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Abstract Dust acoustic waves are investigated in plasma
system containing dynamic and streaming dust, superther-
rmal electrons and ions. Linear and nonlinear studies are
carried out and elaborated with the help of parameters taken
for Saturn’s F-ring. An energy integral equation is obtained
by using the Sagdeev potential approach, and results are
displayed by solving it analytically and numerically. The
dependence of nonlinear structures on κ values, the ratio
of electron to dust equilibrium densities μed , Mach num-
ber M , and dust streaming speed vd0 have been presented.
The streaming speed appears as a destructive partner for the
Mach number M in the pseudoenergy equation and hence
plays a dominant modifying role in the formation of non-
linear structures. It plays a destructive role for some of the
solitons and works as a source, for the emergence of new
solitons (region). Formation of double layers are also inves-
tigated and shown that the amplitude, width and existence
of double layers structures are predominantly affected by the
presence of superthermal electrons, ions, and streaming dust
beam.

Keywords Streaming instabilities · Saturn’s F-ring · Dust
acoustic double layers

S.A. Shan (�)
Theoretical Plasma Physics Division, PINSTECH P.O. Nilore,
Islamabad, Pakistan
e-mail: shaukatshan@gmail.com

A. Mushtaq
Department of Physics, Abdul Wali Khan University,
Mardan 23200, Pakistan

S.A. Shan · A. Mushtaq
National Centre for Physics, Shahdra Valley Road, 44000,
Islamabad, Pakistan

1 Introduction

The plasma containing normal electron-ion with an addi-
tional highly charged component of small micron or submi-
cron sized extremely massive charged particulates is named
as dusty plasma which is ubiquitous in the universe, e.g.,
in interstellar clouds, interplanetary space, cometary tails,
ring systems of giant planets (like Saturn F-ring’s), meso-
spheric noctilucent clouds, as well as in many Earth bound
plasma (Shukla and Mamun 2003; Verheest 2000). Other ap-
plications range from astrophysics to strongly coupled dusty
plasmas and dusty plasma crystals to technology plasma
etching and deposition (Horonyi 1996; Mendis and Rosen-
berg 1994; Shukla and Mamun 2003; Verheest 1996). In a
dusty plasma, the dust grains may be charged negatively
by plasma electron and ion currents or positively by sec-
ondary electron emission, UV radiation, or thermionic emis-
sion (Whipple 1981; Horonyi 1996). In most of the situa-
tions, it has been observed that due to higher thermal speed
of electrons than ions, they quickly approach the dust grains
and make them acquire negative charge in low temperature
laboratory dusty plasma (Barkan et al. 1994).

Because of the addition of this new component, plasma
system is forced to behave differently from the usual
electron-ion plasma. The dust particles have a large mass,
i.e., about million times heavier than ions and hence in-
troduce new time scales of interest in the plasma sys-
tem. The presence of such heavier species makes it pos-
sible for the plasma system to sustain novel ultra-low-
frequency waves as well, the most notable of which, is
the dust-acoustic wave (DAW). The DAW was first theo-
retically predicted by Rao et al. (1990) and have been ex-
perimentally confirmed by various studies (Angelo 1990;
Barkan et al. 1995; Chu et al. 1994; Pieper and Goree
1996; Prabhuram and Goree 1996; Thomas and Watson
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