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The mass loading of the solar wind by ionized molecules from cometary atmospheres is accom-

panied by instabilities, giving rise to MHD turbulence. The turbulence is correlated with the

presence of energetic heavy ions which result from the ionization by the solar wind particles of

cometary neutral molecules in the pickup process [1]. The cometary pickup ions, immediately

following ionization, have a gyration velocity and a drift velocity

Vc⊥ ≈ VSW sinα, Vc‖ = VSW cosα (1)

where VSW is the solar wind velocity and α is the local angle between the solar wind velocity

and the magnetic field [1,2]. The ions thus form a combined gyrating ring and a field–aligned

beam distribution, which has been shown to excite a number of instabilities [2,3,4].

Dust grains may also be present in the plasma where the pickup ions are produced. The

dust in the cometary environment can be charged due to radiation, and due to the flow of charged

particles onto the grains from the background plasma. Even if the proportion of charge on the

dust grains compared to that carried by free electrons is quite small (typically the ratio can be as

large as ≈ 10−4 in cometary atmospheres), it can have a large effect on hydromagnetic Alfvén

waves propagating at frequencies well below the ion–cyclotron frequency, [5,6]. For a non–zero

charge on the grains the right hand circularly polarized mode (R–mode) experiences a cutoff due

to the presence of the dust, while the left hand polarized mode (L–mode) is better described as

a whistler or helicon wave extending to low frequencies [7]. Here we consider the effects of the

presence of charged dust grains on the instabilities of electromagnetic waves due to ring–beam

cometary ion velocity distributions. Every dust grain is assumed to have the same (negative)

charge. All species are assumed cold, and overall charge neutrality is assumed.

We obtain the dispersion equation [2]:
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We define: z = ω/Ωi, q = kVA/Ωi, U = −Vc‖/VA, V = Vc⊥/VA, e = Ωci/Ωi =

Zcmi/mci, b = Zcnci/ni and d = Zdnd/nce. Here Ωi and Ωci are the solar wind and cometary

ion cyclotron frequencies respectively. The Alfvén speed VA is based on the combined plasma,

excluding the dust, and σ is the ratio of solar wind ion mass density to total ion mass density.

The effects of dust occur at low frequencies, for d � e, so that there will be little effect

of a small amount of dust on resonant instabilities of the L–mode occurring at ω ≈ Ωci or

Ωi. However it has been shown using fluid theory [8,9] that the presence of dust affects the

non–resonant firehose instabilities of both modes, which occur at low wavenumbers, where the

effect of the dust is greatest. Typical unstable solutions of the dispersion Eq. (2) are shown in

Fig. 1 (for right hand polarized waves) and Fig. 2 (for left hand polarized waves).

Resonant instabilities can occur where the denominators in Eq. (2) vanish. There is no

resonant mode for the right hand polarized wave, because the wave cannot resonate with the

(positively charged) cometary ion cyclotron motion. However, there is a non–resonant unstable

firehose mode shown in Fig. 1 by the growth rate (the solid curve) extending to low frequencies.

This firehose mode is well known in the dust–free case (e.g. Ref. [3], and has been treated in the

dusty plasma case in Ref. [9] using the fluid theory. A resonance occurs at z = e, i.e. ω = Ωci,

for the left hand polarized mode. This is a cyclotron resonance in the cometary ions, and it

gives rise to the unstable mode shown in Fig. 2 on the right side of the Figure. This mode has

maximum growth at z ≈ q ≈ e, and has a higher growth rate than the unstable mode shown in

the left of the Figure, which is a non–resonantly unstable firehose mode. It is evident from the

Figures that the presence of dust has no effect on the resonant mode.

Even though the firehose mode has a smaller growth rate than the maximum growth rate of

the resonant mode, it is dominant at low wavenumbers. In the absence of dust, the requirement

for instability to occur can be written as

(1− σ)(σU2 − V 2/2) > 1. (3)

This criterion is satisfied for the numerical solutions shown in Figs. 1 and 2.

It was shown in Ref. [8], and may be deduced from Eq. (2), that the presence of dust has

two effects on the behaviour of the low–frequency firehose instability. For both the L–mode

and the R–mode, an initially unstable solution can be made stable if q is sufficiently small. This

lower value of q for firehose instability is shown to increase in the numerical solutions of Figs. 1

and 2 as the amount of dust increases. On the other hand, if criterion (3) is not satisfied and

there is no instability in the dust–free case, for the L–mode there is a range of q in the presence



of dust where instability occurs. As the amount of dust increases, the range of q for instability

changes. The R–mode is always stable in this case. An upper limit to q for the unstable firehose

mode appears, in the absence or presence of dust, that is not accounted for by the fluid theory

of Ref. [8]. For the L–mode, this upper limit of q occurs before the onset of the resonant mode,

but the presence of dust increases the upper limit of q, until the firehose branch merges with

the resonant branch. For the R–mode, the firehose growth rate increases with q until z ≈ e,

after which the size of the driving term in V 2 rapidly declines, as does the growth rate. This

behaviour is almost independent of the presence of dust.
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Figure 1. Normalized frequencies (dotted curves) and growth rates (solid curves) for right hand circu-
larly polarized waves in the plasma with non–zero solar wind velocity, plotted against the normalized
wavenumber. U = V = 6 and (a) d = 0, (b) d = 10−2, (c) d = 10−1.

Figure 2. Normalized frequencies (dotted curves) and growth rates (solid curves) for left hand circu-

larly polarized waves in the plasma with non–zero solar wind velocity, plotted against the normalized
wavenumber. U = V = 6 and (a) d = 0, (b) d = 10−1, (c) d = 1.


