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Abstract 

In the present study, the linear attenuation coefficient and mass attenuation coefficient 

have been calculated at energy range of 0.8MeV, 1MeV, 3Mev, 5MeV and 7MeV. The 

mass attenuation Coefficient µm has been calculated analytically for Iron material Fe (ρ= 

7.87 g/cm3) and developed material lead Pb (ρ= 11.3 g/cm3) at photon energies [0.8 MeV 

to 7 MeV] using X-Com computer code. The obtained results were compared with the 

calculated values. The linear attenuation Coefficient µ has been calculated, its variations 

with photon energy were plotting. The Comparison between two materials Iron and Lead 

were also studied. The obtained result shows that µ and µm depends on the photon energy, 

density of the materials and atomic number. From this study we notice that the values of 

µm and µ of Lead material is greater than Iron material and also the values are 

decreasing with increasing the photon energy. The half value layer (HVL) and tenth value 

layer (TVL) of two studied materials were calculated at photon energy range of 0.8 MeV, 

1MeV, 5MeV and 7MeV. The relation between this equation Ln (Io/I) and the thickness of 

material were calculated, so the curves show that the relation of Ln (Io/I) of Iron and 

Lead materials is increasing with the increasing of material thickness and the relation 

gives the straight line, also the comparison of this relation for Lead material is higher 

than Iron material. This study can also be utilized to improve the effectiveness of 

radiation shielding by using the developed shielding material. 

 

Keywords: Linear attenuation coefficient (µ), Mass attenuation coefficient (µm), Half 

layer value (HVL), Tenth layer value (TVL), X-Com computer code, Gamma-ray. 

 

1. Introduction 

    Gamma rays are electromagnetic waves. They are produced by many radioactive 

substances. They can also be found in nuclear reactors and in cosmic radiation. There are 

many useful applications of gamma ray such as radiotherapy, medical tracer and 

sterilization. On the other hand, when γ- rays are absorbed by a living organism (e.g. 

human), they may causes serious effects. Therefore, it is necessary to find out some 

substances that can effectively absorb and block γ- rays [1]. In order to ensure radiation 

safety in the various application of ionizing radiation technology certain procedures must 

be put in place to reserve exposure level to their maximum. These procedures includes, 

designing work schedule in way that the safest possible distance in kept from the source. 

However, there are limitations to the above procedures [2].  

    Perhaps the most effective radiation protection is the use of shielding materials between 

the workers and the source and also to curtail the radiation to where it is being applied 
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without constituting danger to the general public. A shield material is expected to have 

high gamma ray attenuation coefficient in orders that a small thickness will produce 

significant reduction in intensity. 

    Due to the development of nuclear technology with time, various beneficial 

applications of different types of radiations in medicine, industry, agriculture and research 

as well as for nuclear power generation are increasing day by day. But a drawback to 

these peaceful uses of radiation is that if it is exposed to the personnel including other 

human beings, who are in vicinity of it beyond its permissible dose limit, a deleterious 

effect may be observed in them [3,4]. Therefore, the radiation must be attenuated enough 

to protect the personnel from the harmful effects caused by it and also enable them to 

work by using an opposite shielding material. The shielding used for this purpose is 

generally known as biological shielding [5, 6]. 

    To design and choose an appropriate biological shielding it is necessary to have known 

its nuclear, structured and physical properties and also the characteristics of radiation 

impinging on it. The nuclear parameters that must be known to design and choose a 

shielding material are means attenuation coefficient (μm), linear attenuation coefficient (μ) 

for gamma rays which is related to half value layer (HVL), Tenth value layer (TVL) [7,8]. 

It is important to determine the values of different shielding parameters in various ways to 

know the shielding effectiveness of the shielding materials developed with time [9, 10, 

and 11]. 

    The probability of photon interacting in a particular way with a given material, per unit 

path length, is called the linear attenuation coefficient [12]. The linear attenuation 

coefficient per unit mass of the material is expressed as a mass attenuation coefficient to 

avoid the effects of variations in the density of a material for reference purposes [13].The 

main objectives of the present study are to determine the values of above parameters and 

to represent a comparison of shielding effectiveness of the different materials used in the 

present work at different photon energy.  

   In this work, Mont Carlo program MCNP5 was written to simulate the transport of 

gamma-rays through the matter. The gamma-ray intensity (I) of Iron shield material were 

calculated and the developed material lead according different thickness and energy range 

were calculated theoretically using MCNP model. The Comparison between two 

materials Iron and Lead were also studied. 

 

2. Theoretical Background  
 

2.1Attenuation of Radiation in Matter  

    When radiation interacts with matter, its intensity will decreases as it travel through a 

material. The attenuation properties of radiation will affect how much shielding is 

necessary and how much dose receives.   

 

2.2 Calculation of Mass Attenuation Coefficient 

    When gamma rays of intensity (I) is passing through a material thickness (dx) the 

resulting reduction (dI) in the intensity is termed attenuation. This decreasing (dI) is 

proportional to both (I) and (dx), and is expressed as: 

 dIα Idx                                   (1)    

                        dI= -μIdx                                (2)   
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Where μ is the linear attenuation coefficient, which depends on the absorbing material 

and the energy of gamma rays. 

By integration the equation (2) resulting [14] to: 

       I = Io e-µx                               (3) 

Equation (3) is called linear attenuation formula; this equation is referred to as Lambert's 

low where: 

I = the shielded dose rate. 

Io= the initial dose rate. 

µ= the linear attenuation coefficient in (cm-1). 

    Since the beam intensity attenuation is due to the interaction of photons with electrons 

of atoms of the object, the attenuation coefficient is therefore dependent upon atomic 

number of the atoms and energy of the photons. There are two main features of the linear 

attenuation coefficient, first the linear attenuation coefficient increase as the atomic 

number of the absorber increases, second the linear attenuation coefficient for all 

materials decreases with the energy of the gamma rays. Finally, the linear attenuation 

coefficient is a function of the atomic number z, and energy E [15]. 

Linear attenuation coefficient µ is always proportional to the density of the materials. This 

is: 

µ α ρ                                             (4) 

µ = µm ρ                                        (5) 

µm =
µ

𝝆
                                              (6) 

Where µm is called mass attenuation coefficient. 

    The mass attenuation coefficient is defined as the ratio of linear attenuation and 

absorber density (µ/ρ). When radiation passes through matter, it dissipates its energy in 

the ionization and excitation of the molecules of the materials, either directly as we have 

for charged particles or indirectly as we have for neutrons and photons. Radiation 

protection methods are based on measurable physical and chemical changes resulting 

from these ionization and excitations [16]. 

 

2.3 Calculation of HVL and TVL 

    Half value layer (HVL) is the thickness of a shield or an absorber that reduces the 

radiation level by a factor 2 that is to half the initial level and is calculated by the 

following equation: 

HVL =
𝒍𝒏𝟐

𝝁
  =  

𝟎.𝟔𝟗𝟑

µ
                       (7)  

Where μ(cm-1) is the linear attenuation coefficient of the absorber. There are two main 

features of the half value layers. First, the half value layer decreases as the atomic number 

(z) of the absorber decreases. Second, the half value layer for all materials increases with 

increasing the gamma rays energy [17].  

Similarly, Tenth value layer (TVL) is defined as the thickness of a shield required for 

attenuating a radiation beam to 10% of its radiation level and is computed by,  

TVL = 
𝐥𝐧 𝟏𝟎

𝝁 
= 

𝟐.𝟑𝟎𝟐𝟔

𝝁 
                       (8) 
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  µ=   
𝟏

𝒙
ln

𝑰𝟎

𝑰
                                      (9) 

   ln
𝑰𝟎

𝑰
 = µx                                     (10)  

The µ, µm, HVL and TVL values have also calculated at the different photon energy for 

shielding materials. The equation of ln
𝐼0

𝐼
as a function of shielding thickness at different 

energy level were also calculated.   

 

3. Method of Calculation 
 

3.1 Mathematical Model 

    MCNP is a general purpose radiation transport code for modelling the interaction of 

radiation with materials and also tracks all particles at all energies. In this study, MCNP5 

simulation model was written to simulate the transport of gamma-rays through the 

absorber material. A point isotropic source emitted photons surrounded by an Iron annular 

spherical shell 30 cm in thickness. The point detector was placed at a considering point 

160cm away from the source to calculate the photon intensity (I). The Comparison 

between two materials Iron and Lead at different thickness (5cm to 30cm) and energy 

range (0.8 MeV to 7 MeV) were also studied. 

 

3.2 Calculation of Linear Attenuation Coefficient and Mass Attenuation Coefficient 

     The linear attenuation coefficient (cm-1) for two shielding materials Iron, and Lead 

have been calculated analytically using the eqn. (3) at photon energy range from 0.8 MeV 

to 7MeV. The mass attenuation coefficient (µ m) was compared with the calculation 

obtained using X-Com computer code. The X-Com is a data base and its run on a pc. In 

X-Com code composites contents are input and output is the mass attenuation coefficient 

(µ/ρ). The photon attenuation have been evaluated comparing I and Io which are the 

measured count rates in detector, respectively, with and without the absorber of thickness 

x (cm). 

 

4. Results and Discussion 
 

4.1 Linear Attenuation Coefficient (µ) 

     The linear attenuation coefficient µ (cm-1) as a function of photon energy for two types 

of materials are presented in fig. 1. From this figure, it is clear that the linear attenuation 

coefficient is decreasing rapidly at low energy but in high energy it decreases slowly. The 

energy dependence of photon interaction with the material is also seen from this figure. It 

is due to different photon absorption from different energy range. The photon absorption 

process is mainly at low energy than in high energy. From this curve it is clear that the 

linear attenuation coefficient for Lead material is higher than Iron material and there is a 

large difference in low energy than in high energy. This is due to the high density and 

atomic number of Lead. It means that the linear attenuation coefficient depends on the 

photon energy, density and atomic number of material. 
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Fig. 1 Comparison of linear attenuation coefficient of gamma radiation 

versus gamma energy for iron and lead material 

 Iron material 

  Lead  material

 

 

4.2 Mass Attenuation Coefficient (µm) 

    The theoretically calculated values of mass attenuation coefficient µm (cm2 /g) using the 

eqn. (6) and the X-Com values of Iron and Lead materials for gamma rays of energy 

range from 0.8 MeV to 7 MeV were shown in table (1).  From this table, it is seen that the 

calculated and X-Com values of µm are in good agreement, we notice that the values are 

very close at low energy than high energy due to different photon absorption from 

different energy range. 

Table 1. The theoretical and X-Com Values of Mass Attenuation Coefficient 

μ m (cm2/g) for Different Materials 

 

 

 

 

 

 

Photon 

energy 

(MeV) 

Iron material 
3= 7.87 g/cm ρ 

Lead material 
3= 11.34 g/cm ρ 

 Theoretical value    X-Com  Value Theoretical value       X-Com  Value 

0.8 6.56E-2                       6.60E-2 8.96E-2                         8.87E-2 

1 5.83E-2                      5.90E-2 7.15E-2                       7.10E-2 

3 3.20E-2                       3.58E-2 3.59E-2                       4.23E-2 

5 2.52E-2                      3.12E-2 3.59E-2                       4.27E-2 

7 2.19E-2                      3.00E-2 3.53E-2                       4.52E-2 

Figure 1. Comparison of Linear Attenuation Coefficient of Gamma 

Radiation versus Energy for Iron and Lead Material  
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Figure 2 represents the variation of mass attenuation coefficient µm with photon energy of 

two types of materials Iron (Fe) and Lead (Pb). From this figure, it is clear that the mass 

attenuation coefficient depends on the incident photon energy and composition of the 

materials and its decreases with increasing the photon energy. This figure show that the 

mass attenuation coefficient of Lead material is higher than Iron material, this is due to 

the density of Lead (11.34 g/cm3) is higher than the density of Iron(7.87 g/cm3) and the 

Lead has an atomic number (81) higher than Iron (26). It is conclude that the mass 

attenuation coefficient depends on the density and the atomic number of material.  
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Fig. 2 Comparison of mass attenuation coefficient of gamma radiation 

versus gamma energy for Iron and lead material

 Iron  material

 Lead  material

 

 

Table 2 displayed the calculated mass attenuation coefficient µm and linear attenuation 

coefficient µ for two materials Iron and Lead at different energy range from 0.8 MeV to 7 

MeV. From this table we notice that the mass attenuation coefficient and linear 

attenuation coefficient were decreasing with increasing the energy, and these values for 

Lead material are higher than in Iron material due to the high density of Lead than Iron. 

Table 2. Linear Attenuation Coefficient μ (cm-1) and Mass Attenuation 

coefficient μ m(cm2/g) of Iron and Lead Material at Energy Rang  

(0.8 MeV to 7 MeV) 

 

Photon energy 

(MeV) 

 

Iron material 
3= 7.87 g/cm ρ 

Lead material 

ρ = 11.34 g/cm3 
        μ (cm-1)                        μm 

(cm2/g)   

      μ  (cm-1)                μm 

(cm2/g)                  
0.8 0.517                             0.0656 1.016                    0.0896 

1 0.459                           0.0583 0.811                    0.0715 

3 0.252                          0.0320 0.407                    0.0359 

5 0.199                           0.0252 0.407                     0.0359 

7 0.173                            0.0219 0.409                      0.0353 

Figure 2. Comparison of Mass Attenuation Coefficient of Gamma 

Radiation versus Gamma Energy for Iron and Lead Material  
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4.3 Half Value Layer (HVL), Tenth Value Layer (TVL) and Ln (Io/I) 

   Half value layer (HVL) and Tenth value layer (TVL) are two important parameters in 

designing any radiation shielding since half value layer and tenth value layer indicates the 

required thickness of an absorber to reduce the radiation level to half and one tenth. The 

calculated HVL and TVL of Iron and Lead materials at energy range 0.8 MeV, 1MeV, 

5MeV and 7 MeV have been shown in table 3. It can be seen that the HVL and TVL are 

increasing by increasing the energy and the Lead material has a lower HVL and TVL than 

Iron material. It means that at the same energy of incident radiation, a thickness of lead 

will be required to attenuation gamma radiation; lead will be required to attenuation to 

half its original intensity and to tenth its original intensity. This means that we needed a 

small thickness to attenuate the intensity for lead material, so it concludes that the Lead 

material is the best for shielding of gamma- ray. 

Table 3. Half Value Layer (HVL) and Tenth Value Layer (TVL) of Iron and 

Lead Material Energy Rang (0.8 MeV to 7 MeV) 

Photon energy 

(MeV) 

Iron material 

ρ = 7.87 g/cm3 

Lead material 
3= 11.34 g/cm ρ 

 HVL (cm)                      TVL (cm) HVL (cm)                   TVL (cm) 

0.8 1.46                                 4.85 1.17                          3.90 

 

 

 

1 1.64                                 5.45 1.31                         4.37 

5 3.39                                11.28 1.67                           5.57 

7 3.66                               12.18 1.61                           5.86 

      

   Figure 3 and 4 are representing the relation between Ln (Io/I) and different thickness 

(cm) at energy 0.8 MeV and 7MeV for Iron and Lead materials. From these figures we 

notice that the relation gives straight line. In fig. 3 we also seen that at energy 7MeV, the 

Ln (Io/I) is increasing with the material thickness increasing and the values at small 

thickness for two materials are close then it is increasing at large thickness. Also we saw 

that the Ln (Io/I) for Lead material is higher than in Iron material. While      fig. 4 

represents the relation at 0.8 MeV. From this figure, we seen that the relation gives 

straight line, it is increasing with increasing the thickness of materials and the increasing 

of the plot gives the same values at small and large thickness of Iron and Lead materials.  
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Fig. 3 A plot of ln I0/ I against thickness for Iron and lead material 

at energy 7 MeV
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Fig.4 A plot of ln I0/ I against thickness for Iron and lead material  

at energy 0.8 MeV

  Iron material 

  Lead material 

 

   

  The plotting of variation of Ln (Io/I) with material thickness for Iron and Lead at energy 

range of 0.8 MeV, 1 MeV, 5 MeV and 7 MeV were shown in fig. 5 and 6. From these 

figures, it is clear that the relation gives the straight line. Also we have seen that the value 

of Ln (Io/I) is high at low energy, while it's decreasing with the increasing of photon 

energy. Also the relation value in all energy range from 0.8MeV to 7 MeV is low at small 

thickness then it is increasing with the increasing of the material thickness.   

Figure 3. A plot lm l0 /l Against Thickness for Iron and Lead Material 

at Energy 7 MeV 

 

Figure 4. A plot In l0 /l Against Thickness for Iron and Lead Material at 

Energy 0.8 MeV 
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Fig. 5.  A plot of ln I0/ I against thickness for Iron material for different 

 energy range  

 Energy 7 MeV

 Energy 5 MeV

 Energy 1 MeV

 Energy 0.8 MeV
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Fig.6  A plot of ln I0/ I against thickness for Iron material for different  

 energy range  

 Energy 7 MeV

 Energy 5 MeV

 Energy 1 MeV

 Energy 0.8 MeV

 

 

5. Conclusion 

    This study concludes that the shielding effectiveness of any shielding material depends 

on its density and the atomic number. To design and select an appropriate shielding 

material, all the nuclear parameters associated with it should be studied carefully. In the 

current research, the gamma-ray attenuation parameters were studied for Iron and Lead 

material. In this study the linear attenuation coefficient and mass attenuation coefficient of 

gamma-ray for Iron and Lead material were calculated at 0.8 MeV to 7 MeV, Attenuation 

coefficient decreases with increasing energy and density of material. It was observed that 

terms of radiation shielding the lead material was more suitable than Iron material 

because it has a high atomic number (z=82) and heavy density (ρ= 11.3). The half value 

layer and tenth value layer were calculated, it can be seen that the Lead has a lower HVL 

and TVL than Iron. It concluded that lead has a higher attenuation coefficient, higher 

Figure 5. A plot In l0 /l Against Thickness for Iron Material for 

Different Energy Range 

 

Figure 6. A plot In l0 /l Against Thickness for Iron Material for 

Different Energy Range 
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density, lower half value layer and lower tenth value layer than Iron; this means that it has 

a good absorber of radiation. 

    This study can also be utilized for improving the shielding performance of Iron by 

using the Lead material. This theoretical Study can be taken as a biological shield in the 

future. In addition to that, it can be recommended to study the changes of attenuation 

properties of both Iron and Lead material with the changes of atomic number present in it, 

and to develop a simplified experimental model for neutron and gamma-ray transport 

calculations. 

    From this work, It is concluded that while the Iron is an ideal shielding material, Lead 

is better than Iron for using in shielding materials. 
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