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Summary

The Einstein Telescope (ET), a next-generation gravitational wave detector, requires unprece-
dented low-frequency active seismic isolation to extend its observable spectrum towards lower
frequencies. A fundamental obstacle is the tilt-horizontal coupling of standard inertial sensors,
whereby rotational motion produces signals indistinguishable from horizontal translation. This
necessitates a dedicated rotation sensor achieving a noise floor of 10719 rad/s/v/Hz across the
10 mHz-10 Hz band.

This thesis presents the design and theoretical evaluation of a large-scale, high-precision Fibre
Optic Gyroscope (FOG) tailored to these requirements. The FOG was selected over mechanical
beam balances and Ring Laser Gyroscopes due to its flat transfer function from DC, intrinsic
insensitivity to translational motion, and structural flexibility. The work follows a progressive
architectural evolution, from a baseline interferometric configuration to a refined design incor-
porating targeted noise mitigation strategies.

A comprehensive theoretical noise budget was developed, systematically addressing both funda-
mental and environmental noise sources. Key implementations include a broadband Amplified
Spontaneous Emission (ASE) source to suppress Coherent Rayleigh Backscattering and the
optical Kerr effect, a Multifunction Integrated Optical Chip (MIOC) for splitting and phase
modulation, Lyot depolarisers to counteract polarisation fading, a quadrupole winding to cancel
the thermal Shupe effect, and a y-metal enclosure to suppress the Faraday effect. A large sensing
coil (D = 2.5 m, L =20 km) was modelled to maximise the Sagnac scale factor, complemented
by an active Relative Intensity Noise (RIN) subtraction scheme.

The final architecture achieves a theoretical noise floor of ~107% rad/s/v/Hz, four orders of mag-
nitude above the ET target but a marked improvement over the initial configuration, predom-
inantly limited by residual RIN and Coherent Rayleigh Backscattering. This work establishes
a rigorous theoretical foundation, identifies the dominant limiting noise sources, and outlines a
clear engineering roadmap for future experimental development and optimisation.

Illustrations

FOG Noise Budget — Final Configuration
(Sagnac factor = 6.7561e+02 rad/(rad/s))
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(a) Final FOG optical architecture. (b) Theoretical noise budget of the final sensor de-
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