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            Abstract
Standard quantum computation is based on sequences of unitary quantum logic gates that process qubits. The one-way quantum computer proposed by Raussendorf and Briegel is entirely different. It has changed our understanding of the requirements for quantum computation and more generally how we think about quantum physics. This new model requires qubits to be initialized in a highly entangled cluster state. From this point, the quantum computation proceeds by a sequence of single-qubit measurements with classical feedforward of their outcomes. Because of the essential role of measurement, a one-way quantum computer is irreversible. In the one-way quantum computer, the order and choices of measurements determine the algorithm computed. We have experimentally realized four-qubit cluster states encoded into the polarization state of four photons. We characterize the quantum state fully by implementing experimental four-qubit quantum state tomography. Using this cluster state, we demonstrate the feasibility of one-way quantum computing through a universal set of one- and two-qubit operations. Finally, our implementation of Grover's search algorithm demonstrates that one-way quantum computation is ideally suited for such tasks.
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                    Figure 1: Few-qubit cluster states and the quantum circuits they implement.[image: ]


Figure 2: Density matrix of the four-qubit cluster state in the laboratory basis.[image: ]


Figure 3: Output Bloch vectors from single qubit rotations using a three-qubit linear cluster |Î¦lin3ã€‰.[image: ]


Figure 4: The output density matrices from two different two-qubit computations.[image: ]


Figure 5: Grover's algorithm in a cluster state quantum computer.[image: ]


Figure 6: The experimental set-up to produce and measure cluster states.[image: ]
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One way to quantum computing
A new approach to quantum computing was launched by Robert Raussendorf and Hans Briegel in 2001. Until then most experiments had involved a sequence of interactions between single particles (qubits) in a sequential network of quantum logic gates. Raussendorf and Briegel envisaged computing based on a particular class of entangled states, the cluster states. In this method, a quantum computer is initialized in a cluster state, then computation proceeds by single-particle measurements on individual qubits in the cluster. The measurements imprint a quantum logic circuit on the state, which destroys its entanglement and makes the process irreversible. Hence the name â€˜one-way quantum computingâ€™ for the system. Walther et al. now report a significant experimental advance: the first realizations of cluster states and cluster state quantum computation. The cluster is created in the polarization state of four photons and computing proceeds via a set of one- and two-qubit operations.
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