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Abstract 

One of the most common diseases at present is the cancer that affects any member of the human 

body such as kidney tissue. Nuclear medicine is important in the examination and treatment, which 

uses a lot of particles in treatment such as Alpha particle. Alpha particles have a distinctive and 

important characteristic in the radiation therapy of the target part (the injured). This characteristic 

is due to its high ability to ionize the substance (the tissue) as it passes through, making their path 

short. However, there are many problems in radiation therapy; including damage to the area 

surrounding the tumor (the affected area) so it is very important to regulate the radiation carefully 

and accurately. In the present study, the study of the interaction of alpha particles with kidney 

tissue where the stopping power of the alpha particles was calculated using two methods:  Zigler 

formula and SRIM software also the Range and liner energy transfer (LET) and kidney tissue 

thickness as well as Dose and Equivalent Dose for this particle were calculated  by using Mat lab 

language for (0.001-1000)MeV alpha energy. 
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1. Introduction 

 

The main mechanism of loss of charged heavy particle energy is ionization or irritation. The 

interaction that causes the ionization or irritation processes is called the Coulomb force, which 

occurs between the falling particle and the electron of atom matter [1]. In order to measure the 

absorbed dose of ionized radiation we need to know the number of particles or photons, the amount 

of energy passing through the medium, the amount of energy transfer from the particle falling to 

the particle charged at the target, the rate of energy transfer of charged particles in the medium to 

the medium itself (stopping power leading to absorbed dose) [2].  
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2. Theory 

 

The total stopping power of alpha particle can be obtained by using the SRIM program, which 

includes quick calculations that appear as tables of the stopping power and a range of particles in 

the material and straggling distribution of any ion in any element target [3]. The other method used 

in this study is Zigler's formula. In this way the energy loss process is divided into two parts: the 

first loss of electronic energy and the second the loss of elastic energy to the screened nuclei. In 

this study, the stopping power of the alpha particle was calculated using Zigler equation for the 

low and high energies published in the reference [3]  

 

With regard to a compound or mixture that consists of thin layers of pure elements in the right 

proportion [4]. 

 

(−
𝒅𝑬

𝒅𝑿
)𝒄𝒐𝒎𝒑 = ∑ 𝑾𝒊(

 
𝒊

𝒅𝑬

𝒅𝑿
)𝒊…………..                                                                                               (1) 

 
Where: 𝑾𝒊 = 𝒘𝒆𝒊𝒈𝒉𝒕 𝒇𝒓𝒂𝒄𝒕𝒊𝒐𝒏 , 𝒊 = 𝒆𝒍𝒆𝒎𝒆𝒏𝒕  
 

The Range of the particle charged: 

 
Range is the distance traveled by the particle in the medium or target before losing all its energy. 

 

𝑹 = ∫
𝒅𝑬𝒌

(−𝒅𝑬 𝒅𝑿⁄ )

𝑬𝒌

𝟎
…………                                                                                                             (2) 

 

A plot of energy loss along the path of the particle charge is called a Bragg curve. In most of the 

path, the charge on the alpha particle is two electronic charges, and the amount of energy loss 

increases approximately as 1/E as predicted by Beth equation. Near the end of the path, the charge 

is reduced by electron capture and the curve falls off [5]. 

 
Linear Energy Transfer (LET)    

Linear energy transfer (LET) is an important fundamental in radiation physics, radiation biology, 

and dosimetry. The mass stopping power and the transfer of linear energy are closely related to 

the dose and biological effectiveness of different types of radiation. 

 
𝑳𝑬𝑻 = (− 𝒅𝑬 𝒅𝑿) × 𝝆⁄ ………                                                                                               (3) [6]. 

 
Where 𝝆 = the density of the material or target or tissue   

 

Thickness of Target 

The thickness of the material or target penetrated by the particle charge can be calculated from the 

following relationship: 

 

𝑻 =
𝑹

𝝆
……….                                                                                                                           (4)  [6]. 
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Absorbed Dose 

The absorbed dose refers to the amount of energy deposited per gram of the material [7]. 

 

𝒂𝒃𝒔𝒐𝒓𝒃𝒆𝒅 𝒅𝒐𝒔𝒆(𝑫) =
𝒅𝜺

𝒅𝒎
…………..                                                                                             (5) 

 
Where 𝒅𝜺 is the average energy that is transferred to the material at a small size dv at a point of 

interest in a material density over a given period of time by ionizing radiation and is the mass in 

dv [8]. 

 

Equivalent dose: Is the absorbed doses in the tissue or organ due to radiation [9], [10].  

 

𝑯𝑻 = ∑ 𝑾𝑹
 
𝑹 × 𝑫…….                                                                                                                  (6) 

 
Where 𝑾𝑹 = 𝒘𝒆𝒊𝒈𝒉𝒕𝒊𝒏𝒈 𝒇𝒂𝒄𝒕𝒐𝒓 = 𝟐𝟎 𝒇𝒐𝒓 𝒂𝒍𝒑𝒉𝒂 𝒑𝒂𝒓𝒕𝒄𝒍𝒆  [11]. 

 

Weighting factor represents a conservative judgment of envelope experimental of particle 

relevance to low level human exposure. 

 
3. Results and Discussion  

 
In the current study we calculated the mass stopping power of alpha particles and their Range in 

the human kidney tissue with energy interval (0.01-1000) MeV using Zigler equation for alpha 

particles and the SRIM program. It is know that the chemical compositions of human tissues are 

of importance in studying micro-diametric distribution in human irradiated with radiation [12], 

also menstruation   liner energy transfer LET ,and kidney thickness as well as dose ,and dose 

equivalent for this  particle were calculated by using mat lab  language, the following shapes 

illustrate these measurements: 

 

 
Figure 1: Mass stopping power for alpha particle in the kidney tissue by SRIM program. 
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Figure 2: Mass stopping power for alpha particle in the kidney tissue by Zigler method. 

 

 
Figure 3: Mass stopping power (present work) for alpha particle in the kidney tissue. 

 

 
Figure 4: Range of alpha particles as a function mass stopping power (P.W) in kidney tissue . 
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Figure 5: Thickness of target as a function mass stopping power (P.W.) in kidney tissue. 

 

 
Figure 6: linear energy transfer as a function to alpha particle energy for in kidney tissue. 

 

 
Figure 7:  the maximum of absorbed doses for kidney tissue. 
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Figure 8: The Maximum of equivalent dose for kidney tissue. 

 
1) At low energy: We find the in Ziegler's formula, SRIM program the mass stopping power 

increases rapidly at low energies reaches a maximum. 

2) At high energy: We find the in Ziegler's formula , SRIM program the mass stopping power 

decreases gradually with increasing energy 

3) A slow alpha particle (low energy) loses more energy by ionizing atoms than a fast alpha 

particle (high energy), since the slower particle spends a longer time in an atom, and thus 

there is a greater probability that an electronic transition will occur in the atom. 

4) The maximum value of mass stopping power at the same energy is found in Hydrogen 

element, because Hydrogen was molecules in the traversing path of the alpha particle ions 

and hence the more probability of interaction and more energy lost, these results were 

studied by [13] . We conclude that the Hydrogen atoms are most responsible to Energy 

losing in the human tissues. 

5) The semi-empirical formula for mass stopping power by calculation of weighted average 

for mass stopping power were calculate by using Matlab software ,compared with two 

methods in kidney tissue : 

 
1- 𝑬 <=  0.75 

 

Linear model Poly6: 

 

𝒔𝒑. (𝒊) = 𝒑𝟏𝑬(𝒊)𝟔 + 𝒑𝟐𝑬(𝒊)𝟓 + 𝒑𝟑𝑬(𝒊)𝟒 + 𝒑𝟒𝑬(𝒊)𝟑 + 𝒑𝟓𝑬(𝒊)𝟐 + 𝒑𝟔𝑬(𝒊) + 𝒑𝟕   
       𝒑𝟏 =  −𝟐. 𝟑𝟐𝟑 × 𝟏𝟎+𝟓   
      𝒑𝟐 =  𝟓. 𝟒𝟑𝟏 × 𝟏𝟎+𝟓  
       𝒑𝟑 =  −𝟒. 𝟗𝟗𝟏 × 𝟏𝟎+𝟓   
       𝒑𝟒 =  𝟐. 𝟑𝟐𝟓 × 𝟏𝟎+𝟓    
       𝒑𝟓 =  −𝟔. 𝟐𝟗𝟕 × 𝟏𝟎+𝟒    
       𝒑𝟔 =  𝟏. 𝟐𝟓𝟓 × 𝟏𝟎+𝟒   
       𝒑𝟕 =  𝟐𝟖𝟕. 𝟗    
 

1- 𝑬 >  0.75 
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General model Gauss7: 

       

   𝒂𝟏 = 1924   
      𝒃𝟏  =  −𝟐. 𝟐𝟓   
       𝒄𝟏  =  𝟑. 𝟓𝟎𝟓    
       𝒂𝟐  =  𝟏𝟏𝟐𝟕    
       𝒃𝟐  =  −𝟔. 𝟕𝟐𝟑    
       𝒄𝟐  =  𝟏𝟏. 𝟖𝟏    
       𝒂𝟑  =  𝟒𝟎. 𝟓𝟔    
       𝒃𝟑  =  𝟏𝟒. 𝟓𝟗    
       𝒄𝟑  =  𝟖. 𝟕𝟗    
       𝒂𝟒  =  𝟔𝟗𝟓. 𝟗    
       𝒃𝟒  =  −𝟓𝟖. 𝟑𝟔    
       𝒄𝟒  =  𝟕𝟎. 𝟏𝟏    
       𝒂𝟓  =  −𝟏. 𝟖𝟒𝟗    
       𝒃𝟓  =  𝟕𝟗. 𝟔𝟓    
       𝒄𝟓  =  𝟏𝟏. 𝟖𝟒    
       𝒂𝟔  =  𝟐𝟑. 𝟖𝟓    
       𝒃𝟔  =  𝟖𝟎. 𝟑𝟒   
       𝒄𝟔  =  𝟒𝟔. 𝟒𝟏   
       𝒂𝟕  = 𝟐. 𝟗𝟗𝟑 × 𝟏𝟎+𝟏𝟓   
      𝒃𝟕  = −𝟐. 𝟔𝟕𝟓 × 𝟏𝟎+𝟒    
       𝒄𝟕  =  𝟒𝟕𝟖𝟒    
 

𝒔𝒑. (𝒊) = 𝒂𝟏𝐞𝐱𝐩 (−((𝒙 − 𝒃𝟏)/𝒄𝟏 )𝟐) + 𝒂𝟐 𝐞𝐱𝐩 (−((𝒙 − 𝒃𝟐)/𝒄𝟐)𝟐) + 𝒂𝟑 𝒆𝒙𝒑(−((𝒙
− 𝒃𝟑)/𝒄𝟑)𝟐)  + 𝒂𝟒 𝒆𝒙𝒑(−((𝒙 − 𝒃𝟒)/𝒄𝟒 )𝟐) + 𝒂𝟓 𝒆𝒙𝒑(−((𝒙 − 𝒃𝟓)/𝒄𝟓)𝟐)  
+ 𝒂𝟔 𝒆𝒙𝒑(−((𝒙 − 𝒃𝟔)/𝒄𝟔)𝟐)  + 𝒂𝟕 𝒆𝒙𝒑(−((𝒙 − 𝒃𝟕)/𝒄𝟕)𝟐) 

 

We found that the maximum value of energy the alpha particles can lose along its path in kidney 

tissue is (2.0940 × 𝟏𝟎 +𝟑MeV.cm2/gram), which correspond to the energy 0.65 MeV. Figure (3) 

illustrates the mass stopping power present work. 

 
6) The following semi-empirical equation obtained for Range of particles in kidney tissue:  

1 - E <= 0.65 𝐌𝐞𝐕 
  

General model Power2: 

𝑹(𝒊) = 𝒂𝑬(𝒊)𝒃 + 𝒄 
 𝒂 =  −𝟎. 𝟎𝟎𝟔𝟗𝟖𝟓 
𝒃 =  −𝟎. 𝟒𝟖𝟏𝟔 
𝒄 =  𝟎. 𝟎𝟔𝟔𝟗𝟖 
E > 0.65 𝑴 
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Linear model Poly8:  

  

 𝐑(𝐢) = 𝐩𝟏𝑬(𝒊)𝟖 + 𝐩𝟐𝑬(𝒊)𝟕 + 𝐩𝟑𝑬(𝒊)𝟔 + 𝐩𝟒𝑬(𝒊)𝟓 + 𝐩𝟓𝑬(𝒊)𝐱𝟒 + 𝐩𝟔𝑬(𝒊)𝟑 + 𝐩𝟕𝑬(𝒊)𝟐 +
𝐩𝟖𝑬(𝒊) + 𝐩𝟗   
𝒑𝟏 =  −𝟏. 𝟎𝟑𝟖 × 𝟏𝟎−𝟐𝟐 

𝒑𝟐 =  𝟒. 𝟑𝟓𝟑 × 𝟏𝟎−𝟏𝟗 
𝒑𝟑 =  −𝟕. 𝟒𝟑𝟓 × 𝟏𝟎−𝟏𝟔

 

𝒑𝟒 =  𝟔. 𝟔𝟒𝟖𝒆 × 𝟏𝟎−𝟏𝟑 
𝒑𝟓 =  −𝟑. 𝟑𝟑𝟕 × 𝟏𝟎−𝟏𝟎 
𝒑𝟔 =  𝟗. 𝟒𝟎𝟗 × 𝟏𝟎−𝟖 
𝒑𝟕 =  −𝟏. 𝟒𝟕𝟏 × 𝟏𝟎−𝟓 
𝒑𝟖 =  𝟎. 𝟎𝟎𝟐𝟒𝟖𝟑 
𝒑𝟗 =  𝟎. 𝟎𝟔𝟏𝟔𝟕 

 
At low energies, the particles have a low speed, so they will stay longer in the target, so the 

probability of electronic transmission will increase, causing increase of loss of their energies. The 

slower particle spends a longer time in an atom; therefore its range will be short, but at high 

energies, particles have a high speed so their stay time in the target will be small therefore its range 

will be longer. 

 
7) The Bragg Curve: Figures (4,5,6,7,8) shows a Bragg curve. Through Bragg's curve, we 

could find the following:  

 Near the end of the track, the charge is reduced through electron pickup, and the curve falls 

off.[ 14 ] 

 The maximum Range of Alpha particle (𝟎. 𝟎𝟓𝟖𝟎 𝒈𝒓𝒂𝒎/ 𝒄𝒎𝟐) in alpha energy 0.65 MeV  

 The Maximum thickness of the target that the alpha particle can penetrate into kidney tissue 

is  (𝟎. 𝟎𝟓𝟓𝟔 𝒄𝒎) 

 The maximum liner energy transfer(LET) for alpha particle that can be lost along its path 

in kidney  tissue which corresponds to the maximum mass stopping power and maximum 

range and maximum penetrate thickness is (𝟐. 𝟏𝟗𝟖𝟕 × 𝟏𝟎+𝟑MeV/cm) 

 The  max absorbed Doses which corresponds to the Range, thickness is (𝟏 ×  𝟏𝟎−𝟖) 𝑟𝑎𝑑 

 The  max Equivalent Dose(𝟐𝟎 × 𝟏𝟎−𝟖 )  𝑟𝑒𝑚 

 

Through our findings, we can provide a physician who uses an alpha particles in the treatment to 

help determine the amount of energy that must be used in the treatment and to determine the exact 

range, thickness of the target, liner energy transfer, absorbed Doses and Equivalent Dose in order 

to reduce the potential damage to cells adjacent to the injured Kidney tissue. 
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