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Abstract

equation, through modifying the electron diffusion rate and cascade ionization rate, the ellipsoidal time and space

Based on the shaping characteristic of femtosecond in the focal region and the free electron density rate
(ETS) model for femtosecond laser-induced optical breakdown in water was given. Theoretical breakdown
thresholds calculated by ETS model with a Runge-Kutta method were presented under the condition of pulse
durations of 100 fs and 300 fs. The optical breakdown thresholds and the electron distribution within the breakdown
region at different times were given, and the change of free electrons with time at fixed positions within the region

was predicted. Results show that the breakdown threshold of water induced by femtosecond laser using the ETS
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model is better agreement with experimental result than the classical models.
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Fig. 1 Shape of the focal region. (a) cylinder;
(b) ellipsoid
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Fig. 2 Evolution of the relative laser intensity dependent
on position z (a) and time ¢ (b)
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Table 1 Breakdown threshold of water induced by

femtosecond laser

Breakdown threshold, I, /(10" W/cm?)

o /s

! Theoretical value  Experimental measurement
100 109. 1 1110

300 51.09 47,61
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Fig. 3 Evolution of the free-electron density dependent on
time and position (1 =580 nm, w, =2. 2 pum, t,

=100 fs, z =1 fs)
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Fig. 4 Evolution of the free-electron density dependent on
time and space (A =580 nm, w, =2.5 pum, ¢, =

300 fs, z =1 1s)

BT,



1494 i

i

ot 35 &

2 fRHEBRRN ETS #7409 i 28 B
Table 2 Breakdown threshold of water determined by classical model and ETS model

Breakdown threshold, I, /(10" W/cm?)

7, /ps Noack model Fan model

ETS model Experimental

Theoretical value Discrepancy Theoretical value

Discrepancy Theoretical value Discrepancy measurement

100 84,0 24.3% 94, 0% 15.3% 109. 1 1.7% 1110
300 39. 017 18.1% 43,0 9.7% 51.09 7.3% 47,610
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