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Abstract

An electrostatic linear kinetic analysis of velocity-sheared
inhomogeneous charged dust streaming parallel to a magnetic field in
plasma is presented. Excited mode and the growth rates are derived in the
lower hybrid-like mode regime, with collisional effects included. In the case
where the drift velocity u is very small the velocity shear u would dominate
over density anisotropy [h in providing the free energy to drive the relevant
instability in space plasmas.
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1.0 Introduction

Plasma occurs all over our universe and dusty @asegime consists, in addition to the usual
neutral particles, ions and electrons, of disperd®atged dust particles. Such dusty plasmas araia m
constituent of many space and astrophysical enwviestis such as interstellar clouds, circum steluds,
asteroid zones, earth’'s atmosphere, planetary ,rimgsrplanetary dust, nebulae, comet tail, etce Th
charged dust particles play a significant rolehi@ dynamics and wave behaviour of many naturaksyst
Several analyses, treating the dust as a chargéidi@apecies of uniform mass and charge, havevsho
that the presence of charged dust component leatie appearance of new plasma modes arising fiem t
grain dynamics. de Angelist al [1] studied the linear properties of ion acoustaves in the presence of
massive, immobile charged dust grains in an unmémgukeplasma. They applied their result in intetipig
the low frequency electrostatic noise enhancemesbaated with Halley's comet. Rast al [2]
considered the dynamics of a tenous dust fluidamstimed Boltzmann distributions for electrons amd i
fluids. They predicted the existence of dust attowgave in dusty unmagnetized plasmas. D’Ang8&lo [
investigated low — frequency electrostatic wavedusty magnetoplasma, and studied the ion acoasstic
cyclotron modes. In a study of dust drift waveésyas found that the dust could modify the usudt dr
waves and also lead to the appearance of a dfisivdrie arising from the dynamics of the dust gsd#i

In addition, the two-stream instability has alsoeiged some attention. The presence of charged
dust in plasma can also affect the behaviour acfptainstabilities. Havnes [5] studied streaminggainiity
between solar wind and commentary dust particlesyus kinetic model in which the dust particles ever
drifting relative to a hot background of hot iongleelectrons. The effect of dust particle dynamigson-
ion two stream instability and two stream instapilpenerated by drifting dust beams have been
investigated Bharuthramt al [6]. The existence of dust lower hybrid modesiag due to finite Larmor
radius effect was demonstrated by Salimullah [7]levRoseberget. al[8] showed how the mode can be
driven by negatively charged dust and went on fyathe result to radar backscatter from Space tighut
exhaust in the ionosphere. Velocity-sheared dustided instability was proposed in [9] as a possibl
means of interpreting the some observations irtaleditructures and streamer splitting in commeriity.
The authors, using fluid model, determined thaaaitdust shear for instability to occur. Howevamnore
complete analysis, using the kinetic theory appnpae presented in this letter. We obtained matgina
condition for instability and also the growth ra@ur study would be applicable to wider dusty plasm
phenomena found in space with relative particlesfloThis is because, most of the times, in spaasnds,
gradients of parameters of moving particles caag@oximated as weak.

2.0 Theory
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We consider three-component plasma, which consibtsingly, charged ions, electrons and
charged beam of dust particles. The external ntagfield, B, and the dust relative velocity, u, are taken
along the z-axis while the density in-homogeneitassumed to be oriented along the x-axis i.eosadhe
field B, (Figurel).

Taking the quasi-neutrality condition for the syst® be given ag;ng + no + n;= 0. The kinetic
dispersion relation for electrostatic modes in ision-less plasma becomes

D(w) =1 +Xi +Xet Xa=0 (2.1)

The magnetized ions and electrons having Maxwellistributions functions have their responses,
respectively, as
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Figure 1: The coordinate geometry for the densiggignt velocity-sheared dust, magnetic field B amade-vector k.
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A weak inhomogenous charged dust beam moving with shearedityetan also be represented by
Maxwellian distribution as followd= (A ,x):%exp[—ﬁ(x)] . where
v

VE+VE + (V2 —u(x))’

A(x)= > The response is obtained, following Alexandseiy al. [10], from the
Vd
: ke @ .
operation: 1_76_ /l(x)[‘sd —1] whereg, takes the form af above. The result is
w0, 0X
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The plasma, cyclotron and collision frequencies@are 4me /m, Q, = qB/my, andu,, respectively and;
§= (@HONN2Ky &= (@HLYN2 kVe &g = (@-ku+iug)/~/2 kv Za, €, -eandmy m, m.are the
charges and masses of the charged dusts, ionshaneéldctrons, respectively.qo(b) = exp(-b)b(b),
b, =kjrza 12, r o=V, 1Q,. lois the modified Bessel function of order4g) is the plasma dispersion
function r_ is Lamor radius and v is thermal velocity. In the lower hybrid case wher
Q2 <<|df’ << Q7 << @2, &>>1 [11],ng << ey, k, << ky, k12 <<1and Ve,V;,Vq4 < @, equation

(1) becomes

Dlaner @A @ ke 1k k@ VK @ |
(CL))'- 2 2 2 > u 2 2
a blk®@Q2’ kw ) clk k Qw KL Quw
7K &) mé Uk ar
|l Mexp(—{j)+@exp(—fj) (23)
c| k’v,k,LQ, k,Q,k?v;
i H 2y,2 H
wherea = w(w+iv, )-kv: — 2 p=1-Ke Ve [4 K Y |, cm1-Ke W
w+iv, k w+iv, Q; kK w-ku+iv,
dln nd au
L= I is scale length of dust inhomogeneity amd or U’ :6_ is the dust velocity shear. Equation
X

(2.3. is expanded to obtain
AL L AL S R L
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k,LQ, k%,
having ignored the wave-particle resonance of tekfpround plasma. We define= wy + iy andD =D,
+iD; where reato= wy; imaginary part ofo=y and reaD = D,; imaginary part oD = D; and assumfg
>>\y; IDy| >> |Di|. Therefore, the wave mode is obtained fiiortk,c3) = 0. However, in the limit where
L — o, the excited mode becomes

o = (1+ﬂ)1[wf Y af} 25)

exp(-£7 ) £, exp(-€ )J =0 (2.4)

while the growth rate under the same condition is
2 -1 2

KTk Kk & K kw2 kK Q
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where y = {

In the cold plasma approximation and negligibldisioin frequencies, (i.a;, L, Ug= 0), the excited
frequency mode becomes

S [wf’f(ﬁj “’ez"{&j(ﬁ}j w;} 2.7)
(1+47) k kJLk

The condition for instability in this case is apxiroately
1 0u_1 ( kw? kzwjj
> +

—_— > 2.8
Q, ox  Z:\kkaw ki 28)

3.0 Conclusion

We have found a resonant instability for velociteared charged dust streaming in plasma
condition. The wave, which is near the lower hylreljuency, is excited by the velocity gradientheT
threshold for the onset of the instability in c@ldisma limit was determined. The theory presehtze
should be applicable in wide ranges of phenomeisaace plasmas occurring due to charged dust ewith |
but sheared relative velocity, and weak densitgligra.
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