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Constraining Formation Models 



Part I. 
Demographics of Planets 

Around M Dwarfs 
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Data from the NASA Exoplanet Archive 
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Exoplanet Censuses of M Dwarfs from Individual 
Methods 
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Sensitivities of Microlensing and RV Surveys 



Consistency Between Microlensing and RV Results 
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Improving Constraints on Long-Period Planets 



Direct Imaging + Microlensing + RV Trends 



Constraints on Long-Period Planetary 
Companions to M Dwarfs 

Microlensing 
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Methodology 

Microlensing RV Direct Imaging 
 
 
 
 

 
 
 
 
 

- Orbital Parameters 
- Lens Distances 
- Lens Mass Function 
- Galactic Model 

- Orbital Parameters 
- Host masses 

- Orbital Parameters 
- Ages and Distances 
- Planet Evolution Models 
                (Hot-/Cold-Start) 
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Above figure from Bowler+ (2015) Above figure from Gould+ (2010) 



Results: Microlensing + RV Trends + Imaging 



Results: Marginal Distributions 



Results: Final Parameter Constraints 



Updated Demographic Constraints 



Part II. 
Constraining the Galactic 

Population of Free-Floating 
Planets 



MOA-II Data (2006-2007) 

Data from Sumi+ (2011); Sumi+ (2013) 



Explaining the Observed Timescale Distribution 



Explaining the Observed Timescale Distribution 

tE ≤ 2 days 



Free-Floating Planets? 

Figure from Sumi+ (2011) 



Free-Floating Planets? 

Figure from Sumi+ (2011) 

1.8-0.8

+1.7 Objects per M-S Star 



Short Timescale Events Show No Evidence of a Primary 

tE ≤ 2 days 



Distinguishing Wide-Separation from 
Free-Floating Planets 

1. Low-Magnification Primary “Bump” 

2. Planetary Caustic Events 



Distinguishing Wide-Separation from 
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Constructing the Timescale Distribution of 
Bound Planetary Companions 



Bound Planets + LMF: 
Fit to Observed Timescale Distribution 

Maximum Likelihood Fits 



Bound Planets + LMF: 
Fit to Observed Timescale Distribution 

Maximum 
Likelihood and  
68% Confidence 
Interval Fits 



Constraints on the Galactic Population of Free-
Floating Planets 



Constraints on the Galactic Population of Free-
Floating Planets 

Median 68% CI 95% CI 

Hot-Start 0.67 0.44-0.78 0.23-0.85 

Cold-Start 0.58 0.40-0.74 0.14-0.83 



Bound Planets + FFP + LMF: 
Fit to Observed Timescale Distribution 

Maximum Likelihood Fits 



Bound Planets + FFP + LMF: 
Fit to Observed Timescale Distribution 

Maximum 
Likelihood and  
68% Confidence 
Interval Fits 



Constraints on the Galactic Population of Free-
Floating Planets 



Constraints on the Galactic Population of Free-
Floating Planets 

Median 68% CI 95% CI 

Hot-Start 1.4 0.95-1.7 0.48-1.8 

Cold-Start 1.2 0.87-1.6 0.29-1.8 
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Comparison with Population Synthesis Models 

“Toward a Deterministic 
Model of Planetary 
Formation” Series 
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Each Simulation 
Fixed M

 

Mean [Fe/H] = 0, σ[Fe/H] = 0.2 
log(τdisk) = 6.5, σlog(τdisk) = 0.3 

Features and Initial Conditions 
Resonant Trapping and Giant Impacts 
Type I, Type II Migration 
MMSN-like Surface Density Distribution, Σ~a-1.5 

Alpha viscosity ~ 10-3-10-4 

Initial Planetesimals Distributed Between 0.5-20 AU 
Initial Embryos Distributed Between 0.5-10 AU 
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Part IV. 
Future Research 



Synthesis of “The Big Four” 
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Kepler + WFIRST 
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