
Lecture 9 

November 1, 2018 
Lab 5 Analysis 



News 
•  Lab 2 
– Handed back with solution;  mean: 92.1, std dev: 5.5 

•  Lab 3 
– Handed back next week (I hope). 

•  Lab 4 
– Due November 1 (today) 



News 
•  Lab 5 (Transiting Exoplanets) 
– Observing completed, start working on analysis. 
• Monday, Tuesday, and Wednesday groups use the data that 

you obtained (unless you hear from me otherwise). 
• Friday and Sunday groups use data that I will assign you 

(tonight, I hope). 

– Due November 8 



Stellar Photometry in Images 
•  Lab 5: Measuring the Transit of an Exoplanet 
– Determines the radius of the planet (and it’s orbital 

period if observe multiple transits). 
•  The basic method is to measure the brightnesses 

of stars in images. 
– Will perform differential photometry by using stars 

in the field with known magnitudes. 



Photometry in Images 
•  Correct the image to a uniform, linear response. 
– Dark current and bias level subtraction either 
• done at the telescope with autodark subtraction or 
• done by taking separate dark images and subtracting 

them from the science images later. 

– Need to create an average image of a uniformly 
illuminated field (“flat field”) and divide by it. 
• The mkflatru command. 

•  Identify your target and comparison stars. 
• Measure the brightness of stars in all of the 

images. 



Exoplanet Transits and Eclipses 

•  A transit is when a planet crosses in front of a star. 
•  The resulting eclipse reduces the star’s apparent 

brightness and this tells us the planet’s radius (if the 
star’s radius is known). 

•  Because the orbit must be nearly edge on, such systems 
can yield accurate measurements of planetary mass. 



An example of a light curve for the first known transiting exoplanet.  
Note the curvature due to the non-constant stellar surface brightness. 



An analogy is the transit of Venus across the Sun observed at the 
Schommer Observatory this summer.  With exoplanets we can only 
measure the total amount of light from the star. 

Venus sunspot 

Limb 
darkening 

Pharmacy building! 



Data Analysis  
Stellar Photometry in Images 

•  Correct the image to a uniform, linear response. 
– Autodark subtracted images; divide by flat using 

batch image processing. 
•  Identify your target and comparison stars. 
– Comparison stars should be bright, but not 

saturated. 
• Measure the brightness of each star in all of the 

images. 
– Use the PhAst aperture photometry tool. 





Data Analysis  
Stellar Photometry in Images 

•  Correct the image to a uniform, linear response. 
– Autodark subtracted images; divide by flat using 

batch image processing. 
•  Identify your target and comparison stars. 
– Comparison stars should be bright, but not 

saturated. 
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images. 
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In ImExam mouse mode, left-click on your target star (TrES-3 b here) 
to bring up the aperture photometry window. 



Note the FWHM of the stellar images.  Decide on the aperture size. 



Measuring Stellar Brightness 
•  Choosing an Aperture Size 
– Compromise on an intermediate size that contains a 

fixed fraction of the light. 
• This lab compares the brightness of stars in the same image 

(differential photometry), so a fixed fractional loss is OK as 
long as it is constant across the image. 

– Thus, the size needs to be bigger than the time- and 
spatially-variable core of the PSF. 

– Rule of thumb: aperture radius = 2 × FWHM of the 
stellar profile.  In this lab, the stars are bright enough 
that noise from the sky is less important and can err on 
the side of even larger apertures. 
• Compensates for less-than-perfect guiding and variable PSF. 



Measuring Stellar Brightness 
•  RUPhAst aperture photometry measures (x,y) 

position, “object counts” (c), “sky level” (s in 
counts/pixel), and exposure time (t in seconds, 
from the image header). 
– Can only measure non-saturated stars. 

•  Calculates instrumental magnitudes using 
– minst = 20.3 − 2.5 log10(c/t) 
– σm = 1.086 (σc/c) = 1.086((c g + Nps g + Np r2)1/2/(g c)) 
• g = gain = 0.80 electrons/ADU 
•  r = read noise = 15.5 electrons/pixel 

 



Can open a file to save the photometry in and then photometer the star 
in all of the loaded images with the “Do all” button. 



Choose comparison stars with a brightness similar to or greater than the 
target star.  This minimizes the uncertainty in the magnitude difference. 



An even brighter comparison star. 



But don’t use saturated stars. 



Photometry Output from RUPhAst 



Photometry Output in Excel 
“Import” the text file from 
RUPhAst into Microsoft 
Excel or the OpenOffice 
Calc program. 
 
A fixed-width input 
format works best. 
 
Delete extra lines and 
rearrange blocks of 
photometry in Excel/Calc 
(or earlier with a text 
editor). 



Photometry Output in Excel 

Calculate the 
difference between 
the magnitudes of the 
target and comparison 
stars at each time.  
Also the uncertainty.  



HAT-P-10 and comparison stars  



Taking magnitude differences reveals the transit. 



Taking magnitude differences reveals the transit. 

Note the non-default axis 
ranges and labeling.  
Choose ranges that best 
display your data. 



Differencing comparison star 
magnitudes shows no (strong) trends.  
Maybe a change of 0.01 mag from 
beginning to end. 



Averaging the results from 
the different comparison 
stars. 

Note the too-large y-axis range.  But note the error bars on the 
points --- obtained by supplying the uncertainty for each point 
using the “custom” option. 



Lab 5 Analysis 

•  Once you have your transit light curve, how to 
quantitatively estimate the depth, duration, and 
central time? 
– One useful approach it to plot running mean of the 

data (say three points).  The smoother curve can 
make it easier to see the features of the transit. 



predicted 

Transit seems shorter and later than 
predicted. 



Lab 5 Analysis 

•  Once you have your transit light curve, how to 
quantitatively estimate the depth, duration, and 
central time? 
– One useful approach it to plot a running mean of 

the data (say three points).  The smoother curve 
can make it easier to see the features of the transit. 

– Averaging the points in and out of transit and 
taking the difference yields an estimate of the 
depth. 

(points 4-11 and 65-74) 
(points 19-53) 



The estimated depth of 0.0223 ± 
0.0015 magnitude is shallower 
than the 0.025 tabulated, but 
agrees with the results shown 
above (taken from the results in 
the Exoplanet Transit Database).  
Note also the shorter durations 
and delayed transit times. 



Lab 4 Analysis 
•  Once you have your transit light curve, how to 

quantitatively estimate the depth, duration, and 
central time? 
– Another approach is to adopt a simple model for 

the transit light curve and adjust tc, td, Δt, d, and m0 
(by hand or by least-squares fit) to achieve a good 
match to the data. 

m0 
td 

d 

Δt 
tc 



Least-squares fit of model to the data 



Lab 5 Analysis 
•  Once you have your transit light curve, how to 

quantitatively estimate the depth, duration, and 
central time? 
– Example:  tc = 2.814 UT  (2.792 predicted)  ± 0.05 hr? 
                     td = 2.36 hours (2.65 predicted)   ± 0.1 hr? 
                     d  = 0.0224 mag  (0.025 predicted) 
                     Δt = 0.275 hours 
 
A scientific least-squares fitter (as opposed to the excel 
solve function) would return uncertainties for the fitted 
parameters. 


