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Dust-lower-hybrid instability in a dusty plasma with a background of neutral atoms
and streaming electrons and ions

M. Salimullal and G. E. Moffill
Max-Planck-Institut fu Extraterrestrische Physik, 85740 Garching, Germany
(Received 5 November 1998

The dispersion relation and damping of an electrostatic dust-lower-hybrid mode has been derived using both
the fluid and kinetic models of plasmas in magnetized dusty plasmas with a background of neutral atoms and
streaming electrons and ions. This mode can be excited in a laboratory experiment when the streaming velocity
of electrons and ions in the direction of the magnetic field exceeds the parallel phase velocity.
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Dusty plasmas consisting of electrons, ions, and micron- (i) Equation of continuity
or submicron-sized dust grains usually occur in a back-
ground of neutral atoms in space and laboratory plasmas %+V-(n v.)=0: )
[1,2]. The dynamics of relatively massivemg/m,~1C° at @t '
—10) and highly chargedZ4~ 10'—10°) dust grains can _ _
introduce new time and space scales leading to new waves, (iii) Poisson’s equation
instabilities, and related phenomena. In unmagnetized dusty
plasmas, a low-frequency<15 Hz) and long-wavelength V2¢=—4w2 Uy, 3
(~1 cm) mode known as a dust-acoustizA) wave has a
been extensively studied both theoreticdBy-5] and experi-
mentally [6—8] without considering the importance of the
neutral background of such a plasma. Recently, instabilitie
of dust-acoustic waves in a plasma with a significant back-
ground pressure of neutral atoms have been investigated B§SP€C X , : k
Kaw and SingH9]. Moreover, a magnetic field is invariably etic field, electrostatic potentla_ll, and the velocity _of light.
present in space plasma systems or can be applied for experi- FOF Mio/Mn<1Ngo/Ny<1 (n, is the neutral densiy we
mental purposes in laboratory plasmas. The streaming §fan t@KeVen™vei, Veq @nd vin>wvqn, Wherev,, is the av-
electrons and/or ions relative to charged dust particles cafir@ge collision frequency of the particiewith the neutrals
induce dusty plasma modes in the presence of a magnetfd the definitions obe;, veq, andv;, are implied. There-
field [10]. The situation can be easily achieved in a laborafore, we may neglect electron or ion momentum loss due to
tory experiment by applying an external static magnetic fielc¢ i, €—d, andi—d collisions. _ _
in the direction of ion flow in the sheath region where Solving Egs.(1)—(3) by the usual technique, we obtain

where w.,=q,Bs/m,c, vy,=(T,/m)¥% q,, m,, T,,

« Ny are the charge, mass, temperature, average collision

requency, and equilibrium number density of the speaies
spectively, andg, ¢, andc are the external static mag-

charged dust particles form a lattice. the linear dielectric function as

In this Rapid Communication, we study the low-
frequency.dust—modes, particularly, the electrostatic. dust- e(w,k)=1+ 2 Xa» (4)
lower-hybrid (DLH) wave whose frequency can be higher a=ei,d

than that of the DA wave and can be easily excited and

measured in laboratory plasmas without much difficulty. where
For the usual laboratory plasma temperature, the Larmor

radii of electrons and ions will be small compared to the

wavelengths of the waves under consideration and the mas- X«=

sive dust grains can be taken as an unmagnetized fluid. Fluid

equations governing the excitation of the plasma modes in
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general are |14 k vta/k_i @pa o’
(i) Momentum balance equation wga \ k? w2,— w'? @~ KjUoqy
-1
2 k? w?
O’Na qa vta — —” —pa . (5)
3 +(v,-V)v,=— m—V¢+Vm Wy~ n—Vna— vV, K o' (0— KjUog)

a a0 (1)
2 _ 2 1/2 — i
Here, wp,=(4m0iN40/M)™ o' =w0—=KUgeTivan,

andu,, is the constant drift velocity of the specias The
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versity, Savar, Dhaka 1342, Bangladesh. relative to the direction of the magnetic fiel8{z).
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For the low-frequency electrostatic dust-lower-hybrid To study the kinetic instability of the dust-lower-hybrid
mode propagating nearly perpendicular to the magnetic fieldvave under consideration in a dusty plasma in the collision-
With w0 <w<wc and kv, <w,,, we obtain from less limit with electrons and ions drifts relative to the dust
Eq. (5), along the direction of the external magnetic field, we obtain
the real and imaginary parts of the dielectric function using
the Vlasov-kinetic equatiofil1]
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ci»

zero-order modified Bessel function of the argumeny).(
where the electrons and ions are assumed to have the same have considered electrons and ions magnetized and dust
drift velocity, u, . particles as cold and unmagnetized. Thus, the dispersion re-

Foru,=0 andv,=0, the linear dispersion relation of the lation of the DLH wave for high density plasma is given by
DLH mode is obtained for nearly perpendicular propagationEq. (7) and the damping rate of the mode is given by
kl>k|| as
7L:_w2DLH€i /2w,23d, (13

@ where wp  is defined by Eq.(i_B)_ and ¢, by Eqg. (12.
Hence, we note that the instability occurs wheg> w/k
with the growth ratey, .
where For the usual parameters in laboratory experiments,
my/m;~10'2, B,~1 kG, one can obtainws~10° Hz
1 andw.g~10"2 Hz. Thus, the dust cyclotron frequency will
) (8)  be too small to be detected in the laboratory conditions. It
may be significant in space environments. However, the
o . dust-lower-hybrid frequency may take a significant value,
For the collision dom|r21ated plasmas, we assume, wpLy~10 Hz for Zynge/nio= 1. This frequency, which is
vin>(0—KUo), and w?s> g, for the cold dust. Using Eds. at least one order higher than the frequency of the dust-
(6), the dispersion relation of the DLH mode is given by  acoustic mode, can be easily detected and may have signifi-
cant effects in laboratory plasma experiments using a mag-
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wDLH_wcdwci( n. nem
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K2 w2 n T netic field. _ _
wi= w%LH 1+ A i( 1+ &) , (9 Therefore, we propose a dusty plasma experiment using a
k2 vizn Nig Te magnetic field, where the dust-lower-hybrid wave can be
easily excited and various features of dusty plasmas can be
where we used, /ven=(T;Me/Tem;)Y2. studied. We emphasize that the present work should be use-
Using Egs.(6), the damping rate of this mode fdt, ful to understand the various aspects of dust-lower-hybrid
>k is obtained as waves and dust-Coulomb crystal formation in a laboratory
experiment in the presence of a magnetic field as well as in
1 regions where structures, such as stars, may form in interstel-
Y

w 2

. 2 T 1/2 h .

MJF Vin ﬂ{ 1+ E(ﬂs _6) ] lar and other astrophysical dusty environments.
o  o—ku, wgi N\ m; T; ’ To summerize, we have presented the kinetic and hydro-
(100  dynamic instabilities of low-frequency electrostatic dust-
lower-hybrid waves propagating nearly perpendicular to the
Thus, the DLH mode can grow when>w/k| with the  applied magnetic field in a collisional and finite temperature
growth rate determined by E@10). It is noticed from the dusty plasma. When the streaming velocity of electrons and
above equations that the dynamics of electrons is not impolions in the direction of the magnetic field exceeds the paral-
tant for the ion-dust hybrid wave. lel phase velocity, the dust-lower-hybrid mode can be ex-
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cited in a laboratory experiment. The existence of this elec- The authors would like to thank J. Goree and H. Thomas
trostatic dust-lower-hybrid mode can give rise to a host offor stimulating and useful discussions and comments. M.
phenomena in a magnetized dusty plasma. For example, ttf&alimullah also acknowledges the warm hospitality of Pro-
electrostatic noise at the dust-lower-hybrid frequency can béessor G.E. Morfill at the Max-Planck-Instituf fiExtrater-
explained in terms of this mode. restrische Physik, Garching, Germany.
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