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Long ionized channels produced in the atmospheric-pressure air by 100-ns pulses of UV radiation of GARPUN KrF laser were demonstrated to be an effective way for triggering and guiding of 1-m length HV electric discharges [1], as well as for transport of microwave radiation in hollow plasma waveguides over tens meters [2]. Investigations of air ionization by KrF laser radiation (=248 nm) revealed two features which are a basement of present experiments, i.e. (i) at sufficiently high laser intensities I≥ 3∙108 W/cm2 electron density is determined by Resonance Enhanced Two-Photon Ionization and it is proportional to the square of laser intensity Ne ~ I 2, and (ii) electron losses for Ne ≤ 1014–1015 cm-3 are determined by their attachment to O2 molecules while the subsequent pulse detaches captured electrons. A combination of amplified high-power ultrashort pulses (USP) which effectively ionize the gas and long high-energy free-running lasing pulse seems to increase sufficiently an electron density in plasma and to keep it for longer time than the electron lifetime due to attachmente≈50 ns.

To obtain combined UV laser pulses a single USP (or their train) of 0.5-mJ energy and ~100-fs duration, being generated by the frequency-tripled Ti:Sapphire front-end, was amplified in a double-pass KrF pre-amplifier up to 20-mJ energy and injected into the unstable resonator cavity of main KrF amplifier [3]. At the output a 100-ns pulse was obtained with energy of several tens joules, which was modulated with resonator round-trip time by amplified subpicosecond USP. Their peak power of 0.2-0.3 TW exceeded the power of free-running lasing in 1000 times. 

Laser radiation was focused by a spherical mirror with a focal length of F=8 m into the gap between two ring-shaped electrodes which were set at 20-cm distance. A conductivity of the plasma channel was measured at applied voltage U=5–22 kV, being related to electron component of the plasma. A photocurrent response at the matched oscilloscope input consisted of short spikes of 2-ns duration at the FWHM and ~5-ns time interval which were synchronous with the laser USP train. The photocurrent peaks exceeded in 100 times the photocurrent value being measured for 100-ns smooth laser pulse in a free-running lasing (when USP injection was blocked). Photocurrent signals were changed insufficiently when geometric focus of the mirror was moved in the range of 75 cm relative to the inter-electrode gap. This indicates at filamentation of the laser beam and gives an estimation of nonlinear propagation distance of the USP.

In conclusions, the benefits of the combined UV laser pulses have been demonstrated for formation of a conductive plasma channel and its maintenance during ~100 ns. This work was supported by RFBR Projects ## 11-02-01414, 11-02-01524, and 11-02-12061-ofi-m, as well as ISTC Project #4073 Р.
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