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Astrobiology
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Search for Extraterrestrial Intelligence; Alien Biochemistry
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Monday
November 20

Day 1: Definition of Life; Origin of Life; Evolution of Life; Limits of Life
10:00-12:00 & 13:00-14:00

Tuesday
November 21

Day 2: Earth Climate History; Mars and Venus Climates
10:00-12:00 & 13:00-14:00 OLD SEMINAR ROOM

Wednesday
November 22

Day 3: Habitable Places in the Solar System; Mars; Moons of Giant
Planets
10:00-12:00 & 13:00-14:00

Thursday
November 23

Day 4: Habitable Places beyond the Solar System; Exoplanets
properties; Biosignatures
10:00-12:00 & 13:00-14:00

Friday
November 24

Day 5: Search for Extraterrestrial Intelligence; Alien Biochemistry
10:00-12:00 & 12:45-13:30
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[.et’s consider Life as:

Complex chemical reactions that allow
e Metabolism
e Reproduction
e Evolution






Different Amino acids

All life on Earth uses the standard 20 amino acids
(these are not the most abundant ones found in Meteorites)

Ribosomes are capable of using different amino acids to synthesise
proteins

DNA-based life might exist, similar in all other respect to Earth life,
but using different amino acids to synthesize proteins



Different “DNA”

nitrogenous bases:
EED adenine
=X thymine
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Different “DNA”

Base-pairing is not unique!

Large purines (A,G) pair with small pyrimidine
(C,T,U) - other combinations are possible...
(and have been synthesized in the lab)

The number of “letters” (3) to code an amino acid
could be different (e.g 42=16, 44=256 AA be coded).
Life could build on a different set of >20 ‘standard’
amino acids

The Ribose backbone could be replaced (e.g. by
glycerol). See the pre-RNA world research...

The Phosphor Group in the backbone could be
modified. e.g. P replaced by Ar - claims for ‘Arsenic
life’ were made (but refuted)
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Different “DNA”

Arsenic Life: Wolfe-Simon et al. 2010 £

I TR

Really cool - but unfortunately wrong
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Fig. 2. NanoSIMS analyses of GFA]-1: extracted DNA and whole-cells elemental ratio maps. (A) Agarose
gel loaded with DNA/RNA extracted from GFAJ-1 grown (lane 2) +As/—P and {lane 3) —As/+P as compared
with (lane 1) a DNA standard. Genomic bands were excised as indicated and analyzed with NanoSIMS. lon
ratios of ">As™:2C" of excised gel bands are indicated below with 2¢ error shown (all values multiplied by
107°). (B to G) NanoSIMS images of whole GFAJ-1 cells grown either [(B), (D), and (F)] +As*—P or [(O), (E),
and (G)] —As/+P. Shown are the ion ratios of [(B) and (€)] ">As™:**C~, [(D) and (E)] **P—:*C", and [(F) and
(G)] secondary electron {SE). Ratios in (B) and (C) are multiplied by 10 * and in (D) and (E) are multiplied
by 102, The color bars indicate measured elemental ratios on a log scale as indicated. Length scale is as
ndicated on images; images contain equivalent pixel density (11).

A Bacterium That Can Grow by Using
Arsenic Instead of Phosphorus

Felisa Wolfe-Simon,%* Jodi Switzer Blum,? Thomas R. Kulp,? Gwyneth W. Gordon,?
Shelley E. Hoeft,? Jennifer Pett-Ridge, John F. Stolz,®> Samuel M. Webb,® Peter K. Weber,*
Paul C. W. Davies,” Ariel D. Anbar,**® Ronald S. Oremland?

Life is mostly composed of the elements carbon, hydrogen, nitrogen, oxygen, sulfur, and
phosphorus. Although these six elements make up nucleic acids, proteins, and lipids and thus
the bulk of living matter, it is theoretically possible that some other elements in the periodic
table could serve the same functions. Here, we describe a bacterium, strain GFAJ-1 of the
Halomonadaceae, isolated from Mono Lake, California, that is able to substitute arsenic for
phosphorus to sustain its growth. Our data show evidence for arsenate in macromolecules that
normally contain phosphate, most notably nucleic acids and proteins. Exchange of one of the
major bio-elements may have profound evolutionary and geochemical importance.
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. 1. Growth and electron microscopy of strain GFA]-1. (A and B) Growth curves of GFAJ-1 grown on

the defined synthetic medium amended with either 1.5 mM PO, (solid circles), 40 mM AsO,>~ (solid
squares), or neither PO,>~ nor AsO,”~ (open triangles). Cell growth was monitored both by an increase in
(A) optical density and (B) cell numbers of the cultures. Symbols represent the mean + SD of (A) n = 6
experimental and n = 2 controls and (B) n = 3 experimental and n = 1 control. This was a single
experiment with six replicates; however, material was conserved to extend the duration of the experiment
to allow material for cell-counting samples. (C and D) Scanning electron micrographs of strain GFAJ-1
under two conditions, (C) +As/~P and (D) —As/+P. (E) Transmission electron micrography of +As/—P GFAJ-1
showed internal vacuole-like structures. Scale bars are as indicated in the figure (11).

www.sciencemag.org SCIENCE VOL 332 3 JUNE 2011







Metabolism can best operate when metabolites are dissolved

Is water as good a bio-solvent as advertised?

H-0O is a most efficient polar solvent and extremely abundant
in the Universe, but also has some drawbacks:

% It is too good! RNA and DNA are being dissolved in water
and need constant repair

% Liquid water on a planet surface exist only in a narrow
distance range from the star (cf. Habitable Zone)



Metabolism can best operate when metabolites are dissolved
The solvent properties (solubility) are used for three tasks
beyond dissolving metabolites:

1) for compartmentalization (insoluble membrane)

2) to build macroscopic structures (e.g. insoluble cellulose)

3) to achieve genetic regulation (e.g. selected solubility of
steroids)



Alternative

~Hydrogen
soVE u y

Methane

At high temperature, sultfuri¢ acid might work
At low temperature, ammonia (NH;), nitrogen might work

The alternatives have not extensively been studied in labs yet
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This is getting weird...

Terran life is build on CHONPS /.

Ammonia as solvent would require*if%C bonds (while water as
solvent builds on O=C bonds): §CHOI%'PS — CHNOPS

A different atmosphere might févér different Redox reactions

Silicon life:

Si-O bonds are more reactive than C-O
at low temperatures (<270K)

S1-O bonds are soluble in dinitrogen (N.) at low témperatures

S1-S1 double bonds known to form chains (30+ ’atoms)



Hydrogen

Sulfuric acid  _wwater

Methane
Niltrogen







Life “Classic”
Life “RNA World”

Life “Classic”

Multiple biopolymers:
+DNA used for genetics
+Proteins used to solve structural and catalytic problems
+RNA is encoded to act as intermediate between the two

Life “RNA World”
Single biopolymer:
+Ribozymes does it all

A single biopolymer is a lot simpler - this type of life might
be a lot more abundant in the Universe...



Life “Classic”
Life “RNA World”

+Different single biopolymer
perhaps driven by lack of space or scarce resources...

Arguments for at least two biopolymers would be:

+The catalyst should be optimized for many chemical
reactions, 1.e. easily change its physical properties

+The genetic molecule should be as simple as possible to
allow accurate replication. It should be stable to allow
Darwinian evolution






What would life look like on Jupiter?

Sagan & Salpeter 1976 imagined what it would take to have
living beings in Jupiter’s atmosphere: Sinkers and Floaters

The idea:

Sinkers - tiny hydrogen fi
troposphere

Coalescence makes them to Floaters - lighter than
environment, while evolution would add sense organs and
directional flight, eventually making them hunters



Could machines take over life?

Computers take over more and more tasks in our lives..

When will computer be so fast and complex, that we cannot
differentiate them from being conscious?

Will computers program themselves to specialize, collect
resources and build new, more complex generations?







1 quintillion bytes

e
Processing speed
(megaflops = million
operations per second)

¢

(K computer, Fujitsu) ' Fbwel [E;of;::;::;::tm
30 quadrillion bytes ‘ bulb = 1 watt)

~ | One L2
2023: 10'8 4

Cat Brain

98 trillion bytes
61 million megaflops

® a

iPad 2 .

64 billion bytes Human
170 megaflops Genome

2.5 watts 750 million bytes







Multiverses are a possibility

Life would develop under different laws of physics



Deviations from the standard model
of particles physics

Changing Gravity: changes cosmology, structure formation,
evolution of the Universe as a whole...

Changing the masses of Quarks: changes atomic physics
and chemistry, star formation... does not exclude “life”

Removing the Weak Force: Big Bang nucleosynthesis
would be overabundant in H and He - only massive, short
lived stars... does not exclude “life”

More/less dimensions: e.g. Flatland by E.Abbott (1884)









It took us a while to get there...

Domain: Eukarya (nucleated cells, aerobic metabolism) [~2 Ga ago]

Kingdom: Animalia (locomotion, oxygen respiration, sexual
reproduction, large number of different cells)

Phylum: Chordata (body plan, centralized nervous system)
Class: Mammalia (hair, breast feeding) [~65 Ma ago]
Order: Primates (dexterity, acute vision, large brains)
Family: Hominidae (complex behaviour, large body size)
Genus: Homo [~2.5 Ma ago|

Species: Sapiens [ ~300.000 a ago|



~14 Ma ago

~6 Ma ago
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genus



Homo Sapiens appeared
~300.000 years ago
(until recently believed
~150.000 years ago)

mtDNA pointed to
single origin (East
Africa); but oldest now
found in Morocco...
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The brain size evolved incredibly rapidly after the
Australopithecus (in the last 1-2 million years)
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A series of pre-adaptations (each could have gone wrong...):

In such eusocial groups, social intelligence 1s ‘\'P

Live on land - enables later use of tools and fire
Body size - enable complex brain (of >1kg)

Grasping hands (no claws) - manipulate objects, further
develop the brain, not use for locomotion

Mix/Meat diet - more energy, more proteins to develop
the brain; hunting: group activity

|homo erectus - 1 million years ago]

Controlled use of fire - cooked meat, better tool; cooking

as social activity promoted groups/camps/“nest”; self-
organization of the group

a strong evolutionary advantage ‘ '




The Evolution of the brain is most likely due to a step

by step evolution of social behavior for survival and
pressure on social intelligence.

See E.O.Wilson: “The Social Conquest of Earth”

o555 e;

Something, somewhere went terribly wrong
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Intelligence (planing complex actions, sophisticated
operations, elaborate communication) is widespread
and easy to explain by evolutionary pressure

Consclousness / Self-awareness (“theatre of the mind”)
allows to consider alternatives and run multiple times
situations in abstract form - eventually enabling even
more complex behaviour

Astrobiology: consciousness allows to contemplate
the Universe and to search for life elsewhere

Does consciousness always accompany intelligence?
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Human intelligence forms:

https://www.bundesdruckerei.de/de/innovation-hub/was-
ist-intelligenz



https://www.bundesdruckerei.de/de/innovation-hub/was-ist-intelligenz
https://www.bundesdruckerei.de/de/innovation-hub/was-ist-intelligenz




The emergence of civilisation (including leisure time for art and
sciences) is related to the stability of the climate after the last
glaciation (~15.000 to ~11.000 years ago)

The agricultural lifestyle (starting ~8.000 ago) was key to this
development

Partly as a result, 8 millennia later, our species started to interact
with its environment/climate

Thousands of years ago
600 400 200

Colder/
more ice

Deep-sea core

Interglacial Warr.ner/
less ice

Colder

Ice core

Warmer

Today

FIGURE 17.5 Pleistocene climate derived from the abundance of deuterium ver-
sus hydrogen in an Antarctic ice core, compared with the climate derived from
oxygen isotopes in deep sea sediments. The record goes back 800,000 years, and
shows among other features an interglacial at 400,000 years (“MIS-11") that lasted
longer than the Holocene.




The typical lifetime of an animal species is 1 to 10 million years
The Homo exists since ~300.000 years...

Agricultures and cities since ~10.000 years...

The Challenge: make the last three centuries a prelude to a long-
lasting civilization rather than to a Malthusian catastrophe

Sagan: we might become space farers not by choice but by necessity

Quantity
Population

Production of food

Malthusian catastrophe




And Humans?

We already think of ourselves as “post-Darwinian” organisms

What will happen once we star genome engineering?

MONKIUS EATALOTIS CHIMFPUS IMBECI LS APEIS STUPIDIUS NEANDERSLOB HOMERSAFIEN

HOMERSAPIEN






A network framework of cultural history — Schich et al. Science 1 August 2014: Vol. 345 no. 6196 pp. 558-562

naturevideo

visualization by CultSci

[5:30min]






The Drake Equation

1961, in preparation of the first meeting on
detecting extraterrestrial intelligence...

SETI became a research field

Frank Drake (1930-)

N: the number of civilizations in our galaxy
with which communication might be possible

N =SFR x fplanets X Thabitable X Thabited X fintel X ftech X L




The Drake Equation

N = SFR fplanets Nhabitable * Thabited * fintel * Ttech x L

Original estimates:

SFR=10/year, f{p=50%, nh=2, th=100%, {i=1%, {t=1%, L=104 years

N =10

From this lecture, with optimism:

SFR=10/year, f{p=50%, nh=2, th=50%, fi=100%, {t=100%, L.=104 years

N = 50.000 (statistically the closest 1s <100 pc away)

but N could be anywhere between 0 and 106+



N = SFR fplanets Nhabitable * Thabited * fintel x ftech x L




|1 WAS READING ARBOUT HOW
OUNTLESS SPECIES ARE
REING PUSHED TOWARD
EXTINCTION BY MANS
DESTRUCTION OF FORESTS.

= Fermi paradox

but sufticient drive for SETI
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Intelligence in not well defined on Earth...

What are we searching for on other planets?

“Intelligence” = Technology?!

We assume that a civilization will develop:
e Energy production
e Transportation
e Information exchange

e (and Waging war)




Scenario 1: the civilisation is local
— they do not try to communicate

= look for unintentional manifestations

Scenario 2: they intend interstellar information
exchange (travel?)

1 WANT TO
BELIEVE

Fermi paradox (“Where is everybody?”)

Solutions:

a) they are here (e.g. directed panspermia)

b) they exist but have no yet communicated
(or we failed to understand the signal)

c) they do not exist



In all case, rules for efficient communication seem to be:
<+ have the maximum possible velocity
< be easy to generate, launch and capture
< not be absorbed by the interstellar medium
< require minimum energy per bit of information (?)
<+ go where aimed (?)

Consequently, communication focuses on electromagnetic radiation







At which frequencies do we have a chance of detecting signal?

Astrophysical background: the sky is bright from the radio to y-rays

In practice: spatial, spectral and temporal filters are used to reduce
that background

The Earth atmosphere limits the accessible wavelength range

1 MHz 1GHz 10'2Hz 10"Hz 10'®Hz  102'Hz  10?*Hz FIGURE26.5 Atmospheric windows
| | | [ | | | for electromagnetic radiation. The

10-12m 10-15m  arrows indicate the altitude above sea
level to which radiation of a given
1 : wavelength (or frequency) can
X-RAYS GAMMA | penetrate the Earth’s atmosphere
l ' l  RAYS before it is absorbed by molecules
s 1 : such as CO,, O,, O3, and H,O. The
} ] cartoon also illustrates the regions in
which ground level, high altitude, or
space-based observing platforms are
appropriate. (Adapted from an image
by the Dominion Radio Astronomy
Observatory.)
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Can we tell natural from artificial signals?

a) the signal could be unrecognisable for our (not very advanced)
technology [tough luck...]

b) the signal would mimic an astrophysical signal
(e.g. modulated pulsar, 100% polarised star, ...)

c) the signal cannot be produced by an astrophysical source
(e.g. small Av, or small At) [most SETI searches]
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Targets or Sky sweeps?

Focused strategies usually target
G2V stars (sun analogs)

Sky surveys suffer from lower
sensitivity and irregular coverage

No strategy was successful so far @)

The nearest 10 stars to Earth (excluding our sun, Sol)

1 parsec = 3.2616 light years
star absolute visible magnitude spectral class luminosity distance - parsecs
Proxima Centauri C 15.45 M5 1.31
Alpha Centauri A 43 G2 \Y 1.34
Alpha Centauri B 5.69 K5 \ 1.34
Barnard's Star 13.25 M5 \Y 1.81
Wolf 359 16.68 M8 2.33
HD 95735 10.49 (i Vv 2.49
Sirius A 1.41 A1 Vv 2.65
Sirius B 11.56 WD Vii 2.65
UV Ceti A 15.27 M5 2.72

UV Ceti B 15.8 M6 2.72



Which frequency range to probe?

FIGURE 26.6 Observed noise
temperature background for radio
observations from the surface of
Earth; in general the most sensitive
observations are possible where this
background is smallest. The range 0.1
to 1000 GHz in frequency
corresponds to wavelengths of 3 m to
300 um. Atmospheric molecules
responsible for the various absorption
NON THERMAL _ bands are indicated. The “microwave
BACKGROUND : : » s
window” is the low-noise region at
~1—10 GHz defined by non-thermal
: galactic background emission at low
s frequencies and by atmospheric

\ 77 . : :
high frequencies.
\ /////// absorption at hig q
1@/ A 1944 = — “Quantum limit” refers to a
)
1 10

TERRESTRIAL
MICROWAVE WINDOW

IE:L(EO\‘{. / é;ggGCR%SUMNIS fun’damental rr-1inimum in receiver
noise proportional to photon energy.

00
FREQUENCY, GHz

From Earth, the best range is 1-10 GHz (A=3-30cm)

[t life is water based, communication will happen in
the “water hole” (marked by H and OH, i.e. 1.42 GHz to 1.72 GHz)
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Nicola Tesla suggested that radio could be used to contact
extraterrestrial life (and thought to have found signals from
WEN)

“National Radio Silent Day” in the USA (August 21-23)
Cocconi and Morrison, Nature - first SETI paper

Frank Drake’s Project OZMA

First SETT conference at the Green Bank observatory
NASA funds Drake’s study for ‘Project Cyclops’ (10t° USD!)
UC Berkley launches SERENDIP (in 1986 SERENDIP 2)

NASA funds the MOP programme, Congress cancels it a
year later

The SETI institute is founded with private funds



.....

The Allen Telescope Array
Since 2007 (with UC Berkeley)

The Center for SETI Research

Carl Sagan Center for the Study of
Life in the Universe

Center for Education and Public
Outreach




https://observations.seti.org/ (deactivated?)

Year: 1960

Observers: Drake, F.D.; Project OZMA,
1960 Site(s): NRAO

Frequency: 1420-1420.4 MHz

Resolution: 100 Hz

Objects: 2 stars

Show

~150 campaigns

Year: 2010
Observers: Backus, P.; Williams, Peter K. G.; Bower, G. C.; Allen Telescope Array
Team,
Site(s): Allen Telescope Array
2010 Frequency: 1.42 to 1.72 CHz
Resolution: 0.7 Hz
Objects: Galactic Center
Show



https://observations.seti.org

The future of SETI

Harvard: all-sky optical SETI survey

(nanosecond pulses) -'--.'\.';; v
Berkeley + SETT: all-sky radio SETI T £ ? L
survey with the Allen Telescope Array S,. E'-I:‘I : 2 O 2 O

with new funding (100M$) from the = = Af -
. . . . oadmap for the Search for Extraterrestrial Intelligence
Breakthrough Listen Initiative

SETI remains marginal science

Editors: Ronald D. Ekers

Search strategies cover only a small gcns

Louis K. Scheffer

fraction of possible signals... B Pl i










Since the mid 20th century, we are
detectable

(Short) broadcast attempts are still
taking place

A “Post-detection Protocol” has
been adopted by most SETI groups

Current conclusion from a series of
workshops (Ekers et al. 2002, ‘SETI
2020’): the strategy should not be to
deliberately transmit

Given the LifeSpan Of d civi]ization, "Shoot! You not only got the wrong planet, you got

our tI‘aIlSIniSSiOIl W()U_ld Ileed to 1aSt the wrong solar system. ...| mean,a wrong planet
.. | can understand—but a whole solar system?”

thousands to millions of years -

which is beyond the capability of

our civilization...




What if we succeed?
Assess the reliability: the Rio Scale (in analogy to the Torino Scale)

Rio Importance

O Barth-spacific messaze. or an ET artitact. capable of contact. or
a physical encounter
O Ohmnidirectional message with th‘.‘ipl'u‘l';ih]‘ nformation. or a

cunctonmy BT arlfaet or space probe
_ Barth-specific beacon 1o draw our atention, or an ET artifact
Select with @ mescage 1o mankind
Class of Cmmdwrectional beacon designed to draw atteniion, or an K|
Phenomenon: | artifact with 2 message of a peneral character
O Teakage radiation, withont passible interpretation, or an ET
artfact the purpose of which is undarsiandablz
+ Traces of astroengine2ring. or any indication of rechnological
activity by an extant or extinet civilization at any distance. or an
=1 artitact, the purpos2 of which 15 unknown

8 | Farreaching |
7

Noteworthy
Intermediate
Moderate

2 SETUSETA vbservation: steady phenomenon verifiable by
repeated observation or investization
JNon-SETUVSETA observation: stecady pheanomenon verifiable
by repeated observation or investigation
SETUSETA ohservation; fransient phenomenon that has heen
venlied but never wepeated
Non-SETVSETA observation: wansient phenomenon that is
reliable but never repeated
< From archival data: a pasteriori discovery without possiblty of
venricanon

Select
Tvpe of
Discovery:

Insignificant

Interpreting Rio Scale Values

_ Within the solar system
Select within a distance which allows communicaiion (at lightspeed)
Apparent within a human lifetime
Distance: Within the Galaxy

> Exragalacic Studies show that the impact on

A Wx'nllllc"]_\' rehable, withont any donht ld 1 d 1. 3 .11 b
Select o Very probable, with verificadon already carried out Wor Cu ture an re lglon Wl e
Credibility 7 Possible, but should ke verified before taken seriously o
of Report: | O Very uncertain, but worthy of verification efforts minaor....

© Obviously fake or [raudulent

Rio Scale Value [










Astrobiology

Fundamental questions:

e How does life begin and evolve?

e Does life exist elsewhere
in the Universe?

e What is the future of life on Earth? =~

Each question relies on a complex hst :
of multidisciplinary science questi ok M



Why create a new discipline?

Until the 90s, astrobiological questions were answered in a
collaborative framework

Today, the limit is not the scientific knowledge, but the limit of
individual disciplines

Astrobiology attempts to break the traditional boundaries of
individual disciplines




Societal and Ethical Concerns

* Nuclear reactors and propulsion in space

* Deliberate transportation of organisms between Earth and Mars
* Commercial ventures into space

* Engineering of new lifeforms adapted to live on other worlds

* Terraforming

* Space faring / Colonization

Some of these might not happen in decades or centuries, but it is
unforeseeable how fast the field will progress

It is never too early to think about these issues

Scientists will remain the expert decision makers
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Do become an Astrobiologist

Attend classes in the other disciplines
(Biology, Astronomy, Geology, Chemistry, ...)

Do research on astrobiological questions
relevant to your field
(exoplanets, origin of life, socioeconomics, ...)




Monday
November 20

Day 1: Definition of Life; Origin of Life; Evolution of Life; Limits of Life

10:00-12:00 & 13:00-14:00

Tuesday
November 21

Day 2: Earth Climate History; Mars and Venus Climates
10:00-12:00 & 13:00-14:00 OLD SEMINAR ROOM

Wednesday
November 22

Day 3: Habitable Places in the Solar System; Mars; Moons of Giant
Planets
10:00-12:00 & 13:00-14:00

Thursday
November 23

Day 4: Habitable Places beyond the Solar System; Exoplanets
properties; Biosignatures
10:00-12:00 & 13:00-14:00

Friday
November 24

Day 5: Search for Extraterrestrial Intelligence; Alien Biochemistry
10:00-12:00 & 12:45-13:30

LK KKK




Overall Summary



Take home 1deas from day 1

» Defining Life 1s difficult, as we know only one
form of life to date

« Working definition: "A self-sustaining,
replicating chemical system, capable of
Darwinian evolution."

o Life builds on very common chemistry

 Life appeared on Earth as soon as water was
liquid, 4 Gyr ago

o Life evolved and adapted to the most extreme
environments



Phylogenetic EUCARYA Ciliophora
relationships Apisriiea [ Siamensplies

. Animal Plants Euglenozoa
(ribosomal RNA) R D O //

_ A Parabasalids
Microsporidia /

Proteobacteria

Firmicutes

BACTERIA
ARCHAEA

Bacteroidetes

\ - Chloroflexi

Chlorobi = : Methanosarcinales

2.7Ga, : Methanomicrobiales
‘ | Methano-
bacteriales
Deferribacteres 2 8Ga ; Thermoplasmatales
* Archeoglobales
Thermotogae Thermococcales
ot 7 Methanococcales
Nitrospirae Thermode- Methanopyri

sulfobacteria Thermoproteales

Cyanobacteria Halobacteriales

Spirochaetes

Desulfuro- "~ Sulfolobales

Aquificae
coccales




Take home 1deas from day 2

» Solar flux, albedo, effect
» Feedback loops drive the climate

 Life modulates the most important volatiles in
the atmosphere

» Oxygen appeared with photosynthesis
« Habitability is (currently) linked to liquid water

» Venus experienced a runaway greenhouse
effect

« Mars never developed a greenhouse atm
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Take home 1deas from day 3

e The temperature gradient in the initial solar
nebulae determines which elements condense
where

« The origin of Earth’s water i1s still speculative

« Mars remains the primary target to search for
life in the Solar System

« Moons of Jupiter and Saturn host sub-surface
liquid water

o Titan would host a weird life form
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Take home 1deas from day 4

« Almost all stars host planets
» Stars < 1Mp are better suited for life

« Over 5000 exoplanets are know to date,
through transiting (radius) and radial velocity
methods (mass)

« Hundreds of densities measured

« Spectroscopy of giant planet attempt
atmospheres is possible

 Biosignatures in atmospheres are derived
from metabolic redox reactions



Mass - Radius relation

Mass and Radius allow to derive Density, 1.e. Composition
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Different atmospheres, different stellar fluxes
could have different biosignatures...

How to select:
ﬁ 0,, 0, N,0

AW 2'HZS'CH”S°2




Take home ideas from day 5

 Alien biochemistries can expand our idea of
life (and habitats)

 Intelligence and consciousness developed
with time as part of evolution

« SETI is in fact searching for technology (high
risk, high return)

 Astrobiology:
e How does life begin and evolve?

e Does life exist elsewhere in the Universe?
e What is the tuture of life on Earth?






The End for Today
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M B RS Graduate School @




