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Abstract

modern physics research. High-harmonic generation, a primary technique for generating ultrashort laser pulses, has

With the rapid advancement of laser technology, ultrafast optics has become a very important frontier area in

progressed rapidly in the past decade. In this paper, the conservation of spin angular momentum and orbital angular
momentum, the spin-orbit interaction, and other novel physical phenomena in the high-harmonic generation in the gas
medium, are reviewed. In addition, gaps and challenges in existing research are summarized. The application of
structured light field in high-harmonic generation significantly enhances investigations of light-matter interaction and
creates new opportunities in light manipulation and strong-field physics fields.

Key words physical optics; harmonic generation and mixing; strong-field process; ultrafast nonlinear optics; conservation

of angular momentum; spin-orbit interaction
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Fig. 2 Experimental scheme of HHG with two-color counter-rotating circularly-polarized laser pulses'”.

1. Two pump pulses with

central wavelengths around 790 nm (LLCP, 1.6 mJ/pulse) and 395 nm (RCP, 0.43 mJ/pulse) are focused into a gas-filled
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Fig. 5 Diagram of generating extreme ultraviolet HHG with OAM by focusing two non-collinear beams. (a) Two-color laser field

simulation*.

An 800 nm Gaussian beam with peak intensity of 10" W/cm* and a 400 nm vortex beam (/= 1) with peak

intensity of 10" W/em? are focused into argon jet at an angle of 2. 3’; (b) experimental scheme™”. Two linearly-polarized beams

(800 nm), where one is a Gaussian beam with peak intensity of 2 X 10" W/cm” and the other is a vortex beam (/= 1) with peak

intensity of 2 X 10" W/cm”, are focused into argon jet at an angle of 40 mrad
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| Two linearly-polarized vortex beams (800 nm) with different

topological charges (/=1 and /= 2) are focused into gas jet. Their pulse widths and relative time delays are 10 fs
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