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ETHEZERTMRFARBEERFTREZREARM(EWHRER OFEMRBFRICIE., &
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,

AARRETIE. "Flp, p’ PF BRIGICKYFET DB I RILF—DIEL 110 keV DA
H* #RIZEB L. BEFEDETTE PIXE 547 CdTe 1R 28 (XR-100T-CdTe, Amptek &) Z L
F=7vEDT (-0 PIGE HHTHEMTERFEL. 2016 EEICITHEZRFIABTDTL V24 LIZTER
EEShBETIZESTLVS, ZLT 2017 FEIZIE. *Flp, p' P'F RRIGICHIBIBDIRVERD
HIBLEEATFEET D (HIZ X 0935 MeV, 1.421MeV, 1.940 MeV, 2.322 MeV, 2.563 MeV, 2.783
MeV..etc) CEEFAL. 2o TRAVIIEFRDOMEEERIEETICEFEHBHAEL T, MNEHL
FOIRINF—HEHMEREZEZEREL, BONTRBEICDOVTHRE L =, TD 2017 FEORE
Tl%. 0935 MeV, 1.421MeV, 1.940 MeV, 2.322 MeV, 2.563 MeV, 2.783 MeV [ZHH % T35 6 DD
HIBE—VZEAL TV, 2018 FEITKREHRITH 1= 29 MeV~3.4 MeV DEFE THIGE —
DDREFEED . FT=Z 2963 MeV [THETHIRIBE—IZ BT EHIENTE-D T, TOHE
RIZTOWVWTHRET S,

<T7vHR OB EEFALI-TRILF—HEXHERIE >

LTI REDFTRAVIRFENFZE SN 18 FHIIZ Lilp, n)'Be MRIGEFIALT-
MEEZEEDKIE (23 MeV HED 1 R) BNITHNTLE, 90° K TEMA D#IEE GVM
(Generating Voltmeter) D AIFEEZREE T 5D A T. NHEALFD T4 )L X —HEHE BRI E AT
hTWiEh oz, I T, ZVERDIAY0 PIGE D HEMFISAL. BFROIRIILF—% 08~
3.4 MeV DEFTEILSE ., FIRILF—IZTHEWNT *Flp,p’ P°F HRISICKYREET S 110 keV
D HRINEZBIEL ., MR FOIRILF—HEMERIELTERLT-, CORBRTHEON-T—4
[CHEWLT MR RJLF—HFIlEE (RERE) EEM D EIBT R I)LX— (EXHE) 2 ¥ YO LB ZE1T
L IR OIEIRIILE—DIREERIIT 5,
KERTIE, #—7 v dTvREEFTHRERAMEL T, a3 F )L PIXE S TEEIC
BLTAKFEEEFIZEABNELTHAINS. BRMED SrF.2=1—JR7I4)L3—L
([ZIR7&E (BHE L. #9250 nm [B) S €L DZF ALz, COBERBHIHL ., BETER =% 50 nC
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EERIT 50, BASN-2 T DORBE—VENENICHIVRABETI1vT1T %
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1) M. Oikawa et al., Int. J. PIXE 25 (2015) 215-223.

2) 1. Zamboni et al., Nucl. Instr. and Meth. B 342 (2015) 266-270.
3)A. Caciolli et al., Nuc/ Instr. and Meth. B 249 (2006) 98-100.

4) A. P. Jesus et al, Nucl. Instrum. Meth. B 161-163 (2000) 186-190.
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oAETy . FHIBRC, BFFHC. LREE . RJIIFF—?
2 BAHRES B A TR
b: FEAEALEMAETEN. o FEASASRESHELR

BEERAESBRIIHTHIHMHT T OFLEK, BEVLELGEDRFEES.
JAEA KEERICHE T 2L ITHEA D E. DT 0TIV =) LG ERBREY
BEEUFERKOCEEVO _RMLGERFICLLIED~NDFEOHIETIHEER
SN(T s, HEKEOEREZICHAT SREMMREOEEFENROLNT
W5, BIZOS U, MEEESHICNmAtEEEEZEL. Y5V EBEICET
HTRKERALEEFATEBSENECDZEMUMAS, BIERAD S VDR
Ko IC X DHIEIERBIEAREZERAL TOW K BELNH D,
HEELOIXCINETI Y MIAT RIS ZIILBRERBR LRG0
E—AICKBENLXBOHT (X490 SR-XRF) I2& Y., BiEOELR LM REE
(S3FRHMAE) ICITHREED 500 BULDELARILDDIS U RERNEET S
ERAFER, COVSUBERICHTEIA I A XAFSAIEIZE 2T, 950D
FRILIREEDN DS ZIA A UM HEILTWA I EZHALMNZLIEE, DSV BE
HI_HEFTIARMEMELRTHECZTORIEREEELADS VFRFIE - FEE
DILEBEZILFSISELTWS I ENEZ DN S,

ZITAMETIE, BEADS VREROKREFEHEEAFERRTERZHL NI
T5=H. YA OSR-XRFIZMATYA YV APIXEIZKYHISUERELES
v FERICETIVS UV BLUHMETRTORERITEIT 1=,

SEEIIHES Y b QB ERDICHBITEED, BFBEYS % 05 -4
mo/kg NDEIETEIE TICRE L. BAMICESILTEREY Y TILESE-, BiF
BEHEOEZEDA (lopm E) #/R) JOEL VIRICESE, ERRILE—(C
BRE. ¥YA4 V8 PIXE 3tHE{To1z. RENIBEHELYBEEIZRA ST 500 um x
500 um $BEEBICE A BEETAF vy oL, BRI VEVTEBEL, 2
JORUIRILF— 30MeV, BEER 02puC. E—LHYA X 1um x 1 um D
EHUTITo1=, 5 3-4 58 S3RME S AEE IS L 1=,
2H&V4mgkg DEAEETILOESHREH (®5%38H) ITHLT.
FI34MEETY Y, AUDL, ALV DLDBRESIARE SNz, SHIZES-
4 PEIE % 250 pm x 250 ym FEIBEICRAF Y U L, FHlivvEV I ERBFLIZEC
BN AUDL, AL LAEERET HREMNERETE -, RUREERE
EI%kE®R 14 BH-YhoEEICAMNSH., BEBHRIZENTE S S3 R
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ERNTT DV URFEEBIZE) . AV DL ALY D LEDOREEDORIE
NELNt-, R—EEIZ DT A4 0SR-XRF 21721 & 2 A, 1000 pg/g &
BRI VEEHOBERENREINT-, COLIBEKRIRSUE—Da Y
BROREDHHRELVI VEFOBEZRZHALONZLTLL . SEE—FRE
UARBEMIITHYA4 8 PIXE £ A4 0 SR-XRF DAEHEFEFITL.
SRSYE—L I UBRBEHOVS VEBITOVWTHARTRELNHDEEZD
nt-,

HEE
AT R D—ERIF ISPS R FE 16H02971 DFEBIF 2 (1=,

SE Xk

[1] Magdo et al., Environ. Health Perspect. Nephrotoxicity in a prepubertal child exposed to
uranium from contaminated well water. 115 (2007) 1237-1241.

[2] S. Homma-Takeda et al., Uranium dynamics and developmental sensitivity in rat Kidney. J. Appl.
Toxicol. 33 (2013) 685-694.

[3] 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.

[4] K. Kitahara et al., Uranium XAFS analysis of kidney from rats exposed to uranium. J.
Synchrotron Radiat. 24 (2017) 456-462.
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2. REEN
TAVBE—LIZKSY T UEBANEEEN - HBHHOTRINIZTE TS SR-u
XRFS = ¢ XAFS MIFIK.
Nanomedicine BFZE3REX S, AT KR, 2019/1/10.
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a: MEHREFR AR MARESTORARS EESFHREBIMRET—L
b: RMRFEXFR EFUER WO FHEFK
CFHEXRE RFM AVERHER
d: BEXFE BERREHZEH BREHNFEHR

HEEARX

ffFgeiE, HIMAC JERFIH THED 5TV R 782 R L 7= B REFE -
BB B OFMNEDIERIZ L D, FRHREOHEZ BN E LT 5,
HIMAC SLFRIFHBFE CIIB/EE IO I\ T RFHEMF I8 F i S 41T
W5, TTIZRONOERENELNTEY, £ ORITUBEE B OFENT
RZZTIIA DD EA TS, (LD OTERILEEIZIZ TN E R D
RO N BILTWDN, £ ORITIE—ARANITFEFICNETH 5, M=
WOHET 5 PIXE (2 L AMENTEAMNIL, BRREEZ 2D v v B T HETH Y |
ZDOMTEENIZ E ThE, HIMAC TOZLERFEHE L PIXE Ik #E~ o v
VTN R ARG DR S Z LI LY, BUEED STV A RIFEMRIC BN
T, K OFEMZR T RIRRIC /2 2721 T <. BTLWENTHRIEOEBINIC L 2 F
FEFIC D FEME D2k T T DD Z ERA[EE b tE L NS, £ I T,
AFRETIX. HIMAC $[FEFIHCOFEFRBETH D J501 E T Lo T
WHHER), KOS 1% BRET 2 fRET L O DY) % H 0 3R AR iR AT O Fst
AT o1,

AAEFEITRT 2 (8], 23 3 MOt MT 2 L <, HIMAC fEBEIZHBW T
EBICEREERICHN LN TWA YA XFTRXFDIE, A X7 LA5%DER
RIBHERIZ DN > TV DRI FH e EO R~ v B T 2Bl eolz, o7
STV 2 ERIL . R ST BIIEZ1T - 72, AEERTEIO T T,
IR OBICHW = v T 4 v TR — NICHRT 2 ESRE (T) I2X 2153818
Z 0 VE DR A
ITHoZEMTE )
- 72 (Fig.l), D7 K ;
DRI T 4§
TR— Fe&Bi5Y:
ZEZIBRWVH DI
B LT,
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WEAEREIZ B SR T TR (2R Y, B, A% KIR) 13, Eal
FTIIRETDRE~OERED K OB EIRE D Fe DFED RAED R S
Nz, I XV ZONAAOMHEBICENH -T2, £ < ORIV TR
WZZ < DI RTIVBFIE L TWODENHLNI o T,

A XFAFOIEOMHTTIX, EREE L Bl & O THEFESE O BLIETZE
RIENER SN, TD72, AKY 7 VI U TILRERE L v Alsr L7- 18
ELTFHE ROSEBIIAEN L VM2 ED 5 2 L Eiroilz,

A B DRI TIEF RIS H I > TERBEEO KX Ca ODER & ZEsy
~D Fe 7 POZHENRO NIz, 7272 LEF L EA_ERICERE O Z AL
SIFBE SN ol REELSISHE Tt /7 aDEFRICED
EWVIZOWT ORI ZED DL TETH D,

SARRE IS (F—Y, FR) IZOWT BT 21T - 72 (Fig.2), Z=—¥ T
[FHREFFRIC Fe OBEBREOEBMPRO DT, T ADOENT ClI, £EHD Ca
DEBENEIEL TS Z EDRHLMNI o7, BT AOF O TIE 13
JEDIZ Fe & Ca OFMEN F 72 28RO bivTe,

LAWY o L OB T S, PIXE OO I03 5070 O i Vo) fil ke
EEBMIC X RIS OREICHKI T 5 Z LN TE 7, ZORREIE, J501
FRRECHE D D BN TE O RF R 72 7T FEED—D2 & LT PIXE OF M EE R T
LOTHD, 5hbol XX BRERNGHIW I EOTEED, 44 E— A
K ORI LT ERARZ W, SR E2 A & T DHEREMNT O rTREME 2 e L T
WS TFETH D,

= o
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FHMEAFERFR (81)

13



14



~REE GREE S P16-TYO01) ~

PIXE 2RI &k 58 LENER DEWATES H - RIEDERT

(P16-TYOO1)
okl $EHI e, B TF o BE R RN F—0. RE EMO
A HRPERSE
b AR E S48 S T2

WEE, 7 (Plecoglossus altivelis altivelis) D& RE(FE£EMIZHEAMER I
HY., TLOREPLEREEICVHELGEBMBDOEENRDLN TS,
2. 71OABIBECEREERORERE. 712EROEMIZAIFT-EEAED
REICTARTH D, TZTHRHARIE., FLERENSFRA I TOSRIIKRI
yERUEZENCERTS271DOREEREZHEL. EREEICETHIMRZE
IREFTBHEFBME LT,

AR TIE. BEEOWMEXRRSTEBRAGRITERAWLT, 710OEERERE
EHELz, BERIFAEOAEICEEINDIRBHAILCHLOERTHY ., A
BEREMNSIYAFENFTRARODAKITEET S ETRET S, BAKITH
KEYH SrEEMN100 ZULETW =6, BKERKETEERITHELEEA
TlX. EAD SrEDEILEZFARS L CThRIEBREZHET HEMNTE
%5, ¥z, 7AOERIZIF1BIZ1 KT OHREAEREMEENSBHEIEREIND
=z, SMEBDOHEEOCAREENAIETH S,

R4V BPIXE . BWMIBEREEZELTEY. TRORBMAHEEREL
LTW3, £z, ZRFDDHI Y TH#RIBFICMBTE ST THL, JEHE
DD TILEZYBRLAWSZENTES, ChbDEMEE. KR
THWET S, PHTTERDEEZELERICA NS LEEOMMEE L DBEZRD
PEICRETHLILEEADND,

AHETIE. MELTRIWICTA I OPIXEZEAL., BEARNOHBILET
DSrEBEDEILZNH LIz, £-. BAHGZEBTHHTSELEE12. SID
REZEERAIGSES S ETHRFEFRREAIEFTHZHE LT,

RA4VBPIXEIZKDERDSA VA - IvEVT DR, #y BERHEE
K, ZEIFERBEKRE LIS, BERAOFLET SrEEOS L EEARD 5.
BABTIXEENMET T S ERNHA LNz, CNDDREELEIL L BERZ X
IEDE. My BEEBERTEEICETR, ££TH 183 BTHNI~ND# LS
B L. My BBUKIEECEMELEALGRRELIZZENHLMNCHE 21z, —
. BEN7EEBEICERTE., FIeaEBEARTIEERTYN 120 BT, #HE
AHEHEARTEERFEN 103 ATANANOHBLZRBLTWSEHESL
fzo CNOEBINT71IDOHERIE. RITHAEICHERSEPPERIMETHY ., 72
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DOEEDORAIZHEZIE, 10~11 AORHICEFENF-BEARTHHAIEEEINRIE S
nfz, SMEBDO#HECERBEORBEFMELGEIL. SELVEHMLEITEERD
HENH S,
ARIRKBICOVWTIE, My BTIHEREROBKEIZL ZRNDOERNR
onf=—A. ZEENTEERISLERMBAGKETRZN., KELZXBXED
BL{BEBL T, £, AKRMNMETEON., TLHADEERTHLHTEE
FEAEELTUL . CALDDBEIXZ7ANEAICELEBECTHY . EINSAT
ELTHIRAESNTVS LML L ERREDBATEELANTHSEEZD
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EEARE  KEED

FRHFER (OEFEER. RRI—HKR, BES)
1. HHEE FERES HAZEF RIFE— RESED
RT 4 7744 (Eichhorniacrassipes) 125 T 5B VAN EBEL ZTDEE—T 74 ML A
TA4I—L a3 VDOEBHAEELT—
ISFAERISRE 22 B K% (2018) , 2018.9.20-23.
2. KIWEHEA - HiREF - FERR
FIKRM s BRUOEBINZE T 27 1D EEERE
NOBEXRRE BEREHE) ,2019.23.
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Analysis of radiation induced bystander response by COX-2 induction in
Ab549 human lung carcinoma cells

S18-AKOO01
OAlisa Kobayashil, Daisuke Ohsawal, Nahathai Dukaew?, Narongchai

Autosavapromporn 2 Tengku Ahbrizal Farizal Tengku Ahmads3, Teruaki Konishi?

1. NIRS 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]. Using transwell insert co-culture
system, we demonstrated that COX-2
induction in bystander cells were result of
PGE2 produced and secreted from the
irradiated cells, which expressed COX-2
as cellular response caused by radiation
[7]. However, this method excluded the
gap-junction intercellular communication
(GJIC), another major propagation of
bystander signal which further clarifies the
media mediators underlying the bystander
response. Therefore, in this study we try to
evaluate the relationship between COX-2
expression and radiation resistance in
bystander cells through GJIC with
irradiated cells using SPICE microbeam.

21

[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
100, 250 and 500 protons were delivered
at each point.

[Results]

As a result, with 100 proton irradiation,
COX-2 protein expression shows a
maximum at 8 hours post-irradiation and
it was significantly higher than the control
until 16 hours post-irradiation. On other
hand, with 500 proton irradiation the
maximum expression was at 16 hours
post-irradiation and significantly higher
than the control until 24 hours post-
irradiation. However, with 250 proton
irradiation, there is no significant
difference with control in all time points.
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[Conclusion]

COX-2 is expressed in bystander A549
cells by proton irradiation and the protein
expression is dose dependence. These
findings suggested that dose of radiation is
important factor in altering the RIBE. For
next experiment, we will confirm whether
there is a correlation between COX-2
expression level and radiation resistance
by X-ray radiation after SPICE proton
microbeam irradiation.
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Studies on radiation induced defensive intra and inter-cellular response using
SPICE-NIRS microbeam
(S16-10L01)
Teruaki Konishi 1,2), Alisa Kobayashi 1,3), Daisuke Ohsawa 1,2),
Narongchai Autsavaprompornl,4), Tengku Ahbrizal Tengku Ahmad1,5),
Cuihua Liu 1,2), Masakazu Oikawal,3), Jun Wang 1,6)

1) SPICE-BIO Research Core, NIRS-International Open Laboratory, 2) Dept. of Basic
Medical Sciences for Radiation Damages, NIRS-QST 3) Dept. of Accelerator Physics,
NIRS-QST, 4) Chiang Mai University, 5) Malaysia Nuclear Agency, 6) Hefei Institutes
of Physical Science, Chinese Academy of Sciences

Objective: Direct exposure of the nucleus to radiation, is the primary cause of various
radio-biological effects. However, the cytoplasm is equally exposed to radiation during
treatments that result in activation of intra-cellular response. Thus, the present study is
aimed at investigating 1) whether cytoplasmic irradiation affect DSB repair, when the
cytoplasm and nucleus is irradiated sequentially, and 2) whether the cytoplasmic
irradiation alone is sufficient to induce DNA double strand breaks (DSB) in the nucleus.

Material and Methods: To distinguish the radiobiological effects between nuclear and
cytoplasmic irradiation, all the experiments were conducted using the SPICE-NIRS
microbeam (SPICE),[1] that can target precisely the nucleus (N) and/or (C) with desired
number of 3.4 MeV protons. We examined the kinetics of DSB repair in WI-38 normal
human fibroblast cells that were irradiated by microbeam targeted to the N, C, or N+C.
Cells were fixed at 1, 4, 8, 16, and 24 hours post-irradiation. Subsequently, they were
immuno-stained with antibodies against y-H2AX, a DSB marker, and imaged using
SPICE-Offline microscope system to quantify the residual DSB in each nucleus.

Results: Microbeam irradiation induced significant y-H2AX, directly proportional to the
number of protons delivered per N. In the C-targeted cells, y-H2AX levels did not increase
significantly, compared to controls, 1-hour post irradiation. However, 4 hours post-
irradiation, y-H2AX levels were significantly increased in C -targeted cells, compared to
non-irradiated controls, and the increase was proportional to the number of protons
delivered. Cells irradiated with 500 protons per N, showed lowered residual y-H2AX
levels in N+C cells additionally irradiated with 500 or 1000 protons targeted to the C, 16
hours and 24 hours post-irradiation, respectively.
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Conclusion: Our results suggest that cytoplasmic damage triggers enhanced repair of
DSBs that are induced upon nuclear irradiation.
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1. Purpose and specific aim:

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. The radiation
studies outlined in the project have been initiated during Run at the SPICE-BIO, NIRS-
QST during FY2016-2018. 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. To investigate effects of bystander response on cancer cells and normal cells after
proton microbeam irradiation under hypoxic conditions.

2. Abstract

Increased understanding of radiation-induced secondary bystander effect (RISBE) is
relevant to radiation therapy since it likely contributes to normal tissue injury and tumor
recurrence, subsequently resulting in treatment failure. In this work, we developed a
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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 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). Cells were co-
cultured before harvesting and assayed for micronucleus formation. The results of this
work showed 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 AGA.

This novel work reflects our effort to demonstrate that GJIC play a major role in the
RISBE generated from the primary bystander cancer cells. These projects were
particularly successful since some part of these work were accepted to be published in
Radiation Research, titled “Emerging role of secondary bystander effects induced by

fractionated proton microbeam radiation.”
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HuH7 fildz~A 7 n v —2 M7 4 v ¥ 2l T 5, 74 v ald 7 4 7 X%
JFra— NE{TR 5, MG be— RS HRE AR S O IICHIlash
R EBRICOW TSR T LT,
AIRIIHERE L BRI 2RI F 28 A, S 512 1 HRRICRIRFEREZIT/2 9, BE
% 2 FERARRIZIEE L. gammaH2AX Yeta 21772 - 7=, Flia o MR 21T O AR R
$Td gammaH2AX @ Foci DR Z1T70 o7, S HICHIRERAE T 5
celltracker =i L. FAQE MRS ORREME G R L, FHEFEBRICEHL > 22 &
PR LTz, R E AR HOW I E 23T Th 5 2% Huh? il L 5
SPICE BRI FIEETH V. 4. AGUIX FHIIIZHWD TETH 5,
(&7 3CHK)
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1. Sancey L. et al., Br J Radiol. 2014 Sep;87(1041):20140134.
2. Porcel F,, et al., Nanomedicine. 2014 Nov;10(8):1601-8.

40



~REE GREE S :S18-TNAOL) ~

FR 30 FEMRBRRE—E

ZREES : S18-TNAOL
ERER  RETRIERRME T/ R FOMBEREREFEICET MR
EEARE  hE Hk

FRFR (ABEFR. RRF—FK, BESF)

1. T Nakajima
Radiation effects and lifestyle-related factors -Approaches from stress-induced biological
responses in cells and animal models-,!) 3 V KRBEMERRHMEBEICH T HBFHEE,
2018/7/5.
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RUT—FIBREHZRAVE-HEFRENE

(16CV0004)

oAt $Re. FHFH MO, MU AL /MR =P EH FO. EE FO BEFES
a: BRERIERRERHZEXRE
b: MAREFLEMERR
C: ZPEIERKE

ARARTIN—TTIRIEZREFH TH LR T—FIILBREFH (T ILREEH £
AL, PEFIZOMSIRESE - FEZTo TS, FIILIRERH T 3 RTiREAR
ENAREGILRIREF THY . WEMNRERIZE TS 3 RBHOEORE

Bl AEETEFHME~N DR AN TSN TIVS, A
RTEHAPEFREFTRICIEA L., PHEFRITIED 3 X
TEHBZT > EZEMELTWLS,

SEEIX. OSLiRESt. ERfFERESH ZALV =R

FEABENGTMOER[I EREDORYIFLUE
TL—4—[PE. B DZEFERL. TORMWIZTILIRE
FEREL. TILREHOPHFREHFICLE->TELS
HAZEDFSF. SFEPHEF. BPHEF. rEOW
THDNBAENHIERTRENMEET 21T o 1=,

i FHRSTEER TIlE 4MeV @ proton A ULN=mhiE O it
F15 : 9Be(p, n)B [ZH VT NASBEE #E#kiAa ) A — 1 FEBR A L
> _Wf:*ﬁtﬂ%ﬁ(ﬁﬁﬁ%flib’)bﬁ‘%%%’)?ﬁ‘)\97":71_: Y, JoF LU ETL—H
IFLVETL—2FHEL 2Gy B5 %4701, PE (NEZ 7 L)
RIZIEF 2~y FMZHA L= PAGAT 7 IVIRER 2% grizmeE. - orEs
% PE EI2SWT 4 I DEEEL. MRI BIEZ1T>  PE/= 0omm &7 5)
f=o TH. Be 3—7 v kOB TILEEFTETORE®D
PE E#% 15, 30, 45, 60, 75mm & LS €T, v EDOHEEN 2Gy BAtITHE—=
nd &S ICEHRREZEELSE -,

BHEOTIVREOBRBLE-HRFZR 2 [TRT, BEHROTIIVIREETE
EFHED =612 1.5T MRI IZT RA(=1/T2, REV—RE UEFLEE)AIE [2]12 &
DEEZEH LT, Fonhfz- RefEASREHFOI FA—)LO R BZREEL
ERETIIISRT(E 3) « CNETORIETIE PE EICEEREKAELGL
BREGo-, AERREE([1E PE ENKELGDITEEL. 4MeV BLOEF
MFIEBLTH5—ATEPEERIZE TS r RERFFE-—ELLSHEL S OSLEE
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it BEEFERES CTHML TS, CORBRICHIGSETEZA D &, TILIRESR
CETE2EARBOFSRF yBOVEL 23 DEBETESHMN, Oy LI LIS
BRHRABLZELTWVD I LI HY . SRATEHMZEC L. BEREMEOHRE
ZITWWEBZ TS,

0.9
0.8
0.7
0.6
=0.5 .
&0 4

0.3

0.2

0.1

0 20 40 60 80
R ITF L 2ZE (mm)

2 WU O 7 VR ERHO 3ETL—ZThHHrAR)=FL DRI
REZ(LE T PE E42% fil)ds & OV LR O A L2 MRI CE &
o TO8EIF= Fr—L A L 7= Re {5 5 (Hitih) & D BIfR

M ORRE 7 1)

SE Ak

(1] /s, /NERR, BT, e R G TS O 7o 0 O F = Z g O %
BRYE. ik 29 /5L i (PASTA&SPICE, NASBEE, X/ v #RIE S L5 ) ik R i 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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hiEFRET LD~ > EREPRESDAIE

(16CV0005)
ollO—ER?, {&EE F JIF R° BEHHZC AHARX THBC MRS
c, E%%d

a. ENMNREBEERZER. b:

1. WHEE”

KHAL 2 TR AERFIZ BT D/ RH OE
SEERDL®ER (R T —) Odd
FREFHMIC B 2 FIEOMESL S, fiERT
XHELE 2o T D, £ < OXIGEITHIY
i 7C.0. 5-1. 0Gy LA LD I < O F I
AT 5121, HEFEOMAS DT E
ST HDVENDDH, ZOMREICK L, K
Piide FPaxtge LCEHAITE 5 LXK
B RIS EE (BPR) IC L W fRE%E
Wit 22 E 2 ENCTHE—BAZE - IRAE L C
BY . LU TOFHUOIZOIZT A
SN —T7 R/ VY Rx—2 |2
L EPR Center at Dartmouth & bRk CTHE%E
SN bONENENLHAEE L 72> T
%o ZAVE THREFHNZ FEBY TITH 2
EHRMBEL T 4 — /v R TOREDEMM
(Radiation Protection Dosimetry, 2016)
LW DT AINVEDOEHRD % (Heal th
Physics, 2017), FEEE B2 2 B~
Jie & %F M ( Radiation Protection
Dosimetry, 2016) DFiFEAUED T, AR A
TAITEAEBEICELTETRBY ., EFEK
B CoORWEI b & o iR R 721F T
< HORE R 8 — i 138 BT i Tk
K U728 T b Z OIEREER) 22 51 Tl
HRBRTE ORERICHRTI LT D CREEE TS
KTIE) .
EPRVETIE, ZHE Ty BT OWTIREFRF
PEDOFHM AT TE TV DL, EED
U7 = TIEREFHEILSHEEICOVT S

47

FIMEIEBEKRE. ¢ WMEM. d: FlIKE

AT Y Z kO OND, £, AKH|
EVEORMEZ D BT P& oKk
~NOHMRESELZLITARTEEEZLN
5o ZIVE TOMETT, NASBEE O H:1-35
TIXZWrEI D X BRI R LT S%FEEE D
Thh., KT H 4 Raxi 7 ¥ A
F COMTF OB X D kL F—ft5 &
FIREECH D Z ERMER SN TV, K
ZETIE, BB L TV A 0REE L 0 FE
IZHEHR L. BEO A > AN EPR JHIE T ik
TR B RFE 2 R D T2 DI e - RS
DEEEZ LS, ZOREEH T, Al
TEVEORHEHE 2RO 5 Z & % B 5
L7z,

2. WHIENE

5 LET iR & U C A U B 52
MAHWFFERTD NASBEE Z W CHIMET % H
ARNOFAEIZHS L-, YT, Be(d, n)
FOS Tz, BRI 255 O U e %2 22
D10, vy RO EL 16y & —EITHR
H, PHETEEZEEIEDL LR =F
L (PE) ODEAZEL S T=5%2 25 1,
ZORMEEERET 5 LRI ENEF DT
ikt U7=H @ L band EPR tooth dosimetry
B ol, —WEEEOFHTIIRH=
S HPE BRGS0 b LRI =~
ANET, WEEHFOVEND -T2, SFE
IZRERRE I g e = S 0 2BV TN &
2=y MPLTIT9 2 & T, ER~OH
MFEORAVE/NSS L, BEEZNS
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ANETELHEIIT LT,

3. WFERE S
3.1 TG TORE
OSL #r & it TH O RO 2 %

A,y B

A2 Omm, 80mm, 200mm > PE Z % & L SSD
Z600 mm & L (X 1), ZN I RREHRR
T H 2 & T 16y & —EITR B F
TOMBEEENENEALSEDLZ ENTE
HEEZOBNE (F 1),

DB A2 RMFRRM L LT, Bilgi)

12 300X 300X70 mm @ PE %

A iE L. BRI

CFRP

HRSE * 296,490 uC
= 296,000 uC

RsE : 649,422 uC
= 649,000 uC

PE(200mm)
. PE(80mm) - . .
[ o L |
‘ PE(70mm) PE(70mm)
CFRP CFRP

RSE 1,798,779 uC
= 1,798,000 uC

BRSHEFR] ¢ 16.5min

1 A

£ 1 BB OLBREDORER

BEIEFRT : 36.1min

RaTEFR - 99.9min

R OBENE |
BHMENE(EPEFEE A TREE)
PE filter [mm] |EEEE[C] Dosga [Gy] Dosze Error (STD) [Gy] |Dose rate [Gy/C]
0 3.0587 E-03 0.0267 8.94E-05 8.7235
80 5.057.E-03 0.0145 8.84 E-05 28706
200 1.006.E-02 0.0061 8 96.E-05 0.6075
OSLAE(H rv8Es)
PEfilter [mm] |ESHEFI(C] Dose [Gy] Dose Error (STD) [Gyl |Dose rate [Gy/Cl
0 1.006.E-02 0.0339 0000114352 3.3728
80 1.006.E-02 0.0155 0.000300589 1.5398
200 1.006.E-02 0.0056 0.00010357 0.5559
ERA-OSLERHTFEE)
PEfilter [mm] |Dose rate [Gy/C] |n/gkt
0 5.3507 1.5864
80 1.3307 0.8642
200 0.0516 0.0928
GelBEHBEHTOERERER
PEfilter [mm] |BSHEFI(C] HrwEBE (Gy =P FEEGy]
0 0.332558 1122 1779
80 0.650063 1.001 0.865
200 1775107 0.987 0.092
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*£ 2 HIERER
BN L 7-PEDE 2 0 mm 80 mm 200 mm
A A DT & (Mean=SD) 2.8+1.0 6.1+1.3 2.0+0.8
£ 3 ZEUBOER (FEHER)
BN L 7ZPEDJE 7 0 mm 200 mm
200 mm 0.083 -
80 mm 2. 2e-12 < 2e-16
g °7 i
£ |
£ -
S !
T T [
Omm 80mm 200mm

X 2 JE SR

3. 2 W AFPET- D EPR 5 5~ D %5 O 71

BHATHEICEW - PE OELEZ . FHFER
2 X80 mm T n=3, 80 mm T n=4, 200 mm
T n=b ORI EZNZENIRH L TEONE
WRAEER 2 MO 21RO &
EEALSHD L TREOBATY ENE
L7 (p < 2.2e-16), PEZBEANLA2N0
mm {2 CHE P EFOE A S L2 80 mm
DEBTIIMEOFTARY EN 2.8+1.0
Gy 775 6. 11,3 Gy ~&fERREMRM L /=0
(p=2.2¢-12), EHITHPMEFDOEZE S
L7220 mm OFHTIE, 2.0+0.8 Gy &if
WD LTV D Z ENRIBRE LT (p=0. 08
(—F. Z0 9L 0.24 - 1.30

Gy ERVREETHD Z ENFEHINT)),
3. 313 LT R ORI DFRE
ZHFETORFITIE, FHEFETOIRE
IFIRA y BOMEBTHHANM EB 2N
THV., PE % 200 mm BH0 UM+ 2 6
5LIERRE DR TIE, To/RE L KE
TR JEH R E 72y 7208, PE % 80 mm JEN
L7=BREClI v~ e — Il LiEFP M7
BEHOT I & CHICHRENEML, L
Toin o T, BAHVE TS5 0 B O BLR 3 B GR
BEOE R EICEE Z 5 2 TV 25 ATREME R
W, UL, BV o2 345 E 0 2
DFRERNDITIRTE 22, 5% O
35,
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4. SHOMETE

HE7 T v 7 R @i T FERO
NExE BT HEEBEZLND N, LT
BOMRIITES o iz, ZOFHE L
TEBR LG ORMEEIBIZRRARH D Z &
MWEZ BT, FERT 2350 SR E %
EBFBZ LTI LT DA DT, R
BOREEZ LR LT WVWE D ICE T
Tl B a2 S THE 5 21EY |
Z OGO R A D D LI, o
ZHWTEREZITV, MEROMIROE %
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FR 30 FEMRBRRE—E

EEBEES - 16CV0005
EEREL M TFEHINEEDA D EREPRIESDAIE L ¥y IEOFTSDEET
FERRE  SHB

FERER (OEHRK., RR2I—HXK, FEE)
1. HFLE—Z LO—ERfh
BEF—REBEHRICIVBBLLEFOEZRAVEEFRAE DREXRICKSBEAE (F

lBR9IRES)
% 5 MEEE—REFHICLIADLEN~DOZEICHT SMESR, RRMHKZE, 8 A
3-4 H.

EEOHE

1. Ichiro Yamaguchi, Naoki Kunugita.
Fukushima Nuclear Disaster: Monitoring and Risk Assessment, Reference Module in Earth

Systems and Environmental Sciences, Elsevier Wordmark, 26 December 2018..
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b bE R ORI 2 FH 72 TR PR < BRI & BREAIRD R

(16CV0006)
o Bk . TEEEE . AWM— /MIFR T ABRK BHAR®
a: A IREFR AR

L < BT ) KE T ORGSR EITD 0 T < FHIBEIZBIT
LREBRTLE L TEORENREIND, EEICEBEFHAT —a VNTIX
HFEROBERZEOFEITEWEEZEZ LN TS, FxiXIE TXHEFe
KL HRICBIT D HE MEBEZFML CE 7z, T LTV RICBWTEREICE T
LS RRIC K D /NEIE RO R FE B O RIEIC = =7 Ry 0 1
DADS OENHLND ZEEZHLMILTE 2, ZZTlde b ToOHRMEF#
ARSI & U CE it kR g (MSC) &AW TITR o kR 2 1 5,

(SEBRIT1E)
v NEBEE RS (TAKARA #1) ZfEH L. /N—0 7 X% A7z 35mm 7
gy V2 TR, 1 HESERZIT o oz iz, MiIET « v o = 13T 1 IF
RN SRR 2 AN T B BIRICE 2 b v, e RIS I &0F - ET
® NASBEE % iV 7= (Deuteron-Be 52), 7 « v ¥ = (3EHZ /T 7 4 L AT
— )V LTICIREE TR 21T 70 o 7o, B BUHMEMm AR IZEE R IR L, A
ATV B 2 HREEEE L= L, =% / —/L[EE. Hoechst33342 Yufa
L. TSN/ MGG Uz, F 7o MR e %k0E 96well 7" L — MZHIIE %2 #%
FEL., PREE, 5122 HRERE#ER, MTS 3K (Promega #) % W CREAf L
77
(Ft 2R - B2
Deuteron—Be 52 % W 7o PE R D52 28 % MSC 124 U 5/ IMETEZ R CRAM L 7=,
WEARE & T2 0.5Gy D B TORHII 21772 > 72725 DADS OEhFAL IR o 1o 7o,
ASEEEILEAAREIC X DM OO EL GO TiHMliz 1T 72, 207k
DK EIL TOFM AT 72, PR OMIAEREA~DEBELE LI LA
0.25Gy LI DG CHIBRAEGT OB/ BNEIER STz, ABRER CITMmia AR
IZE3 LT DADS, & 2 \WLIAIRFZEEAmIZ W 72 FIBR LA NAC, & i H SR -~
=)V T RIZIIPGERN RITBIER S L o 72, DADS 2 X B iRz K 2/ T
REA SR L CoMfghR s Ronehnolz, S DICHEHRIZ X 2 MiuA %%k
DEALD 72> 72 0.1Gy FREHZIW T &/ MEEAGEEEIZEI L C DADS 12 L 5[5
ESRIIBIE SN o T, THETHRIES ~ DR KRRK T OB R e
L\l WnEEZLND,

(FEE)
AWFFE IR TFEHICAE X %) 15H05935, 15H05944 DBk 2% T 7-H DT,
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FR 30 FEMRBRRE—E

ZREES : 16CV0006
REA  RELCESYOMGHREERICET LR
FERRE  hBEHEX

FRHFER (OEFEER. RRI—HKR, BES)

1. hEMEK. ZERE. LU —. DMIFE = EHFE. BHFE
E N EREHERMEE AUV TR < BT L HERISER
AARBSHRFZEFRE 61 BXK, 2018 £ 11 A 7-9 A.
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SOF 58 # AL /= NASBEE BBaH18 0 #hoh it 7= 5% 8IE

16CV0007
offi5 BAER, /IR . AH FO.
BE B, B Effec
adtEBERFRFREETZ. bR REFRABIEAN.
cAtBEXRFXRFRAEEFH R

1. ARDE=R
NASBEE ZE(LEPEFDEMEELTIEET S-OICHRESINI-AEEIL
BNCT IZB T A EALLTRED M FRF DI AN EINERIZH D, BRARET
(. HITFANDEIGIZTSIRAFIIOFL—2FIWMY A H1-#R HH 35 (SOF &
#%; Scintillator with Optical Fiber Detector) MNZEEFELTHY. 2D SOF #& 5
ZRAL= NASBEE HMEFRAIBICEITHKI7ULRNEDEFR S DM
HHIEFET>I-DTHRET S,

2. RELEAHE

SOF HmHSBIE. P oFL—ARNIZ SLIF #8010 EEFHNVTO—T 2 K&H
BEL.CNODERELLHILICKYERDEFOAEIEEICFHHETRETHY . BAh
EFFH T 10° n/cm?/s H 5 1010 n/fcm?/s ETH 5 M D EF TR EEEHR L TL
%, KPIZEIFTIEPHEFITOAI7MILDBIEZEZERT DIZH-Y., —RITEREID
T7OFa1I—743% NASBEE EEDREFHR—MMIEZERYATIT. REZEEIZ 30cm
X 30cm x30cm D7V IILEKEZHRET H_EICLY . BREDELVKFRAE
hHEFRASMAERTLEBEL -, PHEFHRIEEKE D ERE (SSD; Source
to Surface Distance) IR BEEEEZ L TIEHZLICKYERITERETMETHY.
hi4FRR SR 2D EEEE (SCD; Source to Chamber Distance) Z#E E L4k
EBTKEARDRDEFITOT7MILEEHFH TG T HIENAIEETH D, X
RIITRIEEHELT E—LEPIDLERSAAE (0 mm) &L, -100 mm A5 100
mm DfE%F 10 mm ZATEAIER 10 WEIDORIEEEREL -, Ti-. AIEBFOE
—LALUIERELRIEALTREGET H2LICKY . BRFEERMEH-YDEDMHEF
RELTEMEL = BSARDBFHEFERIOT7AILIZDLNTIL, KE (0 mm) H
SERAIKIE 200 mm LA FET 10 mm R T SOF BHEDSREBEMBEEZLTL
THIEITKYERFL -,

F-. SOF HHFRICLDAFEDZ UL IRIIT =01, M FEIEETHIL
A3—k Geant4Z AL T NASBEE BH5ICEITEHKI7ZUMLADEFHEFR
PTEIIAL—IavVICKYRBLT,
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3. FEREEER
1 (2 SSD 640 mm [ZEIT5BHMEFERIOT7AILETRT , B 1(a)l p-Be
RiEDHHEF.E 1(b)lX d-Be RIGDOFHEFTHY. L\fh%*j%mﬁl*)b#‘
—[Z4MeV TH S, BFZHALVIGE. BRHEREH-YDORADPEFRITKE
mm [ZTE&XKI{E 38.17 n/lcm?/uC THY . EfFFEALV=IHZEIZILKEE 40 mm L
TEKIE 150.23 n/cm%/uC THo1=, RIZ. B 2(@)ICE—V R THRIEIELIZFES A
RIOEBGHEFRSMICHTHAEEESZAL—aVDRETRT . EGFEA
WEEE DI aL—2av B RIGERMBEREBRC—HLz, T B 2(b)ITRYT &£
312, d-Be RIGIZ&kDHEFERETTIE. SSD=640, 690, 740 mm IZFHF5HKF
FRIOBFEFITOT7AILTEHAEEL S AL —2aV NIEEICK—BTHER
NEoN.d-Be RIGICKDPHEFREF AT HIRBTORADHEFRS HIFR
EVRAL—YavIl kAR EREZ BB T HIEMNTET

g 45+ Depth 10 mm —®—  Depth 100 mm —@®— g 180 Depth 10 mm —®— Depth 100 mm —®—

~ 40 Depth 30 mm —®— Depth150mm —®— | = 160 Depth 40 mm —®— Depth 150 mm —®—

& Let®°%%ee,, @ § ceccetece, (b))

= 35 °® L =140 e® .o,

— [ ] — [ ]

x 30" ® 1 =120 *

= ¢ eeeotsse,., i 3120 o .

u—257' ..0 .o. -.—100

c e® *. c ® e00®%0%0,4,,

L0 e | Es0 _evseectttit0 e 00,

> L eee0e0soe > e o° e _ o
eoe ° . °

815 ..o'. .°o.. 860*.0. ® -

T 10°¢ ‘_“40 o000 00

1S £ eoe?® ®ee,

6 5.............'....... 620.. [ J ...

= 0.100 50 0 50 100 =  -100 5 _ 0 50 100
Position x [mm] Position x [mm]

1. SSD 640 mm, Proton-Be RIZHITHEFHEFTOT7AI/L(@)& SSD 640 mm,
Deuteron-Be RIGIZHTHEFHEFTOT71)L(b)

- Measurement (p-Be) ®  Simulation (p-Be) © | g 180~ | Measurement (640 mm) ®  Simulation (640 mm) ©
; Measurement (d-Be Simulation (d-Be =~ easuremen mm imulation mm
< ° o] M t(690 mm)®  Simulation (690 mm) ©
= c Measurement (740 mm) ® Simulation (740 mm) ©
x 1 - J)
5 1 _gseeg, (@ - 8™ (b)
= 8 $e 1 = ICRE S R E N
5 *22, L x40 »® %o
E ? . § 25 = .G‘ ce
2 °® g g .. 51 & pe® Y Lt sl L SPESR o 0
5 o R T < N S
N e 2 100 o () 00@'0 e 609.6. e
© R o, ®. O.%'o
i = |
E e 80 %@. L e}
O -
z . I 2 | |
0010 20 40 60 80 100 120 140 160 180 200 — 60-100 -50 0 50 100

Depth in water [mm] Position x [mm]

2. Proton-Be, Deuteron-Be RIGIZHITHRSIKGFDEPEFRDE{L(a)& SSD 640,
690, 740 mm, Deuteron-Be RIGIZEH1T5KE 50 mm D EFHEFTOT7A )L (b)

& XXk

[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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FR 30 FEMRBRRE—E

SEBEES - 16CV0007
EREL SOF MBI K BHPMETD Y 7ILE A LBIFEHRM DR H
FHEARRE  BFR

R

1.

SHER, HBAEH, RIIE—, LREE, BFTH, FAREL BO 2 RaAxky
WICET 2B EORE, X B9 DHES, 50, 2019-03.

IRERE, #BAEF, HFERE, RIE—, BEAEDH, 470 PIXE 2fZ2AL
f=H 7 H = (Geothelphusadehaani) DERIZH T3 SN S MR, BEFEFREE 2002,
69 - 76, 2018-03.

FoRKR (AERR. RR2—HKK. BEFH)

1.

&5 @A, Bl Ef

BNCT FAAIMRFAMEFROL-OOAREPEFIARY fOA—2 DS

% 15 A AR FRIREEFERFM KSR, 2018.9.1-2.

&5 @A, Bl Ef

E#Z V- NASBEE i FRIGEZBIRT 5P FRIBERFEDRRE
% 15 A AR FRIREEFERFM KSR, 2018.9.1-2.

PR X

1.

i 2K

Scintillator with Optical Fiber (SOF) #RHZ/Z AWV -HFEFIRILF—IARY MLBIER
firD#REt

EERFERFREETI 2R (B1EE) .
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bt FESBMNGTMED-HOE=_ 2 RHEBFBOHARRAFE

17CV0009
o/MIR 5o, HI5 @AERS, AR Fe MR #Hhthe
B e, B EfH e
a BEFRFRMAERERE BAREFRSHER.
bt BERFRFREETZR. citBERZRERR R ZH TR

1. IEDERLEM
HETITE—DBRHIETE - B F & BREF A m 878/ L R 2 5+ Bl 2 4
B ifiZ ., MiEISE T CEFARIAE%E Scintillator with optical fiber (SOF)f&H 2§25
KT HLIZEHT BERIGICETAER A ERIBICE=FAI LR H SR OB
THRENENTHS,

SOF AR TIEI U FL—2arRHERT7A/NTEoTHELTLNDA, Eik
HBDIESDEIZE>TESRBIFERNREBL/SILAERAENNR#ETHD=-0
HITHARIZKD|E(F VLN, KARTILEERFE SN = Graded-index 774
NZEFIHTAHILTESREEOREBLZMGEIL. NILRREAANERIGEET 55 F
TIZZEWLETLLY SOF B FDOMRFAREZITI. AMETIXET . RHHIFAFEDT -
& D NASBEE - FIZD4F M (B hHFR, ERHEFRE. MREE)Z1TO.

2. FELHE

NASBEE 5114 F15(% Boron neutron capture therapy (BNCT)[ZELERH A TES
Bh M FREA/NSN O BHBRHARICEVLWTAERE (>1.0%x10° cm? s™)
EAN—TETNVGEW, REE(FBPEFREERTBEL. PHETFRETHS *Be
ERAEICREBRERE ARG RJIFLY (PE)ETL—2EFHE LIz, AHE
TIXZFDHLLY NASBEE HEFIHICHITHEDMEFEARDBRE . BLUEDH
FROAFEEITI AIEICE TN TNOBSHRICHIDREERE T SR HHFEF
FAL. AhEFRIIEEL Cd T/IL2ZEAVTEHET 5. AR (TR P TR
E DKL Optically stimulated luminescence (OSL) #f=5tZ7AUNTEEMAL .. EPE
FHREIX CR-39 BEMAFR IR H 28 Taffi 9%, CR-39 (X 70°C®D 7M NaOH ZFiL»
T 2 BETYFUI TV AZBEMBEZRAONTCTYFEYNEEZERLZ, Ty
FEVNEELERFHFREOERIL. FEEOHERR"THIERHBEEAL
R FIREDFTHEFERTRELT,
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1 ICRARLEZETL—2OTH AL RHEREIAD PE ETL—2DESE
ZSEHFORDEFR, AEFEFRE. #REEZ T AELICE
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BRI DRENARELL D, £f-. §FETO NASBEE i FIHETIXR#ETH-T-
10%cm?s” DEDMEFREBEZ LSBT HAIRESLY . BNCT B EDARBHFEICK
WIERTESEEZ LN D,

@ 154 mm

'J|N766 X 66 > 15 mm? - 1010
B | NASBEE 25| Fi— | ‘ ‘}'E —@— Thermal neutron flux
90 mm MV EFE 0, 108 .... —@— Fast neutron dose |
T < [ —@— Gamma ray dose 1100
o "Be 1EH] 3 (] E z
4 S [ %%, g
! , © 108 @ ] 3
© E L o
| = o ® 4107 N
* x + E 0]
+ =] ] Q
i = 107} ‘ 1 Q
THEYUTFLY % [ ® 4402
vl sl E
230mm g EEE By l— < 10°¢ ]
HUTF L g F b
_“:3 105 b sl TR P P P
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1. FILWETL—3TH A L ARLEETL—RICHIT5E8 TR, EREFRE.
HEBEOR)IFLUETL—REIREFME,

PE moderator thickness [mm]

& 3k

[1] R. Ogawara, et al., DISCRIMINATION METHOD FOR GAMMA RAY DOSES IN
NEUTRON FIELDS USING AN IONIZATION CHAMBER WITH ATTENUATION
FILTERS. Radiation Protection Dosimetry (2019), pp. 1-5.
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RREA  EEEHEEICHT S EFEMIRILCE DUV BNCT O#EL
FHEARRE  BFR

FRFR (ABEFR. RRF—FK, BESF)
1. jiatong Lietal

in vitro Evaluation system for accelerator based BNCT

% 15 A ARt FRREEFSE FWAR, 20184 9A 182 A.
2. HINIFIRK fth

HNiEZS BNCT 2B T REEEEHER Y )V —= VT AT LDEE
% 63 BAAROENESES, 2018 F 11 A 2 H-4 H.
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BNCT BtiE0REFEMZ B E L-dhEFRHIFORERE

18CV0013
OEIDE— . BIIERE °, ILEEZ ° FTEEF . KAE /NIIRzE , ARFE . BAFR®
a BHEXZE. b MEHREFREHRERR

MEODEMN TETHZED TWDH AU ZPMEAHERTE (Boron Neutron
Capture Therapy : BNCT) XM+ & W iHiRiaE D —>TéH 5, BNCT H
PEFPT, B2 -0 & LTWA Z & &L 100 n/em?s &0 9 FEFNIC
FWHHETREAE LTS E WD OBFFEINTH D, TF. HiFdE b OWEs
N—TTHRBELED TWDEH LR THY > F L —F%ThD EulLiCaAlFs %
WIS 7 7 A AP gL, v — 27 2R La W D ZEME %2 R
T EITNA, BT < BRINEIEE 7). 10% nfem?/s & 9 @V HIPE T SBEIR T
BB PE DS R 40, BNCT B GREM A O g & L CHIfF ST 5,
LM LZNG, 26 Z2ERICRIT 2720120, [FEMEOFm, B om
EEORGES, BARRZRER TEORTE, WS D0 ORFEROBRFIEH 3% S
nTwna,

PLEDZ vt ARAFFEREE CTlX EuiLiCaAlFs v > F L — X Z HW 7 7 A
AR RO ERICm T R 2 ED D Z LA ENET 5,
FER B IESS IR NASBEE (2B W T T 7 A AR PE R R D i &
P ERER 21T o 7, & 27 LNiER TR L7z 4 MeV OB % Be ¥ —7%7 > MZ
PRI LI E 738 A 21T o 7o, A TRIHW BT ER O R KMEIX 600 uA THHo T,
NASBEE TiZ, #—7 v NEWZRY =F L IEHH THE - 7R Tl & 55
fEr[RECTH D, RV =F L R RICIL, T E— 25 & H LHOE@RLR
RTTHD, A, ZOE@BILIZ, SHEKRVZF L UEEMEHREL, TO
NEIZ T 7 A AP E RSO AR 2R E LTz, £, TORI =F L
IGEAM R OIRE SO B A L S E D L TR RRE A S L S,
PRt as O D ERRIEOF N 21T > 72, &4 ONETORMEFFRIZ, &0
BAEIEIZ XV EHE L, HFPEF RS EBieioxt L CHfld 5 S RE L7,
7 7 A ANFIpE 1%, /N b L7z EuiLiCaAlFs 38 X OY LiF/Eu:CaF, & > F L —
BhNT 7 ANERIR LD HNTWS, Zhb/hNFyrFL—2DE
BAERET S 2 & CHETRES LS, MY TFL—2DOFEFHIC, X
Fh & LT BaSOs 3R A WA L. & BIZEUHET = — 71 K 0Bl L oe~
FAN e U FL—EBFORHELIToTND, T 7ADE H— DS
TN EA SR IR L, REFHEEDE S AT VXL MCA I TE S L
776
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ﬁ%t%ﬁ Fex OBRF L CTWDBIET 7 A B Es T, 5B E i
12 CLi(nt)a SUSICRET D E— I DR SN D720, TDREEE v T L—H
’aﬁénéﬂJ@E%ﬁ LVHIETLZENTED, SLi GAREDR,

% Eu:LiCaAlFs 35 L Y LIF/Eu:CaF, > F L—Z WV, ShiIcZnbicaEh

ZSLi R B L O FL—4 BIROEEZa Ly bu—)§ 52 & T, J&E

DER L PPEF g 2 ER L 72, Fig. 1IC/ER L7z 3 O R s D1 EER & I

B U7 OBfR &2 7~ 3, #4010 keps D EHECRE £ THUJTREIEDM R T TV D

ZENERTE, HRORNREHMAGDE S Z LT, BTt L SENWS A

FTIvI VU VEMRTEDLZ ENDNS,
@E@i@é@ﬁ%%ﬁ&éb@é:&?ﬁ%%iy&vyym%kféé
 E 2 ORPEFREER O AR KRR A YGET A 2 TH AT Iy L

//%Tﬁf%é BEFHECREECIT, BB NAVT v I X VB EEIC

OTHBNELDZ STz, Bxke LRAMBEL R0 R S FE m) 2 R

T, INHICHT DA T A UMIEEE ., SRIHAWTWAS T V40 MCA 12k L

TEHAT 22 & T, MBS EZ AT, Fig. 2 (ZBWTHMHETR & 5K

FORMERN, FIEOFHETE S Z{bT o nE ik L, #iEZ 7T Z & T,100

keps Z i 2 HFEIE T, WML TE D Z E MRS, SRIFEEL

TR EEOA SRR E T,

1065 T T TTTTTTT T T TTTTTTT T T T TTTT T T T T T T
e LiF/Eu:CaF,(® Li>95%)
[ A EuLiCaAlF 6( Li>95%) — 1.2 e without correction g
105 | ® EulLiCaAlF 6( Li=7.5%) o ® with correction
) e .
S = .
L A4 x, 08 N
< 10 °
- 15
s | =
8 1035 § 0.4 T
8 ©
102- 1 | L 11l | L 11l 00 N N N |
10° 10’ 108 10° 0 1 2 3
8 2
Thermal neuton flux [n/cm?/s] Thermal neutron flux [x10” n/em‘/s]
Fig. 1 Relation between neutron flux and Fig. 2 Relation between neutron flux and
count rate for various sensitivity count rate with and without correction.

S5 30

[1] A. Ishikawa, A. Yamazaki, K. Watanabe, S. Yoshihashi, A. Uritani, K. Fukuda, A.
Koike, R. Ogawara, M. Suda, T. Hamano, Sensitivity and linearity of optical fiber-based
neutron detectors using small °Li-based scintillators, Nucl. Inst. Methods Phys. Res. A,
in press.
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[RERX

1. Akihisa Ishikawa, Atsushi Yamazaki, Kenichi Watanabe, 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 Inst. and Methods in Physics Research, A, in press,
https://doi.org/10.1016/j.nima.2018.11.120, 4 December 2018.
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T4 PR IIVERAMY 7 FIS5—5 v FOMBEHREREL B

(2017-008)
oK —18
FEA

Y 7 h T — [ TF MR OR O kL — R 7 & RIS RRO VLS~ DO 5212 A
TR HETH Y, THEFHRN N T DA R ICE R LT L ERISIC LV IERLEE
FHREL, ZTORE, BEBRNSEAETD. TOM/E, AFVLT7 v T7uyTRhED
LR ISR LB R - TEET 5 Z E B H[1]. TFED VLS O EER L, (K8
BIZEE, V7 b= T —ORBEITEZIE L TWD. 2D X 2 RBAENS, %< OIFREIC
FoTlitYy 7 h2F—Z o FRIEN/IBEINTEZ. ZRLOMEIZBWTE, EBEOT
NARZE S TR ZIT) ZENREE LW, VI ab—ra rEF TR iThitTn
VSRR SV AN

WERFEHEDITM Y 7 b= 7 —WT » FRIEOMERZRGET 272 DIZ@E DT v F Lk
DY 7 b=Z—MZ7 v FmED 1 FETH 5 DICE (Dual interlocked Storage Cell) [2] (2% L,
AR R AT 5 72[3]. ZOERICK > TRHED T v FITBW THREHBRICERT 5
VT N T—REAELTWAH I EE, DICE MY 7 b= —MaHT5Z L&k LT-.
L2 L ZOERICBWCOIERELEE 3.3V IZEEL TV,

HAGEEITONWTHET R ERA2ITo7-. ZOE, BHEEZ FF5Z 812k,
MY 7 b —M2HS20WEE 7 v FICBIT 2T 7 —3ERNK 2 ZIlcEz s 2 &
R L7, —J, DICE IZBW Y= T —DRLEZHR I NI2hoTz

S &3k

(1] RSN B S, “JEITA EDR-4705A V7 b =5 —R R A RF 12,7
BN PE S 2, 2015.

[2] T. Calin, M. Nicolaidis and R. Velazco, “Upset hardened memory design for
submicron CMOS technology,” IEEE Trans. Nuclear Sci.,, Vol.43, No.6,
pp.2874--2878, Dec., 1996.

[8] Ry, #E¥, "Mt 7 =T —MET v FEIEIZX T 2 FHE BRI EBR O A & 5F
fili," 157+, FIIS, 2017 4 6 H.

69



~{EE GREES:2017-008) ~

1. BAEXRT AL ADLVAT T R
[3] 3 X OB TR

__ 80 __ 80

,IC-¢> 60 :2 60 ad

X X P

B 40 bR 40

;\E 20 — g 20 /

S ./ IS ‘\/

B 0 T g o0 T

30pA 110pA 200pA 320pA 251A 110pA 200pA 320pA

——NORMAL DICE —e—NORMAL DICE

X 1. B0 AR (Vop=3.3V)[3] X 2. Y 3EAER (Vop=18V)

70



~REE GRREE S :2017-008) ~

FR 30 FEMRBRRE—E
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EBREL T4 OALEKRAMY 7 hTS5—5 v FOMMEHEEREELER
ERERRE  HR—1E

FoRKR (AERR. RR2—H%K. BEFH)
1. BK —18 L% shE
ERHBRBEEICHT HMY 7 FT5—MHF v FRERBEADOHEFHREHER
BEFIERAEE HERERBRY A TLWESR, 2019/3/8.
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a RRERER AR
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+HRER 100ym THIRIZEY Ca = ([ -
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RENSH Imm L EBRRERBETIELTEY .. SDFOMRNRTFERNSICLHFTED
LBl SN,
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WAERSH LN, SEDEEIZEY A5 0 PIXE [Z&STESMEFMAEY 4 SDF NIEE
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FHERKRE  FEHES

FRFR (ABEFR. RRF—FK, BESF)

1. Mahmoud Sayed , Naoko Matsui , Toru Nikaido , Motohiro Uo , Masakazu Oikawa ,
Michael F. Burrow , Junji Tagami
Sound/Demineralized Dentin after SDF application
97th IADR General Session, 2019/6/20.
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OB A
EREMAT RH R

B FBHPPE R (BNCT) i, & U 3R &M OMENK S Z2FIH LT
S ARSI A — T % 5.2 2 BN HRIRIEO—FTdh 5, BNCT TiL,
WA E— L2 BEICRNT 5720, THETOU T A LFHAER N @R B
ALTWADIL], FEREBM T3 (BK) TiX, BNCT BUNIEEITHIAD D U T V& A
LPEAE= =2 L TWDH[2], K 1 ITRTEDIT, 7SV ADANANLT
T ERIRB T D7D, B THEE (PMT) 226 DOE 52 B LERRICA
HTHREREE L > Tnh, LavL, PMT Laiat LIEBR OB LS 725 &/
ARXPRHER L, RBEEL VA XERNTLZENELL D, =2 TAIEL
B E O%BICRTE I Eas 2 AL T /) A AR &0 L7z,

PMT E¥ a2— L& LClfaR =27 248 H10723 Z#fEH L7, ZOEFEV =
— U, PMT CRMES 7 > 72N L TR Y | IEMMEOEEH ) & 72 %, H10723
NODEFIIRISETH7DIC, A LEIRICHE S L TWD field
programmable gate array =2 — KRB X OV AP @ AT NRNT Y 7 v =T %
ZEW LTz, BA%E L72E RO HEFRIEMERE 2 MR 272 9DIZ, NASBEE DR
FE—Lh®— FCAERSNZEEFETZR)=FLUoET L—& TRIE L,
#) 10'n/cm?/s OEVRME I IR R e s 2 Bl iE U CRR L7z, PMT £ 2 —/L
& A L2 E 1T NASBEE FRET=RICERE & TV 5 BNC Bk 218 L CET
72o F7z, 40cm @ BNC 7 — 7 )V CHEHBEIT TN L, ity b7 v 7 T/LA
W AT MR LT,

BNCE M Z B L=ty N7 v TIE ANy 7 770y RE L TEFIZE mV
FREED RF /A XADNERR S 4L7z, ATEH RS 2 H L7 h o 721k ORE T,
BHER D Ve (X 10mV LR TH Y | J A R X D EE & i X 53
EEZ IR TE oo Tz, Al AiEREEGR 2 AL Z & TEEZ L1 80mV
REL720

B 2 IZRT K DICRIFR A NIVAREE AT MER/DLZENTE L, =70
TRV F—RE SR T ERFEORR LGN, Ll /A X L~Lid
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[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. Instr. And Meth. A, 802 (2015) 1-4.

[2] K. Akabori and Y. Aoki, BNCT 1 U 7 /v % A AiE+& =% OBR%, BIO Clinica, 34

(2019) 43-48.
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1. FEAE=E. FKRE
BNCT B 72 A LhEFE =X DBAF, BIO Clinica, 34, 43-48,2019 & 4 A ...

FRFER (ABEHFR. KRR —FK, BES)
1. K. Akabori and H. Tanaka
A real-time neutron monitor for BNCT
ICNCT18, 2018/10/28.
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BEAH S AMHOPEFITHNT B H BT

2018-006
Of#—EA®, JIAGAE °, A, BUOKEH® BB HGHL° MRS
Wl ERHFENC
a: WILKRZE, b RRTERZ, o HHREFREHRMN. d RREGRNERTRKZERKE

[(#E] A5 A#MEIL, LFrmtE, NI SEULFHREIZBNDIADOHR
Hod, HEIRXRMDEESWAIZ, BLEVWSHFTEZRAINS. TOHRTH, A
FRFIFHERD B SARVBERASXITEEL, FHFHRET S AADIG
AR L. KMETIE, KADKRIFRMB), 9B, BLU B ALV TH*iE
Al CaO-Al,03-B203s HSRZFEHL, X # FHFE PIUPHFHEBEHEZ
DEHIFHEZRANT-.
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FR 30 FEMRBRRE—E

SEBEES 1 2018-006
BEA  ARNASAMBEOREFIIRT BT
ERERE  #M/KES

=
1.

SHEK (OEER. RR2—FR. #FESH)

AR —BA, JIIASLE, MEXE, BAH, SKEHR, BBRZ, HEE8N, NMIERSE, H1H
Bz, ZHEN

FLTEZERMLE CaO-Al203-B203 HSRIZH T3 X 5, EHFHE, BLUHHEFE
HRSH R DEE K

F57E+ET I vy AERHFE®S, 2019 F 1 A 16-17 B.

AR —BAC IR Bhist, A 4. 8K EHA, B =, &5 80, MR =, UIE @
Z. EBH EN

R FRIBATIZ & 5 Th3+ K— 7 Ca0-Al203-B203 75 R M EvE 45t

% 66 BICAYMEZEEFTRIEER, 201943 A 912 A.

AR —BA - JIIR AR - BRAK 48 - K IEEL - XA E - EHE = -0 g2 - 55
wa - IR 5=

Tb3+ F—7 Ca0-AlI203-B203 iS5 RIZH T3 X iR, BEHFR, LU EFRBEE
DEES

BARtS I v I Xip% 2019 F£E %, 2019 4 3 A 24-26 A.
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BGaN {1t & ¥+ E iR i FHR H Frit D EBEFT

2018-007
oth#y H
FRRE KPR Wb TF R

BEREFZ#SETHILEYEERIIEFRERTFELTCHATESHMNEE
BoThY. FIRFEFMETHD BGaN #HhEFREFERE LTHAT
5 EHIRELBERZEHTIVS[1], BGaN L 1l BRIt EERMETHY.
BN & GaN DRRFIEARTHYRBFEROCRERRBENDEV I OEMELKE
RIEEAKRELRBELLE > TS, BFEOHEICK Y., BGaN R EFIZH LY
TERERE L=FRFORBEEN BN 5 GaN ELERTEWZ EABHLMEL S
THY. . HEEREREEDERLICIVBEEEREOEREILEZERL TS, Kt
TTIE, FE L1z BGaN #ERZAWV P HFRET /N RZEHL., fHEFR
HEFHZElT 5 L THRAEMCBEEEICL ABREFEDOFTFMmZERL 1=,

BGaN fEmARICIIARERE[HEIE 2+ —(MOVPE)EZ AL T. . p & GaN
T L—bhEICHEEBE 1010~ 1070°CT BN EILSE 1~1.5%0 BGaN B %
2~ 10um RSB MR LEBRETAVTTNAIRATAERZT5I LT,
BGaN-pin # 4 A — F &R L FREEFHEFT M ZEM Lz, /2 L - BGaN-
pin FAA—FDEEZE 1 ITRY, PHFRIEERICEVDTIEIRHNRERZRE
LT FHRAEAMERR S AT LNASBEE)IZT, T/ ANDEH ZEHE
L=,

1040°CTHE L 1= 5 um-BGaN #2282, THEFHR 7T v 7 2 : (1.75+0.13) x
10° fem?/s |2 T 2 RIS 24T o 7o B O HE B &2 X 2 12”3, I ORI TR
L7fEIRIC PRk E B 2 DN ARG T 257, o MIREERICE T
% 2.3 MeV O o #HAIERF O & — 7 (7 & FRE ORI T v x L L5 53 k-
DI CH D Z LD, BIRFOHRPEFESISIT L 0 A LTz o #7(1.47 MeV)
& Li Ki1-(0.84 MeV) D kL 1- & B LT 5 2 & AVRIB X iu7-, B HHZhRIL,
#16.86x10°% TH V| TR RHNEEES Z LT TE o7z, BT, 1010°C
IZCTER L 72 7.3 um-BGaN Z W TR Z 3 L 7= & 2 AR 2hE1% 1.18 x 10
3L polz, IEDOHIICEZ B EHAFEOM EE . 10B(n, a)7Li K k2 4E
% D R OIRFEDN K Sum Th D Z & BRHZROm Flo k& B
mLEZLND, LNLARMRL, PHITS Z AW ittty R = 1—va &
g3 5 EEERE L D b 3HTRERVME L 725> Tk D, BGaN R H#RIZIH T Dk
A D =X LN EELHEE L TET o,

81



~HESE (REHS:2018-007) ~

£l RV TUEZAT T2 EIC IR EZHES L2 A X(F
TR D Z LB S LT, Mithds & T T o TR EERET S LIMO S —T L
R ENBIHE L TR Y | JHLEEOFEAFER E LTEZ LN D, FFHIEDR
D PITHIET RIS AT AL L TORRERSHRORETH Y, 2019 FHEICE
WT BGaN 731 A DR ERFAI 2 A5 & [RIREIC, A [EIE o i1
WS L DR L 23Tl 2 2 & THIE A A=V v 7 P I
TS AT LAOWMEEAT ) TIETH S,

Sio,
n-GaNi0.0lpm}

BGaN(x um)

1000

Rise time [ps]

pGaN@ i) glociroge

u-GaN(2 oL
(2 pm) 0 250 500 750 1000

. cAlLOysubstate Channel

~ Py e [y [%]2, 5 um-BGaN pin¥ A A4 — RIZTHRH L
B1.BGaN-pm¥ A A —FDEER 0 T

S 3k
[1] K. Atsumi, T. Nakano, et al, “Neutron detection using boron gallium nitride
semiconductor material”’, APL Mater. 2 (2014) 032106
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FR 30 FEMRBRRE—E

SFREE S - 2018-007
RRE4 : BGaN bt &M EARO D HEF R B EOERITM
FERRE  bHEZ

FoRKR (AERR. RR2—H%K. BEFH)

1. & #E Al f2, WA = IR —8, KA BA, Bl Rt FEX %iE,
AR ER, XF & IS —E KR EX, HE B 5K # bF &2
FEFA A—D 0T oY —(ZRAIT7- BGaN FE KRR HIFDBAF
5 66 MICAYEFRESFAIMAESR 201943 A9-12 8.
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