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Carbon and oxygen isotope ratios in the Martian atmosphere are important tracers to constrain the atmospheric evolutionary
history and origin of organics at the surface of Mars (Jakosky et al., 1994; House et al., 2021). The carbon isotopic ratio can
be fractionated by degassing, atmospheric escape to space (e.g., Lammer et al, 2020), and recent photochemical research
shows that it is also strongly affected by isotope fractionation effects via photodissociation of CO5. Theoretical calculations
by Schmidt et al. (2013) suggest that the absorption cross-section via CO4 photodissociation is 200 per mil smaller for CO.
Our Mars atmospheric photochemical calculations, which are based on these results, also show that the & 3C of CO is
significantly depleted by about -170 per mil compared to CO2 (Yoshida et al., 2023). In addition, Schmidt et al. (2013) also
showed that oxygen, as well as carbon, is fractionated -100 per mil during the photodissociation of CO2, and the derivation
of oxygen isotope ratio is also expected to be an indicator of photodissociation. The previous observations of carbon isotope
ratios are limited to COy (8 '3C = 46+/-4 per mil, § 80 = 48+/-5 per mil, at the surface; Webster et al.,2013; § '3C =
-3+/-37 per mil, 6 180 = -29+/38 per mil, 70-90 km; Alday et al.,2021), and until recently, the observation of CO isotopic
ratios had not been achieved. ExoMars Trace Gas Orbiter (TGO), which started science operations in 2018, has multiple
high-spectral resolution spectrometers that carry out solar occultation measurements, which allows us to perform a sensitive
measurement of isotopic ratios for CO as well as CO, on Mars.

The Atmospheric Chemistry Suite (ACS) on board the TGO observed & 3C = -160+/-90 per mil and & ¥0 = -20+/-110
per mil for Martian Year 34 Ls 166-349 ° and Martian Year 35 Ls = 141-366 °, and altitude range is 10-50 km, respectively
(Alday et al., 2023). In Aoki et al. 2023, which is also an initial result of our study, the Nadir and Occultation for MArs
Discovery (NOMAD) on board TGO observed a very strong negative carbon isotope fractionation with § 13C = -263+/-132
per mil for Martian Year 36 Ls = 182-205 ° and altitudes 30-50 km. In this study, we extended the data period of Aoki et
al.,2023 to 36 Martian years Ls = 182-359 ° (2022/3/1 ~ 2022/12/24), and also attempted to derive oxygen isotopes as well
as carbon.

Furthermore, not only for CO, but we start to derive the oxygen isotope ratios (& 70, § '®0) in CO,, which serves
as a reference for discussion of the fractionation process via photodissociation, targeting the middle and lower atmosphere
below 50km. The analysis of this altitude range is very important for the validation of isotope fractionation by COq
photodissociation, since, 180 at the surface is not consistent with the values above 70 km according to previous studies,
and the oxygen isotope ratios in the altitude range between them have not yet been determined. The altitude range and
observable period for CO, analysis overlap with those for our CO analysis, and there are no examples in previous studies
where simultaneous analyses for CO2 and CO isotope ratio have been conducted at the same altitude. Therefore, the
derivation of the COs isotope ratio in this study and the comparison with CO isotope ratios are expected to provide the first
observational evidence of CO isotope fractionation in COs photodissociation in the middle and lower atmosphere.

To summarize above, in this study, by using infrared spectral data observed by NOMAD on board TGO, we attempt these
two things; 1) to derive the carbon and oxygen isotopic ratios for CO in middle and lower atmosphere and to validate the
CO isotope fractionation process suggested by the model, and 2) to derive oxygen isotope ratios for COy in middle and
lower atmosphere and to validate the fractionation process of photodissociation observationally by comparison with the CO
observation. About 2), we plan to report the initial results in this presentation.



We perform the retrievals within the following spectral ranges: order183-186, full spectral range, (4112-4213 cm™1) for
CO, and order117 (2629-2650 cm™1!), order132 (2966-2990 cm~!), and order141 (3168-3194 cm™!) for CO,. For the
retrieval, we use a radiative transfer and inversion code, ASIMUT (Vandaele et al., 2006), which uses Optimal Estimation
Method (OEM) (Rodgers, 2000) to find the best parameters to fit the data. A-priori profiles of pressure and CO5 volume
mixing ratio in the Martian atmosphere for radiative transfer calculations are obtained from the theoretical predictions by
GEM-Mars model (Daerden et al., 2019). For temperature profiles, we used observations from simultaneously obtained CO5
absorption lines (Trompet et al., 2023) for CO, and the value of GEM-Mars model for COs.

We consider the total amount of 12C160, 13C16Q, 12C!80 for CO, 10'2C160, 1602C17Q, and 902 C80 for CO,
volume mixing ratio along the line of sight as the free parameters and perform the retrievals for each altitude independently.

The following are the data selection conditions and results for CO. For the retrieval value obtained at altitudes of 30-50
km, we did not use values for CO volume mixing ratios below 1000 ppm, whose reliability is under verification, and we
only selected the results with a confidence level of at least 3-sigma. About the retrieved isotope ratios, when we take the
weighted average from 30 to 50 km in all orbits, the averaged value and the standard derivation are § 3C = -286+/-175
per mil, § 80 = -188+/-240 per mil. X[X| In addition to the theoretical predictions, the NOMAD data also show strong
negative isotope fractionation. Although the standard deviation is large because of uncertainties in the assumed atmospheric
temperature, even if we take into account those errors, >C depletion is suggested, and for § 80, the weighted mean over
this altitude range is negative. For these reasons, we think that the results provide observational evidence that CO isotope
fractionation is due to CO» photodissociation in this altitude range, as predicted by the model. This result is consistent with
the trend observed by the ACS, the CO4 photolysis is a more reliable process of isotope fractionation in isotope analysis with
large uncertainties.

On the other hand, as for CO5, we are doing a test analysis on 1 orbit. It has been determined that the 10'2C*60 retrievals
are not accurate at this time, and we think this is because the temperature was not accurately defined. We plan to proceed
with our analysis with a view to simultaneous temperature retrievals to minimize uncertainties caused by temperature in the
future.
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