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Introduction: In January 2014 the Solar System
Working Group (SSWGQG) for the James Webb Space
Telescope (JWST) chartered ten science focus groups
(SFGs) to examine the potential science applications of
the observatory for various solar system targets. We
present a summary of the findings of the Titan SFG,
organized into five thematic areas: (1) Titan surface;
(2) tropospheric clouds; (3) composition of the lower
atmosphere; (4) composition of the middle atmos-
phere; (5) stratospheric hazes and clouds. Our investi-
gation considered such issues as: Titan observability;
spatial resolution available and required for various
science investigations; spectral resolution, signal-to-
noise ratio and saturation times for various observing
modes of NIRSpec, NIRCam and MIRI. We discuss
the strengths and weaknesses of JWST for the pro-
posed observations, including the need for sub-
arraying and high spectral resolution to avoid satura-
tion. We conclude that JWST will be a prominent
player in the cadre of current and forthcoming major
observatories that can study Titan, including Cassini,
ALMA, SOFIA and next-generation optical telescopes.

Themes: An overview of the thematic results fol-
lows:

Surface: Titan’s crust is probably composed pri-
marily of water ice, but known from Cassini to be cov-
ered in many places by liquid or solid organic deposi-
tions from the atmosphere. Examples include the
northern seas, composed of methane, ethane and other
H\CyN, species; and the equatorial dune fields, which
are thought to be solid organic materials; plus other
terrains of unknown composition. JWST can signifi-
cantly contribute to our understanding of the surface
organic composition using NIRSpec to identifiy ab-
sorbions such as liquid ethane at 2 pm, while NIRCam
will provide mapping context especially for regions of
activity/change.

Lower atmosphere clouds: Clouds were first identi-
fied on Titan in 1998, and since then there has been
near-continuous following of cloud events. Methane
saturates in the upper troposphere and rains out on the
surface. JWST can play a major role in watching large
clouds evolve over a timescale of days to weeks, most
likely as a TOO (target of opportunity) observing re-
quest in response to a detection by a high cadence,
ground-based monitoring campaign. NIRSpec and
NIRCam can work in tandem to provide spectral and
spatial information on Titan’s weather.

Tropospheric gases: In this area the major interest
is in measuring the methane relative humidity in the
troposphere, which may be spatially varying. Bands in
the near-IR can be exploited to map methane vs lati-
tude using NIRSpec, in both CH4 and isotopologues,
which will provide less saturated absorption bands.

Stratospheric gases: Active photochemistry and ion
chemistry in Titan’s upper atmosphere results in a di-
verse array of gas species in the stratosphere, which
exhibit mid-IR vibrational spectra that have been
mapped by Cassini CIRS. These gases act as tracers of
atmospheric motion, and vary both vertically, and in
latitude and with time. Seasonal changes in these gases
can be measured by the MIRI instrument which co-
verse the range 5-28 pm.

Middle-atmosphere hazes and clouds: Titan exhib-
its a seasonal reversal of haze opacity between hemi-
spheres at many wavelengths, caused by haze transport
towards the winter pole. Imaging with JWST NIRCam
will help to constrain dynamical models, while high-
resolution (R~2700) spectral imaging with NIRSpec in
integral field mode (IFU) at resolutions of ~0.1”.
Stratospheric ice clouds have also been seen by Cassi-
ni, and JWST will be able to discriminate large-scale
polar clouds seen in both the north and south.



