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Abstract

The present article reports extensive numerical results on the non-local characteristics of ultra-short pulsed
laser-induced breakdowns of fused silica (SiO,) by using the multivariate Fokker-Planck equation. The non-
local type of multivariate Fokker-Planck equation is modeled on the basis of the Boltzmann transport
formalism to describe the ultra-short pulsed laser-induced damage phenomena in the energy-position space,
together with avalanche ionization, three-body recombination, and multiphoton ionization. Effects of electron
avalanche, recombination, and multiphoton ionization on the electronic transport are examined. From the
results, it is observed that the recombination becomes prominent and contributes to reduce substantially the
rate of increase in electron number density when the electron density exceeds a certain threshold. With very
intense laser irradiation, a strong absorption of laser energy takes place and an initially transparent solid is
converted to a metallic state, well known as laser-induced breakdown. It is also found that full ionization is
provided at intensities above threshold, all further laser energy is deposited within a thin skin depth.
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Fig. 1 A schematic of laser machining with long and short
pulses.
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Table 1 Physical properties of SiO, used in this study

Parameter Definition Value
hoo, Pho”‘[’g\f]”ergy 0.0323 [11]
. Energ[yéslgis rate 200.0 [11]
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o EIectrc[)g ]charge -1.602x10°%
U, Bandg[zg/]energy 9.0 [6]
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Fig. 2 Recombination effects on the estimated electron
densities at 1.3 and 2.6 J/cm?.
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