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Abstract

High energy X-ray generated from a linear accelerator can penetrate a thick target or the target which has high atomic
number. They are expected to be X-ray source for the inspection system of containers or baggage. 950 keV X-band
Linac we have developed is compact size and has maximum energy 950 keV which is right for the baggage inspection
system in the airport. We have developed the 2-fold scintillator array line detector to obtain two images, one is low
energy X-ray image the other is high energy X-ray image, during one irradiation. With two images, the new information
such as atomic number of target can be derived by numerical calculation.

We provided the concealment to hide the target material, iron and lead inside and took the X-ray image. Two metals
were distinguished through the pixel value calculation. However there are several problems on the images such as noise
image. The upgrade version of 2-fold scintillator detector is planned to manufacture suppressing the scattered X-ray

which is considered as the main factor of noise image.
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Resonant frequency X-band 9.4 GHz
RF source 250 kW magnetron
Cavity type On-axis coupling

Shunt impedance ~70 MW/m

Gun type Thermionic, Diode, 20 keV

Tube length ~30cm

22 2BRVUTFL—HET LA

‘ X-band Linac ‘ ‘ Two-fold scintillator detector

X-ray 7 / |~
/ — T—
:@ _ -
E— \ ‘\
T~ Object | L/ Filter

Low energy High energy

X-ray image X-ray image

from a thin detector || from a thick detector

K1:2BF1L—27 LA OKEE

PEFD 2t X BURAEEE Tl 2 [ X FREES 23T
Pid, ZOOREEBPLELROTES LTS 2
[\l X BEHALETHD, LrL, FTxiET 1
T A= EELT, 1 EO X BRANTH oD
Eifg (Ko 3L —MEg L mT LY —mg) 234%5

* kiwoo@nuclear.jp

-741-



Proceedings of the 7th Annual Meeting of Particle Accelerator Society of Japan (August 4-6, 2010, Himeji, Japan)

BNBE DT LTz, FORA L MIZHEEZ 2 BT
THZ L, DEDHEN CI o FL—F EREIIC, &
VW CAWO4 v F L —H % AICERE L THEVLY
FL—F TR L F—X BEERINL ., En v
FL—HZTiE Csl 2N TEET LT —X %
WIS 2 X H12F 5, 2T 1 [ED X BEHTY
TODOHEBRELNDLDTH D,

KR T L — X DEIHERMERD DT,

monte carlo ¥ I = L —3 3 UROMIEFE AT - 72[4].

Absorption energy (MeV)

0
00 01 02 03 04 05 06 07 08 09
Energy (MeV)

K2 : &y FL—HITRIREND X ROz RV
X —5 A0

#F2:Montecarlo VI =2 L—3 g UHER

Simulation results

Mean energy difference between
Csl and CdWO4 (keV)

251-74=176 keV

Counts difference between Csl
and CdwO4

7481-6695=786

FHRER, £ T L= RIS D E L
X—DFEIL 176 keV T2, ZOENRRKEINE VD
ZEEOEV KR AT R L B R — R
DHPAUERNTHENW) Z LD THE LWEER
ThHbD, #. Count LDOEN/NIWNEWD Z L1F&
VUFL—HIZAD X BBOBMITIERC E WS Z
ETHFIC X BBAVBERNZ LD TROE
BErLlBEbNng, YIalb—3i g UERICESNT
2 D EREZIT T,

& Wmig. $1:%. Polyethylene: A LT

"W el | “ i 5 g

s l m m
— |
5 mm 10 mm 15 mm 20 mm

(@

3. REREZDER
PALTES I8 22N

1) FEREREZT v b

3.1

i Target material
Collimator L.
Two-fold scintillator
X-ray I
- e T
— e
950 keV T I] semsor
X-band Reference X-stage I 10 Hz
Linac detector

Controller

"‘ 10Hz

4 3 : B ik EBR AR

X 3 I EBRIKREZTRT, 2D AT AF 10 HZz T
TN TTIAS v —arbu—In56H5
10 Hz D78V AR T A o o —oE s o )71z
A>ThHEroE X MPBEHEIND A7 T
WEITOXIICLTWD, X7y hELTIEEDO
rHEL, b Z ik Td 5 Polyethylene X°
Polyvinyl chloride ZA#HIZ AL, HREEITo72, X A
T—=UIE N TR A TRWO THMTENWN TN,
WRENHEZI D D720, EFBEOX 7y FEIRE L
THB EOFEHIESF IR HEOEET X AT —
CEENT LI LT,

Pb G—

Fe

® 10 mm. h 20 mm
a

()
slulslsls
JJdgouao

(b)
4. 275y NMOEEEEE) @) & Rk (b)

WM | BORTES | RORTES
: DEX | (26) LRBHE | (82) LRBIE
i (mm) 0% LD

10 X 10 X 30 mm

5 341 2.35
10 4.76 2.58
15 4.06 3.22
20 7.02 331
25 9.99 4.34

25 mm

742-



Proceedings of the 7th Annual Meeting of Particle Accelerator Society of Japan (August 4-6, 2010, Himeji, Japan)

Polyvinyl chloride : &

2 S s 2

Eom . N

B#H | RORTFES | VORTFES
, DOEE | (26) LB | (82) LREfH
gy (mm) 0% D%

5 9.09 286
''''''''''' 10 11.53 271
9.64 1.58

20 9.33 1.86

- —_— 25 10.7 214

(b)

X 5. $k&$h%& Z I Polyethylene (a) & Polyvinyl chloride (b) Bt 12 A AU 7= I 0 1) 15 FE-A% Al R

2)  GEEBRRE R

B 5 85 & BB A R ORIz AR TTHR - 72 Eifg &
ZOEBLHEFERTH D, FRABORFFE S LL<
IEEDRFE IS A% TFRE,
polyethylene FRMiEF DIHE . 8 iﬁ?%’?ﬁ@%%ﬁ
il & BRERAEAY 3 ~ 10 D EZ BT DI~ 71T 2
~5 D% F 7=, Polyvinyl chloride 2fiihs @iE'/\
ﬁk%%h%ﬂ9~nk1~3@ﬁ%§%@ﬁ%ﬁ

EEBRMAEEY Rz, ZOEIB#MOEINE
KR2FEXZ L THEOBEENEL RDIFEREL
725 TWB[5],

32 CT H{giRE ER

1)  ZERIEREZT VB

Collimator

7{/t/ﬁ*
eference

sensor

X6 :CT @% ZEA TN

CT EBREATHTZD, BFDO T A 2P —%HIC
BILTH 7y boWmmzsiRs Lol Lz, FHUZE
bEL AT AU —HRICE LT ET RO
UA—=2D&E % LTz, 2OV AT ALY 10 Hz TH
MLTWT X BPAMBE DM, 7> h%& 180
JE kRIS LT 1S 180 Fr oo WrikEifg 2 FRH L
2o BRICAENTTA v —hichdal) A—%
ZROHLTT I4 A2 FOREVIC X 5 #ifg o 5
Erap Lz, ZnTH Ll EfMENRE LS
B T IAAY MTEDEEITEZ 2L TH X0,
2y hELTEET 1 RIBIFE b, 73, £

L CHzfEM A HE Lz, wEIIhH oMEs /5
DINTEDHZ k%%ﬁbfﬁofﬁtozﬁaﬁl
MHEYZVEFESPRKRETE N, AT—
RVERELE, 2R WERTEEDES CT
g LR T 20T 720 TH D,

X 7:CTERIHNNONZX 7> b

2)  FEBRFER
M 8 I/ H 7y FaE Csl ° CAWO4 v F L —X
TAT I X —ThRoTHEBETHDH, CAWO4 Thi-
72 CT W34 7 v NOWEOENRZEDE EEHNT
wf Lﬂ%CTﬁ%E%ﬁv KoTE ZEMRN
Binb, REHEMOTRE DS, FOENRINY
%<Tﬁﬁ&%Lﬂ“ﬂ%&wo_hitﬁkw@
F A X 2 mm TREWZOBGFAFOREE, D7
W B OTHTH CT i b k& < BB 50
HiZEEbivs, Cl OLE, EBEOTLNGD &
IEATF RNV T EABOBRO LD BN D,
I DOFREITITL A OWREBRIZH Y . £l AR
WA B 2 g S =F AT Csl v F L—F i dH
5o CSIDJEEIE 05 mm T, & THHEYFAEEL
W, TNTHLREOHD 4 Fy 2P oky MT
LTHESTWHWTEDORIZAY v hENNTRY, 2D
T T2V FL—=FDEREDF v o R IVITET -
TLEST A4 F Lo RIADOARY— LB EsT- LB
N5, ZOMEOER EXRITA W TIZROH TRE
LT 5,

-743-



Proceedings of the 7th Annual Meeting of Particle Accelerator Society of Japan (August 4-6, 2010, Himeji, Japan)

Cslh 5 O CTHEI{E “ralt.t”

0.5 2
.4
2
3 15
0.1
0 i
X
5
¥ 0
.4
0.3 -

~0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5

(a)

R
N

5
~0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5

(b)
X 8:1 [BH@H, g, T3, WEML)OKFL VT
L—Z® CT Ef#@& 2 MIEOK, 7&K, A
Z—3 ) CT Hi4(b)

4. 2BV UFL—EDHR

41 HEFEHAXDOKEX

&aﬂ)m‘
i

9 : JRUVVERSY D

] P A S A

FTEIETHMEITEFEY A X Thb, MIDED
W ODOEBIZHTZDHEBEOESIT 4 mm THY .

1 BEZH7ZY 2 mm 2RBLTHZ L2 b, 2T

FPREILE L L TEIEFICREWT A XTH Y,

Imm U TETHIZDUERD D,

42 Csl v F L —& O
WORMBITHEFEN 4 F ¥ RV TORE S TEN
HZLTHD, FER, K 10 O XD ITHEENS D
[ETEE30 ﬁofbiﬁo’@mi@ﬁ.i%%4?¥
UARNVIIZHTHENTSD Csl o FL—277E b
é@fl%?/%w%t@1V/%v 2 DOREET
LW IEOREIZ AL TETH D,

CdWO4 1 5 O CTEHI{F e

., CAWO4m 5 o Tk ™

4F X RNTD

EgohTd ﬂ
N

10 : CslI #B oSG o &

43 Csl v vFL—& DR

aYrA—4
ayx—%  (LETF)

(£53)

2mmnis —¢

6 mmET

FA L —

2B FL—

‘o 57U |

B 11 : a2V A —X DS

Y A—FDIRENER 4 mm OF/MEAR 2 mm £ T
BHZENTED, ZH92THZLICL-oTHGEL X
ﬁ@%f#f%ék@ﬁénfé Z LT CT %

LA W O/ NS W HER S - EFELLSARD
:&753‘1‘%50)(“4 mm £ Y 2 mm (2 TE 5723/
=< L7,

& Xk

[1] Ogorodnikov S, Petrunin V., “Processing of interlaced
images in 4-10 MeV dual energy customs system for
material recognition [J]” Physical Review Special Topics-
Accelerators and Beams, 2002, 5(10): pp1-11.

[2] Ch. Tang, et al., Proc. of LINAC 2006, Knoxville,
Tennessee USA, TUP007

[3] T. Yamamoto, et al., Proc. of European Particle Accelerator
Conference *06, June 26 - 30, 2006, Edinburgh, Scotland,
WEPCH182

[4] K. Lee, et al., Design and experiment of dual-energy X-ray
material recognition using a 950 keV X-band Linac,
Nuclear Instruments and Methods in Physics Research A, in
press.

[5] K. Lee, et al, 950 keV X-band Linac for material
recognition using two-fold scintillator detector as a concept
of dual-energy X-ray system, the 2Ist International
Conference on the Application of Accelerators in Research
and Industry, Aug., 2010, Dallas, Texas, USA.

744





