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Overview of comet observations to date 
Remote Sensing 
 
Ground-Based: Many comets / few detected molecules 
 
Space-Based: Species/transitions blocked from ground/ few comets 
 
The relationships in many comets of a few species 
 
Information within the global coma 
 
Generally poor temporal coverage  – ground-based and space-based telescopes rarely synced 
 
In-situ Comet Missions 
 
Rosetta: Long-baseline temporal coverage 
 
The relationships of many species within a single comet 
 
Deep Impact /EPOXI: High Spatial resolution of coma 
 
High-spatial resolution species relationships in the coma 
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Ground-Based Infrared Spectroscopy between 2.8 – 5 µm 

The primary IR region for volatile studies 
 
What do we see? 
•  Vibrational transitions from molecules in the coma 

• Highly diagnostic ro-vibrational lines seen at 
high resolution (λ/Δλ ≥ 10,000). 
• Allows determination of gas abundances and 
temperatures. 

• Thermal emission from dust. 

•  Opaque regions from atmospheric extinction. 

•  Spectral and spatial information. 
 

Comet Lulin Feb 15, 2009 IRCS Setting LAPP (40 min)
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Modern instruments provide improved spectral coverage and sensitivity improving efficiency  

3.54 – 3.62 µm 

3.33 – 3.41 µm 

3.15 – 3.22 µm 

2.98 – 3.05 µm 

2.84 – 2.90 µm 
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The Importance of Spectral Resolving Power in volatile studies 

High resolving power allows the 
detection of diagnostic ro-vibrational 
lines at IR wavelengths. 
 
Many spectral regions have a high 
density of lines causing spectral 
confusion. 
 
Lower resolving power can exacerbate 
spectral confusion, leading to complex 
spectral deconvolution to separate 
component species. 
 
The severity of the problem depends 
on several factors including: 
(1) The richness of the spectral region 
(2)  Intrinsic band strengths and band 

structure 
(3) Species abundances 
(4) Quality of fluorescence models 

2.84 – 3.63 µm 3.321 – 3.360 µm 
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Ground-Based studies: The Relationships between volatiles in comets 

A 
B

B 

Observations of many comets show the relationship between species within the comet population as a whole  
(Dello Russo et al. 2016, Icarus 278, 301-332). 
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Volatile distributions and physics in the coma 

IR spatial profiles show how 
volatiles are related to each other 
in a particular comet (DiSanti et 
al. 2001, Icarus 153, 361-390). 

ALMA measurements show column 
density and rotational temperature 
maps of the inner coma (Cordiner et 
al. 2017, Astrophys. J. 837:177). 

IR studies on C/ISON revealed 
strange behavior between the 
H2O column density and 
rotational temperature (Bonev 
et al. 2014, Astrophys. J. 
796:L6). 
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The spatial distribution of species 
released into the inner coma of 103P/
Hartley 2 (A’Hearn et al. 2011, Science 
332: 1396). 

Rare remote sensing and mission synergy 
²  Spacecraft measurements indicate 

a heterogeneous release of volatiles 
over the surface of Hartley 2. 

²  CO2 gas appears to be the primary 
driver for the release of large 
amounts of H2O ice into the coma. 

²  CO2 and H2O gas released from 
different nucleus regions. 

²  H2O and CH3OH have similar 
distributions – enhanced in the anti-
sunward direction and consistent 
with icy grain release. 

²  C2H6 distribution is distinct and 
more symmetric.  Similar to CO2? 

Spatial distribution of volatiles in 
the global coma from ground-
based IR spectroscopy (Kawakita 
et al. 2013, Icarus 222, 723-733). 
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Spitzer Space Telescope IR spectroscopy 5 – 30 µm 
²  Comets also show a wide diversity 

in their mid-IR spectra 
² Grain composition – 

amorphous and crystalline 
silicates 

² Grain sizes and porosities 

²  Under favorable conditions H2O 
coma gas has also been detected 
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JWST Instrumentation 
§  JWST: 6.5m telescope with wavelength coverage from 0.6 – 28.8 µm 

Ø  Orders of magnitude higher sensitivity than previous facilities 
Ø  High angular resolution 
Ø  Imaging, coronagraphic, and spectroscopic modes 
Ø  Integral field units (IFUs) allowing spatially resolved imaging spectroscopy  

For more details on instrumentation go to 
JWST websites 
 
For more details on planetary and comet 
applications: 
 
Planetary: Milam et al. 2016. PASP 
128:018001, (7pp). + references therein 
 
Comets: Kelley et al. 2016. PSAP 
128:018009, (13pp). 
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JWST-NIRSpec: Capabilities for detecting volatiles  

Spectrum produced by Goddard’s Planetary Spectrum Generator (PSG) developed by Geronimo Villanueva 

•  The strong bands of H2O and CO2 will 
generally dominate the NIRSpec spectra of 
comets. 

•  Lower resolving power does not affect the 
detectability of strong CO2 and H2O bands 
accessible only from space. 

•  Optical depth effects for CO2 and H2O can be 
important in some cases. 

•  NIRCam imaging also allows the study of the 
distribution of H2O, CO2, and CO and may be 
the preferred way to detect activity in faint or 
distant objects. 

Q(H2O) = 4.4 x 1027 molec s-1 

Trot = 50 K 

λ/Δλ = 2700 



11 Space 

JWST Observations extend Heliocentric Coverage 

From Kelley et al. 2016. PSAP 128:018009, (13pp). 
 

JWST Capabilities 
 
•  Allows long temporal baseline spectroscopy 

over a large range of heliocentric distances 
for even moderately bright comets. 

•  Allows sensitive searches for volatiles in very 
low activity comets, main-belt comets, 
Centaurs, Jupiter Trojans, etc. 

•  Allows searches for low-abundance species 

Enabling Factors 
 
•  High instrument/telescope sensitivity 

•  Target strong Earth-inaccessible emissions 
of H2O and CO2. 

S-O-T = 85 – 135° 
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JWST clarifies The relationship between CO2 and other volatiles 

•  CO2 observations from space are fairly numerous. 

•  they are not well synced with ground-based 
observations of other volatiles 

•  Few common comets between the space-
based and ground-based datasets 

Very little is known about the relationship 
between CO2 and volatiles other than H2O in 
individual comets or in the comet population 
as a whole 
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The effects of atmospheric extinction on hypervolatile characterization 

Ground-based IR measurements of hyper-volatiles in comets 

Ø  Requires comet velocity relative to Earth sufficient to shift away from 
corresponding terrestrial absorptions. 

Ø  Lack of measurements, especially in JFCs, is a major issue. 
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JWST-NIRSpec: Minor Species 
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Studying the “organics spectral region” with NIRSpec 

§  Species such as CH3OH, CH4, and H2CO should be easy to isolate with NIRSpec even at λ/Δλ = 1000. 
§  Careful modeling of blended species should allow quantification of C2H6, HCN, and C2H2 in most cases. 
§  NH3 may be difficult to isolate with NIRSpec. 

Derived from the GSFC-PSG 
Derived from the GSFC-PSG 

Q(H2O) = 4.4 x 1027 molec s-1 Q(H2O) = 4.4 x 1027 molec s-1 
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Studying molecules near 5-µm with NIRSpec 
§  OCS should be easily isolated with NIRSpec 

except for very low abundances. 

§  The isolation of CO should be easy but will 
require careful accounting for H2O blends for 
low CO/H2O mixing ratios. 

§  When optical depth effects are a concern for 
stronger H2O bands, H2O production rates 
can be derived independently from weaker 
optically thin emissions. 

§  Spectral studies address the 
compositional relationship between CO2 
and other volatiles over a range of comet 
activity and over a broad range in 
heliocentric distance. 

Derived from the GSFC-PSG 

Q(H2O) = 4.4 x 1027 molec s-1 
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Studying Coma Volatiles Using MIRI 

Derived from the GSFC-PSG 

•  The strong H2O ν6 band should be easily detectable by MIRI.  

•  CO2 should also be detectable under favorable 
circumstances with MIRI, but is much more easily done with 
NIRSpec. 

•  Other species are not very favorable 

•  Low contrast between gas line intensities and dust 
continuum background makes these measurements difficult. 
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Detailed spatial studies with NIRSpec and MIRI using IFU mode  

NIRSpec  
Provides a detailed spatial 
relationship between volatiles in the 
coma. 
 
Addresses how CO2 relates to other 
easily detectable volatiles in the 
coma (e.g. H2O, CH4, CH3OH, H2CO, 
CO, OCS). 
 
MIRI 
Provides comparative dust 
composition and its relationship to 
H2O release between spatially 
resolved jet features. 
 
Addresses the spatial heterogeneity 
of dust mineralogy and how it relates 
to H2O. 

Broader spatial relationships between volatiles and grains can be addressed 
through coordinated and interlaced NIRSpec and MIRI observations 

Figure from the JWST Pocket Guide June 2017 

For close comet approaches to JWST 
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Summary of JWST capabilities for comets 
§  Long baseline temporal coverage of comet chemistry 

Ø  Reveals chemical heterogeneities 
Ø  How are volatiles released over long timescales in the global coma? 

§  Allows for chemical characterization of less active small bodies 
Ø  Low activity comets, main-belt comets, Centaurs, Trojans 
Ø  Do these objects retain more volatile species such as CO2? 

§  Addresses the relationship of CO2 to other volatile species in comets 
Ø  Both compositionally and spatially 
Ø  How is CO2 release linked to the release in other volatiles? Does it change from 

comet to comet? 
§  Address heterogeneities of dust composition with active area in comets 

Ø  How does dust distribution linked to release of H2O? 

Synergy with ground-based observations of comets will greatly enhance JWST datasets! 
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END 


