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Hybrid quantum systems: Rydberg atoms, polar molecules and superconducting circuits 
 

Interfacing distinct quantum systems, through the resonant exchange of excitations, is of in-
terest from a fundamental perspective and in the development of quantum technologies [1]. 
In this talk, I will discuss two particular hybrid quantum systems. The first, comprises atoms 
in highly-excited Rydberg states and cold polar ground-state molecules. I will present experi-
ments in which we have studied resonant energy transfer processes that occur at long range 
[2] - when the molecule is located outside the electron charge distribution of the atom - and 
at shorter range [3] - when the molecule is located within this charge distribution. The sec-
ond hybrid system involves atoms in Rydberg states and solid state superconducting micro-
wave circuits. We have realised a coherent interface between these platforms by coupling 
Rydberg helium atoms to a selected mode of a superconducting coplanar waveguide micro-
wave resonator [4]. In this context, I will describe experiments in which we have probed the 
interaction of the atoms with the resonator field, and engineered the properties of the Ry-
dberg states at this interface using additional microwave dressing fields [5,6].  
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