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We demonstrate, for the first time, quantum-mechanical entanglement of four particles [1].
The particles are atomic beryllium ions confined in a linear RF trap. To produce entangle-
ment, we implement the scheme of Mglmer and Sgrensen [2], which uses a single laser pulse
to create the maximally entangled state (][]} + |1111))/v2. Here the states |1) and | })
are hyperfine sublevels of the atomic ground state. This scheme involves a 4-photon transition
that effectively flips all pairs of spins. The scheme is also scalable in principle, in that the same
scheme will entangle any number of particles with a slowly-growing investment of resources.
Using this method, we create approximately the desired state on demand, without needing to
postselect our data. We characterize the experimentally created state and show that the four-
particle density matrix is not separable in any basis that treats the ions as separate particles.
Hence we produce an entangled state of the four particles deterministically in each shot of the
experiment.
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