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Nanoplasmonic cavities realise an extreme regime of cavity quantum electrodynamics in which
strong light-matter coupling emerges at the few-nanometre, few-femtosecond scale under in-
trinsically open, lossy, and dispersive conditions [1-4]. In contrast to conventional high-Q
cavities, these systems operate far from the closed, Hermitian limit, raising fundamental ques-
tions on the role of dissipation, mode non-orthogonality, and the quantum description of radia-
tive leakage. Here we develop a unified framework that connects experimentally accessible
nanoplasmonic architectures [5,6] with a rigorous open-system quantization. In waveguide-
coupled configurations, quantum nanoplasmonic coherent perfect absorption (qnCPA) [7] en-
ables selective excitation and stabilization of dressed states through impedance matching, illus-
trating how dissipation and driving can be coherently balanced to control quantum states in non-
Hermitian environments. On the theoretical side, a quantum quasinormal-mode (QNM) ap-
proach [8], rooted in macroscopic QED, provides a consistent quantization of open resonators
via complex mode expansions and perfectly matched layers. This yields a modal Fock-space
formulation and a microscopically derived Lindblad dynamics that captures both coherent and
dissipative inter-mode coupling. These results establish nanoplasmonic cavities as a model
platform for exploring quantum dynamics in open, non-Hermitian systems, where loss is not
merely detrimental but can be harnessed as a resource for state preparation and control.
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