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Discovery	
  &	
  Follow-­‐up:	
  
•  Kepler-­‐452b	
  was	
  discovered	
  in	
  a	
  test	
  run	
  of	
  the	
  Kepler	
  Science	
  Opera@ons	
  

Center	
  (SOC)	
  9.2	
  codebase	
  in	
  2014	
  May	
  when	
  one	
  of	
  us	
  (J.	
  Twicken)	
  
inspected	
  the	
  planet	
  search	
  pipeline	
  results	
  to	
  assess	
  performance	
  of	
  an	
  
enhanced	
  pipeline	
  codebase	
  for	
  small,	
  cool	
  planets.	
  	
  



Kepler	
  Light	
  Curve	
  with	
  P	
  =	
  385	
  d!	
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•  McDonald	
  Observatory	
  first	
  2.7	
  m	
  recon	
  spectrum:	
  May	
  2014	
  

McDonald	
  Observatory	
  2.7	
  m	
  telescope	
  



McDonald	
  Observatory	
  recon	
  spectrum:	
  18	
  May	
  2014	
  S/N=31	
  (V=13.4)	
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•  McDonald	
  Observatory	
  first	
  2.7	
  m	
  recon	
  spectrum:	
  May	
  2014	
  
•  Whipple	
  Observatory	
  1.5	
  m	
  (TRES)	
  2	
  recons	
  in	
  June	
  2014	
  
•  Keck/NIRC2	
  AO-­‐imaging	
  in	
  June	
  2014	
  (=>	
  no	
  nearby	
  star)	
  
•  Keck/HIRES	
  “high”	
  S/N	
  recon	
  spectrum:	
  July	
  2014	
  

McDonald	
  Observatory	
  2.7	
  m	
  telescope	
  



The	
  “Badle	
  of	
  Spectroscopy”:	
  



The	
  “Badle	
  of	
  Spectroscopy”:	
  

* 

* 

Absolute	
  RV	
  (-­‐25km/s)	
  stayed	
  	
  
the	
  same!	
  



To	
  derive	
  stellar	
  proper@es:	
  	
  	
  
fided	
  Teff	
  ,	
  log	
  g,	
  and	
  	
  
[Fe/H]	
  to	
  a	
  grid	
  of	
  
Dartmouth	
  isochrones	
  
(Doder	
  et	
  al.	
  2008),	
  also	
  
compared	
  to	
  Yonsei-­‐Yale	
  
isochrones	
  (Yi	
  et	
  al.	
  2004)	
  
	
  
	
  
	
  
R* = 1.1 ± 0.15 Rsun 
 
M* = 1.037 ± 0.05 Msun 
 
ρ* = 0.84 ± 0.04 g cm-3 
 

Age ~ 6 ± 2 Gyr 

Stellar	
  Proper@es:	
  



Planetary	
  Proper@es:	
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   Summary: 
• Kepler-452b is the longest period transiting planet ≤2 R 

• Kepler-452b is the only small, possibly rocky exoplanet in the HZ of  a G-type star very 
similar to the Sun 

•  It is the first (and only) transit on this target star (<10% chance of  seeing an exo-Venus 
transit in this system) 

• Final stellar parameters obtained from spectroscopy indicate a 1.1 R   star with  

Teff = 5757 ± 85 K, [Fe/H] = +0.2 ± 0.09, log g = 4.32 ± 0.09 and an age of  ~6±2 Gyr  

• => final planet parameters indicate a 1.6 ± 0.2 R   planet in a 385-day period orbit with         
Seff = 1.1 S 

• Outlook: SOC is currently finishing up analysis of  all 4 years of  Kepler data with 9.2 
pipeline, next step: completeness study, next step: planet occurrence rates. 
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Earth Kepler-452b 





Spectroscopy:	
  

Jenkins	
  et	
  al.	
  adopted	
  SpecMatch	
  results	
  for	
  HIRES	
  data;	
  inflated	
  errors	
  
according	
  to	
  sca6er	
  in	
  analyses	
  of	
  HIRES	
  data	
  



Mass-­‐Radius	
  Measurements	
  For	
  
Small	
  Planets	
  

Motalebi	
  et	
  al.	
  (2015)	
  

There	
  are	
  now	
  5	
  exoplanets	
  with	
  1.4	
  Re	
  ≤	
  Rp≤	
  1.6	
  Re	
  with	
  “rocky”	
  densi@es	
  



William	
  Cochran,	
  Phillip	
  MacQueen,	
  
Marshall	
  Johnson,	
  Kevin	
  Gullikson	
  
and	
  Ivan	
  Ramirez	
  

McDonald	
  Observatory:	
  
Telescope	
  &	
  Instrument	
  

Reconnaissance	
  spectroscopy	
  of	
  KOIs:	
  
2009	
  –	
  2015:	
  1130	
  KOIs	
  observed	
  



Likelihood	
  of	
  Rocky	
  Composi@on	
  

Used	
  probabilis@c	
  mass-­‐radius	
  
rela@onship	
  developed	
  by	
  Wolfgang,	
  
Rogers	
  and	
  Ford	
  (submided)	
  to	
  
associate	
  a	
  mass	
  with	
  each	
  radius	
  in	
  
the	
  MCMC	
  chain.	
  
	
  
Compared	
  densi@es	
  against	
  that	
  
expected	
  for	
  a	
  pure	
  silicate	
  
composi@on	
  as	
  per	
  Fortney,	
  Marley	
  
and	
  Barnes	
  (2007).	
  
	
  
Measured	
  frac@on	
  of	
  MCMC	
  
realiza@ons	
  denser	
  than	
  pure	
  silicate:	
  

=>	
  	
  49%	
  chance	
  of	
  being	
  rocky	
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2.0 µm

2.0 µm converted to Kepler

No	
  evidence	
  for	
  companions	
  in	
  AO	
  images	
  
(also	
  ruled	
  out	
  contamina@on	
  by	
  op@cal	
  ghosts	
  and	
  video	
  crosstalk)	
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Likelihood	
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  Habitability	
  

HZ
	
  a
s	
  p

er
	
  u
pd

at
ed

	
  K
op

pa
ra
pu

	
  e
t	
  a

l.	
  
(2
01
3)
	
  	
  

Generated	
  realiza@ons	
  of	
  planet	
  radius	
  and	
  insola@on	
  for	
  
MCMC	
  chain	
  and	
  compared	
  against	
  Kopparapu	
  et	
  al.	
  (2013)	
  
habitable	
  zone	
  boundaries.	
  

97%	
  with	
  Seff	
  <	
  Recent	
  Venus	
  
53%	
  with	
  Seff	
  <	
  5	
  Mearth	
  Runaway	
  Greenhouse	
  
39%	
  with	
  Seff	
  <	
  1	
  Mearth	
  Runaway	
  Greenhouse	
  

SpecMatch	
  Results	
  



The	
  “Badle	
  of	
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The	
  “Badle	
  of	
  
Spectroscopy”:	
  



Blender	
  Analysis	
  

BEB	
  odds:	
  1.21x10-­‐12	
  
BP	
  	
  odds:	
  2.56x10-­‐10	
  
HTP	
  odds:	
  2.35x10-­‐6	
  
	
  
Vs:	
  (Expected)	
  Planet	
  odds:	
  9.97x10-­‐4	
  
	
  
Therefore,	
  odds	
  ra@o	
  is	
  ~424:1	
  


