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It has been suggested that Mars once had a thick atmosphere with a surface pressure of more than about 0.5 bar around
4 Ga (e.g., Kurokawa et al., 2018). The isotopic compositions of atmospheric components have been used to constrain the
Martian atmospheric evolution. In particular, carbon isotope ratios are the important tracer to constrain the origin of the
organic on Mars. The isotopic ratio can be fractionated by degassing, condensation, photodissociation, molecular diffusion,
and atmospheric escape to space. However, the previous observations of carbon isotope ratios are limited to COs, the
main component of the Martian atmosphere. Schmidt et al. (2013) suggests that 13C/*2C (§ 13C) in '3CO theoretically
decreases by around 200 per mil through the isotopic fractionation by photodissociation of CO5 by the quantum mechanical
methodology. Thus, in order to fully understand the carbon isotopic cycle of the atmosphere, we also need observation
of the carbon isotope ratio in CO. ExoMars Trace Gas Orbiter (TGO), which started science operation in 2018, has two
high-spectral resolution spectrometers that carry out solar occultation measurements, which allows us to perform a sensitive
measurement of trace gas on Mars. The characterization of the isotopic ratios are one of the main science goals. In fact,
previous studies with TGO measurements have shown the isotopic ratios of carbon, oxygen, and hydrogen in CO5 from 70
to 100 km and in water vapor from surface to 50 km (Vandaele et al., 2018; Alday et al., 2020, 2021; Villanueva et al., 2021,
2022). In this study, we attempt to derive the carbon isotopic ratios in Martian CO for the first time, using infrared spectral
data observed by Nadir and Occultation for MArs Discovery (NOMAD) on board TGO. Moreover, we will investigate the
vertical profile of carbon isotopic ratios in CO to constrain how isotopic ratios in the lower atmosphere are transported
vertically to the upper atmosphere, where the atmosphere escapes into space.

Thanks to the solar occultation technique and high spectral resolution (R~17,000) achieved by simultaneous use of an
echelle grating and Acousto-Optic Tunable Filter (AOTF), NOMAD enables us to perform a high-precision remote sensing
analysis of atmospheric trace gas species and isotopic ratios. First, in this study, we have selected the best absorption lines
for derivation of the isotope ratios. In order to derive the isotope ratio accurately, we need to use a set of 12CO and '*CO
absorption lines that have similar weighting functions along the line of sight. There are many strong absorption lines of 12CO
and 13CO in 4100-4250 cm~! and we can observe a set of 12CO and '3CO absorption lines that have similar intensities
in 4157-4190 cm~!, which is echelle grating of NOMAD diffraction order 185. Furthermore, considering the temperature
dependence of the absorption lines and contamination of light from other diffraction orders, we chose 4180.28 cm™! for
12CO and 4180.86 cm ™! for 3CO to derive isotope ratios because these lines allow the smallest uncertainty.

Solar occultation observations by order 185 of NOMAD is a new observation mode, which started from February in 2022.
In this study, we have analyzed 13 orbits data from 2022/2/24 to 2022/4/8. For the retrieval, we use a radiative transfer and
inversion code, ASIMUT (Vandaele et al., 2006), which were used in the previous studies with the NOMAD data. This
code uses Optimal Estimation Method (OEM) (Rodgers, 2000) to find the best parameters to fit the data. Temperature and
pressure profiles in the Martian atmosphere for radiative transfer calculations are obtained from the theoretical predictions
by GEM-Mars GCM (Daerden et al., 2019). We use the total amount of *2CO and '3CO along the line of sight as free
parameters, and performed the retrievals for each altitude independently. We further selected the results retrieved in each
altitude by the two following criteria - (1) in order to distinguish between absorption and noise, we only selected data in
which the absorption features of *2CO and '3CO being 5 times larger than instrumental noise (i.e., SNR >5); (2) in order to
ensure the similar weighting functions along the line of sight, optical depth of absorption lines of *2CO and '3CO is smaller
than unity. As a result of these post-selections, we found that we can derive the *CO/*2CO from 20 km to 50 km. The
retrieved isotope ratios show a strong depletion of *CO, § '3C being between -300 and -800 per mil from 20 km to 50 km
in all of the 13 orbits. When we take the average in the altitude direction for all orbits, the averaged value of § '3C = -634
per mil and its standard derivation is 141 per mil. The degree of the depletion of 3C in CO evaluated by this preliminary
result is much stronger than the theoretical estimates of the photo-induced isotopic fractionation suggested by Schmidt et al.
(2013). We plan to evaluate the effects of temperature, instrumental calibration and retrieval method on these preliminary
results in order to verify the validity of our observation and consider the cause of the gap with theoretical research.
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