Sonography: a new method to measure laser filaments in air
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Abstract: The sound emitted from a filament was measured using a microphone. A model
describes the sound emission mechanism, which allows to retrieve the light intensity as well as
the free electron density in the filament.
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High power femtosecond laser pulses propagating in air form long self-guided filaments [1]. The remarkable
properties of a filament are white light generation by self phase modulation and plasma channel formation due to
multiphoton ionization (MPI). These properties open exciting perspectives for applications such as white-light lidar
[2] and laser lightning control [3,4]. The applications in turn stimulate the need for better characterizing the
filamentation propagation.

We describe a new method to measure the MPI induced plasma channel associated to a filament. It consists in
detecting the sound emitted from the plasma during its expansion. A microphone placed at 10 cm from the filament
records the sound signal as a function of the propagation distance z (Fig.1). The slope changes in the microphone
signal (marked with arrows in Fig. 1) indicate the starting and the ending of the filament, which extends over 4.5 m.
We developed a model to describe the acoustic wave emission from the filament, which includes free electron
generation by multiphoton ionization, optical energy absorption by inverse bremsstrahlung, and absorbed energy
dissipation in shock wave emission. Results from the calculation show slight changes in the light intensity and the
diameter over the filament, but in contrast, a change of three orders of magnitude for the electron density.
Sonographic probing thus appears as a promising method for non destructive and real time characterization of
filamentation in atmospheric scale experiments [5].
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Fig. 1. Experimental setup and peak sound signal as a function of the propagation distance. The origin of the z axis
indicates the position of the spherical focusing mirror with a 10 m radius of curvature.
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