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Current exoplanet population from Kepler 2

Kepler  Exoplanetary occurrence rates around FGK stars:
[Dattilo, Batalha, Bryson 2023]



Reliability challenge of Kepler Catalog 3

[Thompson 2018]

• Reliability: Fraction of catalog events that are real planets 



Challenge: false alarms at low MES, long period 4
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[Burke 2019]
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Scrambling:

• Destroy periodicity
• Preserve noise properties

• MES: Multiple-event statistic (SNR of multiple-transit signal)



False Alarms 5

Example of how a false alarm in inverted light curve can mimic a 
confirmed planet (the reader was invited to guess which is which)

[Source: Mullaly 2018]



Our Independent search pipeline 6

• Goal: Estimate the population of small long-period planets with Kepler

• Focus of the pipeline: Search reliability (control false alarms)

• Main methods: 

+ Exact detection statistic 

+ Background distribution control

+ Empirical significance estimation



Pipeline methods



Single-transit detection statistic 8
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Data model:

TemplateFlux Covariance matrix

𝑑 = 𝐴ℎ + 	𝒩 0, 𝑪



Single-transit detection statistic 9
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Calculating Single-event statistic 10
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Search scheme 15

Multiple-event 
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Significance 
Evaluation

• Measured noise spectrum 
(PSD) 

• Physical template bank



Search scheme 16

Multiple-event 
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Non-Gaussianity of single-event statistic (SES) distribution 17
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Non-Gaussianity of single-event statistic (SES) distribution 18

How it contaminates periodic score:

Good planet – big score

Bad glitch – big score 
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Transit shape veto 19
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Non-Gaussianity correction 20

𝜉 = 2 log
ℒ-. 𝜌!"!|ℋ/0123
ℒ. 𝜌!"!|ℋ/0123

ℒ-.

ℒ.

Adding the non-Gaussianity correction to the score:
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Search scheme 22
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Integral statistic score 23
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• IMES: Integral multiple-event statistic:      𝜌!"#$ 	 ∝ log ℒ
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Search scheme 25

Multiple-event 
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𝑃!"#$%&	significance metric 26

What is the probability that this event is planet and not noise?

𝑃!"#$%&	 =
𝜋!	ℒ 𝜌|ℋ!"#$%&	

𝜋!ℒ 𝜌|ℋ!"#$%& + 1 − 𝜋! 	ℒ 𝜌|ℋ$()*%

Prior

Planetary 
distribution

Background 
distribution
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Significance estimation 27
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Significance estimation 28
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Provides a per-star 
sensitivity metric



Example of pipeline output 29



Pipeline performance evaluation 



31Test 1: recovering faint Kepler confirmed planets



Detection efficiency increase of the new IMES score 32



Running the pipeline on the Kepler data



Global search trigger distribution 34



Global search trigger distribution 35
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[Burke 2019]



36Preliminary catalog from the search


