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Quantum technologies rely fundamentally on quantum entanglement, a
uniquely non-classical resource essential for quantum communication,
computation, and precision metrology. This work investigates the
generation and characterisation of multipartite entangled states using
both photonic platforms and superconducting-qubit processors. In the
photonic system, entanglement is produced via SPDC and analysed
through spectral properties, heralding efficiency, and entropy-based
measures!. On IBM Quantum devices, multipartite states such as four-
qubit Dicke states are prepared and tested using Bell-type inequalities
and entanglement witnesses to verify nonclassical correlations.
Experimental violations of Bell inequalities? and the implementation of
witness operators demonstrated robust entanglement even under realistic
noise. Error-mitigation techniques are explored to improve the fidelity of
operations on near-term quantum hardware. Overall, the results offer
valuable insights into scalable quantum networks and quantum
information processing.
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