Different void regimes and the heartbeat instability in complex plasmas

Aleksandr Pikalev, Mikhail Pustylnik, Christoph Rcith, Hubertus Thomas
DLR, Institut ftir Materialphysik im Weltraum, Gruppe Komplexe Plasmen, 82234 We[Sling

Introduction Optogalvanic control of the instability
Dusty or complex plasma contains electrons, ions, neutral gas, radiation and micrometer-sized _ jonization E = 15.76 eV
solid particles. The particles are negatively charged and form strongly coupled suspensions. A
void, I. e. a microparticle-free area, disturbs the homogeneity of the suspension. The void
formation and growth also determine the nanoparticle generation cycle in plasma reactors. I 2p, E=13.15¢eV

The laser excites the metastable atoms to
higher excited state, and they can
spontaneously stepwise relax to the

Under certain conditions, the void can periodically contract. This phenomenon is called ground blstege. _Thle ddecreaze of the}
“heartbeat instability”. Despite two decades of investigation, the instability mechanism is still S €| E| £ metastable densily leads to a decrease o
unclear < g < the ionization rate.
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We have found out that the void can exist in two qualitatively different regimes: “dim” and N g; Q OLg 'Cll'_hehheartbeat instability ochrs W'th.t.he
“bright” [1]. Observations of the heartbeat instability and its optogalvanic control let us suggest I~ ® © o b'SC argeh pcc)l\_/vers dnsarh the dtran§|t|on
that the instability occurs due to an abrupt transition between the dim and bright void Y 15 E=1183eV etween the dim and bright void regimes.
regimes [2] v 2 Z T Passing through the void, the laser shifts
| v 123 E:ﬂgg gg the void to the dim regime, similar to the
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Electrostatic and lon-drag forces acting on a microparticle are calculated by a simplified time- 2021 _1 | The laser beam is attenuated down to 0.7 mW.
averaged 1D fluid model [1]. The bright emission in the void is caused by the strong time- " 6. || — The discharge power is 350 mW. The laser
averaged electric field at the void boundary and elevated electron density in the void. This 044 | _— modulation frequency is (a) 9.8 Hz, (b)
_molglel could reprcl)d?ce the dim \]imr(]j onIIy when the radial ion losses were artificially introduced (0) O T3 = =1 19.5Hz and (c) 27.3 Hz.
In the microparticle-free region of the plasma. ot hir, || e — -
P ) P 7 02] = - * The resonance width is several Hz.
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Optogalvanic effect

The heartbeat cycle starts from a microparticle
suspension with a dim void. The dim void undergoes a

S transition to the bright regime due to the breathing
ZEE 1 EIOITE oscillations of the suspension or the laser-induced
(a) One of the frames with the velocity field reconstructed using the OpenPI1V software. transient process in the plasma.
(b) The same frame with superimposed images of (green) the microparticle suspension and In the bright regime, the void boundary becomes
(red) the plasma emission captured through the filter with the central wavelength of 750 nm. mechanically unstable and the void collapses due to
The yellow stripes in plates (a) and (b) depict the areas used for the calculation of the \ large electrostatic forces on its boundaries. After that,
spatiotemporal distributions. Of,%’%,-d ———eidicallapse S\ab\e\:?? the microparticles move back and restore the dim-void
. o . . L . gy Y sour®® configuration.
(c) Spatiotemporal distributions of the velocity v, and the plasma emission variations. White es
color in the v, plot depicts the areas in which no microparticles are present. The black dashed
lines depict the temporal position of the frames shown in plates (a) and (b). Small breathing References
oscillations are visible between the contractions. The discharge power is 400 mW. 1. Pikalev et al.. Plasma Src. Sci. Technol.. 30, 035014, 2021
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