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Miniaturized lasers play a central role in the infrastructure of modern information society. The 

breakthrough in laser miniaturization beyond the wavelength scale has opened up new opportunities 

for a wide rangeofapplications[1-4], aswell as for investigating light–matter interactions in extreme- 

optical-field localization and lasing-mode engineering [5-14]. An ultimate objective of microscale 

laser research is to develop reconfigurable coherent nanolaser arrays that can simultaneously enhance 

information capacity and functionality. However, the absence of a suitable physical mechanism for 

reconfiguring nanolaser cavities hinders the demonstration of nanolasers in either a single cavity or a 

fixed array. Here we propose and demonstrate moiré nanolaser arrays based on optical flatbands in 

twisted photonic graphene lattices, in which coherent nanolasing is realized from a single nanocavity 

to reconfigurable arrays of nanocavities. We observe synchronized nanolaser arrays exhibiting high 

spatial and spectral coherence, across a range of distinct patterns, including P, K and U shapes and the 

Chinese characters ‘中’ and ‘国’ (‘China’ in Chinese). Moreover, we obtain nanolaser arrays that 

emit with spatially varying relative phases, allowing us to manipulate emission directions. Our work 

lays the foundation for the development of reconfigurable active devices that have potential 

applicationsin communication, LiDAR (light detection and ranging), optical computing and imaging. 

References 

1. Berini, P. & De Leon, I. Surface plasmon–polariton amplifiers and lasers. Nat. Photon. 6, 16–24 

(2012). 

2. Hill, M. T. & Gather, M. C. Advances in small lasers. Nat. Photon. 8, 908–918 (2014). 

3. Eaton, S. W., Fu, A., Wong, A. B., Ning, C. Z. & Yang, P. Semiconductor nanowire lasers. Nat. 

Rev. Mater. 1, 16028 (2016). 
4. Ma, R.-M. & Oulton, R. F. Applications of nanolasers. Nat. Nanotechnol. 14, 12–22 (2019). 
5. Bandres, M. A. et al. Topological insulator laser: experiments. Science 359, eaar4005 (2018). 

6. Ha, S. T. et al. Directional lasing in resonant semiconductor nanoantenna arrays. Nat. Nanotechnol. 

13, 1042–1047 (2018). 

7. Carlon Zambon, N. et al. Optically controlling the emission chirality of microlasers. Nat. Photon. 

13, 283–288 (2019). 

8. Zeng, Y. et al. Electrically pumped topological laser with valley edge modes. Nature 578, 246–250 

(2020). 
9. Shao, Z. K. et al. A high-performance topological bulk laser based on band-inversion-induced 

reflection. Nat. Nanotechnol. 15, 67–72 (2020). 

10. Huang, C. et al. Ultrafast control of vortex microlasers. Science 367, 1018–1021 (2020). 

11. Dikopoltsev, A. et al. Topological insulator vertical-cavity laser array. Science 373, 1514–1517 

(2021). 

12. Contractor, R. et al. Scalable single-mode surface-emitting laser via open-Dirac singularities. 

Nature 608, 692–698 (2022). 
13. Zhang, Z. et al. Spin–orbit microlaser emitting in a four-dimensional Hilbert space. Nature 612, 

246–251 (2022). 

14. Schumer, A. et al. Topological modes in a laser cavity through exceptional state transfer. Science 

375, 884–888 (2022). 

mailto:renminma@pku.edu.cn

	Reconfigurable moirénanolaser arrays with phase synchronization
	Hong-Yi Luan1ǂ, Yun-Hao Ouyang1ǂ, Zi-Wei Zhao1ǂ, Wen-Zhi Mao1, Ren-Min Ma1,2,3*,
	References



