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The polarization evolution of the generated needle beam 

The polarization evolution of the needle beam was studied by calculating the Stokes 

polarization parameter [S1], from which the ellipticity tanχ can be derived: 

sin 2 ( ) / ( )x y y x x x y yi E E E E E E E E    = − + , (S1) 

where Ex* and Ey* are the complex conjugate of Ex and Ey. 

The polarized distribution of the needle beam can be analyzed through the ellipticity 

of the local polarization ellipse on the focal plane shown in Figure S1. Taking the case of 

BOE with metalens as an example, it is obvious that the polarization is spatially variable. 

Theoretically, the ellipticity of the pure transversely polarized needle beam is either 1 or 

−1 at the center of the focal plane because its central focal field is strictly circularly polar-

ized. However, in our work, the ellipticity in the center of the focal plane is greater than

−1, indicating that the focal field is left−handed elliptic polarization. In addition, the curve

of ellipticity in the figure is asymmetrical. Those may be due to the slightly different con-

version efficiency of unit cells of the inhomogeneous metalens. As the radial distance in-

creases, the ellipticity changes rapidly between 0.8 and −0.8, so the handedness of the

beam also changes between the left- and right-handed polarization. There are also some

critical points, namely the point of ellipticity of 0, which indicate that only one component

of radial or azimuthal polarization exists. Interestingly, the wavefront polarization of such

beam is parallel to the transversal polarization of tightly focused circularly polarized light

[S1] in the focal plane. For the former, the beam is completely transversely polarized,

while for the latter, besides the transversal component, there is a significant longitudinal

electric field component.

Figure S1. The cross-section of the ellipticity of local polarization ellipse of the optical needle gen-

erated by the BOE and annular aperture (AA) combined with the metalens, respectively. 
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