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Introduction
The study of the interaction of ionizing radiation (X-rays, electrons, 

positrons, protons,and heavy ions) with living tissue is of paramount 
importance in the treatment of cancer because the amount of energy 
transferred by ionizing radiation to cancer cells will determine the 
outcome of treatment. Radiation therapy for ions has become common 
because it can provide High-dose radiation to the target while avoiding 
adjacent healthy tissues and organs [1].

A charged particle moving rapidly through matter loses energy 
primarily by ionizing and exciting atoms. An important goal of 
theoretical understanding of these processes is the prediction of the 
average rate of energy loss of the particle per unit distance traveled as 
a function of the particle’s energy. This fundamental quantity is called 
the stopping powerof the material for that particle. It is often denoted 
by the symbol -dE/dx and expressed in the units MeV/cm. Dividing the 
stopping power by the density ρ of the material gives the closely related 
mass stopping power,- dE/ρdx, which can be expressed in 2MeV.cm

g
[2] . 

The stopping power is the most important parameter ofthe energy loss 
process of energetic ions that is passing through matter. The energy 
loss of heavy ions is complicated because of the charge-exchange effect 
which leads to charge-state fluctuations [3]. The electronic stopping is 
caused by the interaction of ions with the target bound electrons [4]. 
The lost energy of the ions penetrating the material can occur due to 
several processes excitation and ionization of the target atoms, the 
capture of the electron, ionization or excitation of the projectile [5]. The 
aim of this research to study mass stopping power for the protons, in 
tissues (Bone, Muscle (skeletal), Adipose tissue) using Bethe and Bragg 
equations.
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Theory
Stopping power is defined as loss of energy per distance in the target 

material which can be written as (-dE/dx) which is depending on the 
projectile charge and also on the target matter [6]. The study of stopping 
power is one of the subjects which takes a large space in the study of 
physics scientists. These studies were theoretical and experimental by 
using different methods [7]. For compounds Bragg additively, the rule 
is found to work quite well. The rule says the mass stopping power for 
the substance containing several elements is taken to be equal to the 
weighted sum of the mass stopping power of the constituent atoms [8].
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ni: the number of atoms of the jthkind of atoms in a compound or 
mixture

ωi: ratio of the weight of the elements in the compound

Ai: atomic mass of medium

ρ:density of the medium
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dxρ

− : mass stopping power of compound

i ( )dE
dxρ

− : mass stopping power for the elements in the compound

Bragg rule is [9]:
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Stopping power of charged particles can be calculated by using 
Bethe equation (quantum mechanics) [10]:

2
1 2

2 Bethe
Z ZdE K L

dx Aβ
− =

                
(3)

2 2
2

2

2ln ln I
1

e
Bethe

m cL β β
β

 
= − − 

2 24 0.307075e eK r m cπ= =

22
e1 2

2

M V.cm0.307075 ( )
gBethe

Z ZdE L
dx Aβ

− =

re = 

2
15

2 2.818*10 m
e

e
m c

−= classical radius of electron

me=9.11*10-31 kgrest mass of electron

c=3*108m/sec: speed of light in the vacuum

mec
2=0.511 MeV: The rest mass energy of the electron

Z1: atomic number of projectiles

Z2: atomic number of targets

β= 
c
ν

 : relative velocity

〈I〉: mean ionization potential of the medium (eV)

Stopping Time 

Stopping time is defined as the time required to stop the charged 
particle in the middle of the sorbent. From extensive experimental 
studies it was found that we can find the time to stop the charged 

particles in the sorbent material by the following relationship:

( )( ) ( )dE dE dx dEv
dt dx dt dx

ρ ρ
ρ ρ
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Where v= dE
dt

=particle speed

A rough estimate can be made of the time it takes a heavy charged 
particle to stop in matter, if one assumes that the slowing-down rate is 
constant. For a particle with kinetic energy, this time is approximately 
[11].
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t: is Stopping time (sec)

Results and Discussion
The equations (1,2,3 and 4) were programmed using MATLAB 

2017. The stopping power has been studied, the result demonstrated 
a good agreement with the present work from the experimental values 
of SRIM2013 program and PSTAR for protons in the tissues (Bone, 
Muscle (skeletal) and Adipose tissue) as shown in the figures (Figure 1, 
Figure 2 and Figure 3).

In energies less than (0.07) MeV where the stopping power is cut 
off that the reason for these parts attributed to low speed of particle so 
the stopping number (LBethe) is negative. The stopping time of protons 
in some tissues of the human body has been calculated according to 
equation (5) which was programmed by Matlab 2017 program.

The above figure shows that the stopping time of protons in the 
studied tissues is almost constant at energies (0.01-0.1) MeV and then 
starts to increase in a row within the energy (0.1-1000) MeV (Figure 4). 
That is, the stopping time is increasing within the range of highenergies.
The table shows the correlation coefficient (r) of the protons falling on 

Figure 1: Comparison of the present work, SRIM 2013 and PSTAR for stopping power of bone as a function of projectile energy for protons.

Figure 2: Comparison of the present work, SRIM2013 and PSTAR for stopping power of muscle as a function of projectile energy for protons.
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the studied targets where it is noted that the relationship between the 
stopping power calculated in this research and the stopping power 
according to the SRIM2013 program and PSTAR cod for tissues, (Bone, 
Muscle (skeletal) and Adipose tissuerelevant strong ejection (Table 1). 

Conclusions
• We conclude that the Bethe equation (3) is suitable for the 

calculation of the electronicstopping power of protons in the studied 
tissues.

• When calculating the stopping power of protons in studied 
tissues shows (LBethe) is negative in energy rang less than (0.07MeV).

• The stopping time is increasing within the energy range (0.1-
1000) MeV.

• This research application in several important fields, including 
the field of studies and scientific research and the field of diagnosis and 
medical treatment.
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Figure 3: Comparison of the present work, SRIM2013 and PSTAR for stopping power of Adipose tissue as a function of projectile energy for protons.

Figure 4: Relationship between the stop time and the energy of the protons falling from the studied tissues.

Project Human Tissue CORREL
Protons Bone 0.99

Muscle(skeletal) 0.95
Adipose tissue 0.99

Table 1: Correlation coefficient values when comparing the electronic stopping power 
resulting from Bethe equation with SRIM2013 and P-STAR results.
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