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Dissipative drift waves in partially ionized plasmas containing highZ impurities or dust
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The theory of drift waves in plasmas containing highly charged impuritiest is developed to include
such specific features as attraction of dust grains as well as collisions between dust and neutral particles.
Nonlinear equations taking into account variations of drift potential together with plasma electron, ion, and
neutral densities, as well as dust charges, are obtained. The range of plasma parameters where the effects
introduced by dust can trigger the dissipative drift-wave instability is fol8@063-651X98)13007-9
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[. INTRODUCTION plasma can be self-contracted in dust clouds. The formation
of such dust clouds can be supported by various mechanisms
Plasmas containing highly charged impurities, or dust, ar®f dust attractio1]. The attraction forces can affect collec-
currently the subject of increasing inter¢&t12]. It is well  tive dissipative processes in dusty plasmas, e.g., the devel-
established that the presence of dust can considerably changpment of instabilities. Thus one of the aims of the present
collective properties of a plasma. For typical dusty plasmaspaper is to investigate the influence of the dust-dust attrac-
such as those in material processing devi@&r in space tion forces on the development of the drift wave instabilities.
[4], the dust grains are highly negatively charged, mainly byThis is of special interest for plasma physics of nuclear fu-
plasma currentg5] collecting large numbers of plasma par- sion devices as well as for ionosphere physics; we note here
ticles. The dust charging process introduces new physics bat in the Earth’s atmosphere and lower ionosphere the pres-
modifying plasma dielectric propertid$,7]. The most af- ence of dust is due to man-made pollution as well as other
fected are plasma modes with frequencies on the order of grocesses such as volcanic activity and meteoroid impacts.
less than the dust charging frequency. The dust chargin@ther applications include plasma-assisted material process-
therefore appears as an important dissipative process leadiing, e.g., etching experiments, in the presence of an external
to recombination of plasma electrons and ions on the dushagnetic field.
grain surfaces. The dust-plasma system is in general an open Another effect important for applications is dust—neutral-
dissipative system, with a sink afid stationary a source of particle collisions. These collisions can be either direct ion—
electrons and ions. This character of a dusty plasma stronglyeutral-particle collisions influencing drift waved3] or
affects the development of dissipative instabilitissich as  dust—neutral-particle collisions affecting drift wave instabili-
drift wave instability, often leading to their considerable en- ties in the presence of dust. The second effect has not, to our
hancement. knowledge, been investigated before. Thus here we aim to
The study of wave propagation in a dusty plasma is im-study the drift wave instabilities in the presence of the dust—
portant for many application®.g., the spread of heat flux to neutral-particle collisions. We note that in the case where the
the walls in the scrape-off layers of tokamaks well as for  drift frequency is much less than the neutral-particle—dust
an understanding of processes in the Earth’s ionospherepllision frequency, the dust grains can follow the neutral
space, and cometary plasn8s-12]. The presence of a rela- particles in their motion. Since the drift neutral vortices can
tively high-density dust componerivith densities some- have significant negative or positive potential, the dust can
times orders of magnitudes higher than was previously exbe trapped in there because of the neutral-particle—dust col-
pected in the lower ionosphere and the upper atmospherdisions. Theoretically, such a trapping is possible since the
demands a detailed investigation of the wave processes themotential differencev created by plasma particles means a
Accounting for the presence of dust in the near-wall regiongotential wellZ,V for dust particles, wher&,, which can
of tokamaks is emphasized in connection with problems ofxceed unity by orders of magnitude, is the dust charge in
high power loading in future machines. The accumulation ofunits of the elementary electron charge. Thus the solitary
grains from disruptions can create as much as 1 ton of radiddrift vortices can trap highly charge@{~10*—10%, as in
active dust per year in ITER, and dust can considerably inmany dusty plasmagdust grains even whe¥ is relatively
fluence the heat fluxes and power absorption in the edgsmall. Therefore it is of great interest to derive an equation
tokamak plasmagl1]. for nonlinear vortices, taking into account the effects of
There are also indications that the dust particles in aust—neutral-particle collisions.
In the present paper, we derive the generalization of the
Hasegawa-Wakatan{14] nonlinear equations for drift
*Electronic address: S.Vladimirov@physics.usyd.edu.au ULRwaves, taking into account the neutral-particle—dust interac-
http://www.physics.usyd.edu.aubladimi tions and dust-dust attraction. Both effects can play an im-
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portant role in the dust-cloud vortices. A detailed investiga-solid angle of the shadow. This leads to an electrostatic un-
tion of these vortices, including their evolution and trappingscreened repulsion inversely proportional to the cube of the
of self-contractingdue to the attraction mechanisntdouds  interparticle distancéwhich is the space derivative of the
of dust grains, needs a complicated numerical calculatiomdditional potential that is inversely proportional to the
and is a subject for future studies. The most important poinsquare of the distangeAt large distances, the repulsion is
is that dust plays a part in the motion of both vortices,small compared with the attraction, since the latter force is
namely:(1) in the neutral componelisuch as usual givor- inversely proportional to the squared interdust distance.
tices, when the rate of dust—neutral-particle collisions is suf- For the non-Debye screening at distances much larger
ficiently high, and the dust grains follow the vortex rotation; than the Debye radius, the electrons are practically Boltz-
and(2) in the drift vortices(appearing due to the presence of mann distributedthe relative role of their flux on the dust
inhomogeneity of plasma densjifywhen the dust charge is particle is sma)l, and their density is given by
sufficiently high, and the grains are trapped in the potential
well of the drift wave. Such a combined vortex, as was also e¢
discussed beforgl5], can in principle be responsible for the ne:n(’e( 1+ T_e ' @)
energy transfer from drift towards air vortices in the lower
ionosphere and the upper atmosphere. This effect competegere ¢ is the electrostatic potential around the dust grain
with the heating of the upper atmosphere by drift vorticesand T, is the electron temperature. For plasma ions, due to
and, being a complementary process, needs dust grains to tie shadowing, the ion density contains the additional con-
present in the region of interactidnote that the local heat- tribution, which for distances>\p, where \p is the
ing of the upper atmosphere can also be responsible for ajflasma Debye length, is given by
convection, turbulence, and solitary vortiges

The paper is organized as follows. In Sec. Il, the forces ed, a?
between dust particles are analyzed; collisions of dust with ni:n0i< 1- T) —Noi——
plasma particles and neutral particles are considered in Sec. : ar
lll; in Sec. IV, we present the main continuity and momen- . . ..
tum equations describing dynamics of the plasma specieg\{h(.are‘ﬁ0 1S ok potgntlal on the surface of the graan;s t_he
including neutral particles and dust; the second-order set gfrain radius,—Zqe is the grain charge, and; is the ion

equations for drift waves is derived in Sec. V; the drift Wave:ﬁm%era}[ture. ':'he quazlnetl':traltl_ty con(t1|t|(3[_n Iallowhs_ uhs ;‘O V‘g.'te
instabilities are analyzed in Sec. VI; and in Sec. VII we € dust repuision and attraction potentials, which for dis-

- . - tances much larger that the Debye length is given(foy
briefly discuss the results and remaining problems. simplicity, we assume ions to be single charggg-1, and
the dust size to be much smaller than the ion Debye length,

, @

Il. FORCES BETWEEN DUST GRAINS a<<\p;j)
The main difference between dust grains and other plasma Z%e%a a2 7%¢?
particles is that the charge of the graiibging very largeis Ua=m— 5 —(m+nd5 - 3
not fixed and depends on the surrounding plasma parameters. 2r Ab

The presence of another dust particle near a test grain . )

changes the plasma electron and ion distributions and fluxddere. the coefficienty, is

on its surface, affecting dust charging and therefore changing

the dust-dust interactions. The interactions are different, de- _Te /1+ at, -1 @
pending on whether the interdust distance is less or more ”V_Te+ Ti\ 27,46? '

than the plasma Debye screening length. For the latter case,

the Coulomb interaction is effectively screened out, and therhe last approximation is written foF;<T,; note also that
interactions due to mutual shadowing of plasma fluxes ontQ j~\ ;= (T,/4mn,e?)¥? for T,<T,, n; is the ion density
the grain surfaces become importaft. For distances less here. The attraction part of the potential is found by calcu-
that the Debye length, only the shadowing of the neutralating the change in the ion momentum in the process of
plasma particle bombardment can compete with electrostatigirect bombardment of the dust parti¢gibscript) and the
repulsion forces. The bombardment force is determined by oulomb scattering by the dust parti¢kibscriptc) [1]. We

the solid angle of the shadow; and therefore, for distancegaye

larger than the size of the dust particles, the force is inversely

proportional to the square of the distance between the dust 1 [ aT, 2 €2

particles(i.e., has the same dependence on the distance as the 7,=—— — f 1 5

Coulomb forces It is also clear that the bombardment force 2\/; Zq4e Ymin aTy

should be of attractive character, increasing proportionally to ®)

the surface area of the dust particles, i.e., proportionally tqQ d

their radius squared. Note that this conclusion is independer?tn

of whether the bombardment is due to neutral or charged .

plasma particles. The presence of the plasma fluxes on a dust %ZL

particle also changes the shielding of its electrostatic field, 4\/; Ymin
since the shadow effect creates additional charge distribution
around the particle with the potential proportional to thewhere

5/2

+ y'exp(—y?)dy

2

Zde 2
> InL exp—y9)dy, (6)

aTiy

1+
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a [z24€° Ap, to the minimum impact factor, which we assume to be
Ymin=3 "\ ZT.° the radiusa of the dust grains. We hava=In(\p/a) and
b ! assume<\p.
A2 2264 7 &2 2200 |\ 71 The effective frequency of collection of plasma particles
L=|=2 d B (7) by dust, which appears due to their bombardment of the
a’>  4a’T?y* aTi  4a’T?y* grain surface, for Maxwellian distributions, is given by

For free dust particles, the corresponding part of the linear ., ¢, A+z O THZ A+ Z
dielectric permittivity is given by ve =vi S(I+P)r+ B o= =vi P iz 2

11
wgd
eﬂ,w=1——2. (8) Here, we introduce the standard dimensionless parameters
@ [6,7]
wherewpg= (47rnqezzjlmd)1’2 is the dust plasma frequency nyZq T, 762
andmy is the grain mass. Note that the cha#yeis usually P= . T T Z= T (12
large, and therefore, although the dust plasma frequency is Noe e ale

hich satisfy the balance equation of the electron and ion

small as compared to electron and ion plasma frequencies,cﬁ'g
urrents on the dust grain surface

is not negligible. Taking into account the dust attraction an
repulsion, we now obtain
o Mg 1/2
Ek,w_l exr(—Z)= m_r (1+P)(T+Z) (13)
|
L1+[ (ml4) ka— (7ot 7o) (@%ND)1(€0,~ 1)

ek’w—1+

Furthermore, the dust charging frequency in &) is given

wFZ)d by
=1-— 2 222 9
= (7/4) g wpgkat (9, + nc) wg@°ING wla
od - o _ V= (1+ 7+ 2), (14)
wheree,, is the usual kinetic dust plasma response without V2mur,
long range repulsion and attraction effects.
wherew};= (4mnge?/m;)¥2is the ion plasma frequency.
IIl. COLLISIONS OE DUST WITH PLASMA PARTICLES Under the same assumption of the thermal particle distri-
AND NEUTRALS butions, the elastic collision frequenci€d)) can be written
as
In general, the full electrofion)—dust collision frequency
must take into account the Coulomb elastic as well as charg- el 2v.Pef

ing collisions. While the former are typical for any plasma ”ed_m”+ 2)A (15

component, the latter are specific only for the macrosize

(comparing with the sizes of electrons and ipdsst grain, and

which can effectively absorb plasma particles on its surface.

The presence of the absorbing charging collisions leads to el 2venP A

the mentioned openness of the dust-plasma system, where a Vid_3z(1+ 7+ 2) 7(1+P)"

stationary state can only be maintained by an external ion-

ization source compensating the dust charging loss of plasma The dust charging collisions lead to the sink term in the

particles. Another consequence of the charging process ontinuity equations for plasma electrons and ions. Assum-

that the effective collision frequencies entering continuitying that in the zeroth approximation, the loss of the plasma

and momentum equations for plasma species are different.particles on the dust grains is compensated for by external
The standardl16] calculation of the Coulomb elastic elec- sources, we write the continuity equation in the form

tron (ion)—dust collision ratgwhich enters the Euler equa-

(16)

tion for the plasma componemgives us(see, e.g.[9,11]) dNe(iy T V- (Ng(i)Ve(iy) = —?e(i)dne(i)+7()e(i)dn0e(i),
17)
4\27Z5n4e*A _
el _ .
Ve(i)d——3 > —3 ) (100 where the termvoeiyaNoe(iy Corresponds to the action of the
Me(i)Ve(i) external sourcegsuch that in equilibrium the number of

plasma particles is maintained consjaand for the thermal

wheren is the dust densitye) is the electrortion) mass, equilibrium distributions of plasma particles we hdée7]

andv) is the average velocity of plasma particles. When
the equilibrium distribution is Maxwelliafwhich in general - P(7+ 2)

is not necessarily the case in the presence of dust impurities Veq= Vig(1+P)= Vﬁhm- (18

we haveve(i)=vTe(i), WherevTe(i)=[Te(i)/me(i)]llz is the

electron(ion) thermal velocity. The Coulomb logarithr in Note that in the presence of perturbations of dust density, we
Eq. (10) is defined by the ratio of the maximum impact pa- also have to take them into account (i7) and (18); see
rameter, which is of the order of the plasma Debye lengtthelow.
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V. EQUATIONS OF MOTION OF PLASMA PARTICLES, The further expansion procedure is standard, although the
NEUTRAL PARTICLES, AND DUST feature is that the new types of linear and nonlinear terms
appear due to the variations of the dust chafgg. Using

For plasma electrons, the starting equation is the Eule{he dust charging equation, we find

equation, neglecting the electron inertia,
8Zy4
Zog

6y 1+P—

ch 9<d
_,ch—d ,
vg ZOd+ bV

on,  on;

0= —02,VNeg+ 02NV h— NNV X Z—NgvegVe, (19)
Noe  No;

. (@27

t

where the dimensionless electric field potentiab o _
=eq/Ts, vTe=(To/my)Y?is the electron thermal veloc- In the apprOX|mat|pn next to EQ20) in 'Fhe small param-
ity, and Q.=eB,/mC is the electron gyrofrequencfthe  ©ter e, Eq. (23), we find for the perpendicular electron ve-

magnetic fieldB, is directed along the axi). In the zeroth locity
approximation, the electron diamagnetic drift velocity is 2 1
. v A ~
given by Ne | = ZXVp—2X —VnOB) . (28)
2 2 Qe Noe
UTe

- s -
Vo~ T O nge 21 Vnge=— Qng. =~ Vnge, (200 |n the same approximation, we have the parallel motion of
plasma electrons given by
whereQ;=eBy/m;c is the ion cyclotron frequency ang

N 2
=(T./m;)*2is the ion sound velocity. We assume thais _UTe [ 4o N, 29
the direction of the density gradient, and the drift waves Vlez Ved ° Noe/
propagate in the directiofm. The characteristic length of the
electron density inhomogeneity is given by ~ The motion of ions is described by the momentum equa-
tion
1 4n
e @ :
0e ﬁtvi+vi~Vvi=—n—_'Vni—v§V¢+iniXZ— ViqV; -
Using Eq.(21), Eq. (20) can be written as ' (30)
b=y Ps 22) For the unperturbed motion of ions, we have the ion diamag-
Oey SLy’ netic drift velocity
where ps=v4/Q; is the ion Larmor radius at the electron ng
temperature. This equation contains the natural small param- Voi L = 2% V. (39
I

eter of the drift approximation, namely, the ratio of the ion
Larmor radius at the electron temperature to the characteri

tic inhomogeneity length %lmnarly to Egs.(28) and(29), the next approximation gives

us the perturbation of the perpendicular ion velocity

=", (23 b2 A o )
I—n (S\Vi,l:—ﬁ(&t‘F Vid)ZXV¢+ EZX[(ZXV(ﬁ)ZXV(ﬁ],
i ‘
Furthermore, we use an expansion in this parameter, in- ' 32)

cluding linear and nonlinear effects up to the quadrétic

the wave fields nonlinearities. All zero-order equilibrium as well as the velocity for the parallel motion of plasma ions
values can be inhomogeneous in spanehe present study,

we consider only their dependences ah Due to the v3e oNg
guasineutrality in the equilibrium, the ion equilibrium den- 5Ui,z:V_ z( - —)
sity can be expressed via the electron equilibrium density as

Noe (33)

In the linear approximation, we ignore the effects of the
magnetic field on the motion of the dust component and
invoke the linearized Euler equation

nOi:noe(l+ P) (24)

A similar relation can be written for small perturbations
on;/ng;, assuming that the quasineutrality is maintained

e . TZ F
(which is the case when the wave length is much larger than ONg=— dV¢_ Van(Vg—Vy) + a4 (34)
the Debye length We have My My
o= SN+ 8ZyNog+ZpgdNg, (250  whereF4 includes the repulsion and attraction forces of the
dust-dust interactions, and dust—neutral-particle friction is
and therefore taken into account. For the neutral particles, we have in the

same approximation,

Noi Noe 1+P

—_— P 26
Zog  Nog (28

5ni 5ne 1 5Zd 5ﬂd P
ngi 1+P

tVn=—Vnd(Vn—Va), (35



PRE 58 DISSIPATIVE DRIFT WAVES IN PARTIALLY . .. 2419

where collisions with plasma electrons and ions are nebasis of Egqs(20), (26)—(29), (31)—(33), (37), and(39), we
glected. Thus, assumingy,= v,q, We find for the neutral obtain the second-order nonlinear equations and analyze lin-

velocity ear drift wave instabilities that may lead to the generation of
various nonlinear structure.g., combined drift—neutral-
__ Vdn v (36) particle vortices in a partially ionized dusty plasma
&t-i- Vdn d-

) ] V. NONLINEAR EQUATION FOR DRIFT WAVES
Equation(34) can then be written as ) o o
Expanding the electron continuity equation in the param-

v TZ etere, EqQ. (23), we find
&t(1+ alqu dn V= = dV(f’ = 37) q.(23
t Van d ; 5ne) — [6ng Sng 6Z4
where=m,n,/myny. Unoe/  "*U Noe  Noa ~ Zoa
For the dust-dust interaction forces, we obtain from the 2 5
pair interaction force$3) the force on the dust fluid element _ — szTe B one
= ZXVp-V Nge+ —— —
) s ner Noe
Fru= 2 [ a2 2 2 (5
=——| ng(r)dr'| =gz ———— v Ne-
T e ) T2 |r—r 2 ~ ey [ v, (40
Qe Noe
2
+ (Pt 7o) — a a _ (39) whereV | stands for the gradient perpendicular to the exter-
A3 |r—r'|? nal magnetic fieldsuch thatv=(V, ,V,)], and we use the

perturbation expansion of E(L8),
Here, we have taken into account that the repulsion force is .
inversely proportional to the cube of the intergrain distance, Ve 8Zy Ong
while both the attraction forces are inversely proportional to - =~ Z_+ o (41)
the square of the intergrain distanf®7]; this is true for Ved od od
distances larger than the plasma Debye length. Thus we hayghich can easily be found by taking into account the
after Fourier transform quasineutrality conditiori26) together with the perturbation

) of the charging equatiofiL4).

2
ik'Fd=mdw2 % Z,,ka_,? &
pand 4 a)\zD

(39) For plasma ions, invoking Eq$26), (27), and (40), and
using an equation for the perturbations of the ion capture rate
[similar to Eq.(42)],

Thus we have derived the closed set of equations fully _

describing the motion of the plasma electron, ion, neutral ovig 2 6Ly Ong

particle, and dust components, taking into account the dust o T+ZZ—Od+ Nog ' (42)

charging effects and dust-dust interactions, as well as charg- 'd

ing and elastic collisions. In the following sections, on thethe continuity equation can be written as

4

P Ny
2v2
1+P ) H(1+pEVi)p+ QIV ZX[(ZX V- V)ZX V]
vs ZX V-V, (NoaZa) vy (P52d+P5 XV
= 7 . n N . —Z
(1+P)ngeQ; ST (1P T Zgg T ngo
k2v?2 sn P [6Z4 on k2v?2 on
zs[¢+ T e, T /_d+_d) _Z_S( __e)_ 43)
vig | 1+P g 1+P\Zgg Nog (1+P)veq Noe
|
Furthermore, we introduce the dimensionless variables ) P T
o r 6Zd d(1+V7)p—siy¢p— 1+P¢9tnd+c ¢+mne
t—Qit—, r——,
Ly Ps ZOd ps (é, ng) | — Ce —° _(p—n,)
1vp o | " 13p (P
s 2Det@ Ln Hqsb (44)
&) Noe(d) ps’ ps’
Thus we find from Eq(43) _{V ¢} = 1+ P{g+nd b (45)
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where the Poisson bracket is defined by
{A,B}=0d,Ad,B—9,Bd A (46)

and the following parameters have been introduced:

oty KoL,
C :—, = ,
¢ ved2ips vig{ips
P Lgl _ dln n0dZOd
s— < Lleo e (47)
1+P 1+P-PLy dIn ny

The electron continuity equatia@0) can thus be rewrit-
ten as

dine+ a(ne+ nd_Z§)+é’y‘ﬁ_ce(d’_ne):{nea‘ﬁ}-
(48)

The charging equatiofil4) is now given by

h{+BL=a(l+P)(n—ny), (49
where
Ln_i ch ch
=(’;;—:Vd)=a(1+P) 1+ (50
iFs Vid

Note the term containingy on the right hand side of Eq.
(49) that is appearing due to the perturbation of the dust

motion.

The combination of the dust continuity equation together

with Eq. (37) gives us

21—y to)ng=—V-f—kV2¢, (50
where k can be expressed via the dust sound velogity
= (Te/mg)¥2

2 2
Usd Ln
K=—F —&
2 2’
Us Ps

(52

and y describes the rate of damping of the dust motion due

to the dust—neutral-particle collisions

Van Ln ut1

= 53
YQiPle ©3

Furthermore, in Eq(51) the divergence of the fordecan be
written in the form

- 2
(J)pd Ln,\
V=22 %Ry,

—Zod (54
OF pl

where the Fourier transform of the operaloiis given by

nka a2

Ps 7/a)\2Da

(59

an
T4

and we haven,= n,+ 7.,
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M Vdn
&t"_ Vdn

== ﬁ]dzmd 1+ (56)

Note that the coefficient, describes the nonadiabaticity
introduced by dustnamely, because of collisions of plasma
electrons, moving along the magnetic field lines, with dust
graing. The smaller thec, the larger the nonadiabaticity.
The coefficientx is connected with the charging process and
describes the influence of the charging collisions. The nona-
diabaticity introduced by ions and describeddyis usually
small, and below we neglect it in our stability analysis.

The set of nonlinear equations for the drift-wave potential
(45), the electron density perturbati@a8), the perturbation
of the charging procesgl9), and the dynamics of the dust
density perturbation&s1) [connected also with the perturba-
tion in the motion of neutral particles via E36)] are the
general result of the consideration. Below, we present the
stability analysis of the linearized equations found on the
basis of the general nonlinear set.

VI. LINEAR INSTABILITIES OF DRIFT WAVES

In the linear approximation, the dust density perturbation
is given by

rk?
Ng=— Q_f(ﬁ, (57)
where
iw “
02=w? 1+7 — oK. (58)

For the dimensionless electron perturbations, we find

= ik < 1+aZ 1+P 59
ne—T()z Ce—IKy+ Q% +a T‘f‘ﬁ , (59
where
iQ,=—io+ta+ 2z 1P 60
Hlr=—lwta+tC—a m ( )
Finally, the dust charge perturbation is
a(l+P)p| kk? 1
il L[
—iwt+p | 02 —i, y
+aKk2 1tz 1+P 61
2| eI || (61

Note that the coefficient, describes the nonadiabaticity in-
troduced by dust(in particular, because of collisions of
plasma electrons, moving along the magnetic field lines, with
dust graing such that smallec, corresponds to larger nona-
diabaticity. The coefficien& is connected with the charging
process and describes the influence of the charging colli-
sions, while the paramete8 appears due to the Coulomb
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collisions. The nonadiabaticity introduced by ions and de- me
scribed byc; is usually small, and we neglect it in our linear oz . .
stability analysis.

Thus, ignoring the ion nonadiabaticity.e., putting c;
=0), we obtain the following dispersion relation for the fre- "
guency and the instability rate of the drift waves in a weakly
ionized dusty plasma:

0.74

) ce «k? Po
o(1+ki)=ks——F5—— 073

1 1 [ a(1+P) omfr -
R Ry ey ' el
ik axk? 14az 1+P 0T N
X | ce— — — .
Ce— IKyt+ Q% +a Erpry

(62) ) 2 4 6 g 10
k

Note that the third term on the right hand side of this equa- g, 1. The growth rate of the dissipative drift instability for
tion (which containd},) is different compared with the pre- four different values of the damping of dust density perturbatigns
vious study[9]; it a.ppears due.to the r.notllon of dugactor  iner parameters ar®= 10, szﬁi/fvﬁd: 10, c,=10, a
wpq, connected with dust particle oscillations, and facgpr  =0.1, andr=0.01.
describing the friction of dust with neutral particlemnd also
includes the dust-dust interactidfector K given by Eq. latter occurs because the studied instability regime corre-
(55]. The presence of this term strongly affects the dissipasponds to negativi, causing an increase of the real part of

tive drift-_wave instabili_ty in a partially ionized du_sty plasma. Eq. (58) with Iarger&)pd. We also stress that the dissipative
Indeed, if we move this term to the left hand side, and takgnsiapility can develop for relatively large values of the pa-
into acc_:ount that(] can chang.e the sign of its real part, ;3meterp [given by (12)], which is the ratio of the total
depending not only on the relation between the frequency charge on the dust to the total charge of plasma electrons.
and the plasma dust frequenayy, but also on the balance Thjs feature is completely different, compared with the re-
of the repulsive and attractive forcéactor K), we can  guits in[9], in a fully ionized dusty plasma, when the drift
qualitatively conclude, that because of this factby com-  \ave instability was suppressed with increasingPofsuch
pletely different regimes of the instability are possible. Inthat there was no instability fdP>1.

effect, this means that the instability appears for those re-
gimes that are stable in the absence of the dust motion and
the dust-dust interaction. VII. DISCUSSION

Equation (62) is solved numerically and some depen-  preyiously, it was shown if9] that in a dusty plasma the
dences of the instability growth rate vs the wave number ofyitt.wave instability can be substantially enhanced due to
the dissipative drift wave are presented in Figs. 1-3. Not§ne jncrease of the dissipation rate along the magnetic field
that in these flgures the dimensionless wave frequency ifnes as compared to the dust-free case. In this paper, we
measured in units ofo=Q;ps/L,, and the dimensionless nave demonstrated that because of the dust—neutral-particle
wave vector is measured in units k#=kyps (for simplicity,  friction and dust-dust interaction, the instability in a partially
we assumek,>k,). It is important that the instability pre- jonijzed dusty plasma can also develop in a completely dif-
sented on these figures correspond to those values of plasmgent parameter range, which corresponds to the stable drift
parameters, in particuld= 10, which are related tostable  waves in a fully ionized dusty plasma. The developed insta-
situation in the absence of the dust motion and the dust-dusjjity can lead to formation of nonlinear combined structures,
Interaction. including the drift-wave vortices coupled with the vortices of

The analysis demonstrates that for the case considergge neutral gas component via dust grains.
there are two important controlling parameters, which are The |ong-lived dust-plasma structures have time to redis-
different compared with the ca$@| of no motion and inter-  tripute the dust particles in the structure. One can expect that
action of dust grains(1) y [given by Eq.(53)], which is the  qust is concentrated in the structure and the structure be-
damping of the dust density perturbations due to their fric-comes negatively charged, attracting the fluxes of electrons
tion with neutral particles; an(R) Q=w§i/w§d, which de-  and ions. Presently, the full program of investigation of such
scribes the ratio of the ion plasma and dust plasma frequemeutral-particle—dust—plasma structures can be only formu-
cies [note that the latter takes into account dust masdated. The first step, which is done in the present paper, is the
renormalization because of the interactions with neutral pargeneralization of the nonlinear equations, taking into account
ticles; see Eq(56)]. Thus, an increase of the frictiofsee the dust-dust interactiongncluding the dust-dust attraction
Fig. 1) dumps the instability, as well as the increased effecand repulsion The next step is to solve these nonlinear
tive density of the dust componeffig. 3). Note that the equations; this requires a lot of numerical calculation and
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computer time, and is a subject for further investigation.  neutral-particle—dust collisions in a simple manner. In addi-
The main problem related to the redistribution of dust intion to the neutral-particle—dust collisions, the friction of
the dissipative structures in a partially ionized plasma is conneutral particles with plasma ions can be important in the
nected with the dust—neutral-particle interaction. The amounénergy and momentum exchange between neutral particles
of the neutral nonionized component is not small for manyand ions. Comparison of the ion—neutral-particle collision
plasmas; e.g., in the lower ionosphéwehere the drift struc- rate with that of the dust—neutral-particle collisions shows
tures and dust are obseryeth which the ionization degree that there is a broad range of parameters where the dust—
is low and the dust—neutral-particle collisions are importanineutral-particle collisions can dominate.
in transferring momentum to the dust grains. Since the neu- The interest in nonlinear dust—neutral-particle drift-wave
tral particles have no charges, the cross section of their instructures is also connected with the possibility of merging in
teraction with dust is just the geometrical cross section of th@ne structure the properties of two types of vortices. If neu-
dust particles. This allows us to write the frequency of thetral particles have no interaction with dust, their moti@s

Im o

0.8 T T T T

F—— — — — — —,

FIG. 3. The growth rate of the dissipative drift

04 — instability for three different values of the param-
eter 0=03/0w5,=0.1,1,10 and y=10, P
=10, c¢.=10, «=0.1, andr=0.01. Note the
strong dependence of the growth rate @nthe
Y = o wave is stable fof2=0.1 and becomes unstable

as it increases.
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any subsonic motion in neutral gais described by motion create specific motions in the upper atmosphere that depend
of a vortex or superposition of vortices. On the other hand, iron the amount of dust present and therefore on the degree of
a dusty plasma, where interactions of dust particles with neuexisting pollution.

tral particles are not taken into account, the elementary non-

linear structures will be the drift vortlces_, qulﬂed by dust. ACKNOWLEDGMENTS
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