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Backstory. Before 1995… 



Planet Formation. 
Must understand the physical processes by which micron-

sized grains in protoplanetary disks grow by 10~13-14 in size 
and 10~38-41 in mass. 

Hard! 



A Fairy Tale. 



Bottom-Up Planet Formation. 

(e.g., Lissauer 1987; Ida & Lin 2004, 2005)	





The Snow Line. 
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Rocky Cores Icy+Rock Cores 



Core Accretion. 

(Pollack et al. 1996)	



Slow Growth	

 Critical 
Core 
Mass	





Terrestrial Planet 
Formation. 

(Kokubo & Ida 2002, Raymond et al. 2006)	





Matched Data Well. 



1995: A Planetary Companion to 51 Peg	



(Mayor & Queloz 1995)	





Planet formation is really hard! 

Additional physics, e.g.,  
•  Migration 
•  Influence of host star mass, metallicity 
•  Dynamical interactions 
•  Tides 
•  Disk properties 
•  Other models!  (e.g., disk instability) 
•  Etc. 



Testing and Refining 
Theories. 

•  Physical processes at work during planet formation and 
evolution are imprinted in planet distributions. 

•  Examples: 
–  Feature in mass function near ~10 Earth masses. 
–  Paucity of giant planets around low-mass stars 
–  Free-floating planets 

•  By determining the demographics of exoplanets, we can 
test and refine theories of planet formation and evolution. 



Meanwhile… 



Semi-analytic planet formation. 

(Mordasani et al.  2009)	
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Meanwhile… 



20+ Years of 
Exoplanets. 



Strange New Worlds. 



Strange New Worlds. 



Strange New Worlds. 



Strange New Worlds. 



Strange New Worlds. 



Strange New Worlds. 



Strange New Worlds. 



Strange New Worlds. 

~1500 Confirmed Planets 
~3300 Planet Candidates 





Detailed Predictions. 

•  Detailed predictions for the demographics: 
•  (e.g., Ida & Lin 04,05,08; Alibert et al. 2005; Thommes et al. 2008, 

Mordasini et al. 2009, many others) 
•  Alternative models for giant planets formation (e.g., Boss 1997, 

Durisen et al. 2007, many others) 



No! 

Why not? 

*	



*well, a few.	





So What is the 
Problem? 



Challenges of Comparing 
Data to Models. 

•  Limited (and sometimes non-overlapping) 
ranges of sensitivity of different methods. 

•  Current experiments not sensitive to the “full” 
range of parameter space. 

•  Different methods measure different planet 
properties. 

•  Many surveys do not determine, or do not 
provide, their: sample selection, detection 
efficiencies, non-detections, etc.  



“Big Four” 



Limited range 
of sensitivity. 
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Sensitive to 
different 

parameters. 



Observables. 
•  RV: minimum mass, period, eccentricity 
•  Direct detection: flux or luminosity, spectra, 

projected separation, age (?) 
•  Transits: radius ratio, period, mass (with 

RV follow-up). 
•  Microlensing: mass ratio, projected 

separation in units of RE 

•  Astrometry: angular orbital radius, mass 
ratio, eccentricity, inclination. 



Intrinsic 
biases. 



Observed distributions ≠ intrinsic distributions 

(Jackson et al 2008; Miller et al. 2009; Ibgui & Burrows 2009)	





Transit “Malmquist Bias” 
l	
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•  Can detect deeper transits around fainter stars	


•  Can detect shorter-period planets around fainter stars	
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⇒   Selection of candidates must be done carefully, objectively, 
and automatically.	



Strongly favors bigger planets	

Favors shorter periods	



Sensitive function of S/N	







Synthesis. 



(Gould et al. 2010, Sumi et al. 2009, Cassan et al. 2012) 



(Clanton & Gaudi, in prep) 
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Undetectable!

Detectable"
Trends"
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Future. 



Toward a statistical census of exoplanets. 
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Summary. 
•  Many challenges to synthesizing results 

from different surveys and different 
methods. 

•  The time has come to face these 
challenges: theoretical models have 
developed to the point of making a priori 
predictions for exoplanet demographics.  


