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Abstract

In this paper we show the detection of the water lines
present in the spectral range (60 — 560 cm™) observed
by the CIRS FP1 detector. The first estimate of water
atmospheric abundance gives a value of about 0.14
ppb for a constant water vapour vertical profile,
which corresponds to a water column abundance of
4.3x10* moleculesicm®. Using a water profile
increasesing with altitude up to 10 ppb at 400 km
altitude the retrieved column abundance is 5.8x10**
molecules/cm?.

1. Introduction

Water vapor in Titan’s atmosphere has been detected
only by whole-disk observations from the Infrared
Space Observatory [2], as an early attempt to
measure it with the NASA’s Cassini Composite
Infrared Spectrometer (CIRS, [4]) was unsuccessful
[3], apparently due to poor signal-to-noise in early
versions of the calibration pipeline.

CIRS, which has orbited Saturn since 2004, can
sense water emissions in the far-infrared spectral
region near 50 microns. This dataset is now able to
provide information on water abundance and its
distribution.

2. Data

Cassini-CIRS (Composite Infrared Spectrometer)
Titan far infrared spectra are acquired by the Focal
Plane 1 (FP1), which is one of the 3 detectors used
by CIRS to measure the radiance in the spectral range
10 — 1400 cm™. To study the water features we focus
on the FP1 FIRNADCMP high resolution (0.25 cm™)
nadir data in the range 60 — 600 cm™.We average

these data, acquired from December 2004 to June
2010 in three ~2 years long time periods and in 30
degrees of latitude. Further selection of acquisitions
from a maximum distance of 300,000 km and a
maximum emission angle of 70° are applied in order
to avoid large projected footprints.

3. Method

The spectrum at the considered spectral range is
characterized by a continuum due to (1) the thermal
emission of the planet, (2) the collision induced
absorption (CIA) of Titan main atmospheric
molecules: N,, CH,4 H, and (3) the stratospheric
haze, slowly increasing with wavenumbers. In the
spectrum are also present lines of the atmospheric
gases absorbing in this spectral range: CH,, CO, H,0,
HCN, C4H,, C3H,4, CoN,, HC3N.

These quantities (see Cottini et al., 2011 [1] for better
description of the model) were used to perform a
correlated-k computation of synthetic spectra (Figure
1) using a retrieval code (NEMESIS, developed in
Oxford, [5]) based on the method of optimal
estimation [6].
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Figure 1: Average of CIRS FP1 data between -25 and 30
degrees of latitude (black) and fit (pink).



We were therefore able to retrieve the water vapor,
using both constant water mixing ratio profile of 1
ppb and a model of variable mixing ratio, increasing
with altitude from 0 to 10 ppm in the altitude range
90 — 400 Km.

Figure 2: 6 averages of CIRS FP1 data (stacked and in
black and thin line) and fit with water (pink) and without
(in thick black). The blue vertical lines indicate the water
lines positions.

6. Results and Conclusions

The spectrum in the considered spectral range is
sensitive to the stratospheric water vapor with a sharp
contribution function centered around 100 Km of
altitude for (1) the constant water mixing ratio profile
which becomes wider for the water profile (2)
increasing with altitude.

For case (1) we retrieved an average value of the
water vapor abundance from 0.13 to 0.16 ppb.
Assuming a constant water mixing ratio of 0.14 ppb
and integrating from a minimum pressure of 3.37x10
" bar to a maximum pressure of 0.16x10” bar we
obtain a correspondent water column abundance of
4.3x10™ molecules/cm?, while for case (2) this value
raise up to 5.8x10"** molecules/cm?.

In future works we will use the limb data to constrain
the water profile at two different altitudes (125 and
250 Km) and recompute the water abundance using
an improved vertical profile.
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