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Metamaterials are artificial composites of sub-wavelength building blocks that allow for 
designing the electromagnetic permeability and permittivity. New materials with optical 
properties that cannot be found in nature such as negative refraction, super-resolution or cloaking 
can be realized.  

We use two-dimensional metamaterials to study ultra-strong light-matter interaction in sub-
wavelength volumes. The optical cavity (metamaterial) exchanges energy with a two-level 
system (intersubband transition in a quantum-well) at a characteristic rate, called vacuum Rabi 
frequency. In contrast to conventional strong coupling experiments we are able to achieve Rabi 
frequencies that are comparable to the fundamental optical oscillation itself. One of the 
immediate consequences of the ultra-strong interaction between the metamaterial cavity and the 
two-level system is the non-classical ground state. These systems are potentially suitable to 
release correlated photon pairs. We demonstrate experimentally that the strength of the 
interaction can be controlled by choosing the right metamaterial geometry. 
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