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Abstract— Frequently, the neutron transmission through the shields used for 

protection against radiation is an unavoidable phenomenon, so we have interested in 

this work to study the neutron transmission through shields. We have considered an 

infinite homogenous slab witch characterized by his scattering probability noted Ps, 

with a different thickness and an infinite plane source of neutrons which arrived on 

the left side of the slab and on the right side detector with fixed window is placed to 

detect transmitted neutrons and evaluate the neutron transmission probabilities. We 

used the simulation Monte Carlo method for sampling the neutron history in the 

slab and in order to accelerate the calculation convergence we have developed a new 

multi-parameters spatial biasing technique with 4 parameters. For each thickness of 

the slab and for several values of Ps we have determined the detector response and 

calculated the neutron transmission probability. We compared our result by results 

obtained with the spatial biasing technique with 2 parameters and 1 parameter. 

Then we have determined the FOM (Figure of the Merit) for each method. We can 

also notice that our method presents bests results by obtaining the greatest FOM for 

a large thickness of the slab having high scattering probability Ps. 
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1. INTRODUCTION 

The neutron transmission through shields used as protection screen against radiation is 

an unavoidable phenomenon [1; 2]. Then the protection against radiation constitutes one 

of important concerns of reactor physicists [3; 4], so that, in this work, we have interested 

to contribute in the amelioration of protection calculations. Then we consider an infinite 
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plane source which produces a parallel beam of neutrons which arrived on the left side of 

an infinite homogeneous slab, with a variable thickness equal to nλ (where λ is the mean 

free path of the neutron in the slab and n is a positive natural number). Neutrons will 

undergo collisions inside the slab and may be transmitted through the right boundary and 

detected by an infinite plane detector placed at the left side of the slab (Figure 1). 

Our purpose is to evaluate the neutron transmission probability for neutrons 

transmitted through the slab and detected by the detector [5; 6]. 

 

 

Fig. 1  Geometry of the problem used for neutron transmission study 

2. RESEARCH METHOD 

The Neutron history is generated by simulation with the Monte Carlo Method [7] and 

in order to accelerate the convergence of calculations [8] and make this method more 

efficient, by using a spatial biasing technique, we have used and compared three methods. 

All these three methods have recourse to the simulation with the Monte Carlo Method for 

sampling the different Neutron parameters such as its collision point, direction and path 

after collision, and by application of a spatial biasing technique:   

 With one parameter for the first method [9] developed by Leo Levitt (BS1P) 

 With two parameters for the second method [10; 11] developed by J Ghassoun 

(BS2P) 

 With four parameters for the third method which we have developed and proposed 

in this work (BS4P) 

The neutron parameters are generated by using probability densities of these sizes 

characterizing the neutron. Then the diffusion angle (scattering angle) after the collision 

is obtained by: 

 

Where ξ is a random number between 0 and 1 

And we can determine the angle θd between the direction of neutron and the axis Z 

(figure 1) by: 

 

This is to take account if the diffusion is up or down the direction before the collision.  

The neutron path after collision noted X is sampled by its natural probability density: 
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Where Σt is the neutron total cross section. Then we can deduce: 

 

 

Then, we can deduce: 

 

 

Then the neutron path is expressed in unit of λ. 

In order to calculate the neutron transmission probability through the slab, we used the 

statistical weight method which consists to suppose that all neutrons are born at the 

source with a statistical weight equal to unit, and after each collision this statistical 

weight is multiplied by a factor Ps (scattering probability): 

 
 

With Σt and Σs are respectively the total and scattering cross sections of the neutron to 

take accounts of the absorption. All transmitted neutrons contribute to results with a 

statistical weight between 0 and 1. Then the neutron transmission probability noted Pt is 

defined as follows: 

 
 

With: Wi is the neutron statistical weight and Ns is the neutron simulation number 

(neutron histories number). 

The application of a spatial biasing technique consists to sample the neutron path after 

collision by the biasing probability density P*(X): 

 
 

Where Σt and Σt* are respectively the natural and biasing total cross sections and a is a 

spatial biasing parameter. 

For the first method using one parameter a we choose it between 0 and 1 and we can 

also note that Σt* is less than Σt then the biasing path X* is better than the natural path X: 

 
 

It’s the elongation of the path. 

For others methods using multi-parameters we replaced the parameter a by four 

parameters a1, a2, a3 and a4 with: 

 
 

Where  is a positive relative number. 

After each collision we proceed to the correction of the neutron statistical weight as 

follows:  
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For the optimization of the parameter a, we used the equation proposed by Levitt as 

follows: 

 

 
 

Then we noted that this parameter a depends on the thickness of the slab n and on the 

value of Ps. 

For the second method BS2P we used a spatial biasing technique with 2 parameters a1 

et a2 with 0<a1<a2<1 when the neutron points to the detector (µ>0), this technique aims 

to lengthen the neutron path, but when the neutron come back to the left side (µ≤0) we 

don’t used a spatial biasing technique but we used only the natural transformation. 

For our method BS4P we developed a transformation with 4 parameters. When (µ>0) 

we apply the method BS2P but when the neutron come back to the left side (µ≤0) we 

apply another spatial biasing technique with 2 others parameters a3 and a4 (a4>a3>1). 

The purpose of this technique is to shorten and minimized the neutron path. 

These parameters of biasing technique are given in the Tables 1, 2 and shown in the 

Figures 2, 3. 

Table I. Spatial biasing parameters case of the slab with thickness 40λ 

 

Table II. Spatial biasing parameters case of the slab with thickness 10λ 
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Fig. 2  Variation of spatial biasing parameters versus Ps case of the slab with thickness 

10λ 

 

Fig. 3  Variation of spatial biasing parameters versus Ps case of the slab with thickness 

40λ 

3. RESULTS AND ANALYSIS 

For several values of Ps and the thickness of the slab, we have used these three 

methods and calculated the neutron transmission probabilities. We presented results 

obtained at Figures 4 and 5. 
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Fig. 4  Variation of transmission probability versus Ps case of the slab with thickness 10λ 

 

Fig. 5  Variation of transmission probability versus Ps case of the slab with thickness 40λ 

We can also notice that the results obtained by these methods are in good agreement. 

Now we discuss and compare some advantages of the three methods. Then we have 

compared the mean collision number obtained by these methods and we have calculated 

some Figures Of Merit noted FOM. This size involves the variance and the computer 

calculation time T: 

 

               (13) 

 
So we notice that as FOM increases the method becomes more efficient. 

The results obtained are presented in figures 6 to 11. 



International Journal of Control and Automation 

Vol. 12, No. 2 (2019) 

 

 

Copyright © 2019 NADIA   23 

 

Fig. 6  Variation of the mean collision number versus Ps case of the slab with thickness 

20λ 

 

Fig. 7  Variation of the mean collision number versus Ps case of the slab with thickness 

30λ 



International Journal of Control and Automation 

Vol. 12, No. 2 (2019) 

 

 

24  Copyright © 2019 NADIA 

 

Fig. 8  Variation of the mean collision number versus Ps case of the slab with thickness 

40λ 

We note that the two methods BS4P and BS2P present a number of collisions 

significantly less than that obtained by the method BS1P, and therefore the neutrons 

spend less time to cross the slab, then these two methods have a gain in computation time. 

 

 

Fig. 9  Variation of FOM versus thickness case Ps=0.2 
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Fig. 10  Variation of FOM versus thickness case Ps=0.7 

 

Fig. 11  Variation of FOM versus thickness case Ps=0.8 

We can also see that our method BS4P presents best results for high Ps (Ps=0.8) and 

great values of thickness (L=40 λ). 

The multi-parameters spatial biasing technique we developed in our study can be 

used by specialist practitioners in protection calculations to improve these 
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calculations. Also this technique is a contribution that can allow the designer to 

make the optimal choice of protection conditions and desired and suitable choice of 

the material used in protection against radiations such as thick protection materials 

used in nuclear centers 

 

4. Conclusions 

In this work, we have developed a multi-parameters spatial biasing technique in 

order to make the Monte Carlo Method more efficient and accelerate the 

convergence of calculations, and then we have optimized the parameters for this 

spatial biasing technique. We have also compared our multi-parameters method 

BS4P to others methods with 2 parameters BS2P and the methods with 1 parameter 

BS1P and we have determined the FOM for each method. We have clearly 

identified that our method BS4P is more efficient for great thickness at high values 

of Ps then we have identified some advantages of our study for practical situations  

In perspective, we intend to extend this study to determine the spatial spectrum of 

neutrons transmitted for different neutron energy spectra. 
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