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Abstract studying Titan's seasonal processes. CIRS covers the
spectral range 7-1000m, or 10-1400 cm' with a

Titan is the largest satellite of Saturn and is the only resolutionof0.5-15cm (5). This spectral range pro-

moon in our solar system with a significant atmo- Vides a way to measure both temperature and compo-

sphere. Titan’s middle-atmosphere (stratosphere angsition of the atmosphere on a global scale.

mesosphere) circulation usually comprises a single We focus on observationstaken at resolutions of 0.5,

hemisphere to hemisphere meridional circulation cell, 2.5, and 13.5 cm' covering 600-1400 cm'. This

with upwelling air in the summer hemisphere and sub- range provides the best spatial resolution and sensi-

siding air at the winter pole with an associated winter tivity to most of Titan’s IR-active trace species. Data

polar vortex. Titan has an axial tilt (obliquity) of 26,7 ~ were observed in both nadir (downward) and limb

so during its 29.5 Earth year annual cycle pronounced (horizontal) viewing configurations to provide com-

seasonal effects are encountered as the relative solaplementary horizontal and vertical resolution.

insolation in each hemisphere changes. The most dra-

matic of these changes is the reversal in global merid-

ional circulation as the peak solar heating switches 2 M ethods

hemispheres after an equinox.

Titan’s northern spring equinox occurred in Au- Infrared CIRS spectra were inverted using the NEME-
gust 2009, and since then many middle-atmosphereSIS optimal estimation retrieval suite (6), which em-
changes have been observed by Cassini that wereploys the correlated-k approximation and a non-linear
previously impossible to study (1,2,3,4). Here we inversion scheme. We determined atmospheric tem-
present a detailed analysis of the post equinox changesperature profiles and the abundances @& CsHy,
in middle-atmosphere temperature and composition CO;, HC3N, HCN, GH2, CoHg, CsHg and GH4 by
measured with Cassini's Composite InfraRed Spec- fitting a synthetic spectrum to the observed CIRS spec-
trometer (CIRS), use these to infer changes in atmo- tra.
spheric circulation, and explore implications for atmo-
spheric photochemical and dynamical processes. Our
results show that the meridional circulation has now 3 Results
reversed (1).

Figure 1 shows cross sections of temperature at the
. south pole either side of equinox derived from CIRS
1 Observations limb data. An atmospheric hot spot develops soon af-
ter equinox over Titan's south pole at400 km alti-
Observations comprise nine years of Cassini/CIRS tude - indicating sinking air that is being compressed
data - spanning northern fall to northern spring. CIRS’ and heated adiabatically. This observation shows that
vantage point on Cassini allows detailed views of the the circulation direction over the south polar region
polar regions and provides the best dataset yet forhas now reversed compared to earlier in the mission
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Figure 1: Temperature cross-sections of Titan’s south
polar atmosphere, showing development of a south
polar hotspot soon after equinox, which indicates
south polar subsidence and a reversal of the middle-
atmosphere meridional circulation.
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Figure 2: Cross sections of composition through Ti-

» ) ) tan’s south polar atmosphere. Two years after equinox
(7). The transition happens almost immediately af- 156 gas abundances over the south pole have in-
ter equinox, showing Titan’s atmospheric dynamicsre- ¢eased by up to three orders of magnitude - indicating
spond rapidly to changes in solar heating. Simple en- prolonged subsidence from high altitudes.
ergy balance calculations imply vertical velocities over
the south pole of 0.5-2 mm/s (downwards).

Figure 2 shows cross sections of atmospheric ACKnowledgements
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