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To prevent acts of terrorism involving nuclear or radioactive materials at major public events, it
is required to have surveillance technologies that either prevent these materials from being brought in
or detect quickly if somebody brings them in secretly. Setting radiation gate monitors to survey
pedestrians and vehicles is one of the effective methods. However, considering the possibility of
individuals bypassing these monitors, complementary technologies are needed to continuously survey
areas inside the gates. To survey extensive areas, radiation mapping is effective. By using multiple
detectors and aggregating the data, the survey becomes much more efficient.

We have developed mobile detectors capable of simultaneously measuring location data and
radiation levels outdoors, with the ability to aggregate measurement results via a network and
immediately visualize them on a map. For indoor environments, we have developed a technology that
integrates radiation measurement results with environmental mapping created using SLAM
(Simultaneous Localization and Mapping) to produce 3D maps of the surveyed areas. Additionally,
we have been working on the development of a source search technology using a fast neutron detector
to quickly detect neutron sources, including nuclear materials.

In this report, we describe a concept of the wide area survey system and report technology
development results so far.

Keywords: Wide Area Monitoring, Nuclear Security, Gamma Detector, Fast Neutron Detection, Un
Manned Vehicle, Low Power Wide Area, Radiation Mapping, Mobile Devices

This development was implemented under the subsidiary for nuclear security promotion of MEXT.
This work has been performed in Japan Atomic Energy Agency as collaboration research with Kindai
University and KEK.
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EATESICHRT D Cs-137 DA v F ARy SBFRKTH 5,
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2.1 TIEX, GPS IZ X DHMrAFIH Licth—_A RBRICOWTRRI LTz, KB A X2 MET
. BAMCIRG T, AT a0a s — a7 FRNT —_ A BUE L 2 55 m N EE S
NDH, GPS TIIEEBE RN RN T EERISGS TE RN ERlEIND, £Z T, BN
SMT KIS FTREZ: SLAM Hifli 2 AW B OB A 72, SLAM &%, JEEOREZ U 7V
A LTAFY L, BEILZRDR O AF v UFREERSGDE THIMAZERT 2 TH 5,
F 41X, LIDAR EMEEND L—HF—AX vy F a2t —L LTRMA L, LIDAR I, —ED
MR TL— 2R H L, ZOKREZMRINT 2 E TORMEZFIIT 2 2 & TRBEORIRZ
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KEBEA X FMEOBGIZEBWT, B ERIBRAINTZIGEITIE, TR L
DHRHTENPOEEZHE L, ZOBROXMIEEZHCPICRET D2 HLENH LH, KERICBNTH,
HE U7 R SRR E S ATRE D Z D O -, X210 1%, A HS A @83 2 A1 130 B2,
CsTHY v FL—a VB TERSGLEZARY MUV TF— 22 BE LD TH D, HiE 1
A VFHRERD AT MV ER L, FREBIT e110x25 mm FEfE D AT FLERLTWD, fEfY
A ADREWVRIEIROTT Ro7T vy b)) THENRELL, Tor~vHREe—27 N KV BAMICAA T
W5, KEK O3k EBS0EZHZEIZ LT, BE—A T4 VOBREESEDRICH S T-WE %
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BEYHICRE LIe T v R AT M ES S BEHEIFE O UM E R T 5720, A #iRIZ
BT, 30 ST~ MRAT MV OERBIE & FEHE LTz, BT 1L — 3 fERE O
VN CZT FE A E o EICEE LT, BE—bT7 A4 ERUE S THIE L, HIEHR
K 211 (29, BEIFORENLELNIZ AT ML (K 2.10) Ll s e, T8RN
RITIEE L TR TE TS Z e bA D, CZT OHfIETIX, #7zil Co-60 KT Y-88 Hi
KDO/NENE— 7 PR TEXT-, Y88 1T, E—L T A DD - X 5AER SN DUty
ELTHEINTWSEL Co-60 122V Tik, Na-22 D 1275 keV D E— 7 O LEFITALE L TE
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2.5 AT = R AL T ha A —H — D AL

JRIE— XA AT AR CERIE LA IR BT v~ AT ha A —% — %, &7
CsI(ThYv > F L—F—L  (KEETEET S SiPM (Silicon Photomultiplier) Y4k Hi 25 2 A
ABbEELDOTHD, CSTHY v FL—F—DT R LF—SMEEEIL, 662 keV D H >~ H#RIZH
WT 7% ~ 8% Th D, i keV L EDH v~ % it 9~ 5 B FE 03 B CHAA/E 3 2 B & 1%
ZRIET HICIE, ZO0RII+HSThsd, LirL, B LXF—DH o ~#HTiE, ©—7n
JEAY . BREEN L~ BRIC R T B AR M CEE B M RT L AR D, BT —H i
T DN RRICEET 2HAICIE. TOH U~ a7 b AL T HEL D AL
T RVNRERDLED, E— T 2R TLHIIENIDICH LIRS, 2O LX) RGAITIE,
CSUTH)D TRV F—RfRAEN AN+ 3727280, BT NEEME Ak s LTLE D et d
a3

KR VX—H o~ E RN T 2EEOREEN M LT 272012i%, Ho~vA<7 b
0 A—H—DT RV X fFREN ERMETH D, TRF—MREEO WIS, Filx
X, DIRREDOEWWIEIC, Ge YEAMHER, CZT YE A, LaBrs(Ce)> v F L— 3 U
HEB b T o s, £ 221%, 3 2OKtHE L, CSITHY > F L —3 a URHas O R % g
L7ebDThHhD, IbENT-ZRVX —SMREEE FFO Ge ST, WIKRERIRLE E THHEIN
VETHD, MEEREZNLBEL LRVWEINMARXD LD H L0, Ny TV —nbENZHH
TOUEND D, TOD, KRk L CTHIEZAT 5 IIE AR E Th D, CZT Mg,
WIRCHEHTE 20, BIERRERER A XN N2, BREEMR, 200, i
FRIE 2 BENL 7 AL 2 S BRI 25 1C5E L TV 720y, LaBrs(Ce)y v F L—3 = Ui,
INH 2O AT RN —REITE D0, BEINARET, A ADBKREWREEDATFA]
RBTHLHIZD, MmWVBRHIELHELZ N TEDL, £Z2 T, LaB(Ce)v »r FL—F—%EA
L. AT <R AT ha A =2 — D )VX — 4 fREe % B3 2B 2 BAh Uiz,

_— =

#2.2 GefElK, CZT ¥EIK, LaBry(Ce)> v F L —&—, Cs(T)> > F L —F —DH#k
Ge CZT LaBr3(Ce) CsI(TD)
TRV — iR 0.3% <3% 3% 7-8%
(FWHM@662 keV)
RS A X 4 inches | & mm J& 3 inches 4 inches
EE (g/em?) 533 5.8 5.29 4.51
%t & (photon/MeV) - - 63,000 56,000
FEE LR (nm) - - 380 540
FE IR (ns) - - 26 | 680(64%)
3,340(36%)
TR s il H T
B C. iU e i3 i3 H ilia
2.5.1 [ LaBrs(Ce)l HH 25 O PEREFABR

AR AR 2R 1C LaBrs(Ce) 2 AT HI2H 720 . CsI(TY) & HW 7= SR 2
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AW EHSZREL, K 212 13, BIELZBRESOERERLIZLDTH D,
ER2A F ., EE2A »F D LaBry(Ce) v F L — & —|Z CAEN £ i-Spector! 14 B W 17,
Ry T U —BEF 12 V 2#E L CEfES -, EiK 5 V CEfET 5 SBC & LAN 7 — 7L
THR LT, T—2 O LE1T- 72,

Vo FL—F =2 AT 7 i-Spector (X, SiPM (S14160-60520HS. 2 i : 30 mmx30
mm) . SiPM AEEMHER — FROME BB OREN — (K & e o T Th 2, HHMHIZ LD
Yo FL—va sk SiPM TERIESIC L, E4LE 12bit, 80MS/s DT ;77 U4 VI
WTTUH M, FEEFES LT, 4096 F % U RV DANT hL b5, WEMNT A—Z—
DBE. SiPM ~D LD ON/OFF, HE D start/stop L NAXT hLF —Z OFEH LIL,
Ethernet #2 1 CT1To 72, #), WERLM - #& T, A7 MRFO—#HO a~ L RE BTk
ET5670 77 L%1ER L, SBC TEITLTT—HEZHWMVIAALT,

12vDC/ S“‘Jv_‘U—
12VDC
Ny7U—
5VDC
i-Spector SBC [ jtyzy-—

SiPM: 30mmx30mm
ADC: 12bit, 80MS/s
MCA: 4096 ch.

[X] 2.12  SiPM & W= HER SR Kk OVEE

FRAE L 72 AT AR 2R & IV C L Cs-137 BRIEDS AU 2 662 keV D o < RO = R )L F—73
e & gEm 3 2 E 21T - 72, MR IERIC Cs-137 BRI AZFRE L. 10 BE&2170, B
LAY MV ESGHT LTz, =7 OS5I L > TELI HEREIL, 44%E o7,

Cs(THy > F L —F —Z AW E O T RV X — 3 fifHE 7.8% & LT, TR LX — ) fifHE
M ETHZERTE, ARBRTHWHGIZ, Ny 7 UV —BEThHY . Hl#ic SBC #H
WTWNAH72, GPS X° LIDAR L Wo ot —2RBGIMIMTHZ LR a[ETH D, 51k,
WET — 2 AT 270 77 L2FE LT, v~ v B 7 ORBRZITO TETH D,

2.5.2 JE MG E A L 7o RE R R

2.5.1 Tl&. LaBr3(Ce) & SiPM Z A& b TR Lo stz @A Lz, 2ok
ZRIX. CSI(TDHZfE A L7z s K 0 0 fREENS 7] B L TV D28, 3 2.2 ([T = R L X — 3 fihE
ITZERTE TR, T, K237 T LI, SIPMOBEEHEENCCRERMTE <,
LaBr;(Ce)v v FL—va VRO R TR HH720D, Yo FL—rarhkrERE7ICE
T DN SIENRD STl EFZbND, o, B ERMDEN O, K

E
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SLBRITAE ] L 7 i-Spector DALEREE S+ 53 TIX R Mo o AREME B B 2 B D,

# 2.3 HERIZTHW - SiPM D114

Silicon Photomultiplier (SiPM)
PiES S14160-6050HS
W = 400~1000+ nm
R E 45V
E,ni] 30 mm X 30 mm

LaBr;(Ce)Y v F L —Z —1ZOWN T, LW EWZ R VX —SMEAMSD 72D, @ H LA
b THbN D EEFHES (PMT : Photomultiplier Tube) Z WA Z ENENTHDH &5
X biLd, I T, LaBry(Ce)& PMT ZfHAG OEGAE O R VX — ez WE LT,
2,131 %, WEICHW I OEREZ R L TWD, ZOHEETIE, WHBICHW SN S @ EER
? Canberra 3002D & OV & /0 M1 # CAEN DT5730SB  (ADC : 14 bit, 500 MS/s) % i\ 7=, PMT
X, 24 ICFRTELDOERE L, BEBHERICA—N—NSATAHVEEHLTEBY ., #kD
PMT & HERTEFIENE N ERRHETH D, MasOERIZ Cs-137 BRIRAFKE L. 10 4
MIIE L7=, Cs-137 W% 662 keV OH o~ E—27 O )L X —3E21T, 3.1%& 7%
572, SiPM LA EDEEBEE LB L TESICE VT RV X —SREZER Lz,
FORBELW R AN, & 2.2 TRLUTZ LaBrs(Ce)DFENERICH L7 b DT -7 2 &IZA T,
ZHEREOILKRR, EELBEOEERNICE M ETEEEZILND,

#24 WBRICHOIOEETHEE (PMT) OfbH
e T (5 (PMT)

e H15266-100-07
R 300~800 nm

-2 T FR K A== A 7 LA Y 12]
W E R L | 1200V
N EAE 70 mm
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I \ =] 88 /2258

|D I Canberra 3002D
\
\
. CAEN e

SOFL—AH— PMT DT5730SB

=BEIR SIFL—F—
UNBUEFTE)  +PMT

KiEothegs (CAEN DT5730SB)

2.13 PMT % f - 7= E OBEIE X . VB E

LaBr3(Ce) & PMT & #lAa b - & CS(TH RO T o~ — 7 2458+ 26 &
T 5720, IR LX—H o ~fia2RE Lz, X214 1%, Ba-133 R &% O Eu-152 #RJR %
FRFCHE L2 A7 RV TH D, HHRITZ CSI(T]) & SiPM O HER TH iz 227 LT,
F#RIE LaBr(Ce) & PMT OHETHEONIZAXY ML Th 5, MO EEHIZIZ, Ba-133 IR
DH <R FVX =5 T, Bu-152 RO T o~z F—%KETRLTWD, 220
AT MVEHET D L, RHBOKN 4 KOH o~ (Ba-133 $RJHD 276, 384 keV., Eu-
152 BRIR D 411, 444 keV) M OWEME X 1%, 7R T8 L7z LaBrs(Ce)f HH#R D A7 F L TD I
B TZ T 5, LaBry(Ce)& PMT A OELMHBEA D Z LICE Y, KR L¥—
o< EBNT HEEMRET 256100, BERENES TR D Z ERHRFTE 5,
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4 2.14 CsI(Tl)& SiPM Z W7o figs (F88) & LaBri(Ce) & PMT & W7o B 45
(R DT RILF— AT LD g
B EFICEEE L2 o~ O F—E, #5 Ba-133 B O & O, KD Eu-152 ##
WDOHDOTH D, LaBra(Ce)fRHERD = R /L —3FHEN L D @728, 250~450 keV D
TRV O~ 2@BNT L nTE,

LaBr3(Ce) & PMT A GO ML A E ~SEA L, v v B 7 %2179 72D,
A Bl OFER TR o m IR K ONE & A8 13 LTy, mEEEJR (Canberra 3002D) 1,
A ANRKEL, HEDEV, FHEOIE (CAEN DTS5730SB) (X, HEENINVKE L, ERF
MEFHLIEA THIEICHWD I, REORKEWKEIO NNy 7 U —Z8H5 L THEH L7221
B2,

A1, USB ANANNT —TEIFEL., £ 1000 V OFEEZFININTE 2/ N &SR OB % %2
5, WEmmtasiX, SBC 22OAaEARE T, MIERRL - KT, 77— DRFE%% USB U T L
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BETITZALODEAEZHEDTNE, v v ELTHEDEDIC. JHEPICH <A -
NERGET DT T T LAEERT D, 2N ERELZARERESAN Yy B 7l
1TV, BRI PERE K ORI ERE N DRl 2 D 5 TETH D,

2.6 K —_A AT LDORFKEDOE &

ARETIE, SRV OB Z Y — XA F 2 72O OEREMBAR IOV THE Lz,

B ISR~ > B T BB TlX. GPSIC X ANLEEH & H v~ ALY bV & RIFEZH
ET D AR AR OB AED -, CS(THEH W=y T U —8ED AT fa A —H—
IZ GPS 7T F&BY T, HERREEZ O CHRET MBS ERIELZ, BAMCE
T D MRIR RN A ARE U 7o MR REREARAABR 2 320 L. A9 1 m OFRAZE Tl U 72 #3880 31404 i) k-
R LTz, ZOFME, v~y BV THEHEAD S H, BEMENRS W U 7 Z2RETED Z & &
BTz, O YT THE LT ~BART MVERRE L, BN R ERET D2 &
INT&E 72, BUE. SBC A HlIAL, /NN SHLIEMED B WIEE OB 2 D TV 5,

v bT— 7 BB T, AIRAUREER CHIE LT — & 2 mR oI ~%E L, W
ITLTHIEL CWARIEERD T — & 2 —@TICEN T 5720, BEEROm Ve —H LRy T
— 7 T E 5 Wi-SUN FAN # A L, REZ1To72, TORE, RiELORWEREIZE
WT, F650m OFPHCTHERRETH D Z L 2R L=, BUE, HEEOBERBRT A X%
L THIEETT —FE2EDL VAT Ry THEORREED TN D, 4%, EEE O TR
HEszHH LT, WET —Z 2T L CRETDEIEEREIT) TETH D,

VITNEA L~y BT Y7 REFETEH, e—A Ry NT—27 TYLEE L 72 EH D K
BRIHERORET — X %V TIVH A MR T D720, AR D BRESNTL 57 —
ZEMMELT, i Rtk — M~y T E2ERT DY 7 MU =T OB EI T, A%, Y7 B
U =7 OFERDM B, RET DT —F OEMELZED, JOEANRY 7 Mo =72 L
TW TETH D,

BN KGR FATRE 2R U R~ v B T EAIR OB Tk, BN TBE) L7228 & J850 O BREL X &
TERR L. O Eoiii L7 fRiE % HiHTX %5 LIDAR SLAM # W~y BV 7V AT A
DT 2D 7=, LiIDAR SLAM T b7k ig 2 Moty LT, e— b+
v T HFRTE DM AZBFE LIz, SuperKEKB M Ssia% (2T, U > ZESE R o RN OD
#1700 m OFLPHO R R 2 ET 2B 21T 72, WESFTOMXZ &G, BEREOE
— My 7 EEQATHRENEGWVWT Y TEHFETELZ E2ER L, AFETEHWS Z LT X
D, KBA R ARG ELTHESNAAZ VT ARV a v BV TE— LV EDRNIZE N T
b, BEE~ Yy B T LT —_AEATH 2 N TE S, Atk BWAEATHEEO BB,
HREITEOREELED T, v v BV T OFENMELZED L TETH D,

O RRE R AR HHBRBR TS Tk, I — A R SN A FRET 28 %M BT 5
72, " LaBry(Ce)y v F L—r g VISR DB 21T o 72, (XU OIZ, LaBry(Ce)¥ o F
L—4&—& SiPM ZfAADbE st 2 3 EL /R, CsI(THY v FLr—F—% Hun
oA LT, XX R R ET A Z LN TE L, AMNRNEZITO T — X INE
TRy T hERETH LT, vy B ZRIEICERT DM OREEERE ) 2 ETE S
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RiABZ Gz, SHIT, Yo FL—F—0OWiEzs| & HT 702, PMT LlAEGDEZSLE
OV T HRERZ S M L2RER, SiPM XV fiffEZ2 A ETE 5 2 L 2B L7, 4%, PMT
MBI, Baaotrdao/ Mz, ke Lembs ez O 7eslBR 2179 TETH 5,
S, RO LR B A MAG D, AL LICIR Y —~ 1 2 27 LA DOBR% & i
W5, Fv bU—7 THEE LG O R E 2 VT, R 5T O|E 2T LTl
B, KBMEA X N EGOIRCNHEHIFADOE=2 1 7 ZERET 5 T OEIN O 2 BT,
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3. PPEAIERR AN S A T b DB

U, Pu 72 EOEWES Cf-252, AmBe(o,n)7e & O THEMTHEFIREZRIMT 2855, T~
X bvEEnEL<, %&&f@ﬁ@#%bv@é%%ﬁﬁ#é_kﬂﬁﬂ@%ﬁﬂﬁiéﬂ
ZDO

FRIZEWE L TAEA OFHI 3 2 iR OB ERGRIEOFHEME TH 5 D EIBNZB W T,
BB w T _REbDOTHDHEENTWD

3.1 A R 0 B %8
— AN OBHICIE, RNY =T L oRBIK e EOKFEE G LW E & A THET 2 R
WS, ZRLF—DRWEFMET- & U ROSHTEFEO K &V, He-3(n,p)H-3 X° Li-6(n,a)H-3
BREOKISEHND, Lo, HETFEBEESE S & 0B THEFORK T, =xL
F—OERITKONTLE S, 207D, BVhtEFRtasid., HEHRIZIB T 5 P o 22[H
MEZHET S Z L@ LTV D, FEFoRKAmEZ#HETE RV, o, Bk E H
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