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Introduction:  Space radiation shielding imposes 

multiple constraints for design engineers. These in-

clude, but not limited to, weight, dimensions, thermal 

properties of the material and previous operational 

history. Aluminum (Al) and Polyethylene (PE) are 

routinely used in space vehicles and the International 

Space Station (ISS).  Radiation transport codes can be 

used to develop optimum radiation shielding configu-

ration to reduce hazard to space crews. Due to com-

plexity of radiation environment, an accurate under-

standing of particles interacting with shielding materi-

als is required for optimization of shielding design. 

This study is aimed to evaluate and characterize 

shielding materials (Al and PE) typically used in 

spacecraft, space vehicle and habitat designs using 

Monte Carlo analytical technique. We present some 

preliminary assessment of using Al and PE in a multi-

layer configuration to identify optimal thickness of the 

combined shield. We investigated the performance of 

the shield based on preset dose limits (LD50), effective 

reduction of primary protons, net production of sec-

ondary particles and characteristics of secondary parti-

cles. We present results from MCNPX for the flux and 

dose dependent optimization effort from three charac-

teristic Solar Particle Events (SPEs) transported 

through a series of multi-material-layer shields.  Fur-

thermore, we present results from the  FLUKA and 

OLTARIS simulation for comparisons. 

Shielding design:  In our previous study [1], we 

showed that PE is more effective to use as shielding 

material for all SPEs environments. The interactions of 

SPEs with shielding material produced lower second-

ary radiation downstream as compared to Al. In this 

study, we investigated different physical thickness of 

Al and PE shields that will reduce dose to median le-

thal dose (LD50) level. Then, we expanded geometry 

into multi-layer of Al and PE shielding slabs followed 

by 30 g/cm2 of tissue equivalent phantom. A variety of 

different thickness for each layer and material is used. 

Distributions of flux and energy spectra were produced 

as a function of energies. Data from three historically 

significant SPEs differential spectra are presented in 

this study including the August 1972 predicted by 

LaRC model, the February 1956 fitted by Webber 

model and the Carrington 1859 fitted in 1991 by 

Weibull model. All computations were performed by 

the MCNPX transport code version 2.7.0 [2]. The 

MCNPX code is installed on a 16 nodes cluster with 

Quad Core XEON processor and LINUX CentOS 5.2 

operating system.  The presented results including en-

ergy spectra and total flux were generated by segment 

and mesh tallies card in the MCPNX input file.  

Preliminary results:  A simple slab geometry for a 

combination of 5 g/cm2 of Al and PE shields arranged 

next to other sequence followed by 30 g/cm2 tissue is 

shown in Fig. 1. The characteristic primary proton and 

secondary neutron flux spectra as shown in Figs. 2 and 

3, respectively.  Notice that proton and neutron spectra 

intensity is greater in Al than PE. This finding is con-

sistent with our previous study [1] that in overall PE is 

more effective shielding from SPEs spectra.  

   

 
Fig. 1. MCNPX geometry of multi-material-layer shielding 

material followed by 30 g/cm2 tissue equivalent phantom. 

 

 
Fig. 2. Primay proton flux spectra at various thickness and 

shielding materials. 
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Fig. 3. Secondary neutron flux spectra at various thickness 

and shielding materials. 

 

We further investigated how effective the shielding 

material is based on the total thickness needed to re-

duce the spectra intensity.  Note that at 3 cm thick PE 

yields almost 50% less secondary neutron flux than Al 

as shown in Fig. 4. By the same token, dose contribu-

tion from secondary neutron in tissue behind PE is 

much lower. For example, at the depth of 5 g/cm2 dose 

contribution in tissue behind PE is about 50% lower 

than dose in tissue behind Al (Fig. 5). As we showed 

in our previous study, there are substantially more sec-

ondary neutrons produced in Al as compared to PE 

resulting in more secondary neutron dose in tissue be-

hind Al.   

Another interesting point from these results is the 

difference between proton total flux in Al and PE 

shields (Fig. 6).  At 10 cm depth, Al does a better job 

in removing primary proton flux by almost 10%.  In 

other words, to obtain the same shielding effect we 

need to use more PE material thickness in the structure 

of space vehicle and ISS in order to reduce the primary 

proton flux.  

 

 
Fig. 4. Secondary neutron total flux in shielding materials as 

a function of thickness. 

 

 
Fig. 5. Neutron energy deposition in water behind different 

shielding materials as a function of thickness. 

 

 
Fig. 6. Proton total flux in shielding materials as a function 

of thickness. 

 

Conclusion:  The simulation based on MCNPX 

code has been developed to analyze multi-material-

layer shielding materials (Al and PE) for shielding 

optimization. This leads to the preliminary develop-

ment of the optimal shielding configuration that com-

bines effectiveness of Al in removing primary proton 

with effectiveness of PE in reducing secondary neu-

tron spectra intensity for the same physical thickness 

producing lower total dose downstream. 
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