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Abstract. We investigate the drift dissipative instability in a non-uniform mag-
netized plasma composed of electrons, positive ions, negative ions and negatively
charged dust particles. We use a multi-fluid plasma model and derive a dispersion
relation for the electrostatic drift waves with frequencies much smaller than the ion
gyrofrequencies and wavelengths longer than the ion gyroradii. The presence of the
negatively charged, massive dust grains affects the drift wave frequency and the
growth rate of the drift dissipative instability. The present results may be relevant
to space and laboratory magnetoplasmas containing negative ions and charged dust
grains.

The low-frequency electrostatic drift wave is one of the fundamental modes of a
non-uniform magnetized plasma (e.g. [1-4]). In the standard theory of the drift dis-
sipative instability, consideration of a non-Boltzmann electron density perturbation
owing to electron—ion collisions leads to a phase shift between the electron density
perturbation and the wave potential, which in turn produces instability [1-6].
Non-thermal drift waves cause cross-field transport [5] of the electrons and ions
in an inhomogeneous magnetoplasma. Furthermore, it is well known [7-10] that
dispersive drift waves, driven by the drift dissipative instability, can be responsible
for the formation of zonal flows, streamers, and vortical structures. The latter play
an important role in tokamaks [11], for example.

It has been shown that the properties of the dispersive drift wave [12] can be
modified in the presence of charged dust grains [13,14] owing to the modification
of the equilibrium quasi-neutrality condition and the dust particle dynamics. Dust
charge fluctuations can also modify the properties of electrostatic drift waves [15,
16]. The dynamics of the collisional drift wave instability in an electron—ion plasma
with stationary dust grains (i.e. dust grains that do not move on the time scale of
the instability) has been studied in [17], without presenting, the modification of
the instability growth rate and the drift wave frequency owing to the presence of
dust.
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In this letter, we present an investigation of the drift dissipative instability
in a non-uniform magnetoplasma whose constituents are the electrons, positive
ions, negative ions and negatively charged dust grains that are stationary and
non-uniformly distributed. We use a fluid theory description. Namely, we use the
continuity equations for the electrons and the two ion species, together with the
perpendicular components of the electron and ion fluid velocities in the drift approx-
imation, together with the parallel component of the electron equation of motion
and the quasi-neutrality condition to derive the modified ion vorticity equation. The
latter is Fourier analyzed to obtain the local dispersion relation, which yields the
dispersive drift wave frequency and the growth rate of the dissipative drift wave
instability. Both the drift wave frequency and the growth rate are significantly
modified by the presence of the negative ions and the dust. The relevance of our
investigation to space and laboratory magnetoplasmas is mentioned.

We consider a non-uniform dusty magnetoplasma composed of electrons, positive
and negative ions and negatively charged dust grains. The external magnetic field
is Byz, where By is the magnetic field strength and 2 is a unit vector along the z-
axis in a Cartesian coordinate system. The equilibrium density njo(z) has a gradi-
ent Onjo/0x. where the subscript j = e, 4+, —,d stands for the electrons, positive
ions, negative ions and negatively charged dust, respectively. At equilibrium, we
have

Neo (2) + Zanao (x) = Zinio(z) — Zon_og(x), (1)

where Zy, Z_ and Z, are, respectively, the number of electrons residing on each dust
grain, the charge state of the positive ions and the charge state of the negative ions.
It is assumed that density gradients are maintained by some external sources, that
all species are magnetically confined, and that the density of each species decreases
in the z-direction.

We consider low frequencies such that vy < w <v, <w,., where v, and v; are the
electron and ion collision frequencies, respectively, and w.. = e By /mec is the electron
gyrofrequency, where e is the magnitude of the electron charge, m, is the electron
mass and c is the speed of light in vacuum. We also consider long wavelengths such
that the wavelength A is much greater than the ion gyroradii. For electrostatic
waves with E = —V¢, where ¢ is the scalar potential, the electron and ion fluid
velocities are, respectively,

c . CTe A ~ ¢
Ve & B—O(z x Vo) — Bor. (2 X Vn,) + Zve., (2)
and
c . i, _ c 0 0 .
Vi & FO(Z XV(b)i eBoni(Z XVTL+)+B(]M_F<at+U*+ay)VJ_¢. (3)

Here T, (T;) is the electron (ion) temperature, n. (n4) is the electron (ion) number
density, w.4+ = ZyeBy/m4c is the ion gyrofrequency, and my is the ion mass. We
have denoted v.y = (¢Ti/ZyeBynyo). The third term on the right-hand side of (3)
is the ion polarization drift. The ion motion parallel to 2 has been neglected, which
amounts to discarding dust-modified ion-acoustic waves [18,19] from our plasma
system.
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The parallel (to 2) component of the electron fluid velocity perturbation v., is
obtained from the inertialess electron momentum equation

VeUer & 9 ((;5 _ Lotat >7 (4)

€ Meo

where n¢ (= n.—ne (z)) is a small perturbation in the equilibrium electron number
density nep(x). The electron density perturbation is obtained from the linearized
electron continuity equation and (2). We have

One e dneg 09 in OV,
ot By dx Oy 079z

Letting ny = nyg(x) + nig, where ny<<ngy, in the ion continuity equation, and
using (3) we have

Z'%L_r idnio aﬁ — N4oC <8

9 2 4 \
ot N Bo dx 8y Bowci a + mi@y)VL¢ =0 (b)

Multiplying the positive (negative) ion continuity equation above by Z, (Z_),
subtracting the resulting negative ion equation from the positive ion equation, and
using the quasi-neutrality condition

=0. (5)

Ne1 = Z+77L+ —Z_n_, (7)

we obtain

ot B() dzx 8y B(] -

a’ﬂel C dNO 3¢ Cc Zinio 0 2
d T wie=0, (8)
where we have assumed that p?% |V2 ¢|<¢. Here py = vy /wes is the ion gyroradius
and vpy is the ion thermal speed. We have denoted Ny(x) = neo(z) + Zanao(z).
Equations (4), (5) and (8) are the desired equations for the study of the drift-
dissipative instability in a collisional dusty magnetoplasma with multi-ion species.
From (4) and (5) we have

0 H? ¢ dne 00  nee 0%¢
ar Dei el — S5 — - a9 Y
<8t 022 >n ! By dr 0y + MeVe 022 0 ©)

where D, = v%e/l/e represents the collisional electron diffusion coefficient and vy, =
(T./me)/? is the electron thermal speed.
Now, by using (9) we can eliminate n.; from (8), obtaining the wave equation

c d 9% c ANy ¢

= (Zange) —- — =D, =0
By da:( “‘"'O)ayat By " dr 0220y
C Z+TL+0 1o} 82 9 3(;5 Nep€ 83(15
< 0V (2 p 2\ % —0. 1
+ By (Z Wes ) <6t “022 Vi ot * Mol 0220t 0 (19

+.-

Ignoring the magnetic field aligned motion, we obtain from (10)

B) Zingo\ ' d ¢
§V3_¢+ (; + i“) = (Zanag) = =0, (11)

Wet dx dy

which governs the Shukla—Varma mode [20] in a non-uniform dusty magnetoplasma
with two ion species.
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Supposing that ¢ = ¢exp(—iwt + ik -r; + ik, z), where w and k(= k, + 2k.)
are the frequency and wavevector, respectively, we Fourier analyze (10) to obtain
the local dispersion relation:

. : Z . 2 2 Z
(1+ k2w + by Vi — —=¢ ky d(Zanao) _ iw ”’ﬁ(z +”+0> =0, (12)

NeoWee kz dx Wee kg +— NeoWe+

where Vi = (D /ne )(dNy /dx), Dp = ¢T./eBy, and

7 1/2
po= (D 2020

TeoW,
+— e0Wet

is the effective ion sound gyroradius in our dusty plasma with multi-ion species.
We note that (12) is valid as long as the gradient scale sizes are much longer than
the wavelength.

Letting w = wy, + 9y, where 7y, <wjy,, we obtain the drift wave frequency

_ ’ 13
R CEpey 5
and the growth rate
Ve Wi, k_2|_ Z+Nto ky d(Zanao)/dx
I S PP £ %y RLdNd0)/CT 13b
T wee (14 k3 p?) lwk k2 <+Z: Ne0 Wt + k2 Neo (13b)

We note that in the limit where the dust charge density is much smaller than that of
the ions, the presence of a high concentration of negative ions, with Z_n_q/ne > 1,
would lead to a decrease in the drift wave frequency because the effective ion sound
gyroradius increases. In this case, the growth rate would tend to increase because
it is proportional to Z_n_g/ne. On the other hand, when the dust charge density
is much larger than the negative ion charge density and when Zyngo/ne > 1, the
frequency can increase, while the growth rate can decrease. (Note that since we
are considering a plasma in which all species are magnetically confined, and the
charge density of each species decreases with x, that is, Zqnqg/dx < 0). The latter
may come about because in the approximation we are considering, where the dust
is stationary, the portion of the negative charge density that is residing on the
grains does not get perturbed, so there is less of a charge separation in the density
perturbation arising from the ion inertia (see also [21]).

In the presence of enhanced drift wave turbulence, there appears a cross-field
electron flux

T, = (nev,,) + complex conjugate, (14)

where the angular bracket denotes the ensemble average and the asterisk denotes
the complex conjugate here. The electron density perturbation is

kyc dNy
ol = ——— —— Ok 15
Tel wB, dz Pre (15)
The z component of the electron fluid velocity is
k,
v % i Ok (16)
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Hence, the drift wave fluctuation driven cross-field electron flux becomes

dN
Ly =—Dy—> ¢. (17)
where the anomalous diffusion coefficient is
% @ |2
Z a (18)
k + 71»

It follows that Dy is determined provided that the saturated fluctuation spectrum
|px|? is either known experimentally or theoretically.

To summarize, we have presented an investigation of drift-dissipative instability
in a non-uniform multi-component dusty magnetoplasma composed of the iner-
tialess collisional electrons, magnetized positive and negative ions and stationary
charged dust grains that are non-uniformly distributed. By using the multi-fluid
equations for the plasma particles, we have derived the wave equation (10). The
effects of the charged dust grains appear through the equilibrium quasi-neutrality
(1), which allows the possibility of a non-vanishing divergence of the particle flux
involving the (¢/By)z % V¢ drift owing to the presence of dust. Equation (10) reveals
that the collisional, finite k, and dust density gradient effects considerably modify
the local dispersion relation (12). The drift wave frequency and the growth rate,
which are given by (13a) and (13b), are significantly modified by the presence of
negative dust grains and two components of ions. Specifically, there are modifi-
cations of Vi and ps. A negative dust density gradient contributes to the growth
rate of the drift-dissipative instability. Furthermore, a spectrum of non-thermal
drift wave fluctuations is found to produce cross-field electron diffusion in our non-
uniform multi-component collisional dusty magnetoplasma. The present results are
useful for understanding the salient features of the low-frequency dispersive drift
waves and associated cross-field electron and ion transports in magnetized dusty
space and laboratory plasmas.
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