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 In this research, the stopping power, range, and stop time of 

alpha particle (He+2) in lung, bladder, intestine, and ovary 

human tissues are calculated using density functional theory and 

Beth's relativistic equation in range of alpha particle energy 

(0.01-1000 MeV). The experimental data of alpha particles 

extracted from SRIM-2013 program was used for the same 

human tissues applied in the MATLAB-2021 program, The 

Mean ionization potential of studied tissues is calculated using 

Gaussian 09W program. A good agreement has been found 

between our calculations for stopping power, range, and 

stopping time of alpha particle in studied human body tissues 

and SRIM-2013 program calculations. 
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ألفا في بعض أنسجت جسن الإنساى كتطبيق للأشعت الطبيت باستخذام نظريت قذرة ايقاف جسيواث 

 الكثافت الوظيفيت

 

 وجذاى عبذ الونعن                              راشذ عويذ كاظن

 ، العزاق ٌجف، قسن الفيشياء ، ال خزبيت للبٌاث،كليت الت الكوفتجاهع

 تـــلاصـــخ  ــــال  الكلواث الوفتاحيت:

 (،DFTنظريت الكثافت الوظيفيت )

 حساب قذرة الإيقاف 

 ، أنسجت جسن الإنساى

 ، هعادلت بيث النسبيت

 .90Wبرناهج كاوسياى 

 

( فاي He+2في هذا البحث، حن حساب قذرة الإيقاا  مهاذو مسهاي الخوقاف لجساين )لفاا            

أًسجت الزئت مالوثاًت مالأهعاء مالوبيض باسخخذام ًظزيت الكثافت الوظيفيت مهعادلات بياث الٌسابيت 

هيغاا الكخازمى فولاج(0 حان اساخخذام البياًااث الخجزيبيات  ...0- 0.0.في هذو طاقت جسين )لفاا  

لجسااين ألفااا نلااا ًفاا  الأًسااجت البقاازيت الو بقاات فااي  SRIM-2013الوسااخخزجت هااي بزًاااه  

، محاان حساااب هعااذا جأااذ الخاا يي لرًسااجت الوذرمساات باسااخخذام MATLAB-2021زًاااه  ب

0 حاان العثااور الااا احفاااق جيااذ باايي حساااباحٌا لقااذرة الأيقااا  مالوااذو Gaussian 09Wبزًاااه  

 SRIM-20130مسهي الإيقا  جسين )لفا في أًسجت جسن الإًساى الوذرمست محساباث بزًاه  

https://doi.org/10.31257/2018/JKP/2023/v15.i02.12262
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1. INTRODUCTION 

The sopping power and energy 

dissipation of charged particles through matter 

has been a subject of great interest for 100 

years [1-3] because of its wide areas of 

application, such as ion implantation, 

fundamental particle physics, nuclear physics, 

radiation damage, radiology [2,3]. Heavy 

charged particles traversing matter lose energy 

primarily through the ionization and excitation 

of atoms [4]. The stopping power is defined as 

the mean energy loss per unit path length–

dE/dx. It depends on the charge and velocity 

of the projectile and, of course, the target 

material [5,6]. Early investigations of the 

energy loss of charged particles traversing 

matter arrive at a general stopping power 

formula [6]. If an ion beam penetrates matter it 

loses energy due to collisions with electrons 

(electronic stopping) and target nuclei (nuclear 

stopping) [7]. The total stopping power is then 

just the sum of the stopping powers due to 

electronic and nuclear interactions [8,9]. At 

low energies the total energy loss is usually 

described in terms of electronic stopping 

power [10]. The nuclear component of the 

stopping power can be ignored [7]. The 

possible phenomena that contribute to the 

electronic stopping is the velocity region well 

below the light velocity and includes. The 

momentum exchange in a collision between 

the ion and a free electron in the target 

material, the ionization of the ion, the ion 

captures an electron, the excitation of the ion, 

the excitation of a target atom, the ionization 

of a target atom, and the collective effects such 

as the polarization or the plasmon excitation 

[9]. 

 
'pZ4 

2. THEORY   

 

Stopping power of a medium can be 

defined as the average unit of energy loss 

suffered by the charge particles per unit path 

length in the medium under consideration. 

[11-13]. Stopping power consists of two 

components: collisions and radiative. The first 

is the most important for α-particles, resulting 

from the collision interaction between the 

incident particles and atomic electrons. The 

total stopping power can be obtained from 

SRIM-2003 program [12], which calculates 

the stopping power and range of ions in matter 

using a quantum mechanical treatment of ion-

atom collision (the manual of SRIM refers to 

the moving atom as an "ion", and all target 

atoms as "atom"). A full description of the 

calculation was given by Ziegler and Biersack 

[12]. The energy loss in matter has been 

calculated by many physicists, but the basic, 

classic derivation was due to Bloch who 

improved a calculation by Bethe; hence the 

Bethe-Bloch Formula. The rate of energy loss 

is given by (–dE/dx); dE/dx being a loss of 

energy, is a negative quantity. The calculation 

of dE /dx is done in such a way as to 

determine the energy deposited in the medium 

(positive) – hence the explicit negative sign 

for the loss of energy of the particle. The 

derivation of the formula is quite long, but we 

can guess that there are various forms of the 

formula, which are essentially the same – it 

just depends on the way particular authors 

have wanted to parametrize the quantities 

appearing in the formula. Note that “x”, 

distance, is not always expressed in meters, 

but often in units of mass per square meter. 

This latter parameter comes from multiplying 

the length by the density of the material. This 

is a more convenient and useful unit of 

material thickness as far as experimentalists 

are considered. The full expression for the 

Bethe formula can be written as [14]: 
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where   
  effective charge, m electron mass, I 

mean ionization energy,    Avogadro's 

number, A mass percentage of a mass number, 

  
  The effective atomic number of the 

medium ,   
 

 mass density, of the stopping 

material , β = v/c speed of the particle relative 

to speed of light in vacuum. The effective 

atomic number    (Z stand for    and   ) may 

be calculated by the relation [15]; 

     ∫     ( )   

 

  

                                    ( ) 

where   is distance from the nucleus, 

   is determined from Bohr stripping criterion 

     (  )    [  
  (  )]

  ⁄  where 

  ( ) stand for the velocity of Thomas-Fermi 

orbital of projectile or target atom,   is a 

constant of proportional about 1.26, and  ( ) 

is the electronic charge density distribution in 

atom. The Lindhard and Scharff theory is gave 

the effective mean excitation energy    as 

[16]; 

     
  

  
 ∫   [    ( )]  

   ( )   

 

  

       ( ) 

where   √  for     , and   ( ) is the 

local plasma frequency (     ( )  )  ⁄  

Lindhard and Scharff proposed a criterion; 

         ( ), The stopping range (R) is 

the distance traveled by the incident particle in 

the target material. In proton therapy, the 

range magnitudes are also determined as the 

distance between the starting point of the 

target's surface and 80% of the Bragg peak. 

The particle range in the target material can be 

determined using either the continuous 

slowing down approximation (CSDA) [17]: 

 ( )  ∫  
 

 ( )
   

 

 

                                   ( ) 

The stopping time is defined as the 

time required to stop the charged particle in a 

medium and it can be calculated from the 

following integral relationship [18]: 

 ( )  ∫  
 

   ( )
   

 

 

                                 ( ) 

where   is the ion velocity. Stopping power of 

composites and tissues is given as sum of 

stopping powers of its constituent elements 

according to Bragg equation [19]. 

     ( )  ∑     ( )

 

                                 ( ) 

3. Results and discussion 

The energy spectrum of the basic 

elements constituting the tissues taken in this 

research was obtained by calculating the rate 

of ionization potential for some tissues of the 

human body (lung, bladder, intestine, and 

ovary) and using Gaussian 09W program by 

using the method of solving (B3LYP) adopted 

in the functional density theory, which 

includes the basic aggregates (3-21G, 6-31G, 

6-311G, LanL2DZ, LanL2MB, SDD) as in 

Table 1 Through this method, the rate of 

ionization effort was extracted for each 

element, after which the rate of ionization 

effort for tissues was calculated. 

TABLE 1: Mean ionization potential of lung, 

bladder, intestine, and ovary by different basis 

sets. 

Tiss

ue 

Basis sets 

3-

21

G 

6-

31

G 

6-

311

G 

LanL

2DZ 

LanL

2MB 

SD

D 

Lun

g 

137

.82 

139

.60 

139

.56 

129.2

4 

125.0

1 

137

.79 

Blad

der 

138

.34 

140

.06 

140

.01 

129.3

4 

125.1

4 

137

.32 

Intes

tine 

135

.56 

137

.18 

137

.14 

131.6

9 

127.3

2 

136

.29 

Ova 137 139 139 130.5 126.3 137
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    Figure (1-A) represents a 

comparison between the distribution of the 

charge of electrons for the studied elements of 

the human body (lung, bladder, intestine, and 

ovary) as a function of the ratio of the radial 

dimension r to the Bohr radius    and through 

the figure it becomes clear to us that the 

lowest height is the curve of the hydrogen 

element, whose electronic arrangement is 1S. 

For this reason, the density of the charge 

distribution of the hydrogen element is as low 

as possible because the center of the shell is 

distributed in a very large sphere and is 

estimated at (0.53A), which represents Bohr's 

radius. As it is clear to us through the figure, 

the density distribution curves for each 

element of carbon, nitrogen and oxygen have 

almost similar curves and the same height with 

a very small difference. This explains to us 

that they are from one shell and with the same 

electronic arrangement 1S2S2P. Therefore, the 

distribution density is equal for these three 

elements. While the sodium element has a 

different height from the rest of the elements, 

because it has an electronic arrangement  

1S2S2P3S. So it has a different behavior in 

charge distribution density. Sulfur and chlorine 

have almost identical behavior and heights, 

and the reason for this is because they have an 

electronic arrangement 2S2P3S3P. As for the 

calcium element, we notice through the figure 

(1-B) that it has the largest charge distribution 

density and the highest height from the rest of 

the curves due to the electronic arrangement 

1S2S2P3S3P4S which distinguishes it from 

the rest of the elements in that it has the 

largest stopping power, as the greater the 

density of the charge distribution of the 

element, and the greater the stopping power. 

The figure (1-B) represents the distribution of 

the charge density as a function of energy 

(electron acceleration energy). From this 

figure, we notice that the energy has an 

inverse relationship with the radial dimension 

(i.e. the distance between the particle and the 

nucleus is as small as possible). In a larger 

way, the more the tissue shifts towards higher 

energies, the more stopping power it has. This 

means that the tissues of the human body 

resist particles that have larger masses than 

particles that have small masses.  

 

 
      (A) 

 
          (B) 

FIGURE 1 : Charge density distribution of 

elements in studied human body tissues. 

The stopping power of the helium ion 

was calculated in some of the tissues of the 

human body (lung, bladder, intestine and 

ovary) shown in Figure 2. The relationship 

between the stopping power and the energy of 
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the projectile was plotted, where the black 

curve was the SRIM global program 

calculations, and the blue curve was the 

density functional theory calculations using 

Beth's theory of relativity through the equation 

(1), and the red curve represents the matching 

equation calculations. We can see from the 

figure that the stopping power of helium in the 

energy range (2-10 MeV) is large. In lung 

tissue, it is about 0.5, bladder tissue 0.65, 

intestine tissue 0.55, and ovarian tissue 0.5, 

which increases with the increase in the 

energy of the projectile due to the interaction 

of the projectile with atomic electron 

projectiles and the occurrence of ionization 

and irritation processes for the electrons of the 

target material to (1000 MeV) due to the 

projectile passing through the electronic shells 

because it contains high energy, as we notice 

through the values of the correlation 

coefficient that match the practical and 

theoretical values and that the stopping power 

decreases with the increase in the mass of the 

projectile, because the Beth equation 

calculations are negative in the projectile 

energy region from 10
-2

 MeV to 10
-1 

MeV for 

helium in the studied tissues. 

TABLE 2: Total stopping power calculations Stotal for alpha particle (He
+2

) in studied human body 

tissues. 

Alpha Particle 

energy 

(MeV) 

Stotal (MeV cm2/g) 

Lung Bladder Intestine Ovary 

0.01 -335905.37 -336245.65 -334928.12 -336004.49 

0.05 -30088.60 -30154.21 -29870.49 -30098.76 

0.1 -7056.93 -7089.21 -6943.00 -7059.93 

0.5 2298.08 2291.87 2323.14 2298.45 

1 1948.12 1945.07 1961.14 1948.51 

5 761.56 760.97 764.39 761.73 

10 461.51 461.22 462.98 461.62 

50 131.26 131.20 131.58 131.29 

100 75.02 74.99 75.19 75.04 

200 43.08 43.07 43.17 43.09 

300 31.43 31.42 31.49 31.43 

400 25.31 25.30 25.36 25.32 

500 21.52 21.52 21.56 21.53 

600 18.94 18.94 18.98 18.95 

700 17.07 17.06 17.10 17.07 

800 15.65 15.64 15.68 15.65 

900 14.53 14.53 14.56 14.54 

1000 13.64 13.63 13.66 13.64 
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(A) Rc = 0.9779 

 

(C) Rc = 0.9784 

 

(B) Rc = 0.9776 

 

(D) Rc = 0.9778 

 

FIGURE 2: Stopping power calculations for 

electron in (A) Lung, (B) Bladder, (C) 

Intestine, and (D) Ovary. 
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(A) Rc = 0.9999 

 

(C) Rc = 0.9999 

 

(B) Rc = 0.9999 

 

(D) Rc = 0.9999 

FIGURE 3: Rang calculations of electron in (A) 

Lung, (B) Bladder, (C) Intestine, and (D) 

Ovary. 

 

 

Through the equation (4) and using the numerical 

method called Trapezoid, the range was 

calculated for some tissues of the human body 

(lung, bladder, intestine and ovary), where the 

black curve represents the calculations of the 

global program SRIM and the blue curve 

represents the calculations of the density 

functional theory and the relativistic Beth 

equation, while the curve in red represents 

matching equation calculations. In general, 

through graphs and figures, the stopping range is 

directly proportional to the energy of the 

projectile, and the areas where the Beth equation is 

negative are the same areas in which the range has 

negative values. Through the values of the 

correlation coefficient, we note that the correlation 

is complete for the range calculations between the 

global program SRIM and between Beth equation 

calculations or theoretical calculations at high 

energies. We also note that there is a curvature in 

the wake range at high energies due to the 

presence of an empty area between the atomic 

shells and the nucleus, so the range grows rapidly. 

While the slow growth of the range at low energies 

is caused by the heavy ion interacting with the 

atomic shells, and after passing through the region 

of the atomic shells, it freely penetrates the matter, 

thus increasing and growing the range rapidly and 

linearly. 
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(A) Rc = 0.9999 

 

(C) Rc = 0.9999 

 

(B) Rc = 0.9999 

 

(D) Rc = 0.9999 

FIGURE 4: Stopping time calculations of electron 

in (A) Lung, (B) Bladder, (C) Intestine, and 

(D) Ovary. 

Through the equation (5) the suspension time 

was calculated for some tissues of the human 

body (lung, bladder, intestine and ovary), 

where the black curve represents the 

calculations of the global program SRIM and 

the blue curve represents the calculations of 

the density functional theory and the relative 

Beth equation, while the curve in red 

represents the calculations of the congruence 

equation. In general, through graphs and 

figures, the stopping time is directly 

proportional to the energy of the projectile, 

and the areas in which the Beth equation is 

negative are the same areas in which the 

stopping time has negative values. Through 

the values of the correlation coefficient, we 

note that the correlation is completely for the 

stopping time calculations between the global 

program SRIM and between the calculations 

of Beth's equation or theoretical calculations at 

high energies. We also note that there is a 

curvature in the wake-up time at high energies 

due to the presence of an empty area between 

the atomic shells and the nucleus, so time 

grows rapidly. While the slow growth of time 

at low energies is caused because the heavy 

ion interacts with the atomic shells, and after 

passing through the region of the atomic 
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shells, it freely penetrates the matter, thus 

increasing and growing the range rapidly and 

linearly. 

 

 

4. Conclusions 

1- The stopping power depends on the 

charge distribution density, which is 

inversely proportional to the area. The 

tissues that have a high distribution 

density have a large stopping power, 

unlike tissues that have a low 

distribution density that has a weak 

stopping power. 

2- The energy is inversely proportional to 

the dimension, that is, the density of the 

charge distribution is a function of the 

energy. The higher the energy of the 

particle, the less distance between the 

nucleus and the body, and it has the 

ability to penetrate the high atom, and 

thus enables it to penetrate the fabric 

easily, as it is characterized by being 

more resistant, as in the element 

calcium.  

3- The relativistic Beth formula based on 

the density functional theory is good for 

calculating the stopping power of 

charged and heavy particles. It increases 

with an increase in energy by an energy 

range of (10
-2

 - 10
3
) MeV due to the 

interaction of the shell with the atomic 

shells and the occurrence of ionization 

and excitation. 

4- In general, the energy of the projectile is 

directly proportional to the range, and 

the areas in which the calculations of 

Beth's equation are negative in the 

stopping power are the same areas that 

are negative in the stopping range. 

5- It was also noted that the calculations of 

the stopping time in general are directly 

proportional to the energy of the 

projectile and The negative area in it is 

the same as the negative area in the 

stopping power calculations. 
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