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Abstract:               

The effects of vortex-like ion distribution on arbitrary nonlinear dust-acoustic waves is studied in an unmagnetized three-component dusty plasma which consist of a negatively charged dust fluid, free electrons and trapped as well as free ions. The region of the existence of the dust-acoustic waves is presented by pseudo-potential approach, which is valid for arbitrary amplitude solitary waves, and the reductive perturbation method, which is valid for small but finite amplitude limit. It is found from both highly and weakly nonlinear analyses that the present dusty plasma can support solitary waves (localized wave structure) only with negative potential. It is shown that the effect of the trapped ions change the maximum values of the Mach number and the amplitude for which solitary waves can exist. It is also observed that the region of the existence sensitively depends on the trapped ions and equilibrium free electron density.

I: Introduction 
Plasma physics is the study of charged particles collected in sufficient number so that the long-range Coulomb force is a factor in determining their properties. There has been a great deal of interest in numerous collective processes in dusty plasmas, plasma with extremely massive and negatively charged dust grains, because of their vital role in understanding different types of new and interesting aspects of laboratory, astrophysical and space environments. Because of involving of the charged dust grains in plasmas, different types of collective processes exist and very rich wave modes can be excited in dusty plasmas. One of these is the low frequency dust-acoustic mode in unmagnetized dusty plasma whose constituents are an inertial charged dust fluid and Boltzmann distributed electrons and ions. Thus, in the dust-acoustic waves the dust particle mass provides the inertia and the thermal pressure from the electrons and ions give rise to the restoring force. Rao et.al [1] were the first to report theoretically the existence of dust acoustic solitary waves by using reductive perturbation method which is only valid for small but finite amplitude limit. On the other hand, Numerical simulation studies on linear and nonlinear dust-acoustic waves exhibit a significant amount of ion trapping in the wave potential. Clearly, there is a departure from the Boltzmann ion distribution and one encounters trapped/vortex-like ion distribution in phase space. It is well known that such deviations for ion distribution drastically modifies the conditions for the existence of nonlinear structures such as solitons and shocks, which are not observed in dusty plasma with isothermal ions. Most of the studies discussed up to now investigated the effect of finite deviations from isothermality of ions on the propagation of small but finite amplitude of dust-acoustic solitary waves in magnetized and unmagnetized plasma.On the other hand, the effects of vortex-like excavated ion distribution and free electron on large amplitude dust acoustic waves has not yet been investigated. Hence, in the present study we make an attempt to theoretically investigate the possibility for existence of large amplitude dust acoustic waves and study the dependent of the region for existence of arbitrary amplitude dusty plasma. The properties of stationary structures are studied by employing the reductive perturbation method, which is valid for small but finite amplitude limit, and by pseudo-potential approach, which is valid for large amplitude. For the first time, we also investigate the properties of solitary waves when deviations from isothermality are small. We observe that the region of the existence sensitively depends on the trapped ions and equilibrium free electron density. It is found from both highly and weakly nonlinear analyses that the present dusty fluid plasma can support solitary waves only with negative potential.
II: Basic Equations

We consider one-dimensional three component dusty plasma consisting of extremely massive, micron-sized, negatively charged inertial dust grains, Boltzmann distributed electrons and ions with trapped particles. Thus, at equilibrium we have 
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 are the unperturbed ion, dust and electron number densities, respectively and 
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 is the number of electrons residing on the surface of the negatively charged dust grains. The dynamics of the nonlinear dust acoustic waves (with phase speed lying between the ion and dust thermal velocities) is governed by [1] 
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Where 
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is the dust particle number density normalized to
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 is the dust fluid velocity normalized to the dust-acoustic speed 
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 is the electrostatic wave potential normalized to 
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 is the constant temperature of the free ions. 
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 being the electron temperature,  
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. The time and space variables are given in the units of the dust plasma period and the Debye length, respectively. 

To model an ion distribution with trapped particles, we employ a vortex-like ion distribution of   Schamel [2, 3, 4], which solves the ion Vlasov equation. Thus we have
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Here 
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 represents the free and trapped ion contributions, respectively. We note that the distribution, as prescribed above is continuous in velocity space and satisfies the regularity requirements for an admissible Bernstein-Green-Kruskal (BGK) solution [4]. Furthermore 
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 is a parameter determining the number of trapped ions and shows the ratio of the free ion temperature to the trapped ions. It is obvious from equations (4) and (5) that 
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 represents a Maxwellian (flat-topped) ion distribution, whereas  
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 represents a vortex-like excavated trapped ion distribution corresponding to an under population of trapped ions. The situation 
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 is of our present interest. Thus, integrating the ion distribution function over the velocity space, the ion number density can be expressed as [3, 4]
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Where 
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 is the Dawson integral. In the small amplitude limit, the ion number density (6) takes the form
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Where 
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 measures the finite deviation from isothermality of ions. By neglecting the resonant effect
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 reduced to the Maxwellian ion distribution.

III. Arbitrary Amplitude Localized Structures
In order to investigate the properties of large amplitude stationary dust acoustic solitary waves in our plasma model, we make all the dependent variables depend only on a single variable 
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). Then using the steady state condition and imposing the appropriate boundary conditions for localized perturbations, namely,  
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, we reduce equations (1)-(3) to the form of an energy integral
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Where the Sagdeev potential for our purpose reads
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The stationary solutions of (9) exist if (i): 
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 so that the fixed point at the origin is unstable, and (ii) 
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. The nature of these solitary waves, whose amplitude tends to zero as the Mach number M tends to its critical value, can be found by expanding the Sagdeev potential to third order in a Taylor series in 
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. The critical Mach number is that which corresponds to the vanishing of the quadratic term. Therefore, by expanding the Sagdeev potential 
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, given by Eq. (9), around the origin the critical Mach number, at which the second derivative changes sign, can be found as 
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. This clearly indicates that the critical Mach number increases with the increase in the free electron as well as the temperature ratio 
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, and it does not depend on the finite deviation from isothermality of ions 
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We have numerically analyzed the pseudo potential 
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 for various values of Mach numbers trapping parameter 
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 and for some typical plasma parameters. The well structures of the Sagdeev potential in Fig. 1 exhibits that for the case of 
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 the dust-acoustic solitons exist with only negative potential when the Mach number exceed the value 1.5. The maximum electrostatic potential increase with the increase of the Mach number. Keeping the Mach number at a constant value 
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 and for the same plasma parameters, we investigate the effect of deviations from isothermality of ions on the amplitude of the solitary structure. The results are displayed in figure 2. It is evident that the amplitude decreases with the increasing the trapping parameter 
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 . On the other hand, to see what happens when the equilibrium free electron density 
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. From Fig. 3, we observe that the amplitude of solitary waves increases with 
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. Hence, a complete depletion of the background free electrons owing to the attachment of these electrons to the surface of the dust grains during the charging process can leads to the dust-acoustic solitary structure with smaller amplitude.

    In order to confirm the possibility of the dust acoustic soliton in our plasma model, we investigate the pseudo potential in small amplitude limit. For present purpose, we are interested in Mach numbers slightly greater that unity 
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Where
                   
[image: image77.wmf]M

A

d

m

s

m

2

1

1

1

0

+

-

+

=

      and              
[image: image78.wmf]).

1

(

15

16

1

a

p

m

-

=

B


Now, one can express the steady state solution of the energy integral (10) as 
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Here the amplitude 
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 respectively. The solution (13) clearly indicates that small amplitude solitary waves exist with only negative potential. It turns out that in the small amplitude limite, the criterion for solitary waves depends on the finite deviations from isothermality of ions and background free electrons. It is seen that for given values of 
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 and, the amplitude decreases with 
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. This confirms the above results which we found for the large amplitude limit by using the pseudo-potential approach. We also observe that the amplitude of solitary wave increases and the width decreases with the increasing of 
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 (equilibrium free electron density). In this case, owing to the present of trapped ions, the dust-acoustic solitary structure is found with smaller width from the case that ions are isothermal. This is also in good agreement with earlier results [4] for the dynamics of small but finite amplitude dust-acoustic waves which was based on the stationary solution of the modified Korteweg-deV ries equation.
IV. Conclusion
Electrostatic dust acoustic solitary structures have been investigated by the pseudo- potential approach (which is valid for arbitrary amplitude waves) in an unmagnetized three-component dusty plasma consisting of a negatively charged dust fluid, free electrons and trapped as well as free ions. It is found from our study of both weakly and highly analyses that our plasma model can support only solitary waves of negative potential, corresponding to a hump in the dust density. This agrees with the earlier work [5], where it has been investigated the dynamics of small but finite amplitude dust-acoustic waves by studying the modified Korteweg de Vries equation. It is found that the Mach number 
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increases with the maximum amplitude of solitary structures but decreases with increasing the value of the parameter 
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(vortex like excavated trapped ions). The nonlinear structures of dust acoustic waves are examined, showing that the condition for existence sensitively depend on effects of trapped ions and the background electron number density. The present investigation predicts new findings on the effects of the trapped ions and background electrons on arbitrary amplitude dust acoustic waves in three component dusty plasma. Hence, referring to the present studies, we think that these results should be useful in understanding the nonlinear features of localized electrostatic disturbances in laboratory and space plasma, in which negatively charges dust particulates free electrons and ions with trapped particles are the plasma species. 
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