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What are basic environmental 
requirements to sustain life? 



What are basic environmental 
requirements to sustain life? 

1.  Solvent to transport chemicals (water for 
us) 

2.  Proximity to Energy to keep solvent in 
liquid state 

3.  Food supply for metabolism 
4.  Energy to operate food chain 
5.  Plentiful basic non-toxic chemicals (C, H, 

N, O for us) 



Basic physical setup suitable to 
sustain life 

n  A stable single star with 



Basic physical setup suitable to 
sustain life 

n  A stable single star with 
n  PLANETS, and possibly MOONS 
n  that orbit within the star’s HABITABLE 

ZONE (right temperature for liquid solvent) 



Young Stars Form Disks, Planets form within Disks 



What happens within the disk? 

n  GRAVITY goes to work in denser regions, 
again accreting (gathering) material, this time 
into bodies that orbit the Star, 

n  THE PLANETS of that Solar System. 
n  EVIDENCE of formation process for our Solar 

System? 
1.  Planets all orbit in same direction 
2.  Orbits of planets are “co-planar” (level with 

one another) 





STAR FORMATION likely leads 
to PLANET FORMATION due to 

presence of DISK  
(Star Pizza) 



Candidates for life within  
our Solar System 

1.  EARTH – the “just right” planet. 
2.  MARS – was once warmer and wetter 

(lots of water!) 
3.  Moons of Jupiter: Europa, possibly 

others, with salty oceans beneath ice 
layer 

4.  Moons of Saturn: Titan, Enceladus – 
organic chemicals and liquid water 



A Suitable Planet 



Perhaps another suitable planet 



Mars Exploration Rovers 



Evidence of Fluvial Action on Mars 



Jovian Moons & Hydrobot idea 



Titan with hot spot  
and lakes 



Ice geysers of Enceladus 



EVIDENCE (proof) that life exists 
or existed 



EVIDENCE (proof) that life exists 
or existed 

1.  Actual creatures, or fossils 
2.  Artifacts (things made by creatures) 
3.  Chemical signature (input or output) 
4.  Signal signature (electromagnetic (radio, 

etc.) signal that has non-random pattern) 
We’re Searching…YOU CAN, TOO! 
(See SETI project online) 



We cannot readily see 
Planets orbiting other stars 

(exoplanets) 
n  Too DIM 
n  Too SMALL 
n  HIDDEN In GLARE of STAR      so, 

n  HOW CAN WE DETECT THEM INDIRECTLY? 
n  (What effects on their star would they 

cause, that we could observe from Earth?) 



Direct Imaging – so far 



The star, Fomalhaut 



Star Beta Pictoris 



Another view of B Pict 



Star HR8799  4th planet recently found 



The TWO major 
INDIRECT ways to 
find EXOPLANETS 

Think about effect of orbiting 
Planets on their STAR – 

something we could see from afar 



Planet TRANSITS Star 



Transit data (light curves) 
and models 



Possible spectroscopic analysis  
of atmosphere at Pos.2 



Kepler Space Telescope: searching for Earth-
like Planets in Habitable Region  

of Sun-Like Stars  



Kepler detects transits 



Kepler’s 1235 planets from 
first year of mission 





Doppler Wobble Method – Star 
Wobbles around Center of Mass 



“Dance” of Star  
due to Gravity of orbiting Planet 





Initial Wobble Data  
for Star 51 Peg 



n  These methods yield several physical 
characteristics of the exoplanets such 
as diameter, mass, orbit, 
temperature, and sometimes 
density, state, and composition. 

 
n  But, the methods are biased at 

detection of Neptune or bigger sized 
planets, and planets that orbit close 
to their star (short periods). 



Several other methods: 

n  Gravitational Micro-Lensing 
n  Direct observation of proper motion 

wobble 
n  Pulsar timing 
These are difficult to do, not much 

success so far. 





Discovery Methods Key 
n  Bar chart of exoplanet discoveries by year, 

through 2013-02-26, indicating the 
discovery method using distinct colors:     

n     radial velocity (dark blue) 
n     transit (dark green) 
n     timing (dark yellow) 
n     direct imaging (dark red) 
n     microlensing (dark orange) 





Orbits of some of Kepler’s 
discoveries – note variations 



Why do most Astrobiologists 
think that there’s got to be life 

out there? 



Why do most Astrobiologists 
think that there’s got to be life 

out there? 

n  “NUMBERS” game: 
1.  All the chemistry of life (CHNO) is 

abundant in Universe (spectral data tells 
us this). 

2.  Statistics indicate that most if not ALL 
STARS HAVE PLANETS! 



Almost EVERY STAR has PLANETS 



Hundreds of Millions of Stars 
within just our Galaxy 



Calculating Estimate of 
Number of Planets  

in our Universe 
n  Rounding off, Estimating, but based 

on observational data: 
n  Number of Stars in our sky at 
100 MILLION  (100,000,000) 
n  Number of Galaxies in our sky at 
100 MILLION (100,000,000) 
n  Assume one planet per star. Low??? 



Stars in our sky = Stars in 
our MILKY WAY Galaxy 

n   Times NUMBER OF GALAXIES IN 
OUR SKY (in UNIVERSE) = 

n  NUMBER of STARS (PLANETS) IN 
OUR UNIVERSE 

100,000,000  X 100,000,000 = 



Stars in our sky = Stars in 
our MILKY WAY Galaxy 

n   Times NUMBER OF GALAXIES IN OUR SKY 
(in UNIVERSE) = 

n  NUMBER of STARS (PLANETS) IN OUR 
UNIVERSE 

100,000,000  X 100,000,000 = 
10,000,000,000,000,000 
10 QUADRILLION STARS/PLANETS 
Minimal count!  Chances of life (given that 

the CHNO Chemistry is everywhere)???? 



The Search for ExtraTerrestrial 
Intelligence – SETI project  

listening for a message via radio 



Broadcast outbound 



Do We Need Earth-Like Planet 
for Life to exist? 



Do We Need Earth-Like Planet 
for Life to exist? 

n  Consider all the EXTREMOPHILES* 
we’ve been finding on our own Planet! 

n  *life forms that seem to love extreme 
conditions 



   Plant Life near  
Deep Ocean Smoker Volcano 



These bacteria extremophiles can repair 
themselves from radiation damage and 

thrive on arsenic! 



We find new extremophiles 
weekly! 

n  Appears that life is very hardy, we 
probably DON’T need exact Earth-like 
environment in order for life to exist!  
(recall the basic requirements) 



Summary Update on Exoplanet 
Discoveries 

n  An exoplanet or extrasolar planet is a planet outside the Solar System. 
Around 1800 such planets have been discovered (1792 planets in 1112 
planetary systems including 460 multiple planetary systems as of 20 May 
2014). 

n  The Kepler mission space telescope has also detected a few thousand 
candidate planets, of which about 11% may be false positives. There are at 
least 100 billion planets in the Milky Way, with at least one planet on 
average per star. 

n   The Milky Way also contains possibly trillions of rogue planets, which are 
not bound to any star. Around 1 in 5 Sun-like stars have an "Earth-sized" 
planet in the habitable zone, so the nearest would be expected to be within 
12 light-years distance from Earth.  

n  There could be as many as 40 billion Earth-sized planets orbiting in the 
habitable zones of Sun-like stars and red dwarfs within the Milky Way. 11 
billion of these estimated planets may be orbiting Sun-like stars. 

n  NO DETECTIONS YET OF LIFE BEYOND EARTH…YET… 



Kepler 186f: Earth sized 
planet in habitable zone 500 
LY away in Cygnus –artist’s 

drawings: 



Why haven’t we made contact 
yet? 




