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	  Main	  Idea: 	  There	  are	  many	  types	  of	  habitable	  worlds,	  some	  probably	  even	  be\er	  than	  Earth.	  
	  Open	  QuesIon: 	  What	  characterisIcs	  does	  a	  be\er	  planet	  for	  life	  than	  Earth	  have?	  
	  Short	  Abstract: 	  About	  1,000	  planets	  around	  other	  stars	  are	  known	  to	  exist	  with	  many	  more	  waiIng	  for	  

confirmaIon.	  One	  of	  the	  main	  objecIves	  of	  astronomers	  is	  to	  find	  one	  just	  like	  Earth,	  
but	  why	  are	  we	  looking	  for	  an	  Earth-‐like	  planet	  when	  we	  can	  look	  for	  planets	  be\er	  
for	  life	  than	  Earth?	  
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Many	  Habitable	  Worlds	  to	  Choose	  From	  

PROTOTYPE	  
HABITABLE	  EXOPLANETS	  



Do	  we	  live	  on	  a	  good	  planet	  for	  life?	  
Credit:	  Geoff	  Gallice	  (El	  Yunque	  Rain	  Forest,	  Puerto	  Rico)	  



Not	  everywhere	  is	  the	  same!	  

Credit:	  Alfonso	  Dávila	  (Atacama	  Desert,	  Chile)	  



Habitable	  Surface	  of	  Earth	  Today	  

Credit:	  Visible	  Paleo-‐Earth,	  PHL	  @	  UPR	  Arecibo,	  NASA	  

	  71% 	  ocean	  
	  29% 	  land	  

	  68% 	  vegetaIon	  
	  21% 	  desert	  
	  11% 	  ice	  



A	  More	  Habitable	  Earth	  105	  Million	  Ago?	  

Credit:	  Visible	  Paleo-‐Earth,	  	  PHL	  @	  UPR	  Arecibo	  

	  76% 	  ocean	  
	  24% 	  land	  

	  97% 	  vegetaIon	  
	  3% 	  desert	  
	  0% 	  ice	  

“Everything	  on	  this	  planet	  has	  evolved	  to	  kill	  humans.”	  
—	  A6er	  Earth	  (2013)	  



PotenIally	  Habitable	  Objects	  in	  the	  Solar	  System	  

Credit:	  NASA	  
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Where	  are	  other	  habitable	  exoplanets?	  

Credit:	  A.	  Fujii	  
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[be\er	  than	  Earth]	  
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Earth+	  

Credit:	  PHL	  @	  UPR	  Arecibo	  

Earth-‐	   Earth-‐like	  
[More	  habitable	  than	  Earth]	  [Barely	  habitable]	   [As	  habitable	  as	  Earth]	  



EvoluIon	  of	  Habitable	  Exoplanets	  

Earth+	  

Credit:	  PHL	  @	  UPR	  Arecibo	  
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Main	  Goal:	  an	  Earth-‐like	  Exoplanet	  

Credit:	  PHL	  @	  UPR	  Arecibo,	  NASA	  

…	  and	  what	  about	  an	  Earth+?	  



What	  is	  an	  Earth-‐like	  Exoplanet?	  

Credit:	  NASA/Wikimedia	  Commons/Nickelodeon	  



An	  Earth-‐like	  Exoplanet	  for	  Astronomers	  
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Credit:	  PHL	  @	  UPR	  Arecibo	  



The	  First	  Exoplanets,	  21	  years	  ago.	  

Credit:	  Arecibo	  Observatory	  



Number	  of	  Exoplanets	  Today	  

Credit:	  PHL	  @	  UPR	  Arecibo/NASA	  

Confirmed	  
~1,000	  

Unconfirmed	  

>3,500	  



Types	  of	  Known	  Exoplanets	  

Neptunian	  
Neptune-‐Size	  

Mercurian	  
Mercury-‐Size	  

Superterran	  
SuperEarth-‐Size	  

Jovian	  
Jupiter-‐Size	  

Terran	  
Earth-‐Size	  

Subterran	  
Mars-‐Size	  

Gas	  Giants	  Terrestrial	  

PotenAally	  habitable	  depending	  on	  orbit	  and	  size.	  

Number	  of	  discovered	  confirmed	  exoplanets	  in	  red.	   Those	  sAll	  unconfirmed	  from	  the	  NASA	  Kepler	  Mission	  in	  green.	   Credit:	  PHL	  @	  UPR	  Arecibo	  



An	  Earth-‐like	  Exoplanet	  for	  Astronomers	  



The	  Future	  of	  Habitable	  Exoplanet	  Discoveries	  

Today	  

Orbit	  &	  Size	  

+	  10	  Years	  

Atmosphere	  

H2O	  –	  CO2	  –	  O2	  

+	  20	  Years	  

Surface	  

+	  30	  Years	  

Life?	  
[likely	  habitable]	  [potenIally	  habitable]	   [habitable]	   [inhabited]	  

Credit:	  PHL	  @	  UPR	  Arecibo	  



Main	  “Tweetable”	  Ideas	  

•  There	  are	  many	  types	  for	  habitable	  planets,	  some	  probably	  
even	  be\er	  for	  life	  than	  Earth.	  

•  Earth+	  planets	  are	  more	  habitable	  than	  Earth	  and	  easier	  to	  
detect	  than	  Earth-‐like	  planets.	  

•  We	  might	  have	  already	  detected	  and	  Earth+	  planet,	  but	  
confirmaIon	  will	  take	  many	  years	  of	  addiIonal	  observaIons.	  



An	  Earth+?	  

“Somewhere,	  something	  incredible	  
is	  waiIng	  to	  be	  known”	  

—	  Carl	  Sagan	  (1934-‐1996)	  

phl.upr.edu/projects/phe	  


