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Secondary electrons are produced in collisions of ions, fast atoms, metastable atoms or 
photons with the cathode or in gas phase ionization by neutrals. The effect can be represented by 
the secondary electron yield defined as the ratio of the flux of the emitted electrons normalized by 
the flux of the initial species. Secondary electron avalanches have a very important role in 
electrical breakdown of gases and in low-current stationary discharges. 

In this work we have reanalyzed the dependence of the yield of secondary electrons per ion 
γi  when Ar+ ions bombard  metal surfaces with varying degreases of surface exposure to oxygen 
[1], to water [2], to ambient gas [3], or to unspecified contamination [4], the so called dirty 
surfaces. Results were obtained in calculations performed by the Monte Carlo code [5,6] using the 
set of well-establish cross section data for argon [7,8] along the Paschen’s curve taken from Ref. 
[9]. Number of initial electrons was 10000 and their initial energies were 1 eV.  

The yields of electrons strongly depend on the ion energy. In Fig. 1 we have shown the 
energy distributions of ions at the cathode for different values of the reduced electric field. The 
width of the energy box is 1 eV and the representative values are taken at the middle of boxes. It is 
clear from Fig. 1 that the distributions are shifted towards the high energy as reduced electric field 
is increased. We can see that number of ions decreases with increasing the ion energy for the 
reduced electric field below 6000 Td. After that value of E/N, plateaus are observed at less energy. 
Number of ions decreases with increasing the energy in the first energy box, exception at the    
284 Td since in that case pressure and the number of collisions are very small.  
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Fig. 1 Energy distributions of ions at the cathode. 
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Yield of electrons is calculated by using equation taken from Ref. [10]. In Fig. 2 the 
dependence of secondary electron yields on the reduced electric field is presented. 
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Fig. 1 Dependence of the yield of secondary electrons on reduced electric field. Points, Monte Carlo 

data by using equation taken from Ref. [10]; line, data which are digitalized data from Fig. 11 
taken from Ref. [9].  

 

Simulation results are in a good agreement with the available data [9] at all reduced electric 
fields, except at the highest E/N when a little deviation can be noticed. We need to test whether all 
the relevant processes are included at those energies. All values of the secondary electron yield per 
ions are below 0.1.  

Monte Carlo code can be used in order to analyze the secondary emission of electrons due 
to impact of other particles (neutrals, electrons, metastables and photons) in argon as well as in 
other gasses such as nitrogen, oxygen and neon. The paper of Phelps and Petrović [9] has shown 
that a more complex modeling of secondary yields may be required.  In their analysis they have 
used simple beam models so the present work validates their approach and also it shows how such 
models may be developed for hybrid and PIC codes that involve Monte Carlo simulation of ion 
transport. 
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