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Most exoplanets
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Most exoplanets Radius valley

Fulton+17
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Most exoplanets Radius valley

Fulton+17
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Most exoplanets Radius valley

Fulton+17
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Where are Kepler’s missing young planets?



Where are Kepler’s missing young planets?
5,000 planets. t/Gyr ~ U[0,10]

Age distribution:
Binney+00, Nordstrom+04



Where are Kepler’s missing young planets?
5,000 planets. t/Gyr ~ U[0,10] = Expect 500 sub-gigayear planets.

Age distribution:
Binney+00, Nordstrom+04



Where are Kepler’s missing young planets?
5,000 planets. t/Gyr ~ U[0,10] = Expect 500 sub-gigayear planets. 50 observed!
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Stellar ages: open clusters
anchor rotational ages for field stars
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Fit from 3800 to 6200 K
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Stellar ages: open clusters
anchor rotational ages for field stars
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Binaries are removed:;
Fit from 3800 to 6200 K
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Lithium in Keck/HIRES spectra of KOls provides independent ages
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Kepler’s open clusters provide extra verification
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Young Kepler stars 3-5x more rare than their 3 Gyr counterparts
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https://www.degreesymbol.net/

Kepler’s age distribution is a product of both
kinematic heating & star formation history

Just kinematic heating
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Field ages offer 2-3x expansion for demographics at 0.1-1 Gyr
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Field ages offer 2-3x expansion for demographics at 0.1-1 Gyr

Color: t<1 Gyrat 20
Current lit. + Gyro

™ O
fcﬁ 10 °
S
L
S ) 0‘ -
8 2 %
= ©10°
O 1 s 8!
= >10
S 7
< 10
0.1 1 10 100 1000

Orbital period (days) Bouma+24



Precision limit for rotational & lithium ages set by
Intrinsic scatter in open cluster distributions.

* Rotation: gyro-interp (Bouma+23)
 Lithium: eagles (Jeffries+23, Weaver+24)
e Calibrated for: single FGK stars at < 4 Gyr near solar metallicity

Youngest Kepler stars 3-5x rarer than stars 3 Gyr old.

* Age distribution product of both kinematic heating and declining SFR
* Unresolved binaries main source of uncertainty

Kepler's missing young planets no longer missing.

* 10x discrepancy now < 2x, due to declining dN/dt and new rotational ages

* N=109 Kepler planets with t < 1 Gyr: useful for demographics (Bouma+24)
e TESS, PLATO, Roman, & Rubin will open new stellar populations, young & old

Yuri-Beletsky

Luke Bouma
Ibouma@carnegiescience.edu
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Rotation Period [days]

How precise are gyro ages?
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1) Interpolates between clusters
0.08 - 4 Gyr, FGK (3800-6200 K)

2) Fits the scatter

Normal + trailing uniform distribution

Let uniform distribution converge with ZAMS o s
3) CaICU Iates p(t ‘ Prot, Teff) by 6000 5000 4000 6000 5000 4000 6000 5000 4000
marginalizing over scatter

6000 5000 4000 6000 5000 4000 6000 5000 4000

Best-fit Model . Best-fit Model . Best-fit Model

Samples Samples Samples
-@- Data # : -@- Data ' -@- Data

7’
*/
¢y
7
7’

4
i

6000 5000 4000 6000 5000 4000 6000 5000 4000

Fast fraction

Effective Temperature [K]

Bouma+2023



1) Interpolates between clusters
0.08 - 4 Gyr, FGK (3800-6200 K)

2) Fits the scatter

Normal + trailing uniform distribution
Let uniform distribution converge with ZAMS

3) Calculates p(t| Prot, Teff) by
marginalizing over scatter

> Reproduces <4 Gyr spin-down

With the evolving fast fraction!
With stalled spin-down!
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Rotation Period Data - Model [days]

Fast Fraction

How do unresolved binaries affect gyro ages?
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li age [myr]
Il age [myr]

% - : # *Kepler-786: mystery :
200 400 600 800 1000 1000 2000 3000 4000 5000 o000
gyro age [myr] gyro age [myr]

gyro-interp (Prot) vs. eagles (Li) age scale comparison

They mostly™ agree, but not many stars overlap!
Bouma+24 suppl.
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