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Simple model for optical breakdown threshold
for water induced by pulse laser
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Abstract ; An analytical expression of optical breakdown threshold for water has been abtained after
simplifying the rate equation of free electron density.The calculating results have been compared with
experimentally measured breakdown threshold of pure water and impure water induced by nanosecond,
picosecond and femtosecond laser pulses in the visible and near-infrared. For nanosecond laser pulses, the
generation of free electrons in distilled water is initiated by multiphoton ionization but then dominated by
avalanche ionization. For shorter laser pulses, multiphoton ionization becomes more important, and the
effect of collision and recombination on breakdown threshold losses gradually during breakdown. A good
quantitative agreement is achieved between calculated and measured results.
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Tab.1 Optical breakdown threshold

T A/nm 2wel pm InfJem™ I/Jem™
76 ns 750 20 0.2 0.12
6 ns 1064 7.7 0.5 0.76
6 ns 532 5.3 0.3 0.16
30 ps 1064 4.7 4.5 3.76
30 ps 532 34 38 1.39
3 ps 580 5 85 12.3

300 fs 580 5 47.6 1168
100 fs 580 44 111 365.7

I'n: Experimentally measured breakdown threshold of pure water
I.: Calculated breakdown threshold of pure water by the model
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Tab.2 Optical breakdown threshold

T, A/nm 2wy/pm  Ip/Jem™?  [p/Jem™?  I/Jem™
7 ns 1064 22 0.182 0.05 0.036
3 ns 532 26 0.0879 0.0935 0.069
80 ps 1064 26 1.90 1.91 0.74
400 fs 580 22 12.6 12.6 9.76
100 fs 580 17 57.7 56.0 29.6

Isw:Experimentally measured breakdown threshold of pure water
I'o:Experimentally measured breakdown threshold of impure water
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