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ESO outspent the entire US ground-based astronomy community on general purpose instrumentation for 8-m class 

telescopes by factor of 8-12 in the 2010s. This includes existing instruments like MUSE, ESPRESSO, and GRAVITY, and will 

continue in the future with instruments like MOONS and 4MOST. Keck, with its frisky Californians who take slightly fewer 

espresso breaks, showed great initiative and fought ESO to a draw at the 2:1 funding level in the 2000s, but got trampled by the 

European Elephant in the 2010s. This situation is already showing signs of repeating itself, as quick comparison of the funded new 

Keck and VLT instruments will amply demonstrate. The newly released decadal has wisely prioritized fixing this issue (see 

Astro2020 pages 5-8 and 7-30), but the last decadal prioritized this as well with the creation of MSIP. MSIP has never lived up to 

its potential. 

In the current funding climate Keck will not be able to go toe to toe with VLT on large instruments. The largest 

instrument we have deployed is KCRM, which will cost $24M but took over a decade to complete, while VLT has deployed many 

instruments over $50M. We need to change our outlook, narrow our scope, and deploy our resources surgically where we can have 

the greatest scientific impact. Basically, we need to do what every lesser power does - asymmetric warfare, where we maximize 

our assets and take strategic risks. Taking risks is not only something we need to do to compete with VLT, it is a natural 

consequence of no longer being the biggest glass on the planet with the construction of the ELTs.  Keck must increase its tolerance 

for strategic risk.  

In the case of Keck instrumentation, this means doing things Europe can’t – like building our mid-scale instruments 

around detectors that Europe can’t match. As you may suspect, I have a candidate detector in mind. Optical and near-IR (OIR) 

Microwave Kinetic Inductance Detectors, or MKIDs, are superconducting photon counting detectors capable of measuring the 

energy and arrival time of individual OIR photons without read noise or dark current. They are widely considered to be one of the 

most promising emerging OIR astronomical detectors. MKIDs in the OIR are usually thought of as noise-free integral field 

spectrographs (IFSs) on a chip. However, this is only the simplest use of an MKID. Using them in more complex instruments 

opens up new possibilities such as large IFSs and multiplexed high resolution spectrometers. MKID instrument have been proven 

on-sky with the ARCONS, DARKNESS, and MEC instruments. MEC is in fact currently a publicly available instrument on 

Subaru (see Figures below) with an open source data processing pipeline. More details were presented in this Astro2020 

whitepaper. 

MKIDs have been used in seeing-limited IFSs for observations of time variable and low surface brightness objects with 

the ARCONS instrument. This has led to a number of interesting scientific results, but a true facility class instrument is needed to 

make further progress. One such proposal is for KRAKENS Prime (K’), an instrument of unprecedented capabilities for the Keck. 

K’ will be a MKID-based, low resolution, high sensitivity, GLAO compatible IFS with a million (!) spaxels, a 3.3’ x 3.3’ field of 

view (FOV), spectral resolution R=60 at 0.4~$\mu$m, and the wide 0.3-1.35 µm bandwidth inherent in MKIDs. This FOV will 

place stable calibration stars on the array in nearly every field for accurate photometry, guiding, and software tip/tilt corrections, as 

well as enabling observations of larger objects like nearby galaxies and galaxy clusters. This instrument could also enable other 

observing modes, such as a Multi-Object Mask Spectrograph (high order echelle) using the MKID for order sorting with a 3.3’×1’ 

FOV, R∼5000, and 350–1350 nm wavelength range, very similar to LRIS. Another mode would be a Maskless Dispersed IFS, 

1’×1’ FOV and R∼500– 1000 (more in narrower bandwidth) similar to MUSE. This instrument would also improve on the 

functionality of Gemini’s new SCORPIO instrument. 

Looking beyond low resolution IFSs, high resolution spectrographs with spectral resolution R>5,000 are ubiquitous in 

nearly every discipline in astronomy. However, the design of high-resolution spectrographs has been nearly static for decades. A 

high-resolution spectrograph usually contains a collimator, echelle grating, cross disperser, and finally a camera and science 

detector. The 2-d nature of the resulting image (echellogram) makes long slits practical, but along with detector read noise, has 

prevented the high number of simultaneous observations of different objects (high muiltiplex) seen in lower (R<5,000) resolution 

spectrographs using image slicers, fibers, and lenslets. 

A radical new type of high resolution multiobject spectrograph (HRMOS) is enabled by using MKID focal planes , 

allowing a conventional echelle spectrograph to be constructed without the cross disperser. The energy resolution of the MKID 

allow us to determine which echelle order the photon came from. This drastically simplifies the instrument and allows the 
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simultaneously measurement of the spectra of the output of many fibers using a series of parallel linear strips of MKIDs. The lack 

of read noise from the MKIDs mean there is no penalty for measuring at a high spectral resolution and then re -binning to lower 

resolution for better photon statistics. This design could allow for future facility-class instrument working in the visible with >100 

fibers inputs and R>50,000. A $1M testbed development for this concept has just been funded by the NSF ATI program. Even if 

we do not go to a full HRMOS, this concept could provide a way to make an instrument like XSHOOTER both inexpensively and 

with superior performance. 

We have recently had two breakthroughs (quantum limited parametric amplifiers and phonon blocking layers) that have 

increase the measured spectral resolution of MKIDs to R=40 at 313 nm, as shown below. We expect further improvements as we 

continue to optimize these new technologies. Combined with our new Gen3 readouts, which will enable megapixel arrays, and our 

experience with the MEC instrument permanently installed at Subaru SCExAO, MKIDs are ready for primetime. Keck should 

have a detailed section on MKIDs in its strategic plan and put resources into future MKID-based instrumentation efforts. 

Left Upper: MKID spectral resolution measured using an indium phonon 

blocking layer which reduces hot phonon loss. 

Left Lower: A model of  MKID spectral resolution at a function of wavelength. 

Top: On-sky diffraction limited 950-1350 nm and SSD map from MEC of 

a companion to HIP 109427 (AJ, 2021) 
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