
JA
EA

-R
esearch

JAEA-Research 

2008-115

− J-PARC/MLF 生命物質構造解析装置「iBIX」のための
コンパクト型検出器の開発 −

波長シフトファイバを用いた高検出効率、
高位置分解能型2次元シンチレータ中性子検出器の

開発研究

中村 龍也　片桐 政樹　細谷 孝明*　美留町 厚
海老根 守澄　曽山 和彦　Erik Schooneveld* Nigel Rhodes*

Tatsuya NAKAMURA, Masaki KATAGIRI, Takaaki HOSOYA*, Atsushi BIRUMACHI*
Masumi EBINE, Kazuhiko SOYAMA, Erik Schooneveld* and Nigel Rhodes*

J-PARC センター

J-PARC Center

March  2009

Japan Atomic Energy Agency 日本原子力研究開発機構

JA
EA

-R
esearch  2008-115　

波
長
シ
フ
ト
フ
ァ
イ
バ
を
用
い
た
高
検
出
効
率
、
高
位
置
分
解
能
型
２
次
元
シ
ン
チ
レ
ー
タ
中
性
子
検
出
器
の
開
発
研
究　
─ J-PARC/M

LF 

生
命
物
質
構
造
解
析
装
置
「iBIX

」
の
た
め
の
コ
ン
パ
ク
ト
型
検
出
器
の
開
発 

─ 

日
本
原
子
力
研
究
開
発
機
構

Development of Two-dimensional Scintillator Neutron Detector 

using Wavelength-shifting Fibres 

- Development of a Compact Detector for iBIX Instrument in J-PARC/MLF -





 1

JAEA-Research 2008-115  

2

- J-PARC/MLF iBIX -

J-PARC

*1 + +

Erik Schooneveld*2 Nigel Rhodes*2

(2008  12 19 )

J-PARC/MLF

2

13.3 x 13.3 cm2 69

ISIS 2

------------------------------------------------------------------------------------------------------------------------ 

J-PARC 319-1195 2-4
+

*1

*2 Rutherford Appleton Laboratory, ISIS facility 

��

JAEA-Research　2008-115



 2

JAEA-Research 2008-115 

Development of Two-dimensional Scintillator Neutron Detector  

using Wavelength-shifting Fibres  

- Development of a Compact Detector for iBIX Instrument in J-PARC/MLF - 

Tatsuya NAKAMURA, Masaki KATAGIRI, Takaaki HOSOYA*1, Atsushi BIRUMACHI+,

Masumi EBINE+, Kazuhiko SOYAMA, Erik Schooneveld*2, and Nigel Rhodes*2

Materials and Life Science Division, J-PARC Center, 

Japan Atomic Energy Agency 

Tokai-mura, Naka-gun, Ibaraki-ken 

(Received December 19, 2008) 

A compact two-dimensional neutron detector was developed for iBIX instrument in the 

J-PARC/MLF.  The specifications required for the detector were a spatial resolution of less 

than 1 mm, a detector efficiency of more than 50% for thermal neutrons, a gamma sensitivity 

of less than 10-6, detector coverage of around 16 x 16 cm2 with least dead area, 

compactness, modularity, and a pulse pair resolution of less than 2 s.  The detector 

components including new scintillator material, wavelength-shifting fibres, photomultipliers, 

amplifier/discriminator electronics, signal processing electronics, time of flight data 

acquisition module, were studied in detail and optimized for the purpose.  The compact 

prototype detector that has a neutron sensitive area of 13.3 x 13.3 cm2 was made and 

feasibility of the detector was demonstrated successfully in the experiments at the ISIS 

pulsed neutron source.   
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Fig. 1: A schematic view of a typical neutron detector using a ZnS/6LiF scintillator and 
wavelength-shifting fibres. 

Fig. 2: A schematic view of a two-dimensional neutron detector system using a 
neutron-sensitive scintillator and wavelength-shifting fibres.  This system comprised 
of 256 fibres in both axis.
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Photo 1: A ZnS:Ag/10B2O3 scintillator made in house (50 mm x 50 mm).  

Fig. 3: Pulse height spectra of a developed ZnS:Ag/10B2O3 and a standard ZnS/6LiF 
scintillator manufactured by AST Co.  The scintillators were installed in an ENGIN-X 
type light reflector grid to collect scintillation light efficiently from the both sides of the 
scintillator15).
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Photo 2: Large size ZnS:Ag/10B2O3 scintillators manufactured by Chichibufuji Co.  
The size of the scintillators measured 14 cm x 14 cm.  The thickness of the scintillator 
was 0.175 mm (left) and 0.375 mm (right).

Fig. 4: Neutron counts measured with a 2-d test detector equipped with a 0.2 or 0.3 
mm-thick ZnS/10B2O3 scintillator. 
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Fig.6: Light output of a Y11 WLSF of front and back fibres in a 2-d detector as a function 
of dye content.  The Y11 fibres had square-shape with a side length of 0.5 mm.

Fig. 7: A schematic view of a scintillator/fibre head in a 2-d detector.
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Fig. 8: Light transmission of round-shaped Y11 fibres as a function of bending radius.  A 
diameter of a fibre was 0.5 mm.  Four of Y11 fibres with multiclad were tested.

Fig. 9: Light transmission of square-shaped Y11 fibres with 90-degree bending.
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Photo 3: Multianode photomultipliers, H8711 (16 ch.) and H7546 (64 ch.), manufactured 
by Hamamatsu Co.

Fig. 10: Neutron counts measured with a 1-d WLSF test detector equipped with a H8711 
or H7546 PMTs.
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Fig. 11: A quantum efficiency of an ultra bialkali PMT manufactured by Hamamatsu 
Co21).

Fig. 12: Light cross talk between pixels on a PMT window in a bialkali (BA) PMT (a) and 
ultra bialkali (UBA) PMT (b).  The light cross talk was defined as a ratio of a signal 
height relative to a signal in a center pixel (light incident pixel).
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Fig. 13: Background counts measured with a 1-d WLSF test detector with a BA or UBA 
PMT. 

Fig. 14: Neutron counts measured with a 2-d WLSF test detector with a BA or UBA PMT.
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Fig. 15: Neutron counts measured with a 2-d WLSF test detector with a preliminary 
amplifier board.  The gain of the amplifier was variable from 10 to 40.

Photo 4: 32 channel amplifier/discriminator boards.  A test board (left) and a prototype 
board (right).
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Fig. 16: Neutron counts measured with a 2-d WLSF test detector equipped with a 
32-channel test amplifier/discriminator board.

Fig. 17: Pulse height spectrum of photons measured a prototype 32-channel 
amplifier/discriminator board.
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Photo 5: A prototype mini power crate for amplifier/discriminator boards.

Fig. 18: A pattern matching method employed in a signal processing and encoder 
module to determine a position of an incident neutron.
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Photo 6: A signal processing and encoder circuit module.

Fig. 19: A data flow and data bit structure of the signal processing and encoder module.
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Photo 7: A time of flight data acquisition circuit module

Photo 8: A prototype detector.  A front view (a) and a rear view (b).
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Fig. 20: A prototype 2-d WLSF detector system.  A block diagram (a) and detector 
system (b).

Fig. 21: A collimated neutron beam measured with a prototype detector summed over 
whole time of flight.  A 2-d image (a) and a sliced spectrum at the peak (b). 
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Fig. 22: Time of flight spectra in the area of neutron count peak. 

Photo. 9: Experimental setup in the ROTAX port at ISIS pulsed neutron source.  Two 
prototype 2-d WLSF detectors were set up at the angle positions of 45 and 90 degree.
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Fig. 24: Scatter plot of neutron diffraction from a Ni rod sample.  

Fig. 23: Diffraction images of Ni rod measured with a detector 1 and detector 2 at fixed 
time of flight.
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Fig. 25: Time of flight spectra after time focusing correction.
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