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Abstract:  While the longwave infrared and terahertz ranges have potential to revolutionize 
disease detection and environmental monitoring, there is currently a lack of compact broadband 
sources and integrated photonics platforms. I will discuss some of the work of my group that 
seeks to address this grand challenge. First, I will discuss our development of quantum cascade 
laser-based frequency combs, light sources that fill the gap between broadband incoherent sources 
and lasers. I will showcase how we created the first combs in the terahertz range and how our 
experimental investigations of these combs led to our discovery of a new fundamental comb state 
that manifests in any laser at any wavelength. Next, I will delve into our development of ultra-
low-loss platforms for long wavelengths based on hybrid photonic integration, which allowed us 
to create optical resonators in the longwave infrared with quality factors two orders of magnitude 
better than the state-of-the-art. Finally, I will discuss our creation of ptychoscopy, a new sensing 
modality that allows for ultra-precise measurements of optical spectra. This measurement enables 
the measurement of remote signals with quantum-limited frequency resolution over the entire 
bandwidth of a comb, for the first time allowing incoherent spectra to be characterized with the 
precision techniques of combs. 
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