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Micron sized dust particles injected into low temperatgas discharge plasma quickly
acquire a large negative electric charge and form dustynalasgtructures. The strong
electrostatic repulsion between the charged dust partieleds to a dispersion of such
structures. For the confinement of the structures usesrnal electrostatic traps are used.
Such traps are naturally formed in the plasma sheathdiffuse plasma edge, as well as in
dc strata, i.e., in rather disturbed regions of the diggh plasmas. The formation of so-
called boundary-free dust structures, i.e., dust clouds infarmnplasma without external
electrostatic traps, is of great interest. Such strastwould exist if attractive forces
between negatively charged dust particles are preseheibulk plasma. The existence of
such attractive forces in bulk plasmas was originallglipted by Tsytovich [1] and Ignatov
[2], who considered a collective dust-dust attraction duenttual shadowing of plasma
flows on the particles. These forces are often @attadowing forces”. Due to the large
cross-section of the dust-ion interaction the shadgwWances can achieve a sufficiently large

value, if the ion number density is high enough. The ¢omdi for the boundary-free

structure formation can be estimatedrg%/ re >>T /T, [3], where r, is the dust particle

radius, r,, is the ion Debye radius, anfj and T, are the ion and electron temperatures,

respectively. For typical dusty plasma experimantéow pressure gas discharge plasmas

T./T, ~ 0.01, and an, ~ 10 cm® the radius of the particles should be much latgen 4

um. Hence, for the formation of boundary-free stuues it is necessary to use either

relatively big (, > 10 pm) particles or dense plasmas (0, >> 10 cni®). It should be

emphasized, that boundary-free structures couldccrbated in bulk plasmas only under
microgravity conditions, because the gravity alwagisags the particles to the

inhomogeneous plasma sheath. Unfortunately, a ibigldensity leads also to a strong ion
drag force, which quickly pushes out the dust pledifrom the bulk plasma to the chamber

walls and leads to void formation. Due to this fametntal contradiction the boundary-free
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dust structures have not yet been experimentalgemied. It should be noted that the
“shadowing effect” is quite different from the “iowake effect” arising due to the ion
focusing or deflection of an external ion flow bycharged object. The “wake” clusters
cannot be treated as boundary-free structuresege#tist only in anisotropic plasmas.

In the present work, the above mentioned contriadihias been eliminated by using
a combined gas discharge in the “Plasmakristal’ {RPK-4) setup under microgravity

conditions [4]. The experiments were performed lie PK-4 chamber during the %1

European Space Agency (ESA) parabolic
Laser CCD
— she\et oo rf InGUCIor ¢ horge flight campaign in October 2005 on the board
ust clou
of the A-300 ZERO-G plane. The experimental
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Injected 1 arrangement (Fig. 1) consists of thieshape
Dust Ehz:' dust grains \ dc discharge . . )
dispenser Glass Tube glass discharge tube of 30 mm inner diameter
with a total length of 85 cm filled by neon at a

FIG. 1. Scheme of the F-4 plasma chamb  Pressure of 60 Pa. The tube is equipped with
and experiment on cluster formation. two dc cylindrical electrodes installed at the

ends of the tube as well as by an rf coil installedhe vicinity of the tube center. Under
microgravity monodisperse melamine formaldehydet ghasticles with a diameter of 1.28

um were injected into the dc discharge plasig (= 1.0 mA,U,. = 884 V) in the vicinity

of the cathode. Being injected, the dust particleed to the tube center driven by the
electric field of the discharge of about 2 V/cm.eTihjected particles were illuminated by a
laser sheet of 10am width and recorded by a CCD camera with an ima&gelution of
680x240 pix and a frame rate of 120 frames per secbndddition to the injected small
particles, heavy dust particle conglomerates wemesegmted in the dc discharge. The
conglomerates were formed on the tube surfacednvitinity of the dispenser and could
easily be distinguished from the original particleg their different behaviour and their
brightness on the recorded images (Fig. 2(a)).aniqular, the conglomerates repelled the
small particles. During the experiments the smaitiples formed an elongated uniform dust

cloud with a diameter of 1.5 cm and a particle densf n, ~ 210° cm®, which was

confined along the tube axis by the radial potémtigdhe discharge. At the same time, the
heavy conglomerates were subjected to a randommentewithin the tube due to a residual
acceleration d < 0.03)) of the A-300 plane during the parabolas. As saernthe heavy

particle appeared in the FoV, an experimentalisaied manually an rf1-shape discharge
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pulse with a duration of 180 ms. This
duration was chosen to achieve a stationary
state of the cluster after the pulse ignition as
well as to investigate a cluster disordering
process after the pulse completion. The ion
&= density n, and electron temperaturg, for
both discharge modes were diagnosed by a
Langmuir probe in laboratory investigations.
Just after the rf discharge ignition the
electron and ion density rapidly increased
from its value in the dc discharge ofl@®
cm® up to 410° cmi®, and all dust particles
drifted away from the tube axis to the tube
walls due to the increased radial ion drag
the heavy conglomerates

forces. Only

randomly approaching the tube axis kept

their positions. During the rf pulse some of

FIG. 2. Cluster formation and destructiol
the central part of the discharge tube.
Dust cloud in uniform positive dc colut

the injected small particles driven by the ion

before the rf pulse; (b) 60 ms after th

pulse ignition: beginning of the clus
formation; (c) 120 ms after the rf pu
ignition: formation of cluster is complete;
180 ms after the rf pulse ignition: rf pal
finished, cluster is disrupted instantaneol

flow were attracted by the big particle (Fig.
2(b)), and a stable boundary-free dust cluster
formed within about 120 ms in the bulk

plasma at the axis of the tube. As the laser

Area shown is about® mnf. knife had a thickness of 100m, Fig. 2(c)

displays the cross section of the cluster. Anaty#tg. 2(c) one should remember that the
cluster is moving and its image is spread. Thel totanber of the small particles in the
cluster has been estimated to be about 60-80,istende between them 4=100+10 pum.
After the pulse the cluster was rapidly disruptadidy 1 frame (8 ms) via Coulomb
explosion due to the strong Coulomb repulsion, evtiie other small dust particles began to
return to the tube axis (Fig. 2(d)). The clusterfation after increasing the ion density and
the disruption with decreasing ion density revélaégsimportant role of the ion drag force for
the particle linking in the cluster.

A scheme of the formed cluster is presented in Figrhe cluster consists of the big

central grain and a number of small monodisperstcfes. The cluster is almost spherical
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indicating isotropic conditions in the bulk plasmghe cluster radius is given bR,

=19Qt15 um. The small particles form a single layer arouhd big grain. The most

Bulk plasma interesting question is how to estimate the
,,02\ . Plasma observable stable cluster radi®. The authors
,’ {U Q. fluxes, ji je
L o FA . e} had calculated the charges of the big and small
i \ . .
Fel{-%%—b 0 particles as 16500e and 1500e correspondingly
/
S/ YB;.{? using the MDS method [5] and the probe measured
\%\ plasma parameters, and had estimated the attractive

. _ _15 .
FIG. 3. Scheme of cluster: — centra 1O drag force aBi=6[10"" N [6]. The electrostatic

big particle, 2 —small bound particle  repulsion Fe; between the small and big particle
dotted arrows — plasma fluxes; -

attractive ion drag forceFe; andF,, —  Was found to be m0° N, that is about the same as
electrostatic repulsion from the cen

and the neighbor particles, respectively. Fi. Nevertheless, botR; andF¢ are proportional

to the electric field induced by the central paetic
hence no stable positidR, can be found only for the two interacting parscléVe propose
two possible explanations for the observable stalsilie of R,: mutual electrostatic
repulsionFe, of the small particles and a diminishing of thedue to an overlap of its
momentum-transfer cross-sections, when the smaitcles are enough close each to other.

A more detailed explanation is under developing .now
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