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Emergent interactions and new 

phases of matter in cavity quantum 

materials 

 
A broad research area of ``cavity quantum materials'' has recently emerged, where the 
electromagnetic environment is an active mediator capable of reshaping many-body 
interactions in matter. Even the quantum vacuum of a confined electromagnetic mode 
can act as a control knob for electronic matter placed in a cavity. This idea has 
motivated proposals and experiments in which optical, plasmonic or microwave cavity 
fields modify or even induce superconductivity, ferroelectricity, superradiant Dicke 
phase transitions, and other quantum phases of matter. Most of these studies rely on 
electric-dipole coupling to cavity quantum fluctuations and try to amplify them in a 
subwavelength cavity, when the electric field becomes longitudinal.  
Here I will discuss another approach inspired by circuit QED architectures, in which a 
cavity is replaced by a superconducting circuit. It supports a quantized magnetic flux, 
whose vector potential couples directly to orbital motion of electrons and induces 
current-current interactions which remain transverse even in the deeply subwavelength 
limit. One could call this platform circuit quantum magnetostatics, since the flux mode 
remains in the vacuum ground state. An exciting physics of a quantized Aharonov-
Bohm effect emerges, leading to topologically protected nonlocal interactions and new 
quantum phases, such as chiral superconductivity, synthetic Kitaev chains, or orbital 
ferromagnetism. Moreover, circuit-QED architectures provide a highly tunable setting 
in which all the parameters of superconducting LC resonators and their coupling to 
matter can be controlled. 
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