Mars Missions 2021: Early Discoveries
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Mars 3.8 by ago

Water on surface

Mars Global Surveyor el

Connerney et al., Geophys. Res. Lett., 28, 4015-4018, 2001. Conl20011801.002

Magnetic field
Volcanism



Mars 3.8 billion years ago : Mars now

NASA



Requirements for life

Liquid water B
Essential elements (C,H, N, O, P, S) Dt ..

Source of heat
Time

NASA

Early Mars?



Missions to Mars

UAE
Hope orbiter (2021)

China

Tianwen-1 orbiter

& Zhurong rover (2021) 7
NASA =

Perseverance + Ingenuity (2021) =
ESA-Russia 3

Rosalind Franklin
(ExoMars) rover (launch 2022)

Also operating: Mars Odyssey, Mars Express, MRO, MSL (Curiosity),
Mars Orbiter Mission, Maven, ExoMars TGO, Insight



irates Mars Mission (EXI)



MARS AS VIEWED BY THE
EMIRATES MARS ULTRAVIOLET SPECTROMETER

MARS AS VIEWED BY THE
EMIRATES MARS INFRARED SPECTROMETER
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sImages from Tianwen-1 at Mars
Courtesy CNSA, 4 March 2021




sImages from Zhurong rover on Mars
Courtesy CNSA, 19 May 2021 (landed 15 May 2021)
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Mars 2020 Rover

RIMFAX Electronics MEDA Electronics & Pressure Sensor
MEDA Radiation & Dust Sensor _SuperCam Mast Unit .

SHERLOC Electronics <\
SuperCam 4 \ A8

2 x Mastcam-Z Camera

_~ 2 X MEDA Wind Sensors s
: ~ PIXL Sensor

' SHERLOC Sensor

SHERLOC
Calibration Target

Calibration Target 2

Mastcam-Z
Calibration Target

== RIMFAX
Antenna

PIXL Calibration
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ESA/DLR/FU-Berlin/NASA/JPL-Caltech



NASA/JPL-Caltech










Mastcam-Z NASA/JPL-Caltech/ASU/MSSS



NASA/JPL-Caltech/MSSS/ASU



Landed 18 February 2021 _

Mastcam-Z images N
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NASA/JPL-Caltech
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NASA/JPL-Caltech/ASU/MSSS



‘Paver rocks’ NASA/JPL-Caltech
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— NASA/JPL-Caltech/LANL/CNES/IRAP






NASA/JPL-Caltech
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NASA/JPL-Caltech/ASU/MSSS



NASA/JPL-Caltech/ASU/MSSS









NASA/JPL-Caltech




Before and after ‘processing” NASA/JPL-Caltech/ASU/MSSS



CacheCam NASA/JPL-Caltech



CacheCam NASA/JPL-Caltech



Before & after sealing NASA/JPL-Caltech
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WATSON (L) and SHERLOC (R) at Bellegarde — sulphates, phosphates
JPL-Caltech/MSSS/LANL/Photon Systems/CIW/University of Pittsburgh
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Map by Emily S. Lakd awalla atop Viking color MDIM




WAC: 35° FOV, HRC: 5° FOV

A=0.9-3.5 um, 256 x 256, 20-um/pixel, 500 steps

3 - 5-m penetration, 2-cm resolution spectral shift range 200-3800 cm™, resolution < 6 cm™

Laser desorption extraction and mass spectroscopy

Pyrolisis extraction in the presence of derivatisation

/ agents, coupled with chiral gas chromatography,
20-um resolution at 50-cm distance, focus: 20 cm to - : and mass spectroscopy

ESA



The Rosalind Franklin rover

Looking for life on Mars
Launch 21 Sep 2022
Lands 10 June 2023
Drills up to 2m under
surface

Context & analytical
instruments

ESA/Miabspace

ENYA



Why Rosalind Franklin?

* Brilliant X-ray crystallographer

* Photograph (Photo 51) of a fibre of DNA

e Critical to Watson and Crick's discovery
of the double helix

e Other important work on structure of
carbon, viruses

Wellcome library

Photo 51 Working notes on DNA



Penetration of Organic
Destructive Agents

UV radiation  ~1 mm
Oxidants ~1m
lonising radiation ~ 1.5 m

ExoMars exobiology strategy:
» ldentify and study the appropriate type of outcrop;




Penetration of Organic
Destructive Agents

UV radiation ~ ~1 mm
Oxidants ~1Tm
lonising radiation ~ 1.5 m .

ExoMars exobiology strategy:

» ldentify and study the appropriate type of outcrop; 3

L™

> Collect samples below the degradation horizort éh analyse
them.




Rosalind Franklin landing site - Oxia Planum

e Clay bearing rocks 3.9 bya
* Remnants of a fan or delta near the outlet of Coogoon Vallis

Chryse
Planitia

Arabia
Terra

Kitkhampton
Sediment s Crater
< lfan rembats
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PanCam on the rov

Optical bench

A\
Fiducial ':‘_\“-,

"o - . WMmarkers j

.‘. \!Calibratio :
2 ol k, target
Rover

inspection
mirror

Credit: Airbus

O Q)
PANCAM

@exomarspancam



PanCam’s filters Left Front Right Front

LO6/G05 LO05/G03 L04/G04 LO3/ LO2/ LO1/ R11/ R10/ R09/G1 RO08/G11 R07/G10 R06/G07
610-10 530-15 570-12 440-120 540-80 640-100 670-5 450-5 2 950-50 900-30 740-15

11 on each WAC 100p-50
Geology — \ \ \\ \

water-rich r

LGS
Atmosphere —
water vapour
Colour HRC
provides rock

teXtu re LO7/G02 L08/G06 L09/GO1 L10/ L11/ RO1/ RO2/ RO3/ R04/G0 R05/GO

Home
position
magnet

500-20 670-12 440-25 925-5 935-5 640-100 9 8
540-80 440-120 840-25 780-20
KEY: LO1-L11/R01-R11 = filter wheel position number (home = 01); - = & broadband colour filters

(both WACs), G01-12 = geology filters, =solar filters; wwww-bbb = ﬁlter centre wavelength and FWHM
bandwidth (in nm). UCL-MSSL




Summary

Golden age of Mars exploration
Hope, Tianwen-1 & Zhurong, Perseverance & Ingenuity arrived in 2021
2 samples (~¥6 cm) cached already for Mars Sample Return (2026-31)

Next year, Rosalind Franklin (ExoMars 2022) will provide an important
new dimension on Mars: drill 2m under surface
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