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To be published in: Geoscientific Instrumentation, Methods and Data 

Systems 

Abstract. Accurate predictions of expected radiation dose levels in Mars are often provided 

thanks to specific radiation transport codes, which have been adapted to space conditions. 

Unsurprisingly, several of the main space agencies and institutions involved in space 

research and technology tend to work with their self-developed radiation code. We present 

these codes that are related to the simulation of the radiation on different scenarios on 

Mars surface. All of them have similar fields of applications but differ in several aspects, 

including energy range and types of projectiles considered, as well as the models of 

nuclear reactions considered. 
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Main Radiation Transport 
Codes: 
 

NAME By Method 

HZETRN NASA 

 

Determini

stic 

Able to consider a wide range of shielding scenarios. 

GEANT / 

PLANETOCOSMIC

S 

ESA Monte 

Carlo 

Toolkit which can calculate how the different particles are 

transported through the matter. 

SHIELD ROSCOSM

OS 

Monte 

Carlo 

Tuned for space shielding and environment applications. 

Can be used for radiation effect simulation at long-term 

spacecraft missions. 

FLUKA  CERN Monte 

Carlo 

Able to deal with electromagnetic and hadronic showers up 

to very high energies (100 TeV). Therefore, it is well-known 

when it comes to radioprotection and detector simulation 

studies. 

OLTARIS NASA Used to study the effects of space radiation for various 

spacecraft and mission scenarios involving humans and 

electronics. 

PHITS JAEA,RIST,

KEK,… 

Monte 

Carlo 

Can provide arbitrary magnetic fields in any region of the 

setup geometry. It is possible to simulate the trajectories of 

charged particles in a field, and at the same time the 

collisions and ionization process they experience. 

HETC-HEDS Monte 

Carlo 

Code calculates energy lost using the difference between the 

particle energies entering and exiting a target component 

(true LET) but not the actual energy deposited.  

COMIMART-MC UCM / 

Michigan 

Monte 

Carlo 

Calculates solar irradiance that reaches the surface of Mars 

in the spectral range from the ultraviolet (UV) to the near 

infrared (NIR).  



  Deterministic methods Monte-Carlo methods 

Advantages 

  

1. Relatively fast to implement. 

 

2. Computationally less 

demanding 

1. Can simulate complex 

environments. 

  

Disadvantages 

  

1. Systematic errors due to the 

need for phase space 

discretization 

 

2. Can be applied in cases where 

transport equations can be solved 

analytically 

 

3. Cannot handle complex 

geometries  

1. Difficult to implement. 

 

 

2. Computationally expensive. 

 

 

 

3. Not suitable for deep radiation 

penetration problems 



  

APPLICATION TO THE SCENARIOS DESCRIBED IN THE 
PUBLICATION IN SCIENTIFIC REPORTS  

OF 

PROF. DIMITRA ATRI  

 

BY USING CLOUD COMPUTING 
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Introduction 

Dust aerosols have a direct effect on both surface and 

atmospheric  heating rates, which are also basic drivers of 

atmospheric dynamics. 

 
Aerosols cause attenuation of the solar radiation traversing the  

atmosphere, modeled by the Lambert-Beer-Bouguer law, where 

the  aerosol optical thickness is approximated by Angstrom law. 

 
The measure of the amount of solar radiation at the Martian 

surface  will be useful to gain some insight into the following 

issues: 

1)UV irradiation levels at the bottom of the Martian atmosphere to  

use them as a habitability index. 

2) Incoming shortwave radiation and solar heating at the surface.  

3) Relative local index of dust in the atmosphere. 



Foundations of propagation of radiation in a medium 

Attenuation of the radiation 

The attenuation of solar radiation traversing the atmosphere is  

modeled by the Lambert-Beer-Bouguer law, as it explained in  

Angstrom, 1929 [1] and Cachorro et al., 1987 [2]: 

 
The Lambert-Beer-Bouguer law establishes that the direct 

solar  irradiance F (λ) at the Mars’s surface at wavelength λ is 

given by 

F (λ) = DF0(λ)e−τ (λ)m, (1) 

where F0(λ) is the spectral irradiance at the top of the atmo-  

sphere, m is the absolute air mass, D is the correction factor for  

the earth-sun distance, and τ (λ) is the total optical thickness at  

wavelength λ. 

#Diapositiva 19
#Diapositiva 19
#Diapositiva 19


Foundations of propagation of radiation in a medium 

−1 

Relevance of the aerosol optical thickness 

The total optical thickness is the sum of: 

the molecular scattering optical thickness τr (λ), 

the absorption optical thickness for atmospheric gases  (O2, O3, H2O, 

CO2...) τg (λ), 

and the aerosol optical thickness τa(λ), obtained by solar spectral  

irradiance measurements through Angstrom Law: 
 

τa(λ) can be approximated over a limited wavelength range: 

    λα 
τa =  

β 
, (2) 

α is related to the size distribution of the scattering particles, 

β is the extinction coefficient for 1 µm wavelength, which 

depends  on the concentration of aerosols in the atmosphere. 
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MATERIALS AND ELECTROMAGNETIC RADIATION 
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COLLABORATION WITH  PROFS  

A.B. SHVATSBURG 

V.YA PECHERKIN 

L.M. VASILYAK 

S.P. VETCHININ 

JOINT INSTITUTE FOR HIGH TEMPERATURES 

RUSSIAN ACADEMY OF SCIENCES, MOSCOW  

 

 

EXPERIMENTS 

LARGE AND MASSIVE SIMULATIONS OF MAXWELL EQUATIONS 

 

MATERIALS:  

1. Highly transparent and/ cloaking effects in the optical, terahertz and microwave 
ranges. 

2. To design metamaterials and dielectric antennas 

 

---- 

Ref: “The Wave Equation: From Eikonal to Anti-Eikonal Approximation”. L. 
Vázquez, S. Jiménez and A.B. Shvartsburg”. Modern Electronic Materials 2, 51-53 
(2016).  

 

 

 





Referencias-1 
 

 

 

 

 

 

 

 

 

 

 OUTREACH AND DISSEMINATION ACTIVITIES 

RELATED TO MARTIAN STUDIES 







Большое спасибо 
Thank You Very Much 

Muchas Gracias 


