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| will go through our recent efforts in my group using photons and
atoms to build increasingly large-scale quantum computers and, in turn,
how these early quantum computers can already be used for studies of
fundamental problems in mathematics, quantum physics, and condensed
matter physics. We use the protocol of Gaussian boson sampling to
demonstrate quantum computational advantage, with up to 255 detected
photons [Zhong et al. Science 2020, PRL 2021, Deng et al. PRL 2023].
We develop an Al-enabled constant-time-overhead rearrangement
protocol to prepare a 2024 defect-free atomic array [Lin et al. 2024].
Using a single atom trapped in an optical tweezer and cooled to the
motional ground state in three dimensions, we faithfully realize the
Einstein-Bohr recoiling-slit gedankenexperiment tunable at the quantum
limit [Zhang et al. 2024]. Based on a bottom-up quantum engineering
approach, we experimentally created the fractional quantum Hall state
using strongly interacting photons [Wang et al. Science 2024]. We further
use the quantum computing platform to rule out a real-value description of
standard formalism of quantum theory [Chen et al. PRL 2022].
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