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Saturn-size planet orbiting a K+M eclipsing binary P=229 d,  

just inside the habitable zone (HZ). 
Illustration credit:  
NASA/JPL-Caltech/T. Pyle   

Exactly 3 years ago today: Kepler-16: the first transiting 

circumbinary planet was announced  (Doyle et al. 2012) 





10 known TCBP 
 

• Kepler-16  
  Doyle et al. 2011 

 

• Kepler-34   
 &  Kepler-35  

  Welsh et al. 2012 
 

• Kepler-38  
  Orosz et al. 2012 

 

• Kepler-47 b,c 
  Orosz et al. 2012 

 

• PH-1/  KIC486262 / Kepler-64  

  Schwamb et al. 2013 
  Kostov et al. 2013 

Kepler-35  illustration by Lynette Cook 



 

•  Kepler-413 b 
   Kostov  et al. 2014 

 

•  Kepler-47 d  
  Orosz  et al. (in prep) 

 

•  KIC 9632895 b 
  Welsh  et al.  (submitted) 

illustration copyright by 
Mark Garlick 



Illustration credit: NASA/JPL-Caltech/T. Pyle   

Kepler-47  Orosz et al. (2012)    

establishes that planetary systems can form and persist 
around close binary stars 



Illustration credit: NASA/JPL-Caltech/T. Pyle   



Kepler-47 c 
UPDATE:   
• 1  more transit of the outer planet (c) = 4 total 
• 6 more transits of the inner planet (b) = 24 total 



UPDATE:   
• 1  more transit of the outer planet (c) = 4 total 
• 6 more transits of the inner planet (b) = 24 total 

extra 
transit?! 

Kepler-47 b 



Kepler-47 d UPDATE:   
• 1  more transit of the outer planet (c) = 4 total 
• 6 more transits of the inner planet (b) = 24 total 
• And 6 transits of the new middle planet (d): 
• P=187.4 d    e=0.02    R=7.3 REarth 





Illustration : Billy Quarles 

KIC 9632895 

Planet  

• Pp= 240.5 d   (=0.79 au) 

• e  = 0.04 

• Rp= 6.2 Re 

• Mp < 16 Me at 1-s  

• mutual incl. 2.3 deg 

Eclipsing Binary 

• P = 27.3220 d 

• e = 0.05 

• M1 = 0.93   MSun 

• M2 = 0.194 MSun 

• T1    = 5527 K 













• 103-year precession cycle 
• transits only ~8% of the time 
• please observe transit on 2015 July 02,  

 last one until 2066! 



KIC 9632895 



For every transiting circumbinary 
planet, there should be many more 
non-transiting cases. 
 

Search for large NTCBP via dynamical perturbations of 
the binary stars’ orbits (not light-travel time effect) 

 

  eclipse timing variations (ETVs) 



Non-Transiting  CBP Search Strategy: 
 

•  Need at least one cycle in the O-C 

 

•  Need small O-C:   amplitude < few minutes 

 could be massive + far away,   or   low-mass + close 
 

 

•  Need short-period variation  small orbit  
 

 

•  Borkovits-type periodic “wiggle” 
 

•  CPOC divergence (if e>0)  dynamical interaction 

 



Kepler-16 passes our search criteria.  



Kepler-34 

Kepler-16 



KOI-2938 = KIC7821010 

- clean, high S/N 

- good fit to eclipses 

- low amplitude O-C 

- periodogram shows  

 lots of power   

- “Borkovits wiggle” 

- diverging CPOC 

 Very strong candidate 



KOI 2938 = KIC 7821010 
PEB = 24.23820 d 
eEB = 0.6791 
 
M1= 1.29  M2=1.23 M

 

L1  = 2.33   L2 =2.12 L


 



KOI 2938 =  
 KID 7821010 

credit:  
D. Fabrycky 

The first Kepler 
non-transiting CBP 
 
Pp   = 994.14 d 
ep  = 0.358 
Mp = 2.6 MJup 

mutual i  ~ 4.9o 

Average insolation 
puts planet in the 

habitable zone 

 



• KIC 12351927 = Kepler-413 

– Kostov  et al. (in prep)  (2014) 

• Kepler-47 d 
– Orosz  et al. (in prep) 

• KIC 9632895 / KOI-3151  
– Welsh  et al. (in prep)  (submitted) 

 

• KOI-2938 / KIC 7821010 
– Fabrycky  et al. (in prep) 

• KOI-3152 / KIC 6504534 
– Carter  et al. (in prep) 

• KOI-2939 / KIC 5473556 

• KOI-1741 / KIC 8180020 

Kepler-35  illustration by Lior Taylor 

Seven New Candidate CBPs 



transiting: 

• KIC 10753734 
• (KIC 5015913 ?) 

 
non-transiting: 

• KIC 8610483 

• KIC 3938073 

 

Current tally: 

10 transiting + 4 candidates 

3 non-transiting candidates 

Kepler-35  illustration by Lior Taylor 

Two Really New Candidate CBPs 





KIC 8610483 







KIC 8610483 



P binary     = 48.799 d   

incl. binary = 88.83 deg 

 

P planet     = 397.3 d    

incl. planet ~ 77.6 deg 

 

a/acrit =  1.13 
 

(P/Pcrit = 1.20) 

(preliminary) 



KIC 3938073  (preliminary) 

Planet  

• Pp ~ 269.6 d 

• e  ~ 0.07 

• Mp ~ 46 MEarth 

• Rp =  ---- 

• inclination   ~ 71 deg 

• mutual incl. ~ 14 deg 

Eclipsing Binary 

• P = 31.024 d 

• e = 0.433 

• M1 = 1.98  MSun 

• M2 = 0.97 MSun 

• R1 = 1.71 Rsun 

• R2 = 0.86 Rsun 

 (but light from 3rd star...) 



primary eclipses 



RVs via D. Latham and friends 



KIC 3938073 



KID 3938073 

credit:  
D. Short 



Some emerging trends: 
 

• CBP not seen in short P binaries  
– why not?  past 3rd body interaction? 

 

• Planets are close to the critical orbital radius 
– 8 out of 11 systems have P < 2 Pcrit 

– observational bias or migration pile-up?  



vertical lines 
show EBs that 
host planets. 
 
Note: very 
incomplete at 
long periods. 

median  
period  
= 2.30 d 







• As a consequence of being close to critical radius, 

 Kepler CBPs are close to the HZ. 
 

– With the new circumbinary planet KIC 9632895, 

 3 out of 10 CBPs are in the HZ 

 

– 5 out of 12 candidates are in wide HZ  (~42%) 

 

 





SUMMARY: Kepler Circumbinary Planets 
 

Much more difficult to find, but offer rich rewards. 

• 10+ transiting & 3 non-transiting cases 

• diverse planet and stellar orbits 

• but no very short-period EB cases 

 

• planets tend to be close to unstable region  HZ  

 

• provide very precise masses & radii (for planets & stars) 

• challenges for planet formation theory and insight  
into binary star formation 
 



red points are CBP host EBs precision < 5 % 

Kepler-16 B 

Kepler-47 B 

KIC 9632895  B 

Kepler-38 B 







Kepler-35 



Kepler-47 update 
Eclipsing Binary 
• Kp = 15.2 mag 
• P = 7.448374 d 
• e    = 0.028 

 
Sun-like primary 
• T1  = 5640  K 
• M1 = 0.966 MSun 
• R1  = 0.936 Rsun 

 

• M2 = 0.344 MSun 

• R2  = 0.341 Rsun 

Inner planet “b” 

• Pb= 49.45 d 

• Rb= 3.0 Re 

• Mb < 2.0 MJ 

 

Outer planet “c” 

• Pc= 303.2 d 

• Rc= 4.7 Re 

• Mc < 28 MJ 
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KOI 2938 = KID 7821010 

Also used GR 
precession and 

solved k2=0.0077 
(for each star) 

 

credit:  
D. Fabrycky 

first non-transiting CBP 
Pp   = 994 d 
ep  = 0.36 
Mp = 2.6 MJup 

mutual i  ~5o  

Average insolation 
puts planet in the 

habitable zone 

 


