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ABSTRACT 
A theoretical investigation of the photoelectric effect through dust charge fluctuation on low frequency 

electrostatic dust acoustic (DA) mode has been done using fluid model of plasma with negatively charged dust 

grain. Here we consider collisional effects between charged and neutral particles of plasma, lighter particles 

streaming along the external electric field. Dispersion relation of DA mode has been derived and instability of 

DA mode is numerically analyzed using the values of appropriate plasma parameters. It has been found that the 

instability of DA mode is increased significantly due to photoelectric effect compared to the streaming and 

collisional effects. 
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1. INTRODUCTION 
 

 Dusty plasma consists of electrons, ions, highly charged (Zd ~ 101 - 105) and relatively massive (md/m+ 

~ 106 – 1012) dust grains and neutral particles [1, 2]. In such plasma, micron or sub-micron sized dust grains can 

be charged by absorbing electrons and ions streaming onto their surface. Since the streaming velocity of electrons 

is much more than that of the ions they readily sit on the surface of the dust grains and make them negatively 

charged. On the other hand, charging due to photoelectron emission, thermionic emission, secondary emission, 

etc. can be significant and dust grains may become positively charged [3, 4]. In the present dust grain charging 

model we have considered the dust grain as negatively charged in the irradiated dusty plasma. The dust charge 

can be negative in irradiated dusty plasma when the irradiation frequency becomes less than the threshold 

frequency of the dust grain material. The dust charge fluctuation model is discussed in detail in section 2.1.   

The presence and the mobility of dust grains can modify the existing plasma modes or may introduce 

new time and space scales leading to new modes, their instabilities and other related phenomena [1, 2]. Theoretical 

predictions [5 – 11] and experimental observations [4, 12  ̶ 15] of waves in dusty plasma have been done by a 

number of researchers. They extensively studied the wave propagation properties, damping, new modes and 

instabilities, etc. in un-magnetized or magnetized dusty plasma. Most of the studies have been done considering 

the dust charge as a constant quantities [2, 8]. On the other hand, in the real plasma, dust charge fluctuation occurs 

when the conditions in the plasma near the dust grain are changed due to a variety of reasons, such as the wave 

motion. Considering the dust charge as a time dependable variable, an interesting result of the damping of the 

electrostatic modes has been investigated [16 – 18]. Obviously, waves and instabilities of the dust modes in 

irradiated dusty plasma have not been studied extensively. The photoelectric effects are invariably present in the 

naturally occurring irradiated dusty plasma [19] or can be occurred in irradiated laboratory dusty plasmas [4, 20]. 

M. K. Islam [21] et al, studied the photoelectric effect through  dust charge fluctuation on dust modes using Vlasov 

kinetic model and shown that the high frequency plasma wave can be unstable due to the photoelectric effect in a 

streaming and irradiated positively charged dust grains in an un-magnetized dusty plasma. Recently V. Kumar 

[22] et al. have studied the photoelectric effect on Jeans instability including work function of grain materials and 

shown that photoelectric current has destabilizing influence on the growth rate of the Jeans instability. 

In this paper, the photoelectric effect on the low frequency electrostatic dust acoustic (DA) mode through 

dust charge fluctuation in collisional and streaming dusty plasma has been investigated theoretically including 

surface potential of dust grain in spite of work function of grain materials using fluid model of plasma. It is 

considered that dust grains are cold (Td = 0) and ions and electrons are as a hot Boltzmann’s gas at a finite 

temperature T+ and Te, respectively [11, 14]. 

The paper is organized as follows: present model of dust charge fluctuation including photoelectric effect 

has been discussed in Sec. 2.1. In Sec. 2.2 derivation of the general dispersion relation of the electrostatic dust 
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modes using fluid model is presented. Results and discussions of the DA mode with instability are analyzed in 

Sec. 3. Finally, conclusions of this research work are given in Sec. 4. 

 

2.1. PRESENT MODEL OF DUST CHARGE FLUCTUATION 

 

In irradiated dusty plasma, dust charge fluctuation occurs when the fluctuating electron densities ne1 are 

considered to be piled up on a dust grain due to a variety of reasons, such as the wave motion. So far, in the dust 

charge fluctuation model, this piled up electrons are neutralled through the absorption of ions by the dust grain. 

On the other hand, in the present dust charge fluctuation model, photoelectron emission is included. In this model, 

the fluctuating dust charge is considered to be reached to its equilibrium value through the combined effects of 

the absorption of ions by the dust grain and the emission of electrons from the dust grain surface by irradiation. 

In such case, only the piled up electrons on the dust grain surface are removed by irradiation, and hence, dust 

grain will not be ionized by irradiation. In this regard , the frequency of the irradiated wave 𝜈𝑝must satisfy the 

condition 𝜈𝑤 > 𝜈𝑝 > (𝑒𝜙𝑑 + 𝑒𝜗𝑖)/ℎ for 𝜙𝑑 < 0, where 𝜈𝑤, 𝑒, 𝜙𝑑 , and  ℎ are the threshold frequency due to the 

photoelectric work function of grain materials, elementary charge, dust grain surface potential, and Planck 

constant, respectively [4, 21]. The last term, 𝑒𝜗𝑖/ℎ of the above condition is due to the image potential and is very 

small compared to (𝑒𝜙𝑑)/ℎ [23]. Hence, the effect of image potential can be neglected in the expression of 

photoelectric current.  

Let us consider the parallel waves from irradiated source are incident on a spherical dust grain of cross-

sectional area A. Then due to the photoelectric effect, the photoelectric current Ipe from the area A can be written 

as 

𝐼𝑝𝑒 = 𝐴𝑒𝑛𝑒𝑣𝑝𝑒 ,         (1)     

where ne is the density of electron and vpe is the velocity of photoelectron.  

The kinetic energy of the photoelectron can be written according to the Einstein relation of the 

photoelectric effect and using the condition of the frequency of the irradiated wave as: 
1

2
𝑚𝑒𝑣𝑝𝑒

2 = ℎ𝜈𝑝 + 𝑒𝜙𝑑.        (2) 

Here, 𝜈𝑤 is ignored, since the dust grains are not ionized by irradiation. The spectrum of photoelectrons released 

is often assumed to be a Max-wellian with a temperature Tp which corresponds to an energy 𝑘𝑇𝑝 = ℎ𝜈𝑝 + 𝑒ɸ𝑑.  

Hence, using Eq. (1) and Eq. (2), for a unidirectional photon flux, the net current due to photoemission 

of electrons is given by [21, 24, 25] 

𝐼𝑝𝑒 = 𝜋𝑎𝑑
2𝑒𝑛𝑒√

2

𝑚𝑒
(ℎ𝜈𝑝 + 𝑒ɸ𝑑)𝑒𝑥𝑝 {

𝑒ɸ𝑑

ℎ𝜈𝑝+𝑒ɸ𝑑
}.     (3) 

Here, 𝑎𝑑 is the dust grain radius. The exponential factor in Eq. (3) presents the effect of the negatively charged 

dust grain potential on the photoelectron. 

If the streaming velocity of ion (v+0) and electron (ve0) become much larger than their thermal velocity, 

then electron current (Ie) and ion current (I+) collected by the dust grains in our dusty plasma model are given by 

[8] 

𝐼𝑒  = − 𝜋𝑎𝑑
2𝑒𝑛𝑒𝑣𝑒0 [1 +

2e𝜙𝑑

𝑚𝑒ve0
2 ]       (4) 

and 

𝐼+  =  𝜋𝑎𝑑
2𝑒𝑛+𝑣+0 [1 −

2eϕ𝑑

𝑚+v+0
2 ].       (5)  

According to our dust grain charging model, the quantities Ipe, Ie and I+ are used in the basic dust  grain 

charging equation, which is then given by  
𝑑𝑄𝑑

𝑑𝑡
= 𝐼+ +  𝐼𝑝𝑒 + 𝐼𝑒 .        (6) 

The present dust charging equation, Eq. 6, has been used to obtain dispersion relation of the low frequency and 

low phase velocity electrostatic dust modes below the ion cyclotron frequency in the following section. 

 

2.2. DISPERSION RELATION OF ELECTROSTATIC DUST ACOUSTIC MODE 
 

Let us consider homogeneous and uniform dusty plasma consists of different charged and neutral 

particles of masses me, m+, md and mN, where the subscripts (e), (+), (d) and (N) denotes respectively, the electrons, 

ions, dust grains and neutral particles. The dust charge is considered as negative, i.e., Qd = - Zd e, where Zd being 

the number of electron residing on a dust grain. It is assumed that dust grains are cold (Td = 0) and ions and 

electrons have temperature T+ and Te, respectively. It is assumed that neutral particles are steady with respect to 

charged particles. An external zero-order electric field (Eo) has been applied in the plasma.  

Continuity and momentum equations for three charged elements of the dusty plasma are taken as follows, 

respectively:  
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𝜕𝑛𝑗

𝜕𝑡
+

𝜕

𝜕𝑥
(𝑛𝑗vj) = 0,                    (7) 

𝑘𝑇𝑒
𝜕

𝜕𝑥
𝑛𝑒 + 𝑒𝑛𝑒𝐸 = −𝜈𝑒𝑛𝑒𝑚𝑒v𝑒 ,          (8) 

𝑘𝑇+
𝜕

𝜕𝑥
𝑛+ − 𝑒𝑛+𝐸 = −𝜈+𝑛+𝑚+v+,       (9) 

𝑛𝑑𝑚𝑑
𝜕v𝑑

𝜕𝑡
+ 𝑛𝑑𝑚𝑑v𝑑

𝜕

𝜕𝑥
v𝑑 + 𝑒𝑍𝑑𝑛𝑑𝐸 = −𝜈𝑑𝑛𝑑𝑚𝑑v𝑑.    (10) 

Where 𝑛𝑑 , k and Tj (j denotes e, + and d) are the dust densities, Boltzmann constant and temperature of the dusty 

plasma species, respectively. 

The continuity and momentum equations are coupled to the quasi-neutrality equation: 

𝑛+ = 𝑛𝑒 + 𝑍𝑑𝑛𝑑.         (11) 

At zero-order state, the plasma is steady and uniform i.e., 
𝜕

𝜕𝑡
 = 0 =

𝜕

𝜕𝑥
, the electric field E0 is constant and the 

velocities of the three charged elements of the dusty plasma are then obtained from Eqs. (8) - (10), respectively, 

as follows:  

𝑒𝐸0 =  −𝜈𝑒𝑚𝑒𝑣𝑒0,          (12) 

𝑒𝐸0 =  𝜈+𝑚+𝑣+0  and        (13) 

𝑒𝑍𝑑0𝐸0 =  −𝜈𝑑𝑚𝑑𝑣𝑑0.        (14) 

The quasi-neutral condition at zero-order state becomes: 

 𝑛+0 = 𝑛𝑒0 + 𝑍𝑑0𝑛𝑑0.        (15) 

From Eqs. (12) – (14), it is seen that streaming velocity of the plasma species depends on the charge of 

the species, collisional frequency, mass of the species and the zero order electric field. 

Let us define the Doppler shifted frequencies are Ω+ =  𝜔 − K𝑧v+0,  Ωe =  ω −  Kzve0 and Ωd =  ω −
 Kzvd0 due to streaming of ions, electrons and dust grains, respectively, where  ve0 ≫ v+0 ≫ vd0. The quantities 

Cj
2 =  

kTj

mj
, are the thermal velocities of charged particles of dusty plasma. 

For linearizing Eqs. (6) - (11), all first-order quantities are assumed to have the space and time 

dependence as 𝑒𝑖(𝐾𝑥−𝜔𝑡). Linearizing the continuity equation for charge particles, Eq. (7), we get 

 𝑣𝑗1 =
Ωj

𝐾
𝜉𝑗         (16) 

 where 𝜉𝑗 =  
𝑛𝑗1

𝑛𝑗0
         (17) 

Similarly, linearizing, Eqs. (8) – (10), we obtain: 

𝑣𝑒1 =
−𝑖𝐾𝐶𝑒

2𝜉𝑒

𝜈𝑒
−  

𝑒𝐸1

𝜈𝑒𝑚𝑒
 ,              (18)  

𝑣𝑒+ =
−𝑖𝐾𝐶+

2𝜉𝑒

𝜈+
+  

𝑒𝐸1

𝜈+𝑚+
,        (19)             

𝑣𝑑1 =
𝑖𝜈𝑑𝑣𝑑0𝜉𝑑

𝑒(Ωd+𝑖𝜈𝑑)
+ 

𝑖𝜈𝑑𝑣𝑑0𝑄𝑑1

𝑒2𝑍𝑑0(Ωd+𝑖𝜈𝑑)
− 𝑖

𝑒𝑍𝑑0𝐸1

𝑚𝑑(Ωd+𝑖𝜈𝑑)
  ,         (20)  

 where E1 is the perturbed electric field. 

Linearizing Eq. (11), we get: 

𝜉+ =  𝜖𝑍𝑑0𝜉𝑑 + (1 − 𝜀𝑍𝑑0)𝜉𝑒 −  𝑄𝑑1𝜖/𝑒 ,      (21) 

here, 𝜀 =  𝑛𝑑0/𝑛+0. Eq. (21) expresses the condition of charge neutrality in first order. 

Introducing next the quantities 𝜇+ =  𝑣+0 − 𝑣𝑑0 and 𝜇𝑒 =  𝑣𝑒0 −  𝑣𝑑0 which represent the zero order 

drifts of the ions and electrons relative to the dust. Therefore, it can be used Ω+ =  Ω𝑑 − 𝐾𝜇+ and Ω𝑒 =  Ω𝑑 −
𝐾𝜇𝑒, in Eq. (16), we obtain from Eqs, (16) and (18) – (20):  

𝜉𝑒 =  
−𝑒𝐾𝐸1

𝑚𝑒{𝑖𝐾2𝐶𝑒
2+𝜈𝑒(Ω𝑑−𝐾𝜇𝑒)}

,       (22) 

𝜉+ =  
𝑒𝐾𝐸1

𝑚+{𝑖𝐾2𝐶+
2+𝜈+(Ω𝑑−𝐾𝜇+)}

  and       (23) 

𝜉𝑑 =  
−𝑄𝑑1

𝑒𝑍𝑑0{1−𝑒Ω𝑑(Ω𝑑+𝑖𝜈𝑑)/(𝑖𝜈𝑑𝑣𝑑0𝐾)}
−  

𝑖𝑒𝐾𝑍𝑑0𝐸1

𝑚𝑑Ω𝑑(Ω𝑑+𝑖𝜈𝑑)
.     (24) 

Substituting Eq. (24) into Eq. (21), we get: 

𝜉+ =  (1 − 𝜀𝑍𝑑0)𝜉𝑒 − {
𝜖𝑄𝑑1/𝑒

1+𝑖𝑒Ω𝑑(Ω𝑑+𝑖𝜈𝑑)
} −

𝑖𝑒𝐾𝜀𝐸1𝑍𝑑0
2

𝑚𝑑Ω𝑑(Ω𝑑+𝑖𝜈𝑑)
.    (25) 

The first order perturbed photoelectron, electron and ion currents are obtained, respectively, from the 

Eqs. (3) – (5) as 

 Ipe1 = | Ipe0 |  
𝑛𝑒1

𝑛𝑒0
,        (26) 

 Ie1 = |Ie0| 
𝑛𝑒1

𝑛𝑒0
  ,           (27) 

 I+1 = |I+0| 
𝑛+1

𝑛+0
 .         (28) 

Due to the presence of an electrostatic wave the dust will gain a perturbed charge Qd1, which can be 

obtained from Eq. (6) and using Eqs. (26) - (28) we get: 
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 𝑄𝑑1 =
𝑖

𝜔
[{|Ie0|  −  |Ipeo|}

𝑛+1

𝑛+0
 + {|Ipeo|  −  |Ie0|}

𝑛𝑒1

𝑛𝑒0
].     (29) 

Putting Eq. (29) into Eq. (25) we obtain: 

[
𝑖(𝛽𝑒− 𝛽𝑝)/𝜔

1+𝑖𝑒Ω𝑑(Ω𝑑+𝑖𝜈𝑑)/(𝐾𝜈𝑑𝑣𝑑0)

𝑛𝑒0

𝑛+0
+ 1] 𝜉+ =  [(1 − 𝜀𝑍𝑑0) +

𝑖(𝛽𝑒− 𝛽𝑝)/𝜔

1+𝑖𝑒Ω𝑑(Ω𝑑+𝑖𝜈𝑑)/(𝐾𝜈𝑑𝑣𝑑0)

𝑛𝑒0

𝑛+0
] 𝜉𝑒 − 

𝑖𝑒𝐾𝜀𝐸1𝑍𝑑0
2

𝑚𝑑Ω𝑑(Ω𝑑+𝑖𝜈𝑑)
.  (30) 

 

Where the dust charge fluctuation parameter due to the electron current, 𝛽𝑒 =  
|Ie0|

𝑒

𝑛𝑑0

𝑛𝑒0
 and that of due to the 

photoelectron current, 𝛽𝑝 =  
|Ipe0|

𝑒

𝑛𝑑0

𝑛𝑒0
. The parameters βe and βp are like the effective collision frequency of the 

streaming electrons with the dust grains and the effective detachment frequency of photoelectrons from the dust 

grains, respectively [21]. 

The required general dispersion relation for the electrostatic dust-modes in collisionaland streaming 

dusty plasma including dust charge fluctuation with photoelectric effect is then obtained from Eq. (30) using the 

value of ξe and ξ+from Eqs. (22) and (23), respectively. The obtained dispersion relation is then given by 
 

𝛺𝐼 + 𝛺𝐸 + 𝛺𝐷 = 0.        (31) 

where 

 Ω𝐼 =   
1+𝑖

𝑛𝑒0
𝑛+0

(𝛽𝑒− 𝛽𝑝)/𝜔

−𝐾2𝑘𝐵𝑇++𝑖𝑚+𝜈+(Ω𝑑−𝐾𝜇+)
,       (31a) 

 Ω𝐸 =  
(1−𝜀𝑍𝑑0)+𝑖

𝑛𝑒0
𝑛+0

(𝛽𝑒− 𝛽𝑝)/𝜔

−𝐾2𝑘𝐵𝑇𝑒+𝑖𝑚𝑒𝜈𝑒(Ω𝑑−𝐾𝜇𝑒)
       (31b) 

and  

Ω𝐷 =  
𝜀𝑍𝑑0

2

𝑚𝑑Ω𝑑(Ω𝑑+𝑖𝜈𝑑)
.        (31c) 

Since, 𝑚𝑒 ≪ 𝑚+ ≪ 𝑚𝑑, dust particles are cold (Cd = 0), ions and electrons form a hot Boltzmann gas at 

temperature T+ and Te, for low frequency electrostatic dust acoustic mode can be easily write from Eq. (31) as: 

 Ω𝑑
2 =  

𝜀𝑍𝑑0
2 𝐾2𝑘𝐵𝑇+

𝑚𝑑{1+(1−𝜀𝑍𝑑0)𝜏}
− 𝑖

𝜀𝑍𝑑0
2 �́�

𝑚𝑑
2 Ω𝑑

3 {1+(1−𝜀𝑍𝑑0)𝜏}2,     (32) 

where 

 �́� =  𝑚+𝑚𝑑𝜈+(Ω𝑑 − 𝐾𝜇+)Ω𝑑
3 + (1 − 𝜀𝑍𝑑0)𝑚𝑒𝜈𝑒(Ω𝑑 − 𝐾𝜇𝑒)𝑇+𝜏𝑚𝑑Ω𝑑

3 +
1

𝜔
(𝛽𝑒 −

𝛽𝑝)
𝑛𝑒0

𝑛+0
𝐾2𝑘𝐵𝑇+𝑇𝑒𝑚𝑑Ω𝑑

3 +
1

𝜔
(𝛽𝑒 − 𝛽𝑝)

𝑛𝑒0

𝑛+0
𝐾2𝑘𝐵𝑇+

2𝑚𝑑Ω𝑑
3 +  𝜀𝑍𝑑0

2 𝜈𝑑(𝐾2𝑘𝐵)2𝑇+
2𝑇𝑒,  (33) 

and  

𝜏 =
𝑇+

𝑇𝑒
.          (34) 

Eq. (32) is the dispersion relation of low frequency electrostatic DA mode in collisional and streaming dusty 

plasma with dust charge fluctuation.  

With Ω𝑑 = Ω𝑅 +  𝑖 𝛾 , where Ω𝑅is the real part and 𝛾 is the growth rate of the DA mode, Eq. (32) can 

easily be separated into 
Ω𝑅

𝐾
= ±𝐶𝐷𝐴         (35) 

and  

𝛾 = −
�́�

2Ω𝑅
4 𝑇𝑒

2

𝐶𝐷𝐴
4

𝜖𝑍𝑑0
2 𝑘𝐵

2 𝑇+
2,        (36) 

where dust acoustic speed, 𝐶𝐷𝐴 = √
𝜀𝑍𝑑0

2 𝑘𝐵𝑇+

𝑚𝑑{1+(1−𝜀𝑍𝑑0)𝜏}
 . 

Putting the value of �́�from Eq. (33) into Eq. (36) we obtain:  

𝛾 =
1

2

(1+𝜏)(𝛽𝑝−𝛽𝑒)

1+(1−𝜀𝑍𝑑0)𝜏

𝑛𝑒0

𝑛+0
−

1

2
𝜈+

𝐶𝐷𝐴
2 (1−

𝜇+
±𝐶𝐷𝐴

)

𝐶+
2{1+𝜏(1−𝜀𝑍𝑑0)}

−  
1

2
𝜈𝑒

𝐶𝐷𝐴
2 (1−

𝜇𝑒
±𝐶𝐷𝐴

)

𝐶𝑒
2{1+

1

𝜏(1−𝜀𝑍𝑑0)
}

− 
1

2
𝜈𝑑.  (37) 

The first term of the Eq. (37) represents the dust charge fluctuation effect in which only electron and photoelectron 

currents are present, the second, third and fourth terms illustrate the collisional effects with streaming of ions and 

electrons. 

 

III.     RESULTS AND DISCUSSIONS 
 

To investigate the photoelectric effect on the low frequency and low phase velocity electrostatic DA 

mode through dust charge fluctuation, the dispersion relation of DA mode has been derived using fluid model of 

plasma including lighter particles (ions and electrons) streaming along the external electric field and collisional 

effects of charged particles with neutrals without inertia effects of ions and electrons. Here negatively charged 
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dust grains are taken to be cold (Td = 0). The real and 

imaginary part of DA mode has been analyzed numerically 

using a set of appropriate plasma parameters listed in 

Table 1.  

Figs. 1 and 2 show the angular frequency of DA 

mode, 𝜔𝑅, as functions of the zero-order electric field, E0 

and wave number K, respectively, for ϵZd0 = 0.5, i.e., the 

negative charge present per unit volume is equally divided 

between  free electrons and dust grains. These figures 

indicate the linear relationships between the angular 

frequency and zero-order electric field as well as wave 

number [11,14]. 

It is observed that without dust charge fluctuation 

(DCF) effect, i.e., βp = βe = 0, the collisional effects can 

make the DA mode unstable [cf. Eq. (37)]. In the case of 

positive dust acoustic speed, (+)𝐶𝐷𝐴, it is found that if 

𝜇𝑒(𝜇+) > 𝐶𝐷𝐴, then the collisional effects of ion-neutral 

or electron-neutral give destabilizing effect on DA mode, 

whereas dust-neutral collisional effect always gives 

damping with a time period 1 𝜈𝑑
⁄  [11]. On the other hand, 

in the case of (−)𝐶𝐷𝐴, collisional effects of ion-neutral 

and electron-neutral give damping of DA mode.  Using Eq. (37), without DCF effect, Fig. 3 shows the growth 

rate, γ, (in s-1) as function of zero-order electric field, E0, (in Vm-1) for K = 103 m-1. In this figure, γ increases 

linearly with E0. This figure also shows that DA mode is grown up beyond the critical value of E0 (i.e., 𝐸0 ≥
11.5 𝑉𝑚−1). Similar instability was found by N. D’Angelo and R. L. Merlino in 1996 (see Fig. 5 of Ref. 11). 

Fig.1. Real (angular) frequency in the dust frame, 

in s-1, as a function of zero order electric field, in 

V m-1, for K = 103 m-1, νd = 2 s-1 and ϵZd0 = 0.5.  

 

Fig. 2. Real (angular) frequency in the dust frame, in 

s-1, as a function of wave number, in m-1, for E0 = 20 

Vm-1, νd = 2 s-1 and ϵZd0 = 0.5.  

 

Fig. 3. The growth rate, γ, in s-1, vs. the electric 

field, in Vm-1 for K = 103 m-1 and ϵZd0 = 0.5. 

 

Fig. 4. The growth rate, γ, in s-1, vs. the electric 

field, E0, in Vm-1, for K = 103 m-1, νd = 2 s-1, hνp 

= 3×103 eV and ϵZd0= 0.5. 

 

Fig. 5. The growth rate, γ, in s-1, vs. photon 

energy, hνp, in eV for K = 103 m-1, ϵZd0 = 0.5, E0 

= 20 Vm-1 (dash line) when include streaming 

and collisional effects and E0 = 0 (solid line) 

without streaming and collisional effects.  
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In the limit, 𝜈𝑤 > 𝜈𝑝 > |
𝑒∅𝑑

ℎ
|, the photon energy is sufficient to remove the piled up electrons from the 

dust grain in an un-magnetized dusty plasma, i.e., Ipe0≠ 0. In this limit, the Ipe0 has destabilizing effect in DA mode 

[cf. Eq. (37)] provided the other effects are negligible. At 𝛽𝑝 > 𝛽𝑒, i.e., effective detachment frequency of 

photoelectrons from dust grains is greater than the effective collision frequency of the streaming electrons with 

dust grains, growth rate of DA mode increased. On the other hand, at 𝛽𝑝 < 𝛽𝑒, DA mode become damped when 

collisional effects are insignificant.  

In Fig. 4, growth rate, γ, (in s-1) vs zero-order electric field, E0, (in Vm-1) for DA mode has been plotted 

including DCF effect at Zd0 = 3×104. This Figure shows that there is no wave growth at 𝐸0 ≤ 11.5 𝑉𝑚−1, whereas 

growth rate increases with respect to E0 up to E0 = 20 Vm-1. As seen from Figs 3 and 4, instability of DA mode 

due to DCF effect is five order more than that of without DCF effect.  

For K = 103 m-1 and ϵZd0 = 0.5, Fig. 5 shows the growth rate, γ (in s-1), as functions of photon energy, 

hνp (in eV), including streaming and collisional effects and without streaming and collisional effects. It is observed 

that if we include streaming and collisional effects then there is no wave growth in the case of ℎ𝜈𝑝 ≤ 1.8 ×

103 𝑒𝑉. In contrast, without streaming (i.e., E0 = 0) and collisional effects, DA mode is excited more below the 

critical value of photon energy (i.e.,ℎ𝜈𝑝 ≤ 1.8 𝑒𝑉) (see Fig. 5) and there have no damped.  

It is understood from the above discussions that the instability of DA mode occurs significantly due to 

the photoelectric effect compared to the streaming and collisional effects.  

 

TABLE I. Values of the plasma parameters used in the present numerical study of the DA mode and 

instabilities [4, 11 – 15]. 
 

Parameter  

Ion mass (m+)   4.7×10-26 (Kg) 

Dust mass (md)   4.2×10-15 (Kg) 

Electron temperature (kTe)  4 (eV) 

Ion temperature (kT+)  0.026 (eV) 

Dust radius (ad)   5×10-6m 

Electron neutral collision frequency (νe) 2.2×107 (s-1) 

Ion neutral collision frequency (ν+) 8.8×102 (s-1) 

Dust  neutral collision frequency (νd) 2 (s-1) 

 

 

IV.    CONCLUSIONS 
 

Using the fluid model of plasma, a rigorous investigation of the photoelectric effect on the low frequency 

DA mode, through dust charge fluctuation in an un-magnetized dusty plasma has been done theoretically, 

considering lighter particles streaming to the direction of external zero-order electric field and collisional effects 

of charged particles with neutral atoms. The dust grains are considered to be negatively charged as explained in 

section 2.1. To analyze the low frequency and low phase velocity electrostatic dust modes, necessary general 

dispersion relation [cf. Eq. (31)]has been derived using fundamental equations of fluid model of plasma. 

According to our interest, applying some necessary conditions, dispersion relation of DA mode has been derived 

and numerically analyzed using appropriate plasma parameters. 

It is observed that in the absence of dust charge fluctuation (DCF) effect, the DA mode become unstable 

due to ion-neutral and electron-neutral collisions only if relative drift of ion and electron exceed positive dust 

acoustic speed. On the other hand, DA mode become damped due to dust-neutral collisions as well as negative 

dust acoustic speed (cf. Eq. 37). In the presence of DCF effect, DA mode become unstable significantly if effective 

detachment frequency of photoelectrons is greater than the effective collision frequency of the streaming electrons 

with dust grains (cf. Eq. 37). 

It is found that growth rate increases five order more due to the photoelectric effect than that of due to 

streaming and collisional effects (see Figs. 3 and 4). It is observed that if streaming and collisional effects are 

included then no wave growth at ℎ𝜈𝑝 ≤ 1.8, whereas, in this limit, without streaming and collisional effects, DA 

mode is unstable (see Fig. 5). 

It is concluded that the DA mode can be unstable significantly due to photoelectric effect compared to 

the streaming and collisional effects in which only piled up electrons on dust grains are considered to be removed 

by irradiation. 
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In closing, it is stress that the present study should be applied in understanding the photoelectric effects 

on low frequency electrostatic dust modes in the space science, where dust grains and radiation exist, such as 

planetary rings, the lower ionosphere of the Earth, interstellar space cloud, etc. as well as irradiated laboratory 

dusty plasma, such as the edge plasma of the fusion devises, etc.     

 

REFERENCES 
 

[1]. R. L. Merlino, “25 years of dust acoustic waves”, J. Plasma Physics 80, 773 (2014); https: //doi:10.1017/S0022377814000312. 
[2]. M. Salimullah. and G. E. Morfil,  “Dust-lower-hybrid instability in a dusty plasma with a background of neutral atoms and streaming 

electrons and ions”,  Phys. Rev. E 59, R2558 (1999); https://doi.org/10.1103/PhysRevE.59.R2558. 
[3]. A. Barken, N. D’Angelo and R. L. Merlino, “Charging of Dust Grains in a Plasma”, Phys. Rev. Lett. 73, 3093 (1994); 

https://doi.org/10.1103/PhysRevLett.73.3093. 

[4]. A. A. Sickafoose, “Photoelectric Charging of Dust Particles in Vacuum”, Phys. Rev. Lett.84, 6034 (2000); 
https://doi.org/10.1103/PhysRevLett.84.6034. 

[5]. V. Land and W. J. Geodheer, “Manipulating Dust Charge Using Ultraviolet Light in a Complex Plasma”,  IEEE Trans. Plasma 

Sci.35(2), 280 (2007); DOI: 10.1109/TPS.2007.893748. 
[6]. R. L. Merlino, “Dust-acoustic waves driven by an ion-dust streaming instability in laboratory discharge dustyplasma experiments”, 

Phys. Plasmas 16, 124501 (2009); https://doi.org/10.1063/1.3271155. 

[7]. N. N. Rao, P. K. Shukla and M. Y. Ya, “Dust-acoustic waves in dusty plasmas”,  Planet Space Sci.38, 543 (1990); 
https://doi.org/10.1016/0032-0633(90)90147-I. 

[8]. M. K. Islam, Y. Nakashima and K. Yatsu, “On low-frequency dust-modes in a collisional and streaming dusty plasma with dust 

charge fluctuation”, Phys. Plasmas 10, 591 (2003); DOI: 10.1063/1.1539474. 
[9]. M. Salimullh, M. K. Islam and A. K. Banerjee, “Kinetic Alfvén wave instability in a dusty plasma”, Phys. Plasmas 8, 3510 (2001); 

http://dx.doi.org/10.1063/1.1376421. 

[10]. M. K. Islam, M. Salimullah, K. Yatsu, Y. Nakashima and Y. Ishimoto, “Fusion oriented plasma research in Bangladesh: theoretical 
study on low-frequency dust modes and edge plasma control experiment in tandem mirror”, Nucl. Fusion 43, 914 (2003); 

http://iopscience.iop.org/0029-5515/43/9/316. 

[11]. N. D’ Angelo and R. L. Merlino, “Current-driven dust-acoustic instability in a collisional plasma”, Planet. Space Sci. 44, 1593 (1996); 
https://doi.org/10.1016/S0032-0633(96)00069-4. 

[12]. J. Winter, Plasma Phy., “Dust in fusion devices - experimental evidence, possible sources and consequences” Controlled Fusion 

40(6), 1201 (1998); https://iopscience.iop.org/article/10.1088/0741-3335/40/6/022/meta.   
[13]. J. E. Thomas and R. L. Merlino, “Dust Particle Motion in the Vicinity of Dust Acoustic Waves”,  IEEE Trans. Plas. Sci. 29, 152 

(2001); DOI: 10.1109/27.923685. 

[14]. E. Thomas, R. fisher and R.L. Merlino, “Observations of dust acoustic waves driven at high frequencies: Finite dust temperature 
effects and wave interference”, Phys. Plasmas, 14, 123701 (2007);  https://doi.org/10.1063/1.2815795V.  

[15]. R. L. Merlino, A. Barkan, C. Thompson and N. D’Angelo, “Laboratory studies of waves and instabilities in dusty plasmas”,Phys. 

Plasmas,5(5), 1607 (1998); https://doi.org/10.1063/1.872828. 

[16]. K. Varma, P. K. Shukla and V. krishan, “Electrostatic oscillations in the presence of grin-charge perturbtions in dusty plasms”,Phys. 

Rev. E 47, 3612 (1993); https://doi.org/10.1103/PhysRevE.47.3612. 

[17]. M. R. Jana, A. Sen and P. K. Kaw, “Collective effects due to charge-fluctuation dynamics in a dusty plasma”,  Phys. Rev. E 48, 3930 
(1993); https://doi.org/10.1103/PhysRevE.48.3930. 

[18]. L. Mahanta, K. S. Goswami and S. Bujarbarua, “Lower-hybrid like wave in a dusty plasma with charge fluctuation”,  Phys. Plasmas 

3, 694 (1996); https://doi.org/10.1063/1.871903. 
[19]. S. K. Mishra and S. Misra, “Charging and dynamics of dust particles in lunar photoelectron sheath” Phys. Plasmas 26, 053703 (2019);  

https://doi.org/10.1063/1.5097441. 

[20]. R. C. Isler, R. W. wood, C. C. Klepper, N. H. Brocks, M. E. Fenstermacher and A. W. Leonard, “Spectroscopic characterization of 
the DIII-D divertor” Phys. Plasmas 4, 355 (1997);  https://doi.org/10.1063/1.872095. 

[21]. M. K. Islam and Y. Nakashima, “Instability of a high-frequency wave in irradiated and streaming dusty plasmas”,J. Plasma Physics 

72, 997(2006); https://doi.org/10.1017/S0022377806005460. 
[22]. V. Kumar, D.L. Sutar and R. K. Pensia, “Effect of photoelectron current on jeans instability of rotating quantum dusty plasma”, AIP 

Conf. Proc. 2100, 020074 (2019); https: // doi.org/10.1063/1.5098628. 

[23]. D. M. Wood, “Classical Size Dependence of the Work Function of Small Metallic Spheres”,  Phys. Rev. Lett. 46, 749 (1981); 
https://doi.org/10.1103/PhysRevLett.46.749. 

[24]. C. K. Goertz, “Dusty plasmas in the solar system”, Reviews of Geophysics 27(2), 271 (1989); 

https://doi.org/10.1029/RG027i002p00271. 
[25]. M. Rosenberg, D. A.  Mendis and D. P. Sheehan, “UV induced coulomb crystallization of dust grins in high-pressure gass”,  IEEE 

Trans. Plas. Sci. 24(6), 1422 (1996); DOI: 10.1109/27.553210. 

 

 

 

 

 

 

M. S. Munir, et. al. “Instability of dust acoustic mode in streaming and irradiated collisional dusty 

plasma with dust charge fluctuation.” IOSR Journal of Applied Physics (IOSR-JAP), 14(5), 2022, 

pp. 34-40. 

 

 

 

 

 

https://doi.org/10.1063/1.1343087
https://doi.org/10.1109/TPS.2007.893748
https://doi.org/10.1063/1.3271155
https://doi.org/10.1016/0032-0633(90)90147-I
https://doi.org/10.1016/S0032-0633(96)00069-4
https://doi.org/10.1109/27.923685
https://doi.org/10.1063/1.2815795
https://doi.org/10.1063/1.872828
https://doi.org/10.1063/1.871903
https://doi.org/10.1063/1.872095
https://doi.org/10.1017/S0022377806005460
https://doi.org/10.1029/RG027i002p00271
https://doi.org/10.1109/27.553210

