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A strongly coupled Yukawa liquid is a system of charged particles which interact via a screened Coulomb
interaction and in which the electrostatic energy between neighboring particles is larger than their thermal
energy but not large enough for crystallization. Various plasma systems including ultracold neutral plasmas
and complex (dusty) plasmas can exist in this strongly coupled liquid phase.Here we investigate instabilities
driven by the relative streaming of plasma components in three-dimensional Yukawa liquids with a focus on
complex plasmas. This includes a dust acoustic instability driven by weakly coupled ions streaming through
the dust liquid, and a dust-dust instability driven by the counter-streaming of strongly coupled dust grains.
Compared to the Vlasov behavior we find there can be a substantial modification of the unstable wavenumber
spectrum due to strong coupling effects.
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1 Introduction
A Yukawa system in which the charged particles interact via a screened Coulomb interaction is characterized by
two parameters, Γ = q2/aT and κ = a/λD. Here q is the particle charge, T is the thermal (kinetic) energy of
the particles, a is the average interparticle distance, and λD is the screening length in the background medium.
The liquid phase corresponds to an effective screened Coulomb coupling parameter, Γe−κ (a more precise value
of the effective coupling is given in [1]), which is ! 1 but smaller than that required for crystallization (∼ 170
for a three-dimensional (3D) system [2]). Various plasma systems including complex (dusty) plasmas [3, 4] or
ultracold neutral plasmas [5] can exist in this strongly coupled liquid phase. Strong coupling affects the dispersion
of collective modes in these plasmas [6, 7, 8, 9], particularly in the finite wavenumber, k, regime where the modes
can exhibit negative dispersion. It is expected that the behavior of instabilities should also be affected by strong
coupling [10, 11, 12]. Here we investigate instabilities driven by the relative streaming of plasma components
in 3D Yukawa liquids with a focus on dusty plasmas. The quasi-localized charge approximation is used to
describe the dynamical behavior of the strongly coupled component (see [6, 13]). We consider (a) a dust acoustic
instability driven by weakly coupled ions streaming through the dust liquid, and (b) a dust-dust instability that
may occur when strongly coupled dust grains counter-stream. Compared to the Vlasov behavior we find there
can be a substantial modification of the unstable k-spectrum induced by strong coupling effects.

2 Dust acoustic instability
First we consider a plasma containing electrons, singly charged ions, and strongly coupled negatively charged
dust. The condition of charge neutrality in equilibrium is given by ne + Zn = ni. Here the subscripts j = e, i
denote electrons, ions, respectively, while Z and n are the charge state and number density of the dust. We
consider the excitation of dust acoustic waves [14] that have phase speed much smaller than the ion and electron
thermal speeds, vi and ve, respectively. The electrons and ions are assumed to stream relative to the dust. If the
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stream speeds are much larger than their respective thermal speeds, a Buneman type instability may occur; this
was was considered previously where we found only a small modification at small k [10, 11]. Here we consider
a kinetic instability at arbitrary k, driven by inverse Landau damping, that can occur when the electron and ion
drift speeds V0e and V0i are much smaller than their respective thermal speeds. In a laboratory dusty plasma it
is generally the case that the electron temperature Te is much larger than the ion temperature Ti, and this dust
acoustic instability is driven primarily by the ions. In this case, the dispersion relation for a one-dimensional
dust-acoustic instability, assuming cold dust and neglecting collisional effects, is (see e.g. [11, 15])
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Here ωp = (Z2e24πn/m)1/2 is the dust plasma frequency where m is the dust mass, and DL(k) is a local
field function characterizing strong coupling effects, which can be numerically computed as a functional of the
equilibrium pair correlation function for sets of Γ and κ which characterize the Yukawa liquid (see [6, 7]). Note
that DL(k) is < 0 since it is proportional to the dust correlation energy, and its inclusion modifies the DA wave
via a reduction in the acoustic speed and maximum frequency of the wave and the onset of negative dispersion
[8, 9].

Assuming V0i ! ω/k and taking ω = ωr + iγ with |γ| % ωr, the solution of (1) is
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Here, the linearized Debye length λD is given by 1/λ2
D = (1/λ2

De + 1/λ2
Di), where λDe and λDi are the

electron and ion Debye lengths respectively. (When Te ! Ti and ni > ne for negatively charged grains,
λD ≈ λDi = (Ti/4πne2)1/2. From (2), we see that strong coupling leads to a decrease in the real frequency
ωr (note DL(k) < 0) so that the growth rate increases as compared with the Vlasov case. This can be seen in
Figure 1, which shows the real and imaginary parts of the frequency, ωr and γ, respectively, normalized to ωp.
The solid curves were obtained by solving (1) using numerically computed values for DL(k) for the case with
strong coupling with Γ = 725 and κ = 3. For comparison we show the Vlasov case without strong coupling
by the dashed curves, which were obtained by solving (1) setting DL(k) = 0. The enhancement of the growth
rate may arise because the phase speed of the wave decreases due to strong coupling, so that a larger portion of
the ion velocity distribution can participate in the inverse Landau damping mechanism which drives this kinetic
instability.

a) b)

Fig. 1 a) Real, ωr and b) imaginary, γ parts of ω normalized to ωp versus ka obtained by solving (1), with V0i = 0.15 vi
and Te = 80Ti. The solid (red) curves correspond to the case with strong coupling with Γ = 725 and κ = 3, and the dashed
(blue) curves correspond to the case without strong coupling.
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3 Dust-dust instability
Next we consider a plasma containing electrons, singly charged ions, and two species of negatively charged dust.
The condition of charge neutrality in equilibrium is given by ne+Z1n1+Z2n2 = ni. Here the subscripts j = e,
i, 1, 2, denote electrons, ions, dust particle species 1, and dust particle species 2, respectively. In addition, Z1, Z2

are the charge states of the dust particle species, and nj are the number densities of the charged particle species j.
We consider a dust-dust instability driven by the counter-streaming of dust particles with stream speed much

larger than their respective thermal speeds. In contrast to the kinetic instability discussed in the previous section,
this is a hydrodynamic instability; it is a low frequency analog of the ion-ion instability, taking strong coupling
into account. The dust particles in each stream are assumed to be strongly coupled in the liquid phase. Strong
coupling between the streams is neglected, which may be roughly valid if the Coulomb coupling parameter
between the streams is small due to the large relative thermal (kinetic) energy between the streams. We consider
wave phase speeds that are much smaller than the ion (and electron) thermal speeds, and assume that the ion and
electrons are are Boltzmann distributed.

For simplicity, we consider the symmetric case where the dust species have the same plasma frequency ωp,
are characterized by the same Γ and κ, and stream in opposite directions with speed u. Although the asymmetric
case would be more realistic, the effect of strong coupling on the instability behavior is similar. We can then
describe the one-dimensional dust-dust instability using the fluid dispersion relation
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The dispersion relation (3) can be written as
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κ and needs to be computed from molecular dynamics simulations. A solution of (4) which can yield a purely
imaginary value for x under certain conditions is
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For the Vlasov case, where C = 0, this can yield a purely imaginary value (note Im x > 0 implies growth) when
A2 < 2B. The latter conditions translates into u <

√
2cs/[1 + k2λ2

D]1/2, where cs = λDωp is the Vlasov dust
acoustic speed. (This result is analogous to the usual instability condition for the ion-ion instability for cold ions,
e.g., see [16, 17].) What this condition basically means is that the dust stream speed should be smaller than the
phase speed of the dust acoustic wave in the system, in order for the beam line ku to intersect the wave dispersion
curve.

The k region of maximum growth is determined by the resonance condition ω ∼ ku. Because strong coupling
reduces the frequency of the dust acoustic wave (see Fig. 1a), we expect that for a fixed stream speed u, the
wavenumber k would have to decrease in order for the beam line ku to intersect the dispersion curve of the
longitudinal wave in the system. We used computed values for DL(k) and solved (3) numerically for a fixed
value of u. The curves in Figure 2 show the imaginary part of ω as a function of ka, obtained by solving (3) for
two different speeds, u = 0.6 cs and u = 1.1 cs. The solid curves show results with strong coupling, for Γ = 725
and κ = 3 in the liquid phase. (Since this is a symmetric case, the real part of ω is zero in this system for finite
growth rate.) For comparison, the case without strong coupling is obtained by solving (3) with DL(k) = 0 and is
shown by the dashed curves. As can be seen, as compared with the Vlasov case the unstable spectrum shrinks in
k-space, with the maximum growth rate shifting toward longer wavelengths. In the case of smaller relative drift,
with cs = 0.6, it can be seen that the maximum growth rate is somewhat increased compared to the Vlasov case.
This appears to occur at k values where the dispersion relation of the dust acoustic wave can exhibit negative
dispersion (see Fig. 1a). This effect may have some relation to prior studies of the effect of strong coupling
on the electron beam-plasma instability where it was found that the instability could change from convective to
absolute in regions of negative wave dispersion [18].
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a) b)

Fig. 2 Imaginary, γ part of ω normalized to ωp versus ka obtained by solving (3). The solid (red) curves correspond to
the case with strong coupling with Γ = 725 and κ = 3, and the dashed (blue) curves correspond to the case without strong
coupling. a) u/cs = 0.6. b) u/cs = 1.1.

4 Summary
We have investigated instabilities driven by the relative streaming of plasma components in 3D Yukawa liquids
with a focus on complex (dusty) plasmas. We considered a) a dust acoustic instability driven by weakly coupled
ions streaming through the dust liquid, and b) a dust-dust instability driven by the counter-streaming of strongly
coupled dust grains. Compared to the Vlasov behavior we find there can be a substantial modification of the
unstable spectrum due to strong coupling effects. For the kinetic dust acoustic instability, we find that the growth
rate can be enhanced at finite k particularly where the dust acoustic wave exhibits negative dispersion. For the
hydrodynamic dust-dust instability we find that for fixed relative dust streaming speed, the unstable k-spectrum
shrinks and the maximum growth rate shifts to longer wavelengths. It appears that these modifications might be
large enough to be observed experimentally, perhaps in future microgravity experiments. Note that even though
the dust acoustic instability we have considered develops at fairly high k-values, we have ignored Landau damp-
ing in the grain system: this is probably justified, since localization associated with strong coupling suppresses
Landau damping.

Future work will include the wave damping effect of collisions of background neutrals with charged particles,
because dusty plasmas are generally weakly ionized under laboratory conditions. In addition, the issue of possible
strong coupling between the dust streams should be considered for the dust-dust instability.
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