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INTRODUCTION 

The Bonner Sphere Spectrometer (BSS), introduced In July 1960
(1)

 by a research group from  

Rice University, Texas, is a major approach to neutron spectrum estimation. The BSS, also known as multi-

sphere spectrometer, consists of a set of a different diameters polyethylene spheres, carrying a small LiI(Eu) 

scintillator in their center. What makes this spectrometry method such widely used, is its almost isotropic 

response, covering an extraordinary wide range of energies, from thermal up to even hundreds of MeVs. 

One of the most interesting and useful consequences of the above study is the 12" sphere characteristics, as it 

turned out that the response curve of its energy dependence,  have a similar shape compared with the 

neutron's dose equivalent as a function of energy
(2)

. This inexplicable and happy circumstance makes it 

virtually the only monitoring device capable providing realistic neutron dose estimates over such a wide 

energy range. However, since the detection mechanism is not strictly related to radiation dose, one can 

expect substantial errors when applied to widely different source conditions. 

Although the original design of the BSS included a small 4mmx4mmØ 
6
LiI(Eu) scintillator, other thermal 

neutron detectors has been used over the years: track detectors
(3)

, activation foils
(4)

, BF3
(5)

 filled proportional 

counters, etc. In this study we chose a Boron loaded scintillator, EJ-254
(6)

, as the thermal neutron detector. 

The neutron capture reaction on the boron 
10

B(n,)
7
Li has a Q value of 2.78 MeV of which 2.34 MeV is 

shared by the alpha and lithium particles. 

The high manufacturing costs, the encasement issue, the installation efficiency and the fabrication 

complexity, led us to the idea of replacing the sphere with a cubic moderator. 

This article describes the considerations, as well as the Monte-Carlo simulations done in order to examine 

the applicability of this idea. 

 

THE METHOD 

The Monte-Carlo simulations were implemented on the MCNP-4C platform, using the cross-section tables 

obtained from the ENDF/B-VI library. The reference system included a polyethylene sphere, having a 5% 

natural boron loaded scintillator detector in its center irradiated by a surface neutron source shaped as a 12" 

diameter disk. The source was placed 5 meters from the detector, perpendicular to an imaginary line 

connecting both centers. Since neutron creation probability is uniform all over the disk source, the 

probability density function will be proportional to r, with no dependence on the polar angle 
(8)

: 

 

 

 

 
 

 

Therefore, the source distribution can be programmed into its probability function as a linear function of the 

radius, by inclusion of a bias function to the source which will minimize the variance of the detector 

response. 



289 

In order to acquire meaningful results, Tally 4 and Tally multiplier FM4 have been used to obtain the 

average neutron flux in the scintillator. Theoretically, F4 is calculated by 
(7)

: 

 

 
 

Where:       - Particles flux 

   E  - Particle energy 

   V    - The volume in which particles interactions occur 
 

Tally FM4 card was used to normalize the result obtained by the F4 card with the multiplicative constant 

acquired by: 
 

(
12

CAtomic Density + HAtomic Density + 
10

BAtomic Density + 
11

BAtomic Density) × barn × Volume Plastic Scintillator 
 

Substituting EJ254 manufacturer data with the above parameters, gives the constant the value: 0.61092751. 

Moreover, this card was also used to select only the reactions contributing to the  

EJ254 total photon production. 

The necessity for the long distance between the detector and the neutron source was derived from the 

assumption that the detector will respond differently when encompassed in a sphere rather than in a cube, 

especially due to differences in spatial angular response. All that was left was to verify the theory that when 

the distance between the source and the detector is long enough, the behavior of cube moderator will 

resemble the spheres. 

The following 3 criterions for cube's side length were examined: 
 

1. Cube's side length  equals  the sphere 

diameter: under this criterion it appeared that 

although the resemblance between graphs was 

satisfying, the comparison of total counts ratio at 

22  neutron energies, gave: 
 

 
 

Meaning an average of 1.73 and standard 

deviation 0.893. 

2. Equal volumes for the cube and the  sphere: 

in this case the counts ratio gave: 
 

 
 

Meaning an average of 0.6 and standard 

deviation 0.092. 

Where cube side length was  

Calculated by:     

 

    Fig. 1:  Comparison between the sphere and cubes 
 

 

 
 

3. Equal cross-section area at the detector's location: cube side length was calculated by: 
 

 

in this case the counts ratio gave    Meaning an average of 0.9528 and 

standard deviation 0.124. 
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The 3rd criterion brought the highest behavioral 

compatibility between the cube and the sphere, but the 

cube was irradiated only from one of its facets. To prove 

a higher level of compatibility we needed to examine the 

cube's behavior when irradiated from other directions. 

To accomplish this goal, the coordinate's transformation 

card, TR, was used. 

It has been decided that the neutron disk source will be 

diverted by 45° with  respect to XYZ axes (see fig. 2), 

while the distance between the source's and the detector's 

centers will remain 5 meters. 

Using the Pythagorean and the Cosine theorems, the 

rotation matrix was found to contain the following 

angles: 
 

xx'  =  60°, yx'  =  60°, zx' = 45°, 

xy'  =  135°, yy'  =  45°, zy’  =  90°, xz'   =  120°,  

yz'  =  120°, zz'  =  45°. 
 

All MCNP simulations were repeated under the rotation 

data and the 3
rd

 criterion above. 

The counts ratio this time was: 

 

       

 

 

Fig. 2: Source shifting with respect to the 

irradiated cube 

 

Having an average of 1.0163 with standard deviation 0.12991. 

 

SUMMARY AND CONCLUSIONS 

After confirming the correctness of the MCNP input file, by comparison to the literature 
(2)

, other MCNP 

simulations were conducted using a cubical neutron moderator. 

 

Three criterions for cube side length were studied, 

where the optimum was set as the closest 

Resemblance to the behavior of the sphere 

moderator over a wide energy range. Therefore, the 

3
rd

 criterion was selected, giving 

 

 
 

The angular dependency of the cube configuration 

has been studied too, giving satisfactory results. 

The conclusion from this study is that whenever the 

measurement of neutron's dose equivalent is 

required, one can always use the cubic moderator, 

under the conditions stated in this paper (distance 

from source, accuracy demands, manufacturing 

costs, installation limitations etc.). 

Furthermore, this study was just theoretical, 

requiring extensive laboratory experiments in order 

to confirm the commercial usage of the cubic 

configuration. 
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Fig. 3: The spatial dependency of neutron detection 

using cube moderator in comparison to sphere 

moderator 
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