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In this paper the effect of secondary electron emission on Jeans instability in a dusty plasma has
been investigated. Due to secondary electron emission, dust grains may have two stable equilibrium
states out of which one is negative and the other is positive. Here both cases have been considered
separately. It has been shown that secondary electron emission enhances Jeans instability when
equilibrium dust charge is negative. It has also been shown that growth rate of Jeans instability
reduces with increasing secondary electron emission when equilibrium dust charge is positive.
© 2007 American Institute of Physics. 关DOI: 10.1063/1.2718926兴
I. INTRODUCTION

The dust grains immersed in a plasma become highly
charged due to collision with ambient electrons and ions; the
presence of such highly electrically charged heavy mass dust
particles causes the sustenance of very low frequency modes
known as dust acoustic 共DA兲 modes1 and also affects the ion
acoustic mode which is being called the dust ion acoustic
mode.2
If the plasma electrons have sufficiently high energy,
then electrons hitting a single dust grain may ionize the dust
material resulting in ejection of electrons producing the secondary electron current. This is equivalent to the flow of a
positive current to the dust surface. The secondary electron
yield depends on the nature of the dust material and the
kinetic energy of the incident electrons. Pavlu et al.3 and
Zilavy et al.4 observed that secondary electrons have small
energies and can not produce new secondaries. When the
dust grains are irradiated by ultraviolet radiation, they emit
electrons and become positively charged.5–13 This is usually
the case for very small grains in cosmic and laboratory plasmas. Since the higher thermal velocity of electrons is higher
than ions, the dust grains usually acquire a negative charge in
a low-temperature laboratory dusty plasma.11 However, in a
Q machine, positively charged dust grains may be produced
by replacing the plasma electrons with negative ions whose
thermal velocity is smaller than that of positive ions.12 This
might also be the situations where negative and positive dust
grains can coexist.14–16 Accordingly, it is essential to include
both the orbital limited motion 共OML兲17 and secondary electron emission13 currents in the dust charging equation and
examine the effect of the secondary electron yield on the
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Jeans instability in a self-gravitating dusty plasma when the
dust grains are either negatively or positively charged.
The Jeans instability of a self-gravitating dusty plasma
system is a mode of particular interest to space and astrophysical plasma situations. This Jeans instability itself is a
well-known phenomenon18,19 and in a dusty plasma it is of
particular interest and have been studied by several authors
since the last decade.20–26 A modification of Jeans instability
has been reported by Delzano and Lapenta27 considering
Lennard-Jones like shielding potential. Jacobs and Shukla28
reported that the magnetic field and ion-neutral collisions are
stabilizing factors for the Jeans instability in a partially ionized astrophysical plasma. In astrophysical environment, the
effects of self-gravity and dust grains are also important.29,30
Recently, Shukla and Stenflo31 studied Jeans instability in a
quantum dusty plasma and suggested that at quantum scales
the collapse of self-gravitating dust objects can be arrested.
Vladimirov et al.32 pointed out that the equilibrium state of
plasma as well as the ion acoustic wave propagation are significantly modified in the complex plasma in presence of
negative ions due to relevant processes such as ionization,
electron attachment, diffusion, positive-negative ion recombination, plasma particle collision, as well as elastic Coulomb and inelastic dust charging collision. Negatively
charged ions are also very important for reactive laboratory
and technological plasmas.33,34 The role of negative ions in a
complex plasma in presence of both thermal and nonthermal
positive ions35,36 have been recently reported. But the effect
of secondary electron emission on the growth of Jeans instability is still not explored.
In this paper, we have investigated the growth of Jeans
instability in presence of secondary electron emission for
both negatively and positively charged dust grains. We have
seen that for negatively charged dust grains, secondary electron emission enhances Jeans instability whereas this instability is suppressed when dust grains are positively charged.
In the subsequent sections these two cases are investigated
separately.
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II. GRAIN CHARGING CURRENTS

The ambient plasma ion current Ii, primary electron current Ie and the secondary electron current Ise to as well as from the
dust grains given below are the usual orbital motion limited 共OML兲 based expressions,17
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In general the secondary electrons ejected from the dust grains are distributed with temperature Ts different from the
temperature Te of the ambient plasma electrons,17
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Here, a is the grain radius, me 共mi兲 the electron 共ion兲
mass, Te 共Ti兲 the electron 共ion兲 temperature, and ␦ M is the
maximum yield of secondary electrons which occurs when
the impinging electron has the kinetic energy E M .37 The
functions F5共x兲 and F5,B共x兲 are given by13
F5共x兲 = x2

冕
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u5 exp关− 共xu2 + u兲兴du;
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tive but it is unstable as 共Itotqd兲eq ⬎ 0. Any small change in
Itot may cause shift of this dust charge state to the neighboring stable one: qd0 = −Zd0e or the higher positive charge state
qd0 = + Zd0e, Zd0 is the number of charges on the dust grains
in equilibrium. In this paper we shall investigate Jeans instability in both cases when stable equilibrium dust charge is
positive or negative.
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where x = E M / 4Te and B = 冑共eqd / aTe / x兲.
Inclusion of secondary electron current along with primary electron and ion current in the grain charging equation
gives rise to three charge equilibrium states13,16,38 corresponding to the vanishing of the total current,
Itot = Ii + Ie + Ise .

共4兲

When Ise = 0, the dust surface is negatively charged.
When Ise ⫽ 0, depending on the values of the different plasma
and dust parameters, the above equation may possess multiple roots defining different charge states with varying stability properties.16 The equilibrium state qd = qd0, ne = ne0, ni
= ni0 is stable provided 共Itotqd兲eq ⬍ 0 and unstable when the
same is ⬎0. For sufficiently weak or strong secondary electron emission, there exists only one equilibrium charge state
with qd ⬍ 0 or qd ⬎ 0. For secondary electron emission of
intermediate strength, three equilibrium charge states may
exist.9,10,13,16,38 The lowest charge state is negative while for
the highest one, the dust charge is positive and both are
stable states. The intermediate state dust charge is also posi-

III. CASE I: EQUILIBRIUM DUST CHARGE
IS NEGATIVE

When secondary electron emission is included in the
analysis, the plasma is to be considered as consisting of four
components viz. ions, primary electrons 共temperature Te兲,
secondary electrons 共temperature Ts兲. For negatively charged
dust grains 共qd ⬍ 0兲, secondary electrons are emitted without
any barrier of attracting potential. In this case, the current
balance equation has only one solution if 1 − 3.7␦ M F5共x兲
⬎ 共meTi / miTe兲1/2; and no solution otherwise.13 So we can
assume Ts = Te, so that the plasma may be assumed to consist
of three components, electrons, ions and negatively charged
dust grains.
A. Grain charging equation

The charging equation for the dust grain is

qd
qd
+ vd
= Ii + Ie + Ise = Itot .
x
t

共5兲

The negatively charged equilibrium dust charge state is
given by, Itot共qd = qd0 ,  = 0兲 = 0, where qd0 = −Zd0e is the equilibrium charge on the dust surface and  is the plasma potential.
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Substituting 共Ii兲eq, 共Ie兲eq and 共Ise兲eq as given by 共1兲 and
共2兲 with qd0 = −Zdoe, ni共 = 0兲 = ni0, ne共 = 0兲 = ne0 for negatively charged dust grains, we obtain the following equilibrium state ion-electron density ratio in the dusty plasma:
ni0
=
ne0

冑

mi 冑
exp共− z0兲␣1s ,
me  + z0

共6兲

with ␣1s = 1 − 3.7␦ M F5共x兲; z0 = Zd0e2 / aTe;  = Ti / Te. Using
s
= 0, we have the dust
current balance equation Ie0 + Ii0 + Ie0
charging frequency D1, as
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共7兲

The linearized equation for small charge variation qd1
= Zd0eq1 about the equilibrium state qd0 = −Zd0e is given by
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Let us consider the propagation of low phase velocity
DA waves in an unmagnetized dusty plasma whose constituents are electrons, ions and extremely massive charged dust
grains. The dust size and the intergrain spacings are much
smaller than the dusty plasma Debye radius. We also assume
that there are significant number of charged dust grains
within the Debye sphere, so that the DA wave spectrum,
arises due to collective interactions. The electron and ion
number densities in the electrostatic DA wave potential 
are, respectively,

冉 冊
冉 冊
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and the dust momentum equation

 2
= − 4共eni − ene + qdnd兲
x2

共15兲

and mass densities

 2
= 4Gmd共nd − nd0兲,
x2

共16兲

where we have neglected the gravitational effects of ions and
electrons. Here md is the mass of the charged dust grains
moving with velocity vd and nd is the dust number density, 
and  are the electrostatic and gravitational potentials, qd is
the dust grain charge.
It should be noted that for a gravitating plasma, the assumption of an equilibrium value nd0 of the dust number
density nd is a consequence of what is known as Jeans
swindle.

Linearizing Eqs. 共11兲 and 共12兲 about the equilibrium
state ne = ne0, ni = ni0, vd = 0,  = 0 and  = 0 we obtain electron and ion density which fluctuations are given by

␦ne = ne0⌽;

共13兲

␦ni = − ni0⌽/ ,

共17兲

and for the dust fluid, the dust density perturbation is related
to ⌽ by,

␦nd

=−

nd0

k2C2da
2
− k2V2td
2 + Jd

⌽,

共18兲

where Cda = 冑Zd0Te / md is the dust acoustic speed, 2Jd
= 4Gmdnd0 is the squared Jeans frequency, and Vtd
= 冑Td / md is the dust thermal speed. To derive the above relation, we use Eqs. 共13兲, 共14兲, and 共16兲.
Substituting these in the linearized Poisson equation and
2
under the approximation  Ⰶ D1 and k2De
Ⰶ 1, we obtain
the dispersion relation for DA waves in a self-gravitating
complex plasma in presence of secondary electron emission,
1+

Zd0nd0 D
ni0
共1 + i/D1兲
+
ne0
ne0 D1
−

共12兲

The dust component is modeled as a warm fluid, the dust
dynamics of which is governed by the dust continuity equation

nd 
+ 共ndvd兲 = 0
t x

The above equations are closed with the Poisson equation for
the overall charge balance,

C. Dispersion relation for negatively charged
dust grains

For negatively charged dust grains we can take Ts = Te,
the population of secondary electrons is not distinguishable
from that of the ambient plasma electrons. So the charge
neutrality condition reads as

ne = ne0 exp

共14兲

共9兲

B. Basic equations

ni0 − ne0 − Zd0nd0 = 0.
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where ␤d = D共1 + 1 / 兲 and we use Eq. 共8兲, which shows that
real part r of the frequency  = r + ii is given by

r2
2
k2Cda

= d +

2
共ni0/ne0 − 1兲
− 2 Jd2
ni0
D
k Cda
1+
+
共ni0/ne0 − 1兲
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where d = V2td / C2da.
The decay or growth rate is given by
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sufficiently high energy. When the dust grains are positively
charged i.e., qd ⬎ 0, the dust grains attracts the negative electrons and only those electrons will be emitted from the dust
grains which can overcome that attracting potential. For this
reason secondary electrons must have higher thermal energy
to overcome attracting potential. Thus the emitted secondary
electrons must have higher temperature Ts than the primary
electron temperature Te. So plasma should be considered as a
collection of four components: ions, primary electrons, secondary electrons and positively charged dust grains.
A. Grain charging equation

An equilibrium state with positively charged dust is also
possible, 共qd兲eq = qd0 = Zd0e. Setting ni共 = 0兲 = ni0, ne共 = 0兲
s
= 0 and using the
= ne0 and qd0 = Zdoe in equation Ii0 + Ie0 + Ie0
s
expressions for 共Ii兲eq, 共Ie兲eq and 共Ie兲eq as given by 共1兲 and 共2兲
for positively charged dust grains, we obtain
ni0
=
ne0

冑

mi 共1 + z0兲
exp共− z0/兲␣1s ,
m e 冑

共22兲

where ␣1s = 1 − 3.7␦ M F5,B0共x兲exp共z0 − z0 / s兲; s = Ts / Te. The
positively charged state for dust grain is stable provided,
共Itot / qd兲eq = −D1 ⬍ 0 where

D1 =
FIG. 1. Plot of the square of the normalized real frequency r2 / k2C2da against
2
= 0 for negatively charged dust grains for different plasma
z0 of DA wave Jd
parameters.
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共ni0/ne0 − 1兲
,
D
ni0
共ni0/ne0 − 1兲
+
1+
ne0 D1

and ni0 / ne0 is given by Eq. 共6兲. Magnitude of ⍀d increases
with z0 but after a certain value of z0 ⬇ 1, ⍀d decreases.
Figure 1 shows that as secondary emission increases, ⍀d
decreases which leads to an instability when ⍀d ⬍ Jd. Thus
secondary electron emission enhances Jeans instability for
negatively charged dust grains. In a physical situation negatively charged dust grains repel lighter electrons and attracts
heavier ions which pronounces charge condensation and
hence helps in gravitational collapse. These phenomena create favorable situations for the onset of Jeans instability.
IV. CASE II: EQUILIBRIUM DUST CHARGE
IS POSITIVE

When equilibrium dust charge is positive only those
electrons will be emitted from the dust grains which have

冋

 pi exp共− z0/兲 1 +

册

␣2s
,
共1 + z0兲␣1s

共23兲
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which is always negative.
2
Equation 共20兲 can be written in the form r2 = ⍀2d − Jd
,
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Equations 共1兲, 共2兲, and 共5兲 lead to the linearized equation
for the charge variation q1, which is given in Eq. 共8兲, where

D =

a/Di

冑2 pi

冉冊


exp共− z0/兲.
z0

共25兲

B. Basic equation

For positively charged dust grains, the emitted secondary
electrons must have higher temperature Ts than primary electron temperature Te, secondary electrons are distinguishable
from primary electrons and form a separate population. Thus
plasma under consideration in this case consists of four components, primary electrons, ions, secondary electrons 共temperature Ts兲 and positively charged dust grains satisfying the
charge neutrality condition,
ni0 − ne0 − ns0 + Zd0nd0 = 0.

共26兲

Primary electrons, secondary electrons and ions are considered to be Boltzmann distributed whereas the positively
charged dust grains are inertial. They satisfy the basic equations 共11兲–共16兲 along with the equation for secondary electrons,
ns = ns0 exp共e/Ts兲.

共27兲
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C. Dispersion relation

Linearizing the basic equations about the equilibrium
values we obtain the following density fluctuations for primary electrons, ions and secondary electrons, respectively,

␦ne = ne0⌽;

␦ni = − ni0⌽/ ;

␦ns = − ns0⌽/s;

共28兲

and for the dust fluid, the dust density perturbation is related
to ⌽ by

␦nd

=

nd0

2
k2Cda
2
− k2V2td
2 + Jd

共29兲

⌽.

On substituting the above quantities and q1 in the linearized Poisson equation for positively charged dust grains, for
long wavelength approximation and  Ⰶ D1, we obtain the
following dispersion relation for DA waves:
1+

Zd0nd0 D
ni0
ns0
+
共1 + i/D1兲
+
ne0 sne0
ne0 D1
−

k2C2da
Zd0nd0
= 0,
ne0 2 + 2Jd − k2V2td
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which gives the real frequency r by

r2
2
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2
Zd0nd0/ne0
− 2 Jd2
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ni0
␤D Zd0nd0 k Cda
+
1+
+
ne0 sne0 D1 ne0
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and the growth rate i by

i = −

2
␤D
k2Cda
2
2D1

冢

A
␤D
+
Zd0nd0 D1
ne0

冣

FIG. 2. Plot of normalized imaginary frequency i / 共k2C2da / D1兲, as given by
Eq. 共21兲 against z0 of DA wave for negatively charged dust grains for different plasma parameters.

−2

共32兲

where A = 1 + ni0 / ne0 + ns0 / sne0. Equation 共31兲 can be writ2
, where
ten in the form r2 = ⍀2d − Jd
⍀2d = d + 共Zd0nd0/ne0兲共A + 共␤D/D1兲Zd0nd0/ne0兲−1 .
Numerical estimation shows that as secondary emission yield
increases, ⍀2d increases which in turn reduces the chance of
instability. Thus, when equilibrium dust charge is positive,
enhanced secondary emission suppresses Jeans instability. As
secondary emission increases, positively charged dust grains
acquire more positive charges. They attract more lighter electrons and repel more heavier ions. This phenomenon resists
charge condensation and gravitational collapse. Hence
threshold of Jeans instability becomes higher.
V. NUMERICAL RESULTS

Here, ␦ M is the ratio of the emitted electrons to the incident electrons. So large values of ␦ M means larger number of
electrons emitted from dust grains which makes the equilibrium dust grains positively charged. So ␦ M for positively
charged dust grains have considered higher values 22, 24 as
compared to that of 0, 6, 9 for negatively charged dust grains
as for smaller number of emitted secondary electrons causes
the equilibrium dust charge negative. In this case,
1 – 3.7␦ M F5共x兲 ⬎ 共meTi / miTe兲1/2 with meTi / miTe Ⰶ 1. So we

can take ␦ M = 0 which means there is no secondary electron
emission and the dust grains are charged only by plasma
current. Hence, the dust grains in this case are negatively
charged. But positively charged dusts are produced due to
the emission of secondary electron. So in this case ␦ M cannot
have zero value. We have, E M / 4Te Ⰷ 1 and 3.7␦ M ⬃ E M / 4Te.
For numerical computation, we use the secondary emission data given by Ref. 13. For negatively charged dust
grains we use Al2O3 material and for this material ␦ M can
take the values 2–9, E M 共eV兲⬃350– 1300. On the other hand
for positively charged dust grains, we use MgO material. For
this material ␦ M ⬃ 3 – 25 and E M 共eV兲⬃400– 1500.
For negatively charged dust grains, ni0 / ne0 given by 共6兲
depends on different values of z0 = Zd0e2 / aTe,  = Ti / Te, ␦ M ,
E M , etc. Charge neutrality equation gives us the condition
ni0 / ne0 ⬎ 1 and the plasma parameter are chosen accordingly.
The charge on the dust grains is determined by the current
s
balance equation Ii0 + Ie0 + Ie0
= 0, on the basis of above mentioned plasma parameters. Also, dust thermal speed⬍ dust
2
2
acoustic speed, then the ratio Vtd
/ Cda
= d ⬍ 1. Figure 1 is
2
plotted for r against z0 for  = 1, d = 0.15, E M = 350 eV,
␦M = 0, 6 and 9. Figure 1 shows that, r2 increases with z0 and
attains peak value around z0 ⬇ 1 共i.e., Zd0e2 / aTe ⬇ 1兲 and
then decreases sharply, but r2 decreases with increase in
secondary electron emission intensity for all values of z0.
Hence, secondary electron emission induces the increase in
the Jeans instability for negatively charged dust grains,
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FIG. 3. Plot of the sure of the normalized real frequency r2 / k2C2da against z0
2
= 0 for positively charged dust grains for different plasma
of DA wave Jd
parameters.

which is evident from Fig. 1. Figure 2 is plotted for i
against z0 and this shows that magnitude of i decreases as
secondary electron emission intensity increases.
For positively charged dust grains, the corresponding
quantities are also shown graphically. Figure 3 gives the plot
of r2 against z0 for ␦ M = 22, 24, s = 1.01 and d = 0.8. It is
found that in each case as ␦ M increases, r2 increases. This
implies that secondary electron emission intensity suppresses
the Jeans instability when equilibrium dust charge is positive. The damping rate i is given by Eq. 共32兲. It is clear
from Fig. 4 that, i is always negative as ␦ M increases, so
that waves are purely damped for this case.

Phys. Plasmas 14, 042106 共2007兲

FIG. 4. Plot of normalized imaginary frequency i / 共k2C2da / D1兲, as given by
Eq. 共32兲 against z0 of DA wave for positively charged dust grains for different plasma parameters.

mass enhancement. This phenomenon reduces gravitational
effect and hence growth rate of Jeans instability. As secondary electron emission increases the dust grains acquire more
positive charges which acquire more electrons and repel
more heavier ions, so it increases threshold of Jeans instability.
Our results can be useful in understanding the behavior
of DA waves in space and astrophysical plasmas where dust
grains are often found to be charged positively by ultraviolet
共UV兲 irradiation. The results are also applicable to laboratory
experiments, where the behavior of the dust grains are
charged by a UV source.5–7
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also shows that enhanced secondary emission reduces the
threshold of Jeans instability. On the other hand positively
charged dust grains attract lighter electrons and repel heavier
ions which resist charge condensation by restricting dust
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