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INTRODUCTION 

Research for developing a cold neutron detector for Chromatic Analysis Neutron Diffractometer Or 

Reflectometer (CANDOR)
(1)

 is underway at the NIST center for neutron research. The neutron detector is 

based on 
6
LiF:ZnS(Ag)

(2)
 scintillation material. The development required optimization of the detector 

design by simulating the nuclear interactions, light yield for different 
6
LiF:ZnS:Binder mixture ratios and the 

grain sizes effect on the light production.  

This optimization goal was achieved by using Geant4, a Monte Carlo based simulation software
(3)

. The 

software enables the investigation of the Neutron interaction with the detector, the ionization process and the 

light transfer process following the nuclear process. 

Two neutron sensor configuration were evaluated, one with a mixture ratio of: 1:2:0.3 

(
6
LiF:ZnS:Binder

(2)
)and the other with ratio of 1:3:0.3. The simulation included the captured process of a 

cold neutron (mean value of 3.62 meV) by the 
6
Li in the scintillator and the production of an Alpha and a 

Triton particles. The particles ionize the ZnS(Ag), and blue light photons are created. Because the ionizing 

particles lose their energy to all of the compound components the number of light photons produced per 

neutron interaction can vary and a proper design can increase the energy transfer to the ZnS(Ag). 

 

METHOD 

The main goal is to simulate all the processes including the neutron interaction, energy loss of nuclear 

reaction fission products (Alpha & Triton), define the energy transferred for ionizing the ZnS(Ag) and the 

light travel inside the detector 

The simulation enables optimizing the detector design in order to increase the energy transfer to the ZnS(Ag) 

and therefore enhance the light yield and improve the detection efficiency. The detection efficiency is based 

on two parameters: 

a. The stopping power of the scintillator - the probability of having an interaction between the cold neutrons 

and the 
6
Li. 

b. Light output - getting a measurable light output signal from the ZnS(Ag) ionization. 
 

There is a contradiction between these two parameters. For maximal stopping power the scintillation mixture 

should contain high concentration of 
6
Li, but in order to get high light output a high concentration of 

ZnS(Ag) is required. Furthermore, the ZnS(Ag) is opaque and not transparent to its own luminescence 

,therefore the concentration of ZnS(Ag) must be controlled.  

The simulation output should support the analysis of the following parameters for the two investigated 

mixture ratios: 

1. Alpha and Triton Free path in 
6
LiF, ZnS and the Binder 

2. Probability of the 
6
Li (n,α) 

3
H reaction for different detector width (up to 1mm). 

3. Alpha and Triton energy deposition in Zns(Ag) while traveling in the sensor (grain size dependent, 

starting with the manufacturer grain size of ~8µm
(7)

). 

4. Light attenuation inside the detector. 



269 

 

RESULTS 

Geant4 simulation was written in order to find out the scintillator efficiency at different thicknesses and 

evaluate the stopping power. A horizontal neutron beam with a diameter of 6mm and energy of 3.62meV 

was placed in front of a scintillator (30mm height, 10mm width and a variable thickness), The scintillator 

was defined as a mixture of 
6
LiF:ZnS:Binder in two different mass ratios. For each thickness, 100,000 

neutrons events were recorded. 
 

 

Table 1 – Thickness dependent Neutron capture efficiency (Alpha + Triton creation) 

Det Width [mm] 
Neutron capture Eff[%] 

1:2:0.3 1:3:0.3 

0.25 76.69 69.64 

0.5 94.30 90.50 

0.75 98.30 96.87 

1 99.33 98.78 

 

As can be seen in Table 1, Neutron capture efficiency of the 1:2:0.3 ratio scintillator is higher. At this ratio 

the 
6
LiF constitute 34% of the total detector volume compared to volume portion of 28% in the 1:3:0.3 

compound. However, the dense design (low binder portion) provide high capture efficiency also in the 

compound with ratio of 1:3:0.3.  

Since the ZnS(Ag) in the scintillator mixture is grained powder of about 8µm
(7)

diameter, and the free path of 

heavy particles such as Alpha and Triton is very limited, another simulation block was written in order to 

find out the free path and energy loss of the Alpha and Triton in the scintillator materials. 

Three material blocks (
6
LiF, ZnS, Binder) with dimensions of 10cm

3
 were created, Alpha and Triton 

isotropic point sources with the above mentioned energies were placed in the middle of each block. For each 

simulation step the distance and energy loss were recorded.  

A comparison was made between the Geant4 maximum free path results and SRIM
(6)

 software results as 

shown in Table 2. Results were found to be very similar. 
 

Table 2. Maximum Geant4 free Path compared to SRIM output 

  

 

 

 

 
 

 

Since the Alpha path shown in Table 2 is very small, ZnS grain size can affect the energy deposition in the 

ZnS grains greatly and following it the scintillator light yield. 

In order to simulate the scintillator with different ZnS grain size, a small cube shaped unit cell containing 
6
LiF:Binder in the ratio of 1:0.3 was created and different diameter grains of ZnS were implemented inside 

it. After creating one unit cell it was replicated in order to build the detector with the required dimensions. 

Table 3 shows the unit cell configuration for each of the ratios and grains size. 
 

Table 3 – Unit cells configuration for each mixture ratio and ZnS grain size 

Mixture 

Ratio 

Grain Diameter 

[µm] 
ZnS Grains 

Cell Dimensions 

[cc] 

Grains 

Deployment 

1:2:0.3 16/8/4 16/16/16 40/20/10 
 

1:3:0.3 16/8/4 13/13/13 40/20/10 
 

 

As can be seen in Figure 1, the smaller the grain size is, the energy deposition distribution in ZnS is closer to 

normal distribution, has a better (narrow) FWHM and most important a higher mean energy value. 
    

 Alpha Path [µm]  Triton Path [µm]  

Material  Geant4   SRIM    Geant4   SRIM   

LiF ~6.5 6.05 ~32 33.57 

ZnS ~7 5.95 ~33.5 31.85 

Binder ~9 8.92 ~51 52.02 
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Figure 1. Energy Deposited in ZnS grains for two mixture ratio and three ZnS grain size 

 

When setting an energy threshold to the histogram as can be seen in Figure 2, one can see that as the 

threshold increases, the light yield of the 1:2:0.3 ratio decreases rapidly while the 1:3:0.3 maintains high 

efficiency.  

From examining Figure 2, it appears that the 1:3:0.3 ratio scintillators are far more effective than the 1:2:0.3, 

and that the grain size of 4µm in the 1:3:0.3 ratio, maintains its efficiency up to a discrimination level of 

1250keV and drops only to 75% when the discriminator level is set to 2000 keV. The 1:3:0.3 ratio with a 

8µm grain size is the best to maintain its efficiency when setting up a discrimination level of 2750 keV. 
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Figure 2. Threshold and grain size dependant scintillator efficiency  

 

CONCLUSIONS 
 

 The 1:2:0.3 ratio scintillator has a better capturing efficiency but lower light yield, it would be good to 

use it when directly coupled to a light sensor. 

 In our case (Great light loss due to detector dimensions, self light absorption and poor WLS fibers 

efficiency), the 1:3:0.3 will probably provide higher efficiency. 

 The smaller the ZnS grain size is, a higher mean value of “scintillating energy” is obtained and has a 

more uniform distribution. 

 1:3:0.3 has a much better light yield but since it has more ZnS this compound would probably have 

higher light attenuation than the 1:2:0.3. Although preliminary calculations present small variance 

between the effective light attenuation of the two compounds, however further investigation is required. 

 At a later stage, a full simulation including the WLS fibers, reflectors and solid state light sensor will be 

performed. 
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