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Our knowledge about the infant stages of our proto-planetary system is fragmentary, however 
comets are believed to be the least processed remnants of the solar system formation, and their 
interior compositions should reflect the composition and the conditions where (and when) they 
formed (Bockelée-Morvan et al. 2004; Mumma & Charnley 2011). Although these icy nuclei have 
resided in cold reservoirs (OC: Oort Cloud and KB: Kuiper Belt) for almost their entire lives, 
different irradiation and thermal processing may have affected nuclei both during storage in their 
reservoirs and/or subsequently during close passages to the Sun. Their observed chemical 
composition might therefore not be completely pristine (e.g., see Roth et al. 2020, Faggi et al. 
2021, DiSanti et al. 2017). Signatures of both early chemistry and processing of ices may be 
preserved in cometary material in the form of cosmogonic indicators as, for example, molecular 
abundances and isotopic ratios. These indicators are connected to the current properties of 
cometary material but reflect the temperature, composition, and processes that occurred during 
their formation. Investigations of comets nucleus compositions are therefore essential to testing 
and updating solar system formation and evolution models, assessing cometary delivery of organic 
compounds to the young barren planets, and addressing the puzzling origin of water on Earth. 
What critical instrumentation capabilities should Keck Observatory develop or maintain on 
10 to 15-year timescales? 
Following the needs of the cometary community, as summarized in the table below, the primary 
instrument capabilities that Keck Observatory should maintain are: 

 Requirement Comments 
Wavelength 
coverage: 1 – 5 µm The 1-5 µm region (in particular 2.8 – 5 µm) provides competitive 

sensitivities to space and also broad molecular/ice capabilities. 
Spectral 
resolution: 

> 20,000 (minimum) 
> 50,000 (optimal) 

Molecular and isotopic investigations require high-resolution 
spectroscopy (R >20,000, optimally R > 50,000). 

Slit length: 25² optimal Long-slit spectroscopy is essential for spatial studies.  

Guiding: Non-sidereal guiding Active non-sidereal guiding capabilities are essential. The ability to 
guide at a wavelength independent of the spectrograph is desired. 

For cometary science the need of a high-resolution spectrometer that covers the crucial 2.8–5 µm 
region, targeting the primary volatile species including H2O, CO, H2CO, CH3OH, CH4, C2H2, 
C2H6, HCN, NH3, as well as product volatiles (NH2, OH∗; proxy for H2O, and CN) and 
isotopologues of hydrogen (D/H), nitrogen (15N/14N), and carbon (13C/12C), is essential. Long-slit 
high-resolution spectrographs are essential for cometary investigations for the following reasons: 
(1) a long slit allows the comet to remain in the slit during telescope nodding between scans which 
is essential for maximizing observing efficiency on these faint extended objects; (2) long slit 
allows performing nodding on-slit, enabling optimum sky cancellation; (3) in order to compute 
accurate and reliable total molecular production rates, it is necessary to account for slit losses due 
to seeing (see Figure 1); (4) investigations of the molecular spatial profiles are a fundamental 
element of cometary science and can be obtained only with long-slit spectroscopy. Spatial profile 
analysis provides information on how volatiles are released into the coma, which is essential in 
distinguishing primary from product species (Bonev et al. 2021, Dello Russo et al. 2020, Faggi et 
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al, 2021 in press, Villanueva et al 2011). Combining these analyses with abundances as functions 
of nucleus rotation, heliocentric distance, and season allows testing aspects of heterogeneity within 
the cometary nucleus, and thus enables investigation of primordial versus evolutional signatures. 
Why this critical instrumentation capabilities are competitive in 10 to 15-year timescales?  

Ground-based long-slit high-resolution spectrometers in 2.8–5 µm range (as NIRSPEC/ Keck) will 
remain competitive in the next 10-15 years: 

• NIRSPEC currently provides the wavelength coverage, wide spectral grasp per setting, high-
resolution and the essential slit length. Compared to other ground-based facilities, thanks to 
the large telescope collective area, observations with NIRSPEC have a factor of about 10 lower 
requirements in time. 

• Investigations of cometary abundances and isotopes in the 2.8 – 5 µm region is a key niche for 
Keck. Coordinated investigations of short-period comets, far inbound comets, and Centaurs 
can provide invaluable insights into disentangling between primordial and evolutionary 
signatures. NIRSPEC/Keck provides the necessary sensitivity to study such faint target. 

• Long-slit high-resolution spectrometers will remain competitive in sensitivities even when 
future space observatories will be online. JWST will likely sample fewer comets at modest 
resolutions (hampering isotopic and trace gases studies), whereas ground-based techniques 
sample a much larger subset of a diverse population. Keck observations will permit 
observations at higher spectral resolving power (R~25000) relative to JWST (the high 
resolution mode for NIRSpec has R~2700), enabling more accurate retrievals of rotational 
temperature and line distribution, which is essential to account for optical depth effects. 

• Moreover, many future ELT ground-based instruments will stop at 2.5 µm, making the 2 – 5 
µm range a key region for Keck in planetary and cometary science. 

IGNIS has been proposed as new spectrometer for Keck. It provides the necessary wavelength 
coverage and spectral resolution, but its design lacks the spatial coverage (with its current 4² slit 
length) essential to achieve the science afforded by these extended objects. With the current IGNIS 
design, cometary science will therefore be significantly hampered. By including a slit length of 
15-20² (or longer), without penalties on losing flux or spatial resolution, would make IGNIS an 
excellent replacement for NIRSPEC. Any new spectrometer being developed for Keck should 
include a long-slit capability, to allow on-slit nodding for spatially extended targets (e.g., comets 
and planets). 

 

Figure 1. Long-slit 
spectroscopy is essential to 
correct for “slit losses” due 
to atmospheric seeing 
using the “Q-curve” 
methodology based on 
extracted production rates 
at defined intervals along 
the slit. Global production 
rates are only obtained 
from the correction factor 
(Qterm/Qnucl). 
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