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Abstract 
The x-rays imagining chains components from the source to the detector, rest on 

the first part of simulation to the energy production of x-rays emission (source), 
which suggest us to identified the losses energies result from interaction between 
the fast electrons and the particles of metal: the energies losses due to "collisional 
losses" (ionization, excitation) and "radiative losses". 

For the medium and the primary electron energy which interests us, the electrons 
slowing down in the matter results primarily from the inelastic collisions; whose 
interest is to have to simulate the x-rays characteristic spectrum. 

We used a Monte-Carlo method to simulate the energy loss and the transport of 
primary electrons. This type of method requires only the knowledge of the cross 
sections attached to the description of all the elementary events. 

In this work, we adopted the differential cross section of Mott and the total cross 
section of inner-shell ionization according to the formulation of Gryzinski, to 
simulate the energy loss and the transport of primary electrons respectively. 

The simulation allows to follow the electrons until their energy reaches the atomic 
ionization potential of the irradiated matter. The differential cross section of Mott 
gives us a very good representation of the pace of the distribution of the energy 
losses. The transport of primary electron is approximately reproduced. 
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1. INTRODUCTION 

The interactions which present the ionizing particles are essentially "collision" with 
the electrons. According to the importance of the energy imparted to the electron, the 
atom to which it belongs is ionized, excited, or acquires a "thermal" supplement of 
energy. If the energy exchanged at the time of this interaction is rather large, an 
electron is torn off with the atom to which it belongs, it is ionization. If exchanged 
energy is not very important, the electron remains related to the atom while 
undergoing a transfer on a level more raised, it is the excitation. 
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If the orbital electrons in an atom are disrupted from their normal configuration by 
some excitation process, the atom may exist in an excited state for a short period of 
time. There is a natural tendency for the electrons to rearrange themselves to return the 
atom to its lowest energy or ground state within a time that is characteristically a 
nanosecond or less in a solid material. The energy liberated in Ibe transition from the 
excited to the ground state takes the form of a characteristic X-ray photon whose 
energy is given by the energy difference between the initial and final states. 

The primary particle must lose its energy in many such interactions during its 
passage through an absorber. At any given time, the particle is interacting with many 
electrons, so the net effect is to decrease its velocity continuously until the particle is 
stopped. 

In this work, we will hold in to account only the process of ionization, use the 
Monte-Carlo method for simulate the physical processes with randomness, such as the 
transport and the loss energy of the primary elections, whose needed to support the 
finer expression of total and differential cross section. This development is based on 
the description of total cross section, differential cross section. We have approached 
our results using the formulation of Gryzinski and Mott. 

The object of this study is simulating in future the characteristic spectrum of x-ray 
based on the corresponding of loss energy study in this paper. 

1. DIFFUSION OF ELECTRON 

When an electron penetrates in a material medium it enters in Coulomb interaction 
with many electrons. Fast electrons lose energy at a Iowa rate and follow a much 
more tortuous path through absorbing materials [1]. 

In the field of energy considered (EclMev), die electrons are non relativistic 
particles, and the electromagnetic radiation in the form of Bremsstrahlung [2] is 
practically non-existent 

The energy loss per collision is in practice the most important mechanism. They are 
thus the diffusions of the primary electrons by the electrons forming the electronic 
procession of the atom which we will take into account 

2.1. Trajectory of primary electron 

For simulating the trajectory of primary electron we use die total cross section of 
ionization in layer, by the Gryzinski formulation [3], The total cross section of ejection 
of an electron in the layer interns i by a primary electron is written: 

With: o 0 = 6.5153-10~,4Z2 ev2 cm2 
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Zq: the elementary charge numbers of the primary particle. 
U|: the ionization potential of layer i in the target atom, 
e: average energy of an electron in layer i. 
E: energy of the primary particle. 
The traverse X between two consecutive interactions is determined by: 

X = -X(E) . log(R) (2) 

Where: R is a random number distributed between 0 and 1. 
The mean free path: 

X(E) = — - — (3) 
S(E).N v 

S (E): the total cross section. 
N: The atom number per unit of volume. 

2.2. Energy loss 

However, we have used the differential Cross sections of Mott in the second 
approaches simulating of the energy loss. The differential cross section for ionizing 
collisions can be expressed most generally by the following equations [3]: 

' , 1 1 w 

dW T 1 ( E - W ) * T(E - W) ** 

W: The kinetic energy of the secondary particle. 
T: The loss energy of the primary particle. 

In order to sample a loss of energy T, we can apply the sampling procedure known as 
of "composition" [3]. 

2. RESULTS AND DISCUSSION 

In this section, we will have the important results that we will comment on thereafter, 
For that we choose a target of Molybdenum and we consider primary electrons, of 
initial energy E=150 kev and having for co-ordinates those of the origin (0, 0, 0) 
according to the angles of the direction $ =6 = 90°. 

The simulation of the trajectory of the electron makes it possible to determine the 
whole of the points where the electrons interact in the medium. Figure (1). 
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Figurel. Trajectory of the primary electron. 

An electron of initial energy E gradually loses its energy in the medium and its 
trajectory finishes when its energy is reduced to a value lower than the binding energy 
of the target electron. 

In our case the primary electron will stop after 118 collisions with the electrons 
target, it is the path. Figure (2). 

The figure (3) shows the variations of energy E of the primary electron according to 
the number of collision, we sees well that the electron slows down in metal. At the 
time of its passage through the matter, the electron transfers its energy in many 
collisions with the electrons of the target atom. 
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Figure 3. Energy decrease of the primary electron. 

From this study, we show also the energy loss according to a number of collision 
figures (4), the electron will not lose the same quantity of energy during all his path. 
The quantity of energy transferred at the time of each collision is generally a very 
weak portion of die total kinetic energy of the primary electron. 

Figure 4. Variation of the energy loss 
according to a number of collision. 
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4. CONCLUSION 

We showed in this study that the use of die Monte-Carlo method makes possible to 
follow the trajectory of electrons and their loss energy in the medium, which other 
methods or analytical study, cannot allow obtaining and rather difficult The method 
can be used in die same manner, to include and simulate the other random physical 
processes that are not included in this paper. 

Our simulation respects the stochastic process of the passage the electrons in the 
matter. The source data necessary are the cross sections of all die possible events. We 
used for that the total and differentials cross sections the most elaborate possible. 

The approached results which we obtained are die knowledge of the trajectory and 
the energy losses of the primary electrons. 

This method was developed for Molybdenum. The extension to other mediums is of 
course subordinated to the knowledge of the cross sections. 
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