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Plasma regions with an enhanced light emission are easilydfon dusty plasmas. They
can appear during some instabilities induced by the preseha high dust particle density, or
in the plasma center. In this last case, this region corredpto the "void" that is a dust-free
region. In this paper, experimental characterizationb@e$¢ two kinds of regions are presented.
Experiments are performed in the PKE-Nefedov reactor wAer@ Kr plasmas are produced
by a capacitively-coupled radio-frequency discharge aittypical power of about 3 W at a
pressure around.@ mbar. Dust particles are grown by sputtering a polymerrl@yeviously

deposited on the electrodes [1].

Regions of enhanced light emission during dusty plasma instabilities

When a high density of dust particles is grown in a plasmapthsma equilibrium is dras-
tically disturbed. Indeed, dust particles attach manymbkadree electrons that are no more
available to sustain the discharge. In these conditiomsptasma enters in an unstable state
characterized by many different types of low-frequencyabsities. Their shape and frequency
evolve as dust particles are growing and they can be evidemctall the plasma or discharge
parameters. These instabilities have been observed iresexperiments where they are char-
acterized by the filamentary or great void modes [2], or theycaalled dust particle growth
instabilities (DPGI) [3, 4]. During DPGI, a particular betar has been observed that consists
of plasma spheroids appearing close to the electrodes {,i6lthe plasma bulk. In this paper,
a special attention is paid to the plasma spheroids in tlesr@dulk. These delimited regions of
enhanced light emission have a size of a few mm and appedrastiocally in between the elec-
trodes. They have been recently observed in a Kr plasma asmshd-ig. 1 presenting images
taken with a high-speed camera at 16000 frames per secoaeldttrodes (separated by about
3 cm) correspond to the dark regions on the top and bottonobffeame. The plasma spheroids
are the bright plasma regions appearing in between theetlss. They are often observed by
pair, and they have a comet-like shape as well-evidencechage 150. These spheroids are
observed during dust particle growth and the question of twmposition is posed: they can
contain just plasma (like the "void") or plasma and dustiplags. At the moment, no clear ex-
perimental indication allows to select one of these pobigds. In Fig. 1, small spheroids are

also observed very close to the electrodes [5, 6] but willieodiscussed in this paper.
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Figure 1: Images of plasma spheroids appearing in the plésikaduring DPGI. The original movie has been

taken at 16000 frames per second.

In addition to their stochastic appearance and disappeardéine spheroid behavior shows
other interesting features. In particular, before thewplear, plasma spheroids can move hor-
izontally and vertically in between the electrodes. Thiedwor is underlined in Fig. 2 where
different images are represented in false colors in ordentance the luminosity variations.
A clear spheroid is observed in the plasma center and it ismgdirst downward (from image
3552 to 3561) than upward. A slight displacement in the lomtial direction can also be de-
tected. Interactions with other spheroids originatingrfrithe up and bottom presheath is also
observed in Fig. 2. The origin of these possible interastimd motions is currently under in-
vestigation. Some new experiments show that plasma spuisecan interact with each other
and very interesting phenomena have been evidenced. Indesaine conditions the merging
of two spheroids or the splitting of a spheroid in two parts haen observed thanks to the high
speed camera. These behaviors raise the question of theftypieraction involved in these
processes and additional experiments are required to geefun their understanding.

Region of enhanced light emission: the void

Due to the geometry of typical laboratory discharges, a-ttest region is often observed
close to the discharge center. This region, called the "visiduspected to be sustained by
two counteracting forces, an inward electric force and award ion drag force [7]. The ion
drag force expels the dust particles from the plasma centdethe electric force acts as a
restoring force. The place where these two forces equigbdefines the void boundary. It can
be expected that the plasma inside the void is quite diffeham the surrounding one containing

dust particles. This is confirmed by a direct visual obséoweadf the void that appears brighter
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Figure 2: Plasma spheroid motions in between the electiafdeKr plasma. Images are in false colors (luminosity
from blue to red). The original movie has been taken at 16€00és per second.

when a huge density of dust particles has been grown as @uaservig. 3(a). To study the
plasma characteristics inside and outside the void, acapton-intrusive diagnostics has been
used: Laser Induced Fluorescence (LIF) that can bring itapbmformation in dusty plasmas
[8, 9]. Experiments are performed in Ar with a laser at 662®&m to pump theg3/2]; level
of neutral Ar to the 4/[1/2]o level. De-excitation to theg1/2]; level is observed at 750.5934
nm [10]. Measurements are performed along the two main axggnametry of the discharge.
The LIF relative intensity corresponding to the density »fited neutral atoms is deduced
from the maxima of the fluorescence profiles. In the radia@dalion, the LIF signal decreases
while moving away from the central void as observed by comngathe amplitudes of the 3
curves of Fig. 3(b). In the direction perpendicular to thecelodes, the analysis from the void
center to the bottom electrode is also shown in Fig. 3(b). e region is clearly evidenced
between 0 and.@ cm. In this region, a continuous decrease of the LIF intgnsiobserved
from the void center to the void edge. Then, the LIF signateases slowly and continuously
as approaching the bottom electrode. This intermediatemeprresponds to the plasma region
in between the void and the presheath (see also Fig. 3(a)appaching the electrode, the
intensity increases sharply due to the entrance into tlghbpresheath region. These results
confirm that the density of excited neutral atoms is highghevoid region than in the rest of
the plasma (excluding the presheath). This could be due émhanced electron density inside
the void region as proposed in some models [11].

Concerning the Ar neutral atom temperature, no clear @iffee between inside and outside
the void has been measured. This is mainly due to a poor signalse ratio. New experiments

with an improved detection are foreseen to get access tatipigrtant parameter.
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Figure 3: (a) Image of an argon plasma with a huge densityafgidust particles. The void in the discharge center
appears brighter than the surrounding dusty plasma. (b)rivlar LIF intensity profile in the vertical direction for

3 different horizontal positions illustrated in Fig. 3(a).
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