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LSST facts
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LSST survey coverage 

10 yrs simulated ; 5.3 M exp
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Photometric calibration of data!"#$%&'(#))$'*$%"'+',#+&-($
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LSST requirements 

factor of ~2 better than previous surveys
Ambitious... but not out of reach ! 

SDSS (ubercal - Padmanabhan et al. 2008) ~1-2% by simultaneous modeling 
of instrument, atmosphere & reference stars

Atmospheric variations dominate residual uncertainties

...Adding LSST context
Intensive observing campaign over 10 years => varying observational 

conditions on aerosols and have to deal with cirrus on non photometric 
nights 
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Requirements on photometry 
driven by photo-z requirements 
for cosmic shear & transients; 
crucial to scientific objectives

from Tim Axelrod
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Photometic calibration procedure

Reduce accumulated all-sky multi-epoch survey to a single arbitrary scale 

for each filter band → minimize δm

Determine five relative filter-band zero-points  →  fix Δm - Δn (color)

Physical scale (one absolute zero point) →  e.g. fix Δr   

zero-points (6) random error systematic error 
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Simulations are essential for the benchmarking of methodologies ! 
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Simulating the atmosphere for calibration

Dedicated pipeline for 
calibration testing purposes 

Simulation at the object level 

Needs to be fast to allow a 
large number of runs 

Include auxiliary telescope
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Atmospheric simulation

Calculate extinction curve for each visit 
using MODTRAN 

MODTRAN4  (USAF) 
U.S. Standard Atmosphere (1976) 
(Zenith) 

Water Vapor 

O2 

O3 

Molecular 
(Rayleigh) 

Model includes airmass 
dependence, so fit gives 
relative flux at the top of 
the atmosphere 

5 components 
   Uniform 

1.  Rayleigh+O2  
2.   O3 
3.   Water 

   Spatially varying 
1.   Aerosols 
2.   Gray (cloud) term 

See Alexandre’s talk
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Objectives of cloud cover simulation

• Obtain a realistic simulation of the cloud cover during non strictly 
photometric nights for the simulated observing campain 

• Mandatory scale for the simulation : LSST CCD scale so ~ arcmin

• Answer to the time variability of structures at this scale (and how the average 
over ~30s)

• Production of 2D maps in the simulation chain using realistic data 
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- Based on a GRF

- Structural information derived from the power spectrum 
of RASICAM images to pull the simulated cloud field 
parameter 

RASICAM (IR cam sur calypso  10-12 µm wavelength
Fov : 25ºx18.8º - pixel size 4.7 arcmin2)

• First version of the simulation :  
• Arbitrary choice of the reference image   
➡ Integrate a weather scenario information  
➡ Relate with modtran parameters   

• Only two pointings available for this campaign 
• Too few images accessible : no follow up on different nights

• Other data necessary to answer our different questions 

Generating gray extinction maps 
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Using CFHT IR camera
All sky IR camera ASIVA - FLIR cmera Photo 640 
640x512 pix - 10-13 microns 
averaged image every 3 min (raw images accessible) 

Ex : 1700 images over 14h

Ideal for cloud cover determination 
(use in CFHT)

Used here for structures study 
Similar camera will be on site

14



Using CFHT IR camera
All sky IR camera ASIVA - FLIR cmera Photo 640 
640x512 pix - 10-13 microns 
averaged image every 3 min (raw images accessible) 

Ex : 1700 images over 14h

Ideal for cloud cover determination 
(use in CFHT)

Used here for structures study 
Similar camera will be on site

14



Using CFHT IR camera 

Cut in elevation at 65 deg 
Using pixellisation on the sphere 

Study of the power spectrum of the partial sky  

photometric night 8 poses successives (cirrus)
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• Variability can be studied at the large scales; possibility of characterization of the general 
«cloudiness» of an almost clear night  

• We can include follow-up (numerous images are available); one can simulate a scenario related 
to the other parameters of atmospheric simulations 

• These cannot be used above l ~ 100 ; pixel size on all sky cameras way too large  ! 

• Small angular scales problem needs the use of an extra instrument :  small FoV IR camera 
needed and will soon be included (FLIR camera FoV 7.6 × 5.7deg  1.3 arcmin  3180 pixels)  

photometric night 8 poses successives (cirrus)
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Summary
• LSST has to achieve unprecedented quality for photometric calibration even 

using non strictly photometric nights to achieve its scientific objectives. 

• The follow up of the atmospheric conditions to characterize wavelength 
dependant and gray extinction is key : use of the auxilliary telescope and 
external information have to be assessed properly. 

•  Simulations dedicated for the calibration procedure are being built 

• knowledge of the cloud cover structure is needed 

• Atmospheric monitoring data have been included for cloud cover and better 
characterisation of the cloud effect at the pixel scale of LSST will be added 

• Study of aerosols also needed to assess the use of monitoring tools and 
methods for calibration of wavelength dependant effects 
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Thank you !
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