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Summary

In this paper by using the most recent findings in the field of the Kappa distribution statistics for
the non-equilibrium space plasmas, dust-acoustic waves have been studied in a dusty plasma
comprising of the inertial dust particles with negative charges and suprahermal distributions of
electrons and positrons. The velocity distribution function for stationay state of the plasma in this
mode! is labeled by an invariant Kappa index (x,) which is independent of the numbers of

degrees of freedom, and the parameter d which represents the the numbers of degrees of freedom.
In linear analysis, the dispersion relation of dust-acoustic waves is studied, whrere the true sound
speed of the problem is derived. The derived dust-sound speed is a generalized one which depends
on the polytropic index of Kappa distributed paricles (), which itself depends on the spectral

index x, and the potential degrees of freedom (d, ). Generally, the dust-sound speed has its
maximum in an equilibrium plamsa with Maxwellian distribution or isothermal electrons (7 =1),

and it reduces by approaching to the anti-equilibrium regions with sub-isotherma electrons
(y<1).

On the other hand, in the non-linear analysis, the dust-acoustic solitary waves have been studied by
deriving an energy-integral equation, where we have used the true dust-sound speed for defining
the true Mach number (the fractional wave speed to the sound speed). The formation conditions of
the potential well, the true Mach number domains, and the effects of the parameters of soliton
speed, the spectral index x, and the potential degrees of freedom viathe perturbation (d,, ) in the
propagation of dust-acoustic solitary waves have been studied analytically and numerically.

In such a plasma, only the negative polarity solitons are possible. The reason is the negative
charge of dust paricles via the attracted electrons, which causes the formation of negative potential
solitons.

The structure of dust-acoustic solitons are examined in the near-equilibrium states, where the
spectral indices are distributed with the values of x, >1, and aso in the far-from-thermal

equilibrium states which are labeled by the spectral indices with the valuesof 0< x, <1.

It isfound that the threshold Mach nmber is proportional to the sguare root of the polytropic index
of Kappa distributed paricles which vaies in the range 0<y <1. So, the threshold Mach number
increases by approaching to the equilibrium state and it reduces in far-from-thermal equilibrium
states.

It is shown that the subsonic solitons are possible in the far-from-thermal equilibrium plasmas. On
the other hand, in an equilibrium plasma, corresponding to the asymptotic limit of x, — oo, only
the atrasonic solitons are possible which confirms the classical theory of solitons in equilibrium
statistical mechanics.

It is found that the amplitude and steepening of the dust-acoustic solitons grows in far-from-
thermal equilibrium states, which corresponds to the lower values of the spectral index «, . It is
because of the impact the supratherma particles on dust-acoustic solitons in that regions.
Furthermore, an increase in Mach number results in the propagation of dust-acoustic solitons with
more amplitude and steepening, in agreement with the standard theory of solitary waves.
Moreover, decreasing the potential degrees of freedom causes an increase in the maximum
amplitude and pulse steepening of dust-acoustic solitons.

Keywords. Dust-acostic wave, Space plasma, Invariant kappa index, Potentia degrees of
freedom, Soliton.
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