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Scope of this talk 

•  Emphasis on principles, not prescripAon 
•  What is photometry?   

–  Physical vs ReferenAal measures & standardizaAon 
–  DifferenAal vs systemic needs 

•  Digital data and what to be aware of  
–  What observaAonal material one needs 
–  Image processing steps 

•  Aperture measures & opAmizing SNR 
•  PSF fiPng 

–  Aperture correcAons 
–  When PSFs vary 
–  Crowded fields 
–  Remaining concerns 

•  Discussion restricted to point sources, but principles apply to all 

Tuesday, August 3, 2010  Gemini Data ReducAon Workshop  2 



Need for Photometry 

•  “Low” dispersion SEDs 
– Colors of objects ‐> Temp, gravity, abundance, 
redshiX 

•  RelaAve Brightness of objects 
– CMDs, distance measurement, exAncAon, etc. 

•  Time variability of source brightness 
– Stellar masses, Distances, PulsaAon, etc, etc. 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Ideal vs Possible 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What is measured? 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We measure a quanAty which depends on exAncAon and effecAve bandpass: 



StandardizaAon 
•  Absolute standards 
–  In physical units, e.g. ergs cm‐2 s‐1 Hz‐1 

•  RelaAve standards 
–  In terms of a reference standard star (or `basket’ 
of stars) 

•  Sources of Uncertainty 
– Transmission through atmosphere 
– System response: from top of telescope to 
response data 

– Time dependence in above 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Common Formalism 

•  Measure standard stars at different airmasses 
X, and in different pass bands, B & V, say. 

         b = P + B + αX + β(B‐V) + γ(B‐V)2 

         v = Q + V + ζX + η(B‐V) + θ(B‐V)2 
Solve coeffs, and apply to “unknowns” 

(recall that these are magnitudes, or logs of intensity) 

Why the `color terms’ ? 

Is linear dependence on X ok? 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The Effects of System `DriX’ 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Other Music to Keep You Awake  

•  Device/System Linearity? 
•  CTE or lack there‐of, and its effects 
•  Geometrical ProjecAon of Sky on Detector 
•  Detector Noise CharacterisAcs 
•  System OddiAes – e.g. cross‐talk 
•  Shuyer Performance – Aming errors, shading 
•  VignePng 
•  Scayered light and miAgaAon 
•  Flat Fielding and Fringing 
•  ‘Pupil’ Ghosts 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Pre‐Processing Images 
•  Source Signal on detector is modulated by device response 

and arAfacts, and accompanied by noise. 

•  Raw images must be processed to remove instrument 
signatures 
–  Biases, flats (pixel to pixel variaAons), geometrical distorAons, fixed 

payerns, dark current 

•  Noise should be tracked to enable: 
–  OpAmal data extracAon 

–  EsAmate uncertainAes 

•  Pre‐processing steps (which miAgate systemaAc errors) can 
add random noise. Steps should be designed to add minimal 
noise. 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Flat fields 

•  Flat fields map pixel value to surface brightness on all image 
scales, iff FF source provides uniform illuminaAon 

•  `Uniform IlluminaAon’ == Constant intensity integral at all 
relevant incident angles at telescope pupil.  Hard to perfect in 
pracAce, for wide fields. 

•  Dome flats vs Sky Flats @twilight vs dark sky flats 

•  FF correcAon corrects for surface brightness:  when there is 
geometrical distorAon, they do not restore integrated fluxes! 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MiAgaAon for Point 
Source Photometry 

RecAfy Image so each pixel 
projects equal solid angle on sky 
by resampling. 

OR 

Apply a correcAon to image for 
pixel area, i.e. divide by 
respecAve pixel area.9 (useful 
when images are under‐
sampled) 



Noise 
Domains 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Case B (read noise dominated) 
e.g. 100 electron RDN in every 
pixel 

Case C Background dominated: 
Add another 10^6 electron sky 
background  in every pixel 

If all the light were in 1 pixel, 
then Case B SNR ~175, and 
Case C SNR ~ 37 !! 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Need for `All the Light’ 

•  Not all images have the same seeing – so need 
all the light to compare brightness in different 
exposures or even on same exposure if varying 
PSF. 

•  Bright stars are less vulnerable to total light 
•  Even total light needs surrogate in pracAce: 
PSF  vs. scayered light wings 

•  But measuring `all the light’ is problemaAc for 
faint stars….. 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OpAmal S/N vs ‘All’ the light 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Things to Consider 

•  PSF varies from exposure to exposure 
•  Total light goes to `infinity’ 
– How to keep fracAon measured const across all 
images? Or how large must the aperture be? 

– Seeing vs scayering 
•  Large apertures are bad for faint stars 
– RelaAve or differenAal photometry 
– Renormalize to large apertures (if PSF constant) 
using correcAons derived from bright stars 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PSF fiPng 

          I(x,y) =  I0 f( x‐x0 , y‐y0 ) + IB(x,y) 
                

              (PSF) 

If  IB(x,y) = IBis flat over the extent of the PSF, 
  and  

If f is known, and I(x,y) are given, we can solve for  

 x0  , y0 , IB , I0    
   ( linear in    IB , I0   ;     non‐linear in x0  , y0  )   
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CharacterisAcs of a PSF fit 

•  A PSF is a model derived from bright stars where 
SNR is not a concern 

•  A PSF fit is a maximum likelihood, or most 
probable characterizaAon of a point source 
image, if fiPng is done conforming to SNR of 
individual pixels:  I0  is thus the best possible 
measure of a point source intensity in the sense of 
op>mal S/N. 

•  If PSF is constant across the image, then I0 is best 
relaAve photometry on a given image 

•  Errors can be esAmated from fit residuals 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If Chi‐square I unexplainably high, then  it may indicate that 
adopted model is not correct.  Non‐stellar object? 

A basis for classificaAon based on image morphology  
Is model for CR beyer than for point source? 
Is model for “galaxy” beyer than either?   

Is 2‐star model best? 
etc.  



The ‘Aperture CorrecAon’ 
•  PSF fiyed I0 ,  does not represent all of the 
light, and so cannot be compared across 
images unless: 
–  I0 is used in with integral of f( x‐x0 , y‐y0 ) 

– Meaningful only if PSF is known exactly 
»  Not straighIorward in prac>ce 

–   I0  is used with a surrogate footprint in lieu of the 
integral of f( x‐x0 , y‐y0 ),  

AND  
   the result is normalized to the true total intensity via 
objects with high SNR, i.e. the aperture correcAon. 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Points to ponder: 

•  What if PSF used is not a perfect match to true 
PSF?  

•  What if PSF is not constant across the image? 
•  How best to determine IB ? 
•  What if IB is not flat across PSF area ? The 
crowded field problem 

•  What if posiAons x0 , y0 are independently 
known? 

•  Note that pixels are treated as independent – are 
pixel values really uncorrelated? 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Imperfect PSF 

•  ImperfecAons in models PSF wrt real one 
generates `extra’ residuals in fit 
– To zeroth order:  

•  making same error on all objects 
•  degrades fit quality, and overesAmates errors 
•  poor `subtracAon’ of fiyed objects – affects crowded 
field photometry 

– Subtler issues: 
•  Since S/N vs r is funcAon of brightness, can induce  non‐
lineariAes with brightness, but seen to work fine in 
pracAce unless mis‐match is quite severe. 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PSF not constant across image 

•  Can happen in pracAce, e.g.: 
– especially in wide field imagers, due to field‐
flayening errors 

–  in adapAve opAcs, due to scale of iso‐planaAc 
patches 

•  Key to miAgaAon is that `aperture’ integrated 
brightness should not vary, so 
– map aperture correcAon as funcAon of posiAon on 
FOV 
•  Easier for wide field imagers than for AO, because 
method hinges on availability of high SNR objects 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Crowded Fields 

•  IB  under object A is affected by PSF of 
neighboring object B. B affected by C, etc. & so 
on. 

•  IB  is not constant under PSF 
•  MiAgaAon strategies: 
– DAOPHOT way: cluster fit all objects with chain of 
influence 

– DoPHOT way: iteraAvely fit objects – brighter ones 
first 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IC1613 (C‐band) Image vs Residual 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IC1613 (C‐band) Image vs Model 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Pre‐known PosiAons Fixed 

 I(x,y) =  I0 f( x‐x0 , y‐y0 ) + IB(x,y) 
                

              (PSF) 

•  If x0 and y0  are somehow known, then the PSF 
fit is linear 
– Faster, easier, and smaller correla>ons in params. 
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DON’T PANIC, but hold on to towel! 

1.  Observe standards  
–  OFTEN 
–  Cover range of colors and airmasses 

2.  Get adequate flat fields (and fringe frames) so as not 
to add noise 

3.  Check Sky condiAons  
–  OFTEN 
–  Watch for con‐trails 

4.  Get bias frames throughout the night 
5.  Make use of cloudy/shut Ame 
–  Verify shuyer correcAons 
–  Verify linearity 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