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1. Introduction 

 
A low Earth orbit (LEO) is an orbit close to Earth’s 

surface where various kinds of satellites exist, and also 

the International Space Station (ISS) is located to 

perform human-crewed space missions. Therefore, it is 

necessary to analyze the radiation environment in LEO 

and evaluate their effects on humans. Seoul National 

University (SNU) and Korea Astronomy and Space 

Science Institute (KASI) are working together to 

develop and optimize a Tissue Equivalent Proportional 

Counter (TEPC) to detect radiation environment in LEO 

and evaluate its biological effect on humans [1]. TEPC 

can evaluate the biological effects of radiations by 

obtaining the radiation dose by measuring linear energy 

transfer (LET) spectra of radiations [2]. The developed 

TEPC will be loaded on the Korea Next Generation 

Small Satellite 2 (NEXTSat-2) as a part of the LEO-

DOS (Low Earth Orbit Radiation Dosimeter) science 

payload to measure the radiation environment in LEO 

for two years. In this study, Monte Carlo simulations 

using MCNP particle transport code were performed to 

evaluate the performance of the LEO-DOS TEPC and 

predict the radiation environment in LEO. Three major 

components in LEO: galactic cosmic rays (GCR), solar 

particle events (SPE), and trapped particles from 

radiation belts [3] were simulated to calculate the dose 

rate and dose equivalent rate of charged particles in the 

TEPC. 

 

2. Methods and Results 

 

2.1 Radiation Environment in Low Earth Orbit (LEO) 

 

The Radiation environment in LEO mainly consists 

of three components: galactic cosmic rays (GCR), solar 

particle events (SPE), and trapped particles from 

radiation belts [3]. To simulate the radiation 

environment, space radiation models for GCR, SPE, and 

trapped particles from Space ENVironment Information 

System (SPENVIS) (https://www.spenvis.oma.be/) 

developed by European Space Agency (ESA) were used 

in this study. Because the TEPC will be loaded on the 

NEXTSat-2, which will be operated in 550 km LEO for 

two years in solar maximum, radiation models for a 

circular orbit of 550 km altitude in solar maximum were 

used considering the shielding effect of the Earth’s 

magnetic field. 

GCR originated outside the solar system consist of 

charged particles from protons to uranium with broad 

energy ranges from MeVs to GeVs. Protons consist of 

about 87% of total GCR flux, helium ions consist of 

about 12% of total GCR flux, and other heavy ions 

consist of less than 1% of total GCR flux. However, 

heavy ions with a high Z number contribute a lot to the 

total GCR dose to humans because of their high LETs 

[4]. For the GCR model, the ISO-15390 model 

developed by Lomonosov Moscow State University 

(MSU) and the Royal Belgian Institute for Space 

Aeronomy (BIRA-IASB) was used [5]. Refer to the 

GCR spectra of the Cosmic Ray Telescope for the 

Effects of Radiation (CRaTER) which measures 

energetic charged particles, proton (H), helium (He), 

carbon (C), oxygen (O), neon (Ne), magnesium (Mg), 

silicon (Si), and iron (Fe) ions which transfer a lot of 

LETs were used in the simulation of GCR [6]. 

 

 
Fig. 1. Differential fluxes of GCR protons (H), helium (He), 

carbon (C), oxygen (O), neon (Ne), magnesium (Mg), silicon 

(Si), and iron (Fe) ions (ISO-15390 model). 

 

SPE mainly consist of protons with relatively lower 

energies than GCR, which most protons have energies 

below hundreds of MeVs. Their flux highly increases in 

the active periods of the solar cycle, which may have a 

lot of damage to humans and electronic devices [3]. 

Because the NEXTSat-2 will be operated in the solar 
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maximum period, the ESP (Emission of Solar Protons) 

model developed by the National Aeronautics and 

Space Administration (NASA) was used as the SPE 

model to predict the effect of solar activity in the solar 

maximum [7]. 

 

 
Fig. 2. Differential flux of SPE protons (ESP model). 

 

When the NEXTSat-2 passes the South Atlantic 

Anomaly (SAA) region, it can be affected by trapped 

particles moving along the Earth’s magnetic field. 

Trapped particles mainly consist of protons with 

energies up to about 700 MeV and electrons with 

energies up to 10 MeV [8]. For trapped proton model, 

AP-8 model of developed by NASA was used [9]. 

 

 
Fig. 3. Differential flux of trapped protons in South Atlantic 

Anomaly (SAA) region (AP-8 model). 

 

2.2 Tissue Equivalent Proportional Counter (TEPC) 

 

Responses of a Tissue Equivalent Proportional 

Counter (TEPC) to the LEO radiation environment were 

simulated to evaluate the performance of the TEPC and 

predict the radiation environment in LEO using a Monte 

Carlo N-Particle transport code version 6.2 (MCNP6.2) 

[10]. The LEO-DOS (Low Earth Orbit Radiation 

Dosimeter) science payload, which includes TEPC, was 

modeled for Monte Carlo simulations. 34 mm diameter 

spherical TEPC filled with propane gas (C3H8) to 

simulate 2 µm human tissue, a neutron spectrometer, a 

plastic detector for anti-coincidence shielding to 

separate the charged particle and neutron response, and 

an aluminum electronic box was modeled. Energy 

distributions inside the TEPC for GCR, SPE, and 

trapped charged particles were obtained from 

simulations to obtain LET spectra and dose rates of the 

LEO radiation environment. 

 

 
Fig. 4. MCNP simulation geometry of Tissue Equivalent 

Proportional Counter (TEPC) included in the LEO-DOS 

science payload. 

 

2.3 TEPC LET Spectra for LEO Radiation Environment 

 

LET (linear energy transfer) spectra of TEPC for 

GCR, SPE, and trapped particles in LEO were obtained 

from energy distributions of TEPC obtained by Monte 

Carlo simulations. The deposited energy (ε) of TEPC 

was converted to LET (y) by dividing it into the mean 

chord length (l). LET spectra (yd(y)) for GCR proton 

(H), helium (He), carbon (C), oxygen (O), neon (Ne), 

magnesium (Mg), silicon, (Si), and iron (Fe) were 

acquired as shown in Fig. 5. It was shown that the 

particles with a higher Z number show a peak in the 

high LET region. 

 

 
Fig. 5. LET spectra for GCR protons (H), helium (He), carbon 

(C), oxygen (O), neon (Ne), magnesium (Mg), silicon (Si), 

and iron (Fe) ions. 

 

LET spectra for SPE and trapped protons in LEO 

were also obtained from TEPC energy distributions. As 

shown in Fig. 6. and Fig. 7., SPE protons and trapped 

protons show a peak in the higher LET region than GCR 

protons due to their lower energies with higher LETs. 
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Fig. 6. LET spectra for SPE protons. 

 

 
Fig. 7. LET spectra for trapped protons in SAA. 

 

2.4 TEPC Dose Rates for LEO Radiation Environment 

 

Absorbed dose rate (D) and dose equivalent rate (H) 

of GCR, SPE, and trapped particles were acquired from 

energy distributions in TEPC. According to ICRP 

Publication 60, the absorbed dose was given by dε/dm, 

where dε is the deposited energy in TEPC, and dm is the 

mass of TEPC. The dose equivalent was given by 

H=Q·D, where Q is the quality factor, a function of LET. 

 
Table. 1. LET spectra for trapped protons in SAA. 

 GCR SPE Trapped 

D (µGy/h) 2.18 224.34 7481.02 

H (µSv/h) 15.12 568.90 20940.45 

 

Table. 1. showed the absorbed dose rate and the dose 

equivalent rate of TEPC for GCR, SPE, and trapped 

particles. The simulated absorbed dose rate of TEPC for 

GCR was 2.18 µGy/h, and it showed good agreement 

with Liulin measurement in LEO of about 2~3 µGy/h 

[8]. The absorbed dose rate and the dose equivalent rate 

of TEPC for SPE and trapped particles showed much 

higher results than GCR, which means that the 

NEXTSat-2 can get more radiation damage when it 

passes through the SAA region or solar activity occurs. 

 

3. Conclusions 

 

LET spectra and the dose rates of TEPC for GCR, 

SPE, and trapped particles in LEO were predicted using 

Monte Carlo simulations. LET spectra for GCR, SPE, 

and trapped particles showed peaks in different regions 

according to the different LETs of charged particles. 

The simulated absorbed dose rates of GCR showed 

good agreement with Liulin measurement in LEO. The 

simulated dose rates of SPE and trapped particles 

showed much higher results than GCR. 
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