Spectroscopic study of laser-supported absorption ‘waves
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The absorption of laser radiation at power densties between 10° to 102 W/cm? by -
solids may lead to surface evaporation, plasma production and air breakdown. In this
paper we review the progress on plasma diagnostics using space-and time-resolved spec-
troscopy in the UV-visible range. Three types of lasers (CO,, HF, and Nd) with pulse
durations between 10-usec to l-msec are used. At a higher power density, the ionized-
air plasma (which contains mainly N* and O*, with T,=1 to 8 eV and N,=10%" to 10%%/
cm?®) absorbs laser photons by inverse-bremsstrahlung and proceeds towards the laser at
a supersonic speed. Under a partial vacuum behind the shock-front, we find that the
ejection speeds of evaporated target species follow a 3-dimensional Boltzmann model that

Vems=(8RT/M)* where T is the boiling temperature of the solid and M is the atomic
mass. In the plasma plumes from targets containing Al, B and C, we observe prominent
molecular bands such as A10, BO, and CN. Due to the plasma Stark effect, electric~
dipole forbidden transitions in atomic Al are detected. The results! will be discussed
with regards to laser-target coupling near the threshold of surface-induced air-breakdown.
Comparisons will be made with plasmas from electrical discharge.
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