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There are 200 billion stars in our galaxy…  
 
 

There ought to be some other Earths. 



Ways to See Exoplanets  

Star wobble (Radial Velocity)       Mass, orbital period and shape:    x                                                
distance from star 
 
Star dimming (Transit photometry)  Size, orbital period: distance  x                                                 
from star 
 
Star wobble (Astrometry) 
Direct imaging                         
Microlensing 
Pulsar timing 
Reflection photometry                          
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With both mass and size get planet 
density. Then can tell if the planet is: 
Gas :   Low density 
Ice :    Medium density 
Rock : High density 



How do we know it when we find 
another Earth? 
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Look for Habitable Planets 
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Look for Habitable Planets 

• Right temperature 

• Liquid water 

• Atmosphere 
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Planets come is several sizes 

Too small (about <0.5 Mearth) 
Can’t hold onto a life sustaining 
atmosphere. 
(Moon, Mercury) 

Too big (about >10 Mearth) 
Holds onto light gases (Hydrogen and 
Helium) too well and turns into a gas giant.  
(Jupiter, Saturn, Uranus, Neptune) 

Just right (0.5 - 10 Mearth) 
Holds on to heavier gasses (Nitrogen, 
Oxygen) long enough to have a 
potentially habitable atmosphere (Earth, 
Venus) 
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Too hot! 
 

(too close) 

Too cold! 
 

(too far) 

Just right 
for liquid water 

And a range of temperatures 





Transits Won’t Find ALL Planets 
Not all planetary orbits are aligned to produce a transit 
 
 
 
 
 
 
 
 
Only a few percent chance for a given planet to transit              
x    Earth and Sun have only 0.5% chance 

Transits last only a few hours each orbit 

Must stare constantly at many thousands of stars to find 
many planets. 
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RV measurements good for finding large planets 
Also Earth-size around small, cool stars 
Not good enough to find Earths around Sun-like stars 
 

Also too slow.  
Can only do 1 star at a time.  
Need many measurements totaling, maybe, hundreds, of 
hours 
 

Transit searches from the ground good for finding lots 
of large planets.  

Not good enough to find Earths around Sun-like stars 
 

Need another way to find Earths. 
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MOON 

Kepler Full Field Image 



Searches the Extended Solar Neighborhood 
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Kepler-16b 

26 

Saturn-size planet 
Circumbinary orbit 
   Like Tatooine in Star Wars 
 

41 day orbit 
Just outside of HZ: -126 F temperature 
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Sunset on a possible moon of Kepler 16b 

We now know of 5 more planets in 3 other systems with two suns! 
Circumbinary planets must be fairly common. 
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Kepler 22b 
 

In the habitable zone of a Solar-like star 
but 2.4 times the size of Earth 
 
Temperature 14 F  
(but warmer with an atmosphere) 

Water planet? 
Rocky surface? 
Deep atmosphere? 

Kepler-22        G8 Dwarf 
Mass:              .97 MSun 
Radius:           .98 RSun 
Luminosity:   .66 LSun 





Kepler-69       G6 Dwarf 
Mass:             .81 MSun 
Radius:          .93 RSun 
Luminosity:  .75 LSun 

Kepler-69c            Teq: 299K / 79F 
Size: 1.7 REarth 
Mass: unknown 
Composition: probably rocky 





Kepler-62f            Teq: 208K / -85F 
Size: 1.4 REarth 
Mass: uncertain (<43 MEarth) 
Composition: probably rocky 

Kepler-62       K2 Dwarf 
Mass:             .69 MSun 
Radius:          .64 RSun 
Luminosity:  .30 LSun 



Kepler-62       K2 Dwarf 
Mass:             .69 MSun 
Radius:          .64 RSun 
Luminosity:  .30 LSun 

Kepler-62e            Teq: 270K / 27F 
Size: 1.6 REarth 
Mass: uncertain (<36 MEarth) 
Composition: probably rocky 



Multiple Planet Systems 

Unexpected find 
  

Tells us about planet systems, not just planets 
 

Self confirming because multiple occurrence of false positives 
is really unlikely 





467 stars with 
1171 planets in 
multiple systems 
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Kepler’s Confirmed Multiple Planet Systems 
 

>150 more multiple planet systems with >800 planet candidates  
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http://exoplanetarchive.ipac.caltech.edu/
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Occurrence of Planets 

Small 



17 %, 1 in 6, stars have an  
Earth-size planet with period  less 
than 85 days 
 
And 70 % have a planet of any size 
with period less than  400 days 
 

Not including long-period Earths & 
Super Earths 
 

Stars  &  Planetary Systems 

Almost all Sun- like stars have a planetary system ! 



It was previously thought that small planets were more common  
orbiting small stars  
 
 
 

 
 
 
 

 
 
 
The results of Kepler can be explained with planets equally common 
orbiting the different stellar types 
 

Planets and stellar type 

Sun 













Kepler Status 
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Kepler has three known cards to play 
 

   Try to restart recently dead wheel 
      Wheel spins in reverse. Still have to check forward. 
   Try to restart previously dead wheel 
      Spins but don’t know about performance 
 

      A wheel restart could add some lifetime to the exoplanet 
xxxsurvey but we would not expect the revived wheel to last 
xxxlong. 
 
   Try to implement a 2-wheel/thruster hybrid pointing mode 
 

      If restarts fail the hybrid pointing mode could, if it works, 
xxxrevive Kepler with lower precision photometry. 
xxxWe would then have to decide if the science return was 
xxxworth the cost. 
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