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Wavelength- and subwavelength-scale lasers, also known as nanolasers, has opened up 

exciting new opportunities to study various intricate facets of light-matter interactions in both 

classical and quantum levels. In this regard, metallic nanolasers have emerged that exhibit an 

unprecedented degree of light localization, leading to a large Purcell factor and close to unity 

spontaneous emission coupling factor. An important yet less explored aspect associated with 

these light sources is their ability to directly generate vectorial beams. For example, early 

studies have shown that coaxial and disk-shaped metallic nanolasers can emit radially and/or 

azimuthally polarized beams1,2,3. One may then question whether it is possible to generate more 

complex vectorial beams using arrays of such nanolasers. What governs the coupling between 

individual nanolasers? How can lattice geometry encourage beams with distinct orbital angular 

momenta or topological invariance3?  

To address these questions, we studied the formation of modes in lattices of three to nineteen 

coaxial and disk-shaped nanolasers of different sizes. We compared the performance of such 

lattices in terms of mode structure, output power, and single mode operation to that of their 

individual constituent nanolasers. Our experimental and theoretical/numerical investigations 

have led us to general rules as how nanolaser lattices generate beams with different orbital 

angular momenta. In particular, the interplay between the geometrical shape of the lattice and 

the mode of the individual nanolaser seems to be the main factor in determining the orbital 

angular momentum of the emitted beams. Figure 1 shows the result of such studies.  
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Figure 1 Vorticity and topology in the nanoscale. (A) single coaxial nanolasers generate TE01 vortex beams. (B) 

and (C) The vortex nature of the beam is preserved when extending the size of the array to 6 and 19. (D) A 7-

elements disk-shaped nanolasers generates a vortex beam with orbital angular momentum. The nanolaser lattice 

is more efficient than a simple assembly of individual elements. 


