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I will discuss two projects in our group that interface optics with condensed-matter physics. 
In the first part, I will explain why the design of everyday semiconductor lasers, used in 
internet communications and cellphones, aligns with standard topological models in 1D. By 
advancing to the 2D vortex zero mode, we invent topological-cavity surface-emitting lasers 
(TCSELs) that significantly outperform the commercial counterparts. We also demonstrate 
the monopole modes in 3D, as proposed half a century ago by Jackiw and Rebbi, completing 
the kink-vortex-monopole trilogy. In the second part, I will discuss a new material class to 
potentially solve the incompatibility between electrical conductivity and optical transparency 
in solids. 
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