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Fig. 1 Schematic of the modulation of composite optical field based on the multi-coordinate transformation techniques
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Fig. 4 Intensity profiles of the two lobes in 2D Airy beam modulated simultaneously
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(a) Numerical simulation results, and /=5, m=2, ¢,=¢p,=—n/4
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(c) Interference patterns between the pin-like optical field and optical vortex
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Arbitrary Modulation of Airy Vortex Beam in Multi—spatial Dimensions

WANG Yakun', TAI Yuping’, LI Xinzhong"’
(1 School of Physics and Engineering, Henan University of Science and Technology,
Luoyang, Henan 471023, China)
(2 School of Chemical Engineering and Pharmaceutics, Henan University of Science and
Technology, Luoyang, Henan 471023, China)
(3 State Key Laboratory of Transient Optics and Photonics Xi'an Institute of Optics and Precision
Mechanics Chinese Academy of Sciences, Xi'an 710119 China)

Abstract: As a composite optical field, Airy vortex beam possessing transverse and longitudinal
superimposed modes has abundant intensity and phase distributions. However, the composite optical field
is limited to the specific propagation direction and complex modulation of the propagation trajectory. To
address these issues, based on the multicoordinate transformations, one-dimensional Airy beam, two-—
dimensional Airy beam and Airy vortex beam have been transformed in different coordinate systems,
respectively. We have realized the orientation modulation of the two lobes of Airy beam and the embedded
optical vortex in the range of 0-2x, independently. We have studied the propagation properties in the
propagation distances of 0, 2, 6, and 10 cm in the case of the obtuse and acute angles between two lobes of
the Airy beam and the Airy vortex beam with orthogonal lobes, respectively. The results of experiments
and numerical simulations show that the generated optical field can propagate along arbitrarily appointed
parabolic trajectories and directions in free space. In addition, a method for measuring topological charge is
proposed by adding the shift factor ¢ when the directions of the lobes are opposite. This proposed method
enables in situ determination of the embedded optical vortexes' topological charge without the need for
additional optical elements, and it is immune to environmental vibration and parasitic interference. Our
results promote the applications of Airy vortex beam in particle manipulation and optical cleaning and
provide an alternative scheme for the modulation of composite optical field. Measurement of the topological
charge and the intensity profiles at different propagation distance via the experimental setup.

Key words: Physical optics; Composite optical field; Airy vortex beam; Multicoordinate transformations;
Topological charge; propagation
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