Optical breakdown of liquid media triggered by a wide range of laser pulse durations and its analytical application 
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The generation of plasmas in liquid media was investigated to derive a closed-form mathematical expression describing the free electron density and energy density of the laser-induced plasma (LIP) [1] for laser pulse durations in the range of a few nanoseconds to a few tens of femtoseconds. In doing so, we postulated that a critical seed electron density exists due to the joined effects of multiphoton ionization (MPI) [2] and cascade ionization (CI) [3]. The effect of electron losses contributed to thermal ionization (TI) [4], electron diffusion (ED) [5], and electron-ion recombination (E-IR) [6] are also taken into account. The obtained results were verified via numerical simulation. This enabled us to analyze the interplay between MPI, CI, and joined effects of losses (TI, ED, and E-IR) during the laser pulse. After an extensive research on the subject, our results indicated that for longer laser pulses the generation of free electrons is always initiated by MPI but afterward dominated by CI, while for shorter pulse duration, MPI predominates. It is also important to note that during short and ultrashort pulses, losses due to TI, ED, and E-IR during breakdown almost completely diminish. By analytically solving the free-electron density rate equation [7], we were also able to calculate the energy density of the created plasmas in a wide range of pulse durations. A good overall quantitative agreement was found between calculated and available experimental values for the free electron density and plasma energy density [8-10]. 
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