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Abstract The influence of pulse time delay (PTD) caused by the large-diameter lens on the spatiotemporal characteristics
of a broadband laser focal spot is studied to design a high-energy laser system. To this end, diffraction transmission theory
of broadband lasers in lenses, which is used in high-energy petawatt laser system with multi-pass amplified structure, is
employed. It is found that when the aperture of the broadband laser reaches 360 mm X 360 mm, the maximum PTD caused
by the lens is approximately 2.5 ps. The spatiotemporal coupling effect peaks when the pulse width is 0.5 ps under the
Fourier-transform-limit bandwidth of 3.2 nm and the beam quality is 1 diffraction-limited (DL). The time waveform is
distorted, and the focal spot size corresponding to 90% energy concentration is doubled. However, when the compressed
pulse width is more than 1 ps or the far-field beam quality is =5 DL, the spatiotemporal coupling effect weakens, and the
influence of the PTD on focus can be neglected. The research results provide an important theoretical basis for the lens
chromatic aberration compensation and fosus performance improvement of domestic high-energy petawatt laser systems.

Key words ultrafast optics; lens chromatic aberration; pulse time delay; multi-pass amplified structure; spatiotemporal

characteristics of focal spot; high-energy petawatt laser system
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Fig. 1 Diffraction transmission schematic of beam after passing through a single lens. (a) Schematic of diffraction transmission;

(b) schematic of lens structure
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Table 1  Lens parameters of laser system and PTD produced by lens

Name of ~ Focal =~ Number PTD by single PTD by
lens length /m  of pass pass /ps accumulation /ps
TSF-1 30 2 0.102 0. 204
TSF-2 30 1 0.102 0.102
CSF-1 11 4 0.279 1.116
CSF-2 11 4 0.279 1.116
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at PTD/T =0, 1, 3, and 5, respectively
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Fig. 6 Variations of focal spot characteristics with different PTDs. (a) Far-field pulse shape; (b) relative intensities of spatial focal

spots; (¢) energy concentrations of focal spots
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Fig.8 Focal spot characteristics under different compression pulse widths. (a) Spectrum distribution of focal point; (b) spatial waveform

of focal spot; (¢) temporal waveform of focal spot
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Influence of PTD on focal spot under different injected beam qualities. (a), (b), (c), and (d) are spatiotemporal characteristics of

focal spot when beam qualities are 1 DL, 3 DL, 5 DL, and 7 DL, respectively; (e) comparison of temporal waveform after

spatial integration
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