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Nonlinear studies of multi-ion plasma become very popular among researchers due to its 

omnipresence in space and laboratory environments [1-7]. The addition of multi component to 

the plasma gives more complexity and exist many nonlinear waves like solitons, double layer, 

rogue wave and shock structures [2,3,8-11].  

A cometary plasma is a genuine multi-ion plasma consists of solar wind protons and electrons 

of solar origin; dissociation of water molecule leads to positively charged hydrogen and 

oxygen ions and photoelectrons [12]. There are other heavier positively charged ions are 

present in the coma of comet Halley. In addition, different spacecrafts, at different comets, 

have shown the existence of energetic heavier ions of mass >12 amu (4) and multiply ionised 

heavier ions like O3+ and O7+ and O8+.  

The presence of negatively charged ions also has been observed in different region of space. 

The spacecraft Giotto observed the mass peaks of the negative ions in the range 7-19, 22-65 

and 85-110 with an energy range between 0.03 to 3.00 keV. Along with the electrons, the 

coexistence of positively and negatively charged ions in the plasma, have also been observed 

in different space environments, makes the plasma more complex and nonlinear studies more 

interesting.  

Due to the presence of energetic particles, plasma observed in many space environments deviate 

significantly from the Maxwellian distribution function. In general, the energetic particles like 

lighter ions and electrons of solar origin can be modelled by kappa distribution function.  

The reductive perturbation technique is used to derive the nonlinear equations like Korteweg 

de Vries (KdV) equation, Zakharov Kuznetsov (ZK) equation, modified KdV equation, 

Nonlinear Schrodinger Equation (NLSE) and KdV Burger equation. The solution of the 

different nonlinear equations are plotted for different physical parameters like super thermality 

factor kappa index, lighter and heavier ion densities and temperatures of both the ions relevant 

to comet Halley. From the plots it is seen that, different physical parameters significally affect 

the amplitude, width, polarity and strength of different nonlinear waves like solitary waves, 

double layer and shock wave profiles.  
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