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Entanglement is a key resource to achieve quantum advantages. With this motivation, several
remarkable attempts have been made in recent years for a large-scale entangled state generation
[1,2], which, in turn, directly showcases the error-resilient performance of CNOT gates and
calls for a reliable practical scheme for entanglement certification in the context of quantum
circuits. In our recently published work [3], we proposed a framework for the design of an
entanglement witness circuit (EWC), which is a quantum circuit capable of detecting quantum
circuits which generate entanglement. In other words, we transferred the theoretical framework
of entanglement detection with entanglement witnesses, namely EW 2.0, into detection
scenarios in quantum circuits. The proposed design of EWCs presented in the paper is, however,
not scalability-friendly in terms of the circuit depth and the required number of CNOT gates
when the system size increases. In this talk, we propose a new shallow quantum circuit which
can reliably detect entanglement, particularly the class of graph states, with a single set of
measurements. So we will demonstrate how this new architecture resolves the previous
drawback and is only linearly-scalable with the number of qubits.
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