mE International Journal of Chemical and Physical Sciences, ISSN:2319-6602

ENEEEEREE i
] IJCPS Vol. 4 Special Issue-6 APST-2015

Stability of Electrostatic Waves in a Multi-lon Permeating Plasma.

MANESH MICHAEL', SI1JO SEBASTIAN!, G. SREEKALA !, M. AMIR!,
G. RENUKA?, CHANDU VENUGOPAL"

'School of Pure & Applied Physics, Mahatma Gandhi University, Priyadarshini Hills, Kottayam. 686560,
?Kerala State Council for Science, Technology & Environment, Sasthra Bhavan, Pattom,
Thiruvananthapuram - 695 004, Kerala, India. * E-mail: cvgmgphys@yahoo.co.in

Abstract

We have studied the stability of electrostatic waves in a multi-ion, permeating plasma.
We consider a neutral solar wind consisting of hydrogen ions and electrons flowing into
a pair ion cometary plasma composed of positively and negatively charged oxygen ions
and cometary electrons. The dispersion relation obtained is a polynomial equation of
order 8. We find that the growth rate of the wave increases with increasing drift velocity
of hydrogen ions. It, however, decreases with increasing hydrogen and oxygen ion
densities.
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Introduction

The electrostatic ion cyclotron (EIC) wave instability is a low frequency instability that has been
extensively studied because it has one of the lowest thresholds among current driven instabilities. The
wave can be driven unstable by electrons drifting parallel to the magnetic field because it has a small, but
finite, wave number along the ambient magnetic field even while propagating nearly perpendicular to the
magnetic field. Early research on the instability was by Drummond and Rosenbluth [1]; the literature on it
was reviewed byKindel and Kennel [2] and Rasmussen and Schrittweiser [3]. Studies on this wave were
also extended to plasmas of other compositions: it was studied in a negative ion plasma using fluid [4]
and kinetic analyses [5,6]. Other complexities investigated were the roles of a sheared magnetic field [7]

and collisions in a strongly magnetised dusty plasma [8].

Electrostatic noise which was detected by the ICE spacecraft in the vicinity of comet Giacobini- Ziner
[9, 10] whichexhibited a “low” and “high” frequency structure. The high frequency noise which was
electrostatic in nature could extend upto the local electron plasma frequency [11]. In trying to explain the
presence of these waves it was realised that the relative motion between the new born ions the
background solar wind could be a source of instability for these waves. A new born ion that was often
considered was positively charged oxygen. However, negatively charged ions in 3 mass bands of 7-19,
22-65 and 85-110 amu were observed in the coma of comet Halley with negatively charged oxygen ions

being conclusively identified [12].
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We therefore study the stability of electrostatic waves in a plasma consisting of positively
charged oxygen (O") and negatively charged oxygen (O") ions. Electrons denoted by ‘ce’ constitute the
third component of our cometary plasma. This plasma is impinged upon by a neutral solar wind
composed of hydrogen ions (H") and solar electrons (‘se’). We find that this solar wind can drive

electrostatic waves unstable with the growth rate increasing with increasing drift velocities of the

hydrogen ions (Vg ); it decreases with increasing hydrogen (N, ) and positively charged oxygen (n o )

ions.
The Dispersion Relation

We are interested, in this paper, with the stability of electrostatic waves in a cometary plasma
composed of positively and negatively charged oxygen ions (denoted respectively by O" and O) and
cometary electrons(‘ce’). This plasma is impinged upon by the neutral solar wind composed of hydrogen
(H") and solar electrons(‘se’). The relevant equations are the equation of motion (1), equation of

continuity (2) and the Poisson’s equation (3). These are:

m, [%7+(\Z.§)Vj}:ej [E+\zj§] (1)

an,
V.Ez drp (3)

In the above ‘j” indicates the particle species (j=H,O0*, 0", ‘ce’ or ‘se’), m; and e ; denote the mass and

charge of species j while n; denote their densities. E and B denote, respectively, the electric and
magnetic fields with the ambient magnetic field in the z- direction (ByZ). Also the zero order drift is along
A A . . . . i(k.r-ot

the z direction (V,y, Z and V4, 2); p is the charge density. Assuming a perturbation of the form € (k.r-at)

we can, using (1) to (3) arrive at a dispersion relation

Ko an (o3 (o3
-, (Hn—] on (F-c2) [_2 (o —c2) af}
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— wp, k? eB
In(4) K=1+ Qse — and Q; = —2 is the gyro frequency of species j (‘c’ is the velocity of light)

m.cC
ce ]
n, e’

while a)ﬁj = U s the square of the plasma frequency with n,; denoting the equilibrium density of

m;

species j. Also k, andK,, denote respectively, the wave vector perpendicular and parallel to the ambient
magnetic field. Z)H is the Doppler shifts frequency defined by;)H = —K,V,, . The only assumption
made in deriving (4) is;e << Q, where we =w— K,Vee -

When expanded, equation(4) results in a polynomial equation of degree 8. However, since the

coefficients are very lengthy, they will not be given here. It may be noted at this point that the dispersion

relation for low frequency electromagnetic wave is a polynomial equation of degree 9 [13].

Results

Equation(4), which is a polynomial equation of degree 8 was solved by the Laugerre’s

method[14]. The parameters chosen were [15] hydrogen density N, = (no )se= 49cm>, n o =0.3cm™
andn_ =0.05cm™. The cometary electron density (no )ce was calculated from the charge neutrality

condition. The hydrogen drift velocity V, =400x10 cms’'; the electron drift velocity does not enter (4).
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Figure (1): plot of Im  versus ?Z as function of V,

k
Figure 1 is a plot of the imaginary part of the frequency ® (Im ®) versus ?Z for n, =4.9 cm™

b

n,.=03 cm™ and n, =0.05 cm™ V,y of the hydrogen ions. Curve (a)

as a function of the drift velocity

is for Vg, =400 km s, curve (b) for V,,= 600 km s and curve (c) for 800 km s"'. We find that the

growth rate increases with increasing drift velocity of the hydrogen ions.
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Figure 2 plot of Im o versus ?Z as function of n_. | Figure 3 plot of Im o versus ?Z as function of N

The influence of the density of positively charged oxygen ions on the wave growth is studied
k
next. Figure (2) is a plot of ?Z versus Im (o) for Vg, =400 km s, Ny =4.9 cm” and n, =0.05 cm”.

Curve (a) is for n,.= 0.1 cm™, curve (b) is for n,.= 0.2 cm™ and curve (c) is for n,.= 0.3 cm™. We find

that the growth rate decreases with increasing oxygen densities.

k
Figure 3 complements figure 2 and depicts the variation of ?Z versuslm o as a function of hydrogen

ion densities. Curve (a) is for n, =4.95 cm”, curve (b) is for n,=4.5 cm” and curve (c) is for n,=4
cm™; the other parameters for the figure are n 0= 03 cm>, n o = 0.05 cm” while Vg, = 400 km s™.

Similar to figure (2) the growth rate decreases with increasing hydrogen densities.

Conclusions

We have studied the stability of electrostatic waves in a cometary plasma composed of positively
and negatively charged oxygen ions and cometary electrons. This plasma is impinged upon by the solar
wind composed of hydrogen ions and solar electrons. The dispersion relation is a polynomial equation of
order 8; the growth rate increases with increasing velocity of the solar wind. The growth rate, however,
decreases with increasing hydrogen and positively charged oxygen ion densities. We thus find that the

electrostatic wave can be driven unstable even when propagating in a permeating plasma.
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