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Abstract: Lasers have important scientific research and application values due to their physical properties in multi-
ple dimensions such as time domain, frequency domain, space, and phase. In particular, Tm* and Ho® doped
2 pm solid-state lasers possess new characteristics such as wide bandwidth, high gain, flexible mode selection, and
atmospheric molecular absorption, and have important application prospects in fields such as electro-optical counter-
measures, medical diagnosis, new-band communication, and attosecond light sources. This paper focuses on the re-
search status of 2 pm band ultrafast solid-state lasers, reviews and analyzes the research history, theoretical basis,
technological progress, and application status of multi-dimensional regulation of solid-state ultrafast lasers in this
band, and further looks forward to the development prospects of mid-infrared laser multi-dimensional regulation driv-
en by artificial intelligence. This paper will provide a reference for emerging research such as wavelength expansion

and spatial dimension expansion of new mid-infrared ultrafast laser systems.
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Fig.1 The laser has numerous known degrees of freedom. By adjusting the distribution of the combined degrees of freedom, vari-

ous inseparable states can be generated, and it has its own applications in multiple different directions ™
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Fig.6 (a) Gaussian light and vortex light separation control experiment. (b)Schematic diagram of experimental setup for high-

order transverse mode femtosecond laser and mode locking results for high-order TEM,, mode'
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(b)Pulse of vortex laser™®
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