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Fig.1 Intensity distributions on the beam cross sections at different distances for the linear propagation of a four—petal beam
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Fig.4 Intensity distributions on the beam cross sections at different distances for the propagation of the four—petal femtosecond
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Multifilament Array Generation and Control with a Four—petal
Gaussian Femtosecond Laser Beam

ZENG Tao', YI Yuliang"*, GUO Lanjun’
(1 School of Physical Science and Technology, Chongqing Key Laboratory of Micro & Nano Structure
Oproelectronics, Southwest University, Chongging 400715, China)
(2 College of Chemistry, Liaoning Province Key Laboratory for Green Synthesis and Preparative Chemistry of
Advanced Materials, Liaoning University, Shenyang 110036, China)
(3 Institute of Modern Optics, College of Electronic Information and Optical Engineering, Tianjin Key Laboratory of
Micro=scale Optical Information Science and Technology, Nankai University, Tianjin 300350, China)

Abstract: When femtosecond laser beam power is much larger than the critical power for self-focusing, the
beam breaks up into multiple filaments, which have appeared as a promising medium for multichannel
white-light radiation, enhanced terahertz generation, enhanced air lasing, and waveguiding of microwave
radiation. These applications rely on the realization of a high reproducibility and regular localization of
multifilament array pattern. A four—petal Gaussian beam can evolve into a number of mirror symmetric
petals in the far field and the petals of higher order beams can be equally spaced. Moreover, the space
among the petals is determined by the beam order. Therefore, the four—petal Gaussian beam are a
promising beam type for the generation and control of a regular multifilament array. In this study, the linear
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propagation of a four—petal Gaussian laser beam has been simulated based on Helmholtz wave propagation
equation. The result shows that the four—petal Gaussian laser beam evolve into more petals in the far field.
A 3 X 3 laser beam array is generated with beam waist of 0.5 mm and beam order of 2. Further, the spatial
distribution of the laser filaments from a four—petal Gaussian femtosecond laser beam has been investigated
based on the nonlinear wave propagation equation. When the total laser power of the four—petal Gaussian
femtosecond laser beam is 32P., a 2 X 2 regular multifilament array is generated finally. Here, P, is a
critical laser power for self-focusing, which is a critical value for the formation of a laser filament. The
waist radius and beam order of the four—petal laser beam are set to be 0.5 mm and 2 respectively. The
separation between to closed filaments in the laser array would remain at 0.146 cm. If the beam order is set
to be 5, the separation between to closed filaments would increase and remain at 0.23 cm. When the total
laser power of the four—petal Gaussian femtosecond laser beam is 28P,,, the waist radius and beam order of
the four—petal laser beam are 0.5 mm and 2, the laser beam would split and emerge together during the
self-focusing process, leading to a single laser filament occurrence finally. When the waist radius of the
four—petal Gaussian femtosecond laser beam is 0.2 mm, the total laser power and beam order are 28P,, and
2, a regular multifilament array is generated. The separation between two closed laser filaments is around
0.05 cm at the initial stage. Then the separation decreases versus the propagation distance and the
multifilament array emerge into a single laser filament finally. The above results indicate that when the
input power of a four—petal Gaussian femtosecond laser beam is relative strong, a regular multifilament
array will be generated. At the source plane of the four—petal Gaussian laser beam, the separation of the
four petals is directly proportional to both the square root of the beam order and the waist radius. Thus, the
multifilament array space can be tuned by the initial beam waist and beam order. Generally, the size of the
filament background energy reservoir is about 1 mm, which can influence the interaction between two
closed filaments in the multifilament array. When the separation is larger than the size of the background
energy reservoir, the multifilament array propagates stably and the separation remains constant. When the
separation is less than the size of the background energy reservoir, the separation decreases versus
propagation distance and the multifilament array evolves into a single filament finally. When the input
power of the four—petal Gaussian femtosecond laser beam is relatively low and still larger than the critical
power for self-focusing, the multiple self-focusing phenomenon will occur. The laser beam evolves into a
single filament finally. This study has provided a new method for the generation of a regular multifilament
array and could pave the way to some potential applications relying on multifilament arrays, such as
enhanced terahertz generation, air lasing, and waveguiding.

Key words: Femtosecond laser filament; Multifilament array; Four—petal Gaussian beam; Beam order;
Spatial distribution
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