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Abstract: We numerically demonstrate the generation of vector vortex beams using dielectric 
metasurfaces, where the beams' topological features evolve longitudinally during propagation. This 
distinctive characteristic, along with the ability to control it, could enable new applications in remote 
sensing for topological light. 

 
Vector vortex beams are light beams that possess topological features in their phase and polarization 

distributions in space. These unique properties have attracted significant research interest, not only for their 
fundamental physics but also for their potential applications in communications and remote sensing. Meanwhile, 
metasurfaces enable precise control over light propagation, facilitating functionalities such as narrow-band 
wavelength filtering, focusing, beam deflection, beam expansion, and the generation of vector vortex beams 
[1-4]. Due to their compact form factor and compatibility with established semiconductor nanofabrication 
techniques, silicon-based dielectric metasurfaces are particularly well suited for generating such topologically 
structured light beams. 

 
In this talk, we present our recent work on generating vector vortex beams whose topological features evolve 

longitudinally during propagation. We argue that this type of evolution is often overlooked in topological light 
research, particularly for monochromatic light in the paraxial regime. Using numerical simulations, we 
demonstrate the generation of such beams using silicon metasurfaces. We also demonstrate the analytical 
methods for controlling their topological features along the propagation direction. Our findings could contribute 
to the development of topological light-based remote sensing techniques. 

 
References 
1. J. Liu, X. Fang, W. Lyu, X. Deng, and X. Zheng, "Over 240 resonances on a metasurface-pixelated silicon wafer in an 

octave-spanning terahertz range," Advanced Optical Materials 12, 2301979 (2024). 
2. J. Huang, W. Yu, H. Pi, Y. Shen, J. Yan, and X. Fang, "Asymmetric vortex beam emission in a metasurface-integrated 

microring with broken conjugate symmetry," Optics Express 31, 42549-42561 (2023). 
3. W. Lyu, J. Huang, S. Yin, X. Wang, J. Liu, X. Fang, and H. Geng, "Amplitude gradient-based metasurfaces for off-chip 

THz wavefront shaping," Photonics Research 11, 1542-1552 (2023). 
4. S. Chen, J. Huang, S. Yin, M. M. Milosevic, H. Pi, J. Yan, H. M. H. Chong, and X. Fang, "Metasurfaces integrated 

with a single-mode waveguide array for off-chip wavefront shaping," Optics Express 31, 15876-15887 (2023). 


