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Survey Photometry & Survey Astrometry
enabled by

Information systems



Photometry & Astrometry with Information Systems

 Survey Photometry and Astro-WISE
 Recap of photometry 
  KiDS survey photometry and Astro-WISE

 Global Astrometry and AGIS 
 Recap of astrometry 
 Gaia global astrometry and AGIS

 Conclusion



    
   V

HS

Imaging surveys

• Area covered

• Median redshift

• Image quality

• Wavelength 

area (sq.deg.)

z m
ed

U    
    

λ  
   

  

K 

SDSS

UKID
SSPS1

KiD
S

VIK
IN

G
CFHT-D

CFHT-W

DES

4           200        1500     5000  
9000  20000

LSST

0
.2

  
  

  
   

  
   

  
   

  
   

  
   

 0
.8

  
  

  
  

  
1.

0 

EUCLID

ATLAS



3 ESO public surveys (~1000 nights) 

:Available at 
each NOVA 
institute

ATLAS = “SDSS-South”

VPHAS+= ugri+Hα  
S.G.Plane & Bulge

(Kuijken, 
NL)

(Shanks, 
UK)

(Drew, 
UK)

KiDS=ugriZYJHK, 
1500sq.deg., 
SDSS+2.5mag @ sub-arcsec







ESO KiDS and VIKING surveys



VLT Survey Telescope  



Optics



OmegaCAM 32 detectors



Detector effects: quantum efficiency 



Detector effects: flat field 

 QE variation per pixel
  Dome-, twilight 

 
 



Detector effects: fringing 

 Interference of nightsky lines 
with CCD substrate

 Red and IR 

 
 



Detector effects: illumination correction



Kilo Degree Survey with instrumental fingerprint removed









KiDS Survey Photometry

Gert Sikkema
Gijs Verdoes Kleijn
Kapteyn Institute

+
KiDS Team



Survey Photometry with overlap pointings



Survey Photometry with overlaps
Define Best Observations == Anchors:

-) no atmospheric extinction variations  

-) no “forevers” photometry

-) no data prior to april 2012 (CCD82 problem)

-) no large differences between PSF_zeropoint - PSF_science

Anchors about 30% in R band.

Tie all other tiles to anchors.



Result compared to previous surveys (SDSS)



Stellar colors



Stellar Locus Regression





Surveys photometry and Astro-WISE

Astro-WISE: lecture next week

• Data Bookkeeping

• Archive

• Processing

• Quality Assessment & Control

• Science analysis 

• Collaboration



Observing and Observatory



AO

MICADO

Calibration scientist: “Great observations! They will tell me everything 
about the state of my Observatory”

Astronomer:”Great observations! They will tell me everything about 
the state of my Universe.”
(Datascientist = Calibration scientist + astronomer)



Design phase: the mission
Outerspace Atmosphere Telescope AO MICADO
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Design phase: the mission
Outerspace Atmosphere Telescope AO MICADO
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Observing an observatory
Observing a Universe

P( [science-pixdata, observatory-pixdata] | Observables)



Observing an observatory
Observing a Universe

P( [science-pixdata, observatory-pixdata] | Observables)



Data scientist’s view:
Outerspace Atmosphere Telescope AO MICADO
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Astronomer’s view
Outerspace Atmosphere Telescope AO MICADO

Pixel data  
MODEL

Science object
Composition model

(thermal / non-thermal)
M1 SCAO Entrance window

Galactic extinction
Kinematical  model for ~32 

layers (AO)
M2 MCAO Derotator

Cosmic rays M3 Collimator

Moon, planets, bright stars M4 Filter

Zodiacal light M5 ADC

M7 Imager optics, reimager

Pedestal, pixelsensitivity, 
persistence, crosstalk, dark 

current, read-outl

Observable
s

MODEL

Astrophysical 
science 
objects

On-site 
measuremen
ts (T, r, H, P, 
v..), models 

of layers

DM 
telemetry

WFS 
telemetry

Detector 
exposures



Survey astrometry 

1. Astrometric science revival: Gaia & MICADO

2. Gaia global astrometry math formalization

3. AGIS: Gaia’s astrometric information system

4. The science <-> Information System symbiosis



Astrometry in History 

 Standards  
 Astrometric 

catalogs 
 Surveys & 

catalogs     

 





Astrometric science











Astrometric Calibrations  

• Atmospheric refraction (from 0 in zenith to 5' at 10o) 

• Aberration 



PSF Homogenization   











Gaia astrometric Reference Frames

 Relativity-based systems

 Solar system barycentric

 Barycentric Celestial Reference 
System based on ICRS 

 Barycentric Time Coordinate 
(TCB) 

 Gaia-centric 

 CoMRS based on ICRS

 Gaia-time 

 















The astrometry <-> Information System relation



Final ponderings

• Ignore the observatory

• Model the observatory

• Information systems for 

• Bookkeeping

• “Everything changes”

• Associations

• Superhuman Intelligence (Watson, AlphaGo)



END


