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Influence of Wavefront Distortion on Spatial-Temporal Property of Laser Pulse

Output by Grating Compressor
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Abstract Wavefront distortion affects the compressibility and the far-field focal spot quality of the output laser
pulse of parallel grating pair compressor. We establish a theoretical model of parallel grating pair compressor based
on ray-tracing method and principle of Fraunhofer far-field diffraction, and analyze the effects of wavefront error of
input pulse, the deformation and wave aberration of grating diffraction surface on the spatial-temporal property of
the far-field focal plane of the compressor output pulse. The corresponding error tolerances are presented based on

Monte-Carlo simulation. The results provide a theoretical reference of wavefront distortion correction and grating
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quality control for parallel grating pair compressor in high-power laser facilities.
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Table 1  Simulation parameters of compressor

Parameter of parallel grating pair compressor

Parameter of input pulse
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Fig. 3 Optical phase distribution of input pulse and far-field spatial-temporal distribution of output pulse.

(a) Ideal plane wavefront; (b) ideal far-field spatial-temporal distribution; (c¢) random wavefront distortion;

(d) far-field spatial-temporal distribution of wavefront distortion as shown in Fig. 3(c)
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Fig. 9 Relationships between the wave aberrations of grating and the property of compressor output.
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Table 2 Error tolerances for different goals

Error tolerance of wavefront Error tolerance of
) ) ) ] ) Error tolerance of grating wave aberration
Goal distortion of input laser pulse grating deformation
o PV of PV of PV of
PV /A RMS /2 PV /A _ o
spherical /A coma /A astigmatism /A
Sk>0.9 0.26 0.062 0.248 0.33 0.95 0.27
R<<10% - - 0.262 0.44 - 0.16
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