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ABSTRACT 
This work presents an essay to the Auger Effect, by the Inelastic Collision Theory. Calcula-
tions of the energies of the electrons ejected for bands of the Auger spectrum of some mo-
lecules were made, to test of the model. 

 

1. INTRODUCTION 
Auger Effect [1] observed with atoms consists of a nonradioactive electron transition, with ejection of 

an electron from an initial state of the atom with a “hole” in the innermost electron layer. 
A neutral atom receives initially, a radiation of energy E, capable of withdrawing an electron from its 

electron layer K, leaving it with a “hole” in this layer. For light atoms, there is a great possibility that such a 
hole is filled by an electron from the outer electron layers, by a nonradioactive transition. This transition is 
accompanied by the ejection of an electron with kinetic energy T. The spectrum of these ejections is ob-
tained experimentally by measuring the relative intensity of the electrons ejected at various values of T. 

Figure 1 illustrates the normal process, showing one of the possible final states of the system. In this 
 

 
Figure 1. Effect Auger Normal K-WW. The small circles (O) represent “holes” in the electronic layer 
(I) and (F) represent the initial and final states considered in the process. (GS) stands for the 
“Ground State” system. 
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figure, W represents “weakly bonded” valence electrons and S represents “strongly bonded” valence elec-
trons [2, 3]. 

The normal Auger process corresponds to the transitions represented by K-WW, K-WS and K-SS. 
The first letter represents the layer with the “hole” in the initial state (I) and the next two letters represent 
the layers with “holes” in the final state (F) of the system. The transitions corresponding to these normal 
Auger processes lead to more intense lines in the Auger spectrum. Several other “satellite lines” in the Au-
ger spectrum are identified by transitions involving an initial excitation of a K-layer electron into a dis-
crete state.  

2. INTEREST BY THE AUGER EFFECT 
As the transition energy depends, at first approximation, on the binding energy of the electron K, the 

Auger spectrum constitutes, in a sense, an “X-ray” of the system. Thus, this process has been used as an 
efficient impurity detection technique on material surfaces. 

Industrial processes involving the machining of precision and impurities free surfaces, such as the 
manufacture of disks for microcomputers, may employ the Auger process for the determination of proba-
ble unwanted impurities on these surfaces. This is an example of the importance of the domain of this 
technology and of the interest of the molecular physicists by the study of this process all over the world 
[4-8]. 

3. THEORY 
The shock section for the ionization of a hydrogen atom in the Ground State (GS), with ejection of an 

electron with energy x2/2 in the direction x , was obtained by Massey and Mohr in 1933 [9], as: 

2 3
8π dd x

x
k x

σ =
                                       

 (1) 

d xσ  is equivalent to the Rutherford formula [8], for the shock section relative to the energy interval dε, 
white conditions for impulsion ( )01q a , where a0 is of the order of dimensions atomic: 

4

2
π dd e
Eε

εσ
ε
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 (2) 

Here, E is the energy of the incident electron and ε, the energy of the scattered electron, which, by analogy 
with Equation (1), corresponds to the energy of the ejected electron. 

The shock section related to energy transfer (E − E0) (system energy difference after and before colli-
sion) is related to the loss energy of the incident electron through Differential Effective Braking [9], given 
by: 

( )0 3d dnnE E E σ= −∑                                 (3) 

Here, both can be over the states of the discrete spectrum as over the continuous spectrum, and dE 
represents the average energy lost per electron within a given solid angle. 

It is “reasonable” to assume that the loss energy is proportional to the variation energy of the ejected 
electron [2]. Let us then admit the relation: 

d
d
E c
ε

− =                                       (4) 

It is reasonable to assume that the loss of energy is proportional to the energy variation of the ejected 
electron. Let us then admit the relation: d dk nE E σ≅ , where 0k nE E E= − , where Ek is the energy re-
quired to ionize the electron K, which corresponds to the first phase of the Auger process. From Equation 
(2) 2d d εε ε σ≅ . Therefore, we have 2d d kE Eε ε− ≅ .  

From experience [2], we can observed that the relation between energy variation to the ionize electron K 
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and energy variation to the ejection electron, is approximately constant: 

( ) ( )
( ) ( )

( ) ( )
( ) ( )

2 2 2
2 2 2

2 2 2

N O N O de CO
0.007

N O N O de CO
k k k kk

B B B B B

E E E EE

ε ε ε ε ε

− −∆
= ≅ ≅

∆ − −
               (5) 

So, we are going to infer that 3 60.9 kc E ε≅ , and: 
3

6d 0.9 dkEE ε
ε

≅                                    (6) 

Now, from Equations ((3), (4) and (6)), one can obtain that 

( )3
6

d0.9 dk GS fE E E ε
ε σ
ε

≅ −                               (7) 

where, 0GSE E=  represents the energy of the system’s ground state, before ionization, and  f nE E= , the 
final energy of the system. 

From Equations ((2) and (7)), we obtain 

( )
6

3d d
0.9 GS f

k

E E
E ε

εε σ≅ −                               (8) 

With this result, remembering that ( )2 22k mE ћ= , using Equation (2) and the atomic units 1m = , 

1e = , 1ћ =  and the condition kE E=  required for that Auger Effect occurs, we finally have, 
 
Table 1. Summary of results. All energies are in eV. The column fGSε  represents the average energy 

calculated by Equation (9) of this work. The column expε  represents the average experimental 

energy obtained from the energies measured for each band by Moddeman et al. [2]. 

Molecule Auger Effect Spectral line Ek EGS − Ef εfGS εexp 

N2 

GS  K-WW 

K-WS 

K-SS 

B 

C 

D 

409.9 

 

 

34.2 

55.4 

76.6 

363.1 

309.2 

277.5 

358.7 

337.9 

315.0 

O2 

GS  K-WW 

K-WS 

K-SS 

B 

C 

D 

544.2 

 

 

37.6 

59.4 

81.2 

513.4 

440.7 

397.2 

496.2 

466.4 

- 

CO       

C 

GS  K-WW 

K-WS 

K-SS 

B 

C 

D 

295.9 

 

 

34.6 

55.6 

76.6 

234.2 

200.0 

179.7 

248.3 

225.6 

- 

O 

GS  K-WW 

K-WS 

K-SS 

B 

C 

D 

542.1 

 

 

34.6 

55.6 

76.6 

525.1 

448.3 

402.8 

492.3 

464.3 

442.3 
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where, jGSε  provides the average energy of the electrons ejected for each GS → F process, accompanied 
by the Auger Effect. 

The results obtained by Equation (9) were compared with the mean energies for each band B, C, and 
D of the spectrum of molecules N2, O2 and CO, obtained experimentally by MODDEMAN et all [2]. 

In order to obtain ( )GS fE E− , the same scheme of the work of MODDEMAN et all [2], was used at 
light of Koopman’s theorem, that is 

( )
1

1 2

2

2 , para o processo GS K-WW;
, para o processo GS K-WS;

2 , para o processo GS K-SS.
GS fE E

ε
ε ε
ε

→
= +

→
− →


                    

 (10) 

Table 1 summarizes the comparison of results. 

4. CONCLUSION 
As can be seen in Table 1, the mean energies calculated by Equation (9) of this work represent a rea-

sonable approximation for the experimental average energies. That experimental results for average energy 
ejected electrons expε  was obtained of the MODDEMAN [2], taking the average of the experimental val-
ues of each line of the spectral bands B, C and D. The energies Ek, are the binding energies of the K shell. 
The (EGS − Ef) energies are the difference between energy of ground state EGS of the system and the highest 
energy of the normal Auger line Ef obtained by Equation (10) of the text. A brief analysis of the results on 
Table 1 shows that the normal Auger GS → K-WW affects the calculated values of average energies fGSε , 
which are very close to the experimental values. We see that the inelastic collision theory can be used to 
predict the average energies band of ejection electrons Auger normal. 
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