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Abstract: In this paper, the dust charging process is investigated in the presence of suprathermal primary and secondary electrons. 

A simplified model for dusty plasmas is adopted, whose constituents are suprathermal inertialess primary electrons, secondary 

electrons, inertial ions, and charged immobile dust grains. The suprathermal primary electrons and secondary electrons are assumed 

to follow the Lorntzian kappa velocity distribution. Expressions of secondary electron currents are derived considering negatively 

and positively charged dust grains. Numerical analysis shows that the suprathermal electron population has a significant effect on 

secondary electron emission currents. 
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I. INTRODUCTION 

 

Space and astrophysical plasmas are made of ions and electrons along with small dust grains. These small dust grains are very large 

comparing ions and electrons and they may accumulate charge by attachment or emission of electrons and ions. It is also observed 

that when small dust grains come to exposure of ultraviolet rays, they emit electrons from the dust grain surface[ 1-4]. Similarly, 

the electrons emit due to the excited hitting of electrons on the dust grains surface. This is the secondary electron emission. The 

secondary emission of electrons is one of the emission processes that may play an important role in dust grain charging because 

electron emission acts as a positive current to the dust particle [5-14].  The electron and ion plasma charging current densities and 

secondary electron current density have been previously presented [1,8,15] with the Maxwellian distribution. Jingyu 

Gong and Jiulin Du discussed the dust charging process with nonextensive power law distribution and the effect of secondary 

electron emission on this charging process[ 16,17].  

 

In this paper, we investigate the dust charging process in the presence of both the suprathermal primary and secondary electrons. 

We study in detail the influences of the suprathermal population on secondary electron emission current and analyze the balance 

situation of total current. The suprathermal electron population has a significant influence on total current.  Both the negative and 

positive nature of the dust grain charge is considered. The effect of both the population of secondary electrons and the population 

of suprathermal electrons in  Lorentzian dusty plasma are studied numerically.   

 

II.     PLASMA CURRENTS 

 

In dusty plasma, dust charge varies due to the attachment of electrons and ions to the dust grain. Secondary electron emission may 

also work as a positive charge flux to the dust grains. The flux of electrons and ions is also influenced by the dust grain surface 

potential. Since the variation of the flux of electrons and ions influences the dust charge, it is also called charging current. Using the 

orbit-limited motion approach, the charging current for electrons and ions can be calculated if the radius of the dust grain is smaller 

than the Debye radius [18]. 

 

Now we consider that electrons and ions obey the Lorentzian kappa velocity distribution function[19] 
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. m , 0n ,T are respectively the mass, number density, temperature, and E  is the energy of the  
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corresponding particles,  is the Gamma function.  is the kappa index. ,e i  , e and i indicates the electrons and ions 

respectively. Using this velocity distribution function, the electron, ion, and secondary electron charging currents are already been 

derived in Lorentzian dusty plasma [15]: 
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Here E is the impact energy and  is the dust surface potential. The dust grain surface potential 0/dq r  , where dq and 0r are 

charge and radius of the dust grains. sT  is the temperature of the secondary electrons. Here we assume the uniform spherical shape 

of the dust grains. To derive the current due to secondary electron emission from the equation (5) and (6), we consider that the 

expression of the secondary yield due to electron impact is [1]  

    7.4 exp 2 /M M
M

E
E E E

E
    (8) 

where M is the maximum value of  . The quantities M and ME  are determined by the materials of dust grains. It is clear from 

the above equations that the expression of current depends on the nature of the surface potential of dust grains   . Using the yield 

function from equation (8), we obtain the current expressions due to secondary electron emission, when 0  , as follows: 
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Now when the dust surface potential is positive  0  , the expression of current is obtained from equation (7) using equation 

(8): 
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where /s s eT T   and the lower limit of the integration /B U x . 

 

The functions  ,F U x


 and  ,F U x


can be determined numerically for different parameter values. 

 
III.  NET CURRENT AND EQUILIBRIUM DUST CHARGE 

 

The dust charge dq is variable due to the variation of the current flow to the dust surface. Thus, the variable dust charge dq  satisfies 

the grain charging equation  
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The net current to the dust grain is zero in the equilibrium condition. We obtain two expressions of net current considering two 

natures of dust grain potential. The normalized form of the net currents in the case of native and positive dust grains respectively 

are  
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If 0U  , we have to use equation Error! Reference source not found. and for 0U  we use (15). 

 

IV. NUMERICAL RESULTS AND DISCUSSIONS 

 

To obtain a better insight into the role of the secondary electrons on the dust charging procedure and the dust ion-acoustic wave 

propagation in the Lorentzian plasmas, we have performed an analytical derivation of the charging currents and the dust ion-acoustic 

wave frequency considering both the negative and positive dust grain in equilibrium. To assess the analytical results in a physical 

situation, we have considered the space plasmas containing suprathermal electrons e.g. solar wind, interplanetary space, cometary 

tails, etc.  [ 20-22]. We have considered the value of the Kappa index between 2 and 6, as this range has been found to fit the 

observations in the astrophysical plasma [22].   For numerical estimation, we have considered the plasma parameters [17,23,24]  

0.01 1i   , 1 1.5s   , 0.1 1s   ,
4

0 / 5 10Der    . Our main focus is on the effect of secondary electron emission 

and suprathermal electrons on the dust charging process and the influence of this charge variation on dust ion-acoustic wave 

propagation characteristics.  

 

To calculate the secondary emission current  s

eI , we calculated the core integral in the secondary emission current  ,F U x


and 

 ,F U x


numerically. Here we assume 1U   for plotting  ,F U x


and 1U  for plotting  ,F U x


as a function of x . 

Figures 1 and 2 show the variation of these two functions with x . Both function initially grows rapidly and then decreases slowly 

with increasing x . Comparing both figures we see that  ,F U x


is greater than  ,F U x


. In Figures 2 and 3 we have plotted 

only the secondary current  totalI  as a function of U . The curves are plotted using equation Error! Reference source not found. 

when 0U  and equation Error! Reference source not found. when 0U  . It shows that the current decreases with increasing 

kappa indices. So secondary current increases with increasing suprathermal electrons. 

 

We plot the total current  s
total e i eI I I I    as a function of dust surface potential  U . The numerical calculation of the total 

current is done using the equationError! Reference source not found. for 0U  and 

equationError! Reference source not found. for 0U  . In equilibrium condition, we plot this total current  totalI  in Figure 5 

for different values of the Kappa index  e . We consider the other parameters 1i  , 1.5s  , 5M  and / 4 45.6ME T   . 

The figure shows that totalI decreases with increasing potential  U  and  totalI becomes zero at some negative value of U . So 

equilibrium current balance condition indicates that the dust surface potential will be negative. On the other hand, figure 6 is plotted 

considering 15M  keeping all the other parameters the same as figure 5. It shows that the current gradually decreases with 

increasing U . It also shows that current decreases with increasing kappa indices and approaches to the Maxwellian one. It shows 

that only the Maxwellian plot cuts the x-axis thrice, whereas suprathermal plots have only one cut on positive U . So we can have 

the only stable solution for suprathermal currents. So we may conclude that lower M have a high probability of obtaining negative 

dust whereas high M may give positive dust.  
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Fig. 1 Plot of  ,F U x


versus  x , considering 1U   . Other parameters are 1i  , 1.5s  , 15M  and 

/ 4 45.6ME T  . 

 
 

Fig. 2 Plot of    ,F U x


versus  x  , considering 1U    for different kappa index( e  ). Other parameters are 1i  ,

1.5s  , 15M  and / 4 45.6ME T  . 
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Fig. 3 Plot of secondary current  s

eI versus U  for different electron kappa index  e . Other parameters are 1i  ,

1.5s  , 15M  and / 4 45.6ME T  . 

 

 
 

Fig. 4 Plot of secondary current  s

eI versus U  for different M , where 1i  , 1.5s  , 4e  and / 4 45.6ME T  . 

https://iarjset.com/


IARJSET 
 

      ISSN (Online) 2393-8021 

ISSN (Print) 2394-1588 

International Advanced Research Journal in Science, Engineering and Technology 

6th National Conference on Science, Technology and Communication Skills – NCSTCS 2K23 

Narula Institute of Technology, Agarpara, Kolkata, India 

Vol. 10, Special Issue 3, September 2023 

© IARJSET                            This work is licensed under a Creative Commons Attribution 4.0 International License                            212 

 
 

Fig. 5 Plot of total normalized current  s
total e i eI I I I    versus normalized dust surface potentialU   for different kappa 

index( e ) considering 1i  , 1.5s  , 5M  and / 4 45.6ME T  . 

 

 

Fig. 6 Plot of total normalized current  s
total e i eI I I I    versus normalized dust surface potentialU   for different kappa 

index( e ) considering 1i  , 1.5s  , 15M  and / 4 45.6ME T  . 
 

 

V.  CONCLUSION 

 

An analytical theory on the effect of secondary electron emission on the dust charging process in the Lorentzian dusty plasmas is 

presented in this article. Suprathermal electrons are outlined by Lorentzian Kappa distribution. Secondary electron currents have 

been derived considering Lorentzian electrons and ions.  A detailed discussion on the effect of suprathermal electrons on secondary 

electron emission current is presented. It shows that suprathermal electrons induce secondary electron emission. The secondary 

electron current increases with an increasing suprathermal electron population. The electron and ion attachment and impact make 

the dust charge variable. In the balanced condition, the potential of dust grains may be either negative or positive. These dust 

charging currents are calculated using negative and positive charge flux to the dust grains.  
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