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ABSTRACT: The nonlinear cylindrical dust ion acoustic waves are studied in a collisional unmagnetized dense
dusty plasma medium containing inertialess degenerated electrons and positrons, fluid ions, negatively charged dust
fluid and neutrals in the background, including exchange-correlation effects of both electrons and positrons.
Employing the reductive perturbation method, the damped Kadomstev—Petviashvili equation is derived in the
framework of two-dimensional cylindrical geometry. An approximate analytical solution of this equation is also
discussed. The quantum and geometrical effects on the dust ion acoustic waves have been investigated. It is found
that the dust ion acoustic wave is modified by quantum diffraction, Fermi statistics and exchange-correlation
potential. Moreover, it has been found that the nebulon structures of quantum dust ions acoustic wave are formed due
to the Cartesian geometry and the transverse perturbation. It is also observed that the nebulon structure is significantly
modified by the exchange-correlation effects.
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I. Introduction the plasma particles have a very low temperature and
high-number density, the de Broglie wavelength of
the plasma particle could be comparable to the
dimension of the plasma system (i.e. the particle
Debye length becomes smaller than the thermal de-
Broglie wavelength). Such dense plasma behaves
like a Fermi gas, so the quantum effects may play a
central role in the behavior of plasma particles and in
the properties of the wave modes [11,12].
Nowadays, dense plasma has become one of the most
important areas of research in plasma physics due to
its vital role in many fields of science such as dense
astrophysical systems, [13] microelectronic devices
[14] and laser plasmas [15].

It is well known that the dust ion acoustic waves
(DIAWS) are ion acoustic waves modified by the
presence of massive charged dust particles in
ordinary electron-ion plasma. The DIAWSs were
investigated theoretically by Shukla and Silin [1] and
experimentally confirmed in low-temperature dusty
plasma [2, 3]. In the past years, a number of
researchers have investigated the basic properties of
DIAWSs in different dusty plasma systems [4-10].
Most of those investigations were limited to the
classical plasmas, which are generally characterized
by low density and high temperature. However, when
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Over the past years, many theoretical investigations
have been conducted on propagation features of
DIAWS in a quantum dusty plasma medium assuming
stationary dust grains [16-21]. However, this
assumption may be a good approximation when the
dust grains are heavy and large in comparison to the
ions, butitis not a general case. In fact, the dust grains
are existed in most environments of space and
astrophysical dusty plasmas from smaller to larger
size [21] where the mass ratio between dust grain and
ion lies in the range 103-10* and the number of
charges residing on the dust grain is also in the range
103-10* as required. In such plasmas, the dynamics
of dust grains may be taken into account along with
ions dynamics. Accordingly, several authors have
investigated the propagation characteristics of
quantum DIAWSs in dusty plasmas, including the
dynamics of dust grains as well as ions [21-25]. For
example, Emadi and Zahed [24] have investigated the
linear and nonlinear properties of DIAWS in a
magnetized multi-component quantum dusty plasma
composed of inerialess degenerate electrons and
positrons, inertial cold ions and negatively charged
dust particles. They are considering the effects of
guantum diffraction and quantum statistics. Mushtaq
et al. [25] have studied the damped DIAWS in a
collisional, unmagnetized quantum dusty plasma
which contains degenerate electrons, ions, neutrals
and negatively charge dust grains, including quantum
electron exchange-correlation effect. Most of these
works [21-25] were based on the one-dimensional
Korteweg—deVries equation. Ali et al. [26] have
examined the nonlinear characteristics of the two-
dimensional (2D) cylindrical quantum DIAWSs
considering the effects of quantum statistics and
guantum Bohm potential in a collisionless
unmagnetized dusty plasma. They found that the
guantum DIAWSs is significantly affected by
cylindrical geometry. Recently, Khaled et al. [27]
have investigated the nonlinear propagation of ion
acoustic waves in a quantum electron-positron-ion
plasma, in the framework of Zakarov-Kuznetsov
equation, including the influence of electron/positron
exchange-correlation effect. To the best of our
knowledge there is no detailed investigation about the
propagation of DIAWS in a 2D cylindrical quantum
dusty plasma consisting of inertialess degenerate
electrons and positrons, inertial ions and negatively
charged dust particles, including quantum
electron/positron  exchange-correlation  effects.
Therefore, the aim of this paper is to examine the
nonlinear structures of cylindrical DIAWS in a
collisional unmagnetized quantum dusty plasma
medium consisting of degenerate electrons and
positrons, mobile ions and negatively charged dust

grains as well as neutrals in the background, and then
we examine the influence of quantum parameters and
non-planar geometry on the nonlinear structures of the
guantum DIAWS in such dusty plasma model.

This paper is organized as follows. Sect. 2 provides
the basic set of equations for cylindrical DIAWS in a
dense dusty plasma under consideration. The
nonlinear damped cylindrical Kadomstev—
Petviashvili (DCKP) equation in 2D cylindrical
geometry is derived in Sec. 3. The solitary wave
solution of the DCKP equation is obtained in Sect. 4.
Numerical results and discussion are provided in Sect.
5. The conclusion is presented in Sect.6.

2. Mathematical Model

We consider an unmagnetized collisional multi-
component dense dusty plasma system consisting of
inertialess  degenerated  electrons, inertialess
degenerated positrons, inertial ions and negatively
charged dust grains, in the presence of neutrals in the
background. We assume a collision effect between
dust grains and neutrals while the collisions of ions or
electrons/positrons with neutrals are neglected due to
lighter mass. The quantum behavior of both dust
grains and ions is neglected due to their heavy mass.
Accordingly, the governing equations of DIAWS,
including the dynamics of dust grains as well as ions
dynamics are given by

anj
P g Vg = — v )
c')t ui ui N ml- (p’
aud Zde
o T (ug - Vuy = m—dV§0 — Vanlg, 3)
e
Vi = - (Zang +ne —npy —my), (4)

where nj, u;, and m; are the number density, fluid
velocity and mass of ions (j = i) and dust grains (j =
d). @ is electrostatic potential, Z,; is the humber of
charges residing on the dust grain, e is the electronic
charge, v4, is the collisional frequency of dust-
neutrals and n,(n,,) represents the number density of
degenerated electrons (positrons). We consider the
qguantum effects of electrons and positrons are
encountered in terms of Fermi pressure, Bohm
potential and  exchange-correlation  potential.
Therefore, the inertialess momentum equation for
electrons/positrons is given by
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VPp, 2 ns e
+eVp — + 5 ( - VI 5)

ng Jns
=0,

where the sign (+) with electrons while and the sign
(-) for positrons,m =m, =m, is the mass of
electron or positron and # is the Planck constant
divided by 2m. Here, Pg, is the Fermi pressure of
plasma species s (s = e for electrons and s = p for
positrons). In a 2D Fermi gas, Pps = EpsnZ/2ng,
where ng, is the equilibrium number density of
plasma species s and Eps(= kgTrg) is the Fermi

energy, in which Tps = (annso,)z/th/kaB
represents the Fermi temperature and kg is the
Boltzmann constant. The equilibrium number
densities of electrons n, positrons n,, ions n;o, and
dust grains ny, are related by the charge neutrality
condition as: Zgngg + neg = Ny + nyo. In EQ. (5),
V*represents the exchange-correlation potential
which is given by [25, 27]

0.985¢2
yxe = — 1/3 1
s < 41e, >ns
0.034
ln(

1/3
aan/

+

+ 18.367a3n51/3)],
(6)

where ag = 4mey h?/me? is the Bohr radius and ¢,
is the permittivity of free space. In the dense plasmas,
Eqg. (6) can be simplified to [25, 27]

1.6e2 5.62h%
stc — _(477:6 >n;/3+< — >n§/3. (7)
0

Now, we introduce the following dimensionless
variables:

ng n; Ne
N, =—, N; = —, N, =—=,
Nao Mo Neo
N, = P Vd P = ud'i = —e(p
p 4 ,L ) )
npO Ci 2EFs
C;
Vo —V, t = wp;t, (8)
wpi

where w,; = (e2n;0/eom;)'/? is the ion plasma
frequency and C; = (2Ep,/m;)'/? is the ion-sound
speed. Introducing the dimensionless variables (8)
into Egs. (1)-(7), the normalized basic equations of
DIAWSs can be written in 2D cylindrical coordinates
as:
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where uy; = Z; m;/my is the mass ratio of ion-to-dust,
U =ngy/nie is the equilibrium density ratio of
positron-to-ion, p =mnyo/ne, is the equilibrium
density ratio of positron-to-electron density, S; =
Zango/nip =1—p(1 —p) and v = vg,/wp; is the
normalized collisional frequency. In the Egs. (16) and
(17), the parameter H = wy,;h/\/mm;C? is the
normalized quantum parameter, ¢ = Tg,/Tg, is the
Fermi temperature ratio of positron-to-electron which
related to the ratio p by o = p2/3. The parameters y
and « represent the exchange-correlation coefficients

where y = 5.65 (hz 2/3/2mEFe) ~ 059 and « =
162 (e?n}}® /Breokre ).
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3. Derivation of DCKP Equation

To obtain the nonlinear dynamical equation for 2D
guantum DIAWS, we use the reductive perturbation
technique (RPT) [28] in the 2D cylindrical geometry.
Accordingly, the normalized independent variables
(r, 8, t) are stretched as

p=e2(r—wyt), O9=e"1/29,
7 = e3/2¢, (18)

where € is a smallness parameter measuring strength
of nonlinearity and w, denotes the normalized phase
velocity of quantum DIAWS (to be determined later
on). The normalized dependent variables (N, N;, V}.,
¢) can be expanded in a power series of € as

N / (1)\ / (2)\
s 1
N, AW N | N
= €
ue )T\ e [T e | e
¢ e e

For V,4 and v we have taken:

v = e3/2y,. (20)
Substituting Egs. (18)-(20) into Egs. (9)-(17), and
collecting the terms of same powers of €. For lowest
order of ¢, the following relations are obtained

1 _ _Hd W _ _Ha
1 1
@ _ @ _
N7 =— ¢(1). V" = We oW, (22)

Ne(l) 5 ¢(1) ngl)
€ 6 (23)

— = @
30—2ap¢ ’

where @, = a—2y, and a, =p3(a—2p*/3y).
The lowest order terms of 8-component of momentum
equations of dust grains and ions are given by

Vg g 9pW

= , (24)
ap wét 09
vy _ 1 9 25)
ap  wit 99’

and the lowest order Poisson's equation yields:
BaN +uN® — upNP — NP =0, (26)

Equation (26) together with Egs. (21)-(23), give us the
normalized phase velocity of quantum DIAWS as

_ |Bapa + 1) 1
Wo = 6u  \3-2a, @)

-1/2
+__£__)
30 — Zap

Clearly, the wy is modified by the quantum statistical
and  exchange-correlation  effects (via  the
dimensionless parameters p, o , a, and a,).

The next-order in e gives the following set of
coupled equations

aN®  aN® s v | NPy
ar " "ap " ap ap

=0, (29
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€Y ©) () Dy, @)
oN; o oN; +6Vir +6NL.T 25
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=0,
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) () (1)
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Jat ap_ dp ap (31)
=0,
9™ NP aN,Sz) Ny
s P, TR, +Ba—F— ap
-— 32
ap (32)
and
N(z) _ 6 @) _ 12(a ]/) [ (1)]
3 - 2a, —2a,)3
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(3 —2a,)? 0p
@)
14
% 4o
30 — 2a,
120 3@ =) oy
(30 — 2ap)
9H% = 9%2¢pW
(30 —2a,)" 9P’ (34)

Substituting Eg. (21) into Egs. (28) and (29) and
eliminating the term of second-order perturbed i.e.
V(Z)/ap one can obtain the following equation
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aN?  2ug09® _pEap®
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Likewise, Egs. (22), (30) and (31) give

2 1
N _ 2097 3 w290 o7
op w0t wy op  wit
106@ 1 vV
+— (5 =59~ (36)
ws dp  wgt 09
Inserting Egs. (33)-(36) into Eq. (32) and solving with
aid of Egs. (24) and (25), the following equation is
obtained

3 [9pD® 9@ FELEY,
— ¢—+A(;b(1) ¢ +B ¢
dp\ 0dt ap dp3
pW 1 9%

) 2wot? 092

=0. (37)

Equation (37) is the DCKP equation, in which A4 is the
nonlinear coefficient, B is the dispersive coefficient
and C represents the coefficient of dissipation. The
coefficients A, B and C are respectively given by

_ 3(1 - Baud)
2wy (Bapg + 1)

+Cop®

24uwi | (@—y)  p**(a—p?y)
Bara +1) (B — 2a.)? (30 — 2a,,)3 ' (38)
5 w3 9uH? 9uH?p
z(ﬁd.ud + 1) (3 - zae)z (30‘ — Zap)z '
_ Vo Baka
2 Baug +1

As it is clear from (38), (39) and (40) that both the
nonlinear and dispersion coefficients are modified by
the exchange-correlation effects, while the damping
coefficient (C) depends on the normalized collisional
frequency v,, dust concentration 4, and mass ratio
Uq- The effect of quantum diffraction appears only in
the dispersion coefficient (B) through the quantum
parameter H.

4. Solitary Wave Solutions of DCKP Equation

To get the solitary wave solution of Eq. (37),
we introduce the following transformation [26]

1
E=p— Ewoﬁzr, T=r. (41)

(39)

(40)

Thus,
¢W(p,9,7) = pM (&, D). (42)
Accordingly,
o 0 2 9
op 0E  0p3 o
0_0 1 .0
ar ot 2°Y 3¢
K 2422 02 d
W = W019 T 0_52_ WOTa_fl (43)

Substituting (42) and (43) into Eq. (37), we obtain the
following equation

BaNgY + uNE —upND = NP =0, (44)

which represents the Damped Korteweg-deVries
(DKdV) equation in the &, T space. Obviously, when
the collision effect is neglected, the damping term
€™ can be removed and then Eq. (44) reduces to the
well-known Korteweg-deVries (KdV) equation

1 1
)a¢( ) 93¢0 _

———+ Ap4 5t B =0 (45)

which has the solitary wave solution [26]

— UgT
¢ = ¢, sech? (f 0 ), (46)
Lo
where ¢y = 3uy/A, Ly =+/4B/u, and u, are the
initial amplitude, width and velocity of the solitary
wave in the absence of collisions, respectively.

For the KdV equation (45), the quantity
+00
= f (6] dg, (47)

is conserved quantity.

Now, due to the presence of damping term C¢™, the
solution of Eq. (44) is assumed to be exists in the form
of solitary wave structures whose amplitude, width and
velocity have a slowly dependency on time t. Thus, the
solitary wave solution of Eq. (44) can be approximated
as [25]

oD = ¢, (v) sech? (%g”) (48)

where ¢,,(t) = 3u(r)/A, and L(t) = +/4B/u(7)
represent the amplitude and width of the dissipative
solitary wave as functions of time t, respectively, and
u(t) its velocity. Now, differentiating (47) with
respect to T and using the Eq. (44) we fund the
momentum conservation law as

dl
—+2CI=0. (49)
dt
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Substituting Eq. (48) into (47) we get [ =
24+/Bu(t)3/2/A%. Using this into Eq. (49) and
solving, we obtain an expression for u(t) as

4C
u(1) = ug exp <— ?T). (50)
Therefore, the time dependent expressions for

amplitude and width of the dissipative solitary wave
are given by ¢, = ¢yexp (—43—Cr) and L=
Lo exp (%r) respectively. Since the damping

parameter C is positive [see Eg. (40)], damping term in
EQ. (44) leads to a solitary wave collapsing with time.

5. Results and Discussion

The nonlinear properties of quantum DIAWS in a
dense quantum DP system consisting of negatively
charged dust grains, positive ions and dense quantum
electrons and positrons are investigated, including the
effects of electron/positron exchange-correlation
potential and dust—neutral collisions. Using 2D
cylindrical quantum hydrodynamic model, the
nonlinear DCKP equation is derived using RPT.
According to the dense dusty plasma characteristics,
the physical quantities can be selected as:[26, 30]
Neo = 0.5x 103" m™3, n;p =1.5x103m™3, 7, =
10%, ngo = 1.4 X 10*2*m™3, n,o = 0.4 x 103°m~3,
Figure 1 shows the dependent of phase velocity (w,)
guantum DIAWSs on the equilibrium positron density
[via the parameter p(=ny,e/ne)] with fixed
equilibrium electron density n,, = 0.5 X 103%m=3,
Dashed curve is plotted with exchange-correlation
effects, while the solid curve without exchange-
correlation effects.

0.95 : .
— y=0=0
09 “~<_ - = =y=0.59, 0:=0.402 |
085t T eee
=~ 0.8

0.75}

0.71

0.65 . . . . , .
0.1 0.2 0.3 0.4 05 0.6 0.7 0.8

p

Figure 1: The variation of phase velocity w, against positrons
density p, without (y = a = 0) and with (y = 0.59, a = 0.4)
exchange-correlation potential, along with 1,5 = 0.5 x 103%m~3,
tg =0.1,and u = 0.6.

From this figure one can see that the phase velocity
w, decreases with increasing p in the presence or
absence of exchange-correlation effects. The presence
of exchange-correlation in the system leads to a wave
with a greater phase velocity (see dashed curve).

Figures 2 and 3 illustrate the changes in the
amplitudes ¢,,and widths L of quantum dust ion
acoustic (DIA) solitary waves due to the difference of
p and u(=ngy/np) with fixed ng =0.5x%
103%m™3, respectively. Figure 2 indicates that the
solitary wave amplitude ¢,,, decreases with both p and
u. For given values of the parameter u, the amplitude
¢ decreases steeply with p for p < 0.3 and changes
smoothly with p for 0.3 < p < 0.8. For given values
of p, the amplitude ¢,,decreases with y, which means
that the DIA solitary wave amplitude ¢,, increases
with the larger values of the equilibrium ion density
n;o (via the parameter u ). On the other side, Fig. 3
indicates that for small values of p < 0.5, the solitary
wave width L increases with p, and for greater values
of p = 0.5, L decreases very smoothly with p. It is
clear from Fig. 3 that, for given values of the parameter
p, the width L decreases with u. This means that, for
larger values of ion density n;,, the solitary wave
width becomes larger.

0.36 ‘ :
— =03

034 - - -p=0.4

0.32} =7 p=05 |

0.3}
oF 0.28}
0.26f

0.24

022}

-,
--------
________________

0- n 1 1 n L -
%.1 02 03 04 05 06 07 08

Figure 2: The variation of solitary wave amplitude ¢,,(7)
against positrons concentration p for different values of y, along
with ng,y = 0.5 x 10%9m=3, t =1, u3 = 0.1, H = 0.9, vy = 0.1,
a=0402,y =0.59anduy, = 0.1
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Figure 3. The variation of solitary wave width L(7) against
positrons concentration p for different values of u. Other
parameters same in Fig. 2.

In order to examine the effects of quantum
diffraction and exchange-correlation on the dispersion
properties of quantum DIA solitary waves, we plotted
the width of the solitary wave versus quantum
parameter H, for two cases, namely, in the presence
and absence of an exchange-correlation effect as
shown in the Fig. 4. It is clear from this figure that, in
the both cases, the width of solitary wave is reduced by
increasing the quantum parameter H. The presence of
the exchange-correlation effects (via the parameters
y =0.59 and a = 0.402) leads to a solitary wave
accompanied by a broader width.

6

5.5¢ ~

25 %0
' = = =1=0.59, 0:=0.402
2 1 1 1 1
0.2 0.4 0.6 0.8 1

H

Figure 4: The variation of solitary width L(t) against quantum
parameter H, with and without exchange-correlation effect, along
withp = 0.6, u = 0.3, 1, = 0.5%x103°m™3, ¢t =1, y; = 0.1.

Furthermore, Figure 5 indicates that the inclusion of
the exchange-correlation effects in the system not only
increases the solitary wave width but also leads to an
increase in its amplitude.

0.3 T
——=0=0
025 7 T¥=059,0=04 %

0.2}
<, 015}
0.1}

0.05¢

0

-20 20

Figure 5: The effect of exchange-correlation on the solitary wave
profile ¢, along with p = 0.6, u = 0.3, vy = 0.1, T = 1,ny9 =
0.5%x10%°m™3, uy = 0.1and uy = 0.1

Figure 6 shows the time change of quantum solitary
wave in the absence [Fig.5(a)] and presence [Fig.
5(b)] of dust-neutral collisions (via parameter v,).

1.4

10 15 20

Figure 6: The profiles of the quantum DIASWSs ¢ (¢, 7) against
&, for different time. (a) is plotted in the absence of the collision
(vo = 0) and (b) is plotted in the presence (v, = 0.3) of collision,
along with @ = 0.402, y = 0.59 and u, = 0.5. Other parameters
same in Fig. 5.
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In the absence of collisions (via v, = 0), Fig. 5(a)
shows that as the time goes on (by increasing t ), the
solitary wave travels forward in the ¢&-direction
without changing in its amplitude, width and velocity.
On the other hand, in the presence of collision (via
vy = 0.3), Fig. 5(b) indicates that the solitary wave
amplitude decreases with time t, accompanied by a
reduced speed and an enlarged width. It is clear that
the reason for the dissipative nature of the solitary
wave is that its amplitude, width and velocity are all
dependent on time. Such a solitary wave can travel a
finite distance before collapsing at T — oo.

Now, to discuss the cylindrical geometry effect on
the quantum DIA solitary waves, transforming the
coordinates (p,9,t) back to the cylindrical
coordinates (r,6,t). Using Egs. (41) and (42), the
approximated solution (48) takes the form

1
¢(1) (p' 7-9' T) = ¢m (T) SeChZ {m [p

- (u(r) + %W0ﬁ2> T]}, (51)

t=0.3 106

B
7 00 1
C

t=0.9 t=1.2

r 2000 6

Figure 7: The time evolution of solitary wave pulses in the space
7,8 with p = 0.6, u = 0.3. n,o = 0.5x 103° m=3, a = 0.402,
Yy =0.59, 43 =0.1,vy =0.1,¢ = 0.1and uy = 0.1.

where p, 9 and 7 are given by the stretch (18). Figure
7 displays the quantum DIA solitary wave as a function
of radial (r) and angle (@) coordinates for different
times. It is noted that the propagation of solitary wave
is shifted towards the radial direction with time going
on. In fact, this behavior is due to the cylindrical
geometry effects associated with transverse
perturbation (via the 8-direction).

t=0 t=10

100

0 0

0

0

X100 4100 X100 100
=20 =30
04
€02 5
©
0
100 \
100
4 0
X 100 100 vy X 100 100 vy

Figure 8: The time evolution of nebulon pulses corresponding to
the Cartesian coordinates (x,y, t), along with p = 0.6, u = 0.3,
Ngo = 0.5x 1039 m™3, @ =0.402, y =059, ugz =0.1, vy =
0.1, e =0.1and u, = 0.1.

Because the Cartesian coordinates are the reference
frame that generally considered in experiments, we
have plotted the Figs. 8 and 9 using Eq. (51), by
transforming the coordinates (p, 9, 7) to the cylindrical
coordinates (r, 8, t), and then correspondingly to the
Cartesian coordinates (x,y,t). Figure 8 exhibits the
time evolution of nonlinear structures of quantum
DIAWSs in the space (x,y) for different times. It is
noted from Fig. 8 that there is a new type of solitonic
structures of quantum DIAWS may be formed (which
is called nebulon) due to the Cartesian geometry and
transverse perturbation. It is clear from this figure that
the size of nebulon enlarges with time.

Figure 9 shows the contour plots of nebulon structures
in the absence of exchange-correlation effects (i.e.,
when a =y = 0) Fig. 9(a), and in the presence of
exchange-correlation effects (i.e., when a = 0.402
and y = 0.59) Fig. 9(b).

It can be seen from Fig. 9(b) that the nebulon structure
becomes larger when the quantum exchange-
correlation effects are considered in the system, but
when the exchange-correlation potential effects are
neglected (viaa =y =0), the nebulon structure
becomes thinner as indicated in the Fig. 9(a).
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Figure 9: The contour plots of nebulon pulses. (a) without
exchange-correlation effect (via @ =y = 0) and (b) with
exchange-correlation effect (via @ = 0.402 and y = 0.59),
along with p = 0.6, u = 0.3. n,y = 0.5 X 1030 m™3, u, =
0.1,vy =0.1,t = 30,e = 0.1 and uy = 0.1.

50 100

6. Conclusions

Based on the 2D cylindrical geometry, the
nonlinear properties of quantum DIAWS are studied in
a quantum dusty plasma composed of a degenerate
electrons and positrons, ions and negatively charged
dust grains. Both negatively charged dust grains and
ions are assumed to be classical and inertial while the
electrons and positrons are assumed to be quantum
and inertialess. Only dust-neutral collisions are
considered which are found to provide dissipation.
Using the reductive perturbation method, the DCKP
equation is derived. The time dependent approximate
solution of the DCKP equation is obtained as well.
The effects of the quantum plasma parameters on the
electrostatic quantum DIA solitary waves are
examined. It is found that the quantum DIA solitary
waves are significantly modified by the equilibrium
positron concentration p, the quantum diffraction
parameter H, and the exchange-correlation param-
eters. The geometrical effects on the profiles of

guantum DIAWS have been investigated as well. It is
found that the propagation of the solitary waves in a
cylindrical geometry with weak transverse pertu-
rbations differs from that of a quasi-one-dimensional
solitary wave. Further, it was found that the nebulon
structures can exist associated with cylindrical
guantum DIAWSs and the main factors in their
formation are Cartesian geometry and transverse
perturbation. In addition, it was shown that, the
guantum exchange-correlation parameters have
noticeable effects on nebulon structures. Finally, the
present investigations may be helpful in understa-
nding the basic features of quantum DIAWS in dense
astrophysical objects.

7. References

[1] SHUKLA, P. K.; SILIN, V. P., Dust ion acoustic waves.
Phys. Scr. 45(5), (1992), 508, https://doi.org/10.1088/0031-
8949/45/5/015

[2] BARKAN, A.; D’ANGELO, N.; MERLINO, R. L.,
Experiments on ion acoustic waves in dusty plasmas.
Planet.  Space  Sci. 44(3), (1996) 239-242,
https://doi.org/10.1016/0032-0633(95)00109-3

[3] NAKAMURA, Y.; BAILUNG, H.; SHUKLA, P. K,
Observation of ion-acoustic shocks in a dusty plasma. Phys.
Rev. Lett. 83(8), (1999), 602-1605,
https://doi.org/10.1103/PhysRevL ett.83

[4] GHOSH, S.; SARKAR, S.; KHAN, M.; GUPTA, M. R,
Nonlinear properties of small amplitude dust ion acoustic
solitary waves. Phys. Plasmas, 7(9), (2000) 3594,
https://doi.org/10.1063/1.1287140

[5] MAMUN, A. A., Effects of adiabaticity of electrons and
ions on dust-ion-acoustic solitary waves. Phys. Lett. A,
372 (9), (2007) 1490, doi:10.1016/j.physleta.2007.10.003

[6] EI-BEDWEHY, N. A., Higher-order contribution to
dust-ion acoustic dressed solitons in a warm dusty plasma.
Phys. plasmas 15(7), (2008) 073709,
https://doi.org/10.1063/1.2946438

[7] EL-LABANY, S. K.; SHALABY, M.; EL-SHAM, E.
F.; KHALED, M. A., On dust ion acoustic solitary waves
in collisional dusty plasmas with ionization effect.
Astrophys.  Space Sci. 326, (2010) 273-279,
https://doi.org/10.1007/s10509-009-0256-7

[8] EL-LABANY, S. K.; SHALABY, M.; EL-SHAM, E.
F., KHALED, M. A., The dust ion acoustic waves
propagation in collisional dusty plasmas with dust charge
fluctuations: Effect of ion loss and ionization. J. Plasma
Phys. 77, (2011) 95-106, doi:10.1017/S0022377810000012
[9] KHALED, M. A. H., Dust ion acoustic solitary waves
and their multi-dimensional instability in a weakly
relativistic adiabatic magnetized dusty plasma with two
different types of adiabatic electrons. Indian J. Phys. 88,
(2014) 647, https://doi.org/10.1007/s12648-014-0453-2
[10] RAUT, S.; MONDAL, K. K.; CHATTERJEE, P,
RQOY, A., Propagation of dust-ion-acoustic solitary waves
for damped modified Kadomtsev-Petviashvili-Burgers
equation in dusty plasma with a g-nonextensive nonthermal
electron velocity distribution. SeMA 78, (2021) 571-593,
https://doi.org/10.1007/s40324-021-00242-5

JASTVol. 1 | No. 1| 2023 |

101


https://jpurnals.su.edu.ye/jast
https://doi.org/10.1088/0031-8949/45/5/015
https://doi.org/10.1088/0031-8949/45/5/015
https://doi.org/10.1016/0032-0633(95)00109-3
https://doi.org/10.1103/PhysRevLett.83
https://doi.org/10.1063/1.1287140
https://doi.org/10.1016/j.physleta.2007.10.003
https://doi.org/10.1063/1.2946438
https://doi.org/10.1007/s10509-009-0256-7
https://doi.org/10.1017/S0022377810000012
https://doi.org/10.1007/s12648-014-0453-2
https://doi.org/10.1007/s40324-021-00242-5

Ibrahim G. H. Logman et.al

[11] SHUKLA, P. K.; ALI, S., Dust acoustic waves in
guantum plasmas. Phys. Plasmas, 12, (2005) 114502,
https://doi.org/10.1063/1.2136376

[12] KHAN, S. A.; MUSHTAQ, A., Linear and nonlinear
dust ion acoustic waves in ultracold quantum dusty
plasmas. Phys.  Plasmas,14(8), (2007) 083703,
https://doi.org/10.1063/1.2756752

[13] JUNG, Y. D., Quantum-mechanical effects on
electron-electron scattering in dense high-temperature
plasmas.  Phys. Plasmas, 8, (2001) 3842,
doi:10.1063/1.1386430

[L4]IMAKOWICH, P. A.; RINGHOFER, C. A;
SCHMEISER, C., Semiconductor Equations. Edition 1,
pages No. 248, Springer, Vienna, 1990,
https://doi.org/10.1007/978-3-7091-6961-2

[15] KREMP, D.; BORNATH, Th.; BONITZ, M,;
SCHLANGES, M., Quantum Kinetic theory of plasmas in
strong laser fields. Phys. Rev. E, 60, (1999) 4725,
https://doi.org/10.1103/PhysReVE.60.4

[16] KHAN, S. A.; MAHMOOD, S.; MIRZA, A M,
Cylindrical and spherical dust ion-acoustic solitary waves
in quantum plasmas. Phys. Lett. A, 372, (2008) 148-153,
https://doi.org/10.1016/j.physleta.2007.10.062

[17] ABDELSALAM, U. M., Dust-ion-acoustic solitary
waves in a dense pair-ion plasma. Physica B,405, (2010)
3914-3918, https://doi.org/10.1016/j.physh.2010.06.027
[18] ZOBAER, M. S.; ROY, N.; MAMUN, A A,
Nonlinear propagation of dust-ion acoustic waves in a
degenerate dense plasma. J. Mod. Phys. 3(7), (2012) 604-
609, https://doi.org/10.4236/jmp.2012.37082

[19] KHAN, S. A. ; MUSHTAQ, A.; MASOOD, W., Dust
ion-acoustic waves in magnetized quantum dusty plasmas
with polarity effect. Phys. Plasmas, 15, (2008) 013701,
https://doi.org/10.1063/1.2825655

[20] GHEBACHE, S.; TRIBECHE; M., Weakly nonlinear
guantum dust ion-acoustic waves. Open J. Acoustics, 3,
(2013) 40-44, http://dx.doi.org/10.4236/0ja.2013.32007
[21] MASOOD, W.; MUSHTAQ, A.; KHAN, R., Linear
and nonlinear dust ion acoustic waves using the two-fluid
gquantum hydrodynamic model. Phys. Plasmas, 14, (2007)
123702, https://doi.org/10.1063/1.2803775

[22] CHATTERJEE, P.; DAS, B.; MONDAL, G,
MUNIANDY, S. V.; WONG, C. S., Higher-order
corrections to dust ion-acoustic soliton in a quantum dusty
plasma. Phys. Plasmas, 17, (2010) 103705,
d0i:10.1063/1.3491101

[23] EMADI, E.; ZAHED, H., Linear and nonlinear dust
ion acoustic solitary waves in a quantum dusty electron-
positron-ion plasma. Phys. Plasmas, 23(8), (2016) 083706,
https://doi.org/10.1063/1.4960560

[24] EMADI, E.; ZAHED, H., Linear and nonlinear dust
ion acoustic waves in a dense quantum magneto plasma.
1JOP, 14(1), (2020) 39-44, Doi/10.29252/ijop.14.1.39

[25] MUSHTAQ, A.; FAROOQ, M.; AsifUllah, On a
semiclassical model for damped dust ion-acoustic solitons
with analysis of quantum electron exchange-correlation
potential. Phys. Plasmas 27(2), (2020) 023704,
https://doi.org/10.1063/1.5121372

[26] ALI, S.; MOSLEM, W. M.; KOURAKIS, I.; SHUKL,
P. K., Parametric study of nonlinear electrostatic waves in
two-dimensional quantum dusty plasmas. New J. Phys. 10,
(2008) 023007, doi.:10.1088/1367-2630/10/2/023007

[27] KHALED, M. A. H.; LOQMAN, I. G. H;
ALKUHLANI, K. I., Propagation of ion acoustic waves in
a magnetized quantum plasma in the presence of exchange-
correlation effects. EJUA-BA 3(2), (2022) 84,
https://doi.org/10.47372/ejua-ba.2022.2.156

[28] WASHIMI, H. R.; TANIUTI, T., Propagation of ion-
acoustic solitary waves of small amplitude. Phys. Rev.

Lett. 17, (1966) 996, https://doi.org/10.1103/PhysRevLett.17
[29] EI-TAIBANY, W. F.; WADATI, M., Nonlinear
quantum dust acoustic waves in nonuniform complex
quantum dusty plasma. Phys. Plasmas, 14(4), (2007)
042302, https://doi.org/10.1063/1.2717883

102

JASTVol. 1 | No. 1 | 2023 |


https://jpurnals.su.edu.ye/jast
https://doi.org/10.1063/1.2136376
https://doi.org/10.1063/1.2756752
https://doi.org/10.1063/1.1386430
https://doi.org/10.1007/978-3-7091-6961-2
https://doi.org/10.1103/PhysRevE.60.4
https://doi.org/10.1016/j.physleta.2007.10.062
https://doi.org/10.1016/j.physb.2010.06.027
https://doi.org/10.4236/jmp.2012.37082
https://doi.org/10.1063/1.2825655
http://dx.doi.org/10.4236/oja.2013.32007
https://doi.org/10.1063/1.2803775
https://doi.org/10.1063/1.3491101
https://doi.org/10.1063/1.4960560
https://doi.org/10.29252/ijop.14.1.39
https://doi.org/10.1063/1.5121372
https://doi.org/10.1088/1367-2630/10/2/023007
https://doi.org/10.47372/ejua-ba.2022.2.156
https://doi.org/10.1103/PhysRevLett.17
https://doi.org/10.1063/1.2717883

