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1 Abstract

The Keck Observatory has the opportunity to participate in technology development and demon-
stration for a large IR/O/UV space telescope mission concept, as endorsed by the Decadal Survey.
In particular, if diffraction-limited visible band instruments can be developed for Keck, they can
be prototypes for the IR/O/UV mission. They would have low enough sky backgrounds to gain
experience with space mission detectors, and to explore key science objectives. In particular, Keck
would be a good place to demonstrate new technologies, ranging from instruments to detector
systems to adaptive optics and coronagraphs.
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2 IR/O/UV Flagship

The Decadal Survey endorsed the IR/O/UV mission objectives without endorsing a particular de-
sign, and recommended continuing technology development. The estimated flight date is the mid
2040’s, which is long enough for many other flowers to bloom. The Keck observatory has the
opportunity to participate in this, in four major ways.

2.1 Pioneering IR/O/UV science

Given a visible band adaptive optics system and matching instruments, the Keck observatory can
explore the science programs that would be examined with the IR/O/UV flagship, e.g.: AGN, solar
system, young stellar objects and their disks, exoplanets, and the high z universe. Every target
category in the LUVOIR and HabEx reports that fits into a few arcseconds in the visible band is
observable with Keck with better angular resolution. The point source imaging speed advantage
of (DKeck/DIR/O/UV )

4 = 2.8 and the lack of cosmic ray interference partially compensate for the
5-10× brighter sky on the ground.

2.2 IR/O/UV Instrument Demonstration

The Keck observatory has the opportunity to work with teams developing IR/O/UV instrument
technology and optimizing the designs. Design choices include the right pixel scales for the cam-
eras and IFU spectrometers, and optimization for particular science topics. Trade studies for the
right kind of IFU (e.g. slicer or microlens) could include Keck team members, and flight instrument
concepts could be demonstrated and eventually operated as facility instruments.
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2.3 Extreme AO and Exoplanets

The Keck offers the largest current laboratory for Extreme AO demonstrations that may be relevant
to the IR/O/UV exoplanet searches, and continued effort is well justified. In particular, there is
a possibility that the ExAO performance can be significantly improved using the ORCAS laser
beacon https://asd.gsfc.nasa.gov/orcas/, if it can be aligned closely enough with
the target star, even briefly. The laser is bright enough to remove the photon noise term from the
wavefront sensing error. Then one could hope that the contrast gain obtained on the brightest stars
would be available for all target stars. It is unknown whether the contrast gain would be enough
to see Earths around Sun-type stars. But extension of the concept to GMT or TMT would gain
significant contrast (in proportion to telescope area) and would certainly be exciting.

2.4 Advanced Detector Demonstration

Two leading types of energy resolving imaging photon counting detectors are under development
and the Keck provides an environment for practical use. MKIDs (Microwave Kinetic Inductance
Detectors) and TES (Transition Edge Superconductor) detector arrays are gradually improving in
size, energy resolution, and speed. They both have the advantages of high photon efficiency and
low or zero effective dark current, and are most helpful when the incoming photons are infrequent.
This is especially important for exoplanets, which are faint but still require spectroscopy, and exo-
planet requirements strongly drive the design concept of the IR/O/UV flagship. In some use cases
they also reduce optical complexity and improve efficiency by avoiding the need for dispersive
elements for spectral resolution or order sorting. Applications include visible band diffraction-
limited imaging and high resolution spectroscopy, where the sky is the darkest, only 5-10× the
space background brightness. Note that the backgrounds are still low even if the telescope image
quality (Strehl ratio) is low, as for current generations of adaptive optics.

Other applications include wavefront sensing and exoplanet detection in Extreme Adaptive
Optics where high speed is necessary. The KRAKENS instrument under development for Keck
will likely not be the last to use energy-resolving detectors.
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