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Abstract : In this paper  theoretical calculation of  the range for  alpha particles with 

the energy range (4 – 15)MeV when  passing in some metallic media (Cu , Ge , Ag , 

Cd , Te and Au) . Semi empirical formula was used in addition to (SRIM-2012) 

program . The Semi empirical equation was programmed to calculate the range using 

Matlab Language .The results of the range in these media were compared with the 

results obtained from SRIM-2012 and )(2011)Andnet) results . There was good 

agreement among the semi empirical equation result , SRIM- 2012 results and with 

)(2011)Andnet)  results in the low energy .The results showed exponential relation 

between the range of alpha particles in these media and the velocity of the particles . 

By recourse with SRIM- 2012 results and application them in Matlab program and by 

using Curve Fitting Tool we extraction equation with its constants to calculate the 

range of alpha particles in any element of these six elements with the energy range    

(4 – 15)MeV .The maximum deviation between the results from the semi empirical 

calculation and SRIM-2012 results was calculated the statistical test              ( kstest2) 

 in Matlab program  

Key word:-stopping power ,stopping number, range , heavy charged particles. 

 
  Cu , Ge , Ag , Cd , Te , Au الساقطة على  ألفاجسيمات مدى دراسة 

 (    (MeV 15-4بطاقة 
 وفاء نصيف جاسم

 جامعة الكوفة / كلية التربية للبنات

 راشد عويد كاظم

 جامعة الكوفة / كلية التربية للبنات

  : الخلاصة   

 هب( خلاه ٍشوس(MeV 15-4راد طبقخ  أىفبدساسخ ّظشَخ ىحسبة ٍذي خسَُبد أخشَذ فٍ هزا اىجحث        

 ريشَىً  (Cd),مبدٍُىً  (Ag),اىفضخ,  ( (Geاىدشٍبُّىً , ( (Cuوهٍ)اىْحبس َعذُّخفٍ ثعض الأوسبط اى

,(Te) اىزهتAu)) )ثبسزخذاً ٍعبدىخ شجه ردشَجُخ وثبسزخذاً ثشّبٍحSRIM-2012  .ثشٍدخ ريل  إىً إضبفخ

قٌُ اىَذي ٍع ّزبئح   وقىسّذ  Matlab Languageثبلاعزَبد عيً ثشّبٍح  اىَعبدىخ شجه اىزدشَجُخ ىيَذي

اىَعبدىخ شجه اىزدشَجُخ  ىافق خُذ ثُِ ّزبئحر فنبُ هْبك  ( (Andnet (2011)وّزبئح SRIM-2012ثشّبٍح 

ٍذي خسَُبد  إُ اىْزبئح أظهشد.  عْذ اىطبقبد اىىاطئخ( (Andnet (2011) وّزبئحSRIM-2012 ٍع ّزبئح

ورطجُقهب  SRIM 2012ثشّبٍح اىـ  ْزبئحبلاسزعبّخ ثوث. أىفب فٍ ريل الأوسبط َعزَذ عيً سشعزهب ثشنو أسٍ 

 رٌ اسزخشاج Curve Fitting Tool ثبسزخذاً أداح ٍطبثقخ اىَْحٍْ   MATLABفٍ ثشّبٍح اىَبرلاة 

 .((MeV 15-4ثَذي طبقخ  اىعْبصش اىسزخ ٍِ عْصش اٌ فٍىحسبة ٍذي خسَُبد اىفب ٍع ثىاثزهب ٍعبدىخ 

-SRIMّزبئح ثشّبٍح  اىزدشَجُخ اىَسزخذٍخ ىحسبة اىَذي ٍع شجه أقصً اخزلاف ثُِ ّزبئح اىَعبدىخ حُست

 . Matlab فٍ ثشّبٍح اىـ الإحصبئٍ  ( (k kstest2اخزجبس ثبسزخذاً 2012

 قذسح الإَقبف  ,عذد الإَقبف  , اىَذي ,اىدسَُبد اىَشحىّخ اىثقُيخ .: الكلمات المفتاحية
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Introduction :The study of stopping 

power and range theory has attracted 

physicists for the nine decades since the 

days Madame Curie discovered 

radioactivity in materials. Hundreds of 

papers and dozens of review articles 

have been written on this vast subject. 

The stopping power is defined as the 

mean energy loss per unit path length–

dE/dx [1] . In passing through matter , 

charged particles ionize and thus loss 

energy in many steps , until their energy 

is (almost) zero . Because of Coulomb 

force has infinite range , the particle 

interacts simultaneously with many 

electrons and thus loss energy gradually 

but continuously along its path. After 

travelling a certain distance, it has lost 

all of its energy; this distance is called 

the range of the particle ,[2] predictable 

distance inside the medium. Formally 

this can be written as [3]: 

  ∫
  

 ( )
                                  ( )

 

 

 

where R is the range of the ion, U the 

visibility threshold for the track and E 

is the initial energy . If S(E) is the mean 

stopping power value, we obtain the 

mean range for the ions. 

Theory :An energetic ion penetrating 

in a medium interacts with the target 

atoms. It collides with the nuclei and 

electrons of the target. The interactions 

lead to a loss of the ion’s energy. In the 

energy range of 0 - 10 KeV/amu, in 

which we are mainly interested, the 

energy loss per unit length i.e. the 

stopping power, can be divided into 

nuclear stopping and electronic 

stopping terms . The nuclear stopping 

governs the energy losses caused by 

elastic collisions between the ion and 

the nuclei of atoms in the target. The 

electronic stopping term governs the 

energy losses caused by the electronic 

interactions , which can be further 

divided into several different 

contributions depending on the nature 

of the interaction [3,4].The total 

stopping power is then just the sum of 

the stopping powers due to electronic 

and nuclear interactions[5]: 

        
  

  
                               …..(2) 

 
  

  
                         …..(3) 

Here the negative sign signifies the fact 

that the particles lose energy as they 

pass through the material . For most 

practical purposes the nuclear 

component of the stopping power can 

also be ignored as it is generally only a 

fraction of the total stopping power. For 

particles such as electrons, this 

statement is always valid since they are 

not affected at all by the strong nuclear 

force. For heavy positive charges , such 

as α-particles, this holds if the particle 

energy is not high enough for it to 

penetrate so deep into the atom that the 

short range nuclear forces of nuclear 

particles become appreciable. Hence 

the stopping power can be written as a 

function of the electronic component 

only. 

 
  

  
                                   ( )                         

     The first successful attempt to derive 

a relation for the energy loss 

experienced by an ion moving in the 

electromagnetic field of an electron was 

made by Neils Bohr[5].Later on Bethe 

derived another expression for the 

stopping power using quantum 

mechanics[6]: 

  
    

     
   

                          ( ) 

         
     

  
                         ( ) 

                       

  (LBeth : stopping number for Bethe) 

                                                   ( ) 
It is very tempting to try to compute the 

average distance a particle beam will 

travel (also called range) in a medium 

by integrating the stopping power over 
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the full energy spectrum of the incident 

particles, such as[5]: 

dx
dx

dE
TR

T 1

0

)(



 







          …..(8) 

     It is apparent that theoretical 

computation of range is a difficult task. 

A number of experiments turned to 

empirical means of measuring this 

quantity and modeling the behavior on 

the basis of their results[7].Several 

empirical and semi-empirical formulae 

have been proposed to compute range 

of α-particles in air . For example[5]: 

  (  )
    {

     √  
                         

         ( )

(           )        
   

                 

 

                                        

  
   [  ]  {

            
                     (  )

                            

 

Ranges of alpha particles as well as 

other charged particles such as protons 

and deuterons of a given energy in 

absorber elements of atomic number    

Z > 10 in units of absorber mass 

thickness can be calculated directly by 

comparison to the calculated range of 

the same charged particles of the same 

energy in air according to the following 

formula described by Friedlander et al. 

(1964)[8,9] 

)11...(log)0086.006.0(0275.090.0
M

E
ZZ

R

R

air

z 

where Rz is the range of the charged 

particle in mass thickness units    

mgcm
-2

, Rair is the range of the charged 

particle in air in the same mass 

thickness units, Z is the atomic number 

of the absorber element, E is the 

particle energy in MeV, and M is the 

mass number of the particle (i.e.,1 for 

protons, 2 for deuterons, and 4 for  

alpha particles).The formula provided 

by Eq. (11) is applicable to charged 

particles over a wide range of 

energies(approximately over the range 

(0.1–1000MeV) and for absorber 

elements of Z> 10. For lighter absorber 

elements the term 0.90+0.0275Z is 

replaced by the value 1.00 with the 

exception of hydrogen and helium, 

where the value of 0.30 and 0.82 are 

used, respectively (Friedlander et al., 

1964)  For two heavy charged particles 

at the same initial speed β, the ratio of 

their ranges is simply [10] 

2

2

1

1

2

2

2

1

)(

)(

MZ

MZ

R

R





                     …..(12) 

where M1 and M2 are the rest masses 

and Z1 and Z2 are the charges. If particle 

number 2 is a proton (M2 = 1 and         

Z2 = 1), then we can write for the range 

R of the other particle (mass M1=M 

proton masses and charge Z1 = Z) . 

)()(
2

 PR
Z

M
R                 …..(13) 

where Rp(β) is the proton range.  

Results and Discussion: 

In this paper introduce we suggested  

semi empirical  equation to calculate 

the range of the alpha particle in some 

metallic media (Cu , Ge , Ag , Cd , Te 

and Au) with energy from (4 -15MeV) 

which is: 

         
           ( )  (  ) 

 We programming this equation 

depended on Matlab Language .As well 

as we using the SRIM2012 program 

,which have been written in the mathlab 

program and using coincidence 

tool(curve fitting tool) we achieved 

finding equation (15) with its constants 

in any medium of six element :  
energy Function Element Constant 

4
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M
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Cu a = 0.522   
b = 1.623   
c = 1.963 

 

Ge a = 0.5561   
 b = 1.617 
 c =1.922 

 
Ag a = 0.6879   

  b =1.601   

  c = 1.697 

 

Cd a = 0.7265   
b =1.58   
c =  1.792 
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Te a = 0.8076   
b =1.571   
c =1.356 
 

Au a = 1.156   
b = 1.527   
c = 2.589 
 

Table(1) the equation which represent 

the range of alpha particles in some 

element   

The figures (1-6) are plots of the range 

versus the incident alpha particle 

energy from (4 - 15Mev) for the 

elements Cu , Ge , Ag , Cd ,Te and Au 

by using Matlab Language . These 

figures represented comparison among 

the range calculated from equation (14),  

the corresponding values obtained from 

SRIM-2012 program ,  ((2011)Andnet)  

results and the fitting results to the the 

SRIM-2012 results for the  same 

elements .We found a good agreement 

among the present semi empirical 

results equation (15)) , SRIM-2012 

table and ((2011)Andnet) results  for  

figures (1,2,3,4,5) which is the plot of 

the range versus the incident alpha 

particle energy from(4- 15Mev) for the 

elements Cu  , Ge , Ag , Cd ,Te, but we 

noticed there is no good agreement 

with, the present semi empirical 

results(equations (14)) for figure (6) 

which is the plot of the range versus the 

incident alpha particle energy from     

(4 - 15MeV) for the element Au. This 

shows the present semi empirical 

results do not have a good agreement 

with the values of SRIM-2012 tables 

for elements having large atomic 

number. To show The maximum 

deviation between the curves we use the 

statistical test  k ( kstest2Two-sample 

test) by using Matlab program .The 

maximum difference between the 

present semi empirical results(equations 

(14)) and values of SRIM-2012 tables 

for figure (1,2,3,4,5) which for Cu , Ge 

, Ag , Cd gave  k = 0.0667 but, in the 

case of Au  from figure (6), we get   

k=0.1333.This shows the present semi 

empirical results do not have good 

agreement with the values of SRIM-

2012 tables for elements having large 

atomic number. 

 
Figure (1)the range of alpha particle in Cu 

 

 
Figure (2)the range of alpha particle in Ge 

 

 
Figure (3)the range of alpha particle in Ag 

 

 
Figure (4)the range of alpha particle in Cd 
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Figure (5)the range of alpha particle in Te 

 
Figure (6)the range of alpha particle in Au 

Conclusion 
1-The range of Alpha particle 

increases with increasing alpha 

particles energy for all atomic 

mediums which we use . 

2- From above curves we notice  the 

large effective of atomic number for 

the stopping elements on the range of 

alpha particles . This effective 

increases with increasing atomic 

number of the stopping element .It is 

also noted that in figure (1) which is 

the plot of the range versus the 

incident alpha particle energy for the 

elements Cu with atomic number 29 

but in figure (6) for Au with atomic 

number 79 ,the range became large  .   

3-The range of Alpha particle  

inversely Proportional with mean 

energy loss and stopping power 

according to the relation:  

S.P.

1
ER 

. 

Where S.P. is the stopping power for 

absorber medium. 

4-By using the test statistic k  ( kstest2) 

we get the present  semi empirical     

results do not have good agreement 

with the values of SRIM-2021 tables 

for elements having large atomic 

number. 
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