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Nonlinear chirp waveform optimization for

obtaining ultra-short attosecond pulses

YUAN Quan, FENG Li-Qiang
(College of Science, Liaoning University of Technology, Jinzhou 121001, China)

Abstract: By regulating the nonlinear chirp waveforms, a method to extend the harmonic cutoff and en-

hance the harmonic intensity by combining two kinds of nonlinear chirp forms has been proposed. The

results show that by appropriately adjusting the second-order and third-order chirp parameters, the chirp

delays and the other laser parameters of the combined pulse, the laser waveforms can be optimized.

Driven by the optimal waveforms, the harmonic cutoff and harmonic radiation intensity can be signifi-

cantly increased, which can lead to the generation of the isolated pulses with the durations of 39 as.

Keywords: High-order harmonic generation; Nonlinear chirped pulse; Laser waveform control; Isolated

attosecond pulse
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Tab.1 The laser parameters of the two-order chirped pulse

Parameters Values Parameters Values
Chirp parameters Time delays
c1 —6.0x107° Laclayr /T 0
e —7.0x107° Laclay2 /T 0.5
3 0 Ldelays / T 0
Chirp delays Laser intensities
ta/T 0 I/ (TW/em?) 140
te/T 0 I,/ (TW/cm?) 80
tes/T 0 I3/ (TW/cm?) 80
Laser phases
@1
2 0
s 0

— chirp-free pulse
- - - p* chirped pulse
~ = B chirped pulse

Harmonic intensity/arb.units

0 200 400 600 800 1000 1200
Harmonic order/m,
A1 Ja Ak B T gk ik
Fig. 1  Harmonic spectra driven by the optimal chirp wave-
forms
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Tab. 2 The laser parameters of the three-order chirped pulse

Parameters Values Parameters Values
Chirp parameters Time delays
¢ —8.0x10°8 tdelay1 /T 0
&) —1.5%10°7 tdelay2/ T 0.5
cs 0 Ldelays/ T 0
Chirp delays Laser intensities
ta/T —0.5 I/ (TW/em?) 70
te/T —0.3 I,/ (TW/cm?) 160
ts/T 0 I;/(TW/cm?) 70
Laser phases
2l 0
2 0
s 0
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Fig. 2 Laser profiles of two-order chirped pulses and
time-profiles of harmonic generation for the cases of (a,
b) chirp-free waveform, (c,d) waveforms 1 and 2, (e,{)
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Fig. 3 Laser profiles of three-order chirped pulses and
time-profiles of harmonic generation for the cases of (a,
b) waveform 1, (¢, d) waveform 2, (e, {) waveform 3
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