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Martian Limb structure R 01041 (Stenzelv 20M)
“Layered dust” can be identified
HRSC in high altitude !
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Water & Dust vertical transportation -- Recent discoveries

> Water vapor & Dust are transported > Dust can be transported
to 50-90 km (mesosphere) by Global Dust Storm ! to ~70 km in 2-h !
100 * . (a) I.:eftLirnblAS BT (K)
Before storm Glowth matured _
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ExoMars/TGO NOMAD observation in Solar Occultation above limb: e
Water vapor distribution before, during the storm. (Aoki et al. 2019) £
Four explanations: (Vandaele+ 2019) Z
1) Dust absorbs solar radiation, : Tiack Number ’
increasing saturated vapor pressure at high altitudes g 100 120 140 160 180 200
2) HadleyICIrcul_a_tlon is strengthened by dust warming the atmosphere. TECD) RATES b i it A8 e sl et T s
— Vertical mixing occurs o .
. ) in limb observations (Heavens et al. 2019)
3) Local deep convection due to heatlng of dust Ls=190 in MY 30 [0813—1233 UTC 30 Nov 2010])

4) Large-scale rise of dust layer due to dust heating



Water & Dust vertical transportation -- Recent discoveries

> Water vaper (transported with dust?) in the mesosphere (50~90 km) can be dissociated by Solar UV.
= |t can be linked to the escape to space observed hv MAVFN

. Focpe Solar energetic particle
(a) NOMAD H20 - Northern hemisphere Solar irradiance
90 T o 24 Solar wind Cosmic ray
T 60 B I — Thermal escape [leans’ escape, etc)
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(AOkI et al., 2019) Biotic activity?
Regolith, Near-surface reservoir

Hydrothermal activity?

[Vertical / Horizontal distributions of “dust / water ice / H,O gas”]
Their variations & correlations are important for those transportations.



A possibility of JAXA MMX - Global disk + limb observations

<Requirement> “gases and aerosols” simultaneously with practical calculation time
by fitting multiple wavelengths

+2h +4h

Su nf by MIRS: NIR spectrometer (0.9-3.6 um)
with TENGOQO: Vis multiband imager

Sawyer Eric@CNES
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Global mode
4 km res. (36 stripes, 6,598 images)
8 km res. (36 stripes, 14,149 images)

Tracking mode

(6 stripes 3 times, 32,191 images) Expanded view of slit positions




“Pre-JACOSPAR” -- Retrieval of aerosols profile in Martian atmosphere

<Requirement> “gases and aerosols” simultaneously with practical calculation time
by fitting multiple wavelengths

Case-1: Limb retrieval of “Dust and Water ice aerosols” with MRO/CRISM (Smith+ 2013)

T T T | T T T T I T T T T T T T IV

» pseudo-spherical approximation  due to reduce the calculation costs

—> Retrieval was conducted for 10 lines of wavelength 02
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Pseudo-spherical approximation .
0
= The atmosphere plane—parallel oo by o o by oy oy I
The optical path “curved”, assuming the limb observation. 1000 2000 3000 4000
Wavelength (nm)
i “10 wavelengths” (black vertical lines) are only used.
Both: No absorptions by gases
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“JACOSPAR?” -- Retrieval of aerosols profile in Martian atmosphere

A fast atmospheric radiative transfer model using
“Backward Monte Carlo” & “Dependent Sampling”

- Efficiently calculate the spherical atmosphere and multiple scattering
- Covering in “UV ~ far-IR” (solar radiation + planetary thermal radiation)

Input parameters: Optical properties -- Albedo / Scattering / Absorption / Phase function
Solar direction

--> Calculation for Radiance & Jacobian = Retrieval !!

Relationship
Viultiple'sensors Clouds

Solar/infrared spectra (_ﬁ?(xr_) Aerosols
y(x)= y(x0)+‘2 )(;Tl(xi S Gases
\ 7

[Backward Monte Carlo (BMC)]

To spread the photons backward (from the observation point to the radiation source).
- more efficient than forward MC (Asano+ 2010)

[Dependent Sampling] (Marchunk et al., 1980)
To calculate the radiance for optically-average system k,,, and
—> to simulate the measurement signals of other thousands of systems by using ‘Weight factor’



“JACOSPAR?” -- Retrieval of aerosols profile in Martian atmosphere

applied to MEX OMEGA (Observatoire pour la Minéralogie, I’Eau, les Glaces et I’ Activité)
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9 “Dust + Ice” --- Validation of JACOSPAR “Forward model”

Validation for Forward model — Compare with DISORT (past trial by Italian team) + “some real OMEGA observations”
- Geometry : Limb (Phase angle = 90° Incidence angle = 0° Emission angle = 90° Tangential height = 20 km)
- Input aerosols : Dust (R =1.5um, R,.=0.3) / Water Ice Dust (R, = 1.5um, R,=0.3)
7:Dust=0.218 at 1075cm™! / Water ice = 0.06 at 830 cm!
gases: H,0, CO, (Gas databases need to be fixed)

Next step
Dust Gas
derived from continuum derived from absorption
in wide range in narrower range o O.8F 1 JACOSPAR [fay(W/sr/m2)= 421. Dust .
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§ 08 ! 1 b
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0.2 |- ’ AN e ‘ TRH T l[| il m || I | i ’ e
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00— vNir SWIR I twir |° i ]
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Alum) —4 I - . | .
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MEx OMEGA spectrum Dust density : 2.44 ~2.5 pm N A

(used in D'Aversa+ 2022)

Dust & Ice density : 1.27 ~ 3.7 um )
Particle size : 0.70 ~3.7 um Agreement: < 1% for continuum 10




9 “Dust + Ice” --- Validation of JACOSPAR “Inversion”

* Model dust profile > Synthetic spectrum (not observed one: 2.44 ~ 2.5 pm) => Retrieved dust profile

Geometry : Limb (Phase angle = 5.2° Incidence angle = 74.6° Emission angle = 90° Tangential height = 7-56 km, dz = 7km )
Composition  dust (R,= 1.5 um, R;=0.3, optical depth=0.218 at 1075 cm™") i
—> Retrieved for ”Dust density” ol

[A priori] “model dust density” x2 [R_,=1.5 pm, R,=0.3]

Jacobian
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~ K2 & beyond, linked to simulations ~
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