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Introduction 
The primary radiation particles produce a cascade of second-
ary particles, including neutrons, protons, pions, gamma 
rays, light ions, and other exotic particles when they come in 
contact with planatery surfaces and or spacecraft materials. 
On the lunar surface the two primary radiation environment 
of concern are the Solar Particle Events (SPE) and Galactic 
Cosmic Rays (GCR). In addition, the resulting secondary 
radiation environment is generated that consists of albedo 
neutrons, photons and other particles. Albedo neutron pro-
duction on lunar surface has been studied extensively by 
various investigators [1,2,4,5,6]. McKinney et al performed 
an extensive investigation of the neutron environment on the 
lunar surface using the Monte Carlo code MCNPX. They 
investigated the effect of lunar soil composition, the physics 
models and the solar modulation parameters among many 
other factors that impact the neuron environment on the 
moon. Recently, Slaba et al published an extensive investiga-
tion of the dose on the lunar surface and compared results 
from various previous publications. In their study they con-
cluded that the shielding materials and shielding thicknesses 
have a significant effect on the dose contributios from albedo 
neutrons.  
The McKinney paper used real size of the moon (radius:- 
1079.5 miles, 1738 km) in a spherical geometry to evaluate 
their neutron albedo environment. We performed benchmark 
calculation reproducing the McKinney results with the new 
version of the code which is published elsewhere [2]. In this 
study we investigate the geometry effects on the neutron 
environment. We performed the calculations using two dif-
ferent geometries (sphere and cylindrical) and two MC codes 
MCNPX and PHITS. We discuss the albedo neutron flux, 
albedo gamma flux, energy binned neutron flux and neutron 
production curves in this paper.  
Many Monte Carlo codes cannot handle such large geome-
trical size and even in MCNPX a change has to be made to 
handle large diameter of the moon. Further using the full size 
of the moon to investigate the effects of the shelter’s shiel-
ding materials and thickness would lead to additional geome-
try size effects.  
 
Experimental Method 
The GCR spectra reach flux maxima in the hundreds of MeV 
range and so the MeV - GeV region is most important for 
space radiation. The primary radiation when it interacts with 
the geological surfaces (lunar surface) will produce a sec-
ondary radiation environment near the surface. Albedo neu-
trons and photons are produced in significant quantities on 
the lunar surface. Slaba et al report the effective dose range 
from 5%-32% for SPE and 7%-27% for GCR environmentt. 
An accurate characterization of the spectral characteristics of 
these particles is important to establish the dose and the 
long-term biological effects that it will produce on the future 
manned missions to moon. The analysis has been performed 
for high energy ionizing particles (GCR – Protons and Al-

phas) interacting with the lunar surface using MCNPX 2.7e 
[3] radiation transport code. Figure 1 shows input spectra. 
Characterization of radiation environment on the lunar sur-
face from GCR interactions have been studied by numerous 
investigators since the Apollo missions using variety of tech-
niques and radiation transport codes. In this study our focuse 
is to characterize the effect of the lunar surface geometry. 
 
To compare the geometrical effects we performed multiple 
size spheres and the comparative cylinders. In this work we 
present 2 spheres 1738 Km (real size), 8 Km (reduced by a 
factor of ~220).. We noticed no difference in the resulting 
neutron flux (Figs. 2&3). We further changed the shape of 
the geometry to cylinder and compared the results with a 80 
m radius cylinder. Again we did not notice any difference in 
the results for neutron flux (Fig 4.). Further we compared the 
results between MCNPX and PHITS for the 80 m cylinder. 
In the code comparision case the geometry is maintained the 
same (80 m cylinder). The results show difference between 
the two codes but they are still very comparable and the dif-
ferences are due to the difference in transport codes and not 
due to geometry (Figs. 4&5). 
 
Figure 1 shows input integrated spectra of proton and alpha 
particle at Φ = 550 MV. Figures 2-4 show the comparision of 
the 2 spheres and the cylinder data for MCNPX. Figure 5 
shows the cylinderical data for PHITS. Our results indicate 
the spetra of neutron flux is not effected by the geometric 
configuration and size of the lunar surface. Figures 6-7 show 
the albedo of neutron and gamma. 
 
To further investigate the radiation effects of albedo of neu-
tron and gamma, we use cylinderical configuration to repro-
duce the neutron albedo and and place water cylinder and 
human tissue cylinder above the cylindrical surface. The 
energy deposition of the (as functiona of height) has been 
studied. 
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   Fig.1 Input spectra of proton and alpha particle. 

 
       Fig.2 Neutron flux of Luna surface. 

 
        Fig.3 Nuutron flux of small sphere. 

 
      Fig.4 Neutron flux of cylindrical (MCNPX). 

 

                               
      Fig.5 Neutron flux of cylindrical (PHITS). 

 
       Fig. 6 Neutron Albedo on Lunar surface. 

               
      Fig. 7 Gamma albedo on Lunar surface. 
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