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The sensitivity of next-generation gravitational wave interferometers, such as the Einstein Telescope, is fundamentally limited by thermal noise originating from the mirror
coatings, especially in the mid-frequency detection band (10-100 Hz). Minimizing this noise is essential to extend the observatory’s reach into the universe.
High-reflectivity Bragg mirrors, composed of alternating thin dielectric layers, are crucial for achieving the necessary optical performance. However, these multilayer
coatings also introduce Brownian noise due to internal friction at the atomic scale, known as coating thermal noise. In addition to mechanical losses, the optical properties
of coatings — including absorption and scattering — are critical factors in managing the high optical powers circulating in the interferometer.

Reducing both mechanical and optical losses requires the development of novel coating materials. Current research focuses on understanding how impurities, atomic
structure, and stoichiometry affect these properties, as even slight variations can significantly impact performance at both cryogenic and room temperatures.

A new facility at the University of Roma Tor Vergata is equipped with advanced characterization tools to investigate innovative materials, such as nitrides and complex
oxide mixtures, aiming to develop coatings with superior mechanical and optical performance.

The AiLoV_ET Laboratory Morphological and Compositional Analysis of

To address these challenges, the AiLoV_ET laboratory has been established in Rome Tor Si3N4 Coatings
Vergata, dedicated to advanced studies on optical coatings for the Einstein Telescope.
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SisNg4 thin films were deposited on Si substrates via radio-frequency

"“"&'é"""" s o (RF) sputtering, achieving uniform layers up to 60 nm in thickness.
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External view of the newly established AiLov_ET laboratories.

Interior view of the ISO7 cleanroom
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Common-Path Interferometer (PCl), capable of measuring optical absorption at 1064 Scanning Electron Microscopy (SEM) imaging revealed high surface
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measurements. (GUI) developed for real-time control and photothermal response from a dielectric coating . . High-magnification SEM image highlighting a surface bubble
data acquisition in PCl measurements. surface under modulated laser excitation. Ene gy Dis persive X-ray with dimensions on the order of a few hundred nanometers
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Future development
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