Optical lock-in camera for gravitational wave detectors
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Phase cameras measure the transverse amplitude and phase of specific frequency components of optical
fields. Their invention came from the need to sense the spatial profile of weak Radio Frequency (RF)
sideband fields used to control interferometric gravitational wave detectors [ 1, 2]. Those sensors use het-
erodyne detection, where the laser beam is scanned across a small-aperture photo-diode and the resulting

signal demodulated to baseband, yielding a map of the complex amplitude profile.

The optical lock-in camera uses an all-optical parallel approach, in which a Pockels Cell is used to
intensity modulate the laser beam and images of the resulting beam are recorded using a high bit-depth
sCMOS camera [3]. This technique has been demonstrated to produce shot-noise-limited measurements
of the transverse amplitude and phase of RF optical sideband fields at frame-rates and spatial resolutions

limited by the camera.

In this presentation, we give an overview of the design and working principle of the optical lock-in
camera. We describe its use within gravitational wave detectors, the first-ever images of optical modes
due to three mode parametric instability [4], sensing and control of the mode matching of a laser beam

incident on an optical cavity [5], and machine-learning-based fast modal decomposition [6].
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