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Kepler Mission 
discovery of 
òcircumbinary 
planetsó : 
planets that 
orbit around two 
stars.

They have 2 suns!

Kepler-35  illustration by Lynette Cook







As of today, a total of 17 
circumbinary planets have 
been detected.

Two are multi-planet 
systems, e.g. Kepler-47
has 3 planets orbiting its 
binary star.

Kepler-45 copyright  Mark Garlick



Kepler-47 illustration and animation 
credit: Tim Pyle / NASA / Caltech JPL
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Four ñRecentò Major Discoveries:

1) Exoplanets

2) Extremophiles

3) Rapid Origin of Life on Earth

4) Icy Moons of the outer Solar System

Motivation



ÅFor most of human history, we knew of  5 planets: 
M, V, M, J, S

ÅBy 1610  there were 6: the Earth!

ÅBy 1930 there were 9 (...if you count Plutoé)

ÅBy 1995 there were 10 ï first ñexoplanetò  
 discovered   (Michel Mayor & Didier Queloz)

ÅAs of 2024 July 25, there are 5690 confirmed 

exoplanets! 

The History of Planets



NASAôs Kepler Mission 

(2009-2013) is responsible for 

discovering 2773 exoplanets

+ 1982 additional candidate 

planets
(probably planets, but we donôt have enough 

evidence to be sure)



Kepler has found

+ 361 candidate planets in the habitable zone (HZ)

+ 23 have R < 1.25 RÄ   ă these are potentially Earth-like

Habitable Zone: the region around a star such that a 

rocky planet could have liquid water on its surface. 

Liquid water is a requirement for life as we know it.



Current estimates put the occurrence rate of 

Earth-size planets (0.5 -1.4 Re) in the HZ at

~ 22% for G & K-stars and  

~ 50% for M stars!

And in general, there are probably more 

planets than stars in the galaxy!

 over ~100 billion planets in the Milky Way  



Important discovery in 2016: a HZ planet orbiting 

Proxima Centauri - the nearest star system to the Sun!



ñLovers of extreme conditionsò

ÅTerrestrial life can survive in places we did 

not think possible.

ÅIn particular, the archaea microbes can 

thrive in ñhostile environmentsò; some 

require it. Their proteins, etc., function only 

in these extreme conditions.

Part 2: Extremophiles



Some extreme environments:

ÅHeat: pyrolobus fumarii thrives at 90-113o C;

    record holder: ñStrain 121ò: 85-121o C, 

   survives 130o C   (266o F)

ÅPressure: barophilic organisms can survive at 

the bottom of the ocean (~11,000 m) at    

~1000 bar  (987 atm or 100 M Pa)

ÅSalt: halophiles thrive at 8 x the salinity of 

ocean water (e.g. the Dead Sea)



Acid: picrophilus oshimae thrive at pH ~0.5 and 

survive at 0.0; disintegrate if the pH reaches 5!  
(Helicobacter pylori live in stomach acid; ulcers)

Alkali:  bacillus alcalophilus thrives at pH > ~10

Dryness (drought): deinococcus radiodurans can 

survive being vacuum-dried for over 6 weeks



Some archaea and bacteria can derive energy from 

inorganic molecules (e.g. by reducing iron or sulfur) 

completely independent of sunlight     
in closed, isolated caves.

ñRock-eatersò (lithoautotrophes) can live on water 

and pure rock (basalt) 2.8 km underground  

 Ą the vast ñdeep biosphereò.



ñsnottitesò

File:Snottite.jpg

http://upload.wikimedia.org/wikipedia/commons/9/9d/Snottite.jpg


Certain thermophilic bacteria and archaea can 

derive energy from inorganic molecules (e.g. iron, 

sulfate), completely independent of sunlight       

[no photosynthesis needed].

These microbes form the basis of the hydrothermal 

vent food chain.

Hydrothermal vent ecosystem

Note: Larger organisms (like Pompeii worms, 

shrimp, clams, etc.) do require oxygen, 

derived from photosynthesis.





Tardigrades can survive temperatures 

as low as -200 C (-328 F); 

as high as 150 C (~300 F). 

- can be repeatedly frozen & thawed

- tolerate extreme changes in salinity 

- resistant to X-ray radiation 

(hundreds of times more than what is

lethal to humans & most other organisms)

- extreme vacuum conditions, 
like the vacuum of space!

Extreme Adaptations
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Deinococcus radiodurans can withstand 

extremely high doses of radiation: 3000 x 

more than a lethal dose to a human!!! 
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ÅDeinococcus radiodurans can repair hundreds of  
double-strand breaks in its DNA!

ÅHow it can tolerate so much radiation is not fully 
understood; nowhere on Earth has this much 
radiation. It is probably a by-product of drought-
resistance. 

D. radiodurans could 
withstand the harsh 
radiation on Mars and 
Europa.
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ÅIn the ñsporeò state, bacteria can 

withstand incredible conditions.

For example, Bacillus subtilis can survive:

freeze-drying (over and over...)

20 min hydrogen peroxide bath (enough to 

bleach your hair or peel off your skin!)

30 min of  heat sterilization at 85o C [185 F]



ÅBacterial spores found inside a beeôs 
stomach trapped in amberé.

were revived after being dormant for ~ 40 
million years!



Five ñSurveyorò spacecraft were sent to the 
Moon prior to the Apollo missions. 

The camera from one of 

these was retrieved by 

the Apollo 12 astronauts.
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Bacteria endured the hostile space environment 

[vacuum, extreme cold (20 K), & intense radiation] 

with no nutrients, no water, and no energy source

 for 2.5 years! 





Part 3. The RapidOrigin of 

Life on Earth

Illustration credit: Mark Garlick



Rare fossils of cyanobacteria may have been found, 

dating to 3.5 billion years ago.

This is controversialé we arenôt sure.

Note: Because of plate tectonics and erosion, very few sedimentary rocks exist 

older than this.





Solid evidence for life on Earth 3.5 Gyr ago 

comes from fossilized ñstromatolitesò.

Stromatolites are bacterial mounds built up layer 

upon layer. Living stromatolites still exist 

today (though rare).



Astronomy 310 34

Living stromatolites at Shark Bay, Australia
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Living stromatolites at Shark Bay, Australia



from J. 

William 

Schopfôs 

Cradle of 

Life (1999)



The Carbon Isotope Signature 

Of Life

Along with the usual 12C and radioactive 14C, 

there is a stable isotope 13C.

In biological systems, there is a slight preference 

for 12C over 13C (because 12C is lighter).

This results in a 13C / 12C ratio in biological 

chemistry that differs from non-biological 

chemistry (by about 25 parts per thousand).



from J. 

William 

Schopf


