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Low dissipation, strongly interacting material systems are an exciting frontier in condensed matter 
physics and materials science. These systems order in exotic and unpredictable ways, exhibiting 
emergent properties that are fundamentally challenging to understand and potentially extremely 
useful for next generation materials. My group is focused upon creating new materials composed of 
photons or photonic quasi-particles, capitalizing on the ease with which the single particle dynamics 
of photons may be manipulated in a variety of contexts to produce effectively massive photons, 
spin-orbit coupled photons, and eventually strongly interacting gases of photons. 
 
First, I will present recent work demonstrating that braiding of 2D 
transmission line arrays leads to knotted photonic band-structures 
corresponding to time-reversal-invariant topological insulators in RF 
domain, with extensions to microwaves. Precise control of system 
properties enables us to observe, with space- and time- resolution, 
the dynamics of both delocalized edge modes, and localized bulk 

modes, as they propagate through 
the material. Extensions include 
realization of exotic global 
topologies such as Mobius strips, 
and eventually the introduction of cooper-pair-boxes to add a 
strong non-linearity, enabling studies of fractional quantum hall 
physics in microwave waveguide arrays. 

 
I will then discuss our progress in ongoing efforts to develop materials 
consisting	  of cavity Rydberg polaritons, whose strong, coherent interactions 
have the potential to probe dynamic crystallization and other traditionally 

soft-matter phenomena in a quantum regime. In this 
system, the kinetic degree of freedom of the photon 
arises from the transverse modes of the resonator, 
whose spacing may be engineered through subtle 
changes in resonator geometry. Interactions are 
introduced via a Rydberg dressing of the resonator 
photons, producing an strong photon-photon interaction with finite range. I 
will describe the present status of the apparatus, and discuss prospects for 
engineered dissipation to cool the system into desirable quantum states, 
along with possible approaches to implementing synthetic gauge fields for 
resonator photons. 
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