
1
st
 Asia-Pacific Conference on Plasma Physics, 18-23, 09.2017, Chengdu, China  

Interactions of positron acoustic solitary waves and phase shifts in 

multi-component plasma 

M. G. Hafez
1,2

*, M. S. Alam
1,2

, N. C. Roy
3
, M. R. Talukder

3
 and M. Hossain Ali

2 

1
Department of Applied Mathematics, University of Rajshahi, Rajshahi-6205, 

2
Department of 

Mathematics, CUET, Chittagong, 
3
Plasma Science and Technology Lab, Department of Applied 

Physics and Electronic Engineering, University of Rajshahi, Rajshahi-6205, Bangladesh.  

*E-mail: golam_hafez@yahoo.com 
It is well established that the electron-positron-ion (epi) 

plasmas are existed in astrophysical, space and laboratory 

plasmas for understanding the physical issues involved.   

Recently, Alam et al. [1] have studied the positron 

acoustic (PA) Korteweg–de Vries (KdV) solitary waves 

(SWs), modified KdV (mKdV) SWs, Gardner SWs, and 

double layers (DLs) in the epi plasmas composing 

immobile positive ions, mobile cold positrons, and 

superthermal hot electrons and hot positrons. But, the 

interactions with non-linear waves, including resonances, 

carry important physical phenomena as observed in space 

plasmas [2, 3]. This work investigates the interactions of 

PA waves (PAWs) in unmagnetized plasmas consisting of 

immobile positive ions, mobile cold positron, and 

superthermal hot positrons, and hot electrons. The 

normalized governing equations can be written [1] as 
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Here,  𝑛𝑝𝑐  is the cold positron number density 

normalized by its equilibrium value  𝑛𝑝𝑐0  ,𝑢𝑝𝑐  is the cold 

positron fluid speed normalized by 𝐶𝑝𝑐 =  𝑘𝐵𝑇𝑒𝑓/

𝑚𝑝 
1/2, 𝜙 is the electrostatic wave potential normalized 

by 𝑘𝐵𝑇𝑒𝑓 /𝑒 , 𝜎1 = 𝑇𝑒𝑓/𝑇𝑝ℎ , 𝜎2 = 𝑇𝑒𝑓/𝑇𝑒 , 𝜇𝑝ℎ =

𝑛𝑝ℎ0/𝑛𝑝𝑐0 , 𝜇𝑒 = 𝑛𝑒0/𝑛𝑝𝑐0  , 𝜇𝑖 = 𝑛𝑖0/𝑛𝑝𝑐0 , 𝑇𝑒𝑓 =

𝑇𝑒𝑇𝑝ℎ/(𝜇𝑒𝑇𝑝ℎ + 𝜇𝑝ℎ𝑇𝑒) is the effective temperature, 𝑘𝐵  

is the Boltzmann constant, 𝑚𝑝  is the positron mass and  

e is the magnitude of electron charge. The time 𝑡  is 

normalized by 𝜔𝑝𝑐
−1 =  𝑚𝑝/4𝜋𝑛𝑝𝑐0𝑒2 

1/2
 and the space 

𝑥 is normalized by the Debye length 𝜆𝐷𝑚 =

 𝑘𝐵𝑇𝑒𝑓/4𝜋𝑛𝑝𝑐0𝑒2 
1/2

. To study the solitons collision, 

two-sided KdV and mKdV are derived using the extended 

PLK method [2]. The stationary solutions of the KdV 

equations is obtained as 𝜙𝜉
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3  . Besides, the dispersion 

coefficient (𝐵) of the coupled KdV equations is always 

positive. Therefore, the PAWs are obtained compressive 

for 𝐴 > 0 and rarefactive for 𝐴 < 0 depending on the 

plasma parameters. It is clearly seen that the amplitude of 

the KdV solitons and phase shift approaches to infinity 

when 𝐴 → 0  which breaks down the validity of the 

reductive perturbation technique. In such situation, 

two-sided mKdV equations are obtained to study the 

head-on collision between the solitons and phase shift 

around the critical values (say 𝜇𝑝ℎ = 𝜇𝑐 ≅ 0.119 

obtained from 𝐴(𝜇𝑝ℎ = 𝜇𝑐) = 0  for the values of the 

plasma parameters, that is 𝜇𝑒 = 0.2, 𝜎1 = 1, 𝜎2 = 0.5, 

𝜅𝑝 = 3  and  𝜅𝑒 = 1.8 [1]).The stationary solutions of 

mKdV equations can be written as 
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3  .  

It is found that the presence of superthermal hot positrons 

and hot electrons significantly modify the soliton collision 

and phase shifts in the plasmas. The critical values for 

hot- and cold positrons also play a vital role in the 

formation of only compressive PA mKdV SWs. It can be 

conclude that the energy absorption appears by the 

solitons collision without changing the shape and velocity, 

thus the energy absorption enhances (suppresses) 

smoothly with the enhancement of plasma parameters for 

the rarefactive (compressive) PA SWs. Furthermore, the 

system critically changes the polarity, which makes the 

energy absorption and phase shift have maximum change 

near the critical values.  
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