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Abstract 
 

Microcavity exciton-polaritons are hybrid light-matter quasi-particles as an admixture of cavity 
photons and quantum well excitons. The inherent light-matter duality provides experimental 
advantages to form coherent condensates at high temperatures (e.g. 4 K in GaAs and room 
temperature in GaN materials), and to access the dynamics of exciton-polaritons.  Utilizing 
coherence and open-dissipative nature of exciton-polariton condensates, we engineer a 
two-dimensional (2D) polariton-lattice system for investigating exotic quantum phase order. Via 
micro-photoluminescence measurements in both real and momentum spaces, we have observed 
d-orbital condensate states, vortex-antivortex phase order, massless Dirac dispersions in 2D square, 
honeycomb, and triangular lattices respectively. These results demonstrate that the 
polariton-lattice systems will be promising solid-state quantum emulators in the quest for better 
understanding strongly correlated materials and in the development of novel optoelectronic devices. 
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