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日本原子力研究開発機構 原子力基礎工学研究部門核工学・炉工学ユニット 

（編）海老原 充*、初川 雄一、大島 真澄 
 

（2008 年 9 月 19 日受理） 
 
 
独立行政法人日本原子力研究開発機構と国立大学法人東京大学大学院工学系研究科原子

力専攻は協力して「連携重点研究」を行っている。「連携重点研究」は原子力機構と大

学の研究者が連携し、さらに民間企業等の研究者の参加を募って原子力分野に係る公募

型の共同研究を行うもので、保有する人的資源や先進的研究施設・設備などの物的資源、

及び外部資金を効率的に活用することにより原子力分野における科学技術振興に寄与

するものである。本報告書は平成 20年 2月 19 日に開催された『連携重点研究』のテーマ

のひとつである「多重ガンマ線検出と即発ガンマ線分析によるリアルタイム非破壊超微量

元素分析法の開発と実試料への応用」の成果報告会についての発表の概要をまとめたもの

である。本研究会において新たに開発している多重即発ガンマ線分析（MPGA）用実験装置

の設置状況や学術研究、産業利用のための各種試料の分析結果について報告がなされた。

この成果報文書は「多重即発ガンマ線分析研究会」において 6 つのサブグループから発表

された 9件の発表資料をまとめたものである。 
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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 γ-ray Spectrometry (NAAMG) 、INAA 
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MPGA
Present status of Multiple Prompt Gamma-ray Analysis  

319-1195

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 

Liq. N2 supply system 
Fully automatic liq. N2

filling is possible. 

Sample changer 
150 samples can 
be changed swiftly. 

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 
accumulated with a new DAQ 
system.

For MPGA apparatus,
see also Toh[A106] 

Reactor Power: 20 MW 

In 2004 C2-3-2 beam line completed 
In 2006 neutron bender improved 
Neutron intensity:  1.4 107 n/cm2/sec
Beam size: 2cmW x 3cmH 

2/19/2008

A -ray detector array for MPGA, STELLA

From the simulation result we have adopted the design 
composed of eight Canberra-Eurisys back-catcher-type 
clover-type, two twin-type and two coaxial-type detectors. 
The device is now under construction at JAEA Research 
Reactor facility, JRR-3.
It will be used for interdisciplinary research:
nuclear structure, nuclear data (neutron capture 
cross section measurement), and trace element 
analysis (Multiple Prompt Gamma-ray Analysis 
and Neutron Activation Analysis).

final design of the spectrometer

without BGO                             with BGO
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roton Beam

21

JAEA

Neutron Nucleus Reaction Beam Line (BL4) 

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. 

Spallation neutron source 
Proton energy 3 GeV 
Proton intensity 0.33 mA (1 MW) 
Beam width  0.7 µsec(double bunch mode) 
                     0.1 µsec (single bunch mode)
Repetition rate 25 Hz 
Neutron production 2 105 n/secµsec/sample 
 at 1keV 

BL4

2006.12                                   2007.9 

2/19/2008

DAQ

Sample changer

Layout of the new beam line at J-PARC MLF 
including the 4  Ge spectrometer

Liq.N2 filling system

－ � －
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Time Schedule 

present

Regional Innovation 
                Project 

Simulation, Ge detector 

On line software,  

Gamma-ray data base 

Neutron Beam Line 

Sample changer, DAQ 

NEDO Project

Ge, BGO detectors 

Interorg. A. E. R. P. 

Sample holder 

Detection limit 

Innovative Nuclear
Systems Projects

Ge, BGO detectors 

J-PARC beam line 

JRR-3M 
apparatus 

JRR-3M  
 beam line

GEMINI-II  
 in operation  

On line
 software 
Data base

J-PARC 
 beam line, 
 apparatus 

2/19/2008

NAAMG,MPGA
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PGA, MPGA

A proposal for the use of PGA and MPGA

192-0397 1-1

Mitsuru EBIHARA

Department of Chemistry, Graduate School of Science and Engineering,

Tokyo Metropolitan University

1-1Minami-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 potential 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, JRR-3M INAA

MPGA
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MPGA

PGA MPGA

INAA  PGA, MPGA

MPGA

 PGA vs. MPGA

PGA MPGA

INAA PGA
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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

Motoyuki MATSUO1, Katsumi SHOZUGAWA1,
Yosuke TOH2, Masumi OSHIMA2

1Department of Multidisciplinary Sciences, Graduate School of Arts and Sciences,  

The University of Tokyo 

3-8-1 Komaba, Meguro-ku, Tokyo 153-8902, Japan 
2 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
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Cd
Determination of Cadmium in blast furnace slag by Multiple Prompt Gamma-ray 

Analysis 

158-8557 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 

1.
1

1
300kg

Cd
(MPGA) Cd

2.
2-1.

JSS902-1 JSS903-1 JSS904-1
JSS001-4 Cd (1000ppm) 50 1000 l

( 2cm 2cm) 100mg
FEP FEP
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2-2.
JRR-3M

C2-3-2 STELLA
2mm 32 Ge

29 JSS904-1 JSS001-4
Cd

10 3
133Ba

Cd 113Cd(n, )
114Cd 651.3keV(18.9%)-558.5keV(100%) 133Ba

356keV(62.1%)-81.0keV(34.1%) 48Ti(n, ) 49Ti 341.7 
keV(29.0%)-1382keV(100%) 56Fe(n, ) 57Fe 1019keV(6.0%)-692.0keV 
(16.4%)

3.
Fig.1 Cd

133Ba

Cd

10

R2=0.95
MPGA 133Ba

Table1 BG3
3

Cd
1ppm

- LLD

Fig.1 The change of count rate and Cd additional amount 

(Result when JSS904-1 superposed on filter paper) 

Table1 Counts and LLD value in this work
Counting 

time(s) 

Count rate(cps) Cd LLD(ppm) 

JSS001-4 10130 -9.2×10-3±5.6×10-3 3.6 

JSS902-1 10505 -5.0×10-3±5.6×10-3 3.8 

JSS903-1 9620 -4.9×10-3×5.9×10-3 3.3 

JSS904-1 9159 -1.1×10-2×5.8×10-3 1.8 
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Measurement of agricultural products and development of MPGA

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.
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2.

Y. Toh et al., Appl. Radiat. and Isotopes 64 (2006) 751. 
M. Oshima et al., J. Radioanal. Nucl. Chem. 271 (2007) 317. 
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Application of NAAMG and MPGA – from a standpoint of industrial use

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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Toray Research Center, Inc. 

Toray Research Center, Inc. 
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