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, We study the effect of the mass and charge dynamics on the collective behaviour of
lasma. It is shown that the finite non-zero streaming velocity of the dust grains leads to
oupling of the dust mass fluctuation with other dynamic variables of the plasma and the
he mass fluctuations causes a collisionless dissipation and provides an alternate channel
m mode instability to occur. Physically the negative energy wave associated with the
ode couples to the mass fluctuation induced dissipative medium to produce the
We conclude that the higher value of the ion mass density to the dust mass density
es the threshold value for the onset of the instability. Its application in the astrophysi-

is discussed.

Dusty plasma; mass fluctuation; charge fluctuation.
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oduction
A )
plasma is ubiquitous in the universe. Interstellar media, cometary tails, planetary
osphere, plasma processing, etc. are a few examples of the space and the
plasmas where the dust plays an important role in determining the
al behaviour of the plasmas [1-4]. Dusty plasma is a three component plasma
nsisting of the electrons, ions and the charged dust grains. The typical size of
grains is a few microns and these can carry ten to million times the electronic
In general, the size, mass, and charge on the grains may vary; for example, the
ary betw een 10”2 g to a few a.m.u. per dust charge [5, 6], the size may vary
meter to the molecular size i.e. there exists a smooth transition
| component plasma.
ns in a plasma may be charged through the collisions, photoemission
ime that the collisional process is primarily responsible for the grain
n this case the grains are negatively charged). As a result of the collisions, the
o the grain surface and thus causes the variation of the grain charge, mass
enerally, the effect of the mass variation of the grain is ignored since
1In the light of the recent data of ASPERA for the matter ejected from
we carefully observe that even in the above mass limit, ion mass density
omparable to the dust mass ‘density leading thereby to an interesting
ience of a new wave instability.
ive behaviour (waves, instabilities, etc.) of a dusty plasma in the absence of
ctuation has been studied by several authors [1-4]. Effect of the charge
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variation on the collective modes has been recently reported [ 7-11]. In all these
mass on the grains has been assumed to be constant. However, in general, it is
[12]. Actually the size (radius) of the grains should also be treated as a dyn
variable. But, for the simplicity, it is ignored as the time scale over which the
varies is larger than that of the mass variation due to accretion [12]. Undi
assumptions we find that when v,,/c, > nL/?(1 + 8), where n,,, = (myonyo)/(m,
dust mass density to ion mass density ratio and é = n,,/n,, is the equilibriu:
to ion number density ratio, there exists a novel mode of instability. The"
organized in the following fashion. In §2, basic governing equations
Dispersion relation is derived in § 3. Section 4 includes the results and discussi

2. Basic equations

We consider a three component plasma consisting of the electrons, ions
electrically charged dust grains. It is assumed that the mass variation is solelyd
sticking of the ions on the grain surface and the other processes like photoi
sputtering, etc. are ignored. The dust mass fluctuation equation is deriv
mass conservation relation. The basic linearized equations for the number (
tion of the electrons, ions and the dust fluids are:

atnel e V(nelveO i neOvel) o ﬂeonel — Pe1Meo>s

Oinyy + V(i Vig + nyoViy ) = — Bioiy — Biyios

0ingy + V(ngy Va0 + NaoVar) =0,
where the subscripts 0 and 1 represent the equilibrium and the perturbe
respectively; n,, v, (a = electron, ion and dust) are the number density and ¥
ath species. 8, and f; denote the attachment frequencies of the electrons an

respectively.
Using (2) and (3) along with the mass conservation equation

8,p+V-J=0,

where p = Tm,n, and J = Zm_n,v,, one obtains the required equation for
fluctuation as

0,mgy + (Va0 VImgy = (Myg/na0)(BioMir + iy Mio)-

In writing the above equation, the term proportional to the electron mé
neglected. Using similar arguments, the dust charge fluctuation equé
derived as i

i

e
(0 + Va0 V)Q41 = s [Beoter + BerNieo) — (BioMiy + Biny
do :

Here the attachment frequencies for the electrons and the ions have
B.=I,n4/q,n, with ‘@’ representing for the electron and ion. The exp
electron and ion currents are given in the refs [12, 13]. Using the abov
the equilibrium constraints I, + I;, =0, one finds

;Bao R (llaolndo)/(Qanao)
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Streaming instability of a dusty plasma

U the charge and mass fluctuation equations can be written as:

' n, n,
4,041 + 1941 = o] [‘l i _i]’ - ©®
. o TMeo
m; m; n,
drmd1+’1—e—Qd1=|Ie0 —e_ﬁi’ 9)

i, =0,+ (v4o'V), 1 —eIIeOIC_l(T_1 +wg')and fh=e|l,,|C ™ 'wy ' with C as
acitance of the grain and wy = T, — equ, T, being the ion temperature and ¢y,
brium floating potential of the grain surface. Equilibrium quasi neutrality
iolao — de Mo = 0 has been assumed.

on of motion for the electron, ion and dust grain fluids are

mn.d,v,= — VP, +g.nE—mnv (v.—V,) (10)
mnd,v; = — VP, + gin, E —min;vi(v; — vg).

d(mgvy) = Q4E. (€8Y)
equation of the motion of the dust, collisional terms are not included and the dust
¢ assumed to be cold. The Poisson’s equation closes the set of basic equations
S given as

- V2¢ = —dne(n,—n,)—4nQqyny. (12)

(8-12) form the basic set of equations for the study of the various wave
omena in dusty plasma with dynamical behaviour of the dust mass and charge
jations.

spersion relation

e interested in the low frequency response of the plasma ie. o < kv, kv,,. The
um flow of the dust grains is non-zero i.e. vy, # 0. Electrons and ions are
d to follow the Boltzmann distribution;

(13)

; ;atiuilibrium electron and ion number densities respectively.
the ﬂuctuatmg quantities to vary as exp(— iwt + ikr), (8-12) can be
yzed to yield the desired dispersion relation as

e i 1 iB
k’lz(l+d>+m>+k2,1i2(1+a‘)+in>+

iBwzavao D _ 0 (14)
ko> 1ﬁ(1+t) S
+in
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4nZe’*n 7L T., T y
where wlj=——22 Z=—1 J2,= 4— = =Tl’ Wgq =3
Myo m; TNe0,i0 € nlo e

@ = w — kvg,. Except for the 4th term in (14), rest of the terms are identi
dispersion relation of Bhatt and Pandey [11]. The 4th term is caused by
fluctuation dynamics of the grains. We note that this term vanishes when th
is zero. It is quite natural because in the absence of the finite flow velocity 0
grains, the mass fluctuation equation becomes redundant and it does not ge
with the other dynamic variables of the plasma and dust fluids. Defining C2
where A7 = A; % + 4 % assuming T, ~ T, ~ T, n,, ~ n,y ~ n,, (a situation
the planetary rings [14]), eq. (14) in the limit of k? A%, « 1 can be written

(% — k* CL)( + in) + iBd*(1 + 6) = af — iPe(d + in),

where

A2k
(1+T) wed ;fzf de

4. Results and discussion

We are interested in a physical situation where mass variation, charging an¢
frequency satisfy the condition # ~#, 8 <. Since in this limit, charge :
dynamics can have appreciable effect and the damping effect on the wave i
severe, the root of (15) can be calculated perturbatively. Accordingly thesoll uf
given as

a+ ickCy4, — ik* C2(1 + 5)

w = k(de = Cds) ar (ﬁ/z) k2 C?

If one assumes that ¢ > kC (1 + J) i.e. ( . > > nL/2(1 + 9), an instability se

we see that the threshold condition for the onset of the beam drlven;‘
modified over the earlier condition v, /c, > 1 as derived by Rosenberg [14]
the multiplicative factor #%/? in our threshold condition originates from the
fluctuation dynamics. "
s, \ 12 ]
In many astrophysical plasmas 7}/ = <ﬁ> > 1 owing to the la
107"%10-.

the dust to ion mass. Thus the mass fluctuation dynamics of the dust grai
role to play in deciding the onset condition for the beam driven mod;
dusty plasmas. As we will see in the following discussions, the Mass Fluct
Streaming Instability (MFDSI) may have favourable conditions in m
astrophysical systems.

(a) Mars: The formation of the dust belt around the mars is according to
belief caused by the material ejected from its moon Phobos. Assuming:
initially move along the circular Keplerian orbit with vy, & vPi°b* ~ 2
typical plasma parameters of the Mars, n,, ~0-1cm ™3, T ~ 0 1 eV, m
one finds that v,,/c; ~ 0-2. Taking yo ~ 1079 — 1012 3, myy ~10
[6], one finds the value of n1/> ~ 1075 — 10~ 5. Thus the onset condltlo

is satisfied and its existence in Martian ring is possible.
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