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Components	
  of	
  a	
  Data	
  Simulator	
  

•  Source Variation 

•  Pointing Variation 

•  Detector Sampling 

•  PSF Structure/Pixel 
Sampling 

•  Noise 

•  Calibration 
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Source	
  Brightness	
  Varia.ons	
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•  Normalized 
brightness as a 
function of time 
expected (default = 
constant) 

•  Automatic download 
of Exoplanets.org 
database 

•  Adapted Mandel & 
Agol transit shape 
functions 

•  Phase curve for 
tidally locked 
blackbody Lambert 
sphere from Seager 
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Poin.ng	
  Model	
  

•  Empirical 

•  IRAC Detector-Based 

•  Include all known effects 

•  Most effects specified with an 
amplitude (vs time) and direction 
along the detector plane, resulting in 
projected X and Y pixel behavior 

•  Allow the user to adjust model 
parameters, or “turn off” an effect 

•  User can allow parameters to float 
and random values within reasonable 
ranges will be chosen 

Centroid drift of staring mode 
observation of XO3 

Long term drift  < 0.3 arcsec/day 
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Poin.ng	
  Model:	
  Short	
  Term	
  “SeIling”	
  DriK	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

•  Rapidly Decaying Sinusoid 
•  Decay can be positive or negative 
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Poin.ng	
  Model:	
  Heater	
  Wobble	
  

Photometry of HD 158460 
Pre (black) and Post (green) heater change 
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“Skewed Sinusoid” 

Amplitude and Frequency variations optional 
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Poin.ng	
  Model:	
  High	
  Frequency	
  “JiIer”	
  	
  	
  

55 Cnc 0.02s sampling 
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Sine wave + 1/f-ish noise (spectral index is 
adjustable) 

•  Fluctuations faster than the Pointing Control 
System can react 
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Simula.ng	
  IRAC	
  Integra.on	
  

•  Poin&ng	
  model	
  is	
  sampled	
  every	
  1ms	
  
•  IRAC	
  PRF	
  is	
  realized	
  (e/ms/px)	
  for	
  every	
  (x,y)	
  offset	
  in	
  the	
  poin&ng	
  model	
  
•  Array	
  is	
  “read”	
  by	
  integra&ng	
  the	
  1	
  ms	
  images	
  to	
  make	
  Fowler	
  samples	
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Simulator	
  Inputs	
  

•  Posi&on(s)	
  of	
  one	
  or	
  more	
  sources	
  
•  Date	
  &	
  Time	
  of	
  observa&on	
  
•  Source	
  flux	
  density	
  (ies)	
  
•  Source	
  light	
  curve	
  
•  AOR-­‐type	
  observa&onal	
  parameters	
  

(channel,	
  frame&me,	
  number	
  of	
  
repeats,	
  Full	
  or	
  Subarray)	
  

•  Poin&ng	
  model	
  parameters	
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Simulator	
  Outputs	
  

•  BCD	
  image	
  files	
  
•  Uncertainty	
  files	
  
•  Can	
  produce	
  results	
  in	
  DN	
  or	
  

electrons	
  
•  Realis&c	
  Fits	
  header	
  (should	
  fool	
  

your	
  soTware)	
  
•  Header	
  lists	
  average	
  x,y	
  posi&on	
  

over	
  integra&on	
  from	
  poin&ng	
  
model	
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Simulator	
  Outputs	
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Noise	
  Pixel	
  Spikes:	
  High	
  Frequency	
  Ringing?	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

•  Attempt to replicate spikes in Noise Pixels 
•  Position oscillates faster than the per-frame integration 
•  Image is smeared, centroid is maintained 
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Noise	
  Pixel	
  Spikes:	
  High	
  Frequency	
  Ringing?	
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Noise	
  Pixel	
  Spikes:	
  High	
  Frequency	
  Ringing?	
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Measuring	
  Bias	
  in	
  Centroid	
  Methods	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

•  Work	
  done	
  by	
  Ken	
  
Mighell	
  (NOAO)	
  

•  Simulate	
  point	
  
sources	
  on	
  a	
  grid	
  of	
  
subpixel	
  posi&ons	
  	
  

•  Turn	
  off	
  poin&ng	
  
model	
  

•  Measure	
  Error	
  
between	
  input	
  source	
  
posi&on	
  and	
  moment	
  
centroid	
  

•  Separable	
  in	
  X	
  and	
  Y	
  
•  Repeatable	
  
•  Correc&on	
  derived	
  

from	
  mean	
  at	
  each	
  
pixel	
  phase	
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Measuring	
  Bias	
  in	
  Centroid	
  Methods	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

•  Moment	
  centroiding	
  
can	
  be	
  used	
  for	
  ~0.01	
  
arcsecond	
  astrometry!	
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Crea.ng	
  the	
  Data	
  Challenge	
  Dataset	
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•  WASP-­‐52	
  chosen(not	
  
too	
  long,	
  detectable	
  
transit	
  and	
  eclipse)	
  

•  Observa&ons	
  “broken	
  
up”	
  into	
  12hr	
  AORs	
  

•  Reposi&on	
  using	
  PCRS	
  
Peakup	
  at	
  the	
  
beginning	
  of	
  each	
  
AOR	
  (0.1px	
  
repeatability)	
  

•  30-­‐min	
  Pre-­‐AOR	
  run	
  
to	
  allow	
  for	
  short	
  
term	
  driT	
  



 
 
 
 

 

Time Series Data Reduction With IRAC – June 1, 2014	
   AAS 224 – Boston MA 

Crea.ng	
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•  WASP-­‐52	
  chosen(not	
  
too	
  long,	
  detectable	
  
transit	
  and	
  eclipse)	
  

•  Observa&ons	
  “broken	
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  into	
  12hr	
  AORs	
  

•  Reposi&on	
  using	
  PCRS	
  
Peakup	
  at	
  the	
  
beginning	
  of	
  each	
  
AOR	
  (0.1px	
  
repeatability)	
  

•  30-­‐min	
  Pre-­‐AOR	
  run	
  
to	
  allow	
  for	
  short	
  
term	
  driT	
  

•  Noise	
  Pixel	
  bumps	
  
added	
  to	
  trip	
  people	
  
up.	
  


