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Spatial Analysis of Galactic Cosmic Ray Particles in Low 
Earth Orbit/Near Equator Orbit Using SPENVIS 
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Bangi, Selangor, Malaysia 

E-mail: wayan@ukm.my 

Abstract. The space environment has grown intensively harmful to spacecraft and astronauts. 
Galactic cosmic rays (GCRs) are one of the radiation sources that composed of high energetic 
particles originated from space and capable of damaging electronic systems through single 
event upset (SEU) process. In this paper, we analyzed GCR fluxes at different altitudes by 
using Space Environment Information System (SPENVIS) software and the results are 
compared to determine their intensities with respect to distance in the Earth’s orbit. The 
altitudes are set at low earth orbit (400 km and 685 km), medium earth orbit (19,100 km and 
20,200 km) and high earth orbit (35,793 km and 1,000,000 km). Then, within Low Earth Orbit 
(LEO) near the equator (NEqO), we used altitude of 685 km to compare GCRs with the 
intensities of solar particles and trapped particles in the radiation belt to determine the 
significance of GCRs in the orbit itself.  

Keywords: Galactic cosmic rays, SPENVIS, Low earth orbit, Near equatorial orbit 

1. Introduction 
Space radiation environment is made up of three principle sources, mainly galactic cosmic rays 
(GCRs), trapped particles and solar particle events (SPE) [1]. GCRs are composed of 87% are protons, 
12% are helium ions and 1% is heavy ions [2]. Trapped particles consisted of protons and electrons 
trapped in the Earth’s geomagnetic field called the Van Allen’s radiation belts where they moved in 
complex motion. SPE are energetic particles emitted by the sun during solar flares and coronal mass 
ejections (CMEs) where it included electrons, protons and heavier charged particles. All three sources 
are affected by the Earth’s magnetic field [1]. However, magnetic polarity only affects GCR fluxes 
and not trapped particles or solar particle event fluxes [3].  

Many spacecraft and artificial satellites are located at low earth orbit (LEO) because higher orbits 
put them at risk of higher radiation damage and exposure. However, despite being at low altitudes, 
they are still exposed to relatively high radiation because of variations in the solar cycle phase [3]. Due 
to the wide range of heavier ions, they have high LET and can be highly penetrating, hence capable of 
posing damaging consequences. 
 
1.1 Galactic Cosmic Rays 
GCR is dependent on solar activity whereby its intensity is at the highest during solar minimum and 
lowest during solar maximum conditions [4]. Charged particles had the tendency to follow the Earth’s 
geomagnetic field lines. They tend to point towards the surface at higher inclinations, allowing deeper 
penetration of incident particles so GCR quite often dominate at the poles. The field lines are parallel 
to the surface at lower inclinations so when GCR hit Earth, most are often deflected away.  
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