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Goals of Architectures Il|

Use Kepler's candidate multi-planet systems to understand architectures of planetary
systems: spacing of planets, correlations of parameters with planetary multiplicity, etc.

Extend our previous studies to entire Kepler sample using refined statistical techniques
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Goals of Architectures ll|

Use Kepler's candidate multi-planet systems to understand architectures of planetary
systems: spacing of planets, correlations of parameters with planetary multiplicity, etc.

Extend the studies of Lissauer, Ragozzine, Fabrycky, et al. (2011, ApJS 197, 8) &
Fabrycky, Lissauer, Ragozzine, et al. (2014, ApJ 197, 8) to the entire Kepler sample using
refined statistical techniques

Uses planet candidates rather than verified planets
to avoid biases in verification methods



Scope of Architectures Il

* Special-purpose catalog of planet candidates (under construction)

* Comparison of distributions of planetary properties for different
multiplicities

* Period ratio studies

* Three-body resonances

* Relative inclinations

* Distribution of planetary system characteristics, including multiplicity
* Dependence of system architectures on planetary & stellar properties



Scope of Architectures lll, Part 1

 Special-purpose catalog of planet candidates (under construction)
* Comparison of distributions of planetary properties for different
multiplicities

* Period ratio studies
* Viewing the elephant from different perspectives & distances
* Are (two-body) resonances overabundant?
* How does the distribution depend on stellar properties

* Three-body resonances
* Abundance & characteristics

* Relative inclinations
 Distribution of planetary system characteristics, including multiplicity
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Period Ratios Adjacent Pairs of Planets
Cumulative Distribution Function (CDF)
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Standard Period Ratio Histogram
(Arch Il: Fabrycky et al. 2014)
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Period Ratios Histogram - Bins of Different Width
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Period Ratios Histograms — Width & Phase

* Appearance of histogram depends strongly on value of bin
width used

* Narrow bin resolve structure, but plagued with statistical noise

* Choice of phase also affects appearance of histogram

* Unnecessary loss of information
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Period Ratios Histograms vs. KDEs

* Appearance of histogram depends strongly on value of bin
width used

* Choice of phase also affects appearance of histogram

» Using Kernel Density Estimators (KDEs) shows all phases
equally



Numerical Derivative of CDF, Mask Size =4
(Arch I: Lissauer et al. 2011)
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Slope of CDF

Period Ratios — Numerical Derivatives




Period Ratios — Numerical Derivatives

Mask Size: 2
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Slope of CDF

Period Ratios — Numerical Derivatives
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Slope of CDF

Period Ratios — Numerical Derivatives
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Slope of CDF

Period Ratios — Numerical Derivatives
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Period Ratios Histograms vs. Derivatives of CDF

* Appearance of histogram depends strongly on value of bin
width used

* Choice of phase also affects appearance of histogram

» Using Kernel Density Estimators (KDEs) shows all phases
equally

* Numerical derivatives of CDF shows finer structure in regions
with many planet pairs



Planet Period Ratios — Split at T« = 5543 K
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Radius distribution of planets in multis (T,;,=5543 K)
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Period Ratios split at T« = 6100 K
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Figure 20. KDE: Period ratio of cold (left, < 6100K) and hot star (right, > 6100K) multis. Data taken from
koiprops-20190116.csv



Period Ratios split by Ri, e panet =17 Re

*R<1.7R, R>1.7R.

o

1} ! 1+
o =
Q Q !
(o W) oW

0.5F L 0.5} M
(,m 'IAAM‘.&,MI\A oo A ”.A hoho o Ao 0 led : I.J.ﬁ. ilhz.,qiul ahmll Ado & oo
| 7 | 2 6 7
Per l()(l Rm,lu l’vl l()(l Rm,ln

Figure 17. The period ratio distribution split by the median radius (1.69 R ,) of the inner planet of all adjacent planet pairs,
displayed as a kernel density estimator with a top hat kernel of width 1/64. There are 475 pairs where the inner planet is smaller
or equal to the median, with smaller inner planets in the left panel and larger inner planets on the right,



Period Ratios split by median period
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Results for 1t-order Mean Motion Resonances

* Significant excess of planet pairs just wide of MMRs
* Significant deficit of planet pairs just narrow of MMRs

* Dips and peaks near MMRs almost cancel out
* only slight net excess of planet pairs near MMRs

* most Kepler planets are neither in nor near resonance



