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1 Abstract

Estimating nonlinear functions of quantum states, such as the moment and entanglement, is of
fundamental and practical interest in quantum science and technology. In this talk, I would
introduce our recent theoretical proposal and its experimental demonstration on this topic. The
theoretical work [1] introduces the hybrid shadow (HS) estimation framework for measuring general
nonlinear functions, which combines swap test and randomized measurements. Such hybrid
framework utilizes the partial coherent power of the intermediate-scale quantum processor and
dramatically reduces measurement and postprocessing costs. We analytically and numerically
demonstrate the advantage of this framework in tasks of state-moment estimation and quantum
error mitigation. In the collaborative experimental work [2], we implement HS in an optical system
via designing and realizing a deterministic quantum Fredkin gate over multiple degrees of freedom
of a single photon. We demonstrate HS in the estimations of higher-order functions and further
apply it in a proof-of-principle quantum metrology experiment, where the accuracy of parameter
estimation is enhanced with the assistance of virtual distillation. Our results suggest that HS is an
efficient and powerful tool for shadow-estimation-enabled quantum information processing.
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