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Outline

* “Peas in a pod” in Kepler multi-planet systems
* Potential observational bias(es)
e Summary



Solar system diversity

Chen & Kipping (2017)
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Similar sizes In Kepler planets?

* Transit detects planet-to- By
star radius ratio.

 Adjacent Kepler planets = |
tend to have similar sizes © ¢/
(Lissauer et al. 2011, v |
Ciardi et al. 2012). E mal

Outer planet radius / inner planet radius
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Quantifying the detection significance
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What the size correlation means?

e Planets “know’ about each other.

* Planets “know” about the system they formed 1n.

* Planets “know” nothing.

Murchikova & Tremaine (2020)



“Peas 1n a pod” pattern has important
Implications to theoretical models.

()

Pebble isolation

(iii)
mass (~ 10 Mg)

Lambrechts et al. (2014); Liu et al. (2019)
(see Ormel 2017 for areview) ¢




Take-home message

Planets in Kepler multi-planet systems
appear similar 1n size, but this “peas in
a pod” pattern may just be the
consequence of several observational

blases.
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Reproducing the observed size
correlation
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« Variation in detection threshold produces size correlation in pairs of adjacent planets.
« However, the required size distribution is very steep (r=4). 12
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Do solar system planets show
“peasin a pod”’?

e No, if knowing all planets

e Giant planets are not observable: orbital period too long
e Mercury & Mars undetectable: too small
e Yes, if only Venus & Earth are seen



Solar system In eyes of Kepler
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Hidden giants in Kepler-like systems

Minimum mass (Mg )
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Kepler-48 as an example
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Hidden giants in Kepler-like systems

Minimum mass (Mg )
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Hidden giants in Kepler-like systems

22 from Kepler (triangles) + 39 from RV (squares)

e -~ A AN P(CJ|SE) ~ 33% vs. P(CJ) = 10%
 -0.5-0.3-0.1 0.1 0.3 = P -
[Fe/H] S ] e 1/3 of Kepler systems have cold
107 F . V 3 Jupiter companions.
_ Cold Jupiters —= = >50%, if [Fe/H]>0.
s Super Earths o
ﬁ 102 E 0.30M ; LN S e T N .
e o l L e e 3 P(SE|CJ) - P(CJ) = P(CJ[SE) - P(SE)
E I a ; Eri > )
= ——— < i — P(SE|CJ) = 100%
1 Xb‘“f ; Ff e | T "
te g2y L ; e Cold Jupiters (almost) always
> &0 S } have inner super Earth
-y } | - companions!
T w

Period (days)
Zhu & Wu, 2018, AJ, 156, 92

(see also Bryan et al. 2019, Herman, Zhu, & Wu 2019) 13



Coexisting giant planets: theoretical

Implications

(i)
Pebble (~ cm)
iy (P
planat
G '°?a“°” Pebble isolation
: mass (~ 10 My)
(iv)

23



Summary

* Multi-planet systems from Kepler show “peas in a pod”
pattern.

* In Kepler’s eyes, so does Solar system.
* Implications to theoretical models (e.g., pebble accretion).

* VVariation of detection threshold leads to size correlation.
* Steep size distribution is required.

» Kepler systems contain distant giant planets and, possibly,
close-In tiny planets.

A Solar system-like architecture?



