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Abstract

Dusty plasma consists of electrons, ions, and cleatgdust particles
observed in several astro- and space- physical mmrhents, such as nebulas,
cometary tails, planetary rings, and planetary icspgheres. This paper takes a
look at the effect of these dust particles on thestability growth rate in
ionospheric plasma by altering the input parameteo$ the normal beam
plasma instability simulation of the Electrostati©ne Dimensional Code
(ES1), to include dust species. The results of #iulation which are given
in form of plots of diagnostic parameters such amétic energy , as well as
total energy as a function of time are found. Thénktic energy(E,) of the
hot electron beam was found to decrease with timvhile the kinetic energies
(E,) of the warm ion, andE;) for the warm dust where found to increase
with time, which is indicating that energy has be#mansferred from the hot
electron beam to the warm plasma ions and dust. Tttal energy was found
to be constant from time = 10w, 'tot = 20w,*, but varies slightly by 6%
fort = 30w;1, which is within the limit of numerical error. Thagrowth rate
was found to be approximatel.04w,, which is close to the theoretical
value of0.05w,, from literature. The electrostatic electric fieldnergy for
model was found to be the strongest for all the dsh= 10w;1to t=
30w;1, followed by mode2 and mode3, which is in agreeingith theory.

Keywords: dusty plasma, ionospheric plasma, particle in aedlighting, growth rate, electrostatic electricldie
energy.

1.0 Introduction

Much of known matter in the universe is in plasnaes comprising of about 99% of matter in the emse [1]. This
guasineutral gaseous state of matter, consistiedeofrons, positive ions and neutral atoms is doarinterplanetary spaces,
interstellar gas, supernova remnants, interior tafss asteroid zones, planetary rings or radiabefts, cometary tails,
magnetosphere and the earth’s ionosphere [2].

Plasma as a collection of charged particles andraleatoms, in motion, possess certain electrodycsmproperties due to
their interaction with space electromagnetic fieltheses electrodynamics properties or quantitiesnaasured using data
collected from space crafts attached with measunsiguments [3].

The ionosphere is a partially ionized medium, cioiitg electrons with thermal energy,,Et0.03-1eV. As a Plasma,
having a density r 10°cm?, it can support electromagnetic waves, and mahgravaves and instabilities. The ionosphere
lies from about 80km above the earth to about 1600khe ionospheric Plasma is not totally ionized dontains neutral
particles such as hydrogen (H), oxygen (O) atoms;® molecules and also bigger particles as dusty grairPlasma.
Typical magnitude of the earth’s magnetic field @& T.

The sun is a source of charged particles. The satad is means by which activity in the sun is conmicated to the earth
through the magnetosphere. This interaction dependa weak interaction field of few Tesla carrigdthe Plasma. The
precipitation of charged particle has been obserired the near regions of the magnetosphere aadtter ionosphere
characteristic.
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There are a large variety of models for simulatitigsma and basically, they are of two types, garticodels and fluid
models. In a particle model, the motion of largenber of charged particles in their self-consistelrttric and magnetic
fields are followed. In the fluid model, the Plasfhid equations are adopted [4].

In this work, a study is made, by the method otiplar simulation, of the effects of the incoming&ron beams on some
properties of dusty ionospheric Plasma system. Jdnticle-in-cell (PIC) type of simulation, develapéy Birdsall and
Langdon [5] and commonly referred to as ES1, igdusethe analysis. The key physical quantities &t gained in this
simulation are exchange in energies between thicipating particle species and growth rate of éixeited waves due to
Beam-Plasma instability [6].

1.1 lono Spheric Plasma

A unique feature of natural plasma as found indglagh’s ionosphere is the low density state anaddé¢he infrequency of
collisions between the particles (Collision-lesagpha) however the long range Electrodynamics ictieeaforces between
particles are effective and their synergism andectiVisim create spectacular and dynamic effeckdéckv give rise to
phenomena such as aororal lights, radio emisstameents that produce simultaneous occurrencesasiabctilucent clouds
(NLC), waves that produce polar mesospheric Ec(i®BtSE) [7].

1.2 Dusty Plasma In Earth’s lonosphere

Plasma regime found in the Earth’s ionospherecismaplex one which consists of electrons, positbresi(H), neutral atoms
and molecules such as; 0", N-0" and other foreign particles such as dielectrics, (mica, silicates etc) and metalloids
(magnites, graphites etc) [8]. These constitute drains found in ionospheric plasma and this regohplasma is called
dusty plasma.

1.3 Previous Works

Plasmas streams can appear in a number of differays in practice, but in our case here, we aresidening stream of
electrons from solar wind interacting with dustya$tha in the Earth ionosphere, generating-instabgiowth (wave
amplification), in the linear region initially anthen amplitude fluctuation with characteristic damgpin the non-linear
region.

In recent studies, the expanding exhaust film odicspshuttle was observed to condense into ice gynaimch are
subsequently charged to create dusty Plasma idta ionosphere [9]. Instabilities are excitedatireg dust acoustic waves
due to relative drift between the charged dustigiast and the background Plasma ions and elecfi@}sStudies have also
shown that the dispersion relation of electrostatiode in dusty Plasma gotten from experimental ltesagree with
dispersion relation of dust acoustic wave, provitésl modified by a damping rate due to drag fro@utrals on dust grains
[11].

Kinetic model of Plasma has also attributed lisindang to be due to dust-dust collision, which actofor the pair
correlation function of the dust particles in duBtgsma [12].

Other studies of collective effects of Plasma iacgpenvironment and the Earth lower ionosphere baem carried out
in[13], where fluid model has been used and dgffitaxwellian distribution of velocities assumed.vidass [14] examined
the conditions for the onset of instability in Rfes model consisting of two charged dust distrimgistreaming relative to
one another. De Angelis et al [7]studied propagatibion acoustic waves in dusty Plasma in whidirthesult showed the
production of the low frequency electrostatic erdgament associated with dusty regions of Halley'ebas observed by
space probes. Vega and Giotto in [15] investigatedexistence of low frequency electrostatic waven un-magnetized
collision-less dusty Plasma, which they suggestay Inave relevance to the low frequency noise irfFthieg of Saturn.

The effect of dust particles on the instability wth rate and threshold drift velocity for excitatiof the instability was
examined in[16].

Other wave modes including the linear propertiethefdust acoustic wave in a Plasma where thendresectron densities
are given by Boltzman’s distribution were investeghin[11]. In their observations, they pointed thg possibility of a
novel dust acoustic wave in an unmagnetized dustgnias. Rosenbergin [17] investigated the dustamustic instabilities
using the Vlasov approach in which he suggested pbssible application of these instabilities to ieas cosmic
environment.

Finally for investigation of the damping waves, Kiediso [16] used fluid model to study dust-acoustwe with dust charge
variation and found that this could lead to strdagping of the wave.

In this study we looked at the effect of streaméhectron beam on warm dust molecules and ions iilo@wspheric plasma
by altering input parameters of the three streastalyility simulation of the ES 1-D code to inclutie dust as a third species
and study the growth rate of the instability andnpare it with the theory. Section two consistshaf theory, section three
gives the numerical procedure, section four coregrisf the results as well as discussions, andosefitte gives the
conclusion.
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2.0  Theoretical Frame Work
This section gives the theoretical basis of théalmfity that occurs in plasma as a result of stieg of charged particles to
produce waves that grows.

2.1  Two Stream Instability
Consider a uniform cold Plasma in which the ioresstationary and the electrons have a veldéityelative to the ions. The
linearized equations of motion for ions and elatsrare then given by

Mn, % = en,E, 1)
a* N N -

mn, [ ;il + (v, - V)vel] = —en,kE,; (2)
We look for electrostatic waves of the form:

E, = Eei[kx—wt]x\ (3)
Wherez is the direction of;; and k. Substitution in the above equations yields

. —~ = -~ Eie
—iwMn,v;; = enyE;, or v;; = o X (4)
. . - = - i EX
mn,(—iw + ikv,) Ve, = —en,E;, Or v, = _Ew—:ﬁo (5)

The ion equation of continuity gives

on; N
a—t”+ n,V-v; =0,

k - iengkE

or Ny = S MoVip = MZ)Z (6)
The electron equation of continuity is

a R -

% + N1,V Vo + (0, V)V =0 @)

i.e (—iw + ikv,)ne, + tkv,v, =0 (8)

_ kngver _ __ lekn,
Ne1 = (w—kvyp) - m(w—kvy)? (9)

Since the unstable waves are highfrequency Plasciflators, we may not use the Plasma approximdiigtnuse Poison’s
equation given by

. &V - E1 = e(ny — Neq) (10)
ie
ike E = (ieznokE) [ﬁ + m] (12)
The dispersion relation is found upon dividing etpra(11) byike,Eto get
/M 1
1= (1)12) [n:uz (w—kvo)z] 12)
where
2
O = o (13)

Let us see if oscillations with real k are stabhi@iestable. Upon multiplying through by the comnamominator, one would
obtain a fourth-order equation far. If the rootsw; are real, each root would indicate possible agalh of the form:

El — Eei[kx—wt]k\
If some of the roots are complex, they will ocaucomplex conjugate pairs. Let these complex rbetaritten as:

w; = Q; + lYL (14)
Wherea andy are ref) and Img) respectively. The time dependence will now begilsy
El = Eellkx—astle’ity (15)

Positive Im) indicates an exponentially growing wave; negalinéw) indicates a damped wave. Since the ragteccur
in conjugate pairs, one of these will always betainie unless all the roots are real. The dampets ra@ not self- excited
and not of interest now.

The dispersion relation (12) can be analysed withotually solving the fourth-order equation. Letdefine:

x = 2 andy = =2 (16)
P P
Then equation (12) becomes:
_m/M 1
I=—7+ v F(x,y) 17)

For any given value of y, we can plot function Jpagainst x. This function will have singularitiesx =0 and x =y .
The intersections of this curve with line F(x,y)1=give the values of x satisfying the dispersiolatien. There are four
intersections, so there are four real roais However, if we choose a smaller value of y, nbar¢ are only two
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intersections and, therefore, only two real rodtse other two roots must be complex, and one ohthaust correspond to
unstable wave. Thus, for sufficiently smail,the Plasma is unstable. For any givejth¢ Plasma is always unstable to long
wavelength oscillations. The maximum growth ratedicted by equation (12) is, for ma1:

® m 1/3
Since a small value &f,is required for instability, one can say that fogigenk, v, has to be sufficiently small for
instability.

2.2 Particle In Cell Codeand ES1 Simulation
The model used here is the particle in cell(PI@gty5], which originated from the work of Dawson[1B this model the
plasma is represented by macroparticles, where macho particle represents thousands of real pesti®IC code is able to
integrate in time the trajectory of a huge numiderharged particles in their self-consistent elestitic fields.
The computational cycle starts with the knowled§é¢he initial particle positiorx; and velocityv;, from which the charge
and current density at grid point is obtained bygiveng or interpolation

pj = i fIiS(xj - xi) (19)
in which S is the particle shape function whichlaeps point charges with a finite sized chargealdiext the electric field
E; at the grid points is obtained by solving the Baisequation

VE(x;) = —V2¢ = p(x;)/e, (20)
using the fast Fourier Transform. The electricdfiat the grid point is then weighted or interpatate the particles positions
asE (x;) and then used to find the forE€x;) that is used to move the particles to new posstiamd velocities by integration
of the Lorentz force using the leap-frog method

dv;/dt = q; E;/m; (21a)

dxi/dt = 7 (Zlb)
The process is repeated for the total number of 8teps. The computer runs producing snap shoeadiagnostics such as
kinetic energy versus time, potential, electriddfje.t.c

3.0 Numerical Procedure

Our model of electron beam - dusty plasma systensists of three interacting particle species; aestipermal electron
beam, thermal ions, and thermal dust with Maxwelk&locity distributions. An input file in the E®bde was created by
modifying one of the available input files to suiter model. The input file in the required formagis shown below:

THREE STREAM INSTABILITY

nsp I dt nt-----mmax--{fa

3 6.283185307 0.20 600 3 0

ng----iw----epsi al a2 EO-----w0

1024 3 1.00 0.00 0.00 00

SPECIES 1: Super Thermal Electron Beam
n----nv2---nlg---mode

1024 0 1 1
wp----We-----gm-----vt1----vt2---vO

1.0 0.00 -1.00 0.50 0.00 1.00
x1----v1---thetax--thetav

0.01 0.00 0.00 0.00

SPECIES 2: Warm lon
n----nv2---nlg---mode

1024 0 1 1
wp----wcC-----qm-----vt1----vt2---v0
1.00 0.00 1.00 0.10 0.00 0.00
x1----v1---thetax--thetav

0.01 0.00 0.00 0.00

SPECIES 3: Warm Dust lon
n----nv2---nlg---mode
1024 0 1 1
wp----wcC-----qm-----vt1----vt2---v0
0.0010.00 0.1 0.10 0.00 0.00
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x1----v1---thetax--thetav
0.001 0.00 0.00 0.00
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Fig. 1a: The graph of the Kinetic energy (KE) of each
particle species and the total Kinetic energy%ﬂll’JV\f;1

Fig. 1b: The graph of the Kinetic energy (KE) of each
particle species and the total Kinetic energyaﬂf)w;l

Fig. 1c: The graph of the Kinetic energy (KE) of each
particle species and the total Kinetic energy:aBOV\gl

Fig. 2a: Graphs showing the time evolutions of the
electrostatic energies of the first three excitaties,
and the field energy at t = 1gw

Fig. 2b: Graphs showing the time evolutions of the
electrostatic energies of the first three excitenties,
and the field energy at t = 2@

Fig. 2c: Graphs showing the time evolutions of the
electrostatic energies of the first three excitenties,
and the field energy at t = 3G
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4.0 Results and Discussions
The results of the simulation are given in formtlod plots of the characteristics parameters useatesoribe the physical

properties of the plasma model as a function oétiFigure 1a-1c show the evolution of the kinetiergies at t=1€
Figure 1a. The graph of the Kinetic energy (KEpath particle species and the total Kinetic enatdy1Gv, .

Figure 1b. The graph of the Kinetic energy (KEpath particle species and the total Kinetic enatdy2Qv, *.

Figure 1c. The graph of the Kinetic energy (KEpath particle species and the total Kinetic enatdy3av,*.

The kinetic energy KE1, of the electron beam ismsebe decreasing with time. However, it is obsedrthat the kinetic
energy KE2 of the warm plasma ion increased witketiso also the kinetic energy KE3, of the warnt gasticles. Hence
onecan conclude that energy has been transferrée twarm dust particles and the warm plasma imm fthe hot electron
beam. The total energy curve is seen to be alnrsttant with time.

Figure 2a. Graphs showing the time evolutions ef éfectrostatic energies of the first three exciteatles, and the field
energy at t=1@,".

Figure 2b. Graphs showing the time evolutions @f ¢hectrostatic energies of the first three excitemties, and the field
energy at t=2@, .

Figure 2c. Graphs showing the time evolutions @f ¢fectrostatic energies of the first three exciteatles, and the field
energy at t=3@, "

The electrostatic energies, named bayfl0a,20a,38ad are modes of the Fourier decomposed elediméld energy.
Figure 2 is the diagnostics for the Fourier transf® of the electrostatic energi&SE (k)i (i = 1,2,3), of the first three
excited modes of oscillation and the field ener§y F

In ESE1 linear growth and damping that occurs is tducollective interactions. Instability occursedio the gain of energy
from the electrons by the wave. Some of this enésgyubsequently lost to the dust particles throughdau damping
process. ESE2, and ESE3 shows some successiveneamljrowths and damping fluctuations which occiterathe
saturation of the instabilities.

5.0 Growth Rate
The growth rate is measured on the field energyi-agrplot, and is given+

by
AFE
V=720 (22)
the maximum growth rate is given theoretically Bi[&s:
V3 . 1/3
w; = 7(2m—ml) Wpe =~ 0.05w,, (23)

at the peak.
Table 1: Numerical values obtained from the simulation, vehtme is measured in units of plasma frequengy,

Plasma diagnostics t= 10w, * t=20w, ! t=30w,*
KE1 4.0370 3.8310 3.7000
KE2 4.891x10 1.874x10" 2.154x10'
KE3 3.162x10 3.636x10° 3.391x10°
TOTAL KE 4.1080 4.1800 3.8990
ESE(K)1 7.305x10 3.162x10° 2.848x10°
ESE(K)2 9.006x109 2.565x10° 2.565x10°
ESE(K)3 1.520x10 1.110x10° 1.233x10°
FE 0.01874 0.05926 0.05337
TE 4.1080 4.1800 3.8990
0 0.03 - 0.035 - 0.04

The growth rate was found to be approximately 0.04which is close to the theoretical value of 0105 The total energy
TE was found to be constant from t=10~ and 201,72, but varies slightly for =30, ~by about 6%, which is within the
limit of numerical error. The electrostatic electfield energy for mode 1 is the strongest fotfadl times t=10~%,200 71,
and 307,71, followed by mode 2, and mode 3. This is consistéth theory.

6.0  Conclusion
A simulation of the electron beam-dusty plasmaaibility was carried out using the ES1-D code whitdes the PIC
numerical procedure. It was found that energyardferred from the super-fast electron beam toveren dusty plasma, but
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the total energy remains constant for all the timervals considered. The electrostatic energyfaasd to be highest for the
first mode, but decreases with the number of madesidered as shown in Table 1, and this is caistith theory [5].
The growth rate of the instability was found frohe tfield energy plots to be approximately 0104 which is close to the
theoretical value of 0.05,, obtained from literature [19].
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