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2011: First confirmed transiting CBP (MS) 
 



	   	   	   	  	  

Rp = 0.75 RJup 
Pp = 230 days 

2011: First confirmed transiting CBP (MS)  
In the extended HZ (Kepler-16, Doyle et al. 2011) 



2012: Two CBPs around Solar-type stars 
 (Kepler-34 and -35, Welsh et al. 2012) 

	   	   	   	  	  

(Doyle	  et	  al.	  2011)	  

Rp = 0.76 RJup 
Pp = 290 days 
ebin = 0.5 

Rp = 0.7 RJup 
ap = 130 days 



	   	   	   	  	  

(Doyle	  et	  al.	  2011)	  

Rp = 0.39 RJup 
Pp = 106 days 

Rp = 0.42 RJup 
Pp = 303 days 
In the HZ 
 
 
Rp = 0.27 RJup 
Pp = 49 days 

2012: Neptune-sized CBP; multiplanet CB system 
 (Kepler-38, Orosz et al. 2012a); (Kepler-47, Orosz et al. 2012b) 



	   	   	   	  	  

Rp = 0.57 RJup 
Pp = 139 days 

2013: CBP in a quadruple stellar system 
(Kepler-64, Kostov et al. 2013; Schwamb et al. 2013) 

Another binary star 1000 AU away 



	   	   	   	  	  

Rp = 0.56 RJup 
Pp = 66 days 

2014: Slightly misaligned CBP that 
“missed” more often than it “hit”  

(Kepler-413, Kostov et al. 2014) 



	   	   	   	  	  

Rp = 0.55 RJup 
Pp = 240 days 

2015: Slightly misaligned CBP that did not 
start transiting until 800 days into the 

mission; in the HZ  
(KOI-3151, Welsh et al. 2015) 



	   	   	   	  	  

Rp = 1.1 RJup 
Pp = 1100 days 

2015: CBP that was at inferior conjunction 
only twice during Kepler  
(KOI-2939, Kostov et al. in prep.) 
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Planets in MS Binary Systems -- Theory 



Origin       Galactic Context        Habitability 

•  Formation : common; Saturn-size and smaller; (nearly) co-planar 

•  Migration : towards the outer edge of the precursor CB cavity 

•  Dynamics : stability (distance from the critical limit); orbital precession 

Planets in MS Binary Systems -- Theory 

[e.g. Pierens & Nelson (2007ab, 2008, 2013); Alexander (2013); Foucart & Lai (2013, 2014); Marzari et al. (2013); Martin et al. 
(2013); Meschiari (2013); Paardekooper et al. (2012); Youdin et al. (2012), Rafikov (2013, 2014); Thebaut & Haghighipour 
(2014); Kley & Haghighipour (2014, 2015); Liu et al. (2014); Martin & Triaud (2014); Hamers et al. (2015); Martin et al. (2015); 
Bromley & Kenyon (2015); Chavez et al. (2015); Silsbee & Rafikov (2015); Hinse et al. (2015); Armstrong et al. (2015)] 



Origin       Galactic Context        Habitability 

•  Formation : common; Saturn-size and smaller; (nearly) co-planar 

•  Migration : towards the outer edge of the precursor CB cavity 

•  Dynamics : stability (distance from the critical limit); orbital precession 

Martin, Mazeh & Fabrycky (2015) 

Planets in MS Binary Systems -- Theory 

[e.g. Pierens & Nelson (2007ab, 2008, 2013); Alexander (2013); Foucart & Lai (2013, 2014); Marzari et al. (2013); Martin et al. 
(2013); Meschiari (2013); Paardekooper et al. (2012); Youdin et al. (2012), Rafikov (2013, 2014); Thebaut & Haghighipour 
(2014); Kley & Haghighipour (2014, 2015); Liu et al. (2014); Martin & Triaud (2014); Hamers et al. (2015); Martin et al. (2015); 
Bromley & Kenyon (2015); Chavez et al. (2015); Silsbee & Rafikov (2015); Hinse et al. (2015); Armstrong et al. (2015)] 



Origin       Galactic Context        Habitability 

•  Formation : common; Saturn-size and smaller; (nearly) co-planar 

•  Migration : towards the outer edge of the precursor CB cavity 

•  Dynamics : stability (distance from the critical limit); orbital precession 

•  Host systems : types of binaries capable of supporting CBPs 

•  Planet occurrence frequency : fraction of close binary stars with CBPs 

Planets in MS Binary Systems -- Theory 

[e.g. Pierens & Nelson (2007ab, 2008, 2013); Alexander (2013); Foucart & Lai (2013, 2014); Marzari et al. (2013); Martin et al. 
(2013); Meschiari (2013); Paardekooper et al. (2012); Youdin et al. (2012), Rafikov (2013, 2014); Thebaut & Haghighipour 
(2014); Kley & Haghighipour (2014, 2015); Liu et al. (2014); Martin & Triaud (2014); Hamers et al. (2015); Martin et al. (2015); 
Bromley & Kenyon (2015); Chavez et al. (2015); Silsbee & Rafikov (2015); Hinse et al. (2015); Armstrong et al. (2015)] 



Origin       Galactic Context        Habitability 

•  Formation : common; Saturn-size and smaller; (nearly) co-planar 

•  Migration : towards the outer edge of the precursor CB cavity 

•  Dynamics : stability (distance from the critical limit); orbital precession 

•  Host systems : types of binaries capable of supporting CBPs 

•  Planet occurrence frequency : fraction of close binary stars with CBPs 

•  Habitable zone ≈ stability limit; variable insolation: multiple timescales 

Planets in MS Binary Systems -- Theory 

[e.g. Pierens & Nelson (2007ab, 2008, 2013); Alexander (2013); Foucart & Lai (2013, 2014); Marzari et al. (2013); Martin et al. 
(2013); Meschiari (2013); Paardekooper et al. (2012); Youdin et al. (2012), Rafikov (2013, 2014); Thebaut & Haghighipour 
(2014); Kley & Haghighipour (2014, 2015); Liu et al. (2014); Martin & Triaud (2014); Hamers et al. (2015); Martin et al. (2015); 
Bromley & Kenyon (2015); Chavez et al. (2015); Silsbee & Rafikov (2015); Hinse et al. (2015); Armstrong et al. (2015)] 



Origin       Galactic Context        Habitability 

•  Formation : common; Saturn-size and smaller; (nearly) co-planar 

•  Migration : towards the outer edge of the precursor CB cavity 

•  Dynamics : stability (distance from the critical limit); orbital precession 

•  Host systems : types of binaries capable of supporting CBPs 

•  Planet occurrence frequency : fraction of close binary stars with CBPs 

•  Habitable zone ≈ stability limit; variable insolation: multiple timescales 

[e.g. Alexander (2013); Foucart & Lai (2013, 2014); Marzari et al. (2013); Martin et al. (2013); Meschiari (2013); 
Paardekooper et al. (2012); Pierens & Nelson (2007ab, 2008, 2013), Youdin, et al. (2012), Rafikov (2013, 2014); Thebaut & 
Haghighipour (2014); Kley & Haghighipour (2014, 2015); Liu et al. (2014); Martin & Triaud (2014); Hamers et al. (2015), 
Martin et al. (2015), Bromley & Kenyon, (2015); Chavez et al. (2015); Silsbee & Rafikov (2015); Hinse et al. (2015); 
Armstrong et al. (2015)] 

Kepler-413b (Kostov et al. 2014) 

Planets in MS Binary Systems -- Theory 



Light curve of CBP system Kepler-413 (Kostov et. al 2014) 

Prediction -- Missed Transits! 
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Kepler-413b (Kostov et al. 2014) 

Aperiodic Transits 



KOI-2939 (Kostov et al. in prep.) 

Blended Transits 



KOI-2939 (Kostov et al. in prep.) 

Blended Transits 



CBPs candidates (non-transiting, not Kepler) 

	   	   	   	  	   V 471 Tau 
(VLT SPHERE, Hardy et al. 2015) 

2M J0103 
(VLT NACO, Delorme et al. 2013) 

	  	  	  PSR	  B1620-‐26 	   	  	  	  	  	  	  	  	  23	   	   	  	  	  	  	  	  	  	  	  2.5	  

? 



What’s next? 
2014+: Kepler  is dead, 

2017: TESS 
long live Kepler ! 
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What’s next? 
2014+: Kepler  is dead, 

2017: TESS 
2014+: ExAO 

2013+: GAIA 

long live Kepler ! 

2024+: PLATO Stay tuned! 

Also	  see	  Amaury’s	  talk,	  	  
Thursday	  9	  am	  

(Sullivan	  et	  al.	  2015)	  

(Sahlmann	  et	  al.	  2015)	  



Aperiodic Transits 

Kepler-64b (Kostov et al. 2013; Schwamb et al. 2013) 
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Aperiodic Transits 



KOI-2939 (Kostov et al. in prep.) 

Blended Transits 
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Blended Transits 


