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Abstract

We have investigated dust charged fluctuation due to the combined
effect of Langmuir Wave and Photoelectron Emission in Irradiated
Dusty Plasma. The dispersion relation and growth of the Langmuir
wave instability is also presented. The applicability of the developed
dispersion relation and growth rate of the Langmuir wave instability is
analysed graphically.
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Introduction

The presence of dust grains can significantly affiee behaviour of plasma in which they are immersBoth
electrons and ions will be collected by the dusing, but since the electrons move about more Igwiifan the ions,
the grains tend to acquire a negative charge. riéieeg and photoelectron emission from grains iadiative or
energetic plasma environments may also contribwutgrain charging and can lead to positively chargesins.
Dusty grains with the range of 10nm to u@®can be found in both natural and laboratory pisfi]. Example
includes cometary environments, planetary rings,nkerstellar medium, and the lower ionosphere [2]

Dust has been found to be a deterimental compasferfitplasmas used in the microelectronic procesgsi
industry and it may also be present in the limiegion of fusion plasmas due to the sputtering asbon by
energetic particles [3]. Negative and positivetdpains can coexist in some situations of dusagipla [4, 5]. Dust
grains of some special circumstances of dusty pasmay be charged significantly by thermionic eiois, impact
of ionization etc. [6].

The presence of static charged dust grains hasfoeed to modify the existing plasma wave speffita
while dust dynamics has been discovered to intrechewn eigen modes such as dust-acoustic (DA) niddst
Lattice (DL) mode etc. [7,8,9,10]. Collective pgtiation of plasma parameters in a dusty plasmagghibit self
consistent dust charge fluctuations in responsestilations in the plasma currents following inkem. The self
consistent dust charge fluctuation oscillation bansustained by the low frequency oscillation @& tinder of ion
oscillation and this usually leads to the dampifghe mode [11, 12]. However, Langmuir wave (whate high
frequency electron plasma wave) perturbations can imfluence the self consistent dust charge flatbtun
oscillation.

Recently, Islam and Nakashim [1] have proposedferent mechanism of sustaining high frequencytdus
charge fluctuation oscillation by the combined efffef Langmiur wave and photoelectron emission.ndraiur
oscillation results; in the build-up of perturbddatron on the dust grain, which can be removeglytoelectric
emission. It is observed that the Langmiur wave loa instable due to dust charge fluctuation efiedtradiated
streaming dusty plasma, provided electron-neutiisional damping is negligible.

In this report, we show that the growth rate ohdgmiur wave in collisionless plasma in which the
streaming velocity of electrons exceeds the wawasghvelocity due to dust charge fluctuation effigpends on
equilibrium dust grain density, radius of dust geaithermal velocity of electrons and electronastiimg velocity.
The paper is organized as follows. The basic thé®rformulated in section 2 and the analyticalulissalso
presented. Finally, our results are summarizeddssalissed in section 3.

2 Formulation
We consider homogenous and uniform dusty plasmiahwk made-up of electrons, negatively/positively
charged dust grains, ions and neutrals. The elexire streaming with a velocityMvhile the neutral gas is taken
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to be at rest. The dust chafgdg =+Z €, where Z, is the number of charge on the dust grain aris the
electron charge. Assuming a high frequency elstdtic wave with mode{a), Iz) propagating in the dusty plasma,

the dust will acquire a perturbed chard@,, where & and K are the frequency and propagation vector of the

mode respectively. We shall ignore the ions arstsddynamics because, high frequency oscillati&a (angmiur
oscillations) occur so fast that; the massive mm$ dust do not
have time to respond to the oscillating field. Enthey could be considered to be fixed. Also ithes
contribution to the fluctuating dust grain chargeégnored.

The continuity and momentum equations for elediiorthe dusty plasma are given as follows:

M L 5. (nV.) =0 (2.1)
ot
oV,
M |:T+ (Ve'D )Ve} = -en,E -0Up, -v,n.myV,, (2.2)

where m, g V. and R are te mass, density velocity and pressure ofrelecespectively.V, is the collisional

frequency of electrons with neutral atoms/moleculdsle E is the electric field.
Equations (2.1) and (2.2) are coupled to the ¥alg set of
equations namely: Quasi-neutrality equation

n

e

=0+ Qdend , (2.3)

Poisson’s equation
_D2¢:4ﬂe|:&—ne:|’ (24)

and basic dust charging equation
dQ
_dtd = e+|pe+|i' (25)
where |, I, and | are the electron current, photoelectric currentt @n current collected by the dust grains
respectively. While fand nrepresent dust density and ion density.
The approximated expression of electron currenpasitively charged dust grain for electron straami
velocity much larger than the thermal velocity &lea is written as;

2€(¢ - @ )
l,= -mr2(enyV, )1-—22 "/ 2.6
e u d ( e e)|\ mevez ( )
while, the photoelectric current has the form:
2
| o = 7Trien, - (hv, —eq,), (2.7)

e

where h,Vp and g are the Planck’s constant, irradiation frequenoy work function respectively. The dust

radius, bulk plasma potential and dust grain serfactential are denoted &g ¢ and ¢ respectively. It can be
observed that, there is no expression for ion oisimce ion current to dust charge fluctuation badn ignored.
Using the usual linearization technique for equrafi2.1) — (2.7) and considering the variation eftprbed

guantities asexp{i (Iz.f - a,t)J we obtain:

wn, — Kn,V,, =0, (2.8)
Vo (@+iv,) - KVZ T+ 2 kg =0 (2.9)
neO me
4re n
Ql = K 2 |:_ne1 +%le:|' (2-10)
dQy; _
dtdl ST (2.11)
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and

2e
Iel = _eﬂrdz (neovel + nel\/e0)|:1+ (adg :|i (212)
meVeO
2
I ey = mrlen,, p (hvp - eq)o), (2.13)

e

where @ = w - KV , is the Doppler shifted frequency a\r)d _[K,.T
the — m

e

is the electron thermal velocity. At

e

equilibrium, On_, = Py =0 and | +1 0 tlio=0; noting that| , =0. The perturbed electron density is obtained

from
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equations (2.8) and (2.9) as:
ek*gn,
m [ @(@+iv,) - kVE |
Making use of equations (2.12), (2.13) and (2.8), thé cherge

nel =-

(2.14)

fluctuation from equation (2.11) reduces to
i[l e i[l
"= ool n sl m (2.15)
w neO kVeo neO
The application of equation (2.15) in equation (2.10) gilledinearized Poisson’s equation as:
4re By i
= -1+ - _2 |p_, 2.16
A=z { w kVeJ o ( )
I I
where - ‘ pe0| | Mo =m?n. V - ‘ peo| || Nao | _ 1+ (2eqad0) m2n, V
ﬂpe [ e J[ neOJ d''doVY pe ﬁ e neo m d "'doVeo
2\hv, —egq

and the velocity of photoelectron i\slpE = The termsfl,e andif are due to coupling to dust

m,

e
charge fluctuations, while the coupling paramdierepresent an effective collision frequency of the streaming
electrons with the dust graing,. on the other hand, is the effective detachment frequencyabbglectron from
the dust grains.
The dispersion relation of Langmiur wave instabilityaiollisional and streaming dusty plasma with dust
charge fluctuation is given as:

IPEO pe Nao
—_— 2.17
[a)(kveO —w) KV, (w-KkV,) | e ng’ ( )

2
where W, = 4rm,,e

m,

(2.17) is the Langmiur mode. The streaming of electrorchvishifts the real part of the Langmiur wave is
represented by the second term. The damping of the Langnude is represented by the electron — neutral
collision term given as the third term.  While, foudhd fifth imaginary terms are due to the dust charge
fluctuation.

the electron plasma frequency. The first term on the hght side of equation
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il
For v, > % equation (2.17) reduces {g9=+ /(aé +k2\/ﬂ2‘e) +KV,, —'_2\/e +lﬁﬂﬂl (2.18)

24V, e n,
If the electron streaming velocity exceeds the wave phase veloeity.>Vie and considering the case of
KApe = 1; the growth rate of Langmiur wave instability in alis@nless dusty plasmé/e = 0) is written as

Vs V2
Vzg(rfndo)vt—“, (2.19)

e0

Vthe

where the electron Debye length jg_ = and V,, =V is considered.

pe
3. Discussion and Conclusion
We have investigated Langmiur wave instability in a coltigloand streaming dusty plasma, with dust
charge fluctuations to obtain a dispersion relation as whildhegrowth rate of the wave instability. For the
numerical solutions of the developed dispersion relationgaodth rate of the Langmiur wave instability for the
collisionless dusty plasma, we consider the following nicakparameters: radius of dust graig) & 10nm [1],
dusty density (@) = 10f x 1Pm™, streaming velocity of electron ) = 30ev and electron temperature)(¥ 2ev

[13]

In figure 1, we have the variation of growth rate withtdwain radius. As can be observed from the graph,
it is seen that as the dust radius increases the growthlsaténcreases as a graph of an exponential function. In
figure 2, we have a linear variation of growth rate with témperature of the electron. While in figure 3, the
variation of growth rate with the streaming electron vejodibps exponentially from maximum to almost zero as
the streaming electron velocity increases.

For the plot of the positive real frequency with the stregmielocity, we have a linear variation as presented in
figure 4.

We have seen that; the Langmiur wave can be unstable due tohduge fluctuation effect when the
streaming velocity of electrons exceeds the phase velocity afahe, with the electron-neutral collisional damping
neglected. The present study may help in further undeistanéidust charge fluctuation in high frequency mode
both in natural and laboratory dusty plasmas.
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