IARJSET

ISSN (Online) 2393-8021
ISSN (Print) 2394-1588

International Advanced Research Journal in Science, Engineering and Technology
6" National Conference on Science, Technology and Communication Skills — NCSTCS 2K23 W

Narula Institute of Technology, Agarpara, Kolkata, India
Vol. 10, Special Issue 3, September 2023

The Influence of Secondary Electron Emission on the
Dust lon Acoustic Wave Propagation in Lorentzian
Dusty Plasma

Sanchari Mukherjee!, Moupiya Ghosh?, Suman Das® and Samit Paul*
Faculty, Department of Basic Science and Humanities, Narula Institute of Technology, Kolkata, India®
Student, Department of Computer Science and Engineering, Narula Institute of Technology, Kolkata, India?®
Faculty, Natagarh Sri Sri Ramkrishna Vidyamandir, Sodepur, Kolkata, India*

Abstract: In this paper, characteristics of linear dust ion-acoustic waves are investigated in the presence of suprathermal primary
and secondary electrons. A simplified model for dusty plasmas is adopted, whose constituents are suprathermal inertialess primary
electrons, secondary electrons, inertial ions, and charged immobile dust grains. The suprathermal primary electrons and secondary
electrons are assumed to follow Lorntzian kappa velocity distribution. The effect of dust charge variation due to secondary electron
emission is also investigated on the dust ion-acoustic waves. The dispersion relation is derived considering both the negative as well
as the positive potential of dust grains. The damping rate of the dust ion-acoustic waves is determined from the dispersion relation.
It is seen that the secondary electron population as well as the suprathermal electron population has a destabilizing effect on the dust
ion-acoustic wave propagation.
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I. INTRODUCTION

Space and astrophysical plasmas are made of ions, and electrons along with small dust grains. These small dust grains are very large
comparing ions and electrons and they may accumulate charge by attachment or emission of electrons and ions. It is also observed
that when small dust grains come to exposure of ultraviolet rays, they emit electrons from the dust grain surface[ 1-4]. Similarly,
the electrons emit due to the excited hitting of electrons on the dust grains surface. This is the secondary electron emission. The
secondary emission of electrons is one of the emission processes that may play an important role in dust grain charging because
electron emission acts as a positive current to the dust particle [5-14]. The electron and ion plasma charging current densities and
secondary electron current density have been previously presented [1,8,15] with the Maxwellian distribution. Jingyu Gong and Jiulin
Du discussed the dust charging process with nonextensive power law distribution and the effect of secondary electron emission on
this charging process[ 16,17].

The effect of secondary electron emission on dust acoustic wave propagation has been investigated considering the Maxwellian and
Lorentzian Kappa distribution of electrons and ions [18-20]. Similarly, dust ion-acoustic waves are also investigated in the
Maxwellian plasma. M. R. Gupta et al studied the effect of secondary electron emission on dust ion-acoustic wave propagation in
combination with variations of ion and electron number density [21]. The effect of secondary electron emission on dust ion-acoustic
wave propagation in the plasma with positively charged dust grains has been investigated by B Roy et al [22]. They have shown
that these waves are purely damped for the positively charged dust grains. All these work are carried out in Maxwellian plasma. In
recent years, physicists have studied the dust ion-acoustic wave propagation considering Kappa velocity distribution. Baluku and
Hellberg [23] studied the dust ion-acoustic waves using a kinetic theory approach, in an unmagnetized collisionless plasma with
kappa-distributed electrons and ions, and Maxwellian dust grains of constant charge. M. Lazar et al represented a new realistic
interpretation of the population of suprathermal particles to investigate DIA using suprathermal tail with Maxwellian core [24].
However, these investigations have not considered the effect of secondary electron emission on dust ion-acoustic wave propagation.
The effect of secondary electron emission on the dust ion-acoustic wave is yet to be studied in Lorentzian dusty plasma.

In this article, we investigate the characteristics of dust ion-acoustic wave propagation in the presence of both the suprathermal
primary and secondary electrons. As an application of variable charged dust grain, we investigate the dust ion-acoustic waves in
unmagnetized dusty plasma considering suprathermal electrons, inertial ions, and static dust grains. The effect of both the population
of secondary electrons and the population of suprathermal electrons in Lorentzian dusty plasma are studied numerically. The
analysis shows that these two types of electrons have a destabilizing effect on the wave frequency and the damping rate of the dust
ion-acoustic wave.
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I1. MATHEMATICAL METHODS

It is well known that the dust charging currents depend on the nature of the equilibrium dust charge. Our main objective is the
application of the charge variation due to secondary electron emission on dust ion-acoustic waves in unmagnetized Lorentzian dusty
plasma. So we assume a simple dusty plasma containing primary and secondary electrons along with positive ions and negatively
charged dust particles. In equilibrium condition, these charged particles satisfy the quasineutrality condition

Nig = Ngo + Ny +NyoZg, M

where n,, n, Ny and n,, are equilibrium number densities of ions, primary electrons, secondary electrons, and dust grains

0

respectively, and z, is the number of electron charges on the dust grains in equilibrium.

The equilibrium charge of dust grains is the balanced condition of different types of charge flux. If the negative charge flux is more
than the positive one, the dust grain becomes negative. Here we consider the equilibrium dust charge to be negative. Using the orbit-
limited motion approach, the charging current for electrons and ions can be calculated if the radius of the dust grain is smaller than
the Debye radius [25].

Now we consider that electrons and ions obey the following Lorentzian kappa energy distribution function [26]

3/2 (k1)
faO(E):naO ma F(Ka +l) 1+ E y aze,i (2)
27k, E, ) T(k,-112)|  «,E,
(2%, -3)T,

where E; = { } m,,n,,, T, are respectively the mass, number density, temperature, and E is the energy of the

K

a

corresponding particles, I"is the Gamma function. K, is the kappa index. o = e,i, eand | indicates the electrons and ions

respectively. Using this velocity distribution function, the electron, ion, and secondary electron charging currents are already been
derived in Lorentzian dusty plasma [15]:

(1)
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Here E is the impact energy and ¢ is the dust surface potential. The dust grain surface potential ¢ = U4 / r,, where g, and r,are

charge and radius of the dust grains. T is the temperature of the secondary electrons. Here we assume the uniform spherical shape

of the dust grains. To derive the current due to secondary electron emission from the equation (4), we consider that the expression
of the secondary yield due to electron impact is [1]

§(E) =745, iexp(—z E/Ey ) ®)
EM
where §,, is the maximum value of 5. The quantities 5,, and E,, are determined by the materials of dust grains. It is clear from

the above equations the expression of current depends on the nature of the surface potential of dust grains (¢) Using the yield

function from equation (5), we obtain the current expressions due to secondary electron emission, when ¢ < 0, as follows:

1
I: =3.72176,, ene[ 8, ]2 F(I;e +1) F(U,x) (6)
e (Ke_%)gr(’(e_%)
Where
B , (5 41)
F- (U,x)=x2.|-u5e‘u PR du @)

0 (Ke _%)
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e
Here U :&and X=—M

r-O-I-e e
For simplicity, we consider the ion distribution to be Maxwellian. So the positive current due to ions, considering the Maxwellian
distribution is obtained,

1 1
2 2
7Z'm T, zm, n o,

2
Z,, . .
where sz =m, /me,Z = 40" and o, =T, /T, . Here we have used (|, = —€z,, due to negative dust grain.

I
0'e
From the current balance equation, we can obtain the expression of ion density. Now arranging the current balance equation

(|e + |i + |es =0)we obtain,

n, ,ul F( ){(Ke 3 Z( )}

S0 _ 5 = 9)
N,  \oI(x-3) i -3{1+Z/c}
— —3)_ 2
where A‘l =1- 3I75MO_SK; (Ke 1) (Ke 2) Z(Ke+1) FK_(U!X)! Z :ﬁiai :Li/ui :ﬂ,GS :T_S
(k,—3) (x, +1) (k,—3)-Z(x,-1) T T, m, T,

This condition helps us to determine the type of dust surface potential. Since we have considered that the equilibrium dust surface
potential is negative. So, &, must be greater than one.

To describe the fluid nature of ions, we have considered the continuity and momentum equations for ions. Considering n, and v,

as instantaneous ion number density and ion fluid velocity respectively, the one-dimensional continuity equation of ion fluid is
presented as follows,

on. 0
N (nv)=0 (10)

X
The first term on the left-hand side of Equation (10) expresses the time change of the fluid density. The second term on the left-
hand side is the fluid volume, which flows out from a unit volume per unit time. The equation of motion for the ion along with the
electrostatic force and a pressure force term as follows,

m;n, %+minivi %:—niea—(o—a—P (11)
ot OX ox oX

Rearranging the above equation, we obtain,

M N __edp T on (12)

ot 'ox  m ox mn oX
where we have used P = n,T, . The electrostatic plasma potential ¢ can be expressed using the Poisson equation considering € as

electron or ion charge and Y4 as dust grain charge respectively.

62
—=—4x(en, —en, —en +q,n,) (13)
ox’
Here n,,n,, n and n,are the number density of ion, electron, secondary electron, and dust grain respectively. In equilibrium
condition, the dust charge is ¢, =—z,,€, Where z, is the number of electrons on the dust grain. The number density for the
inertialess electrons is [27]
3
-1
2e ( 2
N =n,ll- =P —— (14)
M,k 0,

Here | (: e, s) indicates the primary electron (e) and the secondary electron (s) respectively.
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Considering a small perturbation (z ei(kx’“’t)) about equilibrium we obtain linearised number densities of primary electrons and
secondary electrons from the equation (14), in the form,
sn, (x, —%)e_go on, _ (x, —%)e_gpi )

- 3 ! 3
Neo (Ke _5) Te Ngo (Ke _5) Te O,
Similarly, linearising the continuity equation (10) and the momentum equations (12) , we obtain the ion velocity perturbation as
® on
oV, =——=+

I_KniO

(16)

wov, =X gz O (17)
m.

i i0
where ¢ is wave frequency, K is wave number, and Vi = “. /mi is the ion thermal speed. Combining the equation and we
obtain the perturbed ion number density

on K2vZ, ep 1 K22, ep

2 K22-|-__ 2_KAZ T (18)
Ny @ —KVy i 00 —KVy |,
Collecting perturbed terms from the grain charging equation, we obtain,
0 on,  on
i — _qul + VZ {_‘ _ € } (19)
at i0 neO

Substituting the expression of electron density and perturbed ion density from the equation (15) and (18) we have from the above

equation (19),

0 1 KA2 K, —
i:_qul"'vz — 3 thzlz _( :
ot o, o' KV, (K, -

Here terms on the right-hand side are

) ep (20)
) T

e

Nw [N

2
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7€ Mg ion plasma frequency, A, = ’LZ )
i 4rn, e

Linearization of the equation (20) gives the perturbed dust charge as,
1 KAL  (k.—3)|ep 1

0=V — 2 2.2 Y . (22)
o, o — KV, (K‘ —5) T, v,—lo

e
Using, (15),(18) and (22) in the linearized Poisson equation for plasma potential we get

K2z, =KV —(Ke_%)[ni]

where 1 dust grain radius, =

Oi (0)2 - sztii) (Ke _%) Os
(23)
+V2 (5! — 0, _1) i sztzhi _(Ke_%)
(m—iw) |0 (0 -KA) (-3)
where A, = T—ez , 0, = Mo and o, = N0 . From, using the large wavelength approximation ( KﬁDe ~ O) , We obtain the
4rn,e Nyo Neo

general expression of the dispersion function,
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This dispersion relation of the dust ion-acoustic wave propagating in a Lorentzian dusty plasma in the presence of secondary electron
emission is used to determine the real and the imaginary frequency of the wave. Separating the real and imaginary part of the above

expression, we obtain

1
sr(a),K)={£+(§ -3, 1)V 1}K2vfm E’(—g{niﬂa —5,-1)2 }(a)Z—szfm) (25)
1 Oi 2

G; K — ) O Vi
& (o K)=(5-6-1)2 K @ C_(5-6-1)2 u2(a>2—+<2v2.) (26)
' R A A v (k,—3) v, o

Considering low decay or growth rate i.e. @ = @, + ia)i where @, >> @, The real frequency of the wave is obtained making the
real part of the dispersion relation equal to zero. So from the equation (25), we obtain,

{i+w 5, -1 f}wm-ﬁiil

o v, O (. —3)

0, 1%
{1+—S+(5i —55—1)—2}(a)r2—K2v§“):0 @7)
I
From this equation, a normalized form of the real frequency W, =

is then obtained as,

KVthi

(-2 4009 L

2 O Vi O;
W =1+ (28)
(@_g%+@+@_@_gW}
Gs Vl
The imaginary frequency or the decay rate is determined by the relation [28]
- aImg(a), K) ‘ 29)
—Reeg(w, K)
aa) W=,
. .V
So, the normalized decay rate W, = —_BL takes the form
1 K 2V2-
thi
-3(0,—0,. -1
5200 (g e (o)
Ke =2 Oi Vi Vi
W, = (30)
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Here the expression of Wr2 is to be taken from the equation (28). This is the analytical form of the growth or decay rate of dust

ion-acoustic waves. Equations (28) and (30) depict the expression of wave frequency and damping rate of the dust ion-acoustic
wave

111. NUMERICAL RESULTS AND DISCUSSIONS

To obtain a better insight into the role of the secondary electrons on the dust charging procedure and the dust ion-acoustic wave
propagation in the Lorentzian plasmas, we have performed an analytical derivation of the charging currents and the dust ion-acoustic
wave frequency considering both the negative and positive dust grain in equilibrium. To assess the analytical results in a physical
situation, we have considered the space plasmas containing suprathermal electrons e.g. solar wind, interplanetary space, cometary
tails, etc. [ 29-31]. We have considered the value of the Kappa index between 2 and 6, as this range has been found to fit the
observations in the astrophysical plasma [31]. For numerical estimation, we have considered the plasma parameters [17,20,23]

0,=001-1,0,=1-15,6,=01-11,/ Ay, = 5x10~*. Our main focus is on the effect of secondary electron emission

and suprathermal electrons on the dust charging process and the influence of this charge variation on dust ion-acoustic wave
propagation characteristics.

Theoretically, we have derived the dispersion frequency of dust ion-acoustic waves considering negative and positive charged dust
grain in two separate models. Now to analyze the dust ion-acoustic wave propagation, we plot the imaginary frequency of the dust

ion-acoustic wave with respect to Z . The range of Z is chosen in a way that this must satisfy the quasineutrality conditions. First,
we analyze the dust ion-acoustic waves containing a negative equilibrium dust charge. We plot the imaginary frequency as a function

2

Z,,€ . . .

of Z [: dLTj to see the effect of the suprathermal electron population (Ke ) and the secondary electron population (5M ) . Figure
r-0 e

(1) shows that the rate of damping decreases with decreasing kappa index. Thus, increasing the population of suprathermal electrons

decreases the damping rate of the dust ion-acoustic wave. Figure (2) shows that the imaginary frequency(a)i)or damping rate

increases with increasing Z . It also depicts that increasing 0,, decreases the damping effect. So it is clear that the increasing
population of secondary electrons minimizes the stability of the wave.

In the above discussion, all these figures imply that the increasing population of suprathermal electrons and secondary electrons
both minimizes the wave stability of dust ion-acoustic waves. This destabilization occurs due to wave-particle interaction. Waves
obtain energy from the high-energy particles. Thus damping rate decreases with an increasing population of suprathermal electrons

and secondary electrons in the permissible range of Z .

-7
-8

-9r

Fig. 1 Plot of W, versus Z of dust acoustic waves for different kappa index( K, ) considering o, =1,0, =1, 5, =3and
E, /4T =45.
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Fig. 2 The plot of W, versus Z of dust acoustic waves for different 5M considering o; = 1, o, =1k, = 4 and
E, /4T =45.

IV. CONCLUSION

In the above theoretical analysis, the effect of the population of suprathermal electrons and secondary electrons on the dust ion-
acoustic waves is discussed. The numerical study indicates that the suprathermal primary and secondary electrons greatly influence
dust ion-acoustic waves in these plasmas. Suprathermal electrons may increase the probability of secondary electron emission. This
investigation shows that the increasing population of suprathermal electrons and secondary electrons both minimize the stability of
dust ion-acoustic waves. This theoretical analysis can be applicable to the complex plasma that shows non-Maxwellian behavior
such as solar wind, Saturn E ring, etc. secondary emission is important.
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