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Abstract

Quantum electronic and photonic devices form the foundation of emerging technologies in quantum communication, sensing,
and computing. This talk outlines their theoretical modeling, focusing on two distinct device platforms: quantum cascade
lasers (QCLs) as mid-infrared and terahertz light sources, and superconducting traveling-wave parametric amplifiers (TWPAs)
for qubit readout in circuit quantum electrodynamics. QCLs show strong potential for applications in free-space optical
communication and spectroscopy. We introduce self-consistent modeling approaches that combine quantum transport with
classical electromagnetics to accurately capture charge carrier dynamics and optical field generation. Our recent work
advances the understanding of frequency comb formation and soliton dynamics in QCLs, enabling compact, low-power
spectrometer designs. In parallel, we develop second-quantized models of superconducting TWPAs, key components for high-
fidelity, single-shot qubit readout in superconducting quantum computers. By analytically describing nonlinear wave-mixing
and dispersion effects, these models show excellent agreement with experimental observations and yield valuable insights into
the amplifier’s quantum noise performance. Together, these efforts reveal fundamental physical parallels between photonic
and electronic quantum systems and support the development of next-generation quantum technologies.
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