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SIMILARITY OF SKELETAL STRUCTURES IN LABORATORY AND SPACE, AND SELF-ASSEMBLING OF A FRACTAL DUST IN ELECTRIC DISCHARGES
A.B. Kukushkin, V.A. Rantsev-Kartinov
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A review is given of (i) the progress in studying the long-lived filamentary structures of a skeletal form (namely, tubules and cartwheels, and their simple combinations) in electric discharges of various type and (ii) further verification of the hypothesis [1(A)] via extending the range of the phenomenon, formerly revealed in laboratory [1(B)], to larger and much larger length scales [1(C)], including the powerful electromagnetic phenomena in the Earth atmosphere and cosmic space. 

The hypothesis [1(A)] suggested the long-lived filaments to possess a microsolid skeleton which might be assembled during electric breakdown, prior to appearance of major plasma, from wildly produced carbon nanotubes (or similar nanostructures of other chemical elements). The proof-of-concept studies show the presence of tubular and cartwheel-like structures in (i) the high-resolution (visible light and x-ray) images of plasma in tokamaks, Z-pinches, plasma focus, and laser-produced plasma (in the range 100 (m - 10 cm), including the images taken at electric breakdown stage of discharge in tokamak, plasma focus and vacuum spark [1(B)], (ii) various types of dust deposits in tokamak T-10 (10 nm - 10 (m) [2(A)], (iii) hail particles (1-10 cm), tornado (103-105 cm), and various objects in space (1011-1023 cm) [1(C)]. The topological identity (i.e. the similarity) of the above structures (especially, of the cartwheel as a structure of essentially non-hydrodynamic nature), and the observed trend of assembling bigger structures from smaller ones (i.e. the self-similarity), in the range 10-5-1023 cm suggest all these skeletal structures, similarly to skeletons in the particles of dust and hail, to be basically a fractal condensed matter of particular topology of the fractal. Specifically, this matter is assembled from nanotubular blocks in a way similar to that in the skeletons found in the submicron dust particles [2(B)]. Here we present a gallery of the high-resolution images illustrating the above similarity through the entire above-mentioned range of length scales. 

The prediction [1(A)] of the phenomenon of skeletons in a wide range of length scales, starting from nanoscale structures, was based on appealing to exceptional electrodynamic properties of their hypothetical building blocks -- first of all, the ability of these blocks to facilitate the electric breakdown in laboratory discharges and to assemble the macroskeletons. The self-assembling of skeletons was suggested to be based dominantly on magnetic phenomena. Here, we discuss the present status of the qualitative model [1(A)], including the problems of (i) conservation of topology in a growing/expanding skeleton, (ii) lifetime of skeleton in an ambient plasma, (iii) the recent findings of anomalous magnetism of, and low dissipation of trapped magnetic flux in, the carbon nanotubes and their assemblies. 
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