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Abstract. The modulational instability of dust-acoustic waves isistigated, relying on a recently proposed model for strong
electrostatic interactions between the highly charged platicles. The resulting effect on the occurrence (thokeklgrowth
rate) of modulational instability is investigated. Ouruks can in principle be tested experimentally.
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Strong electrostatic interactions of highly charged mi-function of the plasma density and of the electric po-
croparticles, a common feature of complex plasma dy+ential [1], a fact missing in earlier works [4]. For our
namics, have been shown to modify the behavior of dusainalysis, we have scaled the dust number dengjty
acoustic waves, which behave like thermal waves at larggelocity uy and electrostatic potentiab by the equi-
wavenumbers [1]. Comparisons with recent experimentéibrium dust number densityngg, the effective dust
seem to confirm this approach [2]. This work investigatessound speedéem = (kaTo/mg)Y/2 and®g = ks To/Zge,
the amplltude modulation of dust-acoustic WavepaCket$espective|y_ The space and time variables are nor-
via a modified fluid approach presented earlier [2], rely-malized by the effective dust Debye lenglipess =

ing on an anomalous pressure term which involves an ef kaTo)/ (41€2Z2n40)Y/2 and the inverse dust plasma fre-
fective dust temperature related to the dusty plasma charg- —,

1_ 2 -1/2 i

acteristics (namely, the lattice parameter and the plasm%uencyw_r’d — (4ne22dndo/ mg) /%, respectively. We

coupling parameter). have definedly = (Z2ngoTiTe)/(Tineo + Teio) and the
We consider an unmagnetized collisionless threetemperature ratid = Td(em/To.

component plasma consisting of Maxwellian electrons We anticipate modelling localized wavepackets (mod-

and ions and negatively charged mobile dust. The dyulated envelope multi-harmonic modesxawelope soli-

namics of dust-acoustic waves, whose phase speed ligsnsof the bright/dark type [4]. A multiscale approach is

in the region between the dust thermal speed and the ioeamployed [4], to separate the fast carrier from the slow

thermal speed, is described by envelope wave. We consider small<« 1) deviations of
all state variables, s&(= n,u, @) from equilibrium as
% M =0 (1) n 0
ot E ) S— S<O)+Z;°:1£n Z S(nl)eil (kx—aot) ’ d :d0+ Z gndna
g dug_ eZyod T ong o
ot 99X  mg Ox mgng ox where
92D T<eff) ff N _
5 4me(ne — ni + ZgNng) - B) dy = dfl’_—o , d(g ) — %dez X ¥Mgo (1+ ko) e X0,
The effective dust temperatuTéem is[2, 3] Kg = VA , A= 1-p +1, 1= E7
¥/NdoApi T Ti
e = %er(u_ K)e X, (4)  andp denotes the Havnes paramepes 2"

0
The first order expressions provide the (known [2])
where Npn, ' and Ty is the number of nearest neigh- dust-acoustic wavdispersion relation
bors, coupling parameter and particle kinetic temper- K2

. . . 2 2
ature, respectively. It is stressed th'@e”) is here a w" = k2—+1+k do ,
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FIGURE 1. Variation of dispersiot® (left) and dissipatio)

(right) coefficient versus wavenumblefor ko = 2.5, p=0.9,
dop = 0.6, 0 =0.009 T = 100.
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FIGURE 2. Variation of theP/Q ratio (left) and of the mod-
ulational instability growth rat€ (right) for differentp. Here
Ko =2.5,dg = 0.6, 0 =0.009 t = 100 for both cases.

along withn{") = — (2 + 1)V, u? = @n{.

Combining the algebra upto thlrd orderdnwe obtain
a compatibility condition in the form of aonlinear
Schrddingerequation (NLSE)
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wherey denotes the electric potential correctin_(tji> and
the slow variables aré = £(x — vgt) and T= £2t The

group velocityvy is given byvy = —k2—)2 + 2 do The
dispersion coefficier® = %%—k‘g’ reads
k2 k*do
Pk dg) = ———— 3 6
(kido) 2w(k2+1)3( + w2> ©)

FIGURE 3. Propagation of a localized modulated pulse
(bright-type envelope soliton [5]) propagating in a plasioa
dp =0.6,0 =0.009 kg = 2.5, T = 100: the pulse is stable for a
carrier wavenumber valde= 0.7 (left panel) and unstable for
k= 0.6 (right panel).

|Imw( )|) will attain a maximumomax= |Q||Wo|?)
k = kcr/\/_ Eq. 7 leads to an inter-grain- mteractlon

dependent (vid,*' ") growth rate
B ﬂ 2 1/2
M=ax (Za X ) ,

wherel = @/(Qm|@o|?), @ = P/Pm, 4 = Q/Qm, and

X = K/ (Qm/Pm)2|@o| with Py = P(T*"" — 0) and

Om = Q(Td(e”) — 0). A numerical study reveals that
the instability growth rate increases with the dust-to-
ion density ratiop (see Fig. 2, right panel), i.e. dust
enhances the instability. For comparison, the warm-dust
model (includingTq¢ ) increases the instability ratio (the
maximum forTe ¢ = 0 would occur af1.4,1), in Fig. 2).

In order to test our prediction for (in)stability as de-
termined by Fig 2 (left), we have performed a numeri-
cal simulation of (5) (employing Runge-Kutta 4 method,
with spatial grid size and time intervall® and 5< 104,
respectively). It is seen in Fig. 3 that a localized pulse-
shaped wavepacket is stable (constant amplitude while
propagating) for a carrier wave with wavenumier
0.7, while it is unstable (amplitude decreases in time) for
k = 0.6, in complete agreement with Fig. 2 (left).

Our findings aim at inspiring purpose designed experi-
ments, meant to test and confirm our stability predictions.

(8)

which may change sign depending on the relevant plasma
parameters. In Fig.1 we give an example of the dis-
persion and the nonlinear coefficient for a typical set
of plasma parameters. The nonlinearity coeffici@ns
omitted here (lengthy expression, to be reported eIseT
where [5]). Considering a small harmo@implitude per-

turbation i, = y o &K —@1)
PZ k2 (

Il.U %) (7)

where we have consideretl = meeie with Ym = o+ 1

e in (5). Eq. (7) implies that the carrier wave will be
modulationally stable fo@Q/P < 0, while modulational

instability occurs (i.e.¢o® becomes negative and a purely 3
growing mode develops) foQ/P > 0, if k lies below 4.

ker = /(2Q/P)|ypo|. The instability growth rateg(= S
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