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Dust acoustic wave in a thermal dusty plasma
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The dust acoustic wau®AW) spectrum is reexamined to account for the dust charge fluctuation dynamics
in a thermal dusty plasma whose constituents are electrons and positively charged dust particulates. The latter
appear because of thermionic and ultraviolet induced photoemissions. Consideration of dust charge fluctuations
modifies the DAW frequency, and also produces collisionless spatiotemporal damping.

PACS numbeps): 52.25.Zb, 94.20.Bb, 52.35.Fp

It is well recognized that dust acoustidA) [1] and dust  trum for this two-component dusty plasma and account for
ion-acoustic(DIA) [2] waves are the two normal modes of the dust charge fluctuation dynamics.
an unmagnetized dusty plasma, which is composed of elec- We consider the propagation of low frequencw (
trons, ions, and micrometer sized extremely massive charged verr, Where ve¢; is the effective collision frequency de-
dust particulates. Both DA and DIA waves have been obfined in Ref.[23]), long wavelength(in comparison with
served[3-7] in several low-temperature dusty plasma de-Vte/|Vetf(Vion— ved|"*=\m¢, Where vy is the electron
vices. However, in the DA and DIA fields, charges on thethermal velocity and,, andveq are the ionization rate and
dust grain surface may fluctuate owing to the variation of théhe electron dust collision frequency, respectiyeRA
electron and ion currents that reach the dust grain surfacd@ves in an unmagnetized thermal dusty plasma whose con-
during dust grain charging. The effects of dust charge flucStituents are electrons and extremely massive positively
tuations on DA and DIA waves were examined theoreticaIIyCharged dust particulates. The dust sizes and the intergrain

by Varma, Shukla, and Krishd8], as well as by many other spacings are much smaller.than thg 'electron Debye radius.
authors|8—11], and the charging equation was described b We also assume that there is a sufficient number of charged

y : - S
et L I . dust grains within the Debye sphere and the shielding of the
orbital I|m.|ted'mot|on (OLM) electron .and lon currepts dust grains comes from the background electrons. The elec-
[12] for situations when the dust grains are negativel

Ytron number density in the electrostatic DA wave potential
charged. The OLM theory is valid f®R<\p<<\,, whereR is [1] y poter

is the radius of a spherical dust particlg; is the effective
dusty plasma Debye radu[ﬂ:_%], and\, is the_ mean free Ne($)=Neo eXped/T,), (1)
path for electron-neutral and ion-neutral collisions. Recently,

Morfill, Ivlev, and Jokipii[14] have demonstrated the ampli- wheren,, is the unperturbed electrgion) number densitye
fication of a dust lattice wave due to stochastic dust charggye magnitude of the electron charge, aRdthe electron
ﬂUCtuationS, while KharpaEt al. [15] examined the dynami- temperature_ The quasineutra"ty requires tha;: ZOndOI

cal properties of random charge fluctuations in a dustyyherez, is the unperturbed number of positive charges re-
plasma with different charging mechanisms. The importancgiding on the dust grain surface ang, is the unperturbed
of dust charge fluctuations has also been recognized in sontiist number density. We stress that Ei.is valid on a time
laboratory experimen{sl6,17]. Specifically, Chui and Goree (spacg scale that is longefsmalley than vess(Ams). Ac-
[16] showed that very small grains can experience fluctuaeordingly, the electron production and loss rates as well as
tions to neutral and positive polarities, even in the absence ahe volume recombination rate are negligibly small.
electron emission. On the other hand, Nunometral. [17] The dust grain dynamics is governed by the continuity
report instability of dust particles in a Coulomb crystal dueand momentum equations, which are, respectively,

to delayed charging associated with dust charge variations. A

critical evaluation of the literature reveals that the previous ding+V-(ngvy) =0, 2
investigations dealing with the effects of dust charge fluctua-

tions on wave motions and instabilities have focused on gnd

dusty plasma with negatively charged dust grains only.

However, in a thermal dusty plasma the dust grains are eZ 3T.n
mostly charged positively18] due to thermionic emission (0 vg+Vy-VIVg=— —Vo— 5
[19] and ultraviolet(UV) induced photoemissiof20—-22. My MgNgo
Hence, a thermal dusty plasma is composed of electrons and
positively charged dust grains. There are no ions in the syswhereny andvy are the dust number density and the dust
tem. In this paper, we discuss the dust acoustic wave spefluid velocity, respectively,yy is the dust-neutral collision

frequency, T4 is the dust temperature, amdy is the dust

Vng, (3

mass.
*Also at the Department of Plasma Physics, Uniéiversity, Equationg(1)—(3) are supplemented by the Poisson equa-
Umea Sweden. tion
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VZp=4me(n,—Zgng) 4
and the charging equation
(O+Vg-V)Zg=(1"—=1)/e. (5)
The current * is given by
312
|;=4WR2( m;;‘; \/%eneovte(l+ ¥)
Xexp(— y—Weo/Te) (6)
for dust charging by thermionic emissiph9], and
| pe=TR’€JYexp —oy) (7)

for dust charging by UV irradiatiof20]. The expression for
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Vo= 1+\27 ——aoexp —ovyy)
2 V2T pe A7 NegUte 3 vo
(14

is the frequency associated with dust charge perturbation
during the emission of electrons from the dust grain surface
due to UV irradiation. Furthermore, we have denoted
:477ne0)\DeR2(1+ Y0)-

On the other hand, lettingigy=ngo+ng:, Where ny;
<ngyo, We obtain from Eqs(2) and(3)

2 v2 _ Lo,
[(9t+ vg)dr—3vgV ]ndl—ndom_dV b, (15
wherevy=(T4/my)*?is the dust thermal velocity. Combin-
ing Egs.(2), (4), (12), and(15), and Fourier transforming the
resulting equationd;= —iw,V=ik, wherew andk are the
frequency and the wave vector, respectiyelye obtain the

the electron collection current, which is obtained from thegjspersion relation

OLM theory, is[12]

le =4mR%eny($)vie(1+7), €S)
where# is the Planck constani,.=(T./m¢)Y? is the elec-
tron thermal velocitym, is the electron massy=Ze?*/RT,
=eql/T,, ¢ is the surface potential of the dust grailt,, is
the work function,J is the UV photon flux,Y is the yield of

photons,c=T./T,, and T, is the average energy of the

photoelectrons.

Letting o= ¢o+ @1=6€(Zp+Z;)/R=eZ4/R, and assum-
ing thate,< ¢y andeg/T.<1, we obtain from Eqs.l), (6),
(7), and(8) for the fluctuating currents

3/2
2 Rw,.[ m.T
5|*:—z\ﬁ Pel 2 C1  eygexp —yo—WIT.),
te 1 T )\De 277h2 ‘)/O q ‘)/0 e)
9
Rw eJY
Sl = pe cexp—oyy), (10

and

_ Z,€? e¢d
81~ =2\27R% N e a7 Tty |, A1
e e

where w,o=(4mNee?/mg)*? is the electron plasma fre-
quency,\pe=(T/4mNne?) Y2 is the electron Debye length,

and yo=Zoe*/RT.=eq@q/T,.
Substituting Eqs(9)—(11) into Eq. (5), we readily obtain

((9»["‘ V1’2)Z]_: - preed)/Te, (12)
where
3/2
v pr—eR 1+2( meTe) Vo eXp(— yo— WITe)
' V27T pe 27h? 0 0 ¢

13

represents the frequency associated with dust charge pertuarise owing

bation during thermionic emission of electrons, and

2
1 (l)pd F (.l)pe

+ - + — =
k\5e (w+ivgw—3k%vZ K3, Vi~ i

(16)

whereF =47mngoh peR2(1+ o).

Equation(16), which is the main result of our paper, can
be analyzed numerically. However, in most plasmas, we
havervy<|w|<wv,,. Accordingly, lettingo = o, +iw; in Eq.
(16), wherew;<w, , we obtain foro>kvq

kCp a7
w,~
C (1K B et Fapel vy )2
and
Fow,.w!
Wi~ — (18)
2vl’2k Coh

whereCp=(Z,T./my)*?is the DA velocity. Equation$17)
and (18) are the frequency and the damping rate of the DA
wave in a thermal dusty plasma containing electrons and
positively charged dust grains.

The spatial damping rate for a real frequency can be de-
duced from Eq(16) by lettingk=k, +ik; . Forkvy<w and
k\pe<<1, we obtain

Fw,.v ?
K=kt | 14+ — 2 | — (19)
(V1’2+w) Co
and
Fw,.0?
e (20)
Zk,CD(vlyz—Fw )

In summary, we have examined the DA wave spectrum in
a thermal dusty plasma when the dust grains are charged
positively. Accounting for dust charge fluctuations, which
to fluctuating electron and thermionic/
photoemission currents, we have derived a dispersion re-
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lation for the DA wave in which the restoring force comes attributed to an oscillating wake potentidl27] ¢,
from the pressure of the inertialess electrons and the dust(2Q,/&)cos(£/L), whereQ;, is the charge of a test particle,
mass provides the inertia. It is found that consideration of¢—|z—ut|, U is the test particulate velocity along thexis,
dust'charge' fluctuations qulfles the DA wave frequency_:)\De[(U_Vo)z_C%]l/z/CD is the effective attraction
and its spatiotemporal damping rates. We emphasize that t
phase velocity (ZoT./my)*?] of the present DA wave in a
thermal dusty plasma is much smaller than that of a DIA
wave[2], asZy/my<<Z;/m;, whereZ;(m;) is the ion charge
(mass$. The DA wave does not suffer the electron and dust_ . . .

Landau dampings as<a/k<v,,. The results of our in- tIarlze the medium by attracting electrons when=k,V,

S i . =k,Cp. The excess electrons attract the neighboring posi-
vestigation are thus useful for understanding ?he propagation, o” st grains in the negative wake potential that is associ-
of nonthermal ultralow-frequency DA fluctuations that may

arise due to a two-stream instability involving electron ated with the DAW in a thermal dusty plasma. Thus, quasi-

beams. The DA fluctuations may scatter off electromagnetiIattice structures _composed of positive dust grains are
' ) ; . Eossible, as has been demonstrated in experimently

waves from the Earth’s polar mesosphere which contains

distinct positive dust layef24—-2€¢. Furthermore, the DA This research was partially supported by NATO Grant

wave in a thermal plasma can also be responsible for ahlo. SA-PST.CLG974733-5066, as well as by the Deutsche

attractive forcd27] between positively charged dust grains, Forschungsgemeinschaft through the Sonderforschungsbe-

leading to Coulomb crystallization. The attractive force isreich 191.

rf'é:‘ngth,vo is thez component of the dust flow velocity, and
|U—V,|<Cp. The wake potential is attractive for cghy()
<0. The physics of positive dust grain attraction is similar to
Cooper pairing in which positively charged dust grains po-
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