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Abstract

Dust-lower-hybrid waves in quantum plasma have been studied. The dispersion
relation of the dust-lower-hybrid wave has been examined using the quantum
hydrodynamic model of plasma in an ultra-cold Fermi dusty plasma in the
presence of a uniform external magnetic field. Graphical analysis shows that
the electron Fermi temperature effect and the quantum corrections give rise to
significant effects on the dust-lower-hybrid wave of the magnetized quantum
dusty plasma.

Keywords: Magneto plasma, wavelength, microecectronics, hydrodynamics,
quantum mechanics

1. Introduction

Quantum mechanical effects in some specific areas of plasma physics have great
significance. When plasma is cooled to an extremely low temperature, the de
Broglie wavelengths of the plasma particles are comparable to the dimensions
of the system. In such plasmas, the ultra-cold dense plasma would behave as a
Fermi gas and quantum mechanical effects might play a vital role in the
behaviour of the charge carriers of plasmas under these conditions. In
microelectronics [1,2] and very large integrated circuit fabrications, the system
may develop contaminants due to etching, implantations etc. which may lead to
new properties. The laser produced plasmas [3] and plasmas in high density
astrophysical objects [4-6] may also be contaminated by various reasons. Thus,
these ultra-cold plasma systems may behave as dusty plasmas where quantum
mechanical effects could unveil the properties of these systems. This research
aims to present the quantum effects on dust-lower-hybrid waves, where dust
dynamic plays a vital role. Within the ambit of a symmetrical external magnetic
field, the modification of the dust-lower-hybrid wave in quantum plasma can be
achieved by following the standard techniques [7-10].
2. Material and Method

The equations in the quantum hydrodynamic model for electrons and ions of
dusty plasma in presence of a dust-lower-hybrid perturbation and §0 are

204 1y, (V.Vyy) = 0 )
nj; = perturb particle density of jth species
nj, = equilibrium particle density of jth species
17]-1 = perturb velocity of jth species
The equation of motion for electron and ions of dusty plasma in the presence

of perturbation and B, is
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Vi1

m; n;, 2—; = 1y, q]-(fl + 7]-1 X §0) (@)
m; = mass of jth species
q; = charge of jth species
E, = electric field intensity in the presence of a DLH perturbation
EO = equilibrium/uniform magnetic field.

_ Ey ==V,
¢, = perturb electrostatic potential
and

q;Bo  _,
= wcj
m;
So equation (2) becomes
EVj1=—;]j Vo1 +Vj1 X ag @)

Dielectric susceptibility of plasma can be obtained by solving the equations
(1) and (3)
according to Fourier Laplace transformation

a — —
—=—iw and V =ik
at — — —
le - VJ_+V||
k= kl+k||

From equation (3)
V :iq](pl[(klxaq)—iklw]
' m;(w? - ng)

And
= qj P4 ﬁ”
[ — wm]_

From equation (1)

n

Nig - — -
jlzf[kL'VJ_-l'kll'Vll]

njo | k3 o qj 91 kﬁ‘lﬂh

njy =— + 4
1 ® mj(wz—ng) @ m; ( )
As
_ X k% ¢4
n]1 - 4mq; (5)
From equations (4) and (5)
2 2
X K y 4 nj, q; k¥  4mn,q;
J =2 T2 2 K2 l2m.
k mj(w wcj) k w™m;
Since
4mn; q2
2 _ Jo1j
Wy = y (6)
*",:;ﬂ»,
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Therefore
_d Wy kg @
X=X ha?) w2 ()
For un-magnetized dust
Weqg = 0
K e K Wb
So, the susceptibility for the unmagnetized and cold dust particle is
2
w.
Xa=—5 (8)
The dispersion relation is
s(w,k)—£—1+)(e+)(i+xd=0 9)

2
1 [
+< ((1)2 _wZ) k2 X w?2

kz wlz’i kZ X w_lzn + | — w_lz)d — 0
(w wz) 3 w? w?

w?, » w? and w? » w?

2 2
Wpe k? Wpe >

Also
Wpe > W
wl; ~
wl; > w?
AN L PO
W =12 w2 K2 w2
pi pd
2
As, KE=IKE+k} if kZ>»KP then, k=K% or ,':—i =
2 2 2 .2
w? = Wpq Wi (1 + ﬁ“h)e)
w?; k? w?
w? = w¥y, (1 +4 w’”) (10)
is the dispersion relation for DLH wave.
Now, equation (2) with quantum effect becomes
v, U S h2V(v2njq)
)
hZ
%ﬂﬂ) Bohm Potential term
]
Vle = Fermi pressure term
aV‘ j — — — VP' hz—v) Vz n‘
a—llzﬂ(—V(p1+Vi1><Bo)— LT (Z i1)
t m; m;nj, 4 m]- n;,
where

P]l =2n 1 kB TF]
= by assuming that electron and ions possess significant quantum mechanical

effects

]
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= by neglecting the quantum effects on dusty particles (because of high mass
which gives to an insignificant de Broglie wavelength).

Since
a — —
a=—iw and V =ik; V? = (ik)?=—k*
, = q; .- qj — = lk(z lkBTF)
—lej1=—;]jlk(p1+E]j(V]‘1XBo)— m]‘n]o J
.\ h2(ik)(~k*nj;)
4 m7 n,
] 2Kk (kg Ty 12 (k) (k?)
V; ko +i—L(V,yxB,)+ +——5—"n,
wVij = m; @+ ( j1 ) n}()( m njq 4 m2 o nj
kV
wV :’I:kq)1+lq'( 1><B)+ F1(1+y])
j
where
1
= () ana
Rk t y
=3 m kT, (Quantum correction)
— ql —- — EV’%I
ijl— k(p1+l( 1chj)+?nj1 (12)
where

VE =V (1 +y))
From equation (1)
—iwnj + n,-,,(iE. Vj1)=0
—wnj (E Vj1)=0
njy = @ k.Vj (13)
So equation (12) becomes

— 2
= qa; - Lo — kVe My — -
q' - . (32 —
i1=§]]_k‘P1+‘(Vi1><wci)+ (Vi)

K2V
k2 V’% q; —
] 37 _ ] e —
w<1—7>vﬂ =, koi+i(Vixa)

—

wV

where
. %
J— w?
wF; (V)= T‘IIl_j]' ko +i(Viy x @) (14)
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Taking perpendicular (1) component of equation (14)
Multiply this equation by @,; , we get

R - q;¢
(DF](V]J_X(A)CI): J

m'l (kL x @) +i (Vi X Ggj) X @y
j

oo (e w L igGkie) _ gen 2 —
le]-( lwF;V; + - )— lm]_ (kJ_wa]-)+

(VL x @) x @, (16)
Since
(ViL X @) X @gj = — w3 V),
So last equation becomes
V. — iq]'(pl[TC)J_XBCj—ia)F,jl_()J_]
- mjw? Frf-wg]
Taking parallel (II) component of equation (14), and putting V]- | X W =0

(17)

—_ 1 E
wF’]‘VjII =M+0
m;
=2 aj ki p1
From equation (1),
an.1 — =
—0 =1 (V.Vj1)
—1i wnjl = — n]-o i(kll +k 1 )(V] - V]J_)

n]‘o — — — —
njy = 2 (ky.Viy+k..V;))
Putting the values of V;, and V;, we get

2

2 2 Fy. 2 )
ki o Fry ki wp;

(19)

Let us consider a super-cooled magnetized Fermi dusty plasma where
= Electrons are considered hot at Fermi temperature and quantum

= lons are cold and non-quantum

= Dust particles are cold and non-quantum

Then
O N )
€ K2 (—w?Fi3) K2 Fr,w?
K o Kk} w?
_ L pee T pe
2 ! 2 ! 2
k* F', k er 7
2 2
(K} + k) ope

k2 F,w?

[

(o]
> .
=g
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Since k% + ki = k?

2 2
_ K ViFe
wZ

Since F', =1

w

k2 Vi
———f¢  then,
w

2
wpe

Xe = —
w2 <_kL>
wZ

Xe = —
k2 V';
o (1- 2R

Assume w? < k2V'2, ,and F', =

2
Wie

TV
H 12 V’IZTe
Since A’ =—;
Wpe
A'r. = Debye length of electrons at Fermi temperature
V'ge = Fermi speed of electrons

wye = electron plasma frequency

1
So, Xe = m

o
Now for y; , F'; =1
T

Xi = ¥z W% -w?  K? w?

by using w?; > w?
_ KR o Kf o
Xi = g2z K2 w?
Similarly for x4 , F'g=1and w.g =0

(20)

(21)

So, the susceptibility for the un-magnetized and cold dust particles is obtained

as
2
_ Zpd
w2

Xa =

(22)

The dispersion relation for DLH wave in Quantum plasma will be

2 2 2 2
klwp,_ﬂwp,

g(wK)=1+—707+

K2AE T KRl k% w?
2

(‘)p 1

w2 A%

Fe

For 2o
cL

W=

2 2

K oy,

2 Il —pt
w dlh<1+K2 (‘)2 >
pd

K wh 1
2\oz -zttt
C'rs "L

> 1

w? =

where
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2 2 12

w W, C
2 pd cl 12 _ /2 2 12 _ —Fs
Waip = 2 ’ C Fs — A Fe (‘)pi and Prs = 2
pi ci

So w? = 5 (24)
f£<4L. ! 4—1)
A
Since
k% > ki
2 2 _
ki +kj= k>
2 2 K _
kJ_ ~ k — ﬁ ==
Therefore
2 2 Kf opi 1 \7!
w" = wdlh(l-l-ﬁw_zd) X (1+m)
2
2 _ 2 Kf opi __1
or w? = wly, (1 +4 w,%d) x(1-a2) @)

is the dispersion relation of the DLH wave in the cold Fermi dusty magneto
plasma.
2
As A;,Ze = w
Wpe

So, the relation for C} is

2
! Wpi
C’Z _ (Dzz,i ZKBTFe 14+ hZKZ
Fs wgz)e . m, 8 meKBTFe
2 2KpTp, hZK?
Ci, = 1+
i 8 m.KpTr.

3. Results and Discussion
= prs is the ion gyro radius at the electron Fermi temperature with quantum
correction as
h2 k2
Ye = 8mekpTre
= The DLH wave is seen to be significantly modified by the quantum effect.
= In this case electrons at the Fermi temperature drive the wave.
= If the electrons and ions within the plasma have different temperatures such
as T, >» T; then there is a sort of hybrid wave that depends upon the ion mass

[

oo
> .
=g
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m,; and Fermi temperature of electron Tg,.
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Figure 1. Variation of w as a function of wave number k
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Figure 1 shows that frequency of the quantum dust-lower-hybrid wave
increases with the increase of k.
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Figure 2. Variation of w as a function of propagation angle 6

Figure 2 shows that frequency of the quantum dust-lower-hybrid wave
increases at small angle of propagation.
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Figure 3. Variation of w as a function of external magnetic field B,

and figure 3 shows that frequency of the quantum dust-lower-hybrid wave
increases with the increase of magnetic field B,,.

4. Conclusion

Equation (25) is the dispersion relation of the DLH wave in an ultra-cold and
uniformly magnetized Fermi dusty plasma employing the quantum hydrodynamic
model of a plasma with quantum and thermal corrections.

This relation is significantly affected by the quantum correction. This will find
applications in diagnosing the charged dust impurities in microelectronics and
wave particle interactions in the dusty quantum magnetoplasma. Bohm potential
term shows how the concept of quantum potential leads to the notion of an
“unbroken wholeness of entire universe”.
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