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Development of a High-resolution Imaging Camera for Alpha Dust and High-dose Rate Monitor
(Contract Research)
— FY2024 Nuclear Energy Science & Technology and Human Resource Development Project —

Collaborative Laboratories for Advanced Decommissioning Science,
Fukushima Research and Engineering Institute
Japan Atomic Energy Agency
Tomioka-machi, Futaba-gun, Fukushima-ken

Tohoku University
(Received April 24, 2026)

The Collaborative Laboratories for Advanced Decommissioning Science (CLADS), Japan Atomic Energy
Agency (JAEA), has been conducting the Nuclear Energy Science & Technology and Human Resource
Development Project (hereafter referred to “the Project”) from FY2019.

The Project aims to contribute to solving problems in the nuclear energy field represented by the
decommissioning of the Fukushima Daiichi Nuclear Power Station, Tokyo Electric Power Company
Holdings, Inc. (TEPCO). For this purpose, intelligence was collected from all over the world, and basic
research and human resource development were promoted by closely integrating/collaborating knowledge
and experiences in various fields beyond the barrier of conventional organizations and research fields.

The sponsor of the Project was moved from the Ministry of Education, Culture, Sports, Science and
Technology to JAEA since the newly adopted proposals in FY2018. On this occasion, JAEA constructed a
new research system where JAEA-academia collaboration is reinforced and medium-to-long term
research/development and human resource development contributing to the decommissioning are stably and
consecutively implemented.

Among the adopted proposals in FY2022, this report summarizes the research results of the “Development
of a high-resolution imaging camera for alpha dust and high-dose rate monitor” conducted from FY2022 to
FY2024.

The present study aims to develop a high-resolution imaging camera for alpha dust and a high-dose rate
monitor. To realize the high-resolution imaging camera for alpha dust, we have developed novel scintillation
materials with emission bands of 500-800 nm. Moreover, we have prepared several materials for the camera
and software.

We have also developed novel scintillation materials with emission bands of 650-1,000 nm, and simulation
studies have been conducted for the high-dose-rate monitor system consisting of optical fiber. In addition, we
demonstrated this monitoring system, and the dose-rate dynamic range was found to be 10 mSv/h to 1 kSv/h.

Keywords: Alpha Dust Imaging, High Dose Rate, Scintillator, Alpha Rays, Gamma Rays, Simulation, Red or Infrared

This work was performed by Tohoku University under contract with Japan Atomic Energy Agency.
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3000
Measurement
-=-- Response
2500

2000

1500

Counts

1000

500 | 4
"

2 8

4 [
Energy (MeV)

3.2-3

10

P Am BRIRORNE AT L &ISE B D g

T T VT ¢ S REORE AL, Gd. Am. Cm O 3 FEEAD o FRELHETE
EENDHEASIRZMFEH L T F =27 MLEEE L, X 3.2-4 I2HE L THE
BN AT MLV EIRT,

3000

2500

2000

1500

Counts

1000

—— Measurement

2 8

4 6
Energy (MeV)
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BoNEm X =27 hUZx LTI 3.2-2 @ X 9B L7 B%cE -V
T T4 —NT 4 L TRDETZ RN — AT MVHK 3.2-5 ([TRkT, T o 74—
VT 4 T DOFER Gd D a BRTHIET D 3.2 MeV AT L 2Am B LTV Cm D 5.5 MeV &
5.8 MeV DI —7 B ENT-, ZDOZ D, TR —21 MeV EEREN TV
A THIUL, To 74— AT 4 v Ik o T XA F—5RRTEX D2 & DR
niz,

—— Unfolding

w

No. of Alpha particles

D o

X 3.2-5 =FEEASBIFEOT > 74+ —IVF 4 T AT f L

4 6
Energy (MeV)

Flo, T 74— NT 4V ITNRELL TETCWOIDNEMEGERT 5720, X 3.2-56 DT
T k=T T AT ST U TCURE B I U CTHIE AT R & Helg U 72 R
ZX 3.2-6 (TR T, INEBEEEH L7z AT MUVTRIEANYZ MVEFE L TR,
K 3.25 DT V7 H—NT 4V ITFERNZLTHD Z PR TE 72,

3000

— Measurement
----- Convolution

2500
2000

7
15001 o, .4

Counts

1000

500

Energy (MeV)

X 3.2-6 T 7 4 —VT 4 T FERIOSEBEE AT U AT hL e
HIE AT BV D Efg
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HEHRBAIREE D I W T, afEMME LY U I AGHIIREE S LD, =X
NX—FEREZIE L BET 5720 _i\T%&@Dﬁ/7w&//%v—&&®ﬁf@
HELRBIEINERNDDL, ZOZLExZBRETLE, YT NAERHO AR 2 A
IZE TR MUVBIRPEDD Z EBREESND, £ T, ARIZEDZZRLF—2R
7 MR O AAT o T2,

AR —RE AL TEA TV AT 02T ZE M L7 (X3.2-7), £hE
NOAEDZ A 71, HEOBFESL A ME=XIERHESND B b DO THD, 5
B L7z n —RA XA TOAKIREICHDBALND, —HT, A7y A
TE, B —RZ A4 T LB LT EE AR, TR, =R F— R
MLV OFIRE XV IEL < BUST 572912, B OBEMEE Cld e < M aoms 2k 4 4
LCARY MBS AT 5T,

o —2xX A7 ATV BEAT
X 3.2-7 FHIZHEZ 2 FEFEO ARRO4E

T I NBWEDT- D ORI, JF SIS TN L, o 7 USRI E 2R 1 FRERE]
LTV, WERICT 7NV 2 R AR SR OB IR E L CHIEZIT 270, A2
kL OHIE iu)Fﬁ%MJw#/7w X LTI v B 7 EOMBRITEEE L TR
DA, PR SMEERICT VI~ A T—F AN TS EEIIE EN 5,

FHIAE R EZ UL FISR T, e —RAZ A TEMEH L2 T AT ST, 2MPo
577 MeV O a RO ¥ —7 B sz (¥3.2-8), BE— 73RV ¥ —FT
HOTEY, SEIOWETIIE =27 F ¥ > FLOK 1/3 D 2000 ch LLFETE—27 A
WAHZENERENT-, —FH T, K329 R-TEHT, ALVT L EZATDOYF LT
Tl —RZ A T TOH TN L TE—7 RN LD IR TE 52 &
ﬁ%ﬁénkoﬁ 7 DIRT L F—M~DREITL, FEERRESHRERNOT VI~ A

D5 %ab’(%f’]2/30)4000 chfBEETER-TEBY, ZTRLF—AT [L

DO EAT D 2DITIZ, AT VU FATREVEL TND I ERbinolz, L
7 — X&%7Tiﬁ#ﬁwt 2, AHNERE TN MR Z ST X A RS AVIAALT
LEWV, AHEANTOHCHEIUZE D AT MVIRA~Z D REBREENTTND EEZ
bihvd,
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107 5
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107 5

107 5
} “ ”
10~ T T T T
0 1000 2000 3000 4000 5000 6000 7000 8000
MCA channel
X 3.2-8 kA m—RHATDAHME AT R
103 5
] —— Membrane
]
102 1
107 5
107 5
1.0_1 — T T
0 1000 2000 3000 4000 5000 6000 7000 8000

MCA channel

[X]3.2-9 AT VLU XA TDOAME W HIER R
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BRI OREBEZFMT 570 7y M CERFMEZ 1T 72, LLFORIZ, %
NENDAHMY TNV TOART MLz bk LT-fs R 24 (3. 2-10), 9 1500 ch LA
ToA T M, 2P BIMB OIS BREBZLND, BRROEL TIZE
NENDARY FUHIEIE—HL TS, —FH T, afpOEKOA TREREZNTT
5, BHRITABATOHEHOWINDEEZZ I W), AROX A ST L 5E O NIF
LAETTWRWEEZOND, WUy M LTSRN E L > T, B TIE
TNDFET, affDH 72 MEIT 43%ERTTEY . HEWIIZ L » T o MOBERIEICE
WTh, ENECDAREMENDH D Z LN o7, ZHIC L EHREMEOERLT
X, AT VA A TOAMCTH U I EE8UWET 5 Z L@ ch s (F3.2-1),

103 5

— Cellulose
— Membrane

Counts

0 1000 2000 3000 4000 5000 6000 7000 8000
MCA channel

X 3.2-10 BAB—REA T LA T VLR ALTOY L TILTO AT N LTS

#3.2-1 AHOBENCL D aftd BRROFEE D Lk

B # o
wre—RK A 4921 o v b 1828 vk
ATV A 5276 17 > b 3219 7 b

vro—R/ AT L 93% 57%
3-8
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3.2.3 FERERBR GEHEIC: T JiHAE) [SFn 4 B ~5F0 6 4]
[5F0 5 45 & o]
B AFFEITIE, B CCD #1 A Z (qCMOS) 5% VT o MRt oD 7o 6D D fciii 7o tieff 5
(LR, OFARY, RTRA—FE) ZRHTTOORBREIT- 72,
AR5 AFREIZIX, OMOS 1 A T % W T2 o #ERABR D 7= D OFRHT TGt 2 55 L7z, F72.
B. vy MERERBRZITV, EEOBYREVEL WA A=V T a2,

[0 6 4B RN A 8 K OV R ]

AN 6 EEEIL. AN 5 EFEICE X EEX . gMOS B X T/ ED CMOS I A T E W a i
RGOT2D DT FIERET 2 DT, Flo, B v PREFREER, EEROHYHEE %
AW A=V TERER LT, D9 ZTHEROT— 22 WEL, WELE-T—2 %
AW TR EHE OB O RS A HEE T 2 72 O ORNT FIE O 21T o 7,

(1) aBfA A= % =TT 2 oD HUH#R 0 BT ERER

IF 2 & 1o O DBFRIFEIE /2 X0 o NI b 5 iR B\ T, fEEEEd o~
)Lk = A (Pu) KiFORBUEIZ, 1EEEONEHIIBELIMT % 9 2 THETH D,
Z OFHIICIE, PukiFOER (BRIFHEROFRE) NEETHDH, L, W on
DOFEIFBRE T AR, v#, FHETLHEAELTEY, OO E o e XA L CTHIE
THZLENEETHD, S 4 FEEORBRIZB VT 4 1L, Hio EMCCD <2 CMOS 1 A %
LT E 0 REED affA A= 7k Lz [1], @®EOHFZE[1] Tk, B85 (EM) CCD
HAZEFH LT A A=V TV AT LAERFE L, 2OV AT L% DT Pubi 7O aff
At L, off. BHE. v, FHETZEBIT LI EITPI LT,

AWFZETIE, K A REB L EEF A LN AREARHT LW 2 A 7 01555 (qCMoS
quantitative CMOS) B A T % affgA A— U VAT MM Lz, £7-. S &ER5H
R Lo EORBEER LT,

oz kT 00y F L —2ZiF, InS(Ag) > F L —% (EJ-440. Eljen
Technology B, 3.25 mg/cm?J&) ., JEFBAMEEIZIZ, BXG3MRF-S (A U /82 fhASttdl) . &
A ZI2IE, qCMOS 7 A (ORCA-Quest, iR =27 AR SR 2 vz, [X3.2-11 (2
HEOIME L BIFENE DT EZ/RT, WIEHEE LT, ZInS(Ag) ¥ > F L—F b OE 72
PHR T D10, affA A=V ZIEEITE EFE TE o1,

FOMORESMELE LT, I ATOE ) 4 REARIT 5 7= ORIEEEEIL 20 C. 75
SEORERIT b G BfER, BRI 1B E Ln, 74— 0 AOFEITHE Z L 12iT-o 7,
B U 72 B O I, KIEOESA#AEMSEFT (National Institutes of Health : NIH)
WA LT=A—T v ) —ADOWIRIIER Y 7 h 7 =7 Image ] ZfEH L7,

qCMQOS camera ‘
control unit(PC) ZnS(Ag)
' scintillator |8

- 4

-

_—

y lens

U

(b)

standard -“_ XLZ
source " : ta

[} 3.2-11 HEEOEER
(a) HEE2AROTE, (b) HEHRIEORE OFE T
3-9
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(2) aff., BHE. v, FHTORE

qQOMOS 7 A T E WA A — 0 7 AT AOPEREREM 0O 7= 6 . BOREEE O KRR & F o
Tafl, B, y#. FHETOMEZITo7, aftl BRRIL. TN EAL 514 Bg O *'Am fFEHE
FIE & 303 Bq O St HEHERR 2 XYZ 7 — 7 LICERE LT CMOS 7 A 5 THIE & 4T > 7=, £ 7=,
BICs 12X D v MRIRET & Am-Be 38 X OV #°Cf O hiph112 X 2 hbE 1 HRETRRBR 13, MRS &
W, CMOS 1 A 7 R Ty RS IEA K 500 pSv/h, B+ MRENTHR K 359 uSv/h TEHZE
NHEH U7, Am-Be FEFMBE OFRIE, *An DO vy MO BELRET D20, BEEED
RICEh 7 vy 7 ZskiE LTz,

ROV BB OMATFIRE LT, Sl 2 flifk L7zl z 7w 234 (o 1) THiE{L L. BG
RETHELNTBEZ HWTafic XD ARy & Lz, Image] Z Wit Ok1 %
3.2-12 1T/~ 7,

File Edi I!!!-! Process Analyze Plugins Window Help

B olg e B I (RS AR P »
Brghtness/Contrast Ctri+Shft+C
Show Info. Ciri+l | Window/Lewel
Properties. Ctri+Shift+P | Color Balance
Stacks * Color Threshold.
Hyperstacks *  Size
Crop Crl+ Shift+ Canvas Size
Dupiicate Cirisshifep | Line Width
Reramic Coordinates. A
Scale Cti+E | Auto Threshold |Detaun =] |Red =]
Transform * Auto Local Threshold ¥ Dark background [ Stack histogram
Zoom * ¥ Dontresetrange [~ Raw values
Overlay . [ 16-bit histogram
Lookup Tables Auto ‘-D_D')‘I _Reset| Set|

L 2003 0418_15395620230418_qemos_FLEB2 Am241_10min_5x_003-..,
21.33x12.00 inches (512x288); 8-bit. 144K

3.2-12 Image] % F\NT-f@HT OREF
B U7 BfE (Threshold ff) % FIRfEE L CRETDHZ & TaBDIERE /A XZHT 5,

(3) i, B#E. v R, T ORIERR

4 3.2-13 1L, qCMOS THIE L7-HEif4 A Image J THATL7- a i, BHR. v . THEF O,
¥ 3.2-14 1%, EMCCD THIE L7-@E# TH 2 [2], qCMOS & EMCCD ~CHi7p 2 it Ofk 5315
7o, T qCMOS & EMCCD DFERDIEWE, EIEIND T A T OAF 5 RLEL 515 DEV TR K]
THEZEZHID, EMCCD (XA H LOERIZ, CCD NG HEM ALY A ¥ THfET 5
(B L TRFEZHEIBLTVWS, ZhutEb2), ANEEEHEMGET S Z & Ttk
LA X E IR L TV D, — T, aMOS 13387+ H L/ A XD3RD T/INS W2,
HIEE ISR CE 2 ETRHEONLIRHER S 5,
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100 pm

3.2-13  qCMOS I & » THUE L 7~ Hjf4
(@) afit, () R, (c) y#E. (d) FE+ DR E

3-11
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100 pm ;
n oy

. 2-14 EMCCD | & » THUE L 7= i
(a) aft. (b) B#E. () v #E. (d) T miEg 2]

F 77, qOMOS # A Z CHIE L72mHIZIE, B O, 4 LB s anBlEZ2Ins b
DORBHoT-, K3.2-1512 ) A4 AN s 7T,

3.2-15 A Xt
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F7o, K 3.2-16 lZaffe /A AREOMEDMME afte ) A XEHOMHED kA <7,
aROEFOEMEIL. /A AMEE5OEMEE i LHENA KX hoTnd, 22T, [X3.2-16
PO TRT L DI e BUSHTT D HFEE /A RS T 5 HBEOBIEAZ#RITD Z &2k,
afpd ) A XEFEHINT D2 ENARETH 72,

—e—Alpha

—e—Noise

Intensity/Pixel
o]
=
(%

----- Area of alpha ray
----- Area of noise

30 40 50 60 70 80
Distance(pum)

X 3.2-16 afgdE /A RO

aCMOS B A Z Z F 7= o MR IRIEEEEIZ BT, o, B R, v Bk, D BB A2 514 L 7=,
HE DOFE S %%Lt/XTAiBﬁ y MR, PEFORBEEZ TS, A ANRFEELTYH
HECRMEAZRETHZLICLY, aOLZBIRFICHIITE S Z ERNbo Tz,

(4) B ek B BB it % ~C O BRI E

AR L2V AT L HHWT, BB E B IZR WV Ca, B v BEFEMNRIE L7230k
L aBHEORZGUREZ 2N ENIE L, SUBHIEREUE, BEOEREZ SToOIZEE
4 um OENT oA RV e =) CTEHo7-, o, B. v EREREREOEHEEIX
aft (*'Am) 2337 Ba, B#R (Sr/*Y+"Cs) #33.6 kBq Tholz, aZfEDOLE G TLHEID
HUBEIL a #f (*YAm) T 17 Bq Th o7z, ZnS(Ag) v v F L —F ik BHo s L Tk LIIE
EiTol-, £, NV U LAEDUT UG RINBUREDE 2 0E LT,

T FIE & LTl gR o TNE & [Fgk, £3° 2 b L-mitg 2 5w A (o 1) TFif
Ll BCHIETELNI-BMEEZ AWV THEFBRICE D ARy &t Lz,

Esz%7ﬂﬁ%%ﬁ%ﬁﬂ®%ﬁﬁ%%ﬁﬁoE@%ﬁ%%#:k?\aﬁ@&?z&%
i+ 2 2 LI LTW5, [M3.2-17 OmifgIE., y BEREDMRAE L 72 3R O E
BERT, mMaﬁﬁ@ﬂ*%%@%aﬁxf/%ﬁﬂ@ﬂ ERER (¢) T, affnr 7 A
AEMERTHIENTE, ZOREHIaBRE Y L BRMOBHFTERENLOD, affDH%
P92 Z STk Th Lz, L > T, IFO X DI a G & BEEFEDNIRIET DEREE T a Mt
HEFHIT 2 HMICAZDI T D LB BND,

Fo, REHOIE A ANFERFICHER SN OO, mEIC L5 A2 @A T 5 Z &1
EoT, aOHLDOMHNRFRETH -7 (X 3.2-18),
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noise

X 3.2-17 KRB B BN i s% |2 C EMCCD CHlllE S 7= hifg
(a) a BAEVEREL, (b) aft, B#R. v ARalEl (o) a AR v MK
(d) MY 7 LHRIE 2 & OFRIRFUHYEYE O i [2]

X 3.2-18 afpL /A XD
(B A A DB RN ChREFIHE)

7% 3. 2-2 [T FURHIERE RIS KTT 2 a7 7 A X OiEifEE R~ T, /2, K 3.2-19127 T A
ZOBET a7 7 A NERT, oD T AZOEA, BT 173~281 mm* Th-o7z, —JF
<. /4%@@%i%ﬂﬁ?%okoLkﬁof\a%@ﬁﬁ%ﬁ%NMLf/4f&@ﬁ
BIBIEICFIHATREE B 2 B b,

3-14
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7 3.2-2 HPERBE CTHRINTZ a7 7 A X OHE

Area
(um?)

(a) 222
(b) 192
(c) 173
(c)(noise) 30
(d) 281

810 -

Gray Value
@
S
&

800 -

0.0 05 10 15
Distance (inches)

X 3.2-19 7 T AXZDWET a7 74
(X 3. 2-17 (b) D 2%}~ 2 FF-A)

3.2.4 F&o

—ZEEMTIX, Gd, Am, Cm @D 3 FEIHD o AN T ENDEEMIELZEH L T2
X—AXT MLERGLT, Ty 74— VT 4 T OREWEEEIETE T2, £DH 2T, i
IROBFMEZ A ME=ZIMEH SN i —X 4 A T AT Lo H A4 70 2 FE
HOAM|EHNT, A IIEBIC T I e e XA M EFHEL T, AT MLETfSL
Too ZORER. 2D AEDZ A 7Tl afHRD AT MVIHIERH D Z & 03D
oo ZHUX, TAT 7 XA NRABENERETADAALTLE D72, AN TOH DRI
KA MAFBIRSNE D REREENTTNWDHEEZXLND,

JA IR CIL, BIR LI aff A A=V —Z2HWTC, aFflE B (y) BEHEMBRET D
REEZHE Lz, BEOHRER., B (v) EHENRET DR E FZRE O/ T, a it
AT D 2 IR LT, E£7-. BRARIC LY o OEHRO LI T2 2 L A HETH
o7z, 1F BGOHYIATERIE LB L L T D72, affff A —T v —I% IF Bl
TOBERREICEENIEHTEL2 D LEZ BN,

HALRFTIE, I aAET 2RISR O T e M ¥ A TR ZIRE Lz, BEMICIE,
3.2-1 I2d D BE#Xafif A -V 7E] ThY, ERRoig & =X —20314%1T
IHDTHD,
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3.3 EfERGE=Z ORI [ 4 FE~TF 6 FE]
3.3.1 E=XDMH [HF4FE~TF 6 ]

[5Fn 5 A E ToOREE]

B AFEITIL, Csollfls v F L —F 2 FR L L CERMERSEE =X ITHAAALT, T
FRAE 80 mGy/h £ THIEST HZ LN TET,

B AEEITIX, B4 IS ERE. AREREE =X OB E KT, =&
B L ClED, ARy N7 vy 7 OFEMAR SiX, BEOREEDOL O LFREELE
LT, Yo FL—2OEmEREZEDT-, HEREORE LRIT, FEBRRME & 68RO
BfR B 1 kGy/hBREETOWMEDATH LA, WERTHESINLTWDL LY I IT+5
/INEL 10 KGy/h FREEE CIIIERRE L AMEC & 7o, £/, TRIEIX 15 nGy/h FRE TH -
T2 EMmB. BAED 20 mSv/h Kjifinn D 1 kSv/h LLEDORRERF A F I v 7 Lo P EERT
HZEMWTE 2, 28, AXTIEL Sv/hiE 1 Gy/h LM 1 L LCTHYIK S,

[0 6 AR FEREN A F L O]

AT 6 AERE L, AR5 FEEICE XX Fo X ORSA DT, 10 mSv/h A5 6 1 kSv/h
UEETOMBEDOHATFTIv I LU TEATLHE=X ML, T~ 5% 5k
L7e (Rf&mizix, FRRAEIE | mSv/h AHY &£ CTRIE), £/, BF0 5 FHEEE TITE: - 7= HiffT
ZAFICHEHT 2720 DIE¥(E2 1T o 7o, AT LI =260 OFl&fE D v
FL—2OEEl, @ TREORIE, @IF TOBGEIE~DHEHTH 5,

3.3.2 MUHBBR (Bt s R [AFn 4 L ~5F0 6 4F]

[0 5 4 £ CoME]

BRAFEZIX, K FEE IR R EEET O = 5L M 60 ST sk 12 T, ALK &
WAL, BERBRE F L, o EE RIbRT:, —ZEEK, g ~7 +—
Ry 7 Ule, HET, BRERBAR EICMHED ¥ 2 b—1a MR O bAT o 7o,

BRSEEEITIL, BFAFEICS &R E . SR FE SR IR FIET D 230 | 601
SRR T, BAL R L 10 L7a i’ & IR RBR & S0 L, = OfE R 2 HAbKS:, 258,
JAT- I ~7 4 — R Nw 7 LTz, b, BEEBEICHE VI b—1a VTG
i, o, VT UL—FFE A TOMEBRERET =& O BEE O GRS
S S L7,

[5F0 6 - FREN A I L O R ]

BRI Zhex, 390 b 60 FREHERRIZ T, BALKF & L7 s & 5B %
Fhi L., EOMREERILKRT:, ZEEBE. R OIEE~7 1 — Ny 7 L, HbET,
FREGTAN, BRI Y S I 2 b — a VT b iED T,

ARFZET BT Z BETE=21%. 10 mSv/h K5 1 kSv/h LI D #f SR 1kt
JISHRERIENWAA T I v 7 Lo VEATAHIEZAELELTEBY, ZREEIT DI
. R R O R S FTRE R B ORI E Th D, RESKFEE R IR0
JEATICRRIE S LTV D 730 b 60 MUY Rk = L | 60 fgtiEs) Tl “Covy
FRIED D OFFREA 2L SE 5 Z L2k Y, REHREZHIET 2 Z EBNARETH 5,

LU0 B, BESENICBWOTL, BEm» S OBELROBENMER T2, Zhb
DOEEARIL, PCoy MO ET XN X—THD .17 BL O 1.33 MeV LV IV R /L F—
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RrEbb, FE=XOTRLF —IREREICREL KT RN H D, LionoT, K
FHLEICIT D =RfF— AT MLOFfiE, & =FHREOEIERFIZ1T ) 9 2 TH
AR ChH D, £7z, BF6FELEEITIL, BERF2/ IV B 60 BN MER 252 L3 T&
RN EDD, JUNKFINEES - ©— 25BN o Z—0 390 | 60 iR (Juk=
2L b 60 BRESHEEE) 1ZR W TR AT & 550 L 7=, MERHKciZ, #7o7aIy s 7 40
LERWT, —EIZZEAOMELZIET D2 FEE AW, DTICEBNEZRRS,

« FALRF 290 b 60 R IZE T 2 vy fEB L O R X — A7 RVl

FEEND vy O RV F— AT ML EFHET 572912, Particle and Heavy Ion
Transport code System (PHITS) % FAWNCHARSE 2 45HE L7- y ity R 2 b —va Va3
ML, BOEFRERIC K 2 TRl 2 FH W CRHRE 2 sk L7,

[4 3.3-1 {2 PHITS T & 2 MG N OFHEE 7 VIS & F2H]I L 7o friE O Fwz2 w3, K
D D15 D6 ITHR A EHEADLMETH Y, 1L 205 4 TR EZEEATIC a7 U — M
WD ONLE T, MERNMENE ZAOFMZ T 57205 E Lz,

[ 3. 3-2 (2 RHIRIC 1T DA EOFHRE & R THIE L 72 RO O ik 2777, #
TRa B TV DR AIZ W T, EREFHRITIV—8E2RL, — AT, 27—
I ik D AR D ﬁﬁSLOWT X, AHRENE N AR L, VYR alb—Yarpary
U— NOEE, MR EEZERIIFHT LI ENTE RN END, TOERNBN &5
25, LnL7ens, EE%’ES:S:%) AT 2 mIE, FRTHDZ L 2R LT,

200 - I - 1 1 1 - |
L] o o |
D5
100 ° H
| 5 |
. ;
0 o’ 12
i oE-
—-100 [t T
[}
= I i I i ! |
0 200 400

X 3.3-1 FEBKRFa,5L k 60 FREHER O PHITS O FHEE T VARSI & SR &
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10% F T T L —1
D1 Experiments-direct =
- PHITS-direct &
10° | B Experiments-indirect o -
i D2 PHITS-indirect ©
10" F ° o3 -
i o !D4 D5 I
ol a D6 -
10° F o) =
o' [ Comparison of A19 measured |
" values and PHITS results
10'2 -_ 9] _-
[ 11 e & i
12 o
10-3 i ] 13 | I4 | |
0 100 200 300 400 500

Distance (cm)
4 3.3-2 HFHliRICI T DR EOFERE & FHEE O R%

4 3.3-3 ICH A ASICHK T D y BOT X =27 ML ERT, BEERIT L1 MeV,
1.3 MeV Dy R K2 HEDTEY, HEEE & Hicd L, I MeVELFiZa 7 U — hEE
TR EMNLOHELRC L D0 R Lz, TFRLF—E L TIE 100 keV 205 1 MeV £ TIEFE
—ETHDHI L EMWR LI,

a7 U — MERROER ORI T DR F— AT FLE 500 keVEL T & 720
HELER T DL D OFHIiAUZ LR TRW 2 &b o 7o, BEER 1T = R L X —(KIF RN R 7
D, TNHDTHNANF =AY MU L DEEOMIEILH E D ME TRV, o FL—
ZRMEERIR AR E OB TR, =XV X — (K FHEE AT L2000, =¥
— AR ML EEE LR ET A EE L 22D,

AFFROFERN D, SALEICBIT DRV F—AT MLEHALNCTEZZ LD,
Lt OMEFHHICAE R 2T — 2 ZBGTE L2 D,

3-18
- 51 -



Photon flux(/cm‘?/s)

JAEA-Review 2026-016

Energy(MeV)
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