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Abstract

The Zernike wavefront sensor is a member of the diffraction-limited wavefront sensor
family with a few attractive properties. It is simple, robust, and easy to implement, at the
expense of limited dynamic range. Here we extend previous demonstrations of the Zernike
wavefront sensor in the follow ways: we implement a vector Zernike wavefront sensor in order
to extend the otherwise limited dynamic range, and we demonstrate this vZWFS on sky.
The vector Zernike dimple itself is made using metasurfaces — an optical surface comprised
of sub-wavelength optical features. Here, we describe how this sensor is implemented on the
Keck Telescope, in particular: 1) the optical design that enables the implementation, 2) the
design and fabrication of the metasurface focal plane mask, 3) operations of the sensor on
the bench and on sky. We will discuss how this work compares with performance models,
and will describe implications of this work on future segmented aperture systems.
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