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Building blocks for laser-less quantum information science
with trapped ions

Laser cooled atomic ions confined in an electrodynamic cage have been very
successfully used for quantum information processing.

Here, we report on experiments that demonstrate building blocks for a a scalable
guantum processor or quantum simulator. In particular, laser-less addressing
and spin-motion coupling (prerequisite for conditional quantum dynamics with
trapped ions) has been demonstrated for the first time. Furthermore, error-
resistant quantum gates based on optimal control theory and the engineering
and complete tomography of single-qubit quantum channels will be reported.
Novel micro-structured ion traps novel allow for creating 2-dimensional ionic
cluster states solely by switching of voltages and currents.
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