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Three-dimensional (3D) dark spots or bottle beams surrounded by light are applied in many
areas in optics, such as dark-spot optical traps for atoms or as erase beams for super-resolution
fluorescence microscopy [1]. Several methods have been used to produce 3D bottle beams that
have an intensity null surrounded by light in all directions. A simple method to create a 3D
bottle beam is to use a double-ring-shaped radially polarized beam (R-TEM;;*) [2]. However,
a serious drawback of the R-TEM;;* method is that the maximum light intensity surrounding
the dark focal spot is much lower at the diagonal direction in light meridian plane than that
along the optical axis (see Fig. 1 (a)) and the uniformity of the light “wall” surrounding the 3D
dark spot is about 0.355, which is disadvantage for super-resolution fluorescence depletion
microscopy and particle trap.

To generate a small 3D dark spot uniformly surrounded by light, we use the incoherent
superposition of two cylindrical vector beams: one is a double-ring-shaped radially polarized
beam and the other is a single-ring-shaped azimuthally polarized beam. Figure 1(b) shows the
intensity distribution in the focal region for the incoherent superposition of the two beams
focused by an oil immersed lens with high numerical aperture NA=1.48, where the truncation
parameter of /=1.3 is used. f1is defined as the ratio of the radius of the aperture of the objective
to the waist of Gauss beam, its size has an important effect on the dark spot quality. It is seen
from Figure 1(b) that the dark spot volume is very small and the light wall surrounding the dark
spot is very uniform. If the uniformity U of the light wall is defined as the ratio of the lowest
intensity in the light wall to the highest intensity in the light wall, U=0.785 in Figure 1(b). The
generated perfect 3D dark spot is very useful for 3D dark spot microscopy and particle trap.
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Figure 1: Intensity distributions in the focal region.
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