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New ZnS scintillator, light reflector and digital signal processing modules were developed 

to upgrade the Japanese ENGIN-X type linear scintillation neutron detector.  The 

developed ZnS:Ag/10B2O3 scintillator improved a detector efficiency by a factor 1.2 for 

neutrons with a wavelength of 1 Å compared with the ISIS standard scintillator.  The 

detector maintained a similar gamma sensitivity and multi-count ratio to the present 

scintillator.  The new light reflector made of an etched-surface aluminum plate was 

developed in replace of a light reflector with an acrylic paint coating.  The detector 

implemented with this reflector exhibited similar detector performances to that with an 

acrylic paint coated reflector, securing long-term stability.  The digital signal-processing 

module incorporating a photon-counting method was successfully developed.  The fully 

digitalized photon counting system improved temperature stability of neutron counts 

significantly compared with the present analogue system. 
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6.

ENGIN-X

ZnS:Ag,Cl/10B2O3 AST(2:1)

2  ( 1 Å) 

1 MW

1) J-PARC: available from < http://j-parc.jp/MatLife/ja/index.html >

2) ISIS: available from <http://www.isis.rl.ac.uk/>

3) ISIS ENGIN-X: available from <http://www.isis.rl.ac.uk/Engineering/>

4) E. M. Schooneveld, et al: “A new neutron sensitive scintillation detector for ENGIN-X”, 

ICANS-XVI, 16th Meeting of the International Collaboration on Advanced Neutron Sources, 

p.455 (2003) 

5) T. Nakamura, et al: “Performance test of the Japanese ENGIN-X type linear scintillation 

neutron detector”, JAEA-Research 2007-014 (2007). 
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Fig. 1: An image view of Japanese engineering diffractometer, “Takumi”, in the J-PARC/MLF.

Photo. 1: The ENGIN-X diffractometer at ISIS
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Photo. 2: A 27-ch fibre-coded detector.  An top aluminum foil and detector face 

cover were removed for visibility. 
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Fig. 3: A schematic view of a 27-ch linear scintillation detector system. 

Table. 1: Specifications of scintillator samples

(1) AST*1 AST(4:1)       ZnS:Ag,Cl 6LiF           4 :1 0.4 4~5  (-) flexible, thermoplastic

(2) AST AST(2:1)       ZnS:Ag,Cl 6LiF           2 :1               0.4 4~5 (-)            flexible, thermoplastic

(3) JAEA Ag,Al 1055    ZnS:Ag,Al 6LiF          2.7 :1             0.45                 8~9 (1055)*4 non-annealed after sinter

(4) JAEA Ag,Cl 1109     ZnS:Ag,Cl 6LiF          2.7 :1             0.7 4~5 (1109)     non-annealed after sinter

(5) JAEA Ag,Cl 2112     ZnS:Ag,Cl 6LiF          2.7 :1             0.4 8~9 (2112)     non-annealed after sinter

(6) JAEA ZnS/B2O3 ZnS:Ag,Cl 10B2O3 1.5 :1*2 0.3/0.4*3 4~5  (1109)     scintillator layer formed on
a glass substrate.

*1 : Applied Scintillation Technologies LTD.
*2 : ZnS : H310BO3

*3 : 0.3-mm thick scintillator formed on a 0.4-mm glass substrate.
*4 : Numbers in parenthesis denote powder number from Nichia Co LTD.

No.  Manu- Sample        Scintillation    Converter      ZnS:6LiF         Thickness       ZnS particle           Notes
facturer name            material         material        (by weight)        (mm) size (um)

(1) AST*1 AST(4:1)       ZnS:Ag,Cl 6LiF           4 :1 0.4 4~5  (-) flexible, thermoplastic

(2) AST AST(2:1)       ZnS:Ag,Cl 6LiF           2 :1               0.4 4~5 (-)            flexible, thermoplastic

(3) JAEA Ag,Al 1055    ZnS:Ag,Al 6LiF          2.7 :1             0.45                 8~9 (1055)*4 non-annealed after sinter

(4) JAEA Ag,Cl 1109     ZnS:Ag,Cl 6LiF          2.7 :1             0.7 4~5 (1109)     non-annealed after sinter

(5) JAEA Ag,Cl 2112     ZnS:Ag,Cl 6LiF          2.7 :1             0.4 8~9 (2112)     non-annealed after sinter

(6) JAEA ZnS/B2O3 ZnS:Ag,Cl 10B2O3 1.5 :1*2 0.3/0.4*3 4~5  (1109)     scintillator layer formed on
a glass substrate.

*1 : Applied Scintillation Technologies LTD.
*2 : ZnS : H310BO3

*3 : 0.3-mm thick scintillator formed on a 0.4-mm glass substrate.
*4 : Numbers in parenthesis denote powder number from Nichia Co LTD.

No.  Manu- Sample        Scintillation    Converter      ZnS:6LiF         Thickness       ZnS particle           Notes
facturer name            material         material        (by weight)        (mm) size (um)
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Fig. 4: Normalized signal shapes measured with various scintillators with a bialkali PMT.  

The scintillator strips were installed in a light reflector grid.  The averaged signals were 

displayed.

Table. 2: Scintillation light properties

(1) AST*1 ZnS:Ag,Cl 6LiF         4 :1 0.46               1.44 1.0

(2) AST ZnS:Ag,Cl 6LiF         2 :1                       0.50               1.64  0.88

(3) JAEA ZnS:Ag,Al 6LiF         2.7 :1                     1.4                 3.0  1.69

(4) JAEA ZnS:Ag,Cl 6LiF         2.7 :1                     0.95               2.64  (no clear peak)   

(5) JAEA ZnS:Ag,Cl 6LiF         2.7 :1                     0.86               2.54  0.85

(6) JAEA ZnS:Ag,Cl 10B2O3 1.5 :1*2 0.29               0.82                   1.0

*1 : Applied Scintillation Technologies LTD.
*2 : ZnS : H310BO3

No.  Manu- Scintillation    Converter      ZnS:6LiF             Time Time              Relative signal height
facturer material         material        (by weight)         100-20% (us)   100-10%(us)      (relative peak position)

(1) AST*1 ZnS:Ag,Cl 6LiF         4 :1 0.46               1.44 1.0

(2) AST ZnS:Ag,Cl 6LiF         2 :1                       0.50               1.64  0.88

(3) JAEA ZnS:Ag,Al 6LiF         2.7 :1                     1.4                 3.0  1.69

(4) JAEA ZnS:Ag,Cl 6LiF         2.7 :1                     0.95               2.64  (no clear peak)   

(5) JAEA ZnS:Ag,Cl 6LiF         2.7 :1                     0.86               2.54  0.85

(6) JAEA ZnS:Ag,Cl 10B2O3 1.5 :1*2 0.29               0.82                   1.0

*1 : Applied Scintillation Technologies LTD.
*2 : ZnS : H310BO3

No.  Manu- Scintillation    Converter      ZnS:6LiF             Time Time              Relative signal height
facturer material         material        (by weight)         100-20% (us)   100-10%(us)      (relative peak position)

(1) AST*1 ZnS:Ag,Cl 6LiF         4 :1 0.46               1.44 1.0

(2) AST ZnS:Ag,Cl 6LiF         2 :1                       0.50               1.64  0.88

(3) JAEA ZnS:Ag,Al 6LiF         2.7 :1                     1.4                 3.0  1.69

(4) JAEA ZnS:Ag,Cl 6LiF         2.7 :1                     0.95               2.64  (no clear peak)   

(5) JAEA ZnS:Ag,Cl 6LiF         2.7 :1                     0.86               2.54  0.85

(6) JAEA ZnS:Ag,Cl 10B2O3 1.5 :1*2 0.29               0.82                   1.0

*1 : Applied Scintillation Technologies LTD.
*2 : ZnS : H310BO3

No.  Manu- Scintillation    Converter      ZnS:6LiF             Time Time              Relative signal height
facturer material         material        (by weight)         100-20% (us)   100-10%(us)      (relative peak position)
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Fig. 5: Pulse height distributions measured with various scintillators with a bialkali PMT.

Fig. 6: Neutron counts plotted as a function of a multi-count ratio. 
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Fig. 7: Detector performances plotted as a function of a gamma sensitivity. (a) detector 

efficiency (neutron counts), (b) multi-count ratio and (c) quiet count rate. 
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(2) AST(2:1)
(3) ZnS/B2O3

Detector efficiency
% for 1Å

Gamma sensitivity
x 10-7

Multi-count ratio
%          

Quiet count rate
x 10-4 1/s/cm2

56 1 0.9 2 0.5 0.3 2.1 0.5

57 1 1.5 4 0.3 0.3 6.9 1.1

(1) AST(4:1) 46 2 2 1 0.6 0.3 2.1 0.3

Scintillator

(2) AST(2:1)
(3) ZnS/B2O3

Detector efficiency
% for 1Å

Gamma sensitivity
x 10-7

Multi-count ratio
%          

Quiet count rate
x 10-4 1/s/cm2

56 1 0.9 2 0.5 0.3 2.1 0.5

57 1 1.5 4 0.3 0.3 6.9 1.1

(1) AST(4:1) 46 2 2 1 0.6 0.3 2.1 0.3

Scintillator

Table. 3: Scintillator detector performances. The threshold voltages for GEM electronics 

were set at -220 mV for AST(4:1) and -180 mV both for AST(2:1) and ZnS/10B2O3

scintillator.

Fig. 8: Count ratios between AST(2:1) and AST(4:1) and between ZnS:Ag,Cl/10B2O3

and AST(4:1) plotted as a function of a neutron wavelength.  
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Fig. 9: Count ratios between ZnS:Ag,Cl/10B2O3 and AST(2:1) plotted as a function of a 

neutron wavelength. 

Fig. 10: Reflectivity of light reflectors.  An ISIS standard reflector is denoted as 

white paint.  An etching rate is increased from reflector No. 1 to 3 in an order. 
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Photo 3: A white painted reflector grid (ISIS standard, left) and etched aluminum grid 

reflectors (No.3 and No.7, right).  The reflectors for channel 17 and 18 were replaced 

with No.3 and No.7 reflectors for the test.  

Fig. 11: Neutron counts measured with surface etched aluminum reflectors.  An 

AST(4:1) scintillator was installed in the grid. 
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Fig. 12: A count ratio in a neighboring pixel through light leakage. 

Fig. 13: Detector efficiency (neutron counts) and a multi-count ratio of AST(4:1) 

scintillator as a function of a gamma sensitivity. 
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Fig. 14: Neutron counts measured with white paint and etched surface reflectors. 

Fig. 15: Neutron counts and a multi-count ratio of AST(2:1) scintillator as a function of a 

gamma sensitivity. 

0

100

200

300

400

50 100 150 200 250 300

Threshold voltage, mV

C
ou

nt
s 

in
 c

ps

AST(2:1), white paint

AST(2:1), etched Al No7

ZnS/B2O3, white paint

ZnS/B2O3, etched Al No7

(a) Detector efficiency

0

100

200

300

400

1.E-08 1.E-07 1.E-06 1.E-05 1.E-04
Gam m a sens itivity

C
ou

nt
s 

pe
r s

ec
on

d

AST(2:1), white paint reflector
                 etched Al reflector

(b) Multi-count ratio

0

1

2

3

1.E-08 1.E-07 1.E-06 1.E-05 1.E-04
Gamma sensitivity

M
ul

ti-
co

un
t r

at
io

, %

AST(2:1), white paint reflector
                 etched Al reflector

JAEA-Research  2008-116

− 22 −

JAEA-Research  2008-116

− 23 −



 28

Fig. 16: Neutron counts and a multi-count ratio of ZnS:Ag,Cl/10B2O3 scintillator as a 

function of a gamma sensitivity. 

Photo 4: A digital signal processing module developed by JAEA. 
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Fig. 17: Temperature stability of neutron counts measured with an analogue (a) 

and a digital (b) photon counting system. 
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Fig. 18: A gamma sensitivity measured with an analogue and a digital photon 

counting system. 

Fig. 19: Neutron counts measured with a digital photon counting system as a 

function of a coincidence time. 
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