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Flat energy bands appear in a wide range of semiconductor lattices where geometric frustration quenches the 

kinetic energy leading to zero dispersion of energy with wavevector. The lack of kinetic energy leaves disorder 

and inter-particle interactions as the dominant energy scales, leading to fascinating many-body phenomena. 

While such effects are challenging to study in purely electronic system, analogies built from coupled ‘photonic 

atom’ optical cavities (Fig. 1a) allow direct optical excitation and readout of the system state. Exciton-polaritons 

are hybrid part-light, part-matter quasi-particles whose photonic component allows imposition of a potential land-

scape to build these optical analogs, while their excitonic component provides giant interparticle interactions [1].  

Here we experimentally study flat-band physics in 

a polaritonic analogy to a two-dimensional Lieb lattice 

[2-5]. In particular, we study the effect of interactions 

on compact localised states (CLS) – maximally local-

ized superpositions of flat band states from the whole 

Brillouin Zone [6]. We drive the system with a pump 

localised on a single lattice plaquette and at an energy 

just above the energy of the flat band. Unlike the 1D 

Lieb lattice, where previous nonlinear studies were 

performed [7], the 2D Lieb bandstructure has no band 

gap between the flat band and the dispersive (propa-

gating) bands, so at low power we excite a mixture of 

localised and propagating states (Fig. 1b). 

With increasing particle density the repulsive po-

lariton interactions might be thought to lead to en-

hanced diffraction away from the localized pump spot. 

Remarkably, however, we show that the interactions 

can lead to preferential population of the CLS and in-

creasing localisation of the field with increased pump. 

With increasing pump (Fig. 1c) the state of the system 

gradually approaches that of the maximally localised 

CLS, which has no population on the corner sites (adjacent to 4 other sites). The localization characterized by the 

inverse participation ratio (IPR) [8] approaches the value of 0.25 for the ideal CLS (Fig. 1d). The experimental 

results are in good agreement with numerical solution of the driven-dissipative evolution equations for the Lieb 

lattice of coupled nonlinear resonators. These results have implications for many-body physics in driven-dissipa-

tive flat band systems as well as for nonlinear diffraction-less information transport. 
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Fig. 1. (a) Schematic of Lieb Lattice of coupled polariton mi-

cro-pillar resonators. (b-c) Experimentally measured lattice 

population for low (a) and high (c) driving fields. (d) Inverse 

participation ratio vs. driving power. 


