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Abstract The characteristics of the head-on collision
(HOC) between two positron acoustic solitary waves
(PASWs) in a four component electron-positron-ion (EPI)
space plasma have been investigated theoretically, using the
extended Poincaré-Lighthill-Kuo (PLK) method. The an-
alytical phase shifts after the collision of the two solitary
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waves occurs are derived. Numerically, the influences of the
cold/hot positron parameters on the phase shifts are explic-
itly investigated. The present theory is applied to analyze the
formation and the interaction of localized coherent PASWs
structures in space plasmas (pulsar environments).
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1 Introduction

During the last few years, there have been a lot of activi-
ties in the field of pair (electron–positron) plasma. Electron–
positron plasmas have received a great deal of attention due
to its importance not only in plasma astrophysics (i.e., in
early universe, in active galactic nuclei (Miller and Witta
1987; Wang and Durouchoux 2011), in magnetospheres
of pulsars (Shukla 1985), polar regions of neutron stars
(Michel 1991), intense laser fields (Berezhiani et al. 1992)),
but also in laboratory experiments in which the positrons
can be used to probe the particle transport in tokamak plas-
mas (Greaves et al. 1994; Helander and Ward 2003). In fact,
positrons are created in the interstellar medium when the
atoms become interacted by the cosmic ray nuclei (Adrani et
al. 2009). The annihilation, which takes place in the interac-
tion of matter (electrons) and anti-matter (positrons), usually
occurs at much longer characteristic time scales compared
with the time in which the collective interaction between the
charged particles takes place (Surko and Murphy 1990).

On the other hand, a great deal of attention has been
devoted to the study of different types of collective pro-
cesses and instabilities in electron-positron-ion (EPI) plas-
mas (Verga and Ferro Fontán 1984; Shukla et al. 1986;
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