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This talk will describe a new technique for model order reduction in large-scale quantum spin simulations. The technique has three stages: first the deliberate introduction of noise into the simulation, then the conversion of that noise into an informatically equivalent continuous measurement process, and finally, the projection of the resulting quantum trajectory onto state-space manifolds of low dimensionality, specifically, finite-rank product-sum manifolds of Beylkin-Mohlenkamp type. These manifolds are shown to have a Kahler-type complex geometry. The practical application of this technique is illustrated by numerical simulations of single-spin detection by magnetic resonance force microscopy (MRFM): excellent agreement with experimental results is obtained. In the Markovian noise limit, the statistics of single-spin detection are predicted to all orders, and are found to be those of a random telegraph signal with added white noise. These methods are then applied to larger-scale quantum simulations, in the context of a deliberately challenging spin-dust model that has no spatial symmetry and no spatial ordering; the high-fidelity projection of numerically computed quantum trajectories onto low-dimensionality Kahler state-space manifolds is demonstrated. The informatic invariance associated with Choi's Theorem, and the scalar Ricci curvature and Ricci flow of the Kahler manifold state-space, are both shown to play important roles in achieving high-fidelity projection. It is concluded that model order reduction by projection onto a Kahler manifold state-space allows a large class of quantum systems to be simulated with polynomial space and time resources. The talk will conclude by discussing the implications of these new techniques for product development, and more broadly, for the emerging profession of quantum system engineering.
