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Abstract

It is shown that the dust ion-sound waves (DISW) and the dust-acoustic waves
{DAW) are universally unstable for wave numbers less than some critical wave num-
ber. The basic dusty plasma state is assumed to be quasi-neutral with balance of
the plasma particle absorption on the dust particles and the ionization with the
rate proportional to the electron density. An analytical expression for the critical
wave numbers, for the frequencies and for the growth rates of DISW and DAW are
found wusing the hydrodynamic description of dusty plasma components with self-
consistent treatment of the dust charge variations and by faking into account the
change of the ion and electron distributions in the dust charging process. Most of
the previous treatment do not take into account the latter process and do not treat
the basic state self-consistently. The critical lengths corresponding to these critical
wave numbers can be easily achieved in the existing experiments. It is shown that
at the wave numbers larger than the critical ones DISW and DAW have a large
damping which was not treated previously and which can be also measured. The
instabilities found in the present work on their non linear stage can lead to formation
of different types of dust self-organized structures.
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1 Introduction

The DISW and DAW were considered earlier in different papers (see [1-7] but without
self-consistent definition of the basic state in which the waves propagate. The DISW
have the phase velocities larger than both the dust and the ion thermal velocity and
less than the electron thermal velocity, the DAW waves have the phase velocities less
than both the electron and the ion thermal velocity but larger than the dust thermal
velocity. Both of them are usually described by approximately linear dispersion law
Waisw) = kVdisw; Wdaw = KUdey, Where the g, is the DISW speed (estimated often as

vVIe/m;) and vg, is the DAW speed ( estimated often as /T;Z;P/mg where T,, T
are the electron and ion temperature respectively, m;, my are the ion and dust masses
respectively Zy is the dust charge in units of electron charge and P = Zng/n; , ni,ng
are the ion and the dust densities respectively. We will give more detailed expression in
the paper from which it will be possible to make a more precise estimates of the phase
velocities of these waves. Here we first give some important references on the previous
works. First of all the presence of two branches of sound waves in multi-component
plasmas was known by years and is described in textbooks {8 and the first papers on
this subject {1-3] just uses the multi-component approach. The main difference of the
dusty plasma from the multi-component plasma is that the charge on dust particle is
not fixed and its perturbations are different for different wave-number. This is usually
called as charge variations. Several investigations were devoted to the influence of charge
variations on DISW and DAW [9-12]. But there exist more important effect related with
dust charging which is also necessary to take into account. In most of investigations of the
influence of dust charge variations there was not taken into account that the same process
which makes the dust charge to change influences the distributions of electrons and ions
taking part in the charging process (first steps to take into account this effect were made in
[10][13-16]). Thus to treat the problem self-consistently one need to take into account both
the changes in the dust charges and the related with these changes the variations of the
electron and ion distributions. In the present paper we do this self-consistent treatment.
But there exist also another important difference of dusty plasmas from multi-component
plasmas, namely the definition of the ground state on which the disturbances appear
which propagate as DISW or DIAW is different for dusty plasmas and for multi-component
plasmas. Usually in multi-component plasmas this state is defined by condition of quasi-
neutrality which in application for dusty plasmas will look like n; = n., + n;Z; and this
expression was used in many papers devoted to the treatment of DISW and DAW in a
way they are treated in multi-component plasmas approach {1-5]. But in dusty plasmas
this relation is not sufficient for definition of the ground state. Both the electrons and the



ions are absorbed on the dust grains in the charging process. Therefore for steady-state
conditions there should exist a source of electrons and ions to compensate this absorption
and to keep the electron and the ion densities constant[10],[15/[17]. This source can be
called as ionization source if it works in the whole volume of dusty plasmas. Experiments
indeed show that dusty plasma just disappears in very short time scales being absorbed
on dust if the electron and ion densities are not supported by some source. In experiments
performed in HF low temperature plasmas [18-21] the plasma is absorbed on time-scales
of micro-seconds if the HF source is switched off. The necessity of the presence of external
source was emphasized and taken into account in formulation of kinetic theory of dusty
plasmas [15,22-24]|. Without a source it is not possible even to define the ground state of
dusty plasmas and to introduce the perturbations of it. This difference of dusty plasmas
from multi-component plasmas leads to expressions for DISW and DAW quite different
from that of multi-component plasmas. The condition for balance of the parameters in
the ground state fixes the other parameters of the system. The first treatment of DISW
with source the strength of which is independent on plasma parameters was made in
[10,15,25], but in these papers not all processes which influences the DISW were taken
into account, namely although the absorption of electrons and ions on dust particles was
treated self-consistently, the elastic scattering of electrons and ions on dust particles was
not taken into account. It is indeed not important for 7 = T,/T, > 1. The present
laboratory experiments are usually performed for opposite condition 7 <€ 1 where the
elastic collisions dominate. Thus the result of [10] are correct for v > 1 and at least
can give qualitatively correct expressions for 7 = 1 which is often met in astrophysical
dusty plasmas. In the present consideration we will deal mainly with the case 7 < 1
having in mind the laboratory applications. The DISW and DAW where considered in
detail [25] by a kinetic approach including the case 7 < 1 but again as in [10] there was
assumed that the external source is independent on the plasma parameters. A substantial
differences between the expressions for DISW and DAW waves found in [25] and that of
multi-component approach was clearly demonstrated in [25].

In this paper we consider the model which is much closer to the experimental situation
assuming that the ionization source intensity is proportional to the electron density. This
case was also considered in several non-linear treatments but explicit expressions for DISW
and DAW were not investigated. These are of interest because of many experiments [26-33]
which are going for measurements both the dispersion and the damping of the DISW’s
and the DAW’s. The correct expressions are needed for comparison of the theoretical
predictions with results of these experiments. By investigating the dispersion relation
for self-consistent treatment of the charge variation and the plasma particle distribution
changes with an ionization source which is proportional to the electron density we found



here that for a certain wave numbers less or of the order of the critical wave mumber the
DISW and DAW branches are universally unstable and that for wave numbers larger than
another critical wave number (usually larger than the first critical wave number) there
exist an appreciable damping of both the DISW’s and the DAW’s, which was previously
not recognized. The reason for appearance of both the instabilities and the dissipation
is the deviations in the balance of the dissipation on dust and ionization caused by the
wave perturbation of the ground state. Without the condition of balance the ground state
cannot be defined and therefore one cannot consider the perturbations and cannot treat
both the DISW and DAW without treating such a balance in the ground state . At the
end of the paper we discuss the experimental possibilities of measuring of the calculated
effects.

2 Basic state

We use the dimensionless notations

_ E“C/\%i_ nZ¢ ngc. ndZd ul® uy Zd62_ a%t
E= n= y e = 1P— Uy=——:2= Q=
al, g g f Qv V2urp; al, Api
2 .
k ka’c ADZ GCA N ,1—;._7_ Td de3 'U2 _ 1_’:‘, . A2 - ]—!L (1)
: d = VP = = —
a a\/— vp; T 7. Zd 2mg T my TP T Arnge?

where the superscript ¢ is used for the actual values, ng is the ion density in the basic
state, T;, 7., Ty are the ion, electron and dust temperatures respectively, assumed to be
constant, n;, ne, 7q are the ion, electron and dust densities respectively, m;, m, are the ion
and the dust masses respectively, E is the strength of the electric field, a is the dust size.

In what follows we will consider only the case applicable to existing dusty plasma
experiments and assume that

Tl (2)

In these notations for the case where the relation (2) is valid the rate Q. of numbers
of ions absorbed on dust particles in a unit volume per unit time can be calculated as

Qabs — chhpn (3)

were (for the case where the Orbit Motion Limited(OML) approach is used for the
cross-sections) the charging coefficient is simply ay, = 1/2,/7. Having in mind the pos-
sibility of using other models for calculation of the charging coefficient, we leave the
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expression for (s, with an arbitrary constant coefficient a.,. For small deviations from
the basic state one can still use the expression {2) with constant charging coefficient since
the corrections to it related with small ion drift motions existing in perturbations is pro-
portional to the square of the drift velocity and therefore can be neglected in the linear
Approximation.

The ionization rate we assume to be proportional to the electron density and write
the power of 1onization in the dimensionless units in the form

Ne

(Qunzzz (4)

where 7,,, is the characteristic ionization time in dimensionless units (from {1) it
is casy to find its meaning in conventional units - it is the number of electron-ion pairs
created by the ionization source per one electron in a unit volume during the characteristic
dimensionless time).

The two equations of the basic states will be the charge neutrality and the balance
of absorption and ionization powers. The values of the initial basic state we denote by
subscript . We have

fi0m

HNey — 1-— P[] (5)

= (6)

1 }:b(lch
Ty Meg

Using (5) we can calculate the dust charge z; in the basic state from OML charging

equation
Me 2
exp{—=zp) = 7
%0 (=) Vm. 71— F (7)

We can use P, as a single parameter determining the basic state through which all
other parameters n.g, 7, and z; are expressed, ny remains as a parameter of the initial
state but it enters only in the normalization of all other variables. It is this advantage of
used normalization that allows to describe the basic state by a single parameter Fp.

b i d

3 Dispersion reiation for DISW

We consider than a linear perturbations of the ground state. First consider the phase
velocities which are in the range of DISW, the range alreadyv defined earlier. For electrons



we use the balance of the electron pressure and the electric field, since the other forees such
as friction on dust and electron inertia are negligible. This gives for linear perturbations
(all perturbations will be denoted by adding the symbol & except those which are zero in
the ground state)

ie(k - E)

51’&6:(1—199) 2

(8)

It describes the Debye screening by electrons.

To find the ion density perturbations we have two equation, namely, the first one,
describing the balance of forces in which we take into account the ion inertia, ion pressure,
the electric field force and the friction on dust and the second one, describing the ion
density changes, which is the continuity equation for ion density with perturbations of
the Qups and Q;,p,- The first equation describes the change of the ion momenta due to the
dust drag by ion flux which appears in perturbations of the ground state. This term is
very important since it is one of the elements of the self-consistent treatment describing
the reaction of ion distribution on interactions with dust particles and gives a necessary
feed-back effect which drives the instability. We have

e(E - k) = a4 Pozo(k - u) + Tik%n — i27w(k - u) (9)

Here the left hand side is the electric field force, the first term of the right hand side is
the important term of momentum transfer to ions in dust drag creating the friction of
ions proportional both to dust density and dust charge, the second term of the right hand
side describes the ion pressure and the last term of the right hand side describes the ion
inertia. Different models can be used for the drag coefficient ay.. The most important
for drag is the Coulomb scattering of ions on dust particles which gives g, = 2InA/3/7
where In A is the Coulomb logarithm which also could take into account the modifications
related with the charging process and described in [16].
The second equation, the continuity equation for ions, is

on, oz

Z(k - — w) = 1— Pg O.’ch_Pg — OdchPQCsTL - Pgach?g' (10)
We assumed here that for DISW the dust is not moving and therefore
oP 6
o (11)
PO 20

The equation (10) takes into account both the dust charge variations (the last term
of the right hand side) and self-consistent change of the ion density due to change of
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lonization in the perturbations (the first termi of the right hand side) and the change of
ion absorption in the perturbations (the second term in the right hand side). Thus it takes
into account the change in ion distribution due to their absorption on dust particles. This
term describes the feedback of the ion distribution related with the charging process. It
should be taken into account in any self-consistent treatment. The change in ionization
is also important since in different regions of the perturbations the electron-ion pairs will
be created differently which will mean an increase or decrease of the other forces acting
on ions.
We use the OML charging equation corresponding to

Jz m, T _,
— =0 e n, — zn 12
Bt ch ( M ¢ ( )
with substitution of gy + dn and n g + dn, for ng and ney respectively and find
0z o dn,
i ch ( € ()n) (13)
zg {1+ z2p0)ae — 1w \ Neg
which converts the equation (13) to
2
ol Pyz dn
tk-u—win) = ch_ 970 * —én (14)
(1 + z0)@en — 1w \ neg

The expressions (14) and (9) give the ion density perturbation

[1 - agh Pozolag, Pozo—Qsz):l

. ielk - E ((1+z0)ach —w}k? -
o = <l E) T )
[T + ((1 :ZOO:E - ZL:J) (erPUZZQT,Tw)}

\ + U)Qc'h w! k

and finallv from Poisson’s equation in its dimensionless form

ie(E - k) = —(dn — bn, — 6P) =
a

T [511 (1 4 ( oo ) _ one (1 — P+ ol )] (16)

a? 1+ zp)eep — tw Mo (1 + zp)aen — tw

we get the dielectric permittivity

T achPO
w=14 - 1—-F + -+
i, + k2q? { ( 0 {1+ 29)ven — zw)




i-‘l o2, Pozo{ag, Pozo—2iTw) | 1

(1+ zp)orey, — tw [T + kl_z ((1+Z—D€(S(:zrf$ — iw) (cvar Pozg — 2727'&1)]

Mention that in actual (dimensional) value of 1/k%a? is 1/k*A%,; and in the conditions of
quasi-neutral disturbances k?A%,; < 1 one can neglect the first term 1 in the expression
(15) and the dispersion relation ex,, = 0 for DISW becomes independent on the dust
size in the dimensionless units. This is another advantage of the use of these units. In
absence of dust Py = 0 we get the standard expression for ion-sound waves for kA%, < 1
in dimensionless units in the case the phase velocity is much larger than the ion thermal
velocity {which in dimensionless units is just w > k)

1

>
where v;; = 1/1/27 is the dimensionless ion-sound speed.The influence of dust is deter-
mined by the parameter Py which enters both in the first term and in the second term. In
the first one 1 — P, describes the charge neutrality condition while the other term propor-
tional to o, and the similar term in the first bracket of the second term are describing the
charge variation and these effects are usually taken into account in description of DISW,
while the all terms in the square brackets of the second term are related with the pertur-
bation of the absorption and ionization balance of the ground state and are rarely taken
into account (at least the change of ionization was not taken into account in any previous
investigations). An exception are the papers [10,15] in which the source term was consid-
ered as independent on plasma parameters and therefore the change of ionization was not
considered. The form (16) for the second term corresponds to the conditions which are the
most realistic for the existing experiments where the ionization source depends on plasma
parameters and is proportional to the electron density. Certainly the other models of the
source can be used and will give somewhat different expressions for the second term, but
in the frame of simple hydrodynamic description used here the form of the source term
is the simplest one and the closest to the existing experiments. The contribution by the
perturbations of the ground state are in most cases more important than the contribution
due to change in quasi-neutrality condition and due to simple charge variations. Indeed
in the case we neglect the latter contributions we can get the expression for DISW with
only quasi-neutrality change and charge variations taken into account

w?s = kzvfs =k (18)

o P
l + (1+ZD)QC:HZ—W ~ kz (19)
95 (1 - P+ J-ﬁal’o—) 27(1 — Fy)

(1+z0)apy —us

2 _ 12,2 12
Wiigw — k Vdisw — k



which differs from the (17) by a factor (1 — Fy) in the denominator appearing from
contribution of dust in the charge quasi-neutrality condition of the ground state. We
wrote the first relation (19) to show that these terms which are due to charge variations
are small since the condition of validity of {(19) is more rigid that w > on{1 + 29). The
latter means that the relation (19) will be valid only for frequencies much larger than
the charging frequency. Indeed, the contribution of the other terms of (17)not taken into
account in (19) can be neglected only if

oar B
dQTﬂzoaach(l + z0); k> ach\/%;w > aen (1 + 20) (20)

For w given by (19) and for the coefficients a.,.and oy, of the order of 1 and for 7 < 1,
zg of the order of 1 and Py > 7 the fulfillment of the first inequality leads to fulfillment
of other two. Therefore we write down the first inequality in the dimensional units

2 T @
k/\Di < J;lﬂ AP@ZQ (1 — PO))\DE\/’,I_' (2])

In most existing experiments except those with very small dust particles a/Ap, =
1/7,1/10 and 7 =~ 0.02 — 0.01, the parameter P, although it should be always less than
1, is in experiments close or of the order of 1. Thus the right hand side is of the order
or even larger than 1 not leaving any appreciate range in wave numbers to DISW to
exist in their conventional form (19). Of course the condition (20) can be fulfilled for
very small P, < 1 to create a certain interval of wave numbers where the DISW can
exist but than those waves (19) do not differ from usual ion-sound waves (18). All these
arguments shonld be taken into account in comparing the experiments with the theory. If
in experiments the value of the parameter P, is not very small and the dust can influence
the spectra of DISW than to fuifill the relation (20) one should use a rather small dust
sizes. Even in the limit (20)(21) where the approximate expression for DISW coincides
with conventional ones {19), the exact dispersion relation found from (17) gives additional
real and imaginary contributions to the frequency of the DISW’es. The most important
is the imaginary parts creating a rather large damping. We write the expression for it in
conventional dimensional units

ol

I B, a Togz o P2 4&%7(1 +z5) 2 1 99
iow = I} dsw = —— gy | 4 2 opqoeh S T
s m{)ass Qﬂwm)\pz [ T Pen E2X%; )‘%)iJ 22)

The second and the third term of (22) are negligibly small as compared to the first
one and we write them only to demonstrate that the damping due to the charging process

9



AAULE UREL Razd b A RSN Lid Uldaray GRIitd UL LErQai ST fad vadn Biaind

state due charging process, described by the third term) being related with coefficient c,
can be neglected. The damping described by the first term of (22) can easily exceed the
collision less Landau damping (taken often into account in kinetic description of DISW)
and becomes of the order of the frequency of DISW when the wave number & reaches its
limit determined by the right hand side of (21). This damping is collective {proportional
to Fy), it is increasing with the dust charge proportional to the square of the dust charge
and it is large due to presence of small factor = in the denominator of (22).
In the limit opposite to the last inequality (20)

(hnth tho rhargo sarintinne dogerihod hy thoe gorond toarme and tha shanos in tho grann
X arge varigiions, Qe OV LiE SeLo

ogrPozg
_— 2
w <& 97 ( 3)

we find the solution of the dispersion equation relation
;L (ara2, P25 — B2 (1 + zp)aen + Pocen, — tw))
(}fd,-PgZO ((1 — PO)(I -+ Zo)ach + Pt)ach — 'L(l — P@)Ld)

The damping is changed to instability which can be found by simple solution of the
quadratic equation (24) and give a critical value of the wave number

(24)

Ed

W=

3
= agr By
crdisw 1+ Z + PO

which also can be found directly from (24). The critical wave number is determined
only by the drag coefficient and is lower than the upper limit (23), i.e. it is inside the
range (23).

The range (23) covers the most important values of wave numbers in existing exper-
iments and the instability found can be detected experimentally. Thus the DISW are
universally unstable. This instability can play an important role in creating short scale
dust structures. Similar to the gravitational instability the growth rate of this instability
reaches a constant value at ¥ = 0. The reason for the instability to be present is the pos-
sibility of creation of ion collective flux similar to the effect of collective attraction of dust
particles found in [34] also created by the collective flux. The ionization source creates
both electron and ions between two interacting ions but the electrons can be accumulated
their but not ions which are repelled from the region between two interacting ions. Since
for large dust sizes the allowed range of wave numbers for DISW is rather narrow it is
very improbable that these waves on their nonlinear stage can form the shock waves.

(25)
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4 Dispersion relation for DAW

For DAW one can neglect the ion inertia but should take into account the dust inertia
and the change of dust density. The variation of the dust density appears both in the
Poisson equation (often taken into account), in the disturbance of ion absorption, in the
ion continuity equation {the effect which is the subject of present consideration). Both
effects in dimensionless equation depend only on the perturbation of the parameter P.
Here we will use

P 46 dn
or_ %2, Y (26)
Fy 20 nd
instead of (11).Thus the ion continuity equation will therefore contain an additional term
depending on &ng/mny and describing the change in ion absorption in DAW. Since the

frequency of the DAW is much less than the charging frequency we will use

o0z _ 1 (5”6 - 6n) (27)

2p 1+ 20 e

instead of (13)

Another additional equations are the dust continuity equation and the dust force
balance equation. In the latter we take into account the dust pressure force, the dust
inertia force and the ion drag force. We find (see the definitions (1) for the dimensionless
values)

)
@e(E - k) = (Tdk2 - wgz) ﬁ + ?:O.’er()(k d U.) (28)
Hj Ny
Using (28), the ion continuity equation with (26)(27) we find dng/ng and dn and
then using the Poisson equation we find the dielectric permittivity for low frequencies
corresponding to the range of the DAW

€xw — 1+ T ! {1+ o —5—7(1 Pozo ) achadrP§Zg+
kw = 2.2 ooy P2zl B Y
a?k (TJ”%TQ) 1+ 2 1+ 2 k2(1 + z)
” ,.zzp FPy--7 gy Qg ( )
N Pok? (7 4 2snegttiiv=t)) (7 o cssealiplifel) (29)
o P2z2
(b — w25) (7 + 27558) — Pozsoanaart|
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Mention that this expression contains only the product of o, and o, and therefore
all changes related with perturbations of the background are important only if both the
drag and the charging processes are included. Also the friction of the ions described by
@y, can be related with ion-neutral collisions if their rate exceeds the drag force. The drag
coefficient both describes the friction of ions on dust and the dust drag. In conditions
where the ion-neutral collisions dominate in the equation for the ion motion the friction
of ions on dust should be substituted for the drag coefficient. The neutral dust collisions
change the dielectric permittivity in a way that one should substitute w(w + ) for w?
in the expression (29). In the case we neglect all effects related with the perturbations of
the balance of the ground state and neglects the charge variations we find the standard
expression for DAW

2

.
wﬁaw = k2;UfPO + kQ?d#' ~ k2U§aw; Ydow = 'U’PU (30)

1
1+ T(l - PU)
where the second term which describes the dust pressure can be usually neglected. In
conventional dimensional units the (30) has the standard form

W = k2 IEVAYE n kz& ~ 12 PyzT,

mg(l + (1 — Ry)} My Mg

In the case one does not neglect the charge variations but still neglects the changes in
the ground state one get for 7 < 1 neglecting the dust temperature effects the relation

(31)

1+ 2z
1+Z(]+P0

14+ 2z .
1+2’0+P0+T(1+20—P02’0) -

The latter approximate expression is written for 7 < 1. The linear dispersion (the
frequency proportional to the wave number) is valid for wave numbers less than the ion
Debye length, which in dimensionless units corresponds to k? < 1/e?, for k2 = 1/a® (32)
(31) give w?® ~ wl; = uPy/a®. The dust plasma frequency wpy is here in dimensionless
units and when used the conventional dimensional units is w?; = 4we?ngZ3/my. The
linear wave will exist only if the rigid restriction, described by relation {22), (see (20)) is
fulfilled which requires a? < 7 or in dimensional units

wtzia:w = k2)u’P0

k* Popt (32)

a2
32 <7 (33)
AD;
In the conditions where (21) is still valid the additional terms neglected in derivation
of (32) gives that the spectra of the waves differs from the linear law (where the frequency
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of the wave is proportional to the wave number). These corrections will compete with
that related with deviations from quasi-neutrality

w? mw? (1 + adra“hpzi"(l T H) _ kzaz) (34)
T

the curvature of the dispersion curve introduced by the first correction of (34) is
opposite to the curvature of the curve introduced by the second correction. In the present
experiments one can easily distinguish the two deviations from the linear law and that
already detected in [26] corresponds to the first type of corrections. This is an indications
that the effect described here is already observed and can be investigated experimentally
in more details. The condition that the dispersion corrections due to the perturbations
of the basic state dominate is

1 1
?>>k2>>— (35)

a~/T
which is consistent with the inequality (33).
In the opposite case for k* < 1/7 and for 7 < 1 we find

5 Eachadrngg(l + Po){(1 + zp)

W= 3,2 (36)
N [ 2y
The instability appears at wave numbers close to
ey P23
k2 . Fehtddrig<p (37)

erdaw ™ o0+ Py

which depends both on the charging and on the drag coefficients, and also is propor-
tional to the square of the dust charges. For a., = 1/2¢/7 and the zp &~ 2 the critical
wave numbers for DISW and DAW are of the same order of magnitude and do not differ
much. For & > k44 we find a new mode

. EachadrzDPg(l + Py){1 + zo)

T 11+ Py -+ z) (38)

The charging damping of this mode can be easily found by substituting 1 + zg — iw /.,
for 1 + zg. The damping of this mode wiil be

(39)

y = AE Ocd,nZng(l + Po)
T

2(1 + Zo)(1+ZO+PD)
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This aamping rate is approximately \/E less than the frequency. The instability
is set on at the wave numbers close the critical wave number with the growth rate the
maximum of which is relatively large as compared to that at & < K.y 440 and as compared
to the damping at k >> kergaw. Indeed the infinity in (33) at & = ke ggy is DOt reached
if one takes into account the imaginary part related with the charging process. We find
then the shift in wave numbers from critical value and the value of the maximum growth
rate

3 1/3
e = —‘2C (gachad,Pga + )1+ zg)) (40)

The threshold of instability corresponds to wave numbers somewhat less that the
ker dow snamely at k = ke g0 — Akypr. From (37) we find

Akth k2 \/g achadrszg 9 13 [ 1/3
- = Nmam'““‘““—cr_ = —— - ch ar,_P 1 P\ 1 -+ (_)
g PizE 4 (14 z + Bp)? (a aa Py (L + Po)(1 + 20)) .
(41)

This consideration illustrates that large growth rates occurs at very narrow wave
number range and that the system will mainly excite only one mode, the most unstable
mode, specially it occurs in the case the systems has a finite size. This mode can create
structures among which could be the modes turning the system to a crystal state. The
stabilization of this instability by the dust pressure can be found by including the dust
pressure terms k%7 (see (29)) in the dispersion equation. The criteria of stabilization
should include the maximum growth rate Yme.. We find

kcr\daw

- 2(1 + 2z + F 0)
4 V30on g P 2
By assuming that the charging and the drag coefficients and z are of the order of

1 and using the notations (1) we get the dependence of the critical temperature on the
parameters of the system T > Ty,

(achadrPg‘(l + Po)(l + Zo))2/3 (g‘)g/g (42)

z
Ty e T8 (

m2)2/3
74/3P§/3

o (43)

By using the data which are usually found in the present experiments [18-21] 7 =
0.02, Z; = 103, Py =~ 1;my/m; ~ 10" we get from (39) T; > (1.5) x T;. One should have
in mind that a factor of the order of 1 is missing in the estimate (43). The obtained
criterion is close to that observed in experiments for phase transition of dusty to the
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plasma dust crystal state. Therefore one can hope that the instability considered here
can be relevant or can be the most probable candidate for the start of formation of the
plasma dust crystal structures. For this treatment of course the nonlinear approach is
necessary. The linear consideration can give some orientations in the problem.

3]

Discussions

We start by emphasizing the main points of the present investigation

The DISW and DAW becomes damped or not existing for rather large wave numbers,
therefore the experiments for detecting them and not affected by strong damping
effects should be performed for small size dust particles.

New modes appear at wave numbers lower than the critical wave numbers.

The critical wave numbers restricting the range of DISW and DAW can be easily
achieved in experiments [26-33].

The universal instability of both DISW and DAW occurs at critical wave numbers
of the same order of magnitude which corresponds to the values approximately /7
less than that which restricts the range of existence of DISW and DAW.

The critical sizes for the universal instability can be also reached in existing exper-
iments if the ratio of dust sizes to Debye length is not very small.

The DISW have at large wave numbers have a rather big damping which can be
measured in the present experiments [26-33].

The curvature of the DAW should change with increasing of the wave numbers being
positive at wave k? less than 1/a+/7 and negative in the opposite case; this effect
can be checked experimentally [26-33].

For investigations of the universal instability found here it is better to use the dust
particles with larger sizes than that used presently.

The instability found is similar to the gravitational instability.

The physical reason for the instability to develop is the collective attraction of equally
signed particles, the collective attraction is related with collective flux created by
dust particles was investigated in [34].

15



s Previously the role on non-collective shadow aitraction in formation of the gravitation-
like instability was investigated in [35]|[14] and the structurization instability related
to collective attraction in [34].

e In the present paper an explicit expression were found for the instability caused by
the collective attraction for DISW’s and DAW’s.

e The instability discussed should lead to formation of dust structures and probably
the instability of DAW’s can be considered as one of the best candidate for transition
to plasma dust liquid or plasma dust crystal states.

In Future it is desirable to investigate the full development of perturbations starting
from the linear instability up to its nonlinear stage when the dust structures are formed.
Several stationary nonlinear structures in the gaseous state of dusty plasmas where already
investigated previously [36-37].
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