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Outline

1. Dusty plasmas (DP) & DP crystals (DPCs): Prerequisites.
(i) Focus: 1d dust crystals in lab.
(i) Nonlinearity in 1d DP crystals: Origin and modelling.

2. Transverse dust-lattice (TDL) excitations:
amplitude modulation, transverse envelope structures.

3. Longitudinal dust-lattice (LDL) excitations:
amplitude modulation, envelope structures, solitons.

4. 1d Discrete Breather excitations (intrinsic localized modes)

5. Conclusions.
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1. Dusty Plasmas (or Complex Plasmas): prerequisites

Dusty Plasmas (DP):
— electrons ¢~ (charge —e, mass m.),
— Jons it (charge +Z;e, mass m;),

— charged particulates = dust grains d* (most often d~):
charge Q = sZze ~ £(10% — 10%) e, (s = £1)
mass M ~ 109 m,, ~ 10'% m,,
radius r ~ 1072 ym up to 102 pum.
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Where/how do dusty plasmas occur?

e Space: cosmic debris (silicates, graphite, amorphous carbon),
comet tails, man-made pollution (Shuttle exhaust, satellites), ...

e Earth’s atmosphere: volcanic eruptions, extraterrestrial origin
(meteorites) (> 2 - 10* tons/yr!), pollution, aerosols, ...;

e Fusion devices: plasma-surface interaction in the divertor
region (graphite, CFCs), UFOs, ITER safety concern, ...;

e Technology: Semiconductor industry, Si microchip, dust
contamination, solar cell stabilization ...;

e Laboratory: (man-injected) melamine—formaldehyde
particulates injected in rf or dc discharges.

Sources: P. K. Shukla & A. Mamun, book (loP, 2002), G. E. Morfill et al., 1998, etc.

wWw.tp4.rub.de/~iocannis/conf/200804~IoP-oral.pdf IOP Plasma Physics Group Annual Meeting, 1-4 March 2008

I. Kourakis, Nonlinear excitations in dusty plasma (Debye) crystals 4

Dusty Plasma physics: unique mesoscopic features

e Studies in slow motion are possible due to high M i.e. low
Q/M ratio (e.g. dust plasma frequency: w, 4 ~ 10 — 100 Hz);

e The (large) microparticles can be visualised individually and
studied at the kinetic level (with a digital cameral);

e Contrary to weakly-coupled e — i plasmas (' < 1), Complex
Plasmas can be strongly coupled and exist in “liquid”
(1 < T < 170) and ‘“crystalline” (I' > 170 [ixezi 1986]) states,
depending on the value of:

Q% —r/A
i< Epotential > &l 76 r/Ap

< Ekinetic > kBT
(r: inter-particle distance, T': temperature, Ap: Debye length, kp: Boltzmann’s constant).

— Dusty Plasma (Debye/Yukawa) Crystals!!! (DPCs)

Pepr =
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Dust Crystal experiments (1):

e Theoretical prediction: 1986 [H. Ikezi, Phys. Fluids 29, 1764 (1986)];

e Experimental realization: 1994

[H. Thomas, A. Melzer et al. PRL 73, 652 (1994); Chu & Lin | J. Phys. D 27 296 (1994),
Hayashi & Tachibana, Jap. J. Appl. Phys. 33 L804 (1994)];
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