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Question 1
Looking out into the future (10-15 years from now), please describe the Keck Observatory
observing experience that would inspire you to advocate for Keck Observatory as “your”
observatory.

A WMKO for which I would proudly advocate as "my" observatory in 10-15 years is one that has exciting
and enabling points-of-difference in instrumentation and observing environment with both its 8-10 m-class
competitors, and the next generation GMT/ELT/TMT observatories. In an era in which ‘production line’
(so-called service-mode) observations are becoming the norm, WMKO has an opportunity to preserve an
observing experience that is not only unique, but which maintains its position at the pinnacle of discovery
and scientific impact.

In this regard, the importance of the agile and flexible observing culture that has served the Observatory well
for so long should not be underestimated. Hands-on real-time decision making, the ability to update and
optimize an observing program post proposal time, and flexibility on the side of the facility, maximises the
possibility of unexpected results, that are frequently the most interesting, and which are biased against by the
low-risk approach of service-mode operations, and the rigidity that they impose by design. By continuing
to foster an observing environment that is responsive to changing observing conditions and opportunities as
they arise, WMKO will ensure that the potential for high-impact discoveries is maximised.

One practical example of such an observing culture would be building in the hardware capability and
policy framework that would enable rapid switching between, for example, imaging and spectroscopic
modes in response to targets identified either in the ongoing observations or from external triggers. The
responsiveness of a truly high-speed multiplexing capability would positionWMKO uniquely on the leading
edge of discovery.

Question 2
What critical instrumentation capabilities should Keck Observatory develop or maintain on 10
to 15-year timescales? Are there combinations (e.g. deep imaging + multiplexed spectroscopy)
of instrumentation where the combination is more impactful than the sum of the parts? If so,
what are they?

In the spirit of the response to Question 1 above, the proposed Keck Wide-Field Imager (KWFI) and its
smart integration with other instruments, will exploit the location and capabilities of WMKO to deliver a
unique, high discovery-potential point-of-difference with any other existing or planned facility. Among a
range of applications in blue and wide-field science, KWFI will offer world-leading capabilities in the study
of Lyman break galaxies (LBGs).

LBGs are an important population of primordial galaxies that can be efficiently selected in large numbers
across a wide range of redshift pathlengths using as few as three broadband optical filters [e.g., 1,2], and
ground-based LBG surveys thus provide an unrivalled view of the rest-frame UV properties of star-forming
galaxies from the Epoch of Reionization through the peak in cosmic star-formation rate density.

A growing body of work over the past decade has revealed the remarkable power of broadband imaging to
identify spectroscopic and environmental properties of LBGs. Recent studies have shown that broadband
imaging alone is sufficient to select pure subsets of LBGs with specific spectral types [3,4] that correlate
with up to 10 other internal and environmental properties, such as galaxy kinematics, morphology, local and
large-scale environment, star formation rate, ISM absorption-line strengths, and neutral gas kinematics and
distribution [e.g., 5–10]. Moreover, broadband imaging provides ameans bywhich consistently-selected and
physically-related populations of LBGs can be efficiently assembled and compared over a wide redshift range
and across hundreds to thousands of Mpc. Such populations can be used to measure the UV background
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and ionising radiation budget of the Universe [11] and have been proposed as a target population that meets
the stringent demands of cosmological studies [12].

Accordingly, broadband imaging ofLBGs is a powerful tool to investigate the large-scale clustering behaviour
and internal structure of high redshift galaxies, to connect observed galaxies to cosmological simulation
halos, to help identify the precursor to the morphology-density relation observed in the local Universe, and
to elucidate how high-I galaxies connect to their low-redshift counterparts.

The efficient sampling of large cosmic volumes that is imperative in order to progress such studies, can only
be delivered by an instrument such as KWFI that can achieve u- and other band depths of m ∼ 28 − 29 over
wide fields of view in a reasonable amount of time. With no u-band, Subaru Hyper-SuprimeCam cannot
detect LBGs at redshifts . 4, and the estimated depths of the Vera C. Rubin Observatory LSST 10-year
stacks are m = 26.1 for the u-band, m = 27.4 (g-band), and m = 27.5 (r-band). The LSST ‘deep drilling
fields’ will probe to approximately 1 mag deeper than the full LSST in the g- and r-bands, and possibly as
deep as m ∼ 28 in u after 10 years in four legacy fields – these are depths achievable with a single . 2 hour
pointing with KWFI. Thus, for I ∼ 2− 3 LBGs, there is no instrument, current or planned, other than KWFI
that might reasonably be exploited to pursue the science objectives described above.
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