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An Innocent Question 1

How has the Kepler sample changed in the last 8 years?

of Earth-sized planets
𝑅! = 0.5, 1.5 	𝑅⊕

orbiting M dwarfs
𝑇#$$ ≈ 2000, 4000 	𝐾

since 2015
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Throwback to Dressing & Charbonneau (2015) 2

2015 2023

n	=	6
𝜂⊕ =	24	"#$%#	%

Dressing & Charbonneau (2015)

Candidate Reliability
e.g., Bryson et al. (2020)

Kepler DR25
Thompson et al. (2018)

Gaia-Revised Properties
e.g., Berger et al. (2020)

Δ	forehead ≈	 3 in.
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Gaia Revisions 3

K Dwarfs ←   → M Dwarfs

Dressing & Charbonneau (2015)
Berger et al. (2020)

some planet hosts 
are still here

some planet hosts 
are over here now

Kepler observed 
more stars and 

planets after 2015
←   → +
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Updated Sample of Earth-sized Planets 4

2015 2023

60% 
Reliable

n	=	6
𝜂⊕ =	24	"#$%#	%

n	≤	1
𝜂⊕ =	? ?	"?$?%

Dressing & Charbonneau (2015)

Kepler DR25 + 
Gaia DR2

Thompson et al. (2018), 
Berger et al. (2020)
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An Incomplete Picture 5

Current Kepler Sample Directly Measured Occurrence Rates
via the Inverse Detection Efficiency Method
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Updated Occurrence Distribution 6

Habitable Zone Binned Occurrence Rates
Inverse Detection Efficiency Method

Population Model
with 1σ uncertainties
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Comparing 𝜂⊕ Estimates 7

24	%&'(&	%

14	%()'*+	%

33	%(*'(,	%

M Dwarfs

9	%*')	%
37	%*('-&	%

11	%.'/	%

16	%.'0 	%

Sun-like Stars

For M dwarfs, 𝜂⊕ is less 
observationally constrained than 

previously believed.

Kepler offers no evidence for higher 𝜂⊕ 
around M versus FGK stars.
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The Limits of Kepler 8

no data for
FGKM comparisons

via the
Inverse Detection 
Efficiency Method
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K2

Additional Transit Data Beyond Kepler 9

TESS

check out Ment & Charbonneau (2023)!
check out works by the Scaling K2 team! 
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Also in Bergsten et al. (2023):
• Modeling in instellation vs. in orbital period
• Detailed comparisons across spectral subtypes
• Implications for planet formation / evolution

n = 6 n ≤ 1

Fin. 10

Earth-sized Habitable Zone Planets around M Dwarfs
• Not well-constrained from observations
• New models suggest a frequency of 14 #$%

&'( %
• Ongoing & future surveys will improve uncertainties

arXiv:2310.11613 | 2023AJ....166..234B

https://ui.adsabs.harvard.edu/link_gateway/2023AJ....166..234B/arxiv:2310.11613
https://iopscience.iop.org/article/10.3847/1538-3881/ad03ea
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Backup Slides

for the Inquisitive Audience
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Host Star Temperatures 12
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Updated Planet Sample 13
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Occurrence Rates – IDEM 14
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Occurrence Rates – Models 15
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Population Models – Orbital Period 16
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Population Models – Instellation 17
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HZ Occurrence Rates 18
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Break Parameters 19


