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A quantum critical point (QCP) develops when matter undergoes a continuous transformation between distinct ground

states at absolute zero. While anomalous entanglement and divergent susceptibility to external probes are well-established

features of quantum criticality, connecting the underlying entanglement structure of quantum critical matter to its

unconventional electronic properties and to new avenues of quantum control remains a major frontier. In this talk, I will

show that the extreme responsiveness of quantum critical systems manifests in two fundamentally connected ways: in the

entanglement structure associated with the destruction of quasiparticles, and in an amplified susceptibility to dynamical

control.

First, I will discuss multipartite entanglement in quantum critical strange metals [1]. Using the Quantum Fisher Information

(QFI) as an entanglement witness, we find that critical fluctuations generate strong multipartite entanglement whose

enhancement is directly supported by neutron-scattering experiments. I will connect this behavior to Kondo-destruction

quantum criticality, where the collapse of Kondo screening and the associated destruction of quasiparticles produce an

entanglement structure qualitatively distinct from that of a conventional Fermi liquid. In the latter, by contrast, the local

QFI remains trivial [2].

Second, I will show that coupling a quantum critical system to an optical cavity exploits its divergent susceptibility to

strongly amplify light–matter interactions [3]. Quantum critical fluctuations enable superradiant phase transitions at

vanishingly small coupling strengths, while simultaneously enhancing QFI and quantum squeezing, thereby providing a

route for cavity light to access the quantum correlations of critical matter. Together, these results connect the intrinsic

entanglement of quantum-critical matter to its retrieval and control through cavity light, opening a pathway toward

harnessing quantum critical systems for quantum information science.
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