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ETHANE, ACETYLENE AND PROPANE DISTRIBUTION IN SATURN'SSTRATOSPHERE FROM CASSINI/CIRS LIMB OBSERVATIONSGuerlet, S.1, Fou
het, T.1 and Bézard, B.1Abstra
t. We present an analysis of limb observations performed by the Composite InfraRed Spe
trometer(CIRS) instrument onboard the Cassini spa
e
raft, in order to investigate the temperature and 
ompositionof Saturn's stratosphere. Spe
tra were a
quired at twenty di�erent latitudes between 80°S and 45°N fromMar
h 2005 to January 2008, whi
h 
orresponds to mid-summer in the southern hemisphere. We used aline-by-line radiative transfer model, 
oupled to an iterative retrieval algorithm, to determine the verti
altemperature pro�le of the stratosphere at ea
h latitude. Then, we derived the volume mixing ratio verti
alpro�les of various hydro
arbons: ethane, a
etylene and propane.Our results show an equatorial maximum of the abundan
e of a
etylene at 1 mbar, almost twi
e as highas expe
ted from photo
hemi
al models, whi
h 
an be explained by a des
ent of air at the equator. Asalready observed in 2002 and 2004 by Greathouse et al. (2005) and Howett et al. (2007) at 2 mbar, wenote that the volume mixing ratio of ethane slightly in
reases towards the South pole, whi
h is eviden
e fora meridional 
ir
ulation. As for propane, its meridional distribution suggests that its 
hemi
al lifetime inSaturn's stratosphere may be shorter than predi
ted.1 Introdu
tionIn Saturn's upper atmosphere, methane photolysis by solar UV initiates a 
omplexe hydro
arbon 
hemistry,whi
h by-produ
ts are transported downwards by eddy di�usion. Saturn's 29.5-years seasonal 
y
le modulatesthis photo
hemistry, as well as the stratospheri
 temperatures, through temporal and latitudinal 
hanges insolar insolation. In addition, the meridional hydro
arbon distribution is also a�e
ted by atmospheri
 dynami
ssu
h as horizontal di�usion and adve
tion, whi
h are still poorly known.In this study, we analyzed a set of limb data a
quired by the Composite InfraRed Spe
trometer (CIRS) on-board the Cassini spa
e
raft. We retrieved the a
etylene (C2H2), ethane (C2H6) and propane (C3H8) verti
aland meridional stratospheri
 distributions. In parti
ular, we retrieved the propane distribution with a spatial
overage never a
hieved before. By taking advantage of the limb viewing geometry, where infrared radiationis emitted through a large opti
al path and a narrow altitude range, we also improved the verti
al extent andresolution with respe
t to previous nadir observations. These three spe
ies, having various 
hemi
al lifetimes,are a�e
ted in di�erent ways by atmospheri
 dynami
s. Comparing their volume mixing ratios (vmr) inferredfrom observations to photo
hemi
al models thus provides a way of tra
ing dynami
al phenomena.2 Instrument and data2.1 CIRS instrumentThe Fourier-spe
trometer CIRS 
omprises three fo
al planes 
overing the mid-infrared region, two being usedin this study:� Fo
al Plane 3 (FP3), 
overing the 600 - 1100 
m−1 (9 µm to 16 µm) spe
tral range ;� Fo
al Plane 4 (FP4), 
overing the 1100 - 1400 
m−1 region (7 µm to 9 µm).
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onsist in a linear array of 10 squared dete
tors, with an individual �eld of view (IFOV) of0.273x0.273 mrad. Depending on the spa
e
raft distan
e to Saturn, the proje
ted IFOV on the planet variedfrom 50x50km to 100x100km (one to two s
ale heights). During a limb observation, the two 10-dete
tors arraysof FP3 and FP4 were set perpendi
ular to the limb, so that ea
h dete
tor probed a di�erent altitude.2.2 Data sele
tionSpe
tra analyzed hereafter were a
quired at 15 
m−1 spe
tral resolution during four dedi
ated �y-bys betweenMar
h, 2005 and August, 2006, whi
h 
orresponded to summer in the Southern hemisphere (sin
e 2002, untilequinox in 2009). The latitudinal 
overage extended from 45°S to 45°N, every 5°, where most latitudes havebeen sampled two or three times. We also investigated a few data sets a
quired at 1 and 3 
m−1, in
ludingmore southern latitudes at 70°S and 80°S.3 MethodWe used a line-by-line radiative transfer model to 
al
ulate syntheti
 spe
tra. It in
luded opa
ity from CH4,CH3D, C2H6, C2H2, C3H8, C3H4, C4H2 and 
ollision-indu
ed opa
ity from H2-He and H2-H2. The atmospheri
grid 
onsisted in 360 layers from 10 bar to 10−8 bar. It was 
oupled with an iterative inversion algorithmadapted from Conrath et al. (1998), in order to retrieve the atmospheri
 state (temperature, hydro
arbonverti
al pro�les) from the measured spe
tra.As a mole
ular emission intensity depends on both its abundan
e and temperature, we pro
eeded in twosteps. First, we retrieved the temperature verti
al pro�le from the methane ν4 emission band at 1305 
m−1(assuming it is uniformly mixed with a vmr of 4.5 x10−3 (Flasar et al. 2005)), providing information in the 1mbar - 2 µbar region. In order to retrieve the temperature between 20 mbar and 1 mbar, we simultaneouslyinverted the 600-660 
m−1 
ontinuum emission indu
ed by H2-He and H2-H2 
ollisions. Then, this temperaturepro�le was in
orporated in the model, so that we 
ould retrieve the C2H6 vmr pro�le from its ν9 emission band(
entered at 822 
m−1), the C2H2 pro�le from its ν5 emission band (730 
m−1) and the C3H8 pro�le from its
ν21 band (748 
m−1).The two latter mole
ules had to be inverted simultaneously, as the propane ν21 Q-bran
h is lo
ated inthe same region as the C2H2 ν5 R-bran
h. The 
al
ulated kernels (whi
h represent how the intensity at awavenumber i is a fun
tion of a state parameter at a level z) showed that CIRS observations were sensitive inthe range 5 mbar-10 µbar for C2H2 and C2H6, and in the range 5 mbar to 0.5 mbar for C3H8.Figure 1 shows an example of a 
omparison between syntheti
 and observed emission bands of ethane,a
etylene and propane at two given pressure levels (all the di�erent pressure levels probed by CIRS have notbeen plotted for the sake of 
larity) and Fig. 3 the 
orresponding retrieved pro�les.4 Results and dis
ussion4.1 Stratospheri
 temperatureThe temperature stru
ture is dis
ussed in details in Fou
het et al. 2008. The main feature is an equatorial os
il-lation, analogous to the Earth's quasi-biennal os
illation (QBO), resulting from intera
tions between verti
allypropagating waves and the mean zonal �ow. Regarding the seasonal response, we �nd a larger north to southtemperature gradient at ∼ 1 mbar than at ∼ 0.01 mbar. The thermal inertia being larger at low altitudes, thisis not expe
ted from the thermal response of the atmosphere.4.2 Hydro
arbon distributionResults about the meridional distribution of the C2H6, C2H2 and C3H8 volume mixing ratio at 1 and 0.1 mbarare displayed in Fig. 3.We �rst note that all three hydro
arbon meridional distributions exhibit a maximum at the equator at 1mbar. This is in good agreement with photo
hemi
al models whi
h predi
t that mean insolation being greaterat the equator, it should 
oin
ide with a larger hydro
arbon produ
tion and thus a larger abundan
e. However,espe
ially for C2H2, our derived maximum at the equator is larger than predi
ted: at 1 mbar, we note a 80°S-to-equator enhan
ement of about 4, in 
ontrast to the expe
ted fa
tor of 2 (Moses et al., 2005). This enhan
ement
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Fig. 1. Syntheti
 spe
tra (in red and blue) plotted overobserved spe
tra (in bla
k) at 20°S from two di�erent de-te
tors, thus two di�erent altitudes. The model that donot a

ount for propane opa
ity (in blue) fails to repro-du
e the a
etylene R-bran
h intensity around the 1-mbarpressure level
Fig. 2. The 
orresponding retrieved pro�les of C2H6,C2H2 and C3H8 in dashed and dotted-dashed lines. Thea priori pro�les are in solid lines, the error bars in dottedlines and the horizontal bars represent the verti
al limitsin sensitivity.
an be explained by a des
ent of ri
h-hydro
arbon air at the equator, initiated by the equatorial os
illation, andwould a�e
t preferentially C2H2 be
ause its verti
al pro�le has a steeper gradient than 
ompared to C2H6.Another unexpe
ted feature is the region of strong hydro
arbon abundan
e around 25°N, observed at the0.1-mbar pressure level and above for both C2H2 and C2H6. It seems to be 
orrelated with the area undergoingring shadowing at this season. It may be asso
iated with a downwelling bran
h of the meridional 
ir
ulation.The global meridional distribution of the three hydro
arbons 
an be analyzed in terms of their net photo-
hemi
al lifetimes. Below the 0.1-mbar level, these lifetimes are supposed to be longer than Saturn's year, sothat their distributions should reprodu
e the yearly averaged solar insolation (de
reasing towards both poles).At 1 mbar, apart from the equatorial region, C2H2 distribution agrees very well, qualitatively, with this pre-di
tion (
f Fig 3) whereas C2H6 is found to slightly in
rease towards the South Pole. This trend for C2H6 hasalready been observed by Greathouse et al. (2005) and Howett et al. (2007) at 1 and 2 mbar and interprated as
aused by meridional 
ir
ulation from equator to South Pole. It 
an be explained by the fa
t that C2H6 havea mu
h longer lifetime (about 600 years at 1 mbar) than C2H2 (∼ 100 years at 1 mbar): as the two mole
ulesare transported towards the South Pole, C2H2 is more rapidly 
hemi
ally destru
ted than C2H6, whi
h explainswhy we only observe an enhan
ement for C2H6 and 
onstrains the dynami
al times
ale to lie between 100 and600 years at 1 mbar.On the other hand, the propane abundan
e is found to gradually in
rease from 45°N to 80°S at 1 mbar(
f Fig. 3) by a fa
tor of 2.5. Although its 
hemi
al lifetime is not well 
onstrained be
ause of the la
k oflaboratory data, it is supposed to be intermediate between C2H6 and C2H2 lifetimes at 1 mbar. We thus expe
t
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Hydrocarbures a 1 mbar
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Hydrocarbures a 0.1 mbar
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(b)Fig. 3. Meridionnal hydro
arbon variations at the 1-mbar (left) and the 0.1-mbar (right) pressure levels.the propane distribution to be less a�e
ted by meridional transport than C2H6. However, the North-to-Southgradient is found greater for propane than for ethane. This anomaly 
an be explained if the C3H8 lifetime at 1mbar is shorter than or similar to Saturn's season, leading to an in
rease of C3H8 towards southern latitudesdue to the in
reasing solar insolation, at odds with predi
tions from photo
hemi
al models.Eventually, at 0.1 mbar, we �nd that the two mole
ules display very similar distributions, meaning thatthe two mole
ules are transported, 
hemi
ally produ
ed and destru
ted on same times
ales. This is 
onsistentwith photo
hemi
al models that predi
t they have similar 
hemi
al lifetimes at this pressure level (Moses &Greathouse, 2005).Referen
esConrath, B.J. et al., 1998, I
arus, 135, 501-517Flasar, F. M. et al., 2004, Spa
e S
i. Rev., 115, 169-297Flasar, F. M. et al., 2005, S
ien
e, 307, 1247-1251Fou
het, T. et al., 2008, Nature, 7192, 200-202Greathouse, T. et al., 2005, I
arus, 177, 18-31Greathouse, T. et al., 2006, I
arus, 181, 266-271Howett, C. et al, 2007, I
arus, 190, 556-572Moses, J. and Greathouse, T., 2005, J. Geophys. Res, 110Moses, J. et al., 2000, I
arus, 143, 244-298


