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            Abstract
To create and manipulate non-classical states of light for quantum information protocols, a strong, nonlinear interaction at the single-photon level is required. One approach to the generation of suitable interactions is to couple photons to atoms, as in the strong coupling regime of cavity quantum electrodynamic systems1,2. In these systems, however, the quantum state of the light is only indirectly controlled by manipulating the atoms3. A direct photonâ€“photon interaction occurs in so-called Kerr media, which typically induce only weak nonlinearity at the cost of significant loss. So far, it has not been possible to reach the single-photon Kerr regime, in which the interaction strength between individual photons exceeds the loss rate. Here, using a three-dimensional circuit quantum electrodynamic architecture4, we engineer an artificial Kerr medium that enters this regime and allows the observation of new quantum effects. We realize a gedanken experiment5 in which the collapse and revival of a coherent state can be observed. This time evolution is a consequence of the quantization of the light field in the cavity and the nonlinear interaction between individual photons. During the evolution, non-classical superpositions of coherent states (that is, multi-component â€˜SchrÃ¶dinger catâ€™ states) are formed. We visualize this evolution by measuring the Husimi Q function and confirm the non-classical properties of these transient states by cavity state tomography. The ability to create and manipulate superpositions of coherent states in such a high-quality-factor photon mode opens perspectives for combining the physics of continuous variables6 with superconducting circuits. The single-photon Kerr effect could be used in quantum non-demolition measurement of photons7, single-photon generation8, autonomous quantum feedback schemes9 and quantum logic operations10.
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                    Figure 1: 
                        Device layout and energy level diagram of the two-cavity, one-qubit device.
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Figure 2: 
                        Technique for measuring the generalized Husimi 
                        Q
                         functions.
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Figure 3: 
                        Time evolution of 
                        Q
                        
                        0
                         for a coherent state in the nonlinear cavity.
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Figure 4: 
                        Wigner function of the multi-component cat states emerging during the Kerr interaction.
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        Editorial Summary
Single-photon manipulation makes quantum logic
Photons are ideal carriers of quantum information and a natural choice for quantum information processing, in part because they interact only weakly with the media through which they travel. But these same weak interactions make it difficult to manipulate the photons' quantum state. To create and manipulate the non-classical states of light needed for quantum information protocols, strong interactions between photons are required. Such photonâ€“photon interactions occur in so-called Kerr media, but it has not been possible to reach a regime in which the interaction strength between individual photons exceeds the loss rate. Now Gerhard Kirchmair et al. have engineered an artificial Kerr medium using superconducting circuits that allow them to reach this regime and observe characteristic collapse and revivals of a coherent state. The authors suggest that this effect could be used in a range of quantum information protocols, such as single-photon generation, delicate measurement of photons and quantum logic operations.
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