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Topological Quantum Computer Based on Optically Controlled Electron Spins

Yoshihisa YAMAMOTO*** Thaddeus LADD* and Rodney VAN METER***

The principal challenge in building quantum computers is finding a way to tolerate imperfections.
In fault-tolerant quantum computing (FTQC), the faulty operations that cause computational
errors must be used to detect and correct those errors. A radical approach to FTQC is to base the
computational scheme on topology. Computation is performed by braiding topological structures;
fault-tolerance arises naturally due to the invariance of large-scale topology to small, local
distortions caused by random errors. It was recently shown that topological FTQC may be
achieved in a two-dimensional lattice of quantum bits in a scheme relying on a novel form of
quantum entanglement called a cluster state. A new challenge presented to optical science is the
conversion of topological cluster-state-based FTQC into a realistic, scalable, solid-state hardware
architecture. We discuss the experimental development of semiconductor-based quantum mem-
ories in optical microcavities, optimized for quantum logic mediated by light in integrated optical
waveguides, for scalable, topologically fault-tolerant architectures designed around observed
hardware limitations.
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InGaAs: GaAs 3P Si F : ZnSe Reference
Emission wavelength 900 nm 1078 nm 440 nm
Radiative lifetime 200 ps 2ms 200 ps 3)
Radiative efficiency ~1 10— ~1 8)
Inhomogeneous linewidth 2 THz 100 MHz 200 GHz 9)
Demonstrated cavity @ 10° 108 10° 10, 11)
Demonstrated electon 75 3us 60 ms 12, 13)
Nuclear depletion possible no yes yes
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