
IFP/17-EXP4/17
XA9950927

FBLAMENTATION AND NETWORKING OF ELECTRIC CURRENTS
IN DENSE Z-PINCH PLASMAS

A.B. KUKUSHKIN, V.A. RANTSEV-KARTINOV
1NFRRC "KurchatovInstitute", Moscow, 123J82Russia

The results of a high-resolution processing, called a multilevel dynamical
contrasting method and based on techniques of fractal dimension analysis, of ex-
perimental data from earlier experiments in Kurchatov Institute on linear Z-pinches
are presented which prove the electric current-carrying plasmas to be a random
fractal medium. The basic building block of this medium is identified to be an al-
most-closed helical filamentary magnetoplasma configuration (we call it hetero-
mac, see Figs. 1,2). The heteromacs are coupled together through long-range self-
sustained filamentation and, thus, form a dynamical percolating network with dis-
sipation [1].

The concept has a number of significant implications for the physics and
applications of the plasma radiation sources based on Dense Z-pinches and other
high-current discharge plasmas. These implications allow for the following phe-
nomena identified in analyzing available experimental data ranging from earlier re-
searches of gaseous Z-pinches and plasma foci to recent advances in experiments
on magnetically-driven multiwire-array implosion (see, e.g. [2]):

(1) fractal structure of a single filament (Figs 1,2) and complicated interaction
of the «fractal» filaments;

(2) formation of a percolating network composed of the two mutually interre-
lated and complementary networks built up of, respectively, particle density fila-
ments and magnetic flux tubes (cf Fig. 3);

(3) strong self-organization phenomena in such an essentially non-equilibrium
systems that manifests itself, in particular, in the nonlocal transport phenomena and
respective mechanisms of energy conversion.

The results presented (i) extend recently identified phenomenon of the 3-D
large-scale (up to several centimeter size) helical filamentary plasma structures
[3,4] in plasma focus gaseous discharges to the case of Z-pinch gaseous discharges
and (ii) provide a novel view into the. dynamics of Z-pinch's necks, plasma spikes
and magnetic bubbles as well as on generic features of electric current-carrying
plasmas varying from low-electric current laboratory plasmas to cosmic plasmas.
This includes, in particular, developing a transparent qualitative model for the fol-
lowing phenomena:

(!) the formation of electric current precursors on the axis, in advance of ma-
jor current sheath's convergence;

(2) fine structure of Z-pinch's main body and halo;
(3) the picture of development and saturation of the magnetically-driven

Rayleigh-Taylor instability, with allowing for the current sheath's filamentation;
(4) the necking of the filamentary Z-pinch. Significantly, the data processing

allows to identify the mechanisms responsible for depleting the energy density in
the neck.

It follows from our analysis that a substantial modification and extension of
the existing radiation magnetohydrodynamic formalism and respective numeric
codes is needed. The requirements to these codes are formulated. This implies
modeling of the internal structure of filaments and their networking within essen-
tially 3-D frames with combining the kinetic and hydrodynamic descriptions of the
building blocks.

Fig. 1

Fig. 1. A drawing of the
branching which produces the
heteromac(s) and makes indi-
vidual filament a fractal forma-
tion.

Fig. 2a. Typical experimental
picture (taken in visible light, 15
ns exposure) of individual
strong filaments (positive, frame
width «2 cm).

Fig. 2b. Enlarged image of the
single heteromac branched off
the filament seen in the right-
hand side of Fig. 2a.
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Fig. 3

Fig. 3. A stripped image of the dense Z-pinch (visible light photograph, similar to
Fig. 2) illustrating the networking of electric current. The optics collected the light
through circular diagnostic window, in a perpendicular direction to facility's major
axis, from a layer, 7.5 cm diameter and 5 cm depth, located on major axis of the
facility.
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