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Abstract

Titan’s atmosphere features extensive upper-
atmosphere photochemistry and large-scale cir-
culation that distributes photochemical products
throughout the atmosphere. Cassini’s Ultraviolet
Imaging Spectrograph (UVIS) is uniquely able to
probe Titan’s mesosphere and thermosphere through
observation of stellar occultations, which can be used
to retrieve detailed profiles of molecular abundances
with altitude. In this work, we present results from a
triple stellar occultation. As Titan occulted Orion’s
belt, we were able to measure altitude profiles for
three latitudes simultaneously. This gives us the
unique opportunity to observe how abundances vary
with both latitude and altitude, allowing us to place
further constraints on chemistry and circulation
models of Titan’s atmosphere.

1. Introduction

Titan, Saturn’s largest moon, has a thick atmo-
sphere featuring extensive organic chemistry. Over
20 species, with masses up to 78 Da, have been
definitively identified from a variety of ground-based
and spacecraft observations of Titan’s atmosphere [8],
while unidentified negative ions have been detected
with masses up to 10,000 Da/q [4]. After initial forma-
tion in the thermosphere, molecules experience down-
ward transport and their distributions are strongly in-
fluenced by Titan’s global circulation patterns, which
vary with season. Generally, Titan’s atmosphere has a
single large Hadley cell that extends all the way from
the summer pole to the winter pole.

Occultations allow us to measure detailed profiles
of molecular abundance with altitude. Previous UVIS
observations have measured vertical density profiles of
Nz, CH4, CQHQ, C2H4, C4H2, HCN, HC;;N, and C(,'H(;
for altitudes ~400-1200 km [1; 2; 3; 9; 10]. However,
each occultation has sampled only one location at a
time.

Previous observations of Titan’s atmosphere have

revealed that many species have abundances that vary
with latitude. The Atacama Large Millimeter/sub-
mm Array (ALMA) has been used to map several po-
lar species in Titan’s atmosphere (e.g. CoH5CN [6],
CoH3CN [11], isotopologues of HC3N [5]). How-
ever, ALMA is limited in that it cannot observe species
without a dipole moment. Cassini CIRS has been used
to map latitudinal abundance variations in the strato-
sphere (e.g. [7],[12]), while the INMS can measure
abundances in the thermosphere (e.g. [13]). UVIS ob-
servations give us the unique opportunity to measure
abundances of hydrocarbons throughout Titan’s meso-
sphere and thermosphere. In this work, we present
an occultation of Orion’s belt, allowing us to observe
molecular abundance profiles at three latitudes simul-
taneously.

With these UVIS observations, we can see spectral
signatures of many small organic molecules, as well as
an extinction layer due to haze. Observing the behav-
ior of haze precursor molecules along with the haze
layer structure will give us a greater understanding of
how Titan’s photochemistry and atmospheric dynam-
ics interact to produce the observed haze behavior.

2. Observations

In this work, we present analysis of Cassini UVIS ob-
servations of Titan occulting the three stars of Orion’s
belt. The observations occurred during flyby T116
on | February 2016. The stars Alnitak (¢ Orionis),
Alnilam (e Orionis), and Mintaka (§ Orionis) passed
behind Titan’s atmosphere at longitude near 70°E
and latitudes of 15°N, 28°N, and 40°N, respectively.
EUYV and FUV observations were conducted simulta-
neously. The EUV channel probes the density profiles
of Ny and CH,4, while the FUV channel is sensitive to
CHy, other organics, and aerosol haze particles. These
observations allow us to measure the latitude and alti-
tude dependence of abundances of different species.



Figure 1: Cassini’s view during our observations:
Titan occulting Orion’s belt at longitude 70°E and
latitudes 15°N, 28°N, and 40°N

(Adapted from https://space.jpl.nasa.gov/ simulation)

3. Summary and Conclusions

We present altitude profiles of haze and a variety of
small organic molecules in Titan’s atmosphere derived
from Cassini UVIS observations of stellar occulta-
tions. Uniquely, we observed Titan occulting the three
stars of Orion’s belt, allowing us to measure altitude
profiles at three latitudes simultaneously. Thus, we
have been able to learn how the composition of Titan’s
atmosphere varies with both latitude and altitude at
northern mid-latitudes near the northern summer sol-
stice.

References

[1] E J. Capalbo, Y. Bénilan, N. Fray, et al. New
benzene absorption cross sections in the VUV,

relevance for Titan’s upper atmosphere. Icarus,
265:95-109, Feb 2016.

[2

—

F. J. Capalbo, Y. Bénilan, R. V. Yelle, et al. Solar
Occultation by Titan Measured by Cassini/UVIS.
ApJL, 766(2):L16, Apr 2013.

[3

—

F. J. Capalbo, Y. Bénilan, R. V. Yelle, and
T. T. Koskinen. Titan’s Upper Atmosphere
from Cassini/UVIS Solar Occultations. ApJ,
814(2):86, Dec 2015.

[4] A.J. Coates, F. J. Crary, G. R. Lewis, et al. Dis-
covery of heavy negative ions in Titan’s iono-
sphere. GRL, 34(22):L22103, Nov 2007.

[5] M. A. Cordiner, C. A. Nixon, S. B. Charnley,
et al. Interferometric Imaging of Titan’s HC3N,
H!'3CCCN, and HCCC'®N. ApJL, 859(1):L15,
May 2018.

[6] M. A. Cordiner, M. Y. Palmer, C. A. Nixon,
et al. Ethyl Cyanide On Titan: Spectroscopic
Detection and Mapping Using ALMA. AplJL,
800(1):L14, Feb 2015.

[7]1 A. Coustenis, D. E. Jennings, C. A. Nixon, et al.
Titan trace gaseous composition from CIRS at
the end of the Cassini-Huygens prime mission.
Icarus, 207(1):461-476, May 2010.

[8] S. M. Horst. Titan’s atmosphere and cli-
mate. Journal of Geophysical Research (Plan-
ets), 122(3):432-482, Mar 2017.

[9] J. A. Kammer, D. E. Shemansky, X. Zhang, and
Y. L. Yung. Composition of Titan’s upper atmo-
sphere from Cassini UVIS EUV stellar occulta-
tions. Planet. Space Sci., 88:86-92, Nov 2013.

[10] T. T. Koskinen, R. V. Yelle, D. S. Snowden,
et al. The mesosphere and lower thermosphere
of Titan revealed by Cassini/UVIS stellar occul-
tations. Icarus, 216:507-534, Dec. 2011.

[11] J. C. Y. Lai, M. A. Cordiner, C. A. Nixon, et al.
Mapping Vinyl Cyanide and Other Nitriles in Ti-
tan’s Atmosphere Using ALMA. AJ, 154(5):206,
Nov 2017.

[12] N. A. Teanby, P. G. J. Irwin, R. de Kok, et al.
Global and temporal variations in hydrocarbons
and nitriles in Titan’s stratosphere for north-
ern winter observed by Cassini/CIRS. Icarus,
193:595-611, Feb. 2008.

[13] V. Vuitton, R. V. Yelle, and V. G. Anicich.
The Nitrogen Chemistry of Titan’s Upper Atmo-
sphere Revealed. ApJL, 647(2):L175-L178, Aug
2006.



