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Nuclear Science and Engineering Directorate
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The workshop on “Multiple Prompt Gamma-ray Analysis” was held on February 19,
2008 at Tokai. It is based on a project, “Developments of real time, non-destructive ultra
sensitive elemental analysis using multiple gamma-ray detections and prompt gamma
ray analysis and its application to real samples”, one of the High priority Cooperative
Research Programs performed by Japan Atomic Energy Agency and the University of
Tokyo. In this workshop, the present status and the latest results of the Multiple
Prompt Gamma ray Analysis (MPGA) study were presented. This report records the

papers and the materials of 9 presentations in the workshop.

Keywords: Multiple Prompt Gamma-ray Analysis (MPGA) . Neutron Activation
Analysis with Multidimensional y-ray Spectrometry NAAMG) . INAA

*Tokyo Metropolitan University

i



—

JAEA-Review 2008-056

B

MPGA BHZE DILIR

. BENFEH »~ RN DBREEIRBHIT ~ DI E D

—MPGA £ % HW o B EREN B L OTHRIEERE ROl FI T L0551 —
WmEBEEZ, INEINRER, ERGE,
k’%g{ﬁ .................................... 19

. ZEAIE y BOWTIC L A EF ATt Cd DER

FREW, EHEF, gRFERE,
%EH?E?‘ .................................... 32

- RPEVRUEHIE & MPGA BR %

G, RESEE, /NMROBA AR

. NAAMG & MPGA D) H

—PESERI I DS 65—

1il



JAEA-Review 2008-056

CONTENTS

1. Present Status of Multiple Prompt Gamma-ray Analysis
M.Oshima .................................................. 1

2. A proposal for the use of PGA and MPGA
M. Ebihara ................................................ 12

3. A Study of the Applicability of Multiple Prompt Gamma-ray Analysis to Environmental
Samples-Cd analysis of standard reference materials and tideland sediments by means of
multiple prompt gamma-ray analysis method

M. Matsuo, K. Shozugawa, Y. Toh,

M. OShima ................................................ 19

4. Determination of Cadmium in blast furnace slag by Multiple Prompt Gamma-ray Analysis

S. Inoshita, S. Hirai, S. Suzuki, Y. Okada -~ 32
5. Measurement of agricultural products and development of MPGA
Y. Toh, M. Oshima, M. Koizumi, A. Kimura,

K. Furutaka .............................................. 56

6. Application of NAAMG and MPGA-from a standpoint of industrial use
K_ SuShida, M Taniguchi ............................. 64

iv



JAEA-Review 2008-056

1. MPGA Bi3& D HLIR

Present status of Multiple Prompt Gamma-ray Analysis

AR W FERHSE s IR 250 T2 e (T 319-1195 SRR AR ET AT ST )

Masumi OSHIMA
Innovative Nuclear Science Research Group, Nuclear Science
and Engineering Directorate,
Japan Atomic Energy Agency
2-4 Tokai-mura, Naka-gun, Ibaraki 319-1195, Japan

Keywords ; Multiple Prompt Gamma-ray Analysis, Prompt Gamma-ray
Analysis, Multiple Gamma-ray Detection, JRR-3M, J-PARC
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Real World: MPGA apparatus, STELLA, in JRR-3M

JRR-3M Guide Hall

'}
sae )
Y

n 2006 neutron bender improved
Neutron intensity: 1.4 107 n/cm?/sec
Beam size: 2cmW x 3cmH

The MPGA apparatus, STELLA, is
composed of eight clover-, two
twin- and two coaxial-type
detectors. The multiply coincident
events from the 38 outputs are

Sample changer Liq. N, supply system :;::‘?r:lated with a new DAQ

150 samples can Fully automatic liq. N, For MPGA apparatus,
be changed swiftly. filling is possible. see also Toh[A106] 317

EHRERFRE 2/19/2008
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CDimage of the MLF building viewing from up stream

An innovative high intensity
neutron beam facility at J-PARC(MLF)

Neutron Nucleus Reaction Beam Line (BL4)

2006.12 2007.9

Spallation neutron source

Proton energy : 3 GeV

Proton intensity : 0.33 mA (1 MW)

Beam width : 0.7 psec(double bunch mode)
0.1 psec (single bunch mode)

Repetition rate : 25 Hz

Neutron production : 2 105 n/secpsec/sample

at 1keV

In 2003 we, NAA group, have proposed a MPGA Beam Line in
collaboration with nuclear data and nuclear astrophysics group.

In 2004, this proposal has been approved by the J-PARC committee.

In 2006 the proposal by the nuclear data group for innovative nuclear
systems has been approved by JST.

In 2007 we will construct the major part of the facility.

In 2008 the construction will complete and beam comissioning will

start.
In 2010 the facility will be transferred to J-PARC center.
1317
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Layout of the new beam line at J-PARC MLF
including the 4t Ge spectrometer

Upgraded 4p Ge spectrometer

no.= 1, y= 1.4500E+02

L L E|
1000 1500 2000 2500 3000 3500
z[om]

Transport calculation for neutrons and photons based on Monte

Carlo Simulation code PHITS by Niita (assumes 40mm x 40mm x

40mm sample) _

Horizontal view

x[em]
LR,
5,388
" oomiem

Liq.N2 filling syste

T T R R

Dlotace from the wstrn smrce Gl z [em]
Vertical view Cross sectional view
_— -\ gy |
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2. PGALMPGA O X Y BN T=FH D T= D ~DF|HE ML ORS
A proposal for the use of PGA and MPGA

R
EARSF AU BRI L R K
T192:0397  HURHD\ AR 1-1
Mitsuru EBIHARA
Department of Chemistry, Graduate School of Science and Engineering,
Tokyo Metropolitan University
1-1 Minami-Ohsawa, Hachioji, Tokyo 192-0397 Japan

In addition to a PGA system, a new PGA system called a MPGA system will be able to be used in 2008. The MPGA system has
many significant features in analytical ability and is expect to work complementarily to PGA. Although PGA has been successfully used
by many researchers, there are several issues to be solved for its better cooperative use. Such problems could also be pdential problems
even for MPGA. To prevent them form being repeated with MPGA, we have to share common experience and information.

Keywords: Prompt gamma ray, PGA, Coincidence measurement, Multiple Ge detectors, MPGA, JRR3M, INAA

1. [ ZC®IC

BHEFSIITEDO T 0 7T AO—E & U CEERDNHED DN TE L EAPEAT o~ CLF, MPGA &
B5GE) 12k D EERE TR T EE 5 E TS 5 OB H D, T OWEENIEMIE TIOITEE L L
THFWIENTMREZFFOTH A H Z LTI RO L ZATH D, BARF - IFZEBiRgEED 3 5
SFOPMET A RE—L T4 AL, B 2RI 281380 <ot (LUF, PGA &H&RD) ZEEN
REINTEY, IASFASIVTE L, WS, FEERA~ORM B E T LY, Eko~vy 24
LOBEIRIUBEVTHENT 20T L <, EBIGEE LIZRAHSRSE TN D, 20X 5 2kitic
Xt LT, MPGA DFERUTIRE BRI K EZ b= T D EIfF LD,

HtE -2 RS2 SR 0T CTdo D I FREGHETIZ & > TIEPGA, 38 KLUV O¥fRD MPGA 13T L
ARERISTFIETH Y, WhW DA AR 2 0 E @A R STV D, T ORI %
0 P HE b TED 5 BT bR P RE b PTE (LU INAA LISGD) 13 PGA, MPGA [RIEE, FF
T DRHE T D, WNZIBWNT, ZOJRFHAHRMT & AT IRE L E L0 R<FIATE 5 &
N DT=DITIXED I H R BB HNDHDM, L0 ) RICE L T—HAZENL OIS LWV H B TE
RAERRD, ZORSIE, #loT, MPGA OZBRRIZRFIN, & HITIIER R ORFIRIRIcZ D & b
TTADIREFFOZ L EIFL TITO O TH S,

2. PGAvs. MPGA

PGA & MPGA (T & b IZJRFREA P 243 2 BRI SRR R i 5 2 R0 o ~ A E T 5 2 &
Lo TUTH EHRIINETH D, TOME E, 2B LN OIET 208X H 0, N1
FHZ XD INAA & RE &R & 70D, BRI O PGA MEEITFF (CYRF & KEPRIEE & OW 10 T
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JAA3 DBHEIZ it TRER S, WD DB Tl /ITE L LT, 20tk BRI aGtE 2 (4
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MBSz, ZORED 1 9 EEVMET- T4 v R BSIESID Z EIT 0, ZHUCHHET, BT
RHTRICEED B — LR — M EHET HRZPRO LI, FIUuldhbi T, ENETHHFMETZ 1
LB T A B A BIAE - TV PGA 2EE DT T A THIZREE L TRIEESI D Z &I o7,
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PGA vs. MPGA (2)
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S 242 38 Hhedsior 5i (0 31L00E), Fe (1ZL0.T), Sie (2508L0670), 130 L340
el (RSO0 1 50T}, Bl (10002220
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ANALYTICAL SCIENCES  AUGUST 1994, VOL. 12 -
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Anal. Sci. 12, 605-613.
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3. BEARF RS OREFRHIMAOEISEDIRET
—MPGA % AW - EEAR R R K OFREERE T ON FI U AD5HF—

A Study of the Applicability of Multiple Prompt Gamma-ray Analysis

to Environmental Samples
—— Cd analysis of standard reference materials and tideland sediments
by means of multiple prompt gamma-ray analysis method —

mE E2 ' /hE) BR & BEL KR RE?
'HOR R R Bk & SUFZERE JRIER - 5
T153-8902 HULHD H BX B0 3-8-1
L AR ST SRR R ) R LSRR BRI T — S ERE IR v —
T 319-1195 JRIFIABETHER AT B 5 FAR 2-4

Motoyuki MATSUO!, Katsumi SHOZUGAWAL,
Yosuke TOH2, Masumi OSHIMA:2
'Department of Multidisciplinary Sciences, Graduate School of Arts and Sciences,
The University of Tokyo
3-8-1 Komaba, Meguro-ku, Tokyo 153-8902, Japan
? Innovative Nuclear Science Research Group, Nuclear Science and Engineering Directorate,
Japan Atomic Energy Agency
2-4 Shirane Shirakata, Tokai-mura, Naka-gun, Ibaraki 319-1195, Japan

Keywords: Multiple Prompt Gamma-ray Analysis, Environmental Samples, Cadmium Content,

Standard Reference Materials, Tideland Sediments

1. [FC®IC
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-JLk-1 (FEE it Lake sediment) ---> JLK
Geological Survey of Japan
Cd =0.572 ppm

*NIES No.2 (ZmERth Pond sediment) ---> JPS
National Institute for Environmental Studies
Cd =0.82 = 0.06 ppm

-t +RAJIEE : Cd=$96 ppm

-NETRES: Cd=%90.6 ppm
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4. ZENFE Yy RO LL5EFR T 7 Cd DEER
Determination of Cadmium in blast furnace slag by Multiple Prompt Gamma-ray

Analysis

FEH, IR, snAREE, WME{ET
W LERFRERE Lot
T 158-8557 HURHSHEHA X B 1-28-1
Shunya INOSHITA, Shoji HIRAI, Shogo SUZUKI, Yukiko OKADA
Graduate school of Engineering, Musashi Institute of Technology

1-28-1 Tamazutumi, Setagayta-ku, Tokyo, Japan

Since blast furnace slag is used widely (cement, concrete aggregate and so on), it is
important to measure toxic heavy metal in slag. In this study, we measured Cd in
blast furnace slag by Multiple Prompt Gamma-ray Analysis (MPGA) and investigated
LLD (Lower Limit of Determination). As a result, LLD for Cd in slag was 1ppm order

(counting time: 3h). In each sample, Cd peak was not confirmed in this measurement.

Keywords: blast furnace slag, Cd, Multiple Prompt Gamma-ray Analysis (MPGA), lower

limit of determination
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v NEE AR LIERENTWDS, TO—5T, AT 7HICEENDEARIC
BLTARINTWDT—4 2L, BE&BREZELAT7 7N SNZHA, EEBEN
B A~ENT 2RO H D, £ 2T, AL TIE Cd Z#@BEIC O R TE 22 EAF v
MM MPGANC L W EIF AT 7250 L, A7 78BN LT Cd E& FIRMEDTI#E %
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2.9

2-1.50 4kt

SIHTERUEHT, AARSRIE R O mEIFE 2 T ZIEEEYE JSS902-1, JSS903-1, JSS904-1 &
T SRR YEY) . JSS001-4 Th B, F7z, CdAEHEREH(1000ppm) % 50~1000 1 {2 A-iA
FH72 AHGHE 2cm X B 2em) A AEAEREL S LTV, AT 7 L EMESRITR 100mg %
FEP 7 4 W A TE A LTz, ARGIEHEIC FEP 7 4 v A TEAL, HIEREE LT,
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Table1 Counts and LLD value in this work

. ) Counting Count rate(cps) Cd LLD(ppm)
RWGEND ST, Tk, RNKRE ©
time(s
MOMEZITDRP ST HEIE,
JSS001-4 10130 -9.2x1073+5.6x103 3.6
R2=0.95 ThH -7, 2D Z L nb,
JSS902-1 10505 -5.0%X1073+5.6x1073 3.8
MPGA IZEB W TH 133Ball kb
. . . JSS§903-1 9620 -4.9x10%%x5.9x10°3 3.3
RERFH O ENETH D Z
JSS904-1 9159 -1.1x102%x5.8x10°3 1.8

LR TE T,

Tablel |22 T 7 & @il Sk O FHEMEN N FERME 2~ W FEREIE, 3JBG T
BEH L SERFMMEICHE L2 R L TW\WD, A7 7, @fliEgRE blc Xy 7 77 KD
FWTaATT o h LD REL RS0, FHERITI~A T A L7720 Cd DB — 27 TR S
Niginote, £z, MEDOFERN L ER FRMEIL, lppm A —F#—ThH 2D Z L PR TEI,
7B, AROPEE, I NE— R TIT> TV DD REFHIN K E < oo T D, [FIE
FAHEBEFERORFET Dy -y T NIZTHET 52 & T, #fi5D LLD dEERHIfFTE 5,
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Determination of Cadmium in blast furnace slag by Multiple Prompt Gamma-ray Analysis

HEILEXE
FTENH, FHIBE, HAERE, FREF

Musashi Institute of Technology
Shunya INOSHITA, Shoji HIRAI, Shogo SUZUKI, Yukiko OKADA

1.BH

s BFASY
- BB ORIEMOF A
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Fig.2-1 Steel making process
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x37\‘1§ Fﬁ W ER(EFEJ’N 5FERE)

Reclamation,

Cthen, 2.30% Q.00%
B U e
\
o i
Concretz |
dparesale,
Sn1000% | N
"--\ | Rondway, 18.20%
\ | Soilimprovement
; Y L mterial, 0.60%
|
|

Cemens, 60.30%

Fig.2-2 Use breakdown of slag

Table2-1 Use breakdown of slag

Roadway 18.20%
Soil improvement material 0.60%
Civil 7.20%
Cement 60.30%
Concrete aggregate 10.00%
Other 2.30%
Reclamation 0.00%

5

Table2-2 Certified and reference value of Iron ore standard materials

SISHEN HEMATITE PHALABORWA MAGNETITE
Iron ore SARM11 Iron ore SARM12
% %
Al 0.73 Al 041
Fe 66.1 Ca 0.78
K 0.12 Fe 66.6
Si 1.45 ppm
ppm Mg 1.69
As 19 Mn 0.17
Ca 323 Si 0.16
Cd 3 Ti 0.43
Cr 41 Co 223
Cu 1" Cr 21
Mg 124 Cu 502
Mn 113 K 108
Na 113 Na 91
Ni 30 Ni 281
P 419 P 477
Pb 18 Pb 25
s 118 s 695 Phot.2-1 Iron ore
Ti 382 v 520 (a) Magnetite
v 40 zn 142 (b) Limonite
Zn 23 Reference value ppm (C) Specularite
Reference value ppm As 2 6
Co 27 Cd 5
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1ZEYE DAL

Table2-3 Certified and reference value of JSS001-4(Pure iron)*
(Analytical result of ICP-MS)

Analytical results(ppm)
Normal plasma Cold plasma
Elements Certified value Mean a Mean a
Be <0.01 <0.01 o
Mg 0.21 0.032 0.14 0.171
Al <0.39 <0.45 .
Ca 0.2 0.05
Ti 0.11 0.09
\Y 0.05 0.013
Mn 0.02 0.01 0.02 0.01
Co 0.3 0.30 0.027 0.33 0.045
Ni <0.3 0.12 0.052 0.17 0.055
Cu 0.6 0.57 0.042 0.58 0.018
Zn 6.8 6.3 0.72 5.9 0.18
Se <0.78 <0.86 o
Y <0.01 -
Zr <0.01 <0.01
Nb 0.0067 0.0016
Mo <0.3 0.018 0.002
Cd <0.01
In <0.01 <0.01 —
Sn <0.4 0.10 0.013 0.12 0.04
Ba <0.01 <0.01 —
La <0.01
Ce <0.01
Hf <0.01
Ta <0.01 -
w 0.3 0.32 0.032
Pb 0.2 0.18 0.028 0.13 0.011

* Kyoko FUJIMOTO and Makoto SHIMURA, BUNSEKI KAGAKU, 50,175-182(2001)

s BIFRSTIZEYE
- JSS902-1,903-1,904-1
— 100mgfefE

- SHESIZEYE
- JSS001-4
— 100mgfefE

« CIIEEBRERACEE-AIK
— Cd 10001 9,500 9,300 149,100 1£ 9,50 1 gHH Y
— 2cmX2cm

[- (BEHZMHLIE JSAC0401) ]
— Cd 4.25+0.41ppm

| =51-%. oabe O oaELE, |
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31 S
Table3-1-1 Sample weight

JSS001-4pure iron) 114.2

JSS902-1Biast furnace siag) 105.1

JSS903-1(Blast furnace slag) 128.1

JSSQO4-1 (Blast furnace slag) 1 28.1
(J SAC0401 (Brown forest soil) 1 62.7)

3-2. ;B #%iE
4 A
= = 5
- s 8 X <
. — 8 _ X E S ® 3 8
s o F s X & g gla = =
R E o X = = T o= -
No 35 8w S <9 g v > 2 % (]
gelsgd g££c =283 32 u
i332¢3333 5gls 83 ¢
S~ a5l 23 © © NS & o
nin~~wlrce &R O HIN N ©
1938 gAlEg 2 8 SHlg 88 &
8558323 B 8 1762011
S~ d A ol ~d g
1305.609 1723.473
1283.739 1622.93
¢ 1209.708 1585.966
1134.532 1542.15
1381.767
558.456
et Stable pren Stable
Fig.3-2-1 Level scheme of "'4Cd Fig.3-2-2 Level scheme of 4T
. 10
13Cd 20650b 48T 7.84b
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3-2.; ¥ B#%FE
S = 5 ¥ 8 s 885
= S| & K o &~ 28 s 2 383 10.52y
geg 8 gl s 15s¢% 5 ¢gss '
5 - = = 2 3 U U ] 133]
Rel8 22 gl3s8 JeerS174
6 ol ® ¥ © nomd en .l & R & & 8 3~ Hazz013 se%
n dle v o o o & <150p —
SEls 3 g 3l aas
1725.38  190ps 383.851 _14%
1627.256
1265.52
190ps 160.614  <0.3%
6.27ns 80.997 _<3%
706.416
Stable Feres
S
L S N 366.759 Fig.3-2-4 Decay scheme of '33Ba
57Fe 352keV &M Coincidence Gamma raysld.
133Ba()356keV 51 IRBGDEE
o— 14.4129
STFe Stable
Fig.3-2-3 Level scheme of 5’Fe "
56Fe 2.59b

4. R E

. ,,JI;E%ILE
BIFRST . GiiE#EAMEF R -1KEE

- BlRASTDH

- SERDH

— Blank(A»#f) D &
« 133BafRiR [FlEFRIE
s ZYTHR—H 2mm Nt .
¢ JRR-3M C2-3-2E—LSAVEHREND L EHNH

Y RO EBSTELLAIZTAIE

- Single mode

— Detector 14,17, 2132 EE 3 2
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4 EERFE

FEEEFRE D IE
- RZETRELD
- BHER SFe(692keV-1019keV)

o ka2 /A 49T _ I
SRS 49Ti(342keV 1382keV)\)v .

— 133Ba timerz AT 5
» 133Ba(356keV-81.0keV)

e — e
R i | TR e |

The sample set to the holder1 | The sample set to the holder2 The sam

’
()

ple set to the holder
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EFEM -FEPI4)L Ls

Q

o ¥ £ 5 5
RS €28 579 114Cd 559keVEEE ! !
S Sm m N o 9
=g = g2¢g < §;
g2 R EE T 2Ty Table4-1 Main Gamma-ray of 2F
~ R~ g f ; = m@ m $ E. Energy | intensity Energy | intensity | Energy | intensity | Energy | intensity
3588 muagd 234 keV) | @ | keV) | ) | keV) | @) | keV) | ()
o -y — 4 ©ond 9«
143.80 166.78 | 1223 | 15425 76 | 263611 | 26 | 396485 | 122
£3.
25265 | 021 | 184374 | 169 |265574 | 21 | 4046.71 1
W 556.41 56 | 197073 | 25 |2921.01 | 26 | 408177 | 15
1308.19 583.55 100 2143.26 5.4 2930.31 2.3 4173.54 46
656 5501 | 2179.09 | 25 | 29659 | 25 | 420056 3
1056.848
661.63 42 | 219416 | 37 |301458 | 112 | 424565 | 25
983.59 66224 | 2.83 | 225582 | 24 | 30251 | 24 | 433500 | 1.2
822.73 665.2 414 | 230996 | 1.1 |3051.43 | 82 | 4556.81 | 145
82269 | 608 | 232411 | 32 307481 | 52 | 470819 | 1.4
656.02 98353 | 3223 | 242783 | 52 |311272| 66 |473522| 15
1046 49 | 243108 | 97 |321989 | 16 |4757.02 | 52
105678 | 261 | 243143 | 19 |3387.56| 1.6 | 50335 | 17.2
114805 | 7.3 | 244758 | 39 |3488.13| 20 | 527927 | 117
— 1107s 130017 | 211 | 246934 | 54 | 358623 8 52914 | 65
131852 | 06 | 2519.05 | 1.9 |3589.47 | 49 | 536093 | 3.3
Fig.4-1 Level scheme of 20F 1371.53 4 25292 | 161 |3679.91 | 24 | 554367 | 113
1387.9 23 252955 | 25 | 374144 | 16 | 601672 | 26.1
9F 9.6mb 5
139222 | 2.1 262318 | 12 |382305| 29 | 6600.08 |  26.1

4. RER7FE

Table4-2 Running time in each sample

Running time (s) Running time (s)

1 JSS001-4 + Cd 1000 1 g 419 1" JSS001-4 10130
2 JSS001-4 + Cd 5001 g 1232 12 | JSS902-1 10505
3 JSS001-4 + Cd 300 g 1590 13 | JSS903-1 9620
4 JSS001-4 +Cd100ug 3060 14 | JSS904-1 9159
5 JSS001-4 +Cd 5019 7074 15 | JSACO0401 3472

16 Blank 2864
6 JSS904-1 + Cd 1000 1 g 1114
7 JS§S904-1+Cd 5004 g 1350
8 JSS904-1+Cd 300ug 1521
9 JSS904-1+Cd 100 g 3333
10 JSS904-1+Cd 50 ug 6717

16

— 41
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Fig.5-1 Around of 5’Fe peak
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6-1.=ER#ER GTRUE)

Table6-1-1 Counts in each measurement (Pure iron)

1%9Ba 114cq “TFe
Gross Net BG(upper right)| Gross Net BG(upper right)| Gross Net BG(upper right))
JSSW"} 4"19‘::; 1000119 15705 | 5548 +161 6261 6067 | 3602 +£95 576 422 | -13x29 2547
JSS°°1('?2§205") S0049| 47130 | 20160 +272 | 13474 | 12281 | 6513134 997 955 | 20041 447
Jssoo1(-;1s+ggse; 30049 64804 | 33510310 11702 9001 | 4781 £115 814 1205 | 70341 378
Jssom(—gogé;:; 100491412019 5009 417 15471 7932 | 4153 £108 936 2020 | 1227 +53 386
JSSOO{;‘:}; 4(53;‘ 5019 |o9g720| 164433 +658| 29900 | 11987 | 6112 134 1767 5008 | 3637482 1571
J(?gfggs';' 403737| 201878778 | 30107 1402 | -93+54 1148 6170 | 460588 517
19
==l =4 b fik
6-1. EERFaRGTHIE)
Table6-1-2 Counts in each measurement (Slag)
198, 114cq i
Gross Net BG(upper right)] Gross Net BG(upper right)| Gross Net BG(upper right)
JSSSO4-(11 :13‘:)1 000149 49351 | 17204260 | 17412 17363 | 8385162 1461 2238 | -231+69 1667
J339°4'(11 gsg:)soou 9| 48240 | 322714253 | 13243 | 12507 | 66154136 1118 1636 | 16859 1227
JSSQO“E}S";:; 80048 | 63106 | 31796308 | 10867 9395 | 5170117 822 1484 | 26 +55 888
JSSQO“E;;;?S 100149 | 153356 | 504024433 | 16306 9812 | 5350119 1113 2556 | 200:£70 1181
JSSQO‘:;:;S‘ S0U9 | 577006 | 144479+640| 27235 11611 | 6204130 1785 4604 | 595+93 2261
Jf‘;‘gg‘;1 405560 |219797£769| 22568 1337 | -105+53 1214 50140 | 146193 1146
20
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(slag and brown forest soil)

6-1.EERIGR(GTRUE)

Table6-1-3 Counts in each measurement

131SBa 1140d 49Ti
Gross Net BG(upper right)| Gross Net BG (upper right) | Gross Net BG (upper right
1153598525)1 503655 | 309386835 23575 1695 -53+48 1530 4750 | 87793 1288
Jz’ssgg::;1 446536 246402+804 22162 1566 -47 +56 1373 6712 | 3279 =101 1623
J?;gg‘;?“ 169860 107997 +481 6690 537 53 +32 328 1766 878+52 465
Blagt 138713 93311429 3586 236 2 +22 177 352 -149+29 186
(2864s)
Table6-1-4 Counts in each measurement
(brown forest soil and blank )
1335, 14cq STFe
Gross Net BG (upper right) | Gross Net BG (upper right) Gross Net BG (upper right)|
ST 169860 107997 +481 6690 537 53132 328 290 65423 174
(3472s)
2
Sl 138713 93311429 3586 236 2 +22 177 68 -22+13 176
(2864s)

6-2. AR ILDRF
(JSS001-4 + Cd 50
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Single spectrum(JSS001-4+Cd 50 i g)
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Fig.6-2-2 Single spectrum

23
JSS001-4 + Cd 50 i g(Running time 7074sec)
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Single spectrum(JSS904-1+Cd50 i g)

mpdPBa
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Fig.6-2-4 Single spectrum

JSS904-1+ Cd 50 i g(Running time 6717s) %
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Single spectrum(Blank)
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Fig.6-2-6 Single spectrum
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6-2. ANUKILD#RF(JSS902-1)

d 559keV-651keV{tix
-52+59 counts

T

29

6-2. ANIKILDHRF(JSS903-1)

*Cd 559keV-651keV 1tk
-47 =56 counts

T

30
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6-2. AN IL D1
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6-2. AT KL D FRF (JSAC0401)
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JSS001-4+CdZ2H _FE =5k

(F~ R IE /R L)

9.0
80 y=0.00/3x+0.68/1 3
/0 R’ = 0.9661
§ 6.0 Table.6-3-1 Count rate for
M JSS001-4 + Cd standard
@ 50 Dead time was not corrected.
o 7 L 2
2 Additional cos
= 40 amount(u g) P
o s 1000 75+0.15
$ae 500 4.9+0.10
o 300 3.4 +0.077
= 2.0 L 100 1.6 £0.036
] . 50 0.92+0.019
10— 0 -0.011+0.0058
00 »
1.0
200 400 600 800 1000 1200
Cd additional amount(pg)
Fig.6-3-1 The change of count rate and Cd additional amount
(Dead time was not corrected.) 33
(Result when JSS001-4 superposed on filter paper)
\E —
JSS904-1+Cd&x2A FHT=Hik
12 — ~ I,
— ~
y N A
( NIER AR FEﬁ*ﬁIE d~L/)
9.0
80 y = 0.0073x + 0.5982 )
oy IS -
. R =0.9538 - b
g (o Table.6-3-2 count rate for
= JSS904-1 + Cd standard
g_ 5.0 1 3 T Dead time was not corrected.
2 Additional
x> cps
40 amount( ¢ g)
3 1000 7.3+0.23
> 500 5.3+0.11
2 30 e 300 3.0+0.072
A 100 1.420.035
L o2 50 0.86+0.019
o " 0 -0.00920.0053
1.6 %
0.0 + T
1o 0 200 400 600 800 1000 1200
l ) Cd additional amount(pg) .
Fig.6-3-2 The change of count rate and Cd additional amount
(Dead time was not corrected.) 2

(Result when JSS904-1 superposed on filter paper)
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Fig.6-3-3 The change of count rate and Cd additional amount

€d 559keV 651keV peakeps

133BalZ kB

0.6
y=0.018x+0.3313 4

o R2 5
oL
L0.c 2

5C »

.
*
a.C & T
i 200 0 EDT S0 “eee 1200
5.0

Cd additional amount{ug}

(Dead time was corrected by '*°Ba.)

(Result when JSS001-4 superposed on filter paper)

Table.6-3-3 count rate for JSS001-4 + Cd standard

Dead time was corrected by '%Ba .

Cd 559keV-651keV peak cps

201

;\H%FEE]?ﬁIE

10.0

0.0 &

Fig.6-3-4 The change of count rate and Cd additional amount

(Result when JSS904-1 superposed on filter paper)

Table.6-3-4 count rate for JSS904-1 + Cd standard

Al Bl 10030 )

Cd additional amount(pg)

(Dead time was corrected by '*Ba.)

Dead time was corrected by 13Ba.

Fig.6-3-5 The change of count rate and Cd additional amount

Table.6-3-5 count rate for JSS001-4 + Cd standard

Cd additional amount{ug}

(Dead time was corrected by 57Fe.)
(Result when JSS001-4 superposed on filter paper)

Dead time was corrected by 57Fe.

5.0

Additional Additional cps
ops t(u ) i
amount( g) amount(u g
1000 18+0.77 1000 16+0.39
500 11+0.26 500 6.7+0.17
300 4.6+0.12 300 5.3+0.13
100 2.7+0.075 100 2.94+0.070
50 1.2+0.027 50 1.4+0.031 35
0 -0.015+-0.0087 0 -0.016--0.0078
N
W dh < '_SZ_
o34 ﬁb\f'_:l\ T Fﬁ*ﬁIE
*’ ~ E ~— IS HY E
200
15.0
& 150 .
x o
3 £19.0
3 g
E 0.0 B ;- v =0.0427x%0.2455
4 y=0.0099x+0.2322 3 Ri= 0967
o oo R*=0.9673 @ sa {
] . ]
§ _—* 3 ;
\n e = &
3 009 ‘ ‘ Roo ¢
il 200 499 600 800 1000 12CC 3 200 400 600 800 1000 1200
5.0

Cd additional amaunt{pg}

Fig.6-3-6 The change of count rate and Cd additional amount

(Dead time was corrected by 4°Ti.)

(Result when JSS904-1 superposed on filter paper)

Table.6-3-6 count rate for JSS904-1 + Cd standard

Additional Additional
amount( ¢ g) °ps amount(x g) °ps

1000 -105+-232 1000 -5.8+-1.8

500 15+3.1 500 -6.3%+-2.2

300 3.1+0.21 300 -65+-4.4

100 1.5+0.083 100 4.3+15
50 0.76+0.028 50 1.4+0.031 36
0 -0.0092+-0.0053 0 -0.00072+--0.00037

Dead time was corrected by 4°Ti.
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6-4.7% £ TBR{E(LLD)
-3VBG GLLD%3tE

3V BG C:Cd FhE(ug)
X BG:/\w44 59 K(Counts)
Peak Area Peak Area: E—%mE#&(Counts)
- EETEUASIIBE o |
3J5G 1
. 3 ®.|®
o CommREG Mo . g ol e
« SEERNAIEICHE LT-1E |
* Single spectrum NAAMG> @%BGOBELH-
- RBIXTEZEINI: y RENTOS S5 LCGAMAOIC TR
=/ =
6-4.%F = FFR{E(LLD)
Table6-4-1 LLD of Cd for JSS902-1,903-1,JSAC0401
(converted as 3 hour counting)
Cd LLD
ug ppm
JSS001-4pure iron) 0.42 3.6
JSS902-1Blast furnace slag) 0.39 3.8
JSS903-1Blast furnace slag) 0.39 3.1
JSS904-1Blast furnace slag) 0.24 1.8
JSAC0401 Brown forest soil) 0.40 2.5
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6-4.7 = T PR{E(LLD)

Table6-4-2 Comparison LLD of Cd
between 2demensional matrix and single spectrum (detector 32)
(converted as 3 hour counting)

Cd LLD(ppm)

. . . Single spectrum
2dimensional matrix (detector 32)
JSS001-4 3.6 9.2
JSS904-1 1.8 6.9
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5. BEEMSRHBIEL MPGA BiF

Measurement of agricultural products and development of MPGA

% BEH. KB BB /MR AE.KF H.aE 048
H AR - DA B AE JR- J) JatfE TosFgeii iy R e 7 — 2 ek se s n—=>>"
T319-1195 JKIRIFIREER SRS B 5 AR 2-4

Yosuke TOH, Masumi OSHIMA, Mitsuo KOIZUMI, Atsushi KIMURA,

Kazuyoshi FURUTAKA
Innovative Nuclear Science Research Group, Nuclear Science and Energy Directorate,
Japan Atomic Energy Agency
2-4 Tokai-mura, Naka-gun, Ibaraki 319-1195, Japan

A neutron beam line for multiple prompt gamma-ray analysis was constructed at Japan Atomic Energy
Agency. A detector system for MPGA was constructed at the C2-3-2 beam line in January 2005; it
comprised eight (upgraded in March 2007) clover Ge detectors with a BGO Compton suppressor. High
efficiency detector system provides an advantage in terms of the detection limit of MPGA when compared
to the result of PGA. The supermirror neutron bender was improved and a supermirror neutron guide was
installed upstream of the sample position. Agricultural products and plastic samples were measured by
MPGA.

Keywords : Multiple Prompt Gamma-ray Analysis, Clover detector, BGO detector,

1. XL®IT

ST IS 3 AR R T A RAR— T B — AT AV (c-2-3-2) IZB W CLEAF A
e RAEREE A B LT D, Z OEE IR T — 2 JIE & OSBRI L~ B HT (MPGA) (2 A
5, BIFEN o~ LT/ m—n_—RlGe fitigr 4 5L a7 Mo 7 Ly ¥—& LTHI
B O BGO MEHAR DI I N D, 24O DR R & Z D4E | IRME CLiF Z A T & 2 1k,
-7 v T = — @l T — X WNWERR EDNN— R 2T BN 7 b =7 OFEE1T-> T
X bl

AR TIEA—/3=3 7 =2 L 2 PE 8 2 SRR EALE O EARICEE L CHMET E— L0k
BAMZ D2FICLY 7T VOREIT R o To R EWMET D, FTo. BEWEOERERBHCE £
DN R T ADOREELT - T ERNORERE RO, A7 UV —= 2 TS 7 bE 2 foF
oY, Fio, FEHIEIZBWTHE LI 2 IRITTANRY MV EGERIED 1 IRITTART MV &g L,
PERIETITLRFENRERGAIZB N TS 2 IRICART MUVIZBWTEAES ITATR A D F bR
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2, A—N—3IF—CLEHHETEE

TFN) A RE(S/N )T IR Z M LS G5 72DICEETHY . TOEEOTDITIEY
TFINERERT D2 EBNHITH D, 7 FIVOMEITH o~ g O EZhER & ik 75 A
BRHWET S, WPGA 2EEOFERIIENE O BT A—/ 83— T — |2 L 5 P88 2 E
FUE, T E— ADIEBEMZ D Z LI X VRESEIR I N D LI SNz, TDTHA—/—
T — R AR LR ORI A AT o To, A= T EEII T vy b
IChkEEEINH%, WLV IHSNDRIRT L ~BERNTT 74 A N OREE TR o7,
Z D% BIEOBEHMLIEIZ L 5 PR ORIE 21T o IR, FRHCESF SNz A— =T —
PR — L A== T — PR I LD 9. 3R S - A feRE L=, (B OHP 3
~—TH)

3. JRPEEM% D MPGA JIE

MPGA JSEIZ LV 1 R I U LEHERE 2 W2 E 21T - 72, T4 141ppm, 22ppm, 4. 8ppm,
L.8ppm DA KI U L& G 4 DOFEMERBIOREEZIT 72, BRI U AIFRRFHEE S D A
RO 9L 558keV & 651keV M bIRVER L2 D, O 2 IRGEAY RV 558keV
& 658keV BMELE—2 WD v N ERO THRERE R, 7 v FE A LHMT 7 T v 7 A4IER]
DREAR OV TELRER2 FlT 0. 99661 Th-o7-, ZhnzaHEEfREICEEND 7 v RO T
<R 7 NERWTHIEE TR o7/ R, V=TV 7 s 3B L, BRI R2 At 0. 99998 &
ol (B 0P 9 RX—TH), 7yHROH L ~vBEMEICHWDFIZL Y+ EENG LD
HRG o, 7y ROT L ~BRREOERICOIKGET 2O EROHEDL REL D,
ZHERZ V== IO X9 R KREOWEZHET 555 CBWTHEMNIE LB bND,

4. TROFEE

TLHERDREIEIH TR X—IZ L VTR O N, =R AX—=0FRER U~ a3 %o
R EVFET 2B CIXRENREE & 72 555030 5, WPCA ICKVHHND 2 IRILAXT FL
EHWESE 2 0OH BRI —IZ L > CRET DFICR D20 BHPHENE S e 5,
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KBCRER KD IE, FrEEOm | EBELbERSND,

BEIR

1) Y. Toh et al., Appl. Radiat. and Isotopes 64 (2006) 751.
2) M. Oshima et al., J. Radioanal. Nucl. Chem. 271 (2007) 317.
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Detector ystem for MPGA
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6. NAAMG & MPGA OISR —EXFADILIEN S
Application of NAAMG and MPGA — from a standpoint of industrial use

ASH —®.80 8§
sttt LI —F o2 — B HT L EAFIEE
T 520-8567 Jk B KH I (L 3-3-7
Inorganic Analysis Laboratories, Toray Research Center, Inc.

3-7, Sonoyama 3-Chome, Otsu, Shiga 520-8567, Japan

NAAMG has been regarded to be an elemental analysis method with high-sensitivity and used
for a variety of fields. JAEA is now developing a multiple prompt gamma-ray detection system
called as “STELLA”. In order to extend application of these methods to many industrial fields, it
will be needed to brush up the sensitivity and originality, especially for MPGA.

Keywords : NAAMG (Combination of Neutron Activation Analysis and Multiple Gamma-Ray
Detection), MPGA (Multiple Prompt Gamma-Ray Analysis), Industrial Use
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