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The investigation of ionization instabilities in

weakly ionized dusty plasmas using multifluid

formulations is a subject current interest [1, 2, 4]. =00

Small carbon particles in fusion devices have_
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been also detected at the edge of tokamaks ¥y-0,5 - - Quasi. Approx.

Thomson scattering where additionally high erm=

ergy electrons are present [3]. In dust free plas-

mas the injection of a suprathermal electron cur- i ~_ T
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rent densityJep = —€lopn(Ep) With energy over 10° 102 10 10° 10 10°

the ionization thresholdE, < E, of the neutral ia
gas may unstabilize the equilibrium state. The
charge production by thermai ngo electron population and by energized electr@s=

Vi Neo+ Na0ehl eb IS balanced by loss rat, = v njg [5].

Nal"eb(Ep) Oip + ViNeo = VL Nio (1)

In present model the equations are essentially

those of Ref. [4] with an additional charge source 2 [T

term for the high energy electron beam. The elec- [ =04 SN

tron impact ionization cross section is approxi- 1~
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mated byo; (E) & gep+C (E — Ep) and the cross 3 |~ Quasi. approx

sectionaia for elastic collisions between ions andE 0 i

neutrals is considered as constant, as well as the

corresponding frequenaya = Giahio. 1k

The plasma potential fluctuations are related bl vl vl vl 40
with charged particle densities by means of the - 1010 100 100 10

more involved Poisson equation instead of the
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currently used quasineutral approximation.

The dimensionless multifluid equations [2a-f] are obtainsohg the characteristic time
T = 1/viz and lengths = z/ A5 scales for elastic collisions between ions and neutral atoms
The electric potential is scaled asp = e¢ /KgTe and the charged particle densities are
normalized with respect to their equilibrium valudg = ng/ngo (o =i,e,d). Finally, the
ion and dust speeds are scaled with respect to ion sound $peed;/cis, V4 = Ug/Cis in
order to preserve the same time scale and is introducedtibera: Ap/Aja.

Thus, in these scaled transport equations the relevandeeadiifferent terms could be
calculated according to the values of collision frequen g, Viq, Vdi, Vga @andv,g) between
all heavy species in the plasma.

The dimensionless equations respectively for dust graans,and thermal electrons are,
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where the right term in Eq. [2d} = (G — Ry) /ViaNio IS,
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The following dimensionless parameters are related withahzations produced by the

electron beam,
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whereJet is the electron thermal current density.
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The dimensionless equilibrium equation equivalent to Bas|1

2 () + 5 ) = 3 @)

and the different equilibrium states dependj@nd Eq. [4] permits to eliminate the ion losses
vL which rely on particular experimental details.

The general dispersion relation resulting from the liresdiequations deduced from Eqgs.
[2a-f] depends on the dimensionless wave numberKAi; and growth ratev = Q/vjs. In
the long wave length limitK Ap ~ 0) is recovered the dispersion relation obtained using the
guasineutral approximation and setting ajsg= 0 the so calledonization continuum model
[4, 6].

The numerical solutions of both dispersion equations angpewed in Figures 1 and 2 for
two values of the ratig = Jep/Jet @nd in these calculations are used the experimental data of
Ref. [4]. Then, the smallness of the dimensionless ratigsvia ~ 10~7 andvg;/Via ~ 102
compared withVga+ Vgi) /Via >~ 1 and(via + Viq) /Via ~ 1 lead to an approximate dispersion
relation where only three roots are different from zero.Thhe, more important friction
forces are those between dust grains and ions and neutradgegrbund with dust particles.

Contrary to dust free plasmas the ionization in-

Effect of dust charge Z, stability is triggered even fode, = 0 as shown

[ n Figure 1. This fact is caused because of the
0_=a\\ |
! \ 1 imbalance between the equilibrium electron and
= LIPS Ny 1700 | jon densities fip > Neg) Originated by the nega-
. z,= \ ]
5'0'5' idiiig ———————| tive charge of dust grains, which unstabilizes all
d 7 J
s /y {1 equilibrium states fronk = 0, even in the ab-
lz: 7 sence of the ionizing electron beam. The electric

3 .02 14l 100 1 2 3 field fluctuations become amplified by the nega-
ia tive charge of dust particles contrary to dust free
plasmas [5].

The unstable root withi(n(w) > 0) of the dispersion equation present an exponential ape-
riodic (Rg w) = 0) growth rate and is compared in Figures 1 and 2 with those redaldby
using the quasineutral approximation. The unstable peditianch starts a¢ = 0 and joins
in a bifurcation point the stable roots. A maximum unstabdéeenumber is obtained related
with the minimum allowed length for space charge fluctuatidiss is not the case of the

solutions of the dispersion equation obtained using theigeatral approximation where for
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Jeb > 0 an unstable growing amplitude wave is found for large waxdrers.

In Figure 3 it may be appreciated the effect of the dust chZgge the cutoff unstable
wavenumbers holding the equilibrium iop and dusihy, densities constant. The increments
in the negative charge of dust increases the instabilitwtiradates and reduce maximum

unstable wavenumber.
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