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The California-
Kepler Survey

¢ _Led by Andrew Howard, Geoff Marcy,
John Johnson

e ~50 Keck nights (2011-2015)

e HIRES spectra of 1305 stars hosting 2025
planet candidates

e Sub-samples:
e Magnitude limited (Kp < 14.2) (Nx = 960)
e Multis (Nx = 484)

e USPs (P < 1d) (Nx = 71) 3 4 5 6 7

Planets per Star

e Habitable Zone (Nx = 127)

Petigura, Howard, et al. (2017)

BJ Fulton Know Thy Star 2017



e High resolution: R ~ 50,000 *High SNR

e Enables measurement of vsini * Precision spectroscopy

All spectra and parameters are public s for faint SB2

astro.caltech.edu/~howard/cks
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http://astro.caltech.edu/~howard/cks

The California-Kepler Survey

BJ Fulton

oTers (Q16) = 156 K ologg (Q16) = 0.17 dex
oTeif (CKS) = 60 K ologg (CKS) = 0.07 dex
ocM/M (Q16) =14% oR/R (Q16) = 39%
oM/M (CKS) = 5% oR/R (CKS) = 10%

Know Thy Star 2017
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The Radius Gap
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The Radius Gap
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The Radius Gap
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The Radius Gap

Weiss et al. (2016)
rocky

Weiss et al. (2016)
w/ volatiles
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The Radius Gap

25t USPs (P <1 d)
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Flux Dependency
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Flux Dependency

Models per Bin
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Photo-Evaporation Causes Gap

- Predicted by Theory

* Owen & Wu (2013)
Stable to

* Lopez & Fortney (2013) Evaporation

* Jin et al. (2014)

* Chen & Rogers (2016)

- Explanation
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* High energy XUV photons emitted during
star’s first 100 Myr erodes envelopes
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* Most sub-Neptunes are ~3% H/He by mass

* 3% H/He envelopes have longest mass

- 1079 10~2 101
loss timescale

Envelope Mass Fraction

(L102) N\ pue uamQ

* Planets are “herded” into two typical
sizes



XUV photons 20% H/He

~3% H/He

~3 M. Core
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XUV photons
~0.3% H/He

0% H/He

~3 M. Core
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Photoevaporation

Time = 0.10 Myr
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Photoevaporation

Fulton, Petigura, et al. (2077)

Observations

L
&)

Major Implications

e Maximum core size ~3 Me

Planet Size [Earth radii]

e Earth-like composition
1.0

3000 S][gﬁgr il - - (Water-poor)

e Large scale migration after
100 Myr is uncommon

Planet Size [Earth radii]
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A Fulton, Petigura, et al. (2017)
* Precision spectroscopy for

2025 KOls
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Completeness Corrections
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Completeness Corrections
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BJ Fulton
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Previous Occurrence Studies

Howard et al. (2012)
Planet Occurrence Within 0.25 AU
of Solar-Type Stars from Kepler

Petigura et al. (2013)

Prevalence of Earth-size planets
orbiting Sun-like stars

Morton et al. (2014)

The Radius Distribution of Planets
Around Cool Stars

1022 1021 1020 1Q18 20 40 60 80 100
Owen & Wu (201 4) Jdt F, [erg/em?] N(R)
Kepler Planets: A Tale of
Evaporation




Planets remaining after filter Planets removed by filter
- full sample (2025)
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The California-Kepler Survey

Keck/HIRES spectra

for 1305 Kepler : :
Objects of Interest 6.0 Cla|lf0rnlla-Kep|elr Survey (CKS)
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Adding an Atmosphere
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Planet inflation depends on: Mcore, Teff, internal heat sources



