|
.-
A€
éOUI’SE

and_ro Ce

lorat
ejc

Y el

-

Dr. Al

A Journey to Space‘Exp'Ibration Missions

o
AN
o
(Q\
o
—
—
Q)




e~ —— — = —_—

% PlanetMars @ &
‘ ‘introduction o

oo
.
‘l\

7
¥

/§

> L3

' = ! j 45
European Space Agency







CATOS MARTE TIEREFA

1/2 Earth’s Diameter

Cistancia desde 227 milllomaes 1439 millonaes
1/4 Earth’s surface =l sol de Km. d= Km.
Ciameatro = =
1/10 Earth’s mass & annkem 12700 K
1/3 Earth’s gravity Duracion del 587 dias 365.25 dias
Dwuracion del 23 I"l-El-lEE = 23 h-El-lEE T i =
Thin CO2 atmosphere dia minutos minutos
. . . 7 Teaemperstuara -5 F. = rados 1=.2 rados
Martian day (Sol) similar to Earth’s day promedio centigados centigrados
I I - icido de HEOr e o
Martian year almost double duration Atmdsfara EE"E'SL_.“;.EJ;.E'F’“‘ onitrdgens.

Two little moons: Phobos & Deimos MG rers de

lurnas
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‘The Seven “Travellers” . e

7 moving anomalies in the sky: “travelling’’ stars > planets
Lack of technology, limited knowledge = especulations & Mythology ...

ars -

'monday, tuesday, wednesday, thursday, friday, saturday, sunday
Luna, Marte, Mercurio, Jupiter, Venus, Saturno, Sol
lunes, martes, miercgles, jueves, viernes, Sabado, domingo
lundi, mardi, mercredi, jeudi, vendredi, samedi, dimanche
lunedi, martedi,.mercoledi, giovedi, venerdi, ‘sabato, domenica

Mercury -



1659 Huygens observes a dark spot and calculates rotation ~24h,
diametre ~60% of Earth and polar caps!
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1880s Schiaparelli
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Schiaparelli ground-based telescopic|map of Mars. 1888 ‘
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Mars view until 1950s, before Space Era...

Orson Welles 1938

@ The Martian chroniclesgBradbury - Turtleback, 1976
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MISSION((S) TO MARS e _

T Hhoteohh 727220SF 77227SS7072S5 TO THE RED o e . e
PI. AN ET HAVE FAILED, THE SUCCESS . == S
R ATE IS DEFINITELY IMPROVING > - A L

SovRCcCcES: CORNELL T INIVERSIT Y,
EFEUROFPE AN SFPACE AGENCY, NASA,
RUOSSIANSFPACEWERB CONM

NOISA03ULSIEHINVALE

L - MARINER 4 -

Success. Ret-urned
21 images. First
successful flyby.

MARS 3

Partial success. Orbiter ) =
obtained eigsht months of
data. Lander landed but
sathered only 20 seconds
ofdata. First successful

landingon Mars. | , -
: = _5,

Y e R — MARS 6 PHOBOS 2 \’ <
| e 4

Partial success. Partial success. - Partial success. % ,
Returned 60 imasges Lander produced data Returned some data % - ,
but failed after only during descent but but lostcontact before = % 3 ’ —
ninedays. failed before landing. deploying lander. \ == ’ - , 1 g — — -
. | _ : : e e B TR N
= . - | ENSSSraE SRR
A EEEE soOVvVIET UNION _EAEAEGSL%XZPRESS/ - = g FUTURE S -
== ONITED STATES O MISSION FAILURE - = ) DAWN - B S ~
[R— Partial success. Orbiter Phobos-GruntsYinghuo-1 will be a
e B U sSIA O FLYBY . E
— completed primary mission Onits way to proto- . sample-return landersorbiter, Mars
. g AaraAN @ ORBITER = in November 2005 and is still _ _ - planets Vesta and = " Science Laboratory will bea rover,
2= N  EUROPEAN SPACE AGENCY @ L ANDER in orbit onextended mission. Ceres. Completed Mars MAVEN will be an orbiter, and ExoMars
= B s uUssIA/CHINA M ROV ER Beagle Z lander loston arrival. flyby in February Z009. will be an orbiter/slander/rover.



2001...2009 2013/14 2016 2018 future ...

Mars Express MAVEN Mars
i d' Sample
(ESA-RUSSIA) 2amp
Arab Return |
Emirates

Phobos-
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Mars Express science investigations

' Martian Moons: Phobos & Deimos:
' surface, mass, volume, density,
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https://youtu.be/hyWC zPTLsI



https://youtu.be/hyWC_zPTLsI

Mars History of liquid water...
and life???)
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Rio Tinto, Spain



Life on Earth But on Mars there is not
Is everywhere!!l a single life organism! (?)
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MARS VENUS MERCURY

1.52 0.72 0.39

distance

Global “Paradise” Greenhouse Frying pan
fridge oven



Temperature

oK 50K 100K 150K 200K 250K 300K 350K 400K 450K 500K 550K 600K 650K 700K 750K
1 TPa 10 Mbar
100 GPaT ~1 Mbar
10 GPaT] ~100 kbar
1 GPa] / 10 kbar
100 MPa- Critical point -1 kbar
Solid B =47 K. 22.004 mrs
10 MPaT] ~100 bar
()]
- S
|
Y 1MPa -10 bar
D
| .
o.
100 KkPa EARTH . - (} f_; -— - 1 bar
Freezing point at 1 atm Boiling point at 1 atm
273.15 K, 101.325 kPa 373.15 K, 101.325 kPa
10 kPa~ ~100 mbar
~10 mbar
Solid/Liquid/Vapour triple point
273.16 K, 611.657 Pa
~1 mbar
10 Pa| ~100 pibar
1 Pa T T T T T T T 1 T T 1 T T 10 ubar
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History based on Geologic Analysis:
Glacial and Fluvial features by MEX/HRSC camera
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2020: More liquid water lakes confirmed!!!

Mars south polar region

Permanent polar ice cap

Study area o4

Distance from area centre (km)

N
o

0

Distance from area centre (km)
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Global Monitoring of Climate variability
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VMC Monitoring HRSC High-Res OMEGA Spectrum



2018: Global Dust Storm grow'
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2019: Local Dust storms (HRSC/VM

_" June 6t

BNorth Pole - , " North Pole

J. Hernandez
MEX/VMC




"5 COMPARING THE ATMOSPHERES OF MARS AND EARTH

ARGON
19%

NITROGEN -
1.9%

CARBON DIOXIDE
96%

TRACE GASES, INCLUDING:—

| ACETYLENE
CARBON MONOXIDE
KRYPTON

"METHANE

NITROGEN

78.1%

TRACE GASES, INCLUDING:

ARGON (0.93%)
CARBON DIOXIDE
HELIUM
HYDROGEN
KRYPTON
METHANE

| NEON
NITROGEN OXIDE
OXYGEN
~ OZONE
WATER VAPOUR

- XENON

. WWW.esa.int

MARS - EARTH

Atmospheric composition by volume | Planets not to scale | Atmosphere of Mars is less than 1% of Earth's | Trace gases listed alphabetically

NEON -
NITROUS OXIDE
OZONE |
SULPHUR DIOXIDE
WATER VAPOUR

XENON

European Space Agency



Methane (CH,) on Mars should NOT be there

Methane molecules are destroyed by UV radiation within 100~300 years

|
r

r
[~ — URtraviolet pheton

'

J —r— \} -

Methane Ethane

Photochemical reactions
occurmainly above 60 kilometers

3 -
. | - -\") | e—— d

— p—

YWater Methane Forrﬁaldeh de

Oxidation =T —~ . Py
pceurs in lower atmosphere . -




Methane (CH,) on Mars was detected in 2004

by 3 different groups:

* Formisano et al. (Science 2004) 0~35ppbv
« Krasnopolsky et al.(Icarus 2004) ~10ppbv
« Mumma et al.(DPS meeting 2004) ~250ppbv

30C0 300S 3010 3018 3020 3025 3030
- Wavenumber (cm-")



Where is Methane on Earth coming from?

Living Microbes -
73-81 % '
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Methane may mean either or . both with liquid water |



Subsurface Methane Sources

sl o

e S ~ Methane could
- « Frozen

be stored in the

£ _~ patch of ice ,‘ form of clathrates
! -5 | . " o .
e Volcanic or hydrothermal Connecting

ce gases like ;-

Biological actlwty produces
ases like CH,, H,S ..

(e

Villanueva et al, 2009



Methane detection over time
further measurements, but still controversral

Mumma, 2005-2009

Latitude

270° 330°

1 oncaitisde

.............

>, '\u'

e gl

Current obéervatrons rnterpretatron and future plans

detected in the Martian atmosphere by ground-based telescopes and from orbit. This
e planet is either biologically or (*Pmlrﬁjx(‘“ﬂ[y active. The goal of the workshop is

release mechanisms of NVieth
of this constituent.

Methane relcase
Northern summer

Cinthrate: structres

e

~ Deadline for abstracts: 17 SGpl’gmber 2009
hl’tp.//www.congrex i709c26/
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MSL Curiosity 2013: no Methane???

S R T i T S = 5 o P 7T BRI T I b o
P, s O e s e o 5 Wb AT

Mars Curiosity

Sept. 19, 2013

NASA Curiosity Rover Detects No Methane on Mars

This picture shows 3 Isb demonstration of the messurement chamber inside the Tunable Laser Spectromeater, 3n instrument that 1= part of the Sample Anzalysis at Mars investigstion on
NASAs Curiosity rover.
Credits: NASA/JPL-Calrech

PASADENA, Calif. — Data from NASA's Curiosity rover has revealed the Martian environment lacks

methane. This is a surprise to researchers because previcus data reported by U.S. and international
scientists indicated positive detections.
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REPORT

Mars methane detection and variability at
Gale crater

Christopher R. Webster", Paul R. Mahaffy?, Sushil K. Atreya®, Gregory J. Flesch!, Michael A.
Mischna!, Pierre-Yves Meslin*, Kenneth A. Farley”, Pamela G. Conrad?, Lance E. Christensen’
Alexander A. PavlovZ, Javier Martin-Torres®, Marfa-Paz Zorzano’, Timothy H. McConnochie®,
Tobias Owen®, Jennifer L. Eigenbrode?, Daniel P. GlavinZ, Andrew Steele'?, Charles A.
Malespin?, P. Douglas Archer Jr.l., Brad Sutterl!, Patrice Coll'2, Caroline Freissinet’,
Christopher P. McKay'3, John E. Moores!4, Susanne P. Schwenzer'?, John C. Bridges!S, Rafael
Navarro-Gonzalez!/, Ralf Gellert'®, Mark T. Lemmon'?, the MSL Science Team®

+ Author Affiliations

M3 direct ingest
MY 322 direct ingest
PAYY 323 direct ingest
P S5 direct ingest
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Mars Express / PES, M. Giuranna, Nature GeoSciences 2019

2 FIRST INDEPENDENT CONFIRMATION OF A METHANE SPIKE ON MARS @'esa

Mars Express

16 Junz 2013
15 ppbv
Curiasity
15 June 2013
6 ppbv

ppbu = pats per Bllion by calume

Curiosity

Gale Crater

Region o shallow ice that
could trap subsurface methane

Genlagiral analysis
suggests faulls in Lhe
Aeolis Mensaa region
could hrezk through ice,
causing spisodic relezse
cl methane

Simulations predict
percentage probability of
methane emission from
different locations araund
Gale Crater

www.esaint




WwWertical evolutionmn after O.
WVVIViater wvvapour

Methane Water vapour

o -
Latitude

=20 0
VWNVMIR /S PP

Need more data!

120 °W 60 ° W O°

Open University, 2017 o o= o e LSl e




ExoMars Programme

|

1'.*‘

2 missions: Trace Gas Orbiter in 2016, Rover and Surface Platform
- Cooperation between ESA and Roscosmos

In 2022
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’

TECHNOLOGY OBJECTIVES (experimental)

» Test Entry, Descent and Landing concepts

SCIENCE OBJECTIVES 2018-2022
TRACE GAS ORBITER (TGO)

» Study of Martian atmosphere: trace gases and sources
» Mapping of surface water ice and geology

» Relay communications for ESA/NASA rovers

: MEX/HRSC



ExoMars Trace Gas Orbiter

" N
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— - - “/ \‘\ ~
Sunset hunter - &

- Observe sun light at sunset and sunrise —
to detect trace gases, methane, water vapour, dust, ... ~———
~ | —— \\:
” — \\&\\u\g__‘ "\\_




4 '

TGO detection attempts, combined with the M5L enriched mode dataset
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TGO/ACS/NOMAD, O. Korablev, A.C. Vandaele et al. Nature 2019



-

= -\ : “ ':: | - ." / . % » | Carbon Dioxide

N2 : ; “"A D o
‘j ;3 = ‘ G -

ma

’@
°’.

Surface Organics Outgassmg Formaldehyde Methanol

B, . .

,.._.-

Subsurface ' @l Methane Clathrate .
L Storage , ;




esa 4) Trace detections of Oxygen green line,




@ 2 FIRST RESULTS FROM THE EXOMARS TRACE GAS ORBITER

First map of subsurface water distribution

Water signature in equatorial regrons may
signify shallow permafrost, hydrated minerals,
or the fermer locations of the planet’s poles
in ancient times

Water-nch
permafrost

300
New and more refined

details of localized
wet and dry regions  0°

-30°

Date range 3 May - 10 September 2018
r

Spatial resolution already /
supersedes 3 previous data

Water-rich
permafrost




First TGO image In operational orbit
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SCIENCE OBJECTIVES
ge-— - » Search for signs of present and past life on Mars
‘ » Research for water in subsurface and environment

e TECHNOLOGY OBJECTIVES
ey 5 A £ > Movility on Msurface (up to a few kilometers);
- 75 | » Direct access to martian subsurface (2m depth drill);
2 : 3 P A »3;*:'

» Sample acquisition and analysis from surface and subsurface
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SCIENCE OBJECTIVES

» Characterisation of Surface environment.

e o TECHNOLOGY OBJECTIVES
AT » Descent and landing platform

» Communications with European and Russian stations

Credit; MEX/HRSC
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- Nominal mission : 218 sols
A DEPICENTRAL PISTON IN CORE CUTTING SAMPLE
e Nominal science : 6 Experiment Cycles + | UPPPER POSITION (closing shutter) (_ > DISCHARGE
=) . CORE FORMING '
| 2 Vertical Surveys S ]i '
EC length : 16—-20 sols
. : Rover mass : 300-kg class
Mobility range Several km

~Credit: ES
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Credit: MEX/HRSC
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2016: ExoMars Trace Gas Orbiter

Improve our understanding of Mars and atmospheric processes
of exo-biological relevance

Example of international cooperation.

Technology demonstration for future exploration.

2022: ExoMars Rover and Surface Platform

Mission with great exo-biological importance.
First attempt to combine mobility and sub-surface sounding.
Rover with state-of-the-art scientific instrumentation.

Pasteur Module will study for the first time:
- Organic molecules and bio-markers for present and past life;
- Vertical characterisation of geochemistry and water.

- Surface platform will measure environmental properties.

One more step in the roadmap for exploration
towards the Mars Sample Return challenge

P -




https://youtu.be/-JhCUVX|FfA



https://youtu.be/-JhCUVxjFfA
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