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A nonlinear mechanism of the generation of kinetic Alfvén waves (KAW) on dust plasma with
small plasma parameter § is proposed. As the generation mechanism, the parametric instability
where a pumping wave is the MHD Alfvén wave is considered. On the basis of the three-fluid
MHD, the nonlinear dispersion equation describing the three-wave interaction is deduced and its
solution is derived. Obtained instability growth rate is determined by parameters of dust plasma
particles. The nonlinear process under consideration can take place both in laboratory and in
space plasma with small plasma parameter 3. As an application of theoretical results, we consider
Saturn’s F-ring.

INTRODUCTION

Now dust plasma is the object of the intensive researches from a set of application, both in laboratory experi-
ments, and in space. The extensive scientific literature, including reviews [3, 4] and monographies [1, 6], shows
large interest to dust plasma. Practically, any plasma (including space) contains some number of dust grains.
The dust grains are ices, graphite, silicates, etc. The interplanetary space, rings of giant planets, tail of comets
and, certainly, the Earth’s magnetosphere and ionosphere are typical objects of Solar System which contain
a lot of dust. Typical parameters of dust plasma in this regions are reduced in Table 1.

Table 1. Dust plasma parameters

Characteristics  Interplanetary space  The giant planets rings Comet tail Earth’s ionosphere
ne (cm™3) ~5 0.1-10? 103 — 10% ~ 103
Te (K) ~ 10° 105 106 <0.1 (eV) ~ 150
ng (cm™3) ~ 1012 10-7-10 10—10 —10-3 ~ 10 — 103

The most important source of dust in the Earth’s atmosphere is simulated contamination (aerosols). The pre-
sence of dust grains in the rings of the giant planets was established during satellite missions of Voyagers 1
and 2 [7, 8].

In the present work we consider nonlinear parametric interaction MHD Alfvén pump wave (wp, Eo) with

kinetic Alfvén waves (w1, El, wo, Eg) in dust plasma. The frequency wy and wave vector ko are related by linear
dispersion relation:

2 _ 12 1,2
wy = k5. Vigs

where Vaq = Bo/vV4mngmg is the dust Alfvén velocity, ng and mg is the density and mass of dust grains.
We consider equation in Cartezian coordinates (x, y, z), supposing that all wave vectors are situated in zz plane

k= (kz, 0, k), Eo = By€,. It is assumed that the wave synchronism conditions are satisfied:

wo = w1 + w2,
ko = k1 + ko.
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DISPERSION EQUATION FOR DUST KAW

Nonlinear three-wave interaction in the dust plasma is considered on the basis of magnetic hydrodynamics.
In this case the main system of equations describes electrons, ions and charged dust particles as conductive
liquids connected with each other by electromagnetic fields. Thus, the main system of equations looks like:

ov. 1 L T
W = m—a <€aE+ Fa) + (va X WBOL) - MaNe vnav (1)
Oong —
W = _ﬁ (n(yVa> 3 (2)
UxB="j 3)
. . 10B
EF=—-———:; 4
KR c ot’ W
6-1?:4#/); (5)

where j = e (nﬂ_/; —nV, — anx?d), p = e(n;—ne — Zng), F, = e?a (Va X E) — Ma (VQV) V.. Index
a =1, e, d correspond to the ion, electron and dust (negative charge) plasma components. As the frequence
range w < wpy, wp; is considered, the influence of displacement current is not essential.

Nonlinear dispersion equation for KAWSs in electron-ion plasma was considered in [9, 10]. It is obvious that
in case of three-component plasma this equation will be a little modified, as the plasma approximation in this
case is of the form:

N; = Ne + ZNg, (6)

where 7., 1;, g are perturbations of the ion, electron and dust grains number densities, respectively. This can
be used, since the wave modes are considered at the frequencies less than ion cyclotron frequency. Using
the motion (1) and continuity (2) equations we find:

- ENoe WAZ . Fz .
o= 1 (e = 22 i) )
~ €eno; wAZ
i = kz - 5
= - (o = 222 5)
g Lol (e Wi o kew (9)
4 T w2 P oW —wiy, 14 c 7

where ¢ and A, are scalar potential and z-component of the vector potential KAW, wpq = eZBy/mgc is
the cyclotron frequency of grains with charge Ze.
Substituting (7)—(9) in (6) we obtain nonlinear dispersion equation:

(W2 = k2CT) (WP = K2VZ,) — K2Vigpaw?]e = k2V3 w*Qne, (10)
where
2 2 1/2
MaNoeCy . ZT. Tinoq By
Onp=—i——~—, Ca= y Vad=————,
enod 2%k, T, (NoeT; + NoiTe) Mma VAT gmg

Caq . . .
bd = kipg, Pd = 4 s dust particle Larmor radius.
WBd

In the absence of pump wave (Qnz = 0) and ug # 0 we have:

W? = E2VEq (14 pa) (11)
k2 2

W= 20 (12)
L+ pa
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The expression (11) describes the dispersion law for KAW, and (12) describes the dispersion law for ion-
acoustic waves in dust plasma.
Taking into account that Va4 > Cyq we can note the equation (10) as:

ea(w, k)¢ =Pnr, (13)
where £4 (w, k) = w? — k2VZ, (1 + pa), Pni = k2V3,Q N1
From (13) we obtain KAW dispersion equation:

e1p1 = m (Eoxps) (14)

where coupling coefficient is:

21,2
. Z‘emdnoeCd Viawa ko k1,
= ..
nOdZQTeQWO kgx

The dispersion equation for second KAW follows from (14), where the index “1” and “2” are exchanged:
e202 = 12 (Fox 1) » (15)
where

2172
= Z_emdn()eC’dVAdwl ko ko,
2 = e
nOdZQTng klx

NONLINEAR DISPERSION EQUATION
Using dispersion equation for two KAW (14) and (15), we can find a nonlinear dispersion equation describing
three-wave interaction:
* * 2
€165 = ;| Eox|™. (16)

Assuming in (16) w1 = w1, + 1y, we2 = war + 47y (|7 € wir, war) and expanding &1 and 2 in Taylor series in
the small parameter 7, we find:

B E (ﬂ'noiTi)% emanSC(%VﬁdkOZ kizkos : (17)
V= 2 nOdngeQWO klku;c e
|E0z|
here W = ———.
W VarnoT;
CONCLUSION

The nonlinear parametric interaction of the pump MHD Alfvén wave with kinetic Alfvén waves in dust plasma
with small plasma parameter 3 is considered. To describe the nonlinear interaction, the three-fluid magneto-
hydrodynamics is used. From (17) it follows that the instability growth rate depends on parameters of plasma
charged grains.

We consider Saturn’s F-ring and laboratory plasma as an application of our theoretical results. Typical
parameters of Saturn’s F-ring are: Zy~10%, ngg~1lcm ™3, ng;~10*cm=3, T.~T;~1eV, By~0.05G, mg=
10712-107%g. The instability growth rate and dust cyclotron frequency dependences on a mass of dust particles
are shown in Fig. 1 and Fig. 2, respectively.

It is obvious that the maximum value of the instability growth rate v =2 10~7s~! is reached when a mass of
dust particles mg 22 10712 g. Cyclotron frequency at the same parameters of dust particles is wgg = 1075571

For an estimation of a decrement of the dust KAW we use the expression (12) from [5]:

2 -2 3/2
m (cky T; mel (T
~_ /T ke Vi |1 1+—<- (=2

T 8(wm~) . Tz{ +5Te] +mi5<Te)
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Figure 1. Dependence of the instability growth rate on a mass of dust particles
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Figure 2. Dependence of the cyclotron dust frequency on a mass of dust particles

Using the same parameters, we obtain decrements which meet the condition v; < . Therefore, Landau

damping is enough small, and thus, the considered instability is practically thresholdless.
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