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Streaming instability in a velocity—sheared dusty plasma
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A two-stream instability, obtained from kinetic theory, of strongly velocity-sheared
inhomogeneous streaming electron in a magnetized gdma in the presence of
negatively charged dust is discussed. Various colplasma approximations were
considered and it is shown that when the diamagnetieffect of ion can be ignored,
the excited mode could be dust lower hybrid-like. @ other hand, if the dust is
treated as immobile background, the excited wave i®n lower hybrid-like. In both

cases, the growth rate is reduced due to the presmnof the dust particles and the

velocity shear scale IengthLE , Is on the order of k™ (where k is wave vector) for
the most unstable mode. An example is given from éplume.
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1.0 Introduction

Dusty plasmas are a main constituent of many spadeastrophysical environments such as interstellar
clouds, circum stellar clouds, asteroid zoneshé&adtmosphere, planetary rings, interplanetary, chebulae, comet
tail, etc. The charged dust particles play a sigaift role in the dynamics and wave behaviour ofiynaatural
systems. Several analyses, treating the dust harged particle species of uniform mass and chdmaee shown
that the presence of charged dust component leatlte tappearance of new plasma modes arising frengrain
dynamics. de Angeliset al. [1] studied the linear properties of ion acoustiaves in the presence of massive,
immobile charged dust grains in an unmagnetizesinpda They applied their result in interpreting lidwe frequency
electrostatic noise enhancement associated witley®iComet. Raet al. [2] considered the dynamics of a tenous
dust fluid and assumed Boltzmann distributionsei@ctrons and ions fluids. They predicted theterise of dust
acoustic wave in dusty unmagnetized plasmas. D’An{f] investigated low — frequency electrostatiawgs in
dusty magnetoplasma, and studied the ion acousticyclotron modes. In a study of dust drift wavewas found
that the dust could modify the usual drift waved atso lead to the appearance of a dust drift veaiggng from the
dynamics of the dust grains [4]

Charged patrticle streams flowing in magnetized mplag@re a common occurrence in terrestrial and @sysical
plasmas and this, two-stream instability, has edseived some attention. The presence of chargstinl plasma
can also affect the behaviour of plasma instabditHavnes [5] studied streaming instability betwsalar wind and
cometary dust particles using a kinetic model inciwtthe dust particles were drifting relative ttva background
of hot ions and electrons. The effect of dustipl@rtdynamics on ion-ion two stream instability ameb stream
instability generated by drifting dust beams haeerbinvestigated Bharuthraeh al. [6]. The existence of dust
lower hybrid modes arising due to finite Larmoritedeffect was demonstrated by Salimullah [7] witlesenberg
et. al. [8] showed how the mode can be driven by negigtilearged dust and went on to apply the resufattar
backscatter from Space Shuttle exhaust in the fErs.

A velocity-sheared dust induced instability waspgoeed in [9] as a possible means of interpretirgy th
some observations in helical structures and streamiéting in cometary tails. The authors, usimgid model,
determined the critical dust shear for instabildyoccur. Scalest al. [1997] used simulation to study expansion of
irregularities caused by velocity sheared electitow in dusty plasmas. The mechanism for the prtidacof
irregularities in the boundary of the expandingtdtleud, found by the the authors, is the Electimm-Hybrid
(EIH) shear driven instability.
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In this letter we use the kinetic theory approadfictv allows one to take Larmor radius into account.
However, unlike Scales et al, we simplify our stuayignoring the effect of collisions and dust diag. Our
approximation can be justified in the regime whigfeAn immediate leap from this approximation ésibclude an
imaginary term analogous to the one derived by Geeal for dust fluctuations to the growth ratéadted here. A
more complete theory, however, which we are lookihépr future work may be the kinetic theory ostjuplasma
suggested in Tsytovich where... Notwithstanding, tesults presented here can give a qualitativerigéisn of
what to expect in system under study when relativ&re complete is applied.

2.0 Dispersion Relations

We consider a three-component plasma which consfssingly charged ions, electrons and negatively
charged dust particles. The mass of the dustcpmr$ assumed constant. We also neglect dust iclgasmd
collisions, and consider rarefied dust so that kiretic analysis is justifiable [Tsytovich et al0@2]. The
Maxwellian distribution for the dust particles isceptable in a frequency regime that is not togdarompared to
the dust plasma frequency [see eg. Rosenberg andaSR003 and]. There is an external magnetic fiB| in the
same z-direction as the relative velocity, u todhst, of the plasma components. If we also hadensity gradient
oriented along the perpendicular axis, then thpedi@on relation is [Hirose and Alexefl975]

K+ Y K1+ e*lnu)zm)}
2, [ kﬂvzn:

s=e,i,d

ou/oxk k
_gws(kDKn _ u/a))( ool a%)(klv)l;eﬂln(/])z(fn) =0 (21)

Here, e, i and d stand for electron, ion and dust, respectivédywave vector, ¥ = k? + kyz, k =k, andkp is
Debye wave vector vs = (2Tymy)Y? is the specie thermal velocity, and T is the electron temperafine

arguments are defined fy = (w— k”u + na)c)/kuvs , Where u(x)s the drift velocity,] = ké rLZ, r, =v/w, and

dinn and

I is Larmor radius. Z) is the plasma dispersion function,(Al) is the modified Bessel functiok, =

Q = w-ku.
The plasma and cyclotron frequencies @gq = 4Trne2/msyandm;s= gB/m,; -eZ, e, -e and |pm, meare

the charges and masses of the charged dusts, mhsthe electrons, respectively. We shall assume tha
Wl < |w|* < w? << wl, i.e, the electrons and the ions are magnetizedewhe dusts particles are

unmagnetized bud; << 1 . Dust diamagnetic effects are therefore emgtl. We shall also assume that the
inhomogeneities only show in the electrons and timdy the electrons are hot while both the ions Hred dusts
particles are cold. Further assumptions are asvistiée = (w-ku)/ kve>>1,& = (w-kyu)/ kv >>1 &4 = a/kvg>>1
and k <<k, 0 << e kv << uxe With the last two conditions only the term n = @agrs to be significant and alll
other harmonics can be neglecté&given the quasi-neutrality condition for the systémbe g + n, = n = 0 where

Z4 = 1, the dispersion relation is written in ternfsttte summation of the responses of the dygtjons,¥;, and
electronsye, as

a)g w.2 w2 w2 w2 k_ |k u’ w2
D(w,k) =1~ —>~ ! o '2+ g L (e > )_k_z z,_e e S
- w w — u w _
0 (o-k U™ @y W n"“ce z yLy ce ) (@ -k u)
' 28 [k, kUL
+|2\/E§ue2e yle +5{1+ . ej =0 (2.2)
k Ve 2kZLna)Ce kza)ce

1
dlnn
where| = [ 5 e} is scale length of electron density inhomogengitys 9U and . = (a)— kzu)/kve
n X 0x

. Ifwe setdInn/0x = 0and u = 0 (since we are interested in instability caused
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by velocity shear, u’), =0 and assume>= w + iy with wx >>y then the real part (wave mode) is

1/2
I
n n k [k u
~ d d z z
w, =y, 1+—+1-— |4 &2 +— (2.3)
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Fig.ure L Plots of (a)w/w, versus gin; for u'/ @, = -0.025(b) y/w, versus gin;for u'/ «, = -0.025and (c)
ylwy, versus gin for U'/w, =—0.025-0.015-0.010-0.002, shown in that order from top to bottom. The
parameters used are the following/my=10°, m/me =2000, Kk,=10% 3/0;=100, we=.01s", V=10 k = 1
andu = .005v.
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where

w, =, [1+ Az]_ll2

Damping or instability is given by the imaginaryrpa

— \/I_T 260: Ny kyu' ,
R T OTY | e N L i 2.5)

(2.4)

ni z%"ce
w? o’
whereA? = —% + 1 The condition for instability is
a)oe a)ci
k 1 du
T4 = <0 (2.6)
k, @, 0X
ou/0x k
or / -z (2.7
W, k,

Here, k can take a positive or negative sign. Rdbtequations (2.3) and (2.5) are given in figurewhere data
parameters for the plume given in Bernhardt e1895] were used.

3.0 Cold Plasma Limits

If all the particles are assumed cold and we hérag ¢kjve/(q:)2 << 1, k << ky, & >>1, & >>1 and
L, — oo (i.e, very weak density gradient), equation (2eHuces

2 2 2 2 ' 2
1—w7i+ oF .\ ® g B kiz_'-kiZ ug |@g . (31)
2 2 2 2 k. w 2
[ wci wce k y y ce ()
Where we have also set 0. It has the criterion for instability given as
X k, k n, n
ujox __ _z+_(&+mJ 62
W, k, k,\mn, mn

On comparing equation (3.2) with equation (2.73hHbws that the presence of dust has the effeadfcing the
instability as shown in Figures 1b and 1c.

Whenu and U’ are not equal to zero and we consider that thabily is driven primarily by electrons
we can ignore the ion term, (see Rosenberg and, K&84), and write

1+ ws +a)_i2:—6?)‘f +a)_§ (33)
o, & (o-ku)P o
where
&2 = %(%+6‘;ﬂJw§ (3.4)

If &)62 is positive, equation (3.3) becomes the familiea-stream instability. The threshold for instalilib occur
is

1/3\3/2
k,u< &)e& (3.5)
V1+ A?
wherep = "’_s
W,

However, solving equation (3.3) for the wave madeand growth ratey , we obtain
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wat)” o

M. =Y ﬁ , b A (3.6)

o l@a)”
J@+ A%
The most unstable modes [see also Lapuerta andoAR802] are:

_(d@)” (3.8)
24/3 (1+A2)

or w, if &>} (3.7)

~M and the wave number k at this maximum growth satesfies the condition

)

k,u=d, 3.9)

z
If, instead, we have that

kU, =, (3.10)
then all the three roots of equation (3.3) areifeal

3 _ 1/3
Ku, - >———— | w, (3.11)
2,1+ A?) ( )
and this gives the instability region.

If, on the other hand, the charged dust is treatednassive point particles, whereby we have onty tw
components plasma in a background of dust partieled we neglect the ion diamagnetic velocity, tbast term
would be replaced by ion in (3.5 ) - (3.8). Therefothe maximum growth is on the order of the daster
frequency hybrid defined by

L (3.12)

Jara?)

And sincea)fe >> a)cziwe obtain the maximum wave mode and growth rate as
w=y=q (3.13)

which was estimated by Scales et al [1997] fromrésailts of their simulations. The value of kgt tmaximum
growth is

k, n
k,Le =—Z—eﬂ=1 (3.14)
k, n, m,
where g is defined as the scale length of the electronoil shear :
L = (ky ou/ @, 0x) (3.15)

4.0 Conclusions

We have found a resonant instability for velocityared charged dust streaming in plasma condifiba.
wave which is near the lower hybrid frequency isieed by the velocity gradient. The threshold toe bnset of the
instability in cold plasma limit was determined.eTtheory presented here should be applicable ile wadges of
phenomena in space plasmas occurring due to chdrggdvith low but sheared relative velocity, anelal density
gradient.
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