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GOALS 

•  We have photometry and (usually) RV of exoplanets 
•  Many overlapping constraints -- best determine 

planetary properties if we fit them simultaneously 



BEST-FIT 

•  Global Fits 
•  BLS 
•  Lomb-Scargle 

Periodogram 

•  Local Fits 
•  Amoeba 
•  Levenberg-Marquardt 

•  Scale errors 



UNCERTAINTIES: MCMC 

• Best fit by itself 
has very little 
meaning 

• MCMC 
characterizes 
uncertainties 

• !  "   ​$↑​​−&↑2 /2   



PARAMETERIZATION: 
COVARIANCES VS PRIORS 

•  Trade off in 
parameterization 

• Want minimal 
covariances 

• Want physical priors 
• Not always clear 

what those are 



STEPPING SCALE: 
DIFFERENTIAL EVOLUTION MCMC 

• How do you step? 
•  Too big, too many 

steps get rejected 
•  Too small, too many 

steps get accepted 
•  Want ~20% 

acceptance 

•  Ideal step mirrors the 
covariance matrix 
•  But that’s what we’re 

trying to figure out! 
ter Braak, 2006 

 



CONVERGENCE 

•  Each chain starts 5*stepsize*Gaussian Random 
away from best fit and run independently 

•  Stop when they all agree within some limit 

Gelman, et. al.,  2003 



RV MODEL 



RV PARAMETERIZATION 

•  ​​log ⁠) , ​*↓, ,  √⁠$ ./0​1↓∗ ,√⁠$ 
023​1↓∗ ,  log ⁠4 ,  5 

• 4= ​(​278/)​(​9↓∗ + ​9↓) )
↑2  )↑​1/3  ​​9↓) ​sin ⁠2 /√√1− ​
$↑2    

•  ​*↓) ? 
•  $./0​1↓∗ ,$023​1↓∗ ? 
•  $,   ​1↓∗ ? 







ECCENTRICITY 

• Expect tidally 
circularized 

•  Small eccentricities 
significant 

• Other bodies? 
•  Tidal Q? 



ECCENTRICITY BIAS 
PRIOR BIAS 

•  Without correction, 
priors are uniform in 
stepping parameters 

•  $./0​1↓∗ ,  $023​1↓∗  imply 
linear prior in $ 

•  Must correct or use a 
parameterization 
intrinsically uniform 



ECCENTRICITY BIAS 
LUCY-SWEENEY BIAS 

• Problem for all 
positive-definite 
parameters 

•  Zero phase space 
at exactly zero 

• Any error 
(systematic or 
otherwise) 
necessarily skews 
result positive 



ECCENTRICITY BIAS 
METROPOLIS-HASTINGS ALGORITHM 

•  Rejected steps 
•  The previous step must be 

copied in its place 
•  Inefficient? 
•  Unintuitive? 

•  Boundaries 
•  Chains must be allowed 

to step out of bounds 



TRANSIT MODEL 







CHANGING LIMB DARKENING 





TRANSIT PARAMETERIZATION 

•  ​log ⁠) ,   ​*↓, ,$,   ​1↓∗ , ​​;↓) /​;↓∗  , ​cos⁠2 , ​</​;↓∗  ,   ​=↓0 , ​>↓1 , ​>↓2  
•  ​cos⁠2 , ​</​;↓∗  ⇒?,  *? 
•  ​cos⁠2 , ​</​;↓∗  ⇒​*↓* ,   ​*↓= ? 
•  ​​;↓) /​;↓∗  ⇒@~ ​(​​;↓) /​;↓∗  )↑2 ? 



OTHER BIASES? 

• Other  positive-­‐de=inite  
parameters: 

•  ​​;↓) /​;↓∗   
•  ​cos⁠2  



RV + TRANSIT PARAMETERIZATION 

•  Radial Velocity ​​⇒log ⁠) , ​*↓, ,  $,   ​1↓∗ ,  log ⁠4 ,  5 
•  4= ​(​278/)​(​9↓∗ + ​9↓) )↑2  )↑​1/3  ​​9↓) ​sin ⁠2 /√√1− ​$↑2    

•  Primary Transit ⇒​log ⁠) ,   ​*↓, ,$,   ​1↓∗ , ​​;↓) /​;↓∗  , ​cos⁠2 , ​a/​R↓∗  ,   ​
=↓0  

•  Kepler’s Law: ​)↑2 =   ​4​7↑2 ​<↑3 /8( ​9↓∗ + ​9↓) )  
•  One-parameter family of solutions 

•  ​A↓∗ = ​8​9↓∗ /​;↓∗↑2  

•  Torres et al., 2010: C/A​A↓∗ ,[​Fe/H ],   ​*↓$FF ⇒​9↓∗ ,   ​;↓∗  
•  Claret & Bloeman, 2011: C/A​A↓∗ ,[​Fe/H ],   ​*↓$FF  ⇒   ​>↓1 , ​>↓2  



EXOFAST 



BEST FITS 



PARAMETER DISTRIBUTIONS 



COVARIANCES 



LATEX TABLE 

• Round each error to 
two significant digits 

• Round value to 
precision of error 

•  LaTeX source code 
• Eliminates typos 



COMPARISON 

Torres, et. al., 2007 
 

​G↓∗ = ​37/8​)↑2  ​(​</​;↓∗  )↑3 =2.67  A  
.​H↑−3  ​G↓∗ = ​3​9↓∗ /​​47R↓∗↑ ↑3  =2.36  A  .​H↑

−3  

Ours is 10x smaller - typo? 



ONLINE TOOLS 
HTTP://ASTROUTILS.ASTRONOMY.OHIO-STATE.EDU/EXOFAST/ 

• RV fitting 
•  Slope/no slope 
•  Circular/eccentric 

•  Transit fitting 
•  Includes detrending 

• Ephemeris 
generator 

•  Limb darkening 
•  Linked to 

exoplanets.org 
 



EXTENSIBLE 

•  Modular framework 
•  Add additional effects 

•  Rossiter Mclaughlin, 
TTVs (Siverd et al., 
2012) 

•  Secondary eclipses, 
Beaming, reflection, 
ellipsoidal variations 
(Shporer, Tuesday) 

•  Or even completely 
different models using 
same core routines  



SUMMARY 

•  Differential Evolution MCMC is the only way to go 
•  Careful attention to eccentricity; less biased 
•  Simultaneous fitting  

•  takes advantage of all data 
•  eliminates overlapping free parameters 
•  automatically accounts for covariances 
•  Self-consistent (​G↓∗  is the same from light curve and stellar 

parameters) 

•  Created EXOFAST for the community 
•  http://astroutils.astronomy.ohio-state.edu/exofast/ 


