33rd EPS Conference on Plasma Phys. Rome, 19 - 23 June 2006 ECA Vol.30l, P-2.085 (2006)

Acoustic mode in partially ionized and dusty plasmas
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The physics of dust acoustic and ion acoustic modes is discussed in a plasma with magnetized
light components [electrons and ions in the case of the dust acoustic (DA) mode, and electrons
in the case of the ion acoustic (IA) one], and un-magnetized heavy components (dust grains for
the DA mode, and ions for the IA mode). In such situations, the acoustic mode can propagate
almost at any angle with respect to the direction of the magnetic field as long as the light
particles are able to move mainly along the magnetic lines to preserve quasi-neutrality.

Here we first assume a homogeneous, 4-component, weakly ionized plasma comprising pro-
tons, electrons, charged dust grains, and a heavy, immobile background of a neutral fluid. In
addition, we have electron and ion currents along the magnetic field lines By = Byé.. In a
very weakly ionized plasma, i.e, in the limit Vi, V,; < V; . the ion and electron velocities are
vio & eEo/(MiVin), Veo = —€Eo /(M Ven), and Ve = Vei + Ven, Vi = Vie + Vin.

Perturbations are of the form ~ exp(—i®t + ikyx + ik;z) so that |® — k;vao| < Vei < Q. In
this limit the inertia terms in electron and ion momentum equations are negligible and the two
parallel equations become

e &4)1 kT, 8nel
Me 07  Mehen 02

— VenVezl — Vei(vezl - Viz]) - 07 (1)

e g1 kT; dny

—— — Vipviz1 = 0. 2
m; 8Z n;n;o 82 mee ( )
From the two continuity equations we have
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Here @(; ) = @ — v(; .)0k; and the quasi-neutrality is used both in the equilibrium and in the
perturbed state, the latter reading n;1 = n.; + Z4n,;. The grains are un-magnetized, therefore,
there is no preferential direction of the proposed dust acoustic perturbations. For an arbitrary
ratio /B, where B = 4munu0ravra/my is the grain-neutral collision frequency and r, is the
grain radius, the fluid equations for grains may become inappropriate [1] and the grain density

perturbation is determined from
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Here f;; is the perturbed grain distribution obtained from the kinetic equation with the Krook’s

collisional term fy; = eZyE ) (d f0/d¥)/[ma(® —k -+ iB)].
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Eq. (4) yields
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where & = v/v;4, and the integration goes along the Landau contour ¢. Here, we use the expan-
sion J,(x) ~ 1+ 1/x24+3/x* +...—i(x/2)"/?x exp(—x?/2), which is valid for x| > 1 and
|Z x| > |7 x|, where Z and .# denote the real and imaginary parts of . This yields
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In the case of an electron-depleted plasma, where n;g ~ Z;n,9, setting ® = o, +iw;, Eq. (5) can
be easily analyzed. This yields approximately the spectrum of the dust acoustic mode w, ~ kc,

czl = xT;Z;/my, and the increment/decrement
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Hence, the mode is unstable provided that
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As a demonstration, we take By = 5-10~* T and T; = T, = 5Ty, T; = 30 K. The other param-
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eters are chosen similar to Ref. [2], i.e., m, = 4.8 - 10726 kg, m; =8 1026 kg, n,0=5- 1017
m>,6,=2510""%m2 r;,=7-107° m, p; = 103 kg/m>. Taking k =0.5 m™!, i.e., wave
lengths that are of the order of 10 meters, applicable to space plasma situations, like noctilu-
cent clouds, in Fig. 1 we plot the threshold ion velocity in terms of the ratio k,;/k for the two
values of the grain charge Z; = 2 and Z; = 12. The two corresponding values of ¢4 are 1.7 and
4.2 m/s, respectively. From Fig. 1 it is seen that (depending on the grain charge) the instability
has the lowest threshold for k, much different than k, i.e., for modes propagating at large an-
gles with respect to the direction of the ion current. Note that for Z; = 2 the threshold is equal
61.7 at parallel propagation (k;/k = 1), while its minimum is 16.1 at k; ;i /k = 0.12, i.e., for
the angle y = 83°. Due to the model used here which implies |(@ — k;vip)/k;| < vri ~ 160
m/s, there is a lower limit k, ~ 0.01, below which there is no sense to go. So the excita-

tion of the mode at the angle y is very likely. The increased grain charge number reduces
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the threshold v;y/cy, in the present case for Z; = 12
its minimum becomes 6.4 around k in/k = 0.31
(i.e., at y = 72°), and at k;/k = 1 it is around 11.
The behavior presented in Fig. 1 is valid in general

as long as the grain Landau damping term is small.

In that case the shape of the curves does not change

by changing the grain mass, which is due to the fact 0.0 05 10
that B ~ 1/my. The same holds for the change of
the ratio @, /v;. This unusual excitation of the mode
at a large angle v is due to the interplay of the two Figure 1: The threshold of the ion cur-
terms k. /k in (7), where the first one appears due to rent for the instability of DA mode in an
the oblique propagation, causing the curve growth electron-depleted plasma, for two charge
at k; — 0, while the second one appears due to the numbers on grains. The unstable values
kinetic/collisional effects. For higher values of the are above the line.
charge number the angle y decreases while in the
same time the threshold minimum becomes less pronounced and finally vanishes.

From the full dispersion equation (5) it may be seen that, in the absence of any collisions and

neglecting the kinetic terms, the frequency becomes
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Clearly, in the presence of electrons @w; < @,. We
normalize (5) to @; and rewrite it in terms of di- 8
mensionless quantities, setting in addition @ — wy 5
in the kinetic terms, which is allowed in view of ;_

its very small contribution to the dispersive prop-
erties of the mode. Specifically we set n.o/njy =

S, ndO/niO = (1 —S)/Zd, and T,'/Td, m,-/me, md/m,-

are given before. Here we also take o,, = 0;,/4
and T,/T; = 10. In the case Z; = 12 the frequen-
cies become @y = 4.16k[(1—s)/(1+5/10)] Vst Figure 2: The increment/decrement of DA
vi/@q = (48/k)[(1 + 5/10)/(1 — S)]l/z, B/®s = mode (5) for k;/k = 0.35 and for two
(0.16/k)[(1 +5/10) /(1 —S)]1/2~ The effect of elec- electron concentrations s = 0.1 (line a),
trons is presented in Fig. 2 for the case Z; = 12. §—=0.4 (line b)

Here, the imaginary part of the frequency, normal-
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ized to @y, for k;/k = 0.35 is given for s = 0.1, 0.4 (lines a and b, respectively). It changes
the sign at vjo/vy = 7 (line a) and v,y /v, = 8.3 (line b). The corresponding frequencies are also
calculated showing slow increase within 0.93w; — 1.09@, for line a and within 0.8w; — 1.01w,
for line b. The shift in the threshold for the increasing amount of electrons is due to the negative
sign of the electron current with respect to the assumed direction of the wave.

A similar behavior is obtained for an ordinary electron-ion plasma with a parallel electron
current. The obliquely propagating ion sound (at an angle y relative to the magnetic field lines

and the electron current vector), in the similar parameter limit |® — k;v,0;| < Ve < Q,, Qi < ©

3 VenVin e k? k¥,
02 ~ K22 (1+;) SACAM (1— Veo) ©)

yields
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where k - ¥, = kv, cos W, Voo = Vo0&, T = T, /T;, ¢2 = kT, /m;. Similar to (7) the instability

threshold is obtained from
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Here 6 = 1+3/7.

To conclude, the propagation of an acoustic mode in a weakly ionized plasma in which colli-
sions of light species with neutrals far exceed the mode frequency, has an angle of preference at
which the instability threshold is minimum and the increment is maximum. This is valid as long
as the inertial species (grains for the DA mode, and ions for the IA mode) remain un-magnetized,
while the pressure-restoring species (ions and electrons for the DA case, and electrons for the
IA case) are magnetized and highly collisional. The increased charge on grains in the case of
DA mode is shown to reduce the instability threshold as well as the angle dependence. In the
same time the increased concentration of electrons shifts the threshold towards higher values,

and reduces the mode increment.
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