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ABSTRACT 

        The aim of this research is to investigate the behavior of the backscattering, transmitted and 

absorbed coefficients as a function of the positrons beam primary energy. The absorbed, 

backscattering and transmitted probability coefficients has been calculated and studied 

graphically via Monte Carlo simulation technique PsMCS ( positronium Monte  Carlo Computer 

Simulation ) for a high energetic positrons from 1 to 160 keV,  implanted normally into a semi -

crystalline Polytetrafluoroethylene target ( PTFE ) with it’s the two components of the target. 

Comparison with available references yields good quantitative agreement for dynamics factors.  

  

Index Terms 

Absorbed coefficient, Backscattering coefficient, Monte Carlo Simulation, PTFE, Transmitted 

coefficient.  

I. INTRODUCTION 

           The positron interaction with the matter especially polymers has been studied theoretically  

and experimentally for  different  energies [1-4].   Monte  Carlo simulation technique designed to 
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be used for the simulation of particle transport across an absorber material by following each 

incident particle through the subsequent collisions it undergoes and applying specific rules each 

time one of the expected interaction processes occurs. The positron undergoes elastic and 

inelastic collisions through its trajectories. Elastic  scattering  describes  the  interactions  of  it 

with  the potential field of an atomic nucleus[5] because a nucleus is more massive  than  the  

positron, the energy transfer involved here is usually negligible. Inelastic scattering is the main 

energy loss mechanism for positrons interacting with the PTFE sample. These interactions 

usually include core ionization and excitation [1].  For the positron,  it has some possibility of 

annihilating with an electron or making positronium atom. 

          There are two parameters to describe inelastic collision: the inelastic mean free path and 

the stopping power.  Gryzinski  [6-8] models  that  usually  applied  to  describe inelastic  

scattering    used  a  semi quantum-mechanism treatment to describe the scattering off individual 

atom in medium by  the  electron  binding  energy. The Monte Carlo programs used in the 

models of the implantation profile of electrons and positrons have been developed first by 

Adesida et al. [9], Valkealahti and Nieminen [10] and Jensen and Walker [11],  All of these 

programs have a similar structure.  

         The accuracy of the model which is being used depends on the modeling of scattering 

processes included the most dominant interactions elastic and inelastic processes. The program 

used in this paper Positron Monte Carlo Simulation PsMCS, was designed to have a good 

flexibility to determine many factors for Polytetrafluoroethylene PTFE target such as absorbed 

coefficient, transmitted coefficient, backscattered coefficient, mean penetration depth, angle of 

scattering, etc. and simulated the trajectory of the positron starting from time zero and energies 

range from 1-160 keV.                                          
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II. THEORY 

        A Monte Carlo simulation program has been established consisting many steps for showing 

how the positron particle moves through its track .When it inters the matter, undergoes many 

interactions (elastic and inelastic collisions) with the matter PTFE in which it consists of two 

major components, Carbon and Fluoride atoms and step by step lose most of its energy until it 

get thermalized and pick up an atomic electron to form positronium atom[12]. Therefore the 

ejected positron have many  probabilities for losing its energy through inelastic collisions inside 

the target; it is either annihilated from a bulk state within material or trapping in surface state 

[13] followed by either annihilation or thermal absorption as positronium [14], other two 

probabilities are direct emission as positronium [15] or direct reemission as a free positron.  

Therefore elastic and inelastic cross sections for interactions must be found using the differential 

elastic scattering cross section which can be calculated by the so-called relativistic partial wave 

expansion method, corresponding to the Mott cross-section which approximated with the 

screened Rutherford formula. The differential cross is: 
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And the total elastic scattering cross section       is 
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θ is scattered particle angle with solid angle Ω and α is the atomic screening parameter as 

suggested by Nigam et al.[16], M.Dapor [17] and later by I.Kyriakou et.al. [18] defined as  
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( 3 )  

Where me is an electron mass, Zi is the charge of target i with mass m, h is Planck constant and 

Ep is the energy of incident positron.  

          The partial differential cross-section with the energy difference for a positron giving its 

energy Ep to an electron of inner shell is given by [6-8]: 
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 ( 4 )   

 

Where σ0 = 6.56 x 10
-14

 Z
2
[19,20]. 

          Scattering angle after each collision is calculated by choosing a uniform random number 

R1 in which it lies between zero and one, and then finding the value of scattering angle  from the 

cross-section data which satisfies the screening Rutherford equation. We can generate another 

random number R2 to choose the part of interaction in which the particle will interacts with it, to 

decide if it is carbon or fluoride in the target, therefore the probability of interaction is:  


i

iiiiii AfAfiP )//()/()( 

        

                                                                                      ( 5 )   

Where fi represents the atomic specie i with atomic mass Ai . Therefore if  R2 is in the range 

between zero and Pi , the interaction is done by the atom i and the probability of the other specie 

is done between Pi and one. For each inelastic scattering interaction, the energy loss is calculated 

by choosing another uniform random number R3 to find the value of decrement or: 
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Finally  the distance traveled between collisions  s is obtained by generating another uniform 

random generator 0 ≤  R4  ≤ 1 and also R5 is generated to classify the processes whether an 

individual event is due to elastic scattering , inelastic core electron scattering , or inelastic 

valence electron scattering in which its ranges are between 0 and one.  

         When a particle beam impinges on a solid target, some particles, after a number of elastic 

and inelastic collisions with the atoms of the target, transmitted through the matter , while other 

particles are absorbed and annihilated or, final process is backscattering far from it. The 

backscattering coefficient depends on the type of particles, on their primary energy, on the target 

mean atomic number, and on the incidence angle. In this paper, we consider high energy 

positrons interacts with both atoms of the polymer.  

         Th e  backs ca t t e r i n g  co effic i en t  defin ed  a s  t h e  r a t i o  o f  t h e  n um b er  o f  

b acks ca t t e r ed  p os i t r on sns  t o  t h e  number of incident positrons. The bulk 

backscattering of positrons from surfaces in the energy ranges 10 keV to 1 MeV for  a target of   

Z<30 materials indicates a significant increase of the backscattering coefficient, and it is 

increasing with increasing target thickness until saturation is reached at a thickness 

around half the practical range of the incident positrons this means that the 

backscattered positrons are increased at low energies of incident particles.  

        The transmission coefficients increases with electron energy for a given target thickness but 

it decreases with increasing effective atomic number Z of the target material as in our target, the 

primary reason for the smaller transmission coefficient for materials of high Z is that, on the  
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average, the angular deflections of the positrons  during interactions or collisions with such 

materials are greater than the angular deflections of positrons interacting with materials of low 

Z[21]. 

         The conservation of the total number of particles entails that, for a given thickness t, 

  ( )    ( )      ( )                                                                                                          ( 7 )    

        The  implantation  or penetration  profile  P(z, E) of monoenergetic positrons having an 

energy E travelled a distance z from the surface of the material in the direction of the incoming 

beam,  is given by:  

 (   )  
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with     
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m is known as shape parameter, r  and A are empirical material related parameters,     is the mass 

density of the sample and Γ is the gamma function[22]. 

        The positron implantation profile is called a Makhov profile, named after Makhov’s original 

electron implantation experiments[23]. The parameters of this profile can be obtained 

theoretically from Monte-Carlo simulations [10,19]. Ghosh[24] showed by several Monte-Carlo 

calculations. The transmission  

probability could be written in the following form as follow[25]: 

  ( )         (
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 The general form of the  ηT  of the incident potential relation is similar to the Lindhard et 

al. law in which related with the total number of atoms per unit volume in the target and also 

with the total scattering cross section[26]: 

 When a positron beam impinges on a solid target, a fraction of the beam is absorbed, another 

fraction is backscattered, and the remaining one is transmitted. The sum of these fractions is 

equal to unity. Their values depend on the beam quality, the nature of the target and its thickness. 

The backscattering phenomena is usually described by the backscattering coefficient. The 

backscattering coefficient depends on the type of particles, on their primary energy, on the target 

mean atomic number, and on the incidence angle. In this paper, we study the dependence of it on 

the target mean atomic number, positron incidence angle, and primary energy[27].  

        In order to obtain the value of Backscattered coefficient  for the arbitrary atomic number Z 

of the target and incident kinetic energy E of the positrons, it would be convenient to use the 

following equation which well reproduces the most probable values given by the existing data 

for the energy region from about 1 to 160 keV[28-29]. 

        Therefore we can find backscattered coefficient as a function of z and distance x,    (   ) 
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Where γ = 0.355z
2/3

 , W= exp(- γx/S) and S=1-x   

The residual positrons are absorbed in a solid target and the absorbed positron coefficient 

calculated by subtracting the transmitted with absorbed positron coefficients  from one.    

          Monte Carlo method calculation has been used in this research for describing the energy  
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distribution of transmitted positrons. This method can offer the most accurate solutions for the 

positron transmission problems in bounded medium and applicable to any energy range of 

positrons and to any geometry. Statistical nature of inelastic scattering processes, as well as the 

elastic scattering process, is taken into account. 

          The Monte Carlo program simulation is constructed in such away and many restrictions to 

give probabilities of positron interaction with the two parts of the medium (Carbon and 

Fluoride). At the first moment of interaction, the positron must be interacts with the Fluoride 

atom or the Carbon atom, otherwise it remains in its direction till it met another molecule of the 

polymer and repeat the same procedure. If the particle interacts with the Fluoride atom, this 

interaction may be of coarse elastic or inelastic interaction in which the two parts also divided 

into two parts core or valence interaction.  

 

III. RESULTS AND DISCUSSION  

1 – Backscattered coefficients: Backscattered positron coefficient is the ratio between the 

number of positron beam that return and emerge from a target surface when the beam impinges 

on a solid to that of incident positron. Figure (1) represents the Backscattered coefficient BSC of 

the energetic positrons from the target Polytetrafluoroethylene PTFE verses its energy .It has 

been seen that the back scattered positrons are increased with the positron energy decreasing 

because the particle has a low energy and the probability of colliding with another particle to 

return back is too high [30]. 
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2 – Transmitted coefficients: For a million particles we notice from Fig.(2) that the transmitted 

positrons increased with the increasing of its energy because of the high energy of the positrons 

ranged from (1 to 160 keV). This is true for both atoms Fluoride and Carbon atom. We can see 

that transmitted coefficient reaches the saturation region 99.41% after about 90 keV positron 

energy. 
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3 – Absorbed coefficients: Figure (3) represents the variation of the ratio of absorbed particles ( 

absorption coefficient ) with its energy for all number of positrons. It has been seen that the 

absorbed positrons are decreased with its energy bellow 40 keV ( transmitted coefficient is 0.078 

% )  and its ratio is near zero for high energies and reaches saturated region bellow this energy  

because its may be collides with any one of the components (Fluoride or Carbon) as follow: 

          

 

IV. CONCLUSION  

          The paper was focused on the simulation of the interaction of a positron beam with a semi-

crystalline polymer target constituted by thin films. Absorption, Backscattered and Transmitted 

coefficients of positron impinging into polymer material polytetrafluoroethylene PTFE by using 

positronium Monte Carlo simulation method in the examined energy range (1 – 160) keV and for 

a million particles has been calculated . We have   remarked    these coefficients   increasing   or 

decreasing    for   the   Polytetrafluoroethylene components (Fluoride and Carbon) and conclude 

that the both coefficients ηA and  ηB  are nearly decreased with positron increasing and the last 

coefficient ηT is increasing with the energy increasing. 
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