vnrx

Martian Moons
eXploration

Martian Moon eXploration (MMX)

The new JAXA sample return mission to the Martian’s mog

Giovanni Poggiali
and MIRS-MMX team

LESIA ) Suseryetoire | pS| e

Astronomical Institute of the Romanian Academy Seminar -10 April 2024



Summary

1. What we know about Phobos and Deimos?
2. Martian Moon eXploration mission
3. MMX InfraRed Spectrometer

4. Phobos and Deimos in laboratory



‘Asaph Hall discovered both the Red
Planet's moons in 1877

Phobos is the larger moon (27x22x18 km) and it
~ _ orbits Mars three times a day. It’s getting closer to |

_ the planet with a rate of 1.8 meters every 1000 years
- resulting in a crash into Mars in 50 million years or
- break upinto a ring.

- The smaller Deimos (15x12x11 km) orbits Mars
~ every 30 hours. This moon is less cratered but

covered by a thick regolith (probably around 100 m)
N s




Origin of the moons

Two main hypothesis were proposed to
explain the origin of the moon of Mars

ASTEROIDS CAPTURE GIANT COLLISION
(Hartmann 1990; Higuchi, Ida 2017) (Rosenblatt+ 2016; Hyodo+ 2018)



Moons composition

UltraViolet

Bertaux et al. (2011, 2016), using ESA Mars Express
Spectroscopy for Investigation of Characteristics of the
Atmosphere of Mars (SPICAM) data, suggested that
the minimum in UV spectra at 220 nm could be due to |
an absorption band in solid, dehydrogenated _ T SPCAMIMEX orb 748
coronene-like polycyclic aromatic hydrocarbons :

(PAHS). wavelength (nm)

reflectance

Deimos spectrum may exhibit a weak peak around
260 nm, when ratioed against the spectrum of Phobos.

Peak at 280 nm likely indicates a significant
concentration of sub-microscopic amorphous carbon ratio of UV refloctance
on the surface of the satellites (Applin et al. 2018) _ SPICAM arb 9556

ratio Deimos/Phobos

200 220 240 260 280 300
wavelength (nm)

Bertaux et al. ( 2016)



Moons composition

Visible - Near InfraRed

On Phobos, two distinct spectral units can be
distinguish: the with a visible/near-
infrared colour ratio of 0.6-0.85 and the blue unit
with a visible/near-infrared colour ratio of 0.85-1.2

The blue unit is associated with Stickney crater (the
biggest on the moon) and its ejecta while the red
unit dominate the rest of the moon.

Schematic Cross-Section of Phobos

Reddish-gray Sﬁ;kney
Upper Interior Ejecta

and Regolith o Do_rmnated by
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Ramsley & Head 2021, Space Sci Rev 217, 86
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Murchie, S. et al. 1999, J. Geophys. Res. Planets, 104, E4, 9069

The most accepted conclusion is that the blue unit

represent the pristine material of the subsurface of
Phobos.

Deimos is generally close to Phobos red unit.
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Near InfraRed

Phobos blue unit (Fraeman et al 2014)

Several IR dedicated observation using ground-based Phobos fed unlt (Fastaan et f 2014
telescopes were performed in the past, the most

recent are: Rivkin et al 2002 and Takir et al 2021
Only Phobos-2 mission was observing Phobos as
primary objective most of other data were collected

from Mars orbiters in particular from MEx-OMEGA and
MRO-CRIMS instrument. :
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Telescopic Blue Phobos and Deimos spectra are mostly featureless with a difference in

Unit Dominated

—— CRISM Phobos slope between Phobos blue and red units:
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030 \”}W\\N TWM\ T ORiSM Deimos = a small 2.7 um hydrated band can be present (less than 10%)
) VWV A AT - Ue ?ssoplg ed .
2Eo " W i Dominate = 3 features at 0.65 pm was observed in data from CRISM and
§ 2% %8 ot o, confirmed by ground-observation for Deimos and Phobos red unit.

Possibly linked with highly desiccated Fe-phyllosilicates
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Thermal Infrared

Only two instruments observed Phobos, but not Deimos, in thermal TES white class

infrared MGS-TES (Glotch et al 2018) and MEx-PFS (Giuranna et al 1o b AN :
2011). ! . - !
Despite noisy spectra and some debate on data quality, several 2

difference in composition were observed with detected abundances
of phyllosilicates (e.g. serpentine and mica) and tectosilicates (e.g.
feldspar).

Micas & serpentines |
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Giuranna et al 2011, PSS, 59, 13, 1308-1325




Phobos environment

Whatever the origin, Phobos and Deimos are
equally intriguing object: ultra-primitive asteroids
and Mars are (from two different points of view)
relevant astrobiological targets.

However, we have to come to terms with the
evolution of these two bodies and the environment
that now presents itself. What temperatures are
recorded on the surface? How much is the UV and
ion irradiation?

Some numbers for Phobos surface

UV flux: 9000 - 12000 W/cm?

H* ion flux (650 eV): 5.7x107 eV/eV-cm?:s
O,* ion flux (210 eV): 1.1x10° eV/eV-cm?s
Temperature: 161-277K

M. Stickney crated, the
| most prominent

}=‘5.

£ " to blue and red units

’i.

Phobos is characterize
by a darker surface
compare to Mars.
Composition?
Alteration?
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The survival of possible biomolecules on the surface (and subsurface) of Phobos is deeply linked to the
moon's hard environment.

Laboratory analysis of processes that can alter the organic content in are essential to understanding what we
can expect both in MIRS observations and in samples that will return to Earth.
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MMX mission overview

JAXA mission Martian Moons eXploration (MMX) is a mission to study Mars
and its moons Phobos and Deimos.

In particular the mission aim to set the final constrains in the debate on the
origin of the two moons (asteroid capture or giant impact).

To achieve its objective the mission

will return a sample (>10 g) from Exploration module
Phobos, the biggest moon, to Earth

in 2029.

Return module

MMX is the third sample return

mission from JAXA after Hayabusal

and Hayabusa2 on asteroids Propulsion module
ltokawa and Ryugu.
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MMX payload

MMX host 7 scientific instruments and a rover that will be release on the

surface with a Raman spectrometer, an infrared radiometer and several cameras

telescopic camera

filter camera
laser altimeter

MIRS infrared spectrometer [J]

dust analyser

mass spectrometer
- ROVER surface exploration [ &=

MEGANE y-ray & neutron spectr.

Sampler

Return capsule
Engine

Payload -

Control system
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MIRS spectrometer
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MMX Infra REd SpectrOmeter (MlRS) is Pushbroom spectrometer principles:
an imaging spectrometer on board of B Dy 11 \

Spectral radiance

study the infrared range of spectrum | O LU e e fon-round
. 111 processing
between 0.9 and 3.6 micron. > :

5,  2DamayX <P il /
detector Telescope | | y T - 20 spectral
» /[ mage

This wavelength range will allow us to
investigate the surface distribution of
constituent materials of the Martian
moons in particular looking for water
and organic material.

MIRS will also study Mars atmosphere A single detector acquisition (2D matrix) provides the image of a stripe in
in particular dust and water. one direction (spatial), and the spectrum of each point of the strip in the
second direction (spectral). The second spatial dimension results from

the orbital motion, or along-track scanner.

MIRS was developed by LESIA-Observatorie de Paris-PSL LESIA y@mﬁe | PSL% LATM‘Q%‘
. Bl cnes

in collaboration with several institutions




MIRS spectrometer =)
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MIRS is composed by two different parts:

OBOX — the opto-mechanic box that contain the
optics, the detector and all the mechanism

EBOX — the electronic box containing two
electronic cards that are the interface between
the instrument and the spacecraft

Systéme optique afocal,
Réseau de diffraction et télescope et obturateur
systéme dioptrique

%“
N

Lampe Fenétre d'entré
Cavite du detector d'étalonnage Scanner enere ¢ eIres

et cache-poussiére

0]:10)

Photo and image credit: LESIA — Observatory of Paris






Finding analogs ...
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Several laboratory analog were proposed in the past years A A B

without a complete agreement with remote sensing data. = MIX #05 Wi 0% O Rivkin+ 2002
= Fraeman+ 2014)

-
i

Some mix of basalt, phyllosilicate and amorphous carbon
match quite well the red unit of Phobos (and therefore
Deimos average spectrum), while CR meteorite simulant
sample are more representative of Phobos blue unit.

-
w

This does not imply that Phobos blue unit is similar to a CR
meteorite, but that the combination of minerals used for
the simulant are close to a possible combination to
reproduce the surface of the moon.

Normalized SSA and Reflectance

Phobos blue unit
O Rivkin+ 2002
= Fraeman+ 2014)

Some meteorite like Tarda and WIS 91600 match in terms of
slope respectively the blue and red units of Phobos but both
show a deeper hydrated bands. ' 14 16 18 2 22 24 26 28

Wavelength [pm]

Poggiali, Matsuoka et al. (2022) MNRAS, 516 (1), 465-476



.. using all the data available
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The comparison can be extended in the MIR
range US|ng MGS-TES and MEX-PFS data - S35 [

* To date no full match was found between
analog samples and P&D spectra. Although, R
several pure simulant and mixture show a Vi e ~
deep valley around 11 um.

PFS orbit 5870 PFS orbit 5870
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Emissivity

* Meteorite simulants although with smaller
intensity, are the only sample presenting a
small peak at 15 um as well as observation ' e e ' ST 0750
from PSF

PFS orbit 5851 PFS orbit 5851

* Amorphous carbon mixture with basalt and
phyllosilicate with the reduced spectral
contrast are not well matching the PFS pr— P
observations despite being among the best 16.6 um features Wavelength [um] Wavelength [um]

matches in the NIR range could be related to sci WX 401 wt.30%

_____ MIX #02 wt.30%
presence of MIX #03 wt.30%

tectosilicates - MIX #04 wt.30%
— MIX #05 wt.50%
basaltic mix. e NIX #06 Wt 1%

Poggiali, Matsuoka et al. (2022) MNRAS, 516 (1), 465-476




Going back to literature

Christiansen Features (CF)

Complex CF with doublet can occur when two different major
components show their single. CF at such distant wavelengths
that they do not average in a single peak (Salisbury+ 1991).
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Poggiali, Matsuoka et al. (2022) MNRAS, 516 (1), 465-476



Thinking about new samples
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How we can modify the spectrum selectively in one range?

Addition of 1 wt% or 5 wt% of hyperfine hydrate component
is sufficient to change the spectrum of anhydrous mineral.

In almost all spectra, the major changes concern the
appearing of a prominent hydrated band while MIR spectrum
is mostly affected for reflectance level

wavelength [um]

5% serp <10 um

wavenumber [cm'1]
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Poggiali et al 2023, Icarus 394, | 15449
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Poggiali et al 2024, A&A (in publication)
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In the second study we mixed anhydrous mineral, bytownite
and augite, with grain size < 50 um, 50-200 pm, 200-500 pum,
500-1000 pm and amorphous carbon < 50 um in different
proportion from 1% to 50%.

We measured the spectrum from NIR to MIR to find the
trend of modification and understand the outcome of

complex mixtures

Det| HV

LFD 140 kY 1000x|13.0 mm 083 Tmr|0,27mm LGPM C.




Conclusions

Nowadays our knowledge on Phobos and Deimos, the moon of
Mars, is still incomplete in particular regarding the origin

MMX mission will be launched in 2026 to explore the Martian
system focusing on the moons Phobos and Deimos

After orbital investigation and the landing of a rover the
spacecraft will collect a sample to bring back to Earth on 2031

In preparation to the active phase of the mission a intensive
laboratory work on analog sample is undergoing
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Thank you for the attention!
Questions?

Contact: giovanni.poggiali@inaf.it



