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Abstract

W.M. Keck Observatory (WMKO) has endeavored to continually improve the capabili-
ties of the Keck adaptive optics (AO) systems since first Keck AO science over two decades
ago (1). We present the Keck AO infrastructure developments to enhance the high-contrast
imaging capability and fully benefit from the next-generation high-contrast science instru-
ments implemented or under development (i.e., SCALES (2) and HISPEC (3)) for Keck II
AO. One of the development goals is to set a pathway towards detecting exo-Earths with
ELTs.

This paper focuses on three ongoing developments, namely, (1) the new real-time controller
(RTC (4)), (2) a new near-infrared pyramid wavefront sensor (PyWFS), (3) the High order
Advanced Keck Adaptive optics (HAKA) project (5), and (4) the residual wavefront con-
troller (rfWFC (5)) developments, to enhance the high-contrast imaging capability at WMKO.

The new RTC, with its high performance and flexible capabilities, will enable the imple-
mentation of future algorithms and next-generation AO capabilities. We will present the
on-sky performance of the new RTC commissioned on the Keck AO systems.

The new near-infrared PyWFS would improve the performance of future high-contrast imag-
ing instruments, such as the SCALES and HISPEC, and enable new AO observing capabil-
ities, such as LGS with NIR low-order wavefront sensing. We present the design of the new
near-infrared PyWFS.

The HAKA project would upgrade the existing 349-actuator DM with a state-of-the-art 2900-
actuator deformable mirror (DM) fabricated at ALPAO. We present the status of HAKA,
including the design of the integration of the high-order DM with the new RTC, and the
expected on-sky performance.
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Uncorrected residual wavefront errors limit the ultimate performance of AO systems, es-
pecially the raw contrast for high-contrast imaging studies. The recently proposed new AO
subsystem, a residual wavefront controller (rfWFC), to monitor the performance of the AO
control loops and the image quality of the AO science instruments and apply the necessary
changes to the telescope and AO parameters would minimize the residual wavefront errors.
We present a scheme to integrate the rWFC with the operational software, including the
new RTC.

The benefits of reducing or eliminating the residual wavefront errors has broad implica-
tions for optical astronomy besides high-contrast imaging. The lessons learned through the
technology development will have implications for the ELTs. Testing these techniques on a
segmented telescope will be extremely useful for teams developing high-contrast AO systems
for all ELTs and future segmented space telescopes.
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