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Résumé / summary

Technological advancements over the last quarter-century have led to interferometric experiments nearly
reaching the quantum radiation-pressure noise (QRPN) limit. These experiments have achieved the most
sensitive displacement measurements to date, in both table-top interferometers and large-scale gravitationalwave interferometers, such as the LIGO and Virgo instruments.
In such experiments, even if classical noise has been reduced, two quantum-noise sources are still present:
quantum phase noise and QRPN. For a given optical power, these two noises result in a limit to displacement
sensitivity that one can achieve with a coherent laser beam: the standard quantum limit (SQL). Quantum
noise can however be surpassed using quantum squeezed states of light: the application of squeezing can
theoretically reduce QRPN and quantum shot noise simultaneously, thus surpassing the SQL.
The quest to observe the SQL is of keen interest to the field of optomechanics. A number of small-scale
experiments have recently been performed, seeing QRPN effects and reaching the quantum mechanical
ground state of an optomechanical resonator. The application of squeezed states to an SQL resonator would,
for example, be a macroscopic test of quantum measurement theory. The SQL and the application of
squeezed states to surpass the SQL are also of keen interest for gravitational-wave interferometers. The
current generation is limited by quantum phase noise at high frequency, and the second-generation
(Advanced LIGO and Advanced Virgo) are also expected to be limited by QRPN at low frequency. The goal
of this PhD project is to develop the hardware, techniques and expertise to experimentally realise these
scientific goals, in collaboration with a group at the Australian National University in Canberra.
The Measurement and Quantum Noise group at Laboratoire Kastler Brossel is one of the very few
optomechanics experimental groups with connections to both macroscopic resonators (within the Virgo
collaboration) and microresonators with table-top experiments. The LKB group has a unique expertise to
perform such a project, including the optomechanical resonator based upon the micropillar geometry that has
been recently optimized and is rapidly reaching SQL operation.
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