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Quantum control and process tomography of a semiconductor quantum dot hybrid quibit
Quantum dots in semiconductors are promising hosts for quantum bits: small numbers of electrons can be trapped and manipulated, and at low temperatures it is possible to manipulate such electrons faster than they decohere.  Recently it was proposed theoretically that a fast and high fidelity qubit could be formed from three electrons in a semiconductor double quantum dot.  In this talk I discuss new results demonstrating the manipulation and measurement of such a qubit [1].  Initialization of the qubit is performed by tuning the gate voltages of a Si/SiGe double quantum dot so that the charge occupation is (2,1) and then applying a sequence of carefully controlled gate voltage pulses.  Measurement is performed by mapping qubit logical 0 to the (2,1) charge state and qubit logical 1 to the (1,2) charge state.  We show that the state of the qubit can be manipulated to arbitrary points on the Bloch sphere, and we demonstrate both X and Z rotations.  Full process tomography of these gates is performed, and we extract fidelities of at least 85% for X gates and 94% for Z gates.  This work was supported in part by ARO (W911NF-12-0607).  Development and maintenance of the growth facilities used for fabricating samples is supported by DOE (DE-FG02-03ER46028).
 [1] D. Kim, Z. Shi, C. B. Simmons, D. R. Ward, J. R. Prance, Teck Seng Koh, John King Gamble, D. E. Savage, M. G. Lagally, Mark Friesen, S. N. Coppersmith, and M. A. Eriksson, Nature 511, 70 (2014).
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