F20% HAH
2009 4 4 A
SCE S . 0253-2239(2009)04-1131-06

DL S
ACTA OPTICA SINICA

Vol. 29, No. 4

+ : )
2 RER EX
WE ATy EMIAEL M
P EEE . Hie

R DO Dk i K P R AR e A e P 5
k%

B A
AR W
.

g HEF
(Ao R R 2 324 Bt L B 3 100081)
R AR T

PR BB RON o SR AT B 22 43 VA BT HUAS 1R K o A A% e AR v Rl 1) b o T S 0 B R AE B IR R B Y B S 4y
ARGy T B Ik b e K AR i G B g 2l AR

FRE SRR, RS T AR SHEO6RE R

AR 5%
KEER BYOL LR AR E NS AR Bl S Tk
FESES 0437.5

08T AT L IE R R R G 20 T IR AR AR RO T AR I AR TR XL Bk
P2 F 50K AT By 1 2R i R0 4 20 o O fok b TE O IR 2 OB %2 A2 W K R O in T b i L

ik S 113K £ A% 1 XoF 45 B AR 22 11 BT 2 65 A R K e 8 VAL R 1) 3 A 174
MR A

doi: 10.3788/A0S20092904.1131
Nonlinear Propagation Properties of Ultrashort Laser Pulses in Water
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(College of Science, Central University for Nationalities, Beijing 100081, China)

Yang Yuping Feng Shuai

Abstract The propagation properties of ultrashort laser pulses in water is investigated with the extended nonlinear

of the ultrashort laser in water reveals that the competitive relationship between nonlinear self-focusing and self
processing in water
Key words

Schrédinger equation and the electron density equation. With the theoretical model that incorporates the diffraction,
defocusing during the pulse propagation. Moreover, the influence of laser energy. pulse duration and focusing

normal group-velocity dispersion, multiphoton absorption, self-focusing and self-defocusing effects generated by the
laser-induced eletron plasma, the spatio-temporal distribution of the on-axis laser power density and plasma density
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during the propagation are obtained by fininte difference method. Simulation of the underlying propagation dynamics
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geometry on the structure of plasma filament and the reshaping of energy fluence are discussed. The results may be

benefical to understand and push forward the application of the ultrashort laser pulses in medicine, laser safety and
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ultrafast optics; nonlinear propagation; finite difference method; self-focusing; self-defocusing; plasma
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Table 1 Model parameters and numerical

values used in simulation "

Parameter Value
Wavelength A/nm 580
Reference wave vector k, ko =2m/A
Group velocity dispersion £”/(s*> « m™ ') 5X10°%
Refractive index of water n, 1.33
Nonlinear index n,/(m* « W) 4.1X10°%
Multiphoton ionization order K 4
Ionization energy E,/eV 6.5
Multiphoton ionization rate g /(m® « W*) 1.55X107*
Characteristic time z,/s 150X 10"
Electron collision time ¢/s 1071
Cross section for inverse bremsstrahlung ¢/m’ 1.4X10™%
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Fig. 1 On-axis distribution of laser power density (a) and electron plasma density (b) induced by an ultrashort laser

pulse propagating in water. The results are obtained with input pulse power is 3.1 P.,, pulse duration 300 fs,

and effective NA 0. 1. The solid lines represent the results with self-focusing. while the dashed lines

represent results without self-focusing
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Fig. 2 Spatio-temporal distribution of laser intensity as a function of propagation distance in water.

(The input pulse power is 3.1 P, with pulse duration 300 fs. The effective NA is 0. 1)
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Fig. 3 Energy fluence distribution at different propagation distances (a) 0 pm; (b) 240 pm; (c¢) 488 pm

(The input pulse power is 3.1 P, with pulse duration 300 fs. The effective NA is 0. 1)
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Fig. 4 On-axis distribution of electron plasma density
with different incident pulse energies (The pulse

duration is 300 fs and the effective NA is 0. 1)
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Fig. 5 On-axis distribution of electron plasma density with
different pulse durations (The input pulse energy is

0.9 pJ and the effective NA is 0. 1)
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