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Abstract: 
Metamaterials are regular arrangements of designer “meta-atoms” that have engineered electromagnetic 

response in a frequency range of interest.  Structures made up of collections of these atoms can create 

new optical and microwave phenomena, such as negative index of refraction and other extensions of 

Snell’s law, for example.  My group has concentrated on harnessing the unique properties of 

superconductors to bring new features to metamaterials, including macroscopic quantum phenomena such 

as flux quantization and the Josephson effect.  Our meta-atom is a superconducting loop completed with a 

single Josephson junction, historically known as an rf SQUID (radiofrequency superconducting quantum 

interference device).  Through experiments, numerical simulations, and theory we explore the behavior of 

2D rf SQUID metamaterials, which show extreme tunability and nonlinearity [1-4].  Typical resonant 

frequencies of the meta-atoms are in the 10 – 20 GHz range, and we have demonstrated dc-field tunability 

of up to 80 THz / Gauss [1].  Of primary concern is whether all of the meta-atoms work coherently to 

create a strong metamaterial response, or whether they wander off into other behavior such as the 

Chimera state [5].  To address this question we have developed a laser scanning microscope that images 

currents flowing in the SQUIDs while they are illuminated with both rf and dc flux at low 

temperatures.  These images reveal a variety of collective responses that depend sensitively on 

experimental parameters.  I will summarize our current understanding of the properties of this uniquely 

nonlinear medium, and discuss some potential applications.  
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