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The time evolution of the plasma distribution functiof@ectrons and ionsin dusty plasmas is
found solving numerically the equations of the kinetic theory of dusty plagfiagdovich and de
Angelis, Phys. PlasmaB, 1093 (1999; 7, 554 (2000]. The role and importance of the plasma
source and particle diffusion are investigated. The “equilibrium” distributidiasymptotic
solutiong are used to calculate the static screening of a dust particle, and the difference with the
usual result(Debye screeningof a three-component plasma is shown for various parameter
regimes. ©2001 American Institute of Physic§DOI: 10.1063/1.1344197

I. INTRODUCTION bution functions(particle diffusior) and their evolution also
) , epends on the properties of the plasma source. The dust

I_Dusty plasmas are often described using thg theory ziharge fluctuations and plasma absorption also modify the
multicomponent plasmas, the dust particles with a fixe space charge around dust particles and one might expect de-

chargeezd(e<0) pemg a massive plasma component. Inviations from the usual Debye screening. These effects were
this case, the main differences with the results of three-

. . P discussed in Paper Il where Maxwellian distributions were

component plasmas arise from the lafgemetimes infinitg . . . e
dust to ion mass ratio and from the possible high values O%Jsed for numerical estimates of particle diffusion and screen-
Z4 which can introduce nonlinearities and strong coupling. ing. . o

Recently, a kinetic theory of dusty plasmas has been In the present work .the dugt .part|cle distribution is ;tlll
formulated taking into account another distinctive feature 25Sumed to be Maxwellian, as it is shown to be a consistent
of these systems: the dust particles must absorb plasma paR!ution of the present kinetic model, but the plasma distri-
ticles (electrons and ionsat all times to maintain their Putions are assumed Maxwellian only at tire O (initial
charge and therefore some kind of plasma source must bélues and the evolution of the electron and ion distributions
present to replace the absorbed particles: ionization, plasnid found from the numerical solutions of the kinetic equa-
reservoir, re-emission from the dust surface, éttthe fol- tions. These are given in Sec. Il in a form suitable for nu-
|0wing, Refs. 1-3 will be denoted as Paper I, I, and lII, merical evaluation. In Sec. I, the dependence of the evolu-
respectively. As a consequence, the plasma is not collision-tion on the plasma source is studied: for Maxwellian sources
less: collisions between plasma particles may or may not b&a reservoir of Maxwellian plasmavith different intensities,
present(they are not taken into account in Papers I-bit  including the case of zero source and the case of a source
the plasma particles—dust collisions are an essential featureplacing exactly the number of plasma particles which are
of the kinetic model. As shown in Paper |, the parameterabsorbed; the solutions of the kinetic equations at different
regime where the dust—plasma particles collisions dominatémes are plotted for various parameter regimes. The depen-
with respect to the collisions between plasma particles iglence of the plasma evolution on the source can clearly be
ngZa/ne>1, whereng,n, are the dust and electron particle appreciated in Figs. 1-5. In Sec. IV, the importance of par-
densities, respectively. This condition is usually valid in cur-ticle diffusion is examined: the evolution of the plasma dis-
rent experiments with dusty plasmas. The charging colli4ributions and corresponding “thermal” energies with and
sions, of course, alter the dust charge, which is in principlevithout the diffusion term in the kinetic equations are com-
different on each dust particle, depending on the locapared for various parameter regimes. The results confirm the
plasma conditions and fluctuations. This problem has beefinding of Paper Il that diffusion is particularly important for
treated in Paper |, introducing the grain chamges a dust jons and are shown in Figs. 6—8. In Sec. V, the results for the
phase-space variable: the dust particles are described bysgatic screening are presented in comparison with the usual
time—dependent distribution function of momentum, pOSitiOﬂ,Debye screening in a three_component plasma of electronS,
and chargenumber of dust particles with charge between jons, and dust particles with fixed charge. Depending on the
andq-+dq). At the same time, the continuous absorption of yarameter regime, the “effective” screening, as calculated
plasma particles on dust causes changes in the plasma distfigy, the kinetic theory, can be quite different from Debye
screening, as already pointed out in Paper Il. In particular,
dElectronic mail: lapenta@lanl.gov the differences at small wave numbeiare very important
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since they are related to differences in the interaction of two  In Eq. (1) the approximation that the dust distribution is

dust particles at large distances. The results are shown in Figeaked near the equilibrium chargg, has been used, where

9. Jeq= Jeq(t) is the solution of the equation for zero net cur-
rent

IIl. KINETIC EQUATIONS FOR ISOTROPIC
DISTRIBUTIONS > | e (deqv)f (v, t)dv=0. ()

Tge k|rr11et|c thtlao_ry of dUStY plasfmasﬁe F(’f‘p?gs I.’ I, If)l In the present work, the orbital motion limitd@ML)
provides the evolution equations for the distribution func- .o <o tiofsare used

tions of all components: electrons, ions, and dust particles.

The Maxwellian distribution, however, is a particular solu-

tion of the kinetic equation for the dust particles and it is,  0i(v,Geg = 7@
therefore, assumed in the present calculations where only the

1+

quqe)

amuv

coupled equations for electrons and ions are considered. Fu- > >

ture work will address the evolution of the dust distribution a2l 1— e if v= qeqe,

and its effects on the plasma distributions. In the following, Qg = ame? ame

isotropic homogeneous distributions are used for plasma par- " '7¢ 20e

ticles [a={e,i}] and dust {): f,(r,v,t)=f,(v,t); 0 if v< am

fa(r,v',t)="f4(v',t) normalized to the respective particle Me

densitiesn; ,ng,ng. The dust distribution integrated over wherem, is the mass of particle8 anda is the grain radius.
charge(see Papern)l The dielectric function and the effective charge in the

diffusion coefficient can be written in the for(aee Paper ]I
fd(r,v’,t)zf fq(r,v',q,t)dq

is assumed to be Maxwellian. We remark that the velocity of
dust particles is always denoted with primes to distinguish it
from the velocity of plasma particles. off B ~

The kinetic equations for the plasma particles can be q (k’w)_qeq+Q(k’w)+y_d1
expressed as

e(k,w)=1+ 2, (e, (K, 0)—1)+e4(k,w)—1

é(kvqueq!qeq)nd

< -1
~ S'(K,®,0egNg
f (v, s
d ag t) =S,(v,1) = vg 4(v)(v,1) X(1+,3(k,w))(1 & ) }
-}-i Da,d(v) afa(vyt) with
api\ Ip; €4(k,w)=1+ W(Eg%k,w)—l)

d e
+T(Ff"d(p)fa(v,t))+vg',afa(v,t).

p N 4miS(K, ®,0eg) Ny
The termS, represents a regular plasma source of par- kvc}{l—(g(k,w,qeq)nd/vch)]
ticles of speciesy, Fi“'d(p)=0, if the distributions are iso- _
tropic, andwf ,, which introduces a collective correction to X(1+ Bk, w)),

the absorption on dust given by the second term, is usua”%here the charging collision frequency is given by
small and will be neglected here. The collision frequency

and the diffusion coefficient are defined as d
ven(t)=— aq
eq

(2 feavaa(qGQ!v)fa(v!t)dv "
vd,a(v)=f fvtfa(q,v)fd(v’,q,t)dq v’ -
The plasma responseS(k,®,0eq); S(K,®,0eq,deq)
S'(k,®,0eg), A(k,0), €,(k,0), B(k,w), and €Yk, ») are
defined in Papers | and Il; below an expression useful for
numerical computations is calculated in the hypothesis of

2 . S e
Dmd(v):_f feﬂqeﬁ(k,k'V')F isotropic distributions. _ o
™ These responses all have to be evaluated in the kinetic

:fUo'a(qeqvv)fd(vlrt)dvl:U(Ta(qeqvv)nd- oy

equations forw=k- Vv’ [see Eq(2)] and, with the exception

5 kik; - V:'d(vz) of eg{k,w), everywherev’ will appear in factors as [k
k*|e(k,k-v")|? (k-v)Z+ 1% 4(v) (V' =Vv)1.
< fy(v” tydk dv’, ) The dust velocity is usually much less than the electron

or ion velocities ¢’ <v) and consequently, with the excep-
indicating with e, and o, the charge and the absorption tion of ek, ), all the plasma responses can be evaluated
cross section on the dust grains of the particles of species for w=0. Performing the angular integrations, one obtains
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S(kaovqeq) = 4 f |: Vd a(v) arctarﬁk—v

V4,0(V)

5 af ,(v,1)
v

Z farctaré vg,a(V ))

X Ui(qeq,v)eavg’fa(v,t)dv,

Xo'a(qeqav)v

Aé(kvovqeqvqeq):

S'(k,OQeq):_Tﬂ-Ea: farCta'szlzv))

d ’
v O'a(qeq v)

aqeq Ua(qeqvv)eavsfa(v!t)dva

- 41 kv
q(k,00=— T% j arctar( v

x e, v?f , (v,t)dv,

U)) O'a(qequv)

o1 8wze§f X 2v4,4(v) kv
€, (k,0)= m ko arctar‘vd )

a

df 4(v,t)
X—

P v dv,

73(k,0)=—4%2 arctar{ kv )

@ Vd,a(v)

do, ,
XLeqv) WU 2F (v, H)dv
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35 o 55
P p;

8e2 o f 1 Vy.d(v) . kv
= - - arc ar‘
miv2 dv v2k? v3K3 Va,d(V)

f (v, t)]

Di(v )2

x[a*M(k,0)[?1 1(k,t)dk|v?v,,4(v)

To perform the numerical calculations, the kinetic equa-
tions are written in a dimensionless form and the values of

the dimensionless distribution functiorgs,(y,t) are fur-
nished as the result of the numerical integration. These di-

mensionless distribution functions,(y,t) are defined as

- (2m)¥3
ga(yit): n—mfa(vvt)v
and they depend on the dimensionless velogignd on the
dimensionless timé

t=twpe,

v
y: L
\/Evth,a

wherevy;, ,, is the initial thermal velocity of particles of spe-
ciesa and w, is the initial electron plasma frequency.

In the same manner, the dimensionless sources of the
plasma particlesS?, are defined

- (2m)?
Sad(y,t) M S,(v,1).

WpeN,

The plasma kinetics depends completely on six dimen-
sionless parameters and thanks to these parameters it is pos-
sible to write the kinetic equations in a dimensionless form.

9eq The following dimensionless parameters are used:

2
These responses, calculated here for general isotropic _— Zqe _ NgZg 7_:1 - :Td(1+P)
distributions, reduce to the expressions given in Paper Il for aT,’ ne ’ T, 9 TzZ4P

the particular case of Maxwellian distributions. Notice that
there are misprints in Paper Il which have been pointed outvhere T, [a={e,i}], are the “thermal” energies of the
in Paper Ill. Finally,egk,) for a Maxwellian dust distri- plasma particles, defined as
bution reduces to the usual expression as given in Paper II.
Also, the diffusion term present in the kinetic equation m,fv?f (v,t)dv
can be simplified for the case of isotropic distributions. Per- T.(t)= — 3n.
forming all angular integrations and defining the quantity
with To(0)=m,vj, .. In the same mannef,y=myv§, 4 is
the thermal energy of the dust grains. The other two dimen-

a

1(k,t)= f fa(v”,H) Vv’ sionless parameters used are the ion Debye length to the dust
le(k,k-v )|2 grain radius ratio\;/a, and the ion to the electron thermal
velocity ratio, v i /v e -
f f fa(v',1) WY )2 d We observe that the last dimensionless parameter,
le(k,kv' p)|2 v voHs Uthi/vine, Can be chosen in order to make the net current on

the dust grains zero at the starting time.
In fact, Eq.(3), for t=0, using the dimensionless param-

the diffusion term can be written in the form eters, becomes
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1 : 1 : 1
0.9f 0.9 0.9} —
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0.8 0.8f 0.8F 0 -4
. §=7-10
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0.7t 0.7} 0.7} -~
0.6 0.6} 0.6} g
>0.5F 1 0.5 1 S0.5F E
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0.3 0.3 0.3 E
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y y y

FIG. 1. Normalized electron distribution function vs normalized velocity at FIG. 2. Normalized ion distribution function vs normalized velocity at dif-

different times for different values of the source intensity.

o0
nivth,if
0
oo
:nevth,ef_
VZ

because the OML cross sections, with the notatig
=eZy4, can be expressed as

z 3
1+—]a9i(y,0y°dy

Ty

Z 3
1—3; ge(y,0)y°dy,

V4
1+ — |,

— 2
(0 Geg =] 1+

4
ma?| 1— —2) if y= \/Z,
Ue(v’qeq): y

0 if y<yz

Using the neutrality conditiom;/n,=1+P, it is then
possible to calculate the dimensionless parameter

ferent times for different values of the source intensity.

the time derivative has been approximated by a forward dif-
ference, in the second, by a backward difference. The results
of the two methods have been compared to evaluate the nu-
merical error of the solutions.

lll. IMPORTANCE OF THE PLASMA SOURCE

To understand how important the source of plasma par-
ticles is in the time evolution of the plasma distributions,
Maxwellian sources are chosen with different intensities.

The sources have the form

exd — 1/2(v/vip o)?]
Ui aV(27) ’

so that the same number of electrons and ions is introduced
in the plasmgto preserve the neutralityThe dimensionless
sources can be expressed as

S,(v,t)= SO(t)newpe

J iES i) ge(y,0y°dy TR0 B TeT0 B T T
Uth,i 1 e y? ' ' ' ' ' '
vth,e_ 1+P w 2 ! osl 1T 1 1.45¢
fo 1+T_y2 gi(y,0y*dy 0.9 14}
0.8y 0.8 1 138} ot
so that the net current on the dust grains is zero at the startin 7
time. oal ‘-\' o7t 13} 'l,f‘
The two coupled evolution equations for the electrons o, o6l 1azst 4
and for the ions are integrated numerically with the initial o} "\\ osl 1ol
conditions thag,(y,0) are Maxwellian distributions and for N ' '
several choices of the plasma sources. Simultaneously, thest ™~ o4 1 11sp
equation for the dust charge is solved self-consistently, tak- 0l 11k L
ing into account the number of electrons and the number okb.} _ ?:?134
ions absorbed by the dust grains. .l | o sr0
The numerical integration of the kinetic equations hasos; p 2 % ] s ] ’
been performed approximating the differential operators by ®ps  x10* “oe x10 Yo x10*

finite differences and then solving the resulting dlfferenceFIG. 3. Evolution of the dust charge), electron temperaturés), and ion

temperaturgc), all normalized to the initial value, as calculated from the

equations in an evolutionary manner, starting fromo0.

Two numerical schemes have been implemented. In the firsijstribution functions of Figs. 1 and 2.
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TABLE I. Starting parameters for the simulations presented in Figs. 1, 2, 3, a) b)
4(a), and Fa). 1 i : : 1 i :
_ tw =0 __ i =0
z P T T4 \i/a Uth,i Vth,e 0.9} . fwz=170 - 0.9t - 'ﬂ’z=375
to =330 tn =750
1 15 0.01 1 50 1.450°3 0.8t o to=500 | s o trti2s ||
0.7 1 0.7r
5 0.6r b 0.6r
ad;\, ¥ T ay?  cad, ~ e’ : :
Se(y,t)=so(t)e ", S (y,t):So(t)m, S05¢ 1 o5y
4 0.4} E 0.4}
for four casessy;=0 (no source presents,=3-10"%; s,
=7-10% s(t)=s(t), the last one chosen so that the num- 3 ] 03
ber of electrons absorbed is reintroduced in the system. 02h | 02k
The kinetic equations are solved for different values of
the initial (t=0) parametersz, P, 7, 74, N/, vUini/Vine- o1 ] o1
Figures 1 and 2 show snapshots at different times of the o . 0
. . . . . 0 1 2 3 0 1 2 3
distribution functions for the first three values of the source. y y

Figure 3 Sh.OWS the evqlqtﬁon of the plasma thermal energiesF’IG. 5. Normalized ion distribution function vs normalized velocity at dif-
Ta, normallzed to th_e initial values, a,nd of the dust Chargeferent times for the variable soursg(tw,e) =s(tw,e). Starting parameters
Z4, obtained computing the fluxes of ions and electrons colof Taple | (a), starting parameters of Table (b).
lected by the dust particle. The starting parameters used in
Figs. 1-3 are given in Table I.

It is clear that the evolution of the distributions depends

strongly on the sources, and the differences grow with time. - e .
Even if the electron and ion initial distributions are Maxwell- charge only for the initial plasma distribution functions but,

ian and the plasma parameters are chosen so that the riaestthehsh?jpes of thlgbp_lasm:; partlcr:fa ﬁ|_str|b:‘1t|on§ chafnghe with
current on the dust grains is zerotat0, the distributions of tme, the dust equilibrium chargevhich is a function of the

ions and electrons do not maintain their Maxwellian shapefaIECtron and ion distributionshanges.

This is still more remarkable because the sources are also FOr the case of a variable sourcg(t)=s(t), which
Maxwellian. Notice from Fig. 3 that the electron temperatureremaces the electrons absorbed by the dust grains so that the
decreases with time because only the energetic electrons afectron density is a constant, the evolution of the distribu-
absorbed on the dust grains. This is more relevant in the cadn functions is followed until a stationary solution is
without source because the energetic electrons captured digched. Note that a stationary solution for the electrons can-
not replaced by a source. The opposite happens for the iofot be reached at low energy because, while the source in-
temperature. From the evolution of the dust charge in Fig. droduces particles, in this energy region electrons are not

it can be seen that the initial dust charge is an equilibriunbsorbed and, as shown in the next section, the diffusion
term is negligible for electrons: however, the shape of the ion
distribution reaches its stationary solution and so does the

a) b) electron distribution at high energy. Two cases are shown in
12 25 : : : : Figs. 4 and 5 for different starting parameters and a variable
: — =0 source. The first caggrigs. 4a),5(a)] has the same param-

...t =375 . . . o
, o m):=750 eters of the previous casélésted in Table }, while in the
! af o T =115 second casfFigs. 4b),5(b)] the initial parameters are given

in Table II.
The stationary solutions are different in the two cases.
These results show that it is not possible to assume that
the electron and ion distributions in a dusty plasma are Max-
wellian. Even if the initial distributions and the sources are
Maxwellian, the Maxwellian shape of the distribution func-
tions is not maintained in the evolution.

0.8r

o0.6f

0.4r

0.5F
0.2f

2 » TABLE II. Starting parameters for the simulations presented in Figs. 4
0 1 2 3 4 and 3b).

. o . . ) P T T4 Nila Utni [Uthe
FIG. 4. Normalized electron distribution function vs normalized velocity at

different times for the variable soursg(tw,e)=Ss(tw,e). Starting param- 1-10°2 15102 0.1 1.10°2 50 1.3310 2
eters of Table (a), starting parameters of Table (ih).
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T T T T T T T T a) b) <
10T VT, ATfto VT, AT AT,
25 T . 0.012 . . 0.03 . .
0.9 —— with diffusion term
-—-— without diffusion term
0.8 —— Maxwellian 001k {0.025t
oL i
0.7f
06k 0.008| 1 002
i 15
0.5
! 0.006 1 0.015¢
0.4
. 1 .
0.3fi 0.004 { 001}
0.2
[ 0.5F 1
i 0.002 1 0.005¢ b
0.1p b —— without diffusion
—— with diffusion
0 A HHHHHHHHH HHH . L . \ ] \
0 0.5 1 15 2 25 3 3.5 4 % 200 400 % 200 400 % 200 400
y tw, tw )
pe pe pe

FIG. 6. Normalized ion distribution function vs normalized velocity at FIG. 7. Growth of the ion temperatur@ormalized to the initial value
twpe=1125 from the solutions with and without the diffusion term. The caicylated from the distribution functions with and without the diffusion
initial Maxwellian is shown for comparison. The starting parameters ar€erm for three values of the parameRerP=0.1(a), P=0.5(b), P=1.5(c).
given in Table Il and the source is variab(twpe) =s(twpe). The other starting parameters are given in Table I.

IV. IMPORTANCE OF THE DIFFUSION TERM has been followed up tb=500. In Fig. 8 the total growth of
. . ... the ions temperatureAT;, is compared with the growth
It was argued in Paper Il, where Maxwellian distribu- per .GA : inel P > 9

. . . e caused by the diffusion term\T;"* (see Paper ]I It is clear
tions were used for the estimates, that particle diffusion re: . e . .
sulting from the absorbtion processes should be of particul trhat the importance of the diffusion term is nearly constant in
. 9 : b P . b . time and it grows withP: the last result could also be ob-
importance for ions but not for electrons. This has been in-

vestigated comparing the evolution of the distributions fromtained from the findings of Paper II. Férof the order of 1,
9 . paring . . e as found in Paper I, the diffusion term is important and the
the numerical solutions with and without the diffusion term

) S : . . 1rgrowth of the ion temperature due to the diffusion term is
in the kinetic equations. The results confirm the findings o nearly the same as the arowth caused by the chardind pro-
Paper Il and are shown in Figs. 6—8 for ions. y 9 y gihg p

. . . St ! . cess.
In Fig. 6 the final ion distributions obtained with and . . L
. 9 e L The effect of the diffusion term on the electron distribu-
without the diffusion term are compared. For the initial pa-,. . . .
. . tion function has also been investigated and found to be
rameters of Table Il the time evolution has been followed

, _ ~ small. The growth of the electron temperatw&"® is very
with a variable source up to=1125. The shapes of the tWo g4 compared to the electron cooling caused by the charg-

distributions are clearly different, and the ion distribution ing processAT,: AT s only of the order of 0.01% of
function seems to be more affected by the diffusion term at € €

low energy. The diffusion term, in fact, is greater at low
energy and its main effect on the shape of the distribution '
function is to prevent a great depletion of ions at low energy. ool

As shown in Paper Il, another effect of the diffusion b
term is a growth of the ion temperature. The temperature °°f —o— P=01

growth is due both to the diffusion term and to the absorption o7

by dust grains. The temperature growth, described by the

diffusion term, is caused by the inelasticity of the dust— %

plasma collision in presence of charging procese Papers §;05-
<

I, 11). |
To understand the importance of the diffusion term, cal- B ~
culations have been made for several values of the plasm °3 e 1
parameterP, which plays an important role in the plasma 5|
kinetics. The results are shown in Fig. 7 and Fig. 8 for the
case of the variable source and starting parameters of Table
(except the value oP, which is now variegl In Fig. 7 the 0 : : ' : ' : ' : :
. . 0 50 100 150 200 250 300 350 400 450 500
ion temperatures are shown as calculated from the solution 0,
for the ion distributions with and without the diffusion term.

01F

. : . FIG. 8. Dependence on the parametef the growth of the ion temperature
With all the other parameters fixed, the evolution of theAT}”e' due to diffusion, normalized to the total growthT; due to both

plasma .particles with and.WithOUt the diffusion .term! for diffusion and absorption on dust. The starting parameters are the same as
=0.1[Fig. 7@)], P=0.5[Fig. 7(b)] andP=1.5[Fig. 7(c)],  Fig. 7.
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AT,. Also, in the electron case the importance of the diffu- 2 &) (-5
0.5 T

(sP-sys?

sion term seems to grow witR, but no meaningful results 1 0.1
can be presented to show the importance of the diﬁusionog_
term for different starting parameters, as the effect of the
diffusion term is comparable with the numerical error. 08t |i
In conclusion, while the diffusion term does not have an
important effect on the electron temperature, it cannot be” '[!
neglected in the evolution of the ion temperature. The ion—ost|i
dust inelastic collisions are important and cause a growth ol
the ion temperature which is comparable with the effect of %)
the charging collisions. This effect grows withand forP of 0.41}
the order of 1, a typical value in dusty plasmas, the tempera:
ture growth due to diffusion is nearly the same as that due > I 1 .
the charging collisions. 02 ] —+ 2222:}84 06/
& .. 8=7107"
0.1 —- 8] —o— Maxwellian

—_

PRY

1.
0.
0.

oo

V. STATIC SCREENING

0 L L L 1 . L 08 L .
0 2000 4000 6000 1] 200’? 4000 0 20%) 4000

As shown in Paper lll, the interaction between two dust ! ! !
particles at rest in a dusty plasma can be written in terms ofg 9. static screening of a dust particle from the kinetic the@) @nd

an effective potential around a dust particle given by from the theory of multicomponent plasma®) vs normalized wave num-
berk; . For the parameters of Tables,=7-10"* andtw,.=2-10° (a); for
47quq different values of the source intensity, starting parameters of Table | and
e(k)= 2 off , twpe=2-10° (b); for the starting parameters of Table II, variable source
k“e™'(k,0) So(twpe) = S(twpe), twpe="500, and three values & (c).
where
o e(k,0) | _ _ N
€® (k,0)=%qm- time. The following numerical results refer to the “equilib-
q L]

rium” case in the sense that the asymptotic plasma distribu-
This expression can be derived from the kinetic theorytions are used to calculate the effective dielectric function.

using test-particle theory and it contains all the effects offhe results are shown in Fig. 9.

space-charge modifications due to plasma absorption on dust Introducing the dimensionless wave number

and charge fluctuations. If the dusty plasma is treated as a

three-component plasma, with dust particles of fixed charge k= K,
Jeq, the effective dielectric function is replaced by the usual ma’nyz
form it is
; 1 1
P 14 ot pe
kO=1+-7 eP(k)=1+| 1+ s+ — — —.
+ Tdl(al\p;) [ P“/16(1+ P)“]k;

where ki is the inverse of the total Debye length of the

) : In Fig. 9 the static screening in a dusty plasma
plasma, including the dust Debye length

_ _ _ q°f(k;)
2 2 2 2
=\ °+ + . )=—
K= N 2+ Ng 2+ A g SU(ki) Goe (k.0
As is well known, the Fourier transform of the latter . . . o .
. . is compared with the static screening in a multicomponent
gives the Debye—Huckel screened potential
plasma
qeq _
P(ry=—e ktotr,
Ty (k)= ,
€P(k;,0)

which has often been used to describe the interactions in
dusty plasmas. It is interesting, therefore, to understand th#r various parameter regimes.

differences between the potential for the present kinetic In Fig. 9@ the screening is calculated from the distribu-
theory and for a multicomponent plasma and the differencefions found for the cases presented in Figs. 1 anth2he
between the two corresponding screening factors. In particicaseso="7-10"“). The distributions used are those obtained
lar, since the Coulomb interactions are screened but the irat the end of the calculation, whér2-10°. It is clear that
teraction (change of momentumdue to plasma bombard- the difference between the screenings is remarkable at small
ment is not, one should expect a very different behavior ak, and decreases whérgrows, as predicted. Most important
large distancegsmall k) where eventually the potential can is that the analytic form is different for sm&l(as shown in
change sigr(attractior). Since the screening factor dependsPaper Il) which means that the simple Debye—Huckel form
on the plasma distribution functions, it will change with of the potential is not valid at large distances.
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The screening® has been evaluated with the final den- VI. CONCLUSIONS
sity and temperature of the plasma particles and with the

final charge of the dust particles. i . ) T
. o d collisions dominate with respect to collisions between
In this dusty plasm&P is always smaller thai$", but . S
- g : plasma particles and the recent kinetic theory of dusty plas-
this is not true in all dusty plasmas, as the differences bet . . . .
. . . mas (Paper 1,11,11)) is valid, the evolution equations for the
tween the two screenings change in an essential manner, f8r

. . 2 P Istributions of electrons and ions have been solved numeri-
various parameter regimes. This is shown in Figp) 9where . ; . .
ally with the assumptions of isotropic and homogeneous

the relative differences be.tween the two screenings are plo(EImctions and of a Maxwellian dust distribution at all times.
ted for all the sources of Figs. 1 and 2. The distributions use The importance of the source and diffusion of plasma

are again those at:2'1_05' _Th case of Maxyvell(ija_n distri-  particles have been investigated with the conclusion that,
butions is also shown in Fig.(9): the screemngs In th|s_ even for Maxwellian sources, the plasma equilibrium distri-
case has been calculated not from the solutions of the kinetig, ;iions are not Maxwellian and the ion and electron initial
equations but by using Maxwellian distributions for the yomneratures change due to absorption on dust and diffusion
plasma particles. As shown by a comparison with the othe(fSee Figs. 1-5 The effect of diffusion has been shown to be

curves, the difference in screening can be enhanced when trﬂ‘ﬁportant for ions(see Figs. 6-Bbut not for electrons, as
consistent solutions of the kinetic equations are used. It i%mticipated in Paper II. '

remarkable thas” can be smaller or greater th&f and that Finally, the static effective screening of a dust particle,
the difference between the two screenings can change Sigfg cqjculated from the results of the kinetic theory including
The differences between the two screenings are important fQfy,q¢ charge fluctuations and the modification of the space
smallk and wherk grows the dlfferences reduce. The differ- charge due to plasma absorption on dust, has been shown to
ences between the two screenings can be great, and a pogs quite different from the usual Debye screening of multi-
tive peak qf 50% is visible whegy,=0. For very low values component plasmas at small wave numtse Fig. 9. This
of k, the differences between the two screenings are alwayig,pjies that the interaction of two dust particles in a dusty
great and neganv_eS(’ is very small and a difference is am- 1a5ma can have, at large distances, a very different behavior
plified when relative differences are plotied . from the usual screened Coulomb interaction. A detailed
The values ok; must be compared witkna=1/a,” that  gnayysis of this interaction will be the subject of a future
work.

In the parameter regime where dust—plasma particles

is
21+P
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