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Fundamental questions
for astrobiology

How does life begin and evolve? Did it appear by chance or, once the
Universe started, it would a cosmic imperative?

Does life exist elsewhere in the Universe? Or is it formed and
develops from local (Earthly) processes?

What is the future of life on Earth and beyond? Are there realistic
conditions outside our Solar System, for life - AS WE KNOW IT - to

begin and evolve?

From “"The Astrophysical Context of
Life” (http://www.nap.edu/catalog/11316. html)

Astronomy provides the fundamental underpinnings for life: space and time.
The Universe is filled with billions of galaxies, where there may be possible sites for the
origin and evolution of life.



How can we define life?

J. Schneider (astro-ph/9604131); Szostak et al. (Nature, 2001);
Bains (Astrobiology 2005), Bener (Astrobiology, 2013)

Complex and

System out of Thermodynamical equilibrium

Memory + reading/recovering mechanism

Working hipothesis...

Life is a "self-sustaining chemical system capable of Darwinian
evolution (6.F.Joyce, 1994)



How can we define life?

J. Schneider (astro-ph/9604131); Szostak et al. (Nature, 2001);
Bains (Astrobiology 2005), Bener (Astrobiology, 2013)

Reading suggestion: “What e
is life”. E. Schroedinger | .
(1944). Check on Google




WHAT is the relation
between cosmology,
astrophysics and the

origin and evolution of

life?



A Biophilic Universe

"A universe hospitable to life - what we may
call a biophilic universe - has to be very special
in many ways. The prerequisites for any life
(long-lived stars, a period table of elements with
complex chemistry, and so on) are sensitive to
physical laws and could not have emerged from a
Big Bang with a recipe that was even slightly
different”.

Martin Rees. “Our Cosmic Habitat” (2003)



A cosmological perspective to
search of life in the Universe...

Planck results (2013)

Before Planck After Planck

LET"S GIVE IT UP!




Galaxy Formation = Habitability

Galaxies are natural “cells” from which the Universe is
composed.

Stars live in galaxies, and are responsible for the galactic
chemical evolution.

Necessary levels of chemical abundances and radiation fields
needed for the rise of life AS WE KNOW IT

Early galactic evoluftion:
o Starbursts = dust and molecules = complex chemistiry.

CNO synthesized by stars in early galaxies allow for the building
blocks of organic chemistry fto be present since the Universe was
~ 200 million years.
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The Astronomer’s Periodic Table

(Ben McCall)

Image from Ben McCall 13



Molecules in the Interstellar Medium or Circumstellar Shells (as of 07/2013)

ITERNATIONAL'
ACE UNIVERSITY
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NaC NpH* 6SIC3  CqyH  SNGTN

As of July 2013, we recognize around
180 molecules in the interstellar

medium and circumstellar shells and 55
- = molecules from extragalactic origin!!

The year most relevant to the detection {including isotopic species or vibrationally excited states) is given for recent results — the past two to three years.

Source for molecules in space: astrochemistry.net and
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Why is our planet
habitable? What's
special about it?
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Comets

Essential to understand the formation process and evolution of the
Solar System

Reservoir of pristine interstellar material?

Possible suppliers of organic material necessary to frigger life
formation on Earth

Asteroids

Main source of meteorites
Major interest in condrites: silicates, C-silicates, silicates with H20

Carbonated condrites are a source of aminoacids

Important for formation (organics deposition) and

annihilation (mass extinction) of life on Earth
19



Chemical Composition of Comets

(The grey bar indicates the range measured to date)
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Organics Found in Meteorites

Total Carbon Content: > 3% (by weight); Soluble Fraction: < 30% of total C

COMPONENTS:

ACIDS:

Amino acids HYDROCARBONS:
Carboxylic acids non-volatile: aliphatic
Hydroxycarboxylic acids aromatic (PAH)
Dicarboxylic acids polar
Hydroxydicarboxylic acids volatile

Sulfonic acids
Phosphonic acids

OTHERS:
FULLERENES: AR
. Amides
Coor Cro Amines
He@Cy, Alcohols
Carbonyl compounds

Higher Fullerenes

Chanrley, EAA lectures (2004)
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Earth’s Atmosphere
Through Time

—

Escape to space

Cambrian explosion

Water, Ho, CO Photosynthesis \

/

+ other reduced gases

---- centuries
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Time before present, billions of years
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Arnold, L. Astro-ph/0706.3798v2

Ozone

Nitrous | O,
oxygen : |

N,O |

% 1 - v \ v

:
<7 »
| —
A\ ———
R N N S Uy W w;LLMAAIL T a el el iHE s

’ 3 1 5
Visible ond near-infrared range (micrometers)

Composition of the Earth by the Mars Express OMEGA Specirometer
3 July, 2003

Fig. 2 Mars Express recorded the Earth spectrum with i1its OMEGA
instrument 1n July 2003 while 1t was traveling to Mars. This pic-
ture 1illustrates how could look like an Earth-like extrasolar planet spec-
trum recorded with a high signal to noise ratio (figure adapted from
http://mars.jpl.nasa.gov /express/newsroom /pressreleases/20030717a.html).
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Habitability conditions
( recipe)

- Water on Earth’s surface for, at least, 1 billion years

> Intense meteorite bombardment during Earth’s formation (= first 700 million
years)

- Resilience to catastrophes during the first billion years

\;\Q\(\& .

12 H,0 + 6 CO,

C6H1206 + 6 Oz + 6 Hzo

MUCH MORE EFFICIENT THAN ANY OTHER PHOTOREACTION




Extremophiles and the
origin of life

26
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Extremophiles

We have more microbial cells (©

) than human

cells (10 trillion) in our OWN BODY.

First life form on Earth, and the ONLY existing during the first 3

billion years was a microbium.

There is more life “inside the ground” than on top of Earth’s

surface.
Microbia can live in conditions which are EXTREMELY challenging.

Most likely candidates to be an E.T.!!
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The search for life in
the Solar System: what
has been done so far?

30



Searching for life

- Non-intelligent

- Search for biotracers (and actual life forms) in
the Solar System

- Search for extrasolar planets
- Search for biotracers in extrasolar planets
- Intelligent

» Search for non-natural signals coming from
another point in the Universe (SETI)

J. Tarter, Annual Review of Astronomy and Astrophysics, 39, 511-548 (2001) 31



Two classical strategies
to search for life

» Follow the water!

» Follow abundant and available energy sources
- Fundamental condition for habitability

» Available energy allows for the reproduction of “chemical®
states of very low probability (maybe ~ “life”?2?)

- Identification of biotracers can be much more efficient (life
Is shaped by, and, at the same time, shapes the

environment)

Ball. Nature, 427, 19 (2004)
Hoehler et al. Astrobiology, 7, 819 (2007)

Reading suggestion: “Vital dust”. C. de Duve (1995). Check on Google Books!!!



Mars: explored since the 60’s

o NASA(main missions)

» Mars Rovers: Spirit/Opportunity (2003) / Curiosity
(2012)

> Mars Observer/Global Surveyor/Pathfinder: 92, 96
& 97

o Viking, Mariner: 60s & 70s
o URSS (main missions)

- Zond, Sputnik, Mars, Cosmos, Phobos: 60s to 80s
- ESA (after 2000)

o Mars Express, Beagle, Rosetta

33
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Water In Mars >~
natur e International weekly journal of science

Access Phvllosilicates, a class of hvdrous mineral first definitively iden-
To read this story in full you will need to login or make a payment (see right). tified on Mars by the OMEGA (Observatoire pour la Mineralogie,
L’Eau, les Glaces et I’Activiti¢) instrument™?, preserve a record of

the interaction of water with rocks on Mars. Global mapping

showed that phyllosilicates are widespread but are apparently

| etter restricted to ancient terrains and a relatively narrow range of min-
eralogy (Fe/Mg and Al smectite clays). This was interpreted to

Nature 454, 305-309 (17 July 2008) | doi:10.1038/nature07097; Received 24 April 2008; / indicate that phyllosilicate formation occurred during the
2008; Published online 16 July 2008 Noachian (the earliest geological era of Mars), and that the condi-
tions necessary for phyllosilicate formation (moderate to high pH

Hyd rated silicate minerals on Mars observed | ARTICLE LINK and high water activity’) were specific so surface environments
by the Mars Reconnaissance Orbiter CRISM » Figures and tal during the earliest era of Mars’s history”. Here we report results

. SEE ALSO from the Compact Reconnaissance Imaging Spectrometer for
iInstrument v Editor's sSumm Mars (CRISM)® of phyllosilicate-rich regions. We expand the

diversity of phyllosilicate mineralogy with the identification of
John F. Mustard?, S. L. MurchieZ, S. M. PelkeyZ, B. L. Ehimann?, R. E. T kaolinite, chlorite and illite or muscovite, and a new class of
MillikenZ, . A. Grant?, J.-P. Bibring2, F. Poulet2, J. Bishop?, E. Noe _ hydrated silicate (hydrated silica). We observe diverse Fe/Mg-
Dobrea3, L. Roach?, F. Seelos?, R. E. ArvidsonZ, S. WisemanZ, R. Green2 & send to a frier OH phyllosilicates and find that smectites such as nontronite

Y
3 Export citation and saponite are the most common, but chlorites are also present
C. Hash&, D. Humm?Z, E. Malaret&, 1. A. McGovernZ, K. Seelos?, T. Clancy2, % PE : P ; . g “ & ol 3
&5 Export referens in some locations. Stratigraphic relationships in the Nili Fossae

R. Clarki?, D. D. Ma'raisg, N. Izenberg?, A. Knudson?, Y. Langevin2, T. B Rights and per region show olivine-rich materials overlying phyllosilicate-bear-

Martin, P. McGuireZ, R. Morrist1, M. RobinsonZ, T. Roush®, M. SmithZ, [ Order commer NG units, indicating the cessation of aqueous alteration before

G. SwayzeZ, H. TaylorZ, T. Titus? & M. Wolff2 emplacement of the olivine-bearing unit. Hundreds of detections
of Fe/Mg phyllosilicate in rims, ejecta and central peaks of craters
in the southern highland Noachian cratered terrain indicate
excavation of altered crust from depth. We also find phyllosili-
cate in sedimentary deposits clearly laid by water. These results
point to a rich diversity of Noachian environments conducive to
habitability.

nature.com > Journal home > Table of Contents
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In Mars =

Live (Spirit & Opportunity) and

natur e International weekly journal of sciencgemolre Sensl ng (V| kl ng 1 &

Pathfinder) observations

Access

To read this story in full you will need to login or make a payment (see right).

nature.com > Journal home > Table of Contents

Letter

Nature 459, 401-404 (21 May 2009) | doi:10.1038/nature07978; Receivt
March 2009

Stability against freezing of aqueous solutions
on early Mars

Alberto G. Fairénl, Alfonso F. Davilal, Luis Gago-DuportZ, Ricardo Amils3r2
& Christopher P. McKay2

1. Space Science and Astrobiology Division, NASA Ames Research Center, Moffett
Fielg, California 94035, USA

2. Departamento de Geociencias Marinas, Universidad de Vigo, Lagoas Marcosende,
Vigo 36200, Spain

3. Centro de Astrobiologia, CSIC-INTA, Torre)én de Ardoz 28850, Madrid, Spain

4. Centro de Biologia Molecular Severo Ochoa, CSIC-UAM, Cantoblanco 28049, Madrid,

Spain

Correspondence to: Alberto G. Fairén Correspondence and requests for
materials should be addressed to A.G.F.
(Email: alberto.qg.fairen@nasa.gov).

Many features of the Martian landscape are thought to have | 14,

been formed by liquid water flow-2 and water-related
mineralogies on the surface of Mars are widespread and

abundant2. Several lines of evidence, however, suggest that
Mars has been cold with mean global temperatures well below

the freezing point of pure water?. Martian climate modellers-&

considering a combination of greenhouse gases at a range of
partial pressures find it challenging to simulate global mean
Martian surface temperatures above 273 K, and local thermal

sources’- 2 cannot account for the widespread distribution of

hydrated and evaporitic minerals throughout the Martian

landscapeZ. Solutes could depress the melting point of water2:- 10
in a frozen Martian environment, providing a plausible solution to

the early Mars climate paradox. Here we model the freezing and
evaporation processes of Martian fluids with a composition
resulting from the weathering of basalts, as reflected in the
chemical compositions at Mars landing sites. Our results show
that a significant fraction of weathering fluids loaded with Si, Fe,
S, Mg, Ca, Cl, Na, K and Al remain in the liquid state at
temperatures well below 273 K. We tested our model by
analysing the mineralogies yielded by the evolution of the
solutions: the resulting mineral assemblages are analogous to
those actually identified on the Martian surface. This stability
against freezing of Martian fluids can explain saline liquid water
activity on the surface of Mars at mean global temperatures well
below 273 K.




And the existence of
methane?

Detected after a number of (Martian...) years
studying Mars atmosphere (Jan 15, 2009).

Impossible to exist for long time spans, due to the
atmospheric conditions of Mars

Geological or biological (recent) origin

Levels comparable to those emitted by olil
explorations on Earth
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Titan - Saturn’s moon =

An Earth-like “continental” landscape: lakes and elevations

> Atmosphere very distinct from Earth’s (containing N qnd CHu)
- Larger than the Moon or Mercury
- Hostile environment (T ~ -180° C)

» Liquids: methane/ethane
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o

o

o

Other potential targets for

"in-situ” exploration

Europa & Ganimedes (Jupiter)
Enceladus (Saturn)

And there we stop, at least for the next
decades...

A Jjourney to the closest star, Alpha Centauri, at 4.5
light-years (42.5 trillion km), would take, onboard the
Space Shuttle, about 173.500 years, navigating at
28000 km/h. This speed is enough to allow an
astronaut to fly around the Earth Equator in 1.5h or
to arrive at the Moon in about 13 h!!!!
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Extrasolar planets

(a.k.a. exoplanets): they
are REALLY out there!



The exoplanet zoo

- Please refer to

» Last access: July 17, 2013

- 708 planetary systems
- 919 planets
- 142 multiple planet systems

- Recent discovery of 3 more Earth-like planets by
Kepler satellite (1.4, 1.7 and 1.9 times the size of
Earth) at Kepler 62 and Kepler 69 systems

43



Kepler-62 System

Planets and orbits to scale SO'ar SYStem
Borucki et al. Science, 340, 6132, pp. 587-590 (3 May 2013) @ expanp

AT SRS
= u_.'v ,'J' {,'3. " s

>
. \ - 9,
s Q-"J‘b’ TN
. .‘- £ ..0'- 21

44

» Ty



| ‘ER satellite . ‘
. . i . ?f )
» ' . ‘ o




Highly Eccentric Orbit: 16 Cyg B Circular Orbit: rho CrB

XK= 46.6 m/s e = 0.67 XK= 67.4 m/s e = 0.03
w= 86.8 deg. sinfi)= 0.3 {*) w=2100deg. sinfi)= 0.3 {*)

it Radial Velocity Curve Radial Velocity Curve
, of the Star [m/s] of the Star [m/s]

: . -~
B
v g ————————————————————— gy (|| i e e—————————————————————— e e ey
&2 100 F
N
QSR
‘-" - - -
- \ .
g -
RACIA * .
5 E . -

o

SR SNNEEEN]
||

[ NENEEREN]

— - .
- L
- 3 .
— - R
- ] 5t s
20 -~ VT e
- - R ‘k 2
- - - ?C'Ki
— - Py
— Lot
-30 - 1
- a4
— 38, W
60 = 100 N - A
...................................... . %

0.4 0.6 0.8 1.0 1.2 0.0 0.2 0.4 0.6 0.8 1.0

Orbital Phase Orbital Phase
8.G. Korvzennik (CH, © 1997) 8.G. Korzennik (CHy, © 1997) 46

- T IENTIE R ) ; < & The L TN TR LT A T e 2ol
L CRIRERVIRC 0 e FSEh 6o, Seih ' \ F.‘ i LANTY «-ffv;;"'.g: IRY i
y > a0 Y RO, b = O ) el A ARG TP AL A --.\ o s L o 4



J

delta L / L

DB At :
0.000 :
0.005 :
0.010
Q.015
0.020

o 11 12 13 14 15 18 17
tlme ("WS 'f' JD 4451 7u| O) .©h,deeg
47

5 ; ¥ rz
" ) 4 ’




-
. Bl
R
* Planet
Lens
& Star
Q@
Source

Star

48



The chemistry elsewhere
In The Universe
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Detection of a PANH in the IR band

Hudgins et al. ApJ, 2005
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o PANH - Polycyclic Aromatic Nitrogen Hydrocarbons
- Detected by the Spitzer satellite in other galaxies, as well as in ours
- First evidence of an interesting prebiotic compound in space

- Presence of N is important in biologically relevant compounds (clorophyl
and hemoglobin) 50



PANH - Polycyclic Aromatic Nitrogen Hydrocarbons l Caffeine

Detected by the Spitzer satellite in other galaxies, as well as in ours
First evidence of an interesting prebiotic compound in space

Presence of N is important in biologically relevant compounds (clorophyl
and hemoglobin)
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HN HC =N NH,

Sy N=C- CH —C =N A0 i :
=N

H,N

Monomers of Dimer Trimer
hydrogen
cyanide

Tetramer
(Diamino-
maleonitrile)

Diamino- Rearranged Ultraviolet Adenine
maleonitrile light

Saladino et al. , 8, 15, 1425-1443 (October 2004)
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Science News & Share - Blog ) Cite

Two Highly Complex Organic Molecules Detected In Space

ScienceDalily (Apr. 22, 2009) — Scientists from the
Max Planck Institute for Radio Astronomy (MPIfR)
in Bonn, Germany, Cornell University, USA, and
the University of Cologne, Germany, have detected
two of the most complex molecules yet discovered
in interstellar space: ethyl formate and n-propyl
cyanide.

| , onlargo‘

Their computational models of

See Also: interstellar chemistry also indicate
) that yet larger organic molecules

Space & Time may be present - including the so-

» Astrophysics far elusive amino acids, which are
* Space Telescopes  gggential for life.
e Astronomy

The results will be presented at the
Matter & Energy European Week of Astronomy and
* Organic Chemistry  gpace Science at the University of

¢ Chemistry Hertfordshire on Tuesday 21st April.
o Nature of Water

The IRAM 30 m telescope in Spain
was used to detect emission from
molecules in the star-forming region
Sagittarius B2, close to the center of

our galaxy. The two new molecules 7o new highly complex organic molecules

were detected in a hot, dense cloud  getected in space. Top: Ethyl formate

of gas known as the "Large Molecule (c2H50CHO). Bottom: n-Propy! cyanide (C3H7CN).
Heimat", which contains a luminous  Colour code of the atomic constituents of both
newly-formed star. Large, organic molecules of many different  o/ecules: hydrogen (H): white, carbon (C): grey,

alcohols, aldehydes, and acids. The new molecules ethyl Oliver Baum, University of Cologne)

formate (CoHsOCHO) and n-propyl cyanide (C3H7CN)

e and Shaan 8l annnd Alacnana Al mnalacs il nendbtarns Aand Aallos sl Ades v Mol

Reference

¢ Molecule

¢ |nterstellar medium
e Spectroscopy

¢ Radio telescope
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Video

Grafene and C70 detected around planetary
nebulae (2011 Aug 15) in the infrared band by
the Spitzer satellite in the Magellanic Clouds

Stars reveal carbon 'spaceballs’

By Victoria Gill

Scientists have detected the largest molecules ever seenin
space, in a cloud of cosmic dust surrounding a distant star.

The football-shaped carbon molecules are known as buckyballs, and

were only discovered on Earth 25 years ago when they were made in

A Aaboratory

INTERNATIONAL
SPACE UNIVERSITY

Y
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Prebiotic biochemical compounds are common
in tThe Universe and the necessary energy
sources have been available “for eons of time”

Almost zero probability
(1199) of random

molecular self-assembly

Abundant amounts
of “building blocks”

However, once appearing on Earth, life was

not extinguished later, “evolving” since
then!
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The Sarch for
ExtraTerrestrial
Intelligence: SETI
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SETI (Search for Extraterrestrial
e ek VLA i e 1) o L LGNS ™

» Reception of radio signal (T 1 to 3 GHz)

» Earth has emitted in radio frequencies during
most of the XX century

» Earth is a radio "broadcaster” stronger.than the
Sun I 55

» The frequency band between 1 and 3 GHz is very
good for interstellar communication

o The SETI concep’r'is about 50 years old and
remains active and challenging

- Present strategy:; active listeners, passive
broadcasters

Image courtesy of NRAO/AUI
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PARTICIPATE

Your account

COMMUNITY ACCOUNT

INTERNATIONAL
SPACE UNIVERSITY

Y

y

STATISTICS

Account information

Name

Email address

URL

Country

Postal code

SETI@home member since
Change

User ID

Used in community functions

Account keys
Preferences

When and how BOINC uses your computer
Message boards and private messages

Preferences for this project
Computing and credit

Total credit

Recent average credit
SETI@home classic workunits
SETI@home classic CPU time
Pending credit

Computers on this account
Tasks

Cross-project statistics

Carlios Alexandre Wuensche
ca.wuensche@inpe.br
http://www.das.inpe.br/~alex
Brazil
12227-210

25 May 1999
email address - password - other account info

1352239

View

Computing preferences
Community preferences

SETI@home preferences

232,843
1.53

1,147
5,532 hours
view

view

View

Free-DC
BOINCstats




| SETI@Home Client Il

r — ' F -l
- 2 > -

3 2 The Search for . Yersion 1.0
R ' Extraterrestrial Intelligence at HOME‘ http://setisthome ssl.berkeley. edu

Data Analysis

| Chirping data 1 00 % ——
| Doppler drift rate: 2.2460 Hz/sec

;"(,’,,_.;_;;;' Frequency resolution: 0.074506 Hz

Data Infe

From: 10 hr 32 min 45 sec RA, + 20deq 12 min 35 sec Dec
Recorded on: Fri Jan 8 07:07:30 1999 GMT

Source: Arecibo Radio Observatory

: Strongest Peak: power 156.39 (111 R Base Frequency: 1.418886717 GHz
- | (2887.2Hzat 67.11 seconds, drift rate 0.349 Hz/sec)
| Strongest Gaussian: power 1.51,fit 25.491 BARNRERE

User Info

(2150.5 Hz .at“ 43.62 seconds, drift rate 1.775 Hz/sec)

: Name: Bob van de Walle
: Data units completed: 4
| Overall: 17.960% done CPU time: 4 hr 49 min 37.9 sec Total computer time: 247 hr 56 min 26.7 sec
AT
B E‘;;_.~‘\'\
$ ‘\" ‘

Time (sec)

Power

0.0 Frequency { Hz) 9765.620




SETI results

From the technical point of view, it is presently possible to
detect signals with equivalent power of a TV station at 1
l.y., a militar radar at 300 l.y. or a planetary radar like

Arecibo at 3000 l.y.

Ongoing SETI projects: SETI@home, Serendip, IR excess,
JPL/SETI spectrometer, Optical SETI (as of late 2012)

Since early 60s, there were ~ 100 science projects related
to SETI, but with no significant results so far

Huge volume to explore and relatively low sensitivity of the
instruments (needed to be 10° times better)

The Allen Telescope Array: present & future for radio SETI
(350 antennas operating between 1 GHz and 10 GHz, with
state-of-the-art receiver technology, but everything else
"off-the_shelf”)
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Results from the last 20 years 3

> Chemical elements and basic astrophysical/
astrochemical conditions for life (as we know it) to
emerge seem to be a common ground in the Universe

» Life in extreme environmental conditions exist on
Earth and may survive in space, under proper
conditions

- We are quickly reaching 1000 exoplanets and some
similar in size to our Earth

» The search for signals from an extraterrestrial
intelligence has not shown any confirmed positive
results, after almost 50 years

64



Perspectives

Radiotelescopes, satellites and space missions will continue
searching for evidence of biotracers on planets and
satellites in our solar system

The same is valid for extraterrestrial planets and signs of
intelligent life in nearby stars

Extremophiles are, by far, our best bet for ETs (as of now)

Although it can be very challenging, we can do the
exercise of imagining life based upon other processes other
than our “biochemistry model” (Bains, Astrobiology, 4, 137
(2004)) to open our eyes for forms of life
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Comparison
between

polygons
photographed

by Phoenix
on

... and as
photographed
(in false
color) from

the
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» Life building blocks:

D

o

D

The chemical complexity
of life

Hydrogen (H) i S e R e cotble o
Carbon (C) g i ﬁ'ﬁ%‘iﬂ;‘éﬁiﬁ?ﬁﬁi Sriem R
Nitrogen (N) o

Oxygen (O)

Sulfur (S)

Iron (Fe)

Magnesium (Mg) Important class for membrane formation:
Phospor (P)
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INPE




The timeline for
habitability on Earth

_iquid water allowed microbes to originate and evolve

Plate tectonics replenished CO: for life to persist

Earth’s magnetic field shielded atmospheric gases from
(except H, He)

Microbes produced Oz, CHs = CH4 then Oz dominated
Ozone layer formed ~ 2.3 billion years

Simple algae, fungi developed

More Oz and animals @ 600 million years

Human ancestors @ 2 million years

ISU 2013...
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Likely region
for water
ejection from
Enceladus
surface
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COROT =

30% brazilian participation (INPE as

NASA's first
mission capable -

of finding Earth-size
and smaller planets




MEES WREEy Organic mefteorites

Volcanic lakes

Prebiotic Temperature Substract

: Terrestrial organic
: |
mechanisms st anains elems.

interface Primitive ocean

Charge density

excursions (pH) Hydrothermal vents

Mineral shell
02 is

EsseENTIAL —~  Complexity increases
B

= The key for the
Molecular self-assembly

Adapted from F. Souza-Barros, 2006
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Water in Enceladus?

» Cassini observations
indicate the existence
of liquid water coming
from an eruption (Nasa
News, March 09, 2006).

» Presence of vulcanism
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< LIFEULL But not necessarily infelligent...
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The effects of clouds on Earth’s spectrum

Albedo
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40 }
20 |
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- " .
oY ow

05 ~ 1.5

Kaltenneger et al., astro-ph/0512053
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Cycle Carbon compounds - ‘Silicafes

Earth’'s million-year thermostat

Land

CaSiO3 + 2C02
+ H0 woathering’

Ca++ + 2HCO3~ +Si0O2

Carbomic acid dissolves
rocks on land. Products

wash via rnivers 1o occan

Carbon dioxade
CO»

"o A
'.

A\t

’—' [Limestone

decomposes

D e e A
(Volcano)

Ca++* + 2HCOg3™ —>
CaCO53 + CO2 + H20

-

[Limestone forms

CaCO3 + SiO2

metamorphosls

on the seafloor.

CaSiO3 + COz



Artist Rendition of Solar Wind
Created by: K. Endo

I’rs abse sence would cause the erosion of ~ 10% a I-OO‘V""‘

volatile compounds in a time scale of ™ 1-2 Gy P
i v |

——

Courtesy of Prof. Yohsuke Kamide : Geophysncal Data Center
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Vol 454 28 August 2008 doi10.1038 /nature07268

ARTICLES

Major viral impact on the functioning of
benthic deep-sea ecosystems

Roberto Danovaro', Antonio Dell’Anno’, Cinzia Corinaldesi’', Mirko Magagnini', Rachel Noble®,
Christian Tamburini® & Markus Weinbauer*

Viruses are the most abundant biological organisms of the world's oceans. Viral infections are a substantial source of
mortality in a range of organisms—including autotrophic and heterotrophic plankton—but their impact on the deep ocean
and benthic biosphere is completely unknown. Here we report that viral production in deep-sea benthic ecosystems
worldwide is extremely high, and that viral infections are responsible for the abatement of 809% of prokaryotic heterotrophic
production. Virus-induced prokaryotic mortality increases with increasing water depth, and beneath a depth of 1,000 m
nearly all of the prokaryotic heterotrophic production is transformed into organic detritus. The viral shunt, releasing on a
global scale ~0.37-0.63 gigatonnes of carbon per year, is an essential source of labile organic detritus in the deep-sea
ecosystems. This process sustains a high prokaryotic biomass and provides an important contribution to prokaryotic
metabolism, allowing the system to cope with the severe organic resource limitation of deep-sea ecosystems. Our results
indicate that viruses have an important role in global biogeochemic: ps, in deep-sea metabolism and the overall
functioning of the largest ecosystem of our biosphere.
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. Pontes de Hidrogeénio

. Mundo hidrofilico induz a organizagdoigsimica

Propriedades e papel da agua

. Liquido de maior estabilidade quimica

Aproximadamente 75% da composicdo de qualquer ser vivo

Alto calor especifico -

83



Oxygen and the size of life

I1IME

—= OXYGENATION TIME, 3.9 b.y. -
O, about 10-100% of present

>rv1 com

el
O, about 1% of present

~1 mmun

diffusion-linmted

circulation possible;

complexity passible;

many trophic levels




http://www.planetary.org/stellarcountdown/

sky _map.himl

The blue area marks the Galactic plane (aka Milky Way)
Yellow squares mark the position of the most promising
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e still do not kno % &}
4

. the origin of life was an accident or a common fact in the
Universe

if there is any clear relation between complex life and
intelligence

Food for thought, based upon current
evidences:

@ If the origin of life happened by chance, we are

probably alone in the Universe, even if “terrestrial”
planets are common

@ Even if the origin of live is an universal mechanism

I 2 ° | . | . e e Ao .. 1 "



Planet Detection Methods

Michael Perryman. Rep. Prog. Phys.. 2000, 63, 1209 (updated November 2004)
[corrections or suggestions please to michael . perryman(@esa.int]
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