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Fig. 1. The relationship between laser-induced droplet
breakdown threshold and the radius of droplet, where
the wavelength and the pulse width are 800 nm and
100 fs, respectively.
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(a) 20 fs; (b) 40 fs; (c) 60 fs; (d) 120 fs; (e) 160 fs; (f) 180 fs

Fig. 2. The spatial distributions of free electron densities at different time: (a) 20 fs; (b) 40 fs; (c) 60 fs;
(d) 120 fs; (e) 160 fs; (f) 180 fs. The incident electric field is 1 GV/m, the radius of droplet is 4 pm, the

laser pulse is z-polarized and propagates from left to right.
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(a) 20fs; (b) 40 fs; (c) 60 fs; (d) 120 fs; (e) 160 fs; (f) 180 fs
Fig. 3. The spatial distributions of laser power densities at different time: (a) 20 fs; (b) 40 fs; (c) 60 fs;
(d) 120 fs; (e) 160 fs; (f) 180 fs. The incident electric field is 1 GV /m, the radius of droplet is 4 pm, the

laser pulse is z-polarized and propagates from left to right.
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Fig. 4. The variations of the laser power densities with

time at the focus point. Curve a represents the case

with the droplet. Curve b represents the case without

the droplet.
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K5 4282 pm B E A RS asi A R A i 7 8% B AR R KN 2 1 2 18] 40 A (B0 A e 1) A5 4% 3F)
(a) 3 GV/m; (b) 6 GV/m; (¢) 9 GV/m; (d) 12 GV/m; (e) 15 GV/m; (f) 18 GV/m

Fig. 5. The spatial distributions of free electron densities when the maximum is reached for different incident electric
field intensities: (a) 3 GV/m; (b) 6 GV/m; (c) 9 GV/m; (d) 12 GV/m; (e) 15 GV/m; (f) 18 GV/m. The laser pulse

is z-polarized and propagates from left to right.
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(a) 3 GV/m; (b) 6 GV/m; (¢) 9 GV/m; (d) 12 GV/m; (e) 15 GV /m; (f) 18 GV/m

Fig. 6. The spatial distributions of laser power densities around the 2 um droplet when the free electron den-
sity maximum is reached for different incident electric field intensities: (a) 3 GV/m; (b) 6 GV/m; (c) 9 GV/m;
(d) 12 GV/m; (e) 15 GV/m; (f) 18 GV/m. The laser pulse is z-polarized and propagates from left to right.
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Fig. 7. Time domain changes of laser power densities
at the focus point of a 2 pm droplet for different in-
cident intensities: (a) 1.6 TW/cm?2; (b) 6.4 TW/cm?;
(c) 14.3 TW/cm?; (d) 25.4 TW/cm?; (e) 39.7 TW/cm?;
(f) 57.2 TW/cm?.
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Spatiotemporal distributions of plasma and optical field
during the interaction between ultra-short laser pulses
and water nanodroplets
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Abstract

The transient changes of free electron density distribution and light field intensity during the interaction between
the femtosecond Gaussian laser pulses and millimeter scale water droplets are studied. Based on the nonlinear Maxwell’s
equations and the ionization rate equation, a transient coupled model is proposed to describe the laser plasma produced
in water droplet. The changes of electron density and light field with time are obtained by the finite element method.

The calculation results show that the laser induced breakdown threshold in the droplet is about 2 TW/ cm?, one
quarter of that in a boundaryless water medium under the same condition. We find that the region of plasma generated
in the droplet will move along the laser direction at first, however, when the incident laser intensity becomes larger, it
will move in the direction opposite to the laser beam propagation and the plasma shielded effect becomes more obvious.
The laser beam converged by the droplet focuses outside the droplet, and its power density is five times larger than that
of the incident laser. There happen the laser pulse duration compression and waveform distortion at the focus point due
to the plasma absorption, and the absorption energy increases with the laser intensity increasing and reaches a saturation
finally.

We expect the model and calculation results to be able to be used for the study of laser pulse propagation in cloud

or rain, the precision control of droplet by laser or eye surgery by laser, and other laser technology applications.

Keywords: laser-induced breakdown, interaction between laser and droplet, optical field distribution,

electron density
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