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Figure 1: a) Filament induced by a focused 50 mJ, 100 fs
laser pulse. b) Guided discharge (15 kV, D = 4 cm, 30 µs)

Intense femtosecond lasers in the gigawatt
range have demonstrated various applications [1].
Under such high laser intensities, strong nonlinear
optical effects occur, such as Kerr self-focusing of
the beam. A laser pulse propagating in air can then
become intense enough to ionize the air and create
a long, thin plasma channel [2]. This phenomenon,
known as filamentation, has the ability to efficiently guide high-voltage (HV) electric discharges in open
air [3]. Filament-guided discharges have been demonstrated at laboratory scales (kV to hundreds of kV
range) [4] (see Fig. 1a), as well as at a large scale for lighting over a 50-meter distance using a high-energy,
high-repetition-rate YAG laser [5]. Various applications have been proposed such as the plasma antenna
[6] and the laser lightning rod [5]. In this study, we analyze the characteristics of the plasma during the
different stages of the guided discharge: from the initial filament (Fig. 1a), to the streamer propagating
between the electrodes, and finally the spark phase, during which a significant current flows from the HV
electrode to the grounded electrode (Fig 1b).

We investigate the influence of the laser parameters (pulse duration, energy, repetition rate and nu-
merical aperture) on the filament properties and their subsequent impact on the HV discharge guiding
effect in open air. Optical Emission Spectroscopy (OES) has been used to estimate some important
plasma features such as temperatures (Trot, Tvib, Te, Tg) and density (ne, ng). This approach was also
used to study the different phases of a guided discharge, from streamer to spark, in order to provide a
comprehensive characterization of the laser guiding of HV discharges.
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