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PLASMA CHANNELS GENERATION BY GAS AND CONDENSE MEDIA BREAKDOWN IN BESSEL TYPE LASER BEAMS

V.M. Batenin, S.S. Bychkov, L.Ya. Margolin, L.N. Pyatnitskii

Institute for High Temperatures of RAS, Moscow, Russia 

There are submitted the Institute for High Temperatures results of investigations obtained during last 10 years concerning of forming conditions and properties of extended plasma formations, appeared as a result of matter (gas, liquid or solid state) irradiation by powerful laser beams of Bessel type. The latter are radiation beams having along its propagation length almost constant cross-section field distribution, described by combination of some Bessel functions. 

Different possibilities of plane wave focusing for Bessel type beams forming are considered. In case of simplest forming element (conical lens or axicon) usage there is created fiber Bessel beam (B-beam). Axicon and special element, phase screw, combination forms tubular B-beam. Usage of half axicone aperture for radiation focusing (the situation takes place under irradiation of non-transparent solid state target) leads to quasi-Bessel beam forming, having cross-section field distribution, described by combination of some Bessel functions. 

The results are submitted on plasma channels generation in gases (helium, argon, 0.5-10atm) under nanosecond 1( heating pulse. Values of threshold breakdown were measured by original technique. There were investigated temporal behavior of space distribution of  scattered heating radiation and plasma radiation, so as spectral distribution of latter. The plasma parameters were evaluated. Longitudinal structure of the channels was discovered, its scale was determined, and a model of the structure generation was elaborated. Tubular plasma channel generation was demonstrated in special experiments with picosecond heating pulses (in collaboration with scientific team from Maryland University, USA).

1D and 2D codes were elaborated for numerical modeling of gases breakdown under nanosecond B-beams and arose plasma development (in collaboration with personnel from Institute for High Energy Densities of RAS and Institute for Mathematical Modeling of RAS). The numerical modeling results obtained were in agreement with experimental ones. 

Plasma channels, created by B-beam breakdown in liquids, were investigated. Main difference from the gas target case were too weak radial extension of the plasma and presence of non-linear effects at under-breakdown intensities of heating radiation.

Extended plasma channels were formed at the solid state target in vacuum. The plane target surface was disposed along the axicone axis.  Appreciable plasma radiation, detected in VUV range, proves high temperature of it (about 30eV). 

Some of promising applications of the plasma channels are under consideration. 

The work is partially supported by RFBR (pr. 99-02-16007) and RFP Integration (pr. А-0111).
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