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Dust particles can be confined in a magnetized anodic plasma that is formed in front of a

positively biased electrode. In these plasmas, torus-shaped dust clouds with a dust-free region

(void) in its center were found [1, 2]. These voids are similar to those observed in dusty plasmas

under microgravity conditions. It was further observed that the particles in these clouds perform

a rotational motion about the major axis of the torus. The behavior of these clouds was studied

in detail and a hierarchic model was proposed to describe thedust confinement and the dust

dynamics [2]. The confinement was attributed to a force balance of the electric field force and

the ion drag force in axial and radial direction, respectively. When the ion density is higher than

a critical value, the ion drag force exceeds the electric field force in the center of the discharge,

pushing the dust out of the central region of the anodic plasma until the particles reach an

equilibrium position. This results in the formation of a void.

The weight force and the Hall component of the ion drag force in azimuthal direction are an

order of magnitude weaker than the radial components of the ion drag or electric field force.

Therefore, these weaker forces are not responsible for the dust confinement but are accountable

for the dynamics of torus-shaped dust clouds. In the single-particle model [2] the azimuthal ion

drag force has to overcome gravity to allow the dust to rotateabout the major axis of the torus.

The sum of the azimuthal ion drag force and the azimuthal component of gravity is balanced by

neutral friction, leading to an instantaneous mobility limited dust velocity.

A new observation geometry [3] allows us the study of torus-shaped dust clouds in a vertical

plane perpendicular to the major axis of the torus (see Fig. 1). The measured rotation velocities

were found significantly smaller than predicted by the single-particle model. Additionally, the

Figure 1: Dust rotation velocity measured in a vertical section

37th EPS Conference on Plasma Physics P1.305



angular dust velocity distribution deviated from the predictions.

Therefore, the single-particle model was improved by including inertia effects as well as

collective interaction between the particles in terms of Yukawa repulsion. Since the aim of the

model is to describe the azimuthal dust velocity, radial dust motion is neglected and a one-

dimensional description with the angleϕ (as indicated in Fig. 1) as the only variable is used.

It was found that the Yukawa repulsion between the particleslowers the threshold for the

formation of the torus, i.e., lowering the critical value ofthe azimuthal ion drag force required

for the onset of particle rotation. Since the rotation velocity of the dust scales almost linearly

with the ion drag force, the lowering of the threshold leads to an overall reduction of the particle

velocity.

The inertia of the dust particles results in a shift of the position of the maximum particle

velocity to larger values ofϕ. The value of this position as well as the maximum value of the

rotation velocity depends on the strength of neutral friction. This can be understood in terms of

ballistic effects of the rotating particles.

Figure 2: Oscillatory particle motion: (a) Snapshot of particle positions in the phase space (circles) and a linear

interpolation onto an equally spaced grid (dotted line). (b) Propagation velocity of a peak (solid line), shown in (a),

and the expected velocity of a dust lattice wave (dashed line), determined from the mean interparticle distance of

the particles.

An interesting finding is the ocurrence of a wave-like motionof the particles for low ion

drag force. There, most of the particles are found in a displaced cloud aroundϕ = 8 h. Only

a few particles are able to rotate about the torus axis. This can be seen in a snapshot of the

phase space of the ascending branch of the torus [Fig. 2(a)].Each particle is represented as a

circle, together with a linear interpolation of the particle velocity onto an equally spaced grid

(dotted line). In the range ofϕ = (6−10) h, the particles are arranged on a chain with small

interparticle distances and most of the particles have onlya very low velocityv. However, very

localized particles can be observed which exhibit much higher velocities than their neighboring
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particles at 6.5 h, 8 h and 9 h. Forϕ > 10 h the interparticle distance as well asv increases with

increasingϕ.

Since most of the particles are trapped in the displaced cloud, each interaction of one rotating

particle with the cloud can be studied in detail. When a rotating particle hits the lower end

of the cloud, it transfers its momentum to the lowest particle in the cloud. This momentum

transfer propagates as a compressional wave through the cloud. This can be seen in the phase

space as a propagation of very localized enhancements of thedust velocity, as can be seen as

the peaks in Fig. 2. Since the particles are arranged on a linear chain, it can be assumed that

these compressional waves can be described in terms of a one-dimensional dust lattice wave.

The wave velocity of a dust lattice wave is given by:

c =

√
D
md

〈ri j〉, with D =
∂F
∂ r

∣∣∣∣
r=〈ri j〉

. (1)

md is the mass of a dust particle and the “spring constant”D is the derivative of the Yukawa

force taken at the mean interparticle distance〈ri j〉.
In Fig. 2(b), the propagation velocity of one peak (solid line) is shown together with the

wave velocity of a dust lattice wave (dashed line), using Eq.(1) with the mean interparticle

distance obtained from the simulations. A good agreement between the theoretical velocity and

the propagation velocity is found. However, the theoretical velocity slightly underestimates the

propagation velocity. Forϕ > 9 h, both velocities agree very well. We attribute this deviation to

an increase of the effective spring constantD in Eq. (1) from the nonlinear compression.

The new observation geometry allows a more detailed study oftorus-shaped dust clouds. The

improved model gives a better understanding of the mechanisms responsible for the dynamics

of torus-shaped dust clouds. With a further extension of themodel to three dimensions it is

expected that the simulations yield an even better agreement with the experiments.
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