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Open Questions

1- What are the sources and sinks of SO2? Variability

and possible connection with volcanism (Encrenaz2022)

2- Is there phosphine on Venus? (Encrenaz2022)
Connection with Astrobiology (Sousa-Silva+2019)

3- Evolution of water abundance on Mars. Loss of water
through time (Villanueva+2021, Jakosky2021)

1- Study methane detection and abundance variability. What

is the source of methane? (Korablev+2019, Giuranna+2019,
Webster+2021)




Methods — The Planetary Spectrum

Generator

nasa  Planetary

Home Help Databases Modeling Remote operation Retrievals Applications About PSG
) Spectrum Generator

Villanueva+2018

Geometry: Mars measured via Nadir from 2.4920 km for date (2021/07/14 13:51 (
uT)

Change Object )
Atmosphere and surface: Surface pressure: 5.6827 mbar; Molecular weight: )

43.64 g/mol; Gases: C02,N2,02,€0,H20,03,CH4; Surface temperature: 267.56 K; ( Change Composition
Albedo: 0.200; Emissivity: 0.800; Surface components: Mars;

Instrument parameters: Measurement range 2000-4000 cm with a resolution
=. of 1000 RP. Molecular signatures included; Continuum/background fluxes C Change Instrument )
S e e enabled;
Select template ( Load template ) 3




MethOdS - NEMESIS & nemesiscode.github.io

NEMESIS (Non-linear Optimal Estimator for MultivariatE Spectral AnalySIS) is a general purpose
radiative transfer and retrieval tool designed for analysing visible/infrared observations of any planetary
atmosphere (Irwin+2008)

Originally developed for solar system studies (Cassini/CIRS observations of Jupiter, Saturn and Titan),
but extended for primary transit, secondary eclipse and direct imaging of exoplanets/brown dwarfs.

Designed from start to be generally applicable to any planetary atmosphere and originally designed for
use with a correlated-k forward model.

Handles thermal emission and scattering

Open Source A

'NEMESIS




Methane on Mars and Phosphine on Venus
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Fig.2. Best-fit model (VIRA) as compared with
TEXES observations (Encrenaz+2020)

Fig.1- Data (blue) (Giuranna+2019) compared with a model
with no CH4 (orange) and other with 18 ppb of CH4 (green)

Dias+2022, Atmosphere 13(3), 461



Sulphur Dioxide on Venus
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Fig.3. Method of the line depth ratio.

Ldr=d(S02)/d(C0O2). Model input: VIRA (Zasova+2006)

Dias+2022, Atmosphere 13(3), 461

Fig.4. Best-fits obtained for TEXES observations
(Encrenaz+2012).




Determining the D/H ratio on Mars
/.2 um

| D/H ~ (5.3-6.5) D/H (Earth) |
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Fig.5. Comparison between EXES data (left) (Encrenaz+2019) and normalized radiance simulation (right), at 1388-

1389.2 cm-1.
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Vulcanic plumes on Venus

Creating a model using VIRTIS-H nightside observations
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Fig.6. Comparison between VIRTIS-H data (green) (ref) and simulated spetra (blue - a priori model, Orange - first fit




How to identify vulcanic plumes on Venus? ..junce dierence
SO2 variations, 1-2.5 pym, Dayside (W m-2 sr-1 pm-1)
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Fig.7. Radiance variation in response to a 10 % variation of the SO2 abundance, for each pressure layer of the model atmosphere.




The D/H ratio on Jupiter
7-12 ym, ISO data
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Fig.8. Comparison between ISO data (orange) and modelling. PSG model - blue, NEMESIS model - green
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Constraining the methane abundance
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Fig.9. Radiance variation in response to a 5 % variation of the CH4 abundance, for each pressure layer of the model
atmosphere, using NEMESIS.
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Fitting the T and the CH4 abundance
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Fig.10. Comparison between ISO data (orange) and fitted models. ISO data - green, PSG best fit - orange
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Conclusions and prospects
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Phosphine and methane as (possible) Biosignatures

(b) Phosphine at 500 mbar (ppm

3 ]
fml "OF

08

20

I

)

- i

B0l o S, ofl_ BN .

J60 330 300 270 240 210 160 150 120 90 60 30 0 360 330 300 270 240 210 180 150 120 90
System [Il West Longitude System (Il Wast Longitude

40 -30 -20 -10 a 10 20 30 40 40 30 20 10 o 10 20
Wenus frame velocity (km s™') enus frame velocity (km s™")

Fletcher+2016
Greaves+2020

=

CH, 1-0 upper limit VS. MSL background detection

90°
N.Springl N. Summer N.ﬁ.utumn‘N.Winter N.Springl N.Summnr| u_nmumn|N_wmmr a—
® My33

| MY34

@ CH4in Y32
Q CH4 inMY33|
@ CH4 inMY34

MY31 direct ingest
MY32 direct ingest
MY33 direct ingest
MY34 direct ingest
MY32 enrich
MY33 enrich
MY34 enrich

1451

Methane Abundance (ppbv)
Methane Abundance (ppbv)
Atmospheric Pressure (mbar)

TGO North/South Latitude

40 80 120 160 200 240 280 320 0 40 80 120 160 200 240 280 320 360 . = ACS Upper Limits
~MY34/35-
Solar Longitude (degrees) Solar Longitude (degrees)

120 180 240 300 360
Solar Longitude (degrees)

Korablev+2021

Webster+2021




The Importance of Sulphur Dioxide

X (3rC8eC

January 11, 03:00 UT

January 12, 03:00 UT

Zhang et al. 2012 Encrenaz et al. 2012



Atmospheric Composition

. ) Species Jupiter Saturn
Composition of the Atmospheres of Earth, Venus, Mars, and Titan
H> 0.864 0.881
Species Earth Venus Mars Titan He 0.136 0.11-0.16
N, 0.7808 0.035 0.027 0.98 H,0 2 —-20x 1072 (P<50 mbar) 1.7 x 107 (strat)
0, 0.2095 020 ppm 0.13 ppm 6 x 10~* (19 bar, cond)
CO, 385ppm (var) 0.965 0.953 (cond) 10ppb CHy 2.1 x 1073 4.5 x 1073
CH, 3ppm (var) 33ppb (var) 0.016 (cond) NH; 2.6 x 10~ (cond) 5 % 10~ (cond)
H,0 <0.03 (var) (cond) 50ppm 0-300 ppm (cond) 0.4ppb 8 x 10~* (8 bar)
Ar 0.009 70 ppm 0.016 30 ppm (Ar*) H>S 7.7 x 1073 (16 bar) (reac) (4 x 10~%) (reac)
CcO 0.2ppm 50ppm 700 ppm 10 ppm PH3 6 x 1077 (dis) 7 % 107 (dis)
0, 10 ppm 0.01 ppm C>H> 3 —20 x 10—% (phot) 2.1 x 108 (phot)
| CHg 1 —5 x 10~ (phot) 3 % 10~6(phot)
.ﬂ
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Atmosphere — Composition and Thermal

Sctructure

Hydrostatic Equilibrium

dP — VIRA-2
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Instrument Parameters

Database of
instrument
models

Every telescope / |
instrument performance L B
and capabilities can be —
. : Spectral
roughly described with a

Detector
set of 13 parameters

Optical properties (3 params) ] Thermal properties (2 params) @ Spectral properties (4 params) § Detector properties (4 params)

= Telescope diameter / area = Temperature of the optics = Wavelength range = Type (e.g., C(D, bolometer)
= Etendue (FOV) = Emissivity of the optics = Spectral resolution = Detectability (D*, NEP)
= Throughput of the optics * Instrument line shape * Dark current / Read-noise

= System temperature / Rx temp
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