Introduction to Astrobiology
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Understanding Life

\



. Giant cloud of gas a

5. Planets form from the disks, and,new solar system is born.

4. Cores condense ini
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Planet mass relative to Earth'’s
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Planet mass relative to Earth'’s
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measured masses

Pulsar timing planets

Planets found through
transit timing variations

Directly imaged planets

Solar system planets
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The atmosphere significantly changes
the planets temperature

Some becomes heat.

CO: and other gases N
in the atmosphere
trap heat, keeping
the earth warm.

'/‘ The Greenhouse Effect
s
. Some sunlight that hits
I \ the earth is reflected.







KEPLER-'tt2B

Physical characteristics Parent Star
M=2.3 M. M = 0.6 Mo
R=1.34Re R=0.6Ro
Flux = 0.7 Fo T = 4400 K
T=-40"°C

a=04AU

orbital period =112 d



TRAPPIST-1 system has three planet in the habitable zone




- TRAPPIST-1 System
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lllustrations

TRAPPIST-1
System
b d d e f g h
Orbital Peri;;g 1.51 days 2.42 days 4.05 days 6.10 days 9.21 days 12.35 days ~20 days
Ejgjj‘a’;f;,fj"’ig% 0.011 Au 0.015au 0.021 Av 0.028 Aav 0.037 Aau 0.045 av ~0.06 AU
Planrweitﬁvlz?od;gi 1.09¢r_, 1.06R_, 0.77Rr,_,, 0.92r,, 1.04r_, 1.13r_, 0.76Rr_,,
Planes Mass 0.85m,,, 1.38m,, 0.41m,, 0.62M 0.68 1.34 -

earth earth earth

Solar System ‘ ’
Rocky Planets

Mercury Venus Earth Mars
Sbatberiod 87.97 days 224.70 days 365.26 days 686.98 days
DiStTicel o AkaD 0.387 au 0.723 Au 1.000 au 1.524 au
Plangt Rarius 0.38%r,_, 0.95r,, 1.00R,, 0.53r_,
Flariekiiass 0.06 M, 0.82m 1.00 M 0.11m

earth earth earth



Jupiter & Major Moons
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Europa might be the closest object hosting life

Physical characteristics

M = 0.008 Me
R=0.25Re
T=-170°C
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 Earthiis the only. planet'we ,knbw that harbors Iife"-;':
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RARE EARTH HYPOTHESIS

Milky Way is a rather
stable galaxy

Galactic habitable zone

e Metallicity
e Radiation

e Disastrous events



Stable star

Stable Habitable Zone:
In time and space
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2(CO, ) +3(H,0) +CaSi0; = Ca2++2(HC0;)+H4SiO4
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Bacteria and Archaea
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Oligosaccharide Glycoproteins

Hydrophobic

! proteins Cholesterol
a helix

Phospholipid

Figure 4-4¢ Cell and Molecular Blology, S/e (¥ 2008 John Wiley & Sons)
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Earth’s prebiotic atmosphere

weakly reducing
atmosphere

N, ¢




Earth’s prebiotic atmosphere
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catalysts substrate chemistry
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Twenty Thousand Leagues Under the Sea (or 4000 m in this case)







Factor
High temperature
Low temperature
Alkaline systems
Acidic systems
lonizing radiation
UV radiation
High pressure
Salinity

Desiccation

Environment / source

Submarine hydrothermal vents

Ice

Soda lakes

Volcanic springs, acid mine drainage
Cosmic rays, X-rays, radioactive decay
Sunlight

Mariana Trench

Low temperature systems

‘ .‘l}" (e ‘

The limits of known life on Earth.['%]

Limits

. 110°Cto 121 °C
-17°Cto-20 °C
pH> 11
pH -0.06 to 1.0
1,500 to 6,000 Gy
5,000 J/m?
1,100 bar
a,~0.6

Examples

Pyrolobus fumarii, Pyrococcus furiosus

Synechococcus lividus

Psychrobacter, Vibrio, Arthrobacter, Natronobacterium

Bacillus, Clostridium paradoxum

Deinococcus radiodurans, Rubrobacter, Thermococcus gammatolerans
Deinococcus radiodurans, Rubrobacter, Thermococcus gammatolerans
Pyrococcus sp.

Halobacteriaceae, Dunaliella salina

Atacama Desert (Chile), McMurdo Dry Valleys (Antarctica) | ~60% relative humidity | Chroococcidiopsis
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The limits of known life on Earth.['%]

Factor Environment / source Limits Examples
High temperature | Submarine hydrothermal vents 110°Cto 121 °C Pyrolobus fumarii, Pyrococcus furiosus
Low temperature | Ice -17 °Cto-20 °C Synechococcus lividus
Alkaline systems | Soda lakes pH > 11 Psychrobacter, Vibrio, Arthrobacter, Natronobacterium
Acidic systems Volcanic springs, acid mine drainage pH -0.06 to 1.0 Bacillus, Clostridium paradoxum
lonizing radiation | Cosmic rays, X-rays, radioactive decay 1,500 to 6,000 Gy Deinococcus radiodurans, Rubrobacter, Thermococcus gammatolerans
UV radiation Sunlight 5,000 J/m? Deinococcus radiodurans, Rubrobacter, Thermococcus gammatolerans
High pressure Mariana Trench 1,100 bar Pyrococcus sp.
Salinity Low temperature systems a,~0.6 Halobacteriaceae, Dunaliella salina
Desiccation

Atacama Desert (Chile), McMurdo Dry Valleys (Antarctica) | ~60% relative humidity | Chroococcidiopsis



BT .

THANKS FOR YOUR ATTENTION...

... SEE YOV SPACE COWBOLY



