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Abstract: Due to its unique properties, the Bessel beam has a wide range of applications in numerous
fields. Currently, researchers are devoting themselves to developing methods capable of dynamically con-
trolling the polarization state. However, extracting andcontrolling the polarization state modes of arbitrary
orders from a single incident beam has always been a challenge. This paper proposed a novel method
based on the mode extraction principle of the optical pen, which successfully generated Bessel beams with
uniform and non-uniform polarization states, thus overcoming this difficulty. This method did not require
changing the polarization state of the incident vector beam. Instead, it directly extracted Bessel beams
with arbitrary polarization modes from high-order vector vortex beams. By utilizing the optical pen technol-
ogy, the number, position, amplitude, and phase of vector Bessel beams could be arranged flexibly. The
experimental results were in high agreement with the theoretical predictions. This research not only holds

great significance for the in-depth understanding of the polarization characteristics of Bessel beams but also
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is expected to promotetechnological advancements in fields such as optical imaging, optical communica-

tion, and particle manipulation.

Key words: mode extraction principle ; Bessel beam ; optical pen; uniform polarization ; non-uniform polarization
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Fig. 1 Schematic diagram of the focusing system extract-
ed from Bessel beam homogeneous and non-uni-
form polarization state modes, (a) phase of the
Bessel beam, (b) Bessel intensity distribution plot
extracted by modulating the phase
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Fig.2 Bessel beam z-linear polarization and y-linear polarization patterns are extracted
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Fig. 3 Bessel beam left-handed circle and right-handed circle polarization modes are extracted
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Fig. 5 Extraction results of different polarization modes of Bessel beams with topology number /=1
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Fig. 6 Extraction results of different polarization modes of Bessel beams with topology number /=2
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Fig.8 Results of different polarization modes of Bessel beam at /=0
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