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Figure 9: Throughput of the OmegaCAM Sloan filters, times the average quantum efficiency of the
CCDs. For comparison the standard Johnson-Cousins UBVRI filters are also shown.



VST data flow
● raw data transfers via Internet                                            

– Rice-compressed MEFs 16-bit from ESO archive
● ingest & verification -> raw data archive

– off-line tape backups
● update calibration files as necessary

– bias, fringe frames nightly, flatfields monthly
● parallel nightly processing                                       

– astrometric & photometric calibration            
– band-merged science products

● check derived QC info & sample of images
– processing web page updates

● ingest to post-processing database enables checks
– FITS header contents, long-term trends
– survey progress, data access                                     

http://casu.ast.cam.ac.uk/surveys-projects/vst

http://casu.ast.cam.ac.uk
http://casu.ast.cam.ac.uk


CASU mantra 

● MEFs as container -> simplifies bookkeeping
● use lossless Rice-compression  -> (x 2-4 less space)
● FITS images and catalogue binary tables (CFITSIO) 
● FITS headers record processing details 

– derived QC parameters
– WCS astrometric calibration  
– photometric calibration
– table/image fluxes in ADU, x,y positions
– versioning and software details

● modular software -> C & perl/python scripts
● minimise external software dependencies



Data products 

● calibrated images & catalogues for single exposures
● confidence maps (weight, exposure, bad pixels)
● QC information for each detector/exposure
● [deep stacked images, tiles and catalogues if needed]
● homogeneous band-merged catalogues
● federation with 2MASS PSC, WFCAM, VISTA ..... 
● database of all derived information, QC, logs .....
● assorted analysis assessment plots (CMDs), spatial 

distributions ......
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Figure 8: Plot of the linearity of the response of each CCD, as a function of illumination level.
(Obtained by exposing the mosaic to a calibration lamp, with varying exposure times).

With a gain of ca. 2.5 electrons per ADU, the analog-to-digital conversion of the amplifier output of
each CCD saturates before the CCD full-well capacity of over 200,000 electrons. Below this saturation
the response of the CCDs is linear to within 1%, as can be seen from Fig. 8.

The flat fields of the CCDs show different behaviour, dependent on the wavelength. In the u band, the
flat fields show a diagonal, diamond-like pattern, which is caused by the thinning process. A few of
the CCDs (#65, 66, 86, 87) also show an ’ink pattern’, areas of very high UV sensitivity (the origin of
this feature is unknown). At intermediate wavelengths (g, r) the flat fields are reasonably featureless.
At longer wavelengths (i and particularly z), fringing occurs, leading to swirling patterns reminiscent
of a thin film of oil on water. All artifacts can be removed in data reduction.

The efficiency of the filters, folded with the detector response, is plotted in Fig. 9. Detailed analysis
of the filter throughput, including bandpass variations across the fields, are deferred to Appendix A.

See §3.7 for a description of particular features that occur in scientific data obtained with OmegaCAM,
many of which follow from the properties of the detectors.

2.2.2 Auxiliary CCDs

In the periphery of the focal plane OmegaCAM contains four auxiliary CCDs. Two of these are used
for guiding, both in position and position angle of the field. The other two are mounted out of focus

Linearity curves

< 1% over full range
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Figure 4: The layout of the 32 science CCDs and the four auxiliary CCDs in the focal plane. The
science array covers a 1 degree x 1 degree area of sky, with 16k x 16k pixels of 0.21 arcsec. All CCDs
fit inside a circle of diameter 1.4 degrees on the sky. (Note that this is the layout as seen from below,
i.e., the projection of the array onto the sky.)
OmegaCAM data are delivered as multi-extension FITS files. The CCD name (#65–96) is included
in the header of each fits extension. CCDs can also be identified by the number of their fits extension,
but beware: this order may change from what is shown in the Figure.
Two of the auxiliary CCDs are mounted out of the focal plane, at displacements ±2mm, in order to
enable image analysis and real-time active optics corrections.
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Monitoring survey progress
and parameter trends





QC plots summarise: 
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brightness; magnitude 
zero-point trends

Survey progress overview

Zero-point trends
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r_SDSS
  Atlas

Nightly QC seeing and ellipticity diagnostics

r_SDSS
  Atlas



Monitoring sky surface brightness 



Monitoring sky surface brightness 



Image search, preview & download



A search by position returns 
images that contain that position 
and allows preview of postage 
stamps, catalogue sources and 
postage stamps of provenance 
images.
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Issues/features

● efficiently acquiring raw VST data from ESO
● dealing with fringing in i,z bands
● crosstalk stability #93-96 [#29-32]
● scattered light problem -> illumination correction      

1 sq deg calibration regions ?
● uniform survey photometric calibration -> howto
● astrometric calibration -> TAN plane projection  
● master calibration images - update frequency -> 

stability of “gains” of detectors 
● stability of focus and hence PSF variations
● repeatability of filter positioning



PSF variations













Astrometric and photometric
calibration



Astrometric Calibration  2MASS  -  VST

Linear solution
per detector

Tabulated
systematics
from stacked
residuals

WCS - TAN projection

ξ′ = ax′ + by′ + c

η′ = dx′ + ey′ + f

rms 100 mas

sys <  20 mas

r′ = tan(r)
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Filter positioning
detector “gain” variations

scattered light





ratio
monthly
master

twilight flats

r-band
i-band



ratio
monthly
master

twilight flats

r-band
i-band



r-band
darksky
stacks



r-band
darksky
stacks



Halpha
monthly
flats &
ratio



Halpha
monthly
flats &
ratio



dr’-v- r’  NGC253 offset field
                 dT ~ 5 min
               dS  ~ 10 arcmin



dr’-v- r’  NGC253 offset field
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               dS  ~ 10 arcmin







Illumination corrections i,z-band - derived from 2MASS



Illumination corrections i,z-band - derived from 2MASS



Illumination corrections i,z-band  (detector-level fix)



Illumination corrections i,z-band  (detector-level fix)



Illumination corrections i-band  (marginal sums)





Illumination corrections u,g,r-band - derived from APASS



Illumination corrections u,g,r-band - derived from APASS



Illumination corrections u,g,r-band - derived from APASS



Illumination corrections r-band - APASS cf. SDSS



Illumination corrections r-band - APASS cf. SDSS



Photometric calibration

● internal gain calibration from twilight flats + dark skies

● STD field observations for 1st-pass calibration        
incl. celestial pole at -89deg for extinction measures ??

● 2MASS to measure i- and z-band, APASS and SDSS SA 
to measure u- g- and r-band illumination corrections

● SDSS overlap (ATLAS) to independently monitor/
measure illumination correction for u,g,r,i,z bands 

● ce’s variation with detector and/or radius 

● overlap calibration from contiguous areas

● skymapper to provide uniform calibration eventually ?



Illumination correction issues

● radial concentration of scattered light in optics

● detector level zero-point differences

● non-uniform non-astronomical scattered light 

● scattering off masking strips and edges

● PSF variations over calibration frames

● solutions ->  2MASS, APASS, SDSS, Skymapper  ?? 

● achieving robust +/-1% accuracy at a resolution of 1 
arcmin is difficult



ATLAS data to 30th Sep
137 fields with ugriz



ATLAS msto f,g stars SGC 216 fields

1 sqdeg 100 sqdeg



ATLAS U-band issues



U-band v0.9 U-band v0.5



U-band faint source
detection problems g-band v0.9



U-band faint source
detection problems



A quick-look at SV data





NGC253
u,g,r

u = 6216s
g = 1200s
r = 900s

airmass 1.1
seeing 0.8

00h47-25d
l,b=96.8,-88.0
E(B-V)=0.02



NGC253  SV field

Stellar Non-stellar 



NGC253  SV field

Stellar Non-stellar 



CASU software tools



Innovative software solutions
● nebuliser

– removes complex background variations 

– enhanced object detection & parameterisation
● despiker

– removes diffaction spikes, charge bleeding artefacts, 
and satuarated stellar cores

● mosaicer

– CASU tiling software developed for VISTA
● psf’ers

– automatically generates detector-level PSFs

– and performs PSF photometry
●



Nebuliser -> M31 field 23  MegaCam



Nebuliser -> M31 field 23  MegaCam



Despiker ->  Subaru Suprime-Cam  HolmbergII



Despiker ->  Subaru Suprime-Cam  HolmbergII



Despiker ->  Subaru Suprime-Cam  HolmbergII



fin/ spare slides
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g 26.4 25.7 25.8 25.8
r 26.1 25.9 25.7 25.7
i 25.6 25.3 25.2 25.2
z 24.3 23.6 23.8 23.8
Ha ---- 23.0 22.7

AB mags e- ZP   lab   SA110  INT  comm (user manual)



dr’-v- r’  NGC253 offset field
                 dT ~ 5 min
               dS  ~ 15 arcmin



dHa -v- Ha  Lagoon Nebula
                     dT ~ 30 min



dr’-v- r’  Lagoon Nebula
                 dT ~ 5 days
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E(B-V)=2.3
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