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Research objectives: --(max 10 rows)

This PhD project aims to develop hollow-core optical fibres based on inhibited-coupling guiding mechanisms as advanced photonic platforms for gas-based light–matter interaction. The research will focus on the modelling, design, and characterization of low-loss hollow-core fibres optimized for efficient gas filling, broadband guidance, and enhanced nonlinear/quantum optical processes. A key objective will be exploiting these fibres as compact and reconfigurable gas cells for the realization of fibre-integrated gas lasers, quantum light sources, and high-sensitivity optical sensors. By combining microstructured fibre engineering with gas spectroscopy and nonlinear optics, the project seeks to enable robust, miniaturized, and highly efficient devices for telecommunications, environmental monitoring, metrology, and emerging quantum technologies.
Proposed research activity -- (max 10 rows)

The candidate will investigate theoretical and numerical modelling, and experimental development of hollow-core inhibited-coupling fibres, optimizing geometrical parameters, transmission windows, confinement loss, and modal properties. The activity will include fibre design, post-processing, gas loading techniques, and optical characterization of attenuation, dispersion, polarization behaviour, and nonlinear response. The research will then progress toward the integration of selected gases to study stimulated emission, Raman and nonlinear frequency conversion processes for compact gas-laser architectures. Further activities will address the generation of quantum states of light and photon-pair sources in gas-filled hollow-core fibres, together with the development of highly selective absorption- and dispersion-based gas sensors. The final phase will validate the resulting platforms in laboratory prototypes, assessing stability, sensitivity, efficiency, and scalability toward practical photonic and quantum devices.
Supporting research projects (and Department)
The activity will be carried out at the Department of Engineering “Enzo Ferrari” - DIEF, University of Modena and Reggio Emilia in collaboration with important partners at the national and international level.
Possible connections with research groups, companies, universities.

The research involves collaborations with research groups at:

● XLIM – University of Limoges (France)
● University of Parma (Italy)
● FORTH-IESL (Greece)
 (*) optional

(**) optional/to be completed on the second year  
