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Outline

• Astrophysical false positives in transit surveys
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• False positives: from Kepler to PLATO 2.0
• Conclusion



Astrophysical 
false-positive scenarios

• Eclipsing binary (undiluted eclipse)

• Triple system (diluted eclipse)

• Companion transiting planet (diluted transit)

• Background eclipsing binary (diluted eclipse)

• Background transiting planet (diluted transit)

• Eclipsing BD / WD 

3

Theories of planetary formation, migration 
and evolution need observational guidance

False positives can lead to wrong conclusions



Where are the 
kepler planets ??
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Radial velocity follow-up:
Unveiling the transiting candidates’ nature

Triple system Triple system 
or BEB

Santerne et al. (2012)
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Planet

KOI-196 / 
Kepler-41

Santerne et al. (2011) Santerne et al. (in prep.)

Kepler candidates followed up with the SOPHIE spectrograph:



Characterizing Kepler 
candidates
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Planet-validation 
technique
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See Rodrigo Díaz’s talk 
tomorrow @ 9:30



The Kepler
False-Positive rate
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1. Morton & Johnson (2011): 
median FPP ~ 5% (modelisation)

2. Santerne et al. (2012a): 
34.8±6.5% for giant close-in 
candidates (observations: SOPHIE data) 

3. Fressin et al. (2013): global FPP 
9.4±0.9% (modelisation)

4. Santerne et al. (2013): 
re-evaluation of Fressin’s value 
to 11.3±1.1% (modelisation)

Main source of false-positives in Kepler field:
1. Companion transiting planets 
2. Background transiting planets
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We see that the difference and OOT images are very similar and star like, and the 
difference image pixel values are not very negative.  All the markers lie on top of one 
another.  If the other quarters look like this we have an easy “pass”.  We don’t expect to 
see very many of these because these are easy to identify algorithmically, so they have 
already been determined to have no centroid offset.   
 
We also like to see this: 

 
Again we see that the difference image pixel values are almost entirely positive (the red 
cross indicates a very slightly negative pixel, an unintended artifact of high SNR pixel 
values) and the bright pixels in both images is star like.  The “+” and “x” lie on top of one 
another, indicating that in this quarter the OOT PRF-fit centroid found the target star.  
But the difference image is very different from the OOT image, indicating that the transit 
signal is strongly separated from the target.  The “!” indicates a reasonable estimate of 
the transit signal location (though it is likely a little off because the signal is at the edge of 
the pixel aperture).  In this case both PRF-fit centroid methods can be trusted. 
 
Sadly we often see pixel images that are not so nice. 



Background stellar 
density
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from Kepler to 
PLATO2.0
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• Eclipsing binary ➙ same or less FP
• Triple system ➙ same or less FP
• Companion transiting planet

➙ same or more FP (?)
• Background eclipsing binary

➙ depends on background stellar density
• Background transiting planet

➙ depends on background stellar density
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11 From Besançon Galactic Model
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Unveiling PLATO2.0 
candidates’ nature
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• Eclipsing binary ➙ need RV
• Triple system ➙ need RV
• Transiting planet in binary ➙ need RV
• Background eclipsing binary ➙ need AO & RV
• Background transiting planet ➙ need AO & RV



conclusion
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• False positives are a classic nuisance in transit 
surveys & a limitation for statistics studies 
based on the candidates.

• Faint stars are difficult to follow-up with 
ground-based spectrographs 
➙ need bright stars, need PLATO !

• Bright stars ➙ lower background stellar 
density BUT we need good centroid precision


