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Fig. 1. Distribution of the field intensity |E|? of circularly
polarized CAVBs with conical angles (a) v =0° and (b)
v = —30°. (c) Profiles of field intensity I, and I. along
zaxis corresponding to panel (b). The parameters are given
by Ep=1 V/m, the wavelength A =0.532 pm, the
primary ring radius 79 = 10\, the primary ring width
wo = 1.5\, the decay parameter o = 0.08 , and the topo-
logical charge | = —1.
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Fig. 2. Optical needle structured via left circularly polarized CAVBs with the topological charge [ = —1: (a) Optical intensity

|E|? along the a-z plane; (b) profile of intensity I = |E|? , longitudinal intensity I, and transverse intensity I, along the z-y

plane of the optical needle with the propagation distance z = 10\ ; (¢) distributions of the intensity I, transverse intensity I, and

longitudinal intensity I, along z-axis with different propagation distance. The conical angle is v = —65° and the primary ring ra-

dius 79 = 50, and other parameters are the same as those in Fig. 1.
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Fig. 3. Influence of conical angle 7 on optical needles structured via the left-handed circularly polarized CAVBs with the primary

ring radius rg = 30X and the topological charge [ = —1: (a) Distributions of the field intensity along the 2~z plane and (b) pro-

files of the intensity I, I, and I, along the z-axis corresponding to the propagation distance z denoted via the white dash lines in

panel (a). (¢) DOF of the optical needles varying as the primary ring radius 7o . Other parameters are the same as those in Fig. 1.
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Abstract

An optical needle is a specialized spatial light field characterized by an extremely small transverse spot size,
capable of breaking through the diffraction limit, and also prossessing a long focal depth in the longitudinal
direction. Typically, optical needles are generated by tightly focusing a beam using a lens. In this work, the
generation of optical needles is demonstrated by using circular Airy vortex beams (CAVBs) through adjusting
the conical angle. The CAVBs have a uniform distribution of circular polarization, thus eliminating the need for
radial polarization states. Our research indicates that under the conical angle modulation, CAVBs with a
topological charge of —1 (left-handed circular polarization) and 1 (right-handed circular polarization) can form
optical needles. These optical needles possess a minimal transverse spot size, enabling them to exceed the
diffraction limit while maintaining a long depth of focus. Furthermore, the depth of focus of the optical needle is
almost linearly related to the primary ring radius of the beam. Increasing the primary ring radius can effectively
enhance the depth of focus. CAVBs with different topological charges generate distinct hollow light fields,
unlike optical needles. This is because the longitudinal B}
component of the light beam is significantly enhanced Min BT Max
by adjusting the conical angle. Only CAVBs with the ’
appropriate topological charge exhibit a longitudinal
light field near the optical axis, leading to the
formation of optical needles. In contrast, other charges
result in a hollow longitudinal light field, creating
different hollow light fields. These research findings

could have significant applications in super-resolution

imaging and optical micromanipulation. z(A)

Keywords: optical needle, circular Airy beam, optical vortex, optical modulation
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