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Abstract 

     The main rationale for using charged particles in radiation therapy is the strong 

rise of energy loss (deposited dose) with maximum penetration depth ( Bragg peak) 

and rapid dose deposited  behind the peak. Thus, a large dose can be  applied to a 

deep seated tumor, with saving the surrounding normal tissues . Proton radiotherapy 

is nowadays an established method in the management of cancer diseases, although 

its availability is still limited to a few specialized centers. In this study, the range 

and the stopping power for proton interaction  in the skeleton  and intestine tissues, 

for an energy range from 0.01 to 300 MeV, was studied. The numerical calculations 

and analyses of Bethe  Ziegler, along with CASP and SRIM software programs, 

were applied using Matlab program. The absorbed dose and the Bragg peak were 

calculated and presented as tables and figures . 

 

Keywords: Range, Bethe equation, Ziegler equation ,energy loss, Bragg peak, 

Absorbed dose. 
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 الخلاصة
الأساس المنطقي الرئيدي لاستخدام الجديمات المذحهنة في العلاج الإشعاعي هه ارتفاع مقدار الطاقة     

ثم يحدث هبهط في الجرعة خمف   (Bragg peak )وصهلا الى اقرى قيمة  المفقهدة بزيادة عمق الاختراق
الجذور، في حين تجنيب الأندجة الدميمة المحيطة  هذه القمة. لذلك يمكن تطبيق جرعة كبيرة عمى ورم عميق

  ,إدارة معالجة امراض الدرطانبها. العلاج الإشعاعي بالبروتهنات في الهقت الحاضر هه طريقة راسخة في 
عمى الرغم من تهافرها لا تزال تقترر عمى عدد قميل من المراكز المتخررة. في هذه الدراسة تم دراسة  قدرة 

)  والمدى لتفاعل البروتهن مع الهيكل العظمي والأمعاء من جدم الاندان بمدى طاقة تتراوح بين الايقاف
(0.01-300 MeV التحميلات لمعادلات . الحدابات العددية و ( Ziegler)  ,و (Bethe)  وبرنامج ،

((SRIM  و(Casp)  تمت باستخدام برنامجMatlabان الجرعة الممترة وو .( Bragg peak)   تم حدابها
                                                                              وعرضها كجداول واشكال
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Introduction 
      Protons have more different dosimetric characteristics than photons used in conventional radiation 

 therapy [1]. High energy protons enter the body, depositing a lower amount of radiation dose at the 

body surface, whereas the higher dose, i.e. at the end of the range, is deposited deep in tissues (called 

the Bragg peak) [2]. Protons moving through substances slow down, loosing energy in nuclear or 

atomic interaction events. This leads to a reduction in the energy of the proton and, consequently, 

increased interactions with orbiting electrons. At the end of the proton bath, the maximum interaction 

with electrons occurs, causing maximum energy release within the targeted area [1].The biological 

effects of ionizing radiation on human beings depend on the type of radiation, absorbed dose and  

irradiated organs [3]. The physical properties of protons result in advantages of protons treatment over 

conventional radiation, because the region of maximum energy deposition can be positioned within the 

area for each beam direction. This leads to a highly conformal high dose region. Proton therapy is of 

particular attention for  tumors located close to serially organized tissues, such as most tumors that are 

close to the spinal cord. It is still in general a small, although increased, number of radiotherapy 

patients who have been treated with protons, due to the cost of the proton facility and other reasons [1] 

. The goal of this work is to calculate the range of protons and stopping power with these  tissues  

because of their importance in radiation biology. 

Theory: Stopping power (-dE/dx) is defined as the energy lost by protons per unit path length. In this 

work, the mass  stopping power concept [ )/(
1

dxdE


] is adopted and this amount is not the density 

dependent ( ρ ) of the material [4]. 

(-dE/dx)compound   
i

idxdEwi )/( …………………………………………(1). 

where wi is the fraction by weight and (dE/dx)i is the mass stopping power of the constituent . 

The calculations for Beth formula and Ziegler formula, as well as SRIM and Casp programs, were 

performed as follows. 

- Beth formula for a proton particle is given by [5]:  

-dE/dx= )
2

ln(
4 2

2

422

I

Vm

Vm

eknz o

o

o
……………………………………..…….(2) 

where 

z=  charge of incoming particle. 

n= number of electrons per unit volume in the stopping material. 

mo= rest mass of the electron. 

V= velocity of the particle. 

e= electron charge. 

Ko= 1/4πƐo. 

I= mean excitation energy of the medium. 

- The stopping power was determined using Ziegler's equation for low and high energies. The 

parameters of the elements were also mentioned in an earlier study [6]. 

- Calculations of the stopping power for a proton in each element of tissues were presented with the 

SRIM code, which is an acronym for Stopping and Range of an Ion in a Matter. Ziegler et al.’s SRIM 

software is probably the most widely used computer program to predict stopping powers of ions in a 

matter. The moving atom is conventionally considered as an ion (whether it is charged or neutral) and 

the target is an atom. The software simulates the scattering and slowing down of an energetic ion 

through interactions with the target atoms. The collision cascade simulation is achieved by following 

the ions which, after penetration into the target, suffer multiple nuclear and electronic collisions [7]. 

- CasP is an acronym for Convolution approximation for swift Particle. Unitary convolution 

approximation provides an impact parameter-dependent version of the quintal perturbation theory. The 

impact parameter in a collision denotes the perpendicular distance between the incoming projectile 

trajectory and the target nucleus (initially at rest) [8]. 

Range is an experimental concept of the charged particle that expresses the thickness of the absorption 

material that the charged particle can penetrate. It depends on the kinetic energy of the particle mass, 
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the  charge of the particle, and the configure of the absorbent medium. The range is expressed by the 

following equation : 

𝑅 =     

E

0   − [𝑑𝐸/𝑑𝑥]
-1

 𝑑𝐸 .........................................................(3) 

 The range is actually an average value because scattering is a statistical process . The spread will be 

smaller for heavier particles. These properties have implications for the use of radiation in therapeutic 

situations [9]. 

Absorbed dose is an absorption of the energy deposited in the tissues as a result of ionizing radiation 

falling on them [10]. It represents the energy deposited by protons per gram of the material. The 

conventional unit for the absorbed dose is the Rad (radiation absorbed dose), and is equivalent to the 

absorption of (100) erg of energy in (1) g of absorbing medium, which is written typically for the 

tissues as: 

[1 𝑟𝑎𝑑 = 100 𝑒𝑟𝑔⁄𝑔] 

The SI unit of absorbed dose is the gray (Gy) and is defined as the absorption of 1 Joule of energy per 

kilogram of material [11]: 

1Gy= 1 J/kg 

The absorbed dose is used to estimate the potential of biochemical changes in many tissues [10]: 

Absorbed dose( rad) =
gerg

rad

J

ergJ

Mevg

E

/100

1

1

7^10

1

18^10*6.1

1


. 

 

Results and Discussion  

In the present work, Beth formula, Zeigler's formula, and SRIM and Casp programs were used for the 

calculations of the mass stopping power of human (skeleton and intestine)  tissues for protons with an 

energy interval of 0.01- 300 MeV. Each tissue consists of  elements,  the ratios of which are important 

to calculate the mass stopping power for protons in the tissues. Therefore, the chemical compositions 

of the skeleton and intestine tissues are  given in Table-1. 

 

Table 1-The chemical composition of skeleton and intestine tissues, with fractional weight and 

ionization potential of the elements  

Human 

Tissue 

 

Composition (element: fraction) by weight 

H C N O Na Mg P S Cl K Ca 

skeleton 
0.06

3 

 

0.26

1 

 

0.039 

 

0.436 

 

0.001 

 

0.001 

 

0.061 

 

0.003 

 

0.001 

 

0.001 

 

0.133 

 

intestine 
0.10

6 

0.11

5 
0.022 0.751 0.001 - 0.001 0.001 0.002 0.001 - 

Ionizatio

n 

potential 

×10
-

4
(MeV) 

68.5

6 

1.00

39 

1.089

5 

1.176

9 

1.446

4 

1.537

9 

1.815

5 

1.908

8 

2.002

4 

2.190

5 

2.284

8 

Mass 

atomic 

number 

1.00

79 

12.0

107 

14.00

67 

15.99

94 

22.98

97 

24.30

50 

30.97

37 

32.06

5 

35.45

3 

39.09

83 

40.07

8 

 

The following figures illustrate the measurements in this work. 
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Figure 1-Mass stopping power for proton in the human skeleton tissue. 

 
Figure 2- Mass stopping power for proton in the human intestine tissue. 

 

      By using eq.(3), the relationship with total mass stopping power shows Bragg peak for proton in 

each tissue, as in the following figures. 
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Figure 3-Bragg peak for proton in the human skeleton tissue. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4- Bragg peak for proton in the human intestine tissue. 
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Figure 5- Total mass stopping power of proton in human intestine and skeleton tissues. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6- Bragg peak of human skeleton and intestine tissues. 

 

     In addition, proton ranges in these tissues were calculated using the language of the Matlab , as 

shown in  Figure-7. 
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Figure 7-Range of proton in human skeleton and intestine tissues. 

 

    Figures-(1,  2) show mass stopping power, calculated by four methods, in each tissue irradiated by 

protons. Similarities in the stopping power behaviors in the four methods comes from the fact that the 

stopping power depends on the  energy  and its maxima values occur at energies located in  0.05–0.5 

MeV. For all methods used, the stopping power increases rapidly at low energies up to the maximum, 

as shown in the Ziegler formula, SRIM program and Casp program. While at high energies, the 

stopping power gradually decreases with increasing the energy because the protons  have high velocity 

and  the possibility of an interaction with the electrons decreases and,  hence, the energy  loss 

decreases. The maximum loss of the proton energy in the intestine tissue is greater than that in the 

skeleton tissue for the same range of energy, although the components of the intestines are lower (in 

weight; see Table- 1) than those in the skeleton due to the high percentage of hydrogen in the intestine 

tissue, which is responsible for the loss of energy significantly within the tissue. The Bragg peak 

related to the stopping power (Figure- 6) of the intestinal tissue (876.2 MeV.cm
2
/gm) is larger than 

that of the skeletal tissue (763.1 MeV.cm
2
/gm).  The range of protons in the material increases by 

increasing the energy and its value also depends on the rate of energy loss; hence, its value in the 

skeleton is larger than that in the intestine tissue, as shown in Figure-7. Depending on the range values 

calculated by the SIRM program, the maximum absorbed dose  of the skeleton tissue was 4.8*10 
-6 

rad 

at the range of 4.991 g/cm
2
. For the intestine tissue, the maximum absorbed dose was 4.8*10 

-6 
rad at 

the range of 4.651 g/cm
2
, because the energy loss in the intestine was larger than that in the skeleton 

tissue.  
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Table 2-Maximum mass stopping power, maximum range , and maximum absorbed doses calculated 

along the path of the proton in human skeleton and intestine tissues, with maximum percentage error 

(%) of stopping power calculated by four methods. 

 

Tissue 
Method 

Energy 

(Mev) 

Maximum range 

of particle 

through the 

tissue (g/cm
2
) 

Maximum mass 

stopping power lost 

along particle path 

in target 

(MeV.cm
2
/gm ) 

 

Maximum 

percentage 

deviation  of 

stopping power 

(%) 

skeleton 

Srim 0.08 0.3014 793.1608 1.0193 

Beth 0.15 0.4550 517.1009 12.5296 

Ziegler 0.06 0.1564 830.4496 1.8585 

Casp 0.11 0.3018 684.7549 1.6508 

P.W 0.08 0.3407 763.1383 - 

intestines 

Srim 0.07 0.2822 902.6974 1.8835 

Beth 0.13 0.4305 609.3822 13.6106 

Ziegler 0.06 0.1459 977.6125 1.6001 

Casp 0.11 0.2820 771.9524 1.1039 

P.W 0.08 6.4026 876.1539 - 

 

Conclusions 

     In this work, the range and the stopping power for protons in both the skeleton and the intestine 

tissues of humans were calculated because such studies have important applications in medical, 

biological and applied sciences. It was found that the SRIM program method was more efficient for 

the calculations than the other methods. The Beth method had a high rate of deviation because it 

depends on the values (I) . 
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