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Abstract

We report here on OMEGA/MEx day-side limb
observations  of non-Local = Thermodynamic
Equilibrium (non-LTE) CO, emission at 4.3 um.
Since January 2004 more than 500 limb profiles have
been acquired at various locations, seasons and
illuminations. The variability of the non-LTE
emission with latitude, altitude, solar illumination
and season was analyzed and compared to
predictions derived by non-LTE model.

1. Introduction

Ground-based observations of CO, laser bands at 10
um in the atmospheres of Venus and Mars [1] were
identified as non-LTE emissions by several
atmospheric models developed in the 1980s [2, 3].
More recently, CO,non-LTE emission at 4.3 pm was
detected in the upper atmosphere of Mars and Venus
by various experiments on board the European

spacecrafts Mars Express and Venus Express [4, 5, 6].

These observations led to the development of a more
comprehensive non-LTE model for the upper
atmosphere [7, 8]. According to these models, during
daytime the solar radiation in several near-IR bands
from 1 to 5 um produce enhanced state populations
of many CO, vibrational levels which cascade down
to lower states emitting photons in diverse 4.3 pm
bands. These emissions produce what is observed.

2. Observations

The OMEGA experiment on board the ESA mission
Mars Express is a visible and near-infrared imaging
spectrometer functioning in two channels in the

wavelength range 0.38-5.1 um [9]. The instantaneous
field of view (IFOV) of each pixel is 1 mrad,
corresponding to a vertical spatial resolution of few
kilometers.

3. Preliminary results

The CO, emission observed at 4.3 um is interpreted
as non-LTE fluorescent emission in the upper
atmosphere (Fig. 1). Two distinct emission peaks are
observed, one around 4.3 um, produced by a
combination of several CO, bands of the main
isotope (626), and another one around 4.4 um, mostly
due to the 636 isotopic bands.
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Figure 1: Omega spectra taken at the limb at an
altitude of ~68 km and at different solar zenith angles:
(black) 50°; (blue) 55°; (green) 60°; (yellow) 65°; and
(red) 70°. The non-LTE emission at 4.3 pm is clearly

visible.



The variations of the emission with geophysical
parameters, like the emission height and the solar
illumination (SZA), are analyzed in detail. Fig. 2
shows the SZA-altitude cross section of the radiance
at4.3 pm.

Orbit: ORB0647_1

0.100

0.067~

0,033 3

Altitude, [Km]

Radiance, [Wm® s’ um)

0,000
50 55 60 65 70
SZA, [deg]

Figure 2: SZA-altitude contour plot of OMEGA
radiances (W m™ sr'' um™) at 4.3 pm.

Two strong variations can be observed in the
radiances: (1) the emission reach a peak at the
altitude of ~70 km, (2) the intensity of the emission
decreases with increasing solar zenith angle. Both
variations are well explained by the non-LTE model
[7, 8], as a solar driven pumping of multiple CO,
bands in the 4.3 um region. Similar results have also
been obtained by the Planetary Fourier Spectrometer,
on board Mars Express [4]. We are currently
analyzing the whole OMEGA dataset with a double
goal: to validate the non-LTE model and to describe
the variability of the Martian upper atmosphere, for
the first time using this emission.
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