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Scalable quantum registers Arbitrary Control of 2-qubits (universal 2-qubit QIP) c,®c, Phase-Insensitive 2-qubit Gate
D. Hanneke, et al, Nature Phys. 6 13-16 (2010 : : . . : : : :
e A scalable quantum register must implement all the operations required for QIP Y ( ) Previously, we have been implementing a geometric phase gate which required a differential
e Must use scalable methods — operations should be combined with information transport. We implement an arbitrary operation in SU(4) acting on two-qubits AC Stark shift and could not operate directly on the field-insensitive qubit, requiring
e Must implement operations in a manner which is consistent with a large-scale device - 15 free parameters are inputs to single qubit gates. complicated laser pulse sequences.
e Should be versatile — no hardware changes required for different tasks. - 3 two-qubit gates required to reach all local equivalence classes
We have switched to a gate scheme which allows operations directly on our field-insensitive
With trapped ions, one scalable architecture uses multi-zone traps RO.0) RG.0) ROOIRG.) G is a two-qubit phase gate qub.lt (A. S¢rensen and K. Mglmer, Phys. Rev. Lett. 82, 1971 (1999)) in a way insensitive to
— transport of qubits involves moving the qubit ions themselves R0 — RO LR ) 1000 optical phase drifts (P. J. Lee, etal., J. Opt. B7, s371 (2005))
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e Requires qubit states robust against environmental perturbations - | Gate pulse in o, basis Y(;T) é y(_g) , Thebftesi't s :
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sideband can't be driven (cooling all done using magnesium) We observe effects on the motional modes due to higher order terms in the trapping potential, which

Operation time limited by transport and coolin : : . : .
P Y P & To control 2 qubits, we use a four ion crystal 20— 20 ] will become more important with larger crystals and smaller traps.
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The curvature of the potential is now different at each ion

Odd-order anharmonicity - asymmetry results in different amplitudes for the beryllium ions
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