Certifying the quantumness of a single nuclear spin qudit through its uniform precession 
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Although qubits are prime examples of quantum systems, single qubits can only host semi-classical spin coherent states. Qudits, on the other side, can exhibit non-classical states, which cannot be described by a classical probability distribution. Here we detect quantumness in the time evolution of a uniformly precessing 8-dimensional nuclear qudit. In this experiment quantumness is certified by asking how often the x coordinate of a uniformly precessing state is positive. A violation of a classical bound in this protocol indicates the absence of a classical probability distribution that can explain the observed data, thus confirming quantumness. We present our experimental demonstration of this protocol focusing on a family of non-classical states in a spin-7/2 123Sb nucleus, implemented within a silicon nano-electronic device. Our results reveal a significant violation of the classical protocol bound, surpassing it by 19 standard deviations for the spin-cat state. These findings underscore our ability to prepare arbitrary nonclassical resource states with high fidelity in a single atomic-scale qudit, with potential applications in quantum information processing, sensing and quantum error correction.
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Figure 1, Protocol applied for a classical gyroscope, a spin coherent state and a spin cat state
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