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DiVincenzo criteria

1. Scalable well characterized qubits
2. Initialization
3. Long decoherence times
4. Universal quantum gates
5. Readout (measurement)
6. Interconvert stationary and flying qubits
7. Transmit flying qubits
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Earnshaw’s theorem Ion trap for 40Ca+ ions

Trapped 40Ca+ ions Optical traps
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laserlaser

random filling of optical lattice 
after loading with a BEC

The atoms repel 
each other and do 
not want to occupy 
the same site

Regular filling by increasing 
the interaction in a deep trap

deeper trap

Optical lattice phase gates

40Ca+ ion readout Two spin system

� A homonuclear system of 
two spin 1/2 nuclei: four 
energy levels with nearly 
equal populations

� Equalise the 
populations of the 
upper states 
leaving a small 
excess in the 
lowest level

A “pseudo-pure” state

Excess population is 
exponentially small
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NMR levels and specta

1 qubit

2 qubits

3 qubits

NMR readout

Large scale ion trap QC Large scale ion experiments


