40 mm I2H D TEBFEE L 942 mm & L
TRLONTVWS BHERTEILETORBICH LEROEFH TR TLHZ LN
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BFELWV:=O, BT EFELEBRETH—(CBETEZ2BHEENARO SN TINS,
LEAS>TAMETEHAIHFRIOTI 7S/ ILOFEEIEEFBMELT. 1L
AERAVRREREICLDIBAPTEFRASTOREZHAA =,
MRER - ER
2BYUFL—A2 AN US )T O—T SOF HBIX. REIDS VF
L—ARIZDOH SLIF #R/MLTWS, LEA>TRHAEIS VFL—42 TIEESH
F&EBG, ML UFL—ATIEBG DABRE LEN L FHEMTIT S &I
KO THFHFERETIBBELZ AT 7A N> THERDAEES
MEMPTTHIEICE>T . RAIENEID ES SHNRE T o= ZEFFI AT EE
Thd, VI7LURELBHEEE SOF RHBERBOBEENEOND LS
2. FACHREHENSA—2ZREBELEZRELEFERZR 1)IZFT . 5%
DERMAELTIE.CNODHAMNIBHELGNTIA— 2 S REIZEINTRET S
ERERARZHEILT D,
KBIZHITHBEBHEFITOT 74 IILOFEILIZIX, LIF FMY—ETSXF
P EBOsHRMRYIFLUD2 DDMBEERWN =742 EFALTz, 7
1 ILEDTHA I Geantd Monte Carlo code ZRHWNV = alL—oa VIt
DEEHOPBE T 1 LA E#ER LI=(ERE 30~50 mm, EX 10 mm % 5 #. &
E5mmZ 1), B 10L)IZKZEL mm IZEWTEZE S0 mm, BEE 30 mm D
B:0s MR TF LU T AIINFZREL-SHEORFHFRIOTI7AMILE
T o TA4IILAITKYEMGEPMEFREL 7.7%E4 LA, FIEMEEIE
1215 mm &7 Y 30.0%D M EZEFRLT=,

1.2 175

(a) ot (b) ‘ ' = h
g 1 %%§% = Without
'TEGS % % %§% ;:‘::ﬁlter
S g
£ 6 $$$ | With filter
o el
[=8 & 140
®new type E ol
02 9 Oconv. SOF ok
0e 125
° *® depth [em]"™” 150 ™5 vt o] 50 ~

1. (@) B L= 2@ v 77 m—7 D SOF g & 1tk SOF #
HER DK FNZ I 1T 2 B M7 oRAEREH, (b) TR SOF fr thi#s CTHIE L
7o, EHALTZ 4 WV Z OFEICBIT 2BV ET R e 7 7 AL,

SE R
[1] M. Ishikawa, et al., Development of a wide-range paired scintillator with optical

fiber neutron monitor for BNCT irradiation field study. Nucl. Instrum. Meth. A 551 (2005) 448-457.
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TR 29 FEMRBRRE—E

REFEE : 16CV0007
BB SOF RHESBIZEBBDMEFD ) 7TILE A LBIEBMTOBHE
BRERE . B

SHFFx (OEFR. KRR —FK. BEF)
HMILthEE, BB, MRS, BIIEHM
Optical photon transport simulation with GEANT4 for the paired SOF detector improvement
% 113 BEFYEFR, 2017.4.13-16
HiLhiE, RBEAER. B)IESM
C-MOS Hh 45 &R = single probe SOF #&HEESDERFIZF IT1=-#E5T
5% 14 A EAHREFRRREEFRFMKRSR, 2017.9.29- 30

1 ER
ML thiEE
KT 7ANAEFEEFEICE OO UYL T 0—T SOF iR 8D E R
JbiEEKFKER
BEH F
NASBEE 4 FREHFZICE T HBPHEFRAMOFTM &S KE
tisEXE
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PVAKI 7 LR BRI & S EFRERIE

16CV0008
OFEH Mo WIIRES, S B e HE Lo FARHKER , ARMHERE"
a: IR IE e S WFFERT
bitE I THERT, oAl ERY:

WEEAX

BH T ERZOM)NBEEL 2 B3 LTz PVA-KI ZURREEHE, PVA J1 kS
AT Y U LADEALKINZ X > THEL D I3 E OFEIRTERRIZ L0 IRV R
IS ERIALFEOEZ R Lo ERF TH D, THETIT XM - T~ 1
ME RSS2 2 L2 0 BOANTHEND DN TE -, ITFE, AU HEP iRk

(BNCT) BEHZHED TWDHLE =MD, PVAKI FIV#EEEOmSIER % B
LT, NASBEE (T & 2 H 7R RS F2k 2 580t U, 18RI & 2 IO 2 B4
THZEEHME Lz, PVA-KI 7V ERHIAE TR CHEf L, B 920k -
A, ORI SRR (PHITS2.88. JENDL-4.0) ITREMIE L O 1R K FEA Y
L7,

i U7z 7 VRt o0 FASHE AR T . K1 9wt%, 78 7 35 0.41wt% T 5, X 1 1%,
R EEBROARRX AR, R =F Lo ORGEM D72 A AR ER 2 AT
-2 IR U7, 7 VRREFT ORI, rTREEE e, BERTIZO 7V
FREFFOWIL AT VI, 7~ b« RX— ) LOERZ W CRRF%Z O
WA E LT,

2 1%, YEFREBREZ O SN EROZ b ERT, T REZIC T VN
RSB LTWDZ Enbnd, K3 &, FHEFRBREZOWRIINASRT N Lz
AT, R 490nm fHTIC e — 7 NHERTE S, ZOWHRICEH LT, BRG]
i = e DRI — 27 OWFEE Ty N UTEREREX 4 12RT, FXELD,
R 2 R < 721 o N CRAKEDHER, WHENELS LD L ERT 2
&R,

L2 L7223 5 NASBEE (2 X 5 HHEFIGICIZZ < O U ~BREEN TN D,
PVA-KI 7 VAT L 2 EFHIBES T T-I10& 72 0 A Z TR L CRAT
5. ThbBK 4 OFEFICITT AL T o~ BROM T ORENEGEEND Z &N
RS D, 5% PYETRRE T o~ BRI D HGORBNCHOWTHETT 2 TE
ThD,
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=’ iR EEt

7

%’//
o

3 v | %4 I B 44 SR R== AR
1 %%{Z’K% 2 EF'l‘i‘?‘?f}im%fﬁ@7/V7f7[§iu+®x’ﬂﬁ

R [nm]

3 PETHRIRES R O A2 kv

0.14 :
012 60min —@

0.1
0.08 45min

0.06 @

0.04 -
30min —,
0.02 @

0 2E+11 4E+11 B6E+11

PHFIILI VA [1/em?

A=

4 MRGIRFE 2 & OWOLEE
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bt FESBMNGTMED-HOE=_ 2 RHEBFBOHARRAFE

16CV0009
o/MIR 22 NE BRA ZAE RO BIE B, B EfMe. EEF &
a MSHREFHR AR b LBEXRFZKRFER EEIFE.
c: tBERFRZR RERFHER

AN

— MM EFIHICT AR EF, RREF. AOVRGEENEET HREN
FRIZEELT D, AMBTIIE—DBRHB[TE - BAhMF & r REFRAREL /N
IWRER SR EATE T 2 . INERI[E T TEMAREEZAR Scintillator with optical fiber
(SOPBHBUICEET S LICL > T, EERHGICE THEHN TR
EZ A AREGREBOMRMARZEMET 5,

L SEASES

AHR TIEMEDR NASBEE R EFREEEZFAL TS, £TARFE
NASBEE HFIiZDFMHEZH 571=6 . BAhHFR, EPMHFRE. v RIEED
)77 L RBEZT oz, BFHFRIEEHEGB*x5%0.01 mmd, H#AEH=
S a)FRWEREHERIEZETL. EX05mm D Cd TEBEEB =B TO
B EHTVOWCdEZRAE Lz, vy REETEDIHFREMES r REREOFT L
Optically stimulated luminescence (OSL)#& =&t (InLight, kXS RHES V4V
F)eFEALTRAEZIT o>z, EPHFREF r REEFDPHEFORMBIZERED
HAHEBFE(L cc, IC-17A, Far  West Technology Inc)IZ& 2 TH LN =RINEE
EFHEFELryIE)N L. OSL REMHTHONERE(Y R ERET S LICL
S2TH#F L1,

AZEERTIL 4 MeV @ proton & Deuteron % FAL = °Be(p, n)°B ki & °Be(D,
B RSICEBDHEFZICEFTD) I7 LUV RABEFITo>-. TNhENEE
25 % source to target distance (STD) 1000 mm [ZERE L. BRHEEB/EHIZIXEE 70
mm ORYIFLUPE)ZFHRELT-, CDEESHRHEBF[AAHIZHKET HPE T4
IWEDEEEZ0~230mm ELLETE. TAhETNDOESIZEITHEPHEFR, &E
FHEFRE. yREEZRE Lz, FLENENDOE—LEH TERMEFERN
RREGEDHPE TAILEADESIZENT, BHEEFFILMNS-150 ~ 150 mm D
BIZE5TR 774 ERE Lz, -, TOEEBREY 7y TITENT
STD % 800-1200 mm EiLSHBEZITLY, COFCdEEDBIEBITo1=,

WHwREER

“Be(p, n)°B RIS & °Be(D, n)°B RIEZNENICH TS, RIHFFTHD PE 7

AV EICIEKET DEFHEFR, vy RRE. EPEFREZHLIICERY ., &K
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=111}
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DEGEFEILPE 7 4 JLZEH °Be(p, n)°B. °Be(D,n)!B RIGIZHEWTENE
fL30mm, 40mm DEFIZ 3.25% 10% /cm?/s/uA, 1.45 % 10°/cm?s/uA & L TH S
nt=, °Be(D, n)°B RIGIZHITHELAE—LERY-Y DD HEFERIT *Be(p,
n°B RIGIZEER 446 £ ThH D, F1= Cd LblE °Be(p, n)°B. °Be(D, n)°B KRk
BPLWTENEFN 501 &£ 476 THY 48%DENELT=, —A. vREEL
°Be(p, n)°B. °Be(D, n)B RIS TEFNEF N 25.8x102% Gy/ni, 44.5x108 Gy/Ini TH
Y. BREFEE(E 34.9x107° Gy/ny, 72.0x102 Gy/iny EWSERENES 2 1=,
°Be(D, n)!°B RISICHITHHEMEBPHFREF-VD ¥ REELERFHEFREIL.
FNEFNLT2EL 206 THZ, LN >THIEFIEOHEEEL-BE.
Be(p, N)°B RIEDAN ¥ EBFHEFDREABEDLLENETH DS -OHER
ICELTWAEEZOND, B FRNRKIZAESD PE 7 1 )L2 ZHRHERET
HmICERE LGS, BhEFRABHEFROLIIX LT 95%LIKN &GS HEiEIE
°Be(p, n)°B. °Be(D, n)!’B RIGICHEWLTZENZEAN 110.7mm & 107.3mm &2 Y,
ZFDEIF3.07%EFEBITINSNERNE LN,
HERESEROBRYE

NASBEE 128+ % °Be(p, n)°B. °Be(D, n)'B RIGIZH TS EFi5DTM %
T2 §FEIX LV UVAALIZBONECNMODFERZTIC, KDL 24
LTIERAFE L1z SOF RHEBOBHERDTH A U, FHBEEREZITS,

gj0.4-H-\H-wH-w-“‘|"“,0.3 § e B e B I s I
by 9 9 1 [y 9 10 ]
2 [@"Bepn)’B e cpy 2 16 0) BeD.)TB e iicpy 3

[ 1 0.25 [ 125
5B gaf,e"e ~mOSL(y) | o 5 [ . Feosty 1T g
= 1°° ——1cOoSLmy 402 2 = 12f"s . —+—IC-OSL(n) 2 &
= [o %4° e Gold(n) | S £, e e Gold(n) | 2
X 02&%, ee 4 015 @ X 08—.t '. 1.5 &
= t ] — = o= —
> [ ‘; * Q = I = * ] Q
é r = L ] 701 ‘S* _.’% [ t‘ e & 71 ‘S*
= O-Ir.-.--:‘ . e 8 5 0.4L * . 1 a
g I L 4 0.05 e LLTTTT T ® 405
= = = § 4 1 = i ! = 1
z | « . 3 : iy
= O.H.\H.m”.‘.ﬁwn.‘n"o = 0".”|.H.\H‘.m“.‘+‘."0
E 0 50 100 150 200 250 E 0 50 100 150 200 250
3 Polyethylene filter thickness [mm] E Polyethylene filter thickness [mm]
= =

1. (a)°Be(p, n)°B &I & (b)°Be(D, n)'°B &1 & % NASBEE i FiBIZH
(T3, BRHEZBATHD PE 7 4 LR BIZIKFET BB EFR(N). v REE. &
hEFHRE M), R D IC (XEREF (ionization chamber) TOBRIEHERERL
T3,

S E Xk

[1] M. Ishikawa, et al., Development of a wide-range paired scintillator with optical

fiber neutron monitor for BNCT irradiation field study. Nucl. Instrum. Meth. A 551
(2005) 448-4517.
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BNCT i FE=4—DRHR

(2016-009)
offHi 5%
FREEBIERASH

AR U F#PE - fEETE (BNCT: Boron Neutron Capture Therapy) &%, AU FE L
B ORISR U T A~ Z A — D % 52 2 UL T
&%, BNCT IGIFEEE O QA (FWEMRFE) & L TIRRERTD B — A E OREBFZE
N5, BUE, PHEFHIITEE L TEOBIHBIENIL Hn s T 2 035 1lE
FIAREHER 7D L0 BECEER2FENRS LENTWD, FEREB L

(BR) TliZ. BNCT B DMK %31 -> T BNCT HEED QA M IicH+E =4
—xBLTVD (K1),

AlEl, NASBEE ZHWCHMETE=4—DFAFI v 7 L PEFM LT, &
BREE AR B R A AR T A 72U AMeV BB E— L&A L, BETLE
WA EZRESEAT-OICRY = F L o7y 7 Z2FEERE LTHW, #
—7y I BAR Y =T U EERAEE E TOBEBEL 30mm L, R x=F L
Fm b AR OEEET 30mm & Lz, &Eoh B EMECK e
Liz& 2 A, RBEHAR TIXE — A EHEA 300 2 A OFFZH 2X10%n/cm?s @
BT REG LN, AR 2HOXA T I v 7 LV VEERT L0, B
— LEIMEE FiF 25 2 & T 2X108n/cm?/s OBHYE T E2ED | S BHICH—7 v
N BIBGE AR £ TORBEAZ R4 IR D 2 & T 2X10'n/cm?/s D EAH -
BrZ 3BT D E & FEhit L7,

BB OHMETE=2 —3HEOT v XV ZF->TWbH, ARERTIL 2 XD
SR Z R L ChtE e =4 —o T 50 F 7 FL— k&K
SHEEIZ XLV RIE LB s RoBfRZEZ[ Lz (K 2), K2 2373 L9
1.8X107n/cm?/s 736 2.2X10°n/cm?/s DO THRIEHENMET-N TR Y Bif /ot B4
BoNni, EAEKKTE B o BNCT /EEERE T 2X10°%n/cm?/s DER
e 752 AR T X D, ARl FERAERIZ L 0 B O£ =4% —7 BNCT
EEO QA WZHEMHATRE/R Z &R S iz, LorL., 4% BNCT ZEE O /X
B L T ZERTFHEREND D, S OICHEWFETIFICE O TH RPN
RICIVT WD DMlERR T DD B D,
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YNXEBRICEFTEHEIVALAEEIUR MO VF O LOSERRT

(2016-012)
9H B, Bf Hi, B9 B
PURKSASE &HEEHSHEY WRMEER T EHEE

1. IICWIT

2011 FRITHAE LTS3 — R )R EITHEBUC L 0 | ZRARHIAR (TR L 72 ik
FHEDE T A (Cs) OERESCHEENIIT & A T SN TR LT, R LRER
IR\, FRARHIHR O Cs OBIREMATICHT- 0 . BIAHIIRIZIS T 5 Cs OEhED
ENTIXEE Ch D, KR, BIARMEO T CHIEMITAE (BH) ICEERKE
PHR-LTWS, K5 “C ITETFTILE LTYARFOERZ V., Cs DFETT
BEL, ~A 70 PIXEHNCLY CsoxFE~y 72 lE+TH2 LT, s
CTHRIEHTH 7=, EWICHIT 5 Cs OEREZfiFA L7,

2. EBRFGL

PR EE T BB U7z @il & Lo — 23—k (Ultrapure Cellulose Sheet) &
FERFEHO FIZRREL, 20 RIZIEMEAREFEL TR 325 UCS IEZ W TY /SR
WariaE U, A NIEmIcRid 5 Cs OBMEOMNTIZE 825 T, BBV RE S
7RI ME Cs 2 32BRIC V=, 50 mM @ CsCl Z& e FE R EE il b — LB Hh
(CsCIl HEFRMOFERELH) ZVERLL . UCS 12 W T S Ea R85 % ., 383 LT
WIRWER 23R B I e 7, AR TR A LT B Rk o 2 i L TR EE
FICI GBS S =15 BRSO BB . ~ /271 PIXE oW &1T
VN, IR LT,

3. MRBIUEBE

CsCl Z & Telr i TSR LB (K 1) L ha— s o fEK) (K 2) 0374’712
PIXE S5 #T Dl Bz bl 7= 24, CsCl Z & de ks T L6 Tl B
PRSIz, ZOFRER SO OEEFRIFIZ Cs ™A XA~ F12 3% ﬁ
LIeZEDRIB STz,

Cs & K IZ[RILT Vv AHVEJE LR ThAT-O [RIER OB REZ /R A HEMED D, CsCl
Za B TR LT N EMIZ BN T, Cs DIFERMIIT K LRI TH T, Lo
L. WO ELMENICIETEL TWDRIEEMENHY, K & Cs 23 \FOAERTRIIZ
BWTREROZEE 2R T ONE BN T HZEILTE DT,

F70. CsCl & Telih ECHEFRULIZAEM TD A Cl DNBE IS ZEND,
CIE Cs*ERIRFITY A0~ FTITE L CODZENRIB I,
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Ay

AWFFEILE NS 28 TECD T AERICBIT 582y ADOBI BRI 21T > 724
FLTHD,

E

20um 947008 PO Cs La1 (NIRS) 20um 947008 PO K Ka1l (NIRS) 20um 947008 PO ClKa1l (NIRS

Cs K Cl
2. aIVhR— VEHTERLIZY NSO Cs, K, Cl DR~y T EiR
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TR 29 FEMRBRRE—E

EEEES  2016-012
REE IYNXEMIZET B DAL UVR FOVTF I LDERERRT
EEARE  ZABMN

FRHFER (OEFEER. RRI—HKR, BES)
1. FOHELKL. LAWK
O LDTEMDERERICRIFTEZEDRET (FE21R)
BARTEMFEERE 58 [ (2017 &) K£, 2017.9.15-18

PR X

1. ZEAHmMN
T LBNYNFEMOEEEEICRITTEZEDOREN
RERFZRZREGRERFHEREYERVFEL
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T4 PR IIVERAMY 7 FIS5—5 v FOMBEHREREL B

(2016-013)
ot —IE
FEAY

VTAE D M-E8R AT O FEEIZ XV, VLSI(Very Large Scale IC) &M L, @Ak, (K1
BEMEEERLTWDEN, TRICHENY 7 b7 —ORBER IV HEIMEL TS, V7
F=Z— &L, FHBRHRO ST XX —PE#7e EOmRIZE D £ L 5 —Ray 7R Bl%
Thsn. PHEFHENP Y 3 U EHDICERET D EBSICE D ELEEFRAEL, Z6N
KAy —RIcEES., T7HLHEELE L THBHSNZORBREE L TAE DR EDR
BEFOMPES TRIFEND. ERIFAE) VAT ALAETOY 7 b T—IZ[R>THE
REMETHD &SN TE7. L, IEED VLSIHEERFICB W TR Ic BT 5 Y 7
R —IZB L CHEHETERVWMEE > TETWD. HRELT, AFr—AF o0
ST VLSHZ B W T NERIIREN IR I K 5 = 7 — I3 DR VN6 TH D, =
OREERHET L, ZLOMRFICL-TWMY 7 =7 —FEMERINTE . £<
DFETEBEDOT NA AL DM 2T ZERRBETHHA, ¥Ia2b—ra BT T
Rl TN TN D Z & B AR < 72 [1,2).

RIS EBRIIWER DO FIEOZYMERFEEZ B E LTS, #H07) v 7 7a vy ik
ST SNV 7 ML URFEZBI LTZT v 7 H2ERLTZ(X L, 2). #hZFho7 ) v
7y I T v TFOTAZ AL —TEEIC L VRSN TEY, Y 7 b7 —MHT v
T EMPEDEEN ) —< VT FENENTORMER ST 2 [HEZ ik e L THW .
PEFRUTESE Sy = SN2 TF v I~E RN LTz, EO/RRE, EkFEDT I 2L —v
3 VK DRHMBOZ SR O, BRMICK 3 IR T Lo, MY 7 h=T—1T v
FDICE)Z HWTHR SN 7 ) v 770 v 7128V, B — A58 320 u A O k1
RN L CHL= T —ORAENAL N1 —F, MiHEDOE T »~ F(NORMAL) Tk
EN7V w77y FIEE—ABEIRIERH L T T —BAMEZ D 2 L AR TE .

SE 3k

[1] Kazuteru Namba, Takashi Ikeda and Hideo Ito, "Construction of SEU Tolerant
Flip-Flops Allowing Enhanced Scan Delay Fault Testing," IEEE Trans. Very Large
Scale Integr. Syst., Vol.18, No.9, pp.1265-1276, Sep., 2010.

[2] Yoichi Sasaki, Kazuteru Namba and Hideo Ito, "Circuit and Latch Capable of
Masking Soft Errors with Schmitt Trigger," J. Electronic Test.: Theory & Appl.
Vol.24, No.1-3, pp.11-19, June, 2008.
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