Class 29: Astrobiology

Astrobiology

- Def.: study of life in the universe

- Applications: water on Mars
global ocean on Europa
ESPs
experiments in microgravity
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Life As We Know It

- Conditions for life:

liquid water
+ carbon (organic) chemistry
+ energy source
+ environmental stability

Conditions for Life (I)
Liquid water

e Why?:
-chemical reactions
- transportation

* Requirements:
- Temperature = -10 to-169:°C
- Pressure > 0.06-bar

Conditions for Life (II)
Carbon

- Forms many complex compounds

- participate in chemical reactions
- store information




Conditions for Life (lll)
Energy

- Sunlight (photosynthesis)

- extracts chemical energy from
sunlight

- Hydrothermal energy
- chemical energy from minerals
dissolved in heated water

Conditions for Life (IV)
Stable Environment

- formation &
persistence
of life

- found on planet with:
- ~ circular orbit
- stable parent star
- no more heavy bombardment

Life on Mercury?

« both airless
- no liquid water on surface




Life on Venus? Earth? Mars?

All 3 have CO,
What about H,0?

Too hot
| Pressure too high
Just right
4l Too cold
"R Pressure too low

WAVELENGTH (MICRONS)

Life on the Gas Giants?

- Deep atmospheres
- Moderate temperatures (some)
- Clouds with water + chemicals

BUT: no stable surface
little sunlight

Life on Europa?

- Possible liquid water under icy crust
« Possible hydrothermal energy

- Possible ‘broth’ for chemical evolution?

BUT --> orbit may not be stablel__




Life on Titan?

- Atmosphere of nitrogen & methane

- Sunlight can convert methane
--> organic smog

BUT --> temperatures may be too cold

Life on Mars?

- Evidence of past liquid water
- Polar ice caps
- Fossil bacteria in meteorite?

QuickTime™ and a
IFF (Uncompressed) decompressor
are needed to see this picture.

The Habitable Zone

Def.: region within a planetary system where
liquid water could exist

The Solar System's
Habitable Zone

- Earth

Venus

.- Distance from star: 0.8 AU - 1.8 AU
+ Size: 0.3 -3 X Mgy




Tour of the Habitable Zone

The Solar System's
Habitable Zone -

Searching for Life: Biomarkers

- Def.: global signature of life

- Example: gas emissions
(chemical disequilibrium)

- atmospheric oxygen

- methane gas

H-ITT Question ....

earllast raptile

earllest bird

earliest mammal




The Drake Equation

Ng =N"xfoxn, xfi xfx Fg
= # of communicative civilization in galaxy

e Pessimistic Optimistic
Estimate Estimate
N'= # stars in galaxy 2x101t
f, = fraction of stars w/planets 0.01 0.5
n ;= number of planets in habitable zone 0.01
f, = fraction of planets where life could begin 0.01 1
f, = fraction of life forms that evolve to intelligence 0.01 1
F, = fraction of star's life where life communicates 10® 104
N, = 2x10°5 10x108

- Pessimist: we are alone
- Optimist: many civilizations

Search for Extraterrestrial
Intelligence (SETI)

SETTINSTITUTE
- Organized search for intelligent, advanced civilizations
- Target stars: 1000 closest, similar to Sun
« 200 million radio signals

SETI Institute

SETI Projects IS

- Project Phoenix: primary search,
nonprofit, $20M

- SERENDIP: piggyback search of ordinary
astronomy data

Jill Tarter

e e

. seti@home:

- 2.3 million users,

- 1000 yrs computer
time each day




SETI Telescopes

- Operation: 2 in north + 2 in south hemispheres

Arecibo Square Kilometer Array




