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Abstract: Am-Be neutron source is a common neutron source in the experiment and 
it is mainly used for neutron activation analysis and neutron logging of samples et al. It 
is necessary to slow down and sheild the Am - Be neutron source in order to avoid 
damage of the neutron which is generated by Am - Be neutron source and increase the 
reaction cross section between the neutron and the material. Therefore, in the paper, 
we design the thickness of Am-Be neutron source shielding material based on MCNP 
simulation. In this paper, the two layers of shielding layer are designed according to 
the characteristics of Am - Be neutron source, respectively stainless steel layer and 
polyethylene with 0.2% B layer. Firstly, we simulate the first layer with different 
thickness and in order to selecte the appropriate thickness of the stainless steel layer 
and then add different thickness of polyethylene with 0.2% B in the basis of the 
appropriate thickness of the stainless steel layer in order to selecte the appropriate 
thickness of B polyethylene layer. In this paper, the appropriate thickness of the 
stainless steel layer is 20 cm and the suitable thickness of polyethylene with 0.2% B 
layer is 15 cm. After When we set the shield structures and their thickness, the neutron 
transmissivity reach 2.2×10-6, which meets the requirements for shielding. 
 
Keywords: Am - Be neutron source, stainless steel layer, polyethylene with 0.2% B 
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1. Introduction 
 
In recent years, with the development and application of nuclear technology, the 
experimental research and applied research of neutron have been widely carried out, 
and related technologies are already being used in many areas, such as neutron 
scattering spectrometer, neutron CT, neutron fluoroscopy, neutron sensor, neutron 
image, neutron detection, neutron knife, neutron activation technology, and spallation 
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neutron source, etc[1-5]. The neutron has no electric charge, and does not interact with 
the outer electron and the nucleus. The neutron has a greater penetration ability than 
the same mass and energy charged particles, so the damage to the human body is 
much greater than the same χ rays and gamma rays dose. If neutron technology is to 
be used for human services, it must be effectively shielded[6,7]. Reasonable choice of 
shielding material can reduce economic cost and the volume and weight of the shield. 
However, Am - Be isotopic neutron source is an important method for neutron 
production. So the study for the shield of Am - Be neutron source and its shielding 
thickness has very important significance. 

In the paper, we design 2-layer shielding structure of Am-Be neutron source and 
then it is simulated based on MCNP. Firstly according to related references, the 2-layer 
shielding structure respectively are stainless steel layer and polyethylene layer with 
0.02% B. Secondly, the different thickness of stainless steel layer is simulated based on 
MCNP .Then we choose the suitable thickness of stainless steel layer. And then the 
different thickness of polyethylene layer with 0.02% B is simulated based on MCNP on 
the basis of the suitable thickness of stainless steel layer. The thickness of 2 shields 
based on MCNP simulaton can provide reference for the design of actual shields.  
 

2. The MCNP simulation 
 

2.1 The simulation of the thickness for the first shielding layer 
 

In the paper, to choose the suitable thickness of the first shielding stainless steel layer, 
we build a column model. The shape of stainless steel is a column with 1cm radius. The 
neutron point source and the symmetry axis of column are both in the Z axis. Otherwise 
the distance is 0 cm from the point source to the surface of stainless steel layer. In the 
simulated process, we gradually increase the thickness of column. Then we compare 
the penetrable neutron number from the column and the total number of neutrons, and 
get the transmissivity. Then we study the shielding properties of some material 
according to the transmissivity.   

In the simulated model, the stainless steel is composed of iron whose density is 7.92 
g/cm3.The MCNP procedure in the model is as follows: 

c cell cards 
101  1 -7.92 -101   
102  0                101  -102 
103  0                102 

 
c surface cards 
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101 rcc 0 0 10 0 0 1 5.1   
102 rcc 0 0 0 0 0 60 10 

 
c data cards 
mode n 
imp:n  1 1 0 
m1 14000 -0.010 24000 -0.170 25055 -0.020 && 
    26000 -0.655 28000 -0.120 42000 -0.025  

sdef  pos=0 0 9 rad=d1 axs=0 0 1 ext=0 vec=0 0 1 dir=1 erg=d3 
si1 0 5 
sp1 -21 1 
SI3   H 0 0.3125 0.4375 0.75 1 1.1875 1.375 1.625 1.8125 2.5 2.6875 2.875                
        3.125 3.3125 3.5625 3.75 3.9375 4.1875 4.5625 4.8125 5.0625 5.25                   
        5.5 5.6875 5.875 6.125 6.3125 6.5 6.75 6.9375 7.375 7.625 7.8125                   
        8 8.25 8.4375 8.6875 8.875 9.375 9.5 9.75 10 10.125 10.4375 10.5625                
        10.8125                                                                          
SP3   D 0 0.03696 0.03595 0.03241 0.02734 0.02430 0.02177 0.02025 0.02228                
           0.02481 0.02633 0.03241 0.04101 0.04304 0.03797 0.03494 0.03291                  
           0.03089 0.03291 0.03544 0.03646 0.03494 0.02937 0.02633 0.02380                  
           0.01975 0.02025 0.02278 0.02076 0.01873 0.01924 0.02076 0.02127                  
           0.01924 0.01570 0.01063 0.00709 0.00456 0.00405 0.00557 0.00658                  
           0.00557 0.00456 0.00354 0.00304 0.00152  
f2:n 101.2 
nps 1000000 
print 
Then the paper change the thickness of stainless steel on the basis of above 

procedure. The thickness of stainless steel successively choose 1, 5,10,15,20,25,30,35 
and 40 cm from high and low. Then from the output result of MCNP we get 
transmissivities for different thicknesses from the output result of MCNP. The date is 
showed in table1.   

 
Tab 1. Transmissivities for the different stainless steel thicknesses 

 
Stainless steel 
thicknesses 

(cm) 
1 5 10 15 20 25 30 35 40 

Transmissivitiy 0.0123 0.00767 0.00313 0.00112 3.84E-4 1.3E-4 4.42E-5 1.58E-5 6.17E-6
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We deal with the date of the table1 using origin software. As shown in figure 2-1, 
when the thickness of stainless steel gradually increase, the transmissivity changes a 
lot. But when the thickness of stainless steel gradually increase to 20cm, the 
transmissivity changes little. As the main fuction of stainless steel layer is that the 
energy of neutron slow down below the threshold of inelastic scattering, not is that all 
neutron are shielded. Thus in this paper, we choose the suitable thickness of stainless 
steel layer is 20cm. 
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Fig 1. Transmissivities for the different stainless steel thicknesses 
 

2.2 The simulation of the thickness for the second shielding layer 
 

In the paper, the selection of suitable thickness of second shielding layer is basis of the 
suitable thickness of the first shielding layer.  

To choose the suitable thickness of the second shielding polyethylene layer with 
0.02% B, we build a globe model. The model is showed in Figure2.There is a Am-Be 
neutron point source in the centre of globe that is surrounded by the stainless steel 
(the second shielding layer) with 20cm radius. Then the polyethylene layer with 0.02% 
B whose inner diameter is 40cm and outer diameter changes surrounds the stainless 
steel. In the simulated model, the B content is 0.2% in the polyethylene layer whose 
density is 1.359 g/cm3.The MCNP procedure in the model is as follows:  

C This is simulation of nurtron screen about 20cm Fe 
1 1 -7.92 -1 
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2 2 -1.359 -2 1 
3 0 -3 2 
4 0 3 
 
1 so 20 
2 so 21  
3 so 100 
 
mode N 
imp:n 1 1 1 0 
sdef erg=d3 par=1 pos=0 0 0  
SI3 H 0 0.3125 0.4375 0.75 1 1.1875 1.375 1.625 1.8125 2.5 2.6875 2.875                
         3.125 3.3125 3.5625 3.75 3.9375 4.1875 4.5625 4.8125 5.0625 5.25                   
         5.5 5.6875 5.875 6.125 6.3125 6.5 6.75 6.9375 7.375 7.625 7.8125                   
         8 8.25 8.4375 8.6875 8.875 9.375 9.5 9.75 10 10.125 10.4375 10.5625                
         10.8125                                                                           
SP3 D 0 0.03696 0.03595 0.03241 0.02734 0.02430 0.02177 0.02025 0.02228                
            0.02481 0.02633 0.03241 0.04101 0.04304 0.03797 0.03494 0.03291                  
            0.03089 0.03291 0.03544 0.03646 0.03494 0.02937 0.02633 0.02380                  
            0.01975 0.02025 0.02278 0.02076 0.01873 0.01924 0.02076 0.02127                  
            0.01924 0.01570 0.01063 0.00709 0.00456 0.00405 0.00557 0.00658                  
            0.00557 0.00456 0.00354 0.00304 0.00152   

m1 14000 -0.010 24000 -0.170 25055 -0.020 && 
            26000 -0.655 28000 -0.120 42000 -0.025  
m2 6012 -0.5368 1001 -0.0719 5010 -0.0743 5011 -0.317 
f2:n 2 
E2 0 512i 8 
NPS 30000000 
 

 
 

Fig 2. Globe model 
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Then the paper change the outer diameter (thickness) of polyethylene layer with 
0.02% B on the basis of above procedure. The outer diameter of polyethylene layer 
with 0.02% B successively choose 42,50,60,70,80,90 and 100 cm from high and low. 
In other words, the corresponding thickness successively is 1,5,10,15, 20, 25 and 30. 
Then we get transmissivities for different thicknesses from the output result of MCNP. 
The date is showed in table2.  
 
Tab 2 Transmissivities for the different thicknesses of polyethylene layer with 0.02% B 
 

The 
thicknesses of 
polyethylene 

layer with 
0.02% B (cm) 

1 5 10 15 20 25 30 

Transmissivitiy 2.29E-04 5.53E-05 9.43E-06 2.20E-06 6.63E-07 2.33E-07 9.10E-08

 
Then we deal with the date of the table2 using origin software. As shown in figure3, 

when the thickness of stainless steel gradually increase, the transmissivity changes a 
lot. But when the thickness of polyethylene with 0.02% B gradually increase to15cm, 
the transmissivity changes little and has reached 2.2*10-6 which meets the 
requirements of references. Thus in this paper, we choose the suitable thickness of 
polyethylene with 0.02% B is 15cm. 
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Fig 3. Transmissivities for the different thicknesses of polyethylene layer with 0.02% B 
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3. Conclusion 
 
We do a lot of previous research works for Am-Be neutron source, its shielding method 
and the election of the shielding thickness. Then we do some corresponding 
simulations. According to the parameters of the research, we build related physical 
model. Firstly, we get the transmissivities in the different thickness of stainless steel 
according to the simulation and get the suitable thickness of stainless steel which is 
20cm according to the date trend. Secondly, we build globe model, get the 
transmissivities in the different thickness of polyethylene layer with 0.02% B according 
to the simulation in the basis of the suitable thickness of stainless steel and get the 
suitable thickness of polyethylene layer with 0.02% B which is 15cm according to the 
date trend. When we set the shield structures and their thickness ,the neutron 
transmissivity reach 2.2×10-6,which meets the requirements for shielding. 
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