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Fig.1. Ideal optical parametric fluorescence dissipation model. Wavefront differences

of the optical parametric fluorescence and signal pulse apperas after OPCPA .exhibit
wavefront differences, with the optical parametric fluorescence possessing a divergent
wavefront.
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Fig.3. The measured wavefront defocus phase PV values of the signal pulse
before amplification (De-seed, black line with black circles) and after amplification
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wavefront defocus phase PV values of the parametric fluorescence (De-OPF).
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Fig.6. Signal-to-noise ratio measurement results of the OPCPA amplifier output
signal beam passing through spatial filter pinholes of various apertures. The
horizontal line at the leading edge of the cross-correlation signal represents the mean
value of the cross-correlation signal within the time range from —100 ps to —10 ps

relative to the pulse leading edge.
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Abstract

In ultra-short and ultra-intense laser facilities. based on Optical Parametric Chirped Pulse
Amplification (OPCPA) technologies, optical parametric fluorescence delivered by amplification
process is one of the main factors degrading the temporal signal-to-noise ratio at the final focal end.

Currently, there is not any effective control method for optical parametric fluorescence in multi-



stage amplifiers, and it is a critical issue that urgently requires resolution. This paper proposes a
technical scheme for improving signal-to-noise ratio based on wavefront-controlled OPCPA. A
large phase difference is introduced between the optical parametric fluorescence and signal pulse,
to make the parametric fluorescence to obtain a lager defocused amount compared with the signal
pulse. After that, the active control of optical parametric fluorescence at the final focal end could be
realized, and the temporal contrast of the focused laser pulse would be improved. Experimental
investigations were conducted in OPCPA amplifier of Shenguang-II 5 Petawatt (SG-II SPW) ultra-
short and ultra-intense laser facility, from which the experimental results indicate that in the OPCPA
process, the wavefront of the pump light significantly affects the wavefront of the amplified signal.
Furthermore, the higher of the gain of the OPCPA amplifier, the stronger the impact on the
wavefront phase of the signal. Simultaneously, by adjusting the wavefront of the input signal, we
observed notable changes in the focal spot size of the signal, and could achieve a 2.8-fold difference
in the focal spot sizes between the parametric fluorescence and signal. Finally, utilizing wavefront
control technology, combined with a spatial filter featuring a 75um aperture, we reduced the
incoherent noise front pedestal of the amplified signal pulse, achieving a two-order-of-magnitude
improvement in signal-to-noise ratio. This technology could be widely used in all OPCPA systems
and possesses strong engineering applicability, with important implications for the performance
advancement of global ultra-short and ultra-intense laser facilities.
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