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We present a series of experiments exploiting universal quantum logic gates on two
"Cd* jons. Molmer-Sorenson two-ion phase gates are used to entangle first-order
magnetic-insensitive “clock” qubit states, while remaining insensitive to slow laser phase
noise that can accumulate between such gates'. Single-qubit rotations are accomplished
with composite pulses involving microwave radiation that drives global rotations in the
qubits, and strongly focused laser beams that impart a differential ac-Stark shift on the
qubits. Finally, the quantum state of each ion is measured with a CCD camera, allowing
simultaneous and near-perfect qubit detection efficiency”. With these tools, we present a
tomographic analysis and reconstruction of all entangled Bell states of the two ions’, as
well as a demonstration of the Grover search algorithm (N=4 search space)’. The
entangling gate fidelity of 80-90%, depending upon the state, is currently limited by
spontaneous emission and fluctuating Stark shifts, and can be significantly improved with
more laser power.
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