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Circuit QED! is an approach for studying quantum optics in a supercoirdyirttegratec
circuit. By combining a one-dimensional transmissiorelgavity that stores microway
photons and a superconducting qubit that plays the role aftiitial atom, one can easil
enter the strong coupling limit of cavity QED. In recent esipents, we attain coupling
that are several percent of the qubit or cavity frequenay,iariact approach the maxim
fine-structure limit for a electric-dipole interaction a§it and matter, giving rise to
remarkable vacuum Rabi splitting of several hundred likhg. We will present studie
of the nonlinear response of this system, which shows twelneffects: 1) each vacuu
Rabi peak develops a supersplitting, which can be undeatstoa simple picture as th
saturation of a new two-level system consisting of photabigsuperpositions, and 2) tt
emergence of additional peaks, corresponding to multtgrhtransitions up the Jayne
Cummings ladder, and constituting a simple demonstratigheo,/» nonlinearity in this
system. Experiments show striking agreement with anallyiad numerical predictior
confirming the Jaynes-Cummings Hamiltonian descriptiothef system. The cohere
coupling of qubits to microwave photons that are guidedadauchip by wires raises mat
possibilities for quantum information and communicatibmill also review experiment:
demonstrating the generation of single 5 GHz photons on ddn@and the communicatic
of quantum information between qubits using photons in &gag an intermediary.
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