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Kinetic theory of Jeans instability of a dusty plasma
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A kinetic theory of the Jeans instability of a dusty plasma has been developed in the present work. The effect
of grain charge fluctuations due to the attachment of electrons and ions to the grain surface has been considered
in the framework of Krook’s collisional model. We demonstrate that the grain charge fluctuations alter the
growth rate of the gravitational collapse of the dusty plasma. The Jeans length has been derived under limiting
cases, and its dependence on the attachment frequency is shown. In the absence of gravity, we see that the
damping rate of the dust acoustic mode is proportional to the electron-dust collision frequency.
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PACS numbds): 52.35—g, 51.70:+f

[. INTRODUCTION gravitational condensation of matter, whereas radiation pro-
cesses are attributed to electromagnetic interactions of the
Several observed features of galaxies can be explainglasma particles. However, for grains of masg~10 °g,
assuming that the galactic dark halo is composed of dusthargeQ=30 electronic chargeR~O(1), andthus electro-
grains of varying sizefl]. Most of the invisible mass in the magnetic(EM) and gravitational forcéGF) effects compete.
Universe may consist of the dust of ordinary matter. It isThe broad spectrum of observed masses and ch§8ygls
believed that most of the large-scale structure formation irsuggests that the dynamics of a dusty plasma can be studied
the universe takes place due to the gravitational collapse dfh any of the following regimes(@ EM force>GF, (b) EM
huge (~10°—1C° pc, where 1 pe3x10®cm) cloud com- force~GF, and(c) EM force<GF. The first case corre-
plexes consisting of dust and gas. The dust and gas particlé§onds to the plasma processes like radiation, heating, etc.,
are generally charged due to prevailing thermal and radiativée second case has been shown to correspond to spoke for-
conditions in such cloud complexg,3]. In the interplan- mation in Saturn’s rings, and the last case corresponds to the

etary medium, the charged grains are composed of graphitfPrmation of stars and galaxi¢s0]. .
silicate, and metallic compounds. The size distribution of The Jeans collapse of electrically charged grains occurs

grains has been investigated by comparing the observed | ssentially in the presence of an equilibrium electrostatic

terstellar extinction curve with the theoretical one. The ob- |e_Id. The resultant eleptrqstatlc repul_3|on among the grains
will counteract the gravitational attraction, slowing or halting

sgrved extinction curves |mply that t_he mass, size, and ele%e collapse altogether.
tric charge of the grains vary in a ywde range. For' example, Recently, the Jeans instability of a dusty plasma has been
the mass of a grain may vary t)l’f'c_‘"‘”y from T0g in the gy gieq by several authofé1—18. Time-dependent nonlin-
interplanetary mediurfu,5] to 10" g in the interstellar me- g5 sojutions of a self-gravitating three-component dusty
dium [6]. The corresponding size may range from a few cmpjasma showe@l13] that even when self-gravity is canceled
to a few submicrons. The grains may carry’ 18r more by the electric polarization of grains, i.&2~1, the system
down to zero electronic charges. As a result, there exists may become gravitationally unstable due to the properties of
parameter regime in which the electrostatic and gravitationahe background plasma in which the grains are embedded.
effects become comparable. Therefore, merely balancing the gravitational attraction of
The gravito-electromagnetic coupling of an atomicthe grains with their electrostatic repulsion is not sufficient
plasma in local thermal equilibrium was studied in the con-for determining the fate of the condensation process. Further-
text of star formation by Eddlngt0[‘l7] It was shown that more, a Study of the Jeans-Buneman instab[m,la sug-
self-gravity is unimportant for such a plasma &  gested that streaming plasma ions can act as a precursor to
= w5l w5410, where w;=(47Gngmy)*? is the Jeans the gravitational condensation of the grains.
frequency andwpq=(4mnyQ?%/my)*? is the plasma fre- In the present work, we investigate the Jeans instability of
quency of the grain witls as the gravitational constant and a dusty plasma in the framework of kinetic theory which has
ng, My, andQ as the number density, the mass, and thenot been studied so far to the best of our knowledge. As is
charge of a grain, respectively. Therefore, the scales at whicknown, novel collective features of dusty plasma dynamics
the two forces operate are widely separated. The formatioarise due to the fluctuations in the electric charge of the
of large-scale structures has been entirely attributed to thgrains[18—22. The charge fluctuations may affect the gravi-
tational condensation of the grains by modifying the polar-
ization field set up by the collapsing graip3]. However,

*Electronic address: pandey@iig.iigm.res.in studies of the collapse of grains with fluctuating charges
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tron and ion continuity equation couples with the graingrains of radius, the distribution function of electrons and
charge dynamics. The validity of such a model termais ions satisfies a Boltzmann equation which assures the possi-
priori unclear. Also, the grain charge fluctuation is describedility of a variation of charges of the dust particles. There are
by two frequencies, namely, attachmghaind charge decay many sources of the grain’s charge fluctuations, e.g., associ-
n frequencies. The kinetic formulation of a dusty plasmaated with fluctuating electron and ion densities as well as due
describes the charge dynamics, making use of only one frege electron-electron, electron-ion, and ion-ion collisions. The

guency or only one time scale. Boltzmann equation is
Therefore, the purpose of the present work is two-
fold: (@) to formulate a proper self-consistent kinetic theory af, of, F of, [of,
of the Jeans instability of a dusty plasma dhjyito check the oV Tl v <7> R ®

validity of hitherto derived results on gravitational collapse
using fluid models([18] and references therginThe only
recourse to treat grain charge dynamics self-consistently is
solve the full set of Boltzmann equations for electrons, ions
and grains and Poisson’s equation. That such a task is b
yond the analytical means is well known. However, a “lim-
ited” self-consistent analytical treatment of the problem can
be given by approximating the electron and ion collision
operators using Krook’s model. This will allow us to exam-
ine the validity of the previous results obtained by using fluid
models. wherewv 4 is the attachment frequency of electrons and ions
In a plasma consisting of dust grains, electrons, and iongd0 the dust grains anfl,, is the Maxwellian distribution to
the grain is charged by the plasma currents at the grain suwhich the plasma particles relax over the collisional time
face, owing to the potential differenck,—® between the scale[25]. As will be shown later in the text, collisional
grain surface potentiab, and the local plasma potentid. processes such as electron-electron, electron-ion, and ion-ion

t\é/herefaz f,(r,v,t) is the distribution function for electrons
and ions in the six-dimensional phase space)(andm,, is
gje mass of the particle. Using Krook’s model for the colli-
Sion term, Eq(5) becomes

oy  Of, Fof, L ]
W+V'7+m—a'w——1’ad( o fa0), (6)

The electronl, and the ionl; currents arg2,3,23: can be neglected when compared with charging processes
which are governed by electron-grain and ion-grain collision
) 8T, e(dPy— D) processes. The forde in the above equation is the sum of
le=—ma‘e p— Ne €X T (1) the electrostatic and the gravitational forces, i.e.,
F e
8T, e(Py— D) Fo_
= _rater]—n|1—- —9 tg, @)
[ mare m, N T, . 2 m, m,
The grain acquires a steady-state electric ch@gevhen where E and g are the electrostatic and the gravitational
fields, respectively.
dQ The dust distribution should be written in the enlarged
ap et li=0. (3 seven-dimensional phase spacev(Q) where the grain

chargeQ has been included as a new dynamical variable.
The electrostatic potentiaj)d due to a Spherica| Charged Then the dust distribution function satisfies following conti-

grain of radiusa is [24] nuity equation in (,v,Q) space{26,27:
Qo ( b) PRI, b B of 4 oty Fy ofy  1(Q)f4]
== _ p—| 14+ —|eP=N/Ap - R T D T i
Dy(r) ; 1 o e 1 o e m +v o +md &v+ o) 0, (8)

b a L
x| 1= —| 1+ —]elb-a/rp whereF, is given by

\p \b

Fa  Q
b a d _
—(b—a)/x —=—E+g.

(e @ me e

where grain densitp is related td by nj *= (4m/3)b® and In Eq. (8), the effect of gr_ain coIIisioqs with elet_:tror_15 _and_
)\52=2a(HQQ§/kBTa), wherea refers to electrons and ions 10NS (0f4/at)|c has been ignored. This assumption is justi-

and kg is the Boltzmann constant. Thus, correspondingly,ﬁed owing to Iargg mass difference bgtween the grains and
here is an equilibrium electrostatic fiel& defined as € 7p£!asma19partlcle(electrons and ions e.g., mj/my
E=—V(d4—®). The thickness of the non-neutral layer is glo —10". The current(Q) to the dust particle is given

of the order of the Debye lengthy .

Il. BASIC EQUATIONS 1(Q) =2af dve,o v, (v), 9

In the kinetic description of a three-component dusty
plasma consisting of electrons, ions, and charged, sphericalheres, is the grains cross sectid@]:
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2e,Q 2e,Q w? w?
2 a . 2% pe p1
a‘| 1— if <1, = —-2)=—(1+2),
T ( —Zamava) amvZ V2 Ve exp(—z) Ve (7+2) a7
0= 26.0 (10
0 if =1, where wpa=\/4wnae2a/ma is the plasma frequencyy,,
amyv, = kgT,/m, is the thermal velocity witfT , as the tempera-

ture of theath speciesy=T,/T., andz=Qqe/(akgT,).

The number density of the grain is defined as follows: In equilibrium, Eq.(8) becomes

nd(r)=f dvdQf,. (1D %ﬁ;fdo]:o, 19
The Poisson equation is written as which, on making use of Eq15), can be written as
V.D=—4m zaf dveafa+f ddeQfd], (12) 10(Q)=~0(QQ0), (19
where
where the polarization vectd= (% ,x,+ xq)E. The Pois- |
son equation for the gravitational field is - aA(Q)
Q. 5 . (20
Q Q:Qo

v-g= _47TGmdf dvdQf. 13 |1 order to calculate the charge fluctuation frequefigy we

shall evaluate the integrals
The susceptibilityy and dielectric permitivitye is related by
e=1+473 X, +4mXq- l; (Q)
In Eq. (13), contributions of electrons and ions have been Q
neglected am.n.<m;n;<myny in most of the astrophysical
plasmas. Equation&), (8), (12), and(13) define the entire With f
dynamics of the dusty plasma.

Q:Qo

ie% dVO’i’e(Q,V)Vfi'e(V).

- (m; ,e/27TkBTi ,e)3/2ni,e exq_m,eVZ/ZkBTi,e]r we

get
ll. EQUILIBRIUM (f?h(Q)) a wgi 2
=, 21
In the equilibrium, the distribution functions of electrons 7Q Q-q, V2w Vi
and ions are functions of the total energy, a constant of mo-
tion, such that and
1 al a o e
fazfa(zmav§+ead>(r) , (149 (LQ))‘ =—£ex;{—Q—o) (22
&Q Q=QO \/27T Vte aTe
where®(r) is the electrostatic potential in the plasma. As'gives
suming that the grains carry identical chai@g, the equi-
librium distribution function of the dust particles can be writ- a [w2 o2 Qo€
ten as Q=—e| 2+ ieexp( — . (23)
V2wl Vi Vi aTe

Fao=To(Va) Q= Qo). (A9 As the electrons diffuse to the grain surface faster than the
wherefo(vg) = (My/2mks Tg) ¥2ng0 ex —mv22ksT4] is the ipns, grainsiallcquire negativg charge over e!ectron plasma
Maxwellian distribution function. Here, in the zeroth order, ime scalew,e [seccirld.term in Eq(23)]. This induces an
the electric forceQoE, has been balanced by the gravita- 0N résponsgat anw,,;~ time scale, first term in Eq23)] to
tional forcemyg. This equilibrium defines a constraint on the Prohibit the negative charge buildup. After the initial
zeroth-order grain density13]. In order to simplify the ki- buildup, electrons and ions get attached to the grain surface
netic treatment, we resort to the approximation that the elecat such a rate that their total flux is zero, i.kg+1i0=0.
trostatic and gravitational energy everywhere is smaller thad his situation is very similar to plasma behavior near the
the thermal energy so that a Maxwellian distribution for elec-wall of a plasma container. Making use ko +1;0=0, Eq.
trons and ions can be assumed. In equilibrium, the net cur23) can be written as
rent on the grain is zero, i.e., )
wpia
Vii

1
Q=
1 c
10(Qo) = 1 f 10(Q)f40dQ dv=0, (16 vam
The attachment frequency in E®) v,q=ng(o,V,), for the

where the subscript 0 corresponds to the equilibrium quantiMaxwellian distribution can be written in the following form
ties. For Maxwellian electrons and ions, Ed6) becomes [28]:

(1+7+2). (24)
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+z IV. LINEAR STABILITY ANALYSIS

1+7+2’

v
Veq=4 \/;azvtendo exd —z]=Q.P (25

We perturb the distribution function such that

fo=faot o1, fa=faot a1 29
whereP=(anyoksTe)/ (Neoe?) is a dimensionless parameter 0 ! ddon 29

which determines approximately the ratio of grain chargewheref ,;<f o, fq1<fqo. Then we plug Eq(29) into Eq.

density to the electron charge density in equilibrium. (6) and carry out a normal-mode analysis by choosing the
The ion-dust collision frequency is given by spatial and temporal dependence of the fluctuations in the
form exg —iwt+k-x]. As our system is inhomogeneous, a
normal-mode analysis is applicable only fox>1, i.e., for
/mg . .
Vig= \/ — TVeqeXf Z]. (26) short-wavelength fluctuations. Then E6) can be written as
i
€, I ﬁfaO
. . —E;+0g; k-
It is clear from the above expression that electron-dust m, v

and ion-dust collision time scales,{,v;4* are of the order far= (0—K-VFive (30

of grain charge fluctuation time scaﬂk{l and thus they will .

play a vital role in the attenuation or amplification of dusty wherek=k/k. In the above expression it has been assumed
plasma modes. Let us compare the ion-ion collision frethat the linearized forcé-; is parallel to the direction of
quencyy;; with Q.. Making use of the following expression wave propagatiok. The resultant charge density fluctuation

for v;; [29], is
€, . df 4o
= In)\ wpi (27) (m_E1+gl k W
ii=25 32 Ay 3 _ @
3(277) ni)\Di Pal j ea I(w—kV—Flvad) dV (31)
we get Linearizing Eq.(8) gives
@+V~ afdl+ Far 5fdo+ [1o(Q)Far+11(Q)f ol —0
&: 3 w% (28) ot ar My ov &Q o
Vij 21In\ V4 e’ (32)

) ) ) Fourier analyzing the above equation in space and time leads
where In\ is the Coulomb logarithm and has a typical valueq

between 10 and 20. Except for the fac@y/e (which varies
from 10 to 100 in the HI region to fan the HII region and . d
may be as large as 9(n the planetary rings all other fac- (0—k-v)fg —i E[QC(Q_Qo)fdﬂ
tors are of the order of unity and heneg can be ignored.
Similarly, sincev;;=(me/m;)*?v,,, it is clear that forvee .
<Q., the (Q,/e) ratio should be~10? or large. For such a = m_dE1+91
dusty plasma, electron-electron collisions are unimportant.
Sincevei= ve/(2v2), electron-ion collisions are as well un- . i
important. And last, ag;.~ (m;/me)*v;; , ion-electron col- "9
lisions can as well be ignored for a dusty plasma for
(Qo/e)=10. The currentl 1(Q) is given by

It is apparent from Eq925) and(26) that the attachment
frequency of the electrons and ipns is intimately related to |1(Q):Eaf dve,o (Q)Vf,, (34)
the charging frequency of the grain. Therefore, the neglect of
the attachment frequency in the ion and electrons equations -
[Eq. (6)] is valid under very restricted conditions. Assuming and use has been made|g{Q) = —Q¢(Q— Qo). Defining
1+ 7+2z~71+z, we see that foP~0O(1), attachment and pa1=/Q dQ dvfyy, the grain charge density can be written
charging frequencies are of the same order. Therefore, tH&S
neglect of the attachment frequency for a fluctuating grain Q2
charge in Eq(6) is valid only for a very tenuous dust cloud <_°
(P<1). Furthermore, whe®>1, it is the attachment fre- pdl:f My

oty
k- = 8(Q=Qo)

[11(Q)fod(Q—Qo)]. (33

E g Moy
1+ Q001 v, v

guency which plays the dominant role in comparison with i(w—Kk-v)

the charge fluctuation frequency. It is well knoya0] thatP

can vary in a wide rangédor example, for Saturn’s E, G, and E.+ %g St.dv

F rings, the value oP is 10 3, 10, and 1, respectivelyand, . e, 770

thus, the above conclusion needs to be borne in mind before +'J (w—k-V) ' (39

ignoring the attachment frequency in comparison with the
grain charge fluctuation frequency. where
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It w0
v

etvo,(Qk-
S:f o im (o—Kk-v+iQy)

dv.

(36)

Before calculating dielectric permitivity, we eliminagg in
terms ofE; by making use of Poisson’s equation

w3
V'glzn_dodededL (37)

where w§=47rG mynyo is the Jeans frequency. Substituting

for f4, from Eg. (33) and integrating Eq(37) for o<<k-v,
one gets

Qo
91=— my(w?t &l oL (39)
Writing the dielectric permittivity as
e(w,k)=1+473 x(0,K)+47x4(0,K), (39

from Poisson’s equatiofil2), one gets

ik[zaXa(wik)+Xd(ka)]E1: _477(201pa1+pd1)'(40

Substituting forp,; andpy; from Egs.(31) and(35) in Eq.

(39), we get the dielectric permittivity. Its two components

are
'I\( (yfaO
) 47Tei Qomaaﬁ f LoV
Xal @)= e g0t wd)|) o—k-vtir,
(41
and
i P
‘ _47TQ(2) w§ J “ov 4w
Xolw,K)= mgk (0’+09)|)] o—k-v K
% 1 QOmaw§ j SCD
e,My(w’+w3)|) w—k-v+iQ.
(42)

For a Maxwellian distribution, whem>kv,y and o<v g4
<kvy,, the integration of Eq(36) gives

L e (ﬁ+ \/;(1;22)e

2V2kv e
TViq

2
Opif 4
] " kvy ( ! 4\f2kvti) ) “3

Then the integration of Eq$41) and(42) combined with the
Egs.(25), (26), and(43) gives the following expression for
the dielectric permittivity:

2 2
S= a_( Ee*z
Vi \| KVie

X[1—erf(\z)]
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2
Vad Wpq

1+ \/; _
Ekvm
iPQ,
tir T
KoN2 (w+i0,)

e(w,kK)=1+3

“« kz)\i W+ w§

2
_ \/; Ved 8Wpe
4 Kvie Viel)e

X exp —2) \/E+M[l—erf(\/£)]>
J Vig awp;
T8 kvg MO “4

where\ ,= v,/ w,, is the Debye length of the plasma par-
ticles and\3,=kgTe/(47Ngoe?). Finally, we write the dis-
persion relation, given by(w,k)=0, in a more compact
form

wgdzakz)\ica B
iPQS A2C,L
Npo(@+iQ)

1+ \/; Lad
2 kvi,

w?~

(49)

2
3,

1+3 k2\2C,+
where

C =

a

and

L 1_ﬁ Vegd aw,zje G Jm(1-22)€?
B 4 Kvie VieQle 2

r Vig awyp;

x[l—erf(ﬁ)]) "8 kvg N0

exp(—2z)

The dispersion relation equati@gdb) is similar to dispersion
relation equation(21) of Pandey and Lakhin@l8] in the
absence of thermal effects, i.e., whép~1 andL~1. How-
ever, there is a notable difference with the dispersion equa-
tion (21) of Ref.[18]. The description of the charge dynam-
ics of a dusty plasma in a three-fluid mod#8] requires the
introduction of two frequencies, namely, attachment and
charge decay frequengy and 7, respectively. Their role in
gravitational dynamics varies; whereas in the present kinetic
description, only one frequend. is sufficient to describe
the effect of grain charge fluctuations on the Jeans collapse.
As a result, we shall see that charge fluctuations do not affect
gravitational collapse in any significant way and the Jeans
length is not dependent on the grain charge fluctuation, un-
like in a fluid model[18].

In the absence of gravity, E¢45) reduces to the follow-
ing dispersion relation:

wgdgakz)\ica
iPQS A2C,L"
ASo(@+iQy)

w’~

(46)
143 k2\2C, +

This is the familiar dispersion relation of Melandst al.
[31] for the dust-acoustic mode. However, as they have de-
scribed the grain charge fluctuation in terms of two frequen-
cies similar toB and », the damping of the dust-acoustic
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FIG. 1. The unstable rootef /w,q) of Eq. (45) is plotted againsk\p for P=1, R=0.1, andz=2.5 with C,=C;, L=1, and\pg
=M. Curve 1 corresponds to a pure gravitational mode in the absence of collisions and grain charge fluctuatioa=seffai,.=0,
b=0./wyy=0. Curve 2 represents the case with a collision and without grain charge fluctaatidri ando=0. Curve 3 corresponds to
the case with grain charge fluctuation and no collision, bes0 anda=0.1. Curve 4 corresponds to the case with a collision and grain
charge fluctuation, i.,ea=b=0.1. Curve 5 corresponds to the case when0.1 andb=0.8.

wave is due to thegs [QVO in the notation of Ref[31], Eq. where 1+ 7+z~71+z has been assumed. The damping of
(20)] and the real part of dust-acoustic dispersion relation ighe dust-acoustic mode is caused by the delay in the charging
proportional ton [Q 4 in the notation of Melandset al, Eq.  of the dust grains. As the electron sticks to the grain surface,
(19)]. As the present kinetic treatment requires only one fre-a repulsive electrostatic field builds up, which subsequently
quency to describe the grain charge fluctuation, it will bedelays the arrival of the electrons. As a result, the dust-

illustrative to derive the approximate form of the realand
imaginary w; parts ofw from Eq. (46) in the w;<w; limit
whenC_~1 andL~1. This gives

1/2

K

wr%wpdVEa)\Da
" P33, - w343 KNG,
(143 K2AE NS0 @ (1+3 k2\5,)

wiz)dz akz)\zDa
Wl (1+3 K2\35,)

1)

1+3 kN3,

Wi~ — 3¢

(48)
As

wgz)dz akz)\zDa
WI(1+3AE,)

we see that the dust-acoustic mode is damped as

0 P33,
C(1+Eak2)\2Da))\2D0 .

(49

w;~

Making use of Eq.(25), the damping of the dust-acoustic

acoustic mode dampened.

Next, we solve the dispersion relatidd5) numerically
and plot the unstable rootmormalized with respect to the
dust plasma frequency,q) for R=0.1, 7=1, z=2.5, ng
~n;o, and P=1 [3-5,11,12 (see Fig. 1 Here, we have
assumed tha€C.=C;, L=1, and\pp=\.. Curve 1 is the
usual Jeans mode in the absence of charge fluctuations.
When Q¢/wpg=0 and veq/w,e=0.1, the Jeans mode ap-
proaches zero fastécurve 2 and at somewhat shortkk .

As the charge fluctuation is switched on, the growth rate is
increased towards a larde\p (curve 3. Therefore, charge
fluctuations may facilitate the condensation of the grain to a
somewhat shorter scale length than would have been pos-
sible otherwise. Clearly, then, the attachment of the plasma
particles to the grain surface resets the repulsive electrostatic
field in such a fashion that the collapsing grains are dispersed
while approaching each other under the influence of their
self-gravitational field. Curves 4 and 5 correspond to
Ved/ wpe=0.1 andQ)./w,q=0.1 and 0.8, respectively.

From the figure, it is clear that the growth rate remains
unaffected by collisional processes and grain charge fluctua-
tion belowk\ 5 <<0.05. Note that we have carried out a local
analysis, i.e.kx>1. These two conditions put a constraint
on the region of applicability of the result. If the scale size of
the systenx is larger than 20y, the gravitational collapse

wave can be directly expressed in terms of the electron-dusft€ IS unaffected by collisions between the plasma particles

attachment frequency

Vedzahéa
(1+3 kN5 )N,

(50

W=~

and dust grains. This is a manifestation of the short-range
nature of collisional processes. Gravitational condensation
operates at a long range, and when the distance between the
charged grains becomes few Debye lengths, binary collisions
and ensuing sticking or recombination of plasma particles to
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the grain surface alters the ratio of electrostatic to gravitaat which instability vanishes. Before calculating the Jeans
tional forceR in favor of the former, causing a decrease inlength numerically, we give an approximate analytical ex-
wilwygy. Therefore, the gravitational collapse rate beyondpression for some interesting astrophysical situations. It is
20\ is not affected by grain charge fluctuations. known that in the planetary rings of Satufx<1 [30]. Then,

Last, we calculate the Jeans length from Eqg. (45) in using marginal stability condition«{=0), we get, from Eq.
various limiting cases. The Jeans length is the critical lengtt45),

200+0D)
No= 2 2 2 2 2 RN (52)
NeVed  A{Ved T [ NgVed A Ved R()\e+)\i)
— 72 +\/ = + +4—
Vie Vi 2\ Vi Vii 1-R

We see from the above expression that the plasma thermal We note, however, that the above limiting cases are at
pressure force along with the collisional force affects thebest indicative of a trend as, in a strict sense, the limjig
gravitational collapse of a dusty plasma. When the gravita-—~0 andv.q— are not valid since the dispersion relation,
tional attraction between the grains is much smaller than th&q. (45), has been derived in the>kv,y and w<vgy
corresponding electrostatic repulsioR-0), Aj—x, i.e.,  <kviq limits.
there is no collapse. When two forces are comparable, i.e.,
R—1, we have

V. CONCLUSIONS

=\ 1R (52) We have studied the Jeans instability of a dusty plasma in

e 2R the present work using a kinetic formulation which allows
o . . for the self-consistent treatment of charge dynamics. The
As the gravitational attraction overcomes the electrostatic reself-consistent treatment of charge dynamics guarantees that

pulsion, the Jeans length shrinks and ultimately becomeg,e charge conservation law is not violated. The findings of
zero. This is because we have treated the grains as cold. |fe present investigation are the following.

reality, kinetic effects would prevent the grain from collaps- (i) When the grain is carrying 100 or more electronic

ing to a zero Jeans length. charges, the two most important collisional processes re-

Next, we derive the Jeans length f&=1 whenCe  gponsible for the grain charge fluctuation are electron-dust
~ Vel (KA pewpe), Ci=C, (this will cause a slight overesti- 5nd ion-dust collisions.

mation of the length, but allow for simplificationk=A; (i) The relation between electron-dust and ion-dust colli-
=\p, and approximating® ,k*\5,C,~2k’\5C,. Then, sjon frequencies with grain charge fluctuation frequency
for R=1, we have, [Egs. (25) and (26)] suggest that a fluid description of a
5 ) U2 —1 dusty plas_ma with grain (_:harge dynamics Wit_hout the_ elec-
(E)%<@) Pre) g1y wpe)‘DO'-l) tron and ion loss terms in the electron and ion continuity
\p Ap | Prgg Pveg\p ' equations, respectively, is valid only for very tenuous plasma
(53 clouds P<1).
(i) In the absence of gravity, the effect of dust charge
where fluctuation on the dust-acoustic mode is manifested through
, electron-dust collisions. The damping of the dust-acoustic
L= Ved awpeexp(—z) Jz+ Vm(1-22)e mode is directly proportional to the electron-dust collision
1720, vee 2 frequency.
(iv) In the presence of gravity, the charge fluctuation on
X[l—erf(\/f)] n Vid 8wp; the dust grain leads to a reduction in the growth rate of
40, vy - gravitational collapse. Also, the growth rate is unaffected for

distances larger than 28 owing to the short-range nature of
The above expression suggests that the Jeans length ithe collisional processes responsible for the charge fluctua-
creases with the increase vf,. Also, with the increase of tion.
the grain charge Q the Jeans length increases as (v) In addition to the usual thermal pressure and electro-
exgeQaksT]. When veq—0, Aj—o, implying that there static repulsion, in a self-gravitating dusty plasma, in the
will be no collapse. AR=1, the collapse is halted by the presence of grain charge fluctuations; the Jeans length is also
self-repulsion of the grain, and unless there is a change idependent on collisional procesdage Eq.(51)]. The de-
this ratio, condensation of the grain will not take place. In thependence of the Jeans length on collision frequencies may
other limit vog4—, X\ ;—0, a large recombination rate at the allow the gravitational attraction to operate beyond the De-
grain surface neutralizes the electrostatic field, seting bye length.
=0, and collapse takes place without any critical length. These results may help us to understand the real physical
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system better. Implications of this result for spoke formationdusty (plasma cloud clump will oppose the gravitational

in Saturn’s ring or on the thickness of the Jovian ring arecollapse. As a result, the star formation rate will be affected.
interesting. For example, as the charge fluctuation modifies is quite possible that such a repulsive electrostatic field set
the Jeans mode, the lifetime of grain levitation over the ringjp during the gravitational collapse of the charged grain is
plane may increase before grains succumb to the planetgpposing the gravitational attraction of the cloud complex
gravity. and thus reducing the chance of an excessive rate of star

Observations of molecular cloudShu et al. [32]) sug-  formation.

gest that their dense core has embedded infrared sources, g results are important for understanding the dynamics
implying that such clouds are the main sites of star formationys self_gravitating plasmas and, thus, to the formation of

in galaxies. However, the Jeans masg=(27\,)°po 8SSO-  stars clusters, etc. Specific applications will be studied in
ciated with the average condition of cloud clumps of densitys,iure work.

po iIs much smaller than the mass of the clurivp, Then all
such clumps should be unstable to the Jeans instability. If
this were the case, all such molecular clouds would be col-
lapsing on a gravitational time scaig *; otherwise, the rate

of star formation in the galaxy would far exceed the observed One of the authoréB.P.B wishes to thank Professor Eric
rate. The presence of a repulsive electrostatic field in such @Wollman for his helpful and encouraging suggestions.
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