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Electron/photon coupling  in circuit QED architectures

The last  decade has witnessed rapid and spectacular progresses in integrating electronic 
systems with nano-fabricated microwave cavities. This step forward has opened numerous 
fundamental perspectives for the evolution of photons and electrons in a quantum coherent 
regime, and promoted the field of circuit Quantum Electrodynamics (cQED) to one of the 
most  prominent  field  in  condensed  matter  physics,  especially  with  the  perspective  of 
realizing quantum computation devices.

Such hybrid architectures allow for a separate control of electrons on one side - whose 
motion is controlled by bias voltages and gates as in standard electronics – and the state of 
the cavity on the other side, excited or probed by microwave pulses directed to the sample. 
At the most fundamental level, photons affect the transport of electrons and electrons  can 
change the state of the cavity, resulting in backaction for strong electron/photon coupling.

During this  stage project,  we will  consider the case of a Josephson junction feeding an 
adapted  microwave  cavity  [1].  When  voltage-polarized,  the  Josephson  junction  sends 
coherent photons in the cavity [2,3]. We shall study the state of the cavity when the coupling 
to  the  Josephson  junction  increases.  The  problem  becomes  then  non-linear,  leading 
eventually to chaotic behavior. The interplay between these non-linearities and the presence 
of quantum fluctuations will strongly guide our investigation.
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