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Overview

● Summary of Available Packages
● Worked examples for 4 packages

– VARTOOLS

– FITSH

– JKTEBOP

– Phoebe



  

Available Packages

● Many packages! Here we focus on the following selection:
– Provides tools for analysis of TEP LC or RV data

● Excludes:
– Image or spectroscopic reduction tools
– Stellar modelling tools

– Tool is executable (not a function, or library of functions)

– Publicly available

– Free (though platform may not be free)

– I'm aware of it



  

Name Uses Platform URL
EXOFAST, Time MCMC fitting of transit LCs and/or RV 

data
Time conversion

Web, IDL http://astroutils.astronomy.ohio-state.edu/

FITSH Fitting RVs+LCs (general nonlinear 
fitting), image reduction and 
photometry

C http://fitsh.szofi.net

JKTEBOP Fit detached EB LCs, approximate 
proximity effects

Fortran http://www.astro.keele.ac.uk/jkt/codes/jktebop.htm
l

Nightfall Fit EB LCs and RVs (detailed proximity 
effects)

C + GTK http://www.hs.uni-
hamburg.de/DE/Ins/Per/Wichmann/Nightfall.html

PHOEBE Fit EB LCs and RVs (detailed proximity 
effects)

C + GTK + Fortran http://phoebe.fmf.uni-lj.si/

PhoS-T Image Reduction+photometry. Fitting 
transit LCs.

GTK + Python + 
Fortran + BASH

http://www.hs.uni-hamburg.de/grk/phost.html

Systemic Fits RVs. Handles multi-planet 
systems, dynamical interactions (RVs 
and TTVs). Period search.

Java http://www.ucolick.org/~smeschia/SystemicConsol
e/

TAP
autoKep

MCMC fitting of transit LCs
Prepare Kepler LCs for TAP.

IDL http://ifa.hawaii.edu/users/zgazak/IfA/TAP.html

VARTOOLS General time series analysis (trend 
filtering, transit search, some fitting, 
transit recovery simulations). Batch 
processing LCs.

C http://www.astro.princeton.edu/~jhartman/vartools
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VARTOOLS
● Hartman et al., 2008, ApJ, 675, 1254
● General Time-Series Analysis
● written in C, run on command-line
● Read-in one or more light curve, process each light curve with one or more “command”.
● allows parallel processing.
● For this workshop, primary uses:

– Transit search
● LC statistics
● Variability search 
● Trend filtering

– Harmonic fitting/subtraction.
– Decorrelation
– Median Filtering
– TFA or SYSREM

● BLS
● Transit model fitting

– Transit yield simulations
● Injecting transits, plus above



  

Example: 
Running BLS on 1 
LC



  
BLS Spectrum

Best Box-transit Fit to LC



  

Example: A transit 
search pipeline



  

Cleaning a light curve

HAT-P-11
Red = pre-cleaning
Blue = post-cleaning



  

Available Commands
addnoise changeerror ensemblerescalesig LS rms

alarm chi2 findblends MandelAgolTransit rmsbin

aov chi2bin fluxtomag medianfilter savelc

aov_harm clip GetLSAmpThresh microlens SoftenedTransit

autocorrelation converttime Injectharm o Starspot

binlc decorr Injecttransit Phase SYSREM

BLS dftclean Jstet rescalesig TFA

BLSFixPer difffluxtomag Killharm restorelc TFA_SR



  

FITSH

● A. Pál (Pál, 2012, MNRAS, 421, 1825)
● Package used by HAT for image reduction, astrometry, photometry (aperture and image 

subtraction), and LC+RV modelling
● lfit - command-line program providing linear/non-linear fitting of analytic expressions to 

data
– MCMC

● optional marginalization over linear parameters (e.g. parameters for the instrumental model). 
● differentiable model --> optimize MCMC proposal distribution --> fast convergence.

– Simultaneous fitting of multiple data blocks (e.g. LCs + RVs).

– Includes transit (Mandel & Agol 2002) and Keplerian RV models
● Mutual events by multiple transiting planets. 
● Partial derivatives for these models are known and stored in lfit



  

Example: 
Linear Fit with lfit



  

Example: 
Fitting an 
LC+RV 
with lfit



  

Fitting an LC+RV with lfit

A portion of the MCMC chain stored in out.xmmc:



  

Example: 
Generate 

model 
curves for 

plotting



  



  

JKTEBOP
● J. Southworth (Southworth et al. 2004, MNRAS, 351, 1277)
● Based on the Ecliping Binary Orbit Program (EBOP) by P. Etzel (Popper & Etzel, 

1981, AJ, 86, 102; Etzel 1981; Nelson & Davis, 1972, ApJ, 174, 617).
● Popular program for modelling detached eclipsing binary light curves. 

– Includes nonlinear limb darkening

– treatment of proximity effects (ellipsoidal objects)

– numerical integration over exposure times

– bootstrap + Monte Carlo for parameter error analysis.

● Used by John Southworth for conducting a homogenous analysis of transiting 
planet systems (e.g. Southworth et al. 2011, MNRAS, 417, 2166).

● Written in FORTRAN 77.
● Non-standard parametrization (for planets):

– (R1+R2)/a; R2/R1; inclination; ecos(omega); esin(omega); J2/J1; 



  

JKTEBOP Example - 
WASP4



  

JKTEBOP Example - 
WASP4



  



  

JKTEBOP Example – 
WW Aur



  

JKTEBOP Example – WW Aur



  

PHOEBE

● A. Prša (Prša A & Zwitter T. 2005, ApJ, 628, 426)
● Front-end for the Wilson & Devinney (1971, ApJ, 166, 605) eclipsing 

binary LC+RV model
– Roche model (stars are equipotential surfaces)
– full calculation of proximity effects for close binaries
– Performs numerical integration over visible primary and secondary surfaces.

● Handles multiple LCs and RVs
● GUI and command-line interpreter (scripter)
● Fitting by differential corrections or Downhill simplex.
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