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ABSTRACT: The goal of this paper is to compare and investigate the radiation 
attenuation properties of Mundrabilla and NWA 7629 meteorites in terms of the photon, 
fast neutron and charged particles. The linear attenuation coefficients of Mundrabilla 
are higher than those of NWA 7629. The half value layers, tenth value layers and 
mean free paths of NWA 7629 are greater than those of Mundrabilla. The effective 
atomic number, effective electron density, equivalent atomic number and effective 
conductivity of the Mundrabilla are nearly constant between 0.015 MeV–15 MeV. Both 
the exposure build-up factors and energy absorption build-up factors are maximum 
at 0.8 MeV for Mundrabilla and NWA 7629. The projected/ continuous-slowing-down 
approximation (CSDA) ranges for charged particles for NWA 7629 are higher than 
those of Mundrabilla. The fast neutron attenuation of Mundrabilla is better than those of  
NWA 7629. Consequently, it can be concluded that photon, fast neutron and charged 
particles attenuation capability of Mundrabilla are better than NWA 7629 due to the 
nickel content, higher density and higher content of iron.

Keywords: Mundrabilla meteorite, NWA 7629 meteorite, photon attenuation, fast neutron 
attenuation, charged particles attenuation

1. INTRoduCTIoN

Meteorites contain little components that are residuals from asteroids and rocks 
following several operations such as frictional warming, superficies fusing 
and volatilisation in the atmosphere. Meteorites arrive from outer space to the 
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atmosphere of the earth and these pieces ensure knowledge about the solar 
system.1,2 Since they are fragments of rock and metal that reach the surface of 
the Earth from outer space, they carry a record of the bombardment by cosmic 
rays which they have undergone.3 This information about conditions, in the form 
of radioactive and stable nuclei generated by transformation, is greatly protected 
by meteorites due to their chemical and physical constancy. Furthermore,  
the effects of cosmic rays on meteorites are similar to the produced effects of 
cosmic rays on Earth’s atmosphere.3

Meteorites are different in physical and chemical characteristics such as 
mineralogy, petrology, whole-rock chemistry and oxygen isotopes. Meteorites are 
classified as iron meteorites, stony meteorites and stony-iron meteorites based 
on their components of metals, iron-nickel and silicates.1,4–6 Iron meteorites 
such as hexahedrites, octahedrites and ataxites are essentially iron-nickel alloys 
and they have no silicate. Stony meteorites such as chondrites, carbonaceous 
chondrites and achondrites make up most of the meteorites which come down to 
earth. Chondrites are similar in terms of contents to the earth’s crust and mantle, 
while iron-stony meteorites such as pallasites and mesosiderites are mixtures  
of iron and stony type and are composed of silicate and metal phases.5,6

Determination of various properties like contents of the components, mineralogy, 
petrology and oxygen isotopes are considerable for the classification of 
meteorites.7 For example, Kosice meteorite was studied in terms of mineralogy, 
petrography, geochemistry and categorising by Ozdin et al.8 Various meteorites 
with different elemental contents were surveyed by laser-induced breakdown 
spectroscopy method by Dell’Aglio et al. and Clayton et al. categorised 
the meteorites in terms of oxygen isotope abundance.9,10 Kamargaon (L6) 
meteorite properties such as petrography, categorisation, oxygen isotopes, 
noble gases and cosmogenic enrolments were investigated by Ray et al. and  
Gemelli et al. researched iron meteorites using a hand-held x-ray fluorescence 
spectrometer.11,12 X-ray computed tomography imaging was employed for 
meteorite research as a nondestructive method as pointed out by Sears et al.13 

Furthermore, cosmogenic radionuclides in meteorites were examined by  
Alexeev et al. and Komura et al.14,15

Gamma-ray interaction with materials to assess the physical and chemical 
features of surfaces and objects of space such as soils and rocks has long been 
used as an influential instrument in various space duties for in situ measurements.  
The transmission method of photon is employed as a non-destructive method 
in calculations of soil and rock properties like water content, porosity and bulk 
density in geoscience.16–24 Besides, gamma-ray spectrometry is utilised in space 
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studies to determine various properties of objects. For example, Peplowski 
et al. studied close to superficial elemental sheeting on Mars using gamma-
ray spectrometry.25 Addition to specifying burial depth and notional content of 
the sheets, they also need information about vertical and horizontal mobility 
in the water component of the near superficial materials, the regional galactic 
cosmic ray medium such as magnitude and energy dispersion, the depending 
on the flux of deep neutron, the cross section of gamma-ray production, content 
and column density of the atmosphere.25 Consequently, experimental and 
modelling results of Peplowski et al. ensured a base for investigating the benefit 
of utilising orbiter and lander-based gamma-ray calculations to define sub-
superficial deposits on Mars.25 Evans et al. determined chlorine on the Mercury 
surface to investigate its impact on the planet’s genesis and evolution using 
Mercury Surface, Space Environment, Geochemistry and Ranging (Messenger) 
spacecraft that owned gamma-ray neutron spectrometer and they declared that 
the prosperity of chlorine on the Mercury superficial has been specified for the 
initial time using Messenger spacecraft gamma-ray spectrometer and thermal 
neutron absorption displays increment in north polar area of Mercury, an outcome 
in agreement with the boosted chlorine prosperities.26 Peplowski et al. studied 
geochemical regions of the northern hemisphere of Mercury using Messenger  
neutron evaluations, so they firstly mapped alterations in several thermal-
neutron absorption elements using anti-coincidence shelter on the gamma-ray  
spectrometer of Messenger.27 Lawrence et al. investigated the elemental 
composition of terranes of Mercury using Messenger spacecraft neutron 
spectrometer basis on the neutron transport simulation and fast neutrons flux 
of Mercury from 20°S to the north pole distance.28 They noticed that cosmic 
ray-induced fast neutrons ensure a calculation of mean atomic mass and their 
results were convenient with previous works of Moon and Vesta.28 Beck et al. 
tried to construct a comprehensive bulk chemistry data set of howardite, eucrite 
and diogenite to determine gamma-ray/neutron parameters, fast neutron counts, 
the cross-section of macroscopic thermal neutron attenuation, high energy 
gamma-ray composition parameters and iron abundance to compare with Dawn 
data.29 They reported that these data can be used to differentiate howardite,  
eucrite and diogenite mobility on the asteroid 4 vesta surface.29 

In the scientific literature, photon attenuation characteristic of assorted matters 
such as elements, mixtures, compounds, soil samples, sand samples, medicinal 
and aromatic plants, granites and marbles, rocks, clay samples, concretes, 
polymers, various glass systems, etc., are investigated using theoretical  
simulation and experimental methods.30–53 
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In addition to these studies, Komura et al. examined gamma-ray energy 
absorption build-up factors (EABF) of samples from the Earth, Moon and 
Mars related to penetration depth theoretically, by weighing the fraction of the 
component elements.15 The results of this study demonstrated that the samples 
from Earth have the biggest EABF while samples from Mars have the smallest 
EABF.15 Apart from that, there is no considerable difference in EABF of the 
materials from Earth, Moon and Mars.16 Kim et al. investigated theoretically 
radiation attenuation characteristics of Martian meteorites and Martian regolith 
to crosscheck their application as shields for improved manned assignments 
to Mars.54 Consequently they pointed out that there is no significant effect in  
varying the contents of subgroups of Martian rocks on the shielding characteristics 
due to the identities of their contents but the addition of hydrogenous contents 
to Martian regolith increases shielding characteristics.54 Moreira and Appoloni 
calculated theoretically mass attenuation coefficient (μ/ρ) of Earth, Moon 
and Mars materials between 1 keV to 100 GeV and they obtained that μ/ρ 
values were almost similar for higher energies than 100 keV though there are  
prominent distinctions among the studied samples at lower than 25 keV.55

Radiation interacts with meteorites when the high energy proton and nuclides 
consist of the other charged nuclei move into its surface from every direction and 
cross through the material. As a result, new particles occur in different energies 
and types.56 Occurred secondary particles pass many interactions and this gradual 
process proceeds until the energy is radiated. High energy protons of primary 
and secondary declining, neutrons for all energies are significant for condensed 
material as meteorites. Many data set about cosmic radiation occur primarily of 
high energy protons, with a significant ingredient of alpha particles and a little  
part of heavier nuclei in the area of space near the Earth.56 

Both humans and spacecraft equipment are below danger substantial detrimental 
effect due to the natural ionising radiation environment. Ionising radiation 
environments are occurred solar energetic particles up to a few 100 MeV and 
galactic cosmic rays with billion electron volt energies.57 Therefore, radiation 
shielding materials are required for thermal shielding, biological shielding and 
instrument shielding.58–62

For that reason, the goal of this paper is to compare and research photon, fast 
neutron and charged particle attenuation characteristics of some Mundrabilla 
and NWA 7629 meteorites to evaluate the radiation shielding effect and evaluate 
whether there is a variation in attenuation properties of the classification of 
meteorites as well as contribute the scientific literature.
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2. MATeRIAlS ANd MeThod

In this study, radiation attenuation characteristics of Mundrabilla and NWA 7629 
meteorites were investigated. These meteorites were selected from Nabawy and 
Rochette’s work and they determined the content of the components of Mundrabilla 
and NWA 7629 meteorites using EDX method.2 The reason for selecting these 
two meteorites is that Mundrabilla is a type of iron meteorite and NWA 7629  
is a stony meteorite. The elemental contents and bulk density of the Mundrabilla 
and NWA 7629 meteorites are given in Table 1. Details of Mundrabilla and  
NWA 7629 meteorites can be found in Nabawy and Rochette.2

Table 1. Meteorite name, elements contents and densities of the Mundrabilla and NWA 
7629 meteorites. (Data are taken from Nabawy and Rochette2)

Meteorite name
Elements contents (wt%) Bulk density  

(g/cm3)Fe Ni O Mg Si Cl Cr

Mundrabilla 68.95 31.05 – – – – – 7.5608
NWA 7629  10.55 – 17.08 9.14 45.49 7.65 10.09 3.3830

To determine photon attenuation properties of Mundrabilla and NWA 7629 
meteorites, linear attenuation coefficient (μ), μ/ρ, half value layer (HVL), tenth 
value layer (TVL), mean free path (MFP), radiation protection efficiency (RPE), 
effective atomic number (Zeff), effective electron density (Neff), equivalent atomic 
number (Zeq), effective conductivity (Ceff), exposure build-up factor (EBF) and 
EABF as well as fast neutron removal cross-section (FNRC) were calculated 
theoretically using Phy-X/PSD software developed by Sakar et al. and theoretical 
equations for the calculations can be found in Sakar et al.63 To calculate RPE 
values of Mundarabilla and NWA 7629, the thickness of the sample was 
assumed 1 cm. Furthermore, mass stopping power (MSP) and projected/CSDA 
range of Mundrabilla and NWA 7629 meteorites for charged particles (electron, 
proton, alpha and carbon) were obtained using ESTAR and SRIM software. 
Continuous slowing down approximation (CSDA) range is defined as the 
mean length displacement by a charged particle and the projected range (PR) is  
described as the mean displacement along the initial particle direction.64–68

3. ReSulTS ANd dISCuSSIoN

The µ and µ/ρ of Mundrabilla and NWA 7629 meteorites descend with enhancing 
gamma-ray energy due to photoelectric influence, Compton scattering and pair 
production as seen in Figure 1. The photoelectric effect is the primary treatment 
at smaller gamma-ray energies, Compton scattering is effective at the medium 
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energies and at greater gamma-ray energies, pair production is dominant.69  
The µ and µ/ρ of Mundrabilla and NWA 7629 meteorites are the lowest at 
15 MeV and they are the highest at 0.01 MeV. The µ values of Mundrabilla 
are higher than the µ values of NWA 7629 (as shown in Figure 1[a]). The µ/ρ 
values of Mundrabilla are greater than the µ/ρ values of NWA 7629 between 
0.015 MeV and 0.3 MeV, there are no prominent variations between µ/ρ values 
of Mundrabilla and NWA 7629 between 0.4 MeV and 3 MeV, then again, the 
µ/ρ values of Mundrabilla are greater than the µ/ρ values of NWA 7629 up to  
15 MeV (as shown in Figure 1[b]).

Figure 1: (a) µ and (b) µ/ρ as a function of photon energy for the Mundrabilla and 
NWA 7629 meteorites.

The HVLs, TVLs and MFPs of NWA 7629 are greater than those of 
Mundrabilla as presented Figures 2(a), 2(b) and 2(c), respectively. The RPEs 
of the Mundrabilla are higher than the RPEs of the NWA 7629 as shown in  
Figure 2(d). The HVLs, TVLs and MFPs of Mundrabilla and NWA 7629 enhance 
as photon energy increases whereas the RPEs of Mundrabilla and NWA 7629 
decline as photon energy enhances. Consequently, it can be concluded that 
photon attenuation capability of Mundrabilla is greater than NWA 7629 due to  
the nickel content, higher content of iron and higher density.

The Zeff and Neff of the Mundrabilla are nearly constant among 0.015 MeV–
15 MeV. Those of the NWA 7629 decline gradually between 0.015 MeV 
and 1 MeV afterwards they increase gradually up to 15 MeV (as shown in 
Figure 3). The Zeff values vary similar to Neff values for Mundrabilla and  
NWA 7629 in the examined energies.
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Figure 2: (a) HVL, (b) TVL, (c) MFP and (d) RPE as a function of photon energy for 
the Mundrabilla and NWA 7629 meteorites.

Figure 3: (a) Zeff and (b) Neff as a function of photon energy for the Mundrabilla and 
NWA 7629 meteorites.
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Besides, the Zeq and Ceff values are almost constant for Mundrabilla among 
0.015 MeV–15 MeV as displayed in Figures 4(a) and 4(b), respectively. The 
Zeq values of NWA 7629 rise progressively between 0.015 MeV and 1 MeV, 
subsequently, they decrease sharply at 1.5 MeV then they continue to decline 
slightly up to 15 MeV. The Ceff values of NWA 7629 tend to descend by stages 
between 0.015 MeV and 2 MeV, later they tend to ascend by stages up to 15 MeV.

Figure 4: (a) Zeq and (b) Ceff as a function of photon energy for the Mundrabilla and 
NWA 7629 meteorites.

Both the EBFs and EABFs are maximum at 0.8 MeV for Mundrabilla and 
NWA 7629 are illustrated in Figures 5 and 6, respectively. The EBFs and 
EABFs enhance between 0.015 MeV and 0.8 MeV, and then they decline up 
to 15 MeV. The EBFs and EABFs decrease from 20 mfp to 1 mfp for both  
Mundrabilla and NWA 7629.

The MSPs for electron decline as energy enhances for Mundrabilla and NWA 
7629 (as shown in Figure 7). The MSPs of NWA 7629 for electrons are higher 
than the MSPs of Mundrabilla for electrons up to 8 MeV however, at 9 MeV 
and 10 MeV energies, the MSPs of Mundrabilla for electrons are higher 
than the MSPs of NWA 7629. The MSPs for the proton of Mundrabilla and 
NWA 7629 enhance up to 0.11 Mev and 0.12 MeV, then they decline up to 
10 MeV (as shown in Figure 7). The MSPs for the alpha of Mundrabilla and  
NWA 7629 ascend up to 0.7 MeV and 0.8 MeV, afterwards they decline up to 
10 MeV. The MSPs for the carbon of Mundrabilla and NWA 7629 rise up to 
6 MeV and 6.5 MeV, subsequently they decline up to 10 MeV. The MSPs for 
proton, alpha and carbon of NWA 7629 are higher than that of Mundrabilla.
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Figure 5: The EBF as a function of photon energy for the Mundrabilla and NWA 7629 
meteorites.

Figure 6: The EABF as a function of photon energy for the Mundrabilla and NWA 7629 
meteorites.
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Figure 7: The MSP for charged particles as a function of energy for the Mundrabilla and 
NWA 7629 meteorites.

The projected/CSDA ranges for charged particles for Mundrabilla and NWA 
7629 increase as energy enhances as presented in Figure 8. The projected/CSDA  
ranges for charged particles for NWA 7629 are higher than those of Mundrabilla.
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Figure 8: The projected/CSDA range for charged particles as a function of energy for  
the Mundrabilla and NWA 7629 meteorites.

Furthermore, the FNRCs are 0.15617 cm−1 for Mundrabilla and 0.10036 cm–1  
for NWA 7629, thus the fast neutron attenuation of Mundrabilla is better than  
the fast neutron attenuation capability of NWA 7629.

4. CoNCluSIoN

The μ, μ/ρ, HVL, TVL, MFP, RPE, Zeff, Neff, Zeq, Ceff, EBF and were obtained 
theoretically to determine photon attenuation properties of Mundrabilla and 
NWA 7629. Also, FNRCs were obtained for Mundrabilla and NWA 7629. In 
addition to these parameters, MSP and projected/CSDA range for charged 
particles were calculated theoretically for Mundrabilla and NWA 7629. The 
µ values of Mundrabilla are higher than the µ values of NWA 7629. The µ and 
µ/ρ values of Mundrabilla and NWA 7629 meteorites decrease with increasing 
photon energy. The HVLs, TVLs and MFPs of NWA 7629 are higher than those 
of Mundrabilla. The RPEs of the Mundrabilla are higher than for NWA 7629. 
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The Zeff, Neff, Zeq and Ceff values of the Mundrabilla are nearly constant between 
0.015 MeV and 15 MeV. The EBFs and EABFs decrease from 20 mfp to 1 mfp 
for both Mundrabilla and NWA 7629. The MSPs of NWA 7629 are higher than 
Mundrabilla for electrons up to 8 MeV however, at 9 and 10 MeV energies, the 
MSPs of Mundrabilla for electrons are higher than the MSPs of NWA 7629. 
The MSPs for proton, alpha and carbon of NWA 7629 are higher than those of 
Mundrabilla. The projected/CSDA ranges of charged particles for NWA 7629  
are higher than those of Mundrabilla.

High energy particles with energies from 10 MeV/n to 10 GeV/n (energy per 
nucleon, not total energy) are significant for radiation exposure risk. These 
particles produce numerous secondary radiations including neutrons due to the 
nuclear fragmentation reactions with materials. Charged particle attenuation 
properties were studied between 10 keV to 10 MeV in this paper. In future 
studies, charged particle attenuation properties of the materials must be studied  
between 10 MeV/n to 10 GeV/n (energy per nucleon, not total energy).

Consequently, photon, fast neutron and charged particles attenuation capability of 
Mundrabilla are better than NWA 7629 due to the nickel content, higher density 
and higher content of iron. Obtained parameters vary depending on the density 
and elemental content of the Mundrabilla and NWA 7629.
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