INRIM Seminar

From Optomechanical Sensing to Nonlinear
Frequency Conversion: Engineering Light on Chip

Speaker: Dr. Samantha Sbarra (Photonic Systems Laboratory, STI-IEM)

Recent advances in integrated photonics and optomechanics are enabling unprecedented control over light-matter
interactions, opening new pathways for sensing and nonlinear frequency conversion on chip-scale platforms. In this
seminar, | will present an overview of two distinct lines of research that both make use of high-quality photonic and
optomechanical resonators. First, | will discuss optomechanical resonators for ultra-sensitive mass detection, highlighting
the real-time measurement of single nanoparticle and nanodroplet dynamics [1,2]. By exploiting multimode
optomechanical coupling, these systems achieve millisecond time-resolution and enable the precise tracking of mass
changes at the nanoscale, providing new insights into processes such as evaporation and particle adsorption. | will then
focus on nonlinear integrated platforms for broadband and frequency-agile light generation. On one hand, aluminum
nitride (AIN) waveguides provide a unique platform where both intrinsic second- and third-order nonlinearities (x(2) and
X(3)) coexist, enabling multi-octave supercontinuum generation with prospects for fully integrated f-to-2f interferometry
[3]. On the other hand, silicon nitride (SiN), traditionally limited to x(3), can exhibit an induced effective x(2), allowing
reconfigurable nonlinear interactions and access to otherwise challenging spectral regions [4]. Although these research
directions address distinct physical systems and applications, they share a common underlying approach: the
engineering of light-matter interactions at the micro- and nanoscale to enhance performance beyond conventional limits.
By tailoring optical confinement, modal structure, and nonlinear coupling mechanisms, it becomes possible to boost

sensitivity in optomechanical sensing and to extend the spectral reach and efficiency of nonlinear frequency conversion.
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