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Fig. 1. Schematic diagram of experimental setup. M,
800 nm HR mirror; G, grating; CL, cylindrical lens; LC-
SLM, liquid crystal spatial light modulator; MLA, mi-
crolens array; L, plano-convex lens; FS, fused silica; DM, di-
chroic mirror; IS, integrating sphere.
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Fig. 2. (a) Evolution trend of supercontinuum generation by
the spatiotemporal modulation femtosecond pulse filament-
ation with the increasing of iterative generation; (b) super-

continuum spectra of several typical iterative generations.
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Fig. 3. Spectral intensity integration (400-700 nm) of the

supercontinuum as a function of the iterative generation.
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Fig. 4. Initial envelopes of shaped laser pulse with typical iteration generations of (a) 1, (b) 3, (c¢) 8 and (d) 17, respectively.
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Abstract

Supercontinuum (SC), as one of the most spectacular phenomena occurring in the nonlinear process of
intense femtosecond laser-material interaction, has attracted considerable interest. The broadband SC sources
have a variety of applications including the spectroscopy, fluorescence microscopy, remote sensing, and
generation of few-cycle pulses. Over the last few decades, the SC has been extensively investigated in various
optical media, including liquid, gas, and solid. Especially, ultrabroadband SC sources have achieved remarkable
development in the photonic crystal and micro-structured fibers. Even so, the generation of the SC with high
brightness, high spatiotemporal coherence and good maneuverability, is still a challenging topic. The SC
generation from femtosecond filamentation is a unique white light source with high pulse energy, high
brightness and high spatiotemporal coherence, whose spectral range spans from ultraviolet to mid-infrared. In
recent years, numerous studies have been conducted to optimize the filamentation and SC. The control of
filamentation such as the filament length, number and position, as well as the generation of the ultra-broadband
spectrum with high spectral energy density has been realized. To date, the optimal control of SC has been
realized by the spatial modulation or time-domain shaping of the femtosecond laser pulse. However, there is no
report on the control of SC generation and filamentation by spatiotemporally modulating the femtosecond laser
pulses as far as we know. In this work, a spatiotemporal modulation for the femtosecond laser pulse is proposed,
which combines the spatial modulation by using microlens array (MLA) and the laser pulse shaping based on
liquid crystal spatial light modulator. We investigate the control of the SC generation from the filamentation of
the spatiotemporally modulated femtosecond laser pulses in fused silica by using the feedback optimal control
based on genetic algorithm. In our experiments, with the increase of the iterative generation, the cut-off
wavelength in the blue-side extension of the SC becomes shorter gradually, and the spectral intensity of the SC
increases significantly. After the eighth iteration, the increase of the spectral intensity slows. With the number
of iterations increasing further, the intensity and broadening of SC spectrum will no longer apparently change.
Hence, the feedback optimization control of spectral intensity of SC is realized, and the SC with controllable
spectral intensity in a certain range is obtained. The maximum intensity variation of SC is more than three

times. By integrating the spectral intensities of SC for different iterative generations, we characterize the
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increase trend of SC conversion efficiency. During the first few iterations, the conversion efficiency increases
rapidly. Then it increases slowly after eighth generations and reaches its maximum after several generations
(10th generation). The conversion efficiency has a similar evolution to the spectral intensity of the SC. To
explain the physical mechanism, the initial envelope of the shaping pulse with typical iteration generation is
calculated. It can be concluded that the spatial modulation of MLA allows for higher incident laser energy and
for more filaments’ generation, which increases the energy of SC radiation directly. The peak intensity and
envelope distribution of time domain pulse are the main factors affecting the spectral intensity and broadening
the SC.
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