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Gravitational wave detectors utilise optical cavities in several ways. When squeezed light is injected to reduce the quantum noise, optical losses can significantly degrade its effect, in particular losses in the filter
cavities such as from surface defects. At the same time, thermal noise can be reduced by increasing the spot size on the mirrors leading to near-instable cavity geometries. We use numerical models to investigate
such low-loss, near-instable cavities with nanoscale defects present on the mirror surfaces and the effect they have on the cavity performance along with the possible effects measurable via an optical experiment.
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Modelling an imperfect cavity The modal model T ———
An imperfect optic will cause an incoming mode nm to couple into an outgoing mode n'm’ which is For high-precision experiments modelling the effect » " e

imperfect optics and other physical distortions have
on the beam is required. These distortions however
are usually very small due to the high quality optical
components. Thus, the modal model is a suitable
perturbative expansion of the beam's shape due to
the distortion into higher order modes (HOM). The 01
orthogonal function basis chosen for FINESSE are
the Hermite-Gaussian modes.

described by the coupling coefficient [2] knmn'm’
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where A and ¢ are the amplitude and phase change of the distortion. For accurate simulations we
can take metrology information (mirror maps) for A and ¢ for individual optic surfaces and simulate
their effect on reflected or transmitted beams. The simulation tool FINESSE is the most advanced
tool for computing these higher order modes with surface maps along with their effects on an optical
setup in the frequency domain and makes the computation simpler and faster.
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0.3 ~0.03 left and Can. make the CaVIty inO.perable The surface maps measured for both the 'good' It was found that the difference between many
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T e M Tuningtded . ] the maximum cavity length we achieve experiment. One mirror, CVI1, appeared the
worst and resulted in greater round trip losses
which will likely provide a visible difference.

Conclusion and what next... Cavity finesse with increasing cavity length ., Round trip loss with increasing cavity length
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