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ABSTRACT

Context. We present the CFHTLS-Archive-Research Sun@Rrg). It is a virtual multi-colour survey which is based on peldirchive images
from the Deep and Wide components of the CFHT-Legacy-SU®EHTLS). Our main scientific interests in the CFHTLS Widstf CARS
are optical searches for galaxy clusters from low to higish&tland their subsequent study with photometric and wgrakitational lensing
techniques.

Aims. As a first step of th&€ARS project we present multi-colour catalogues from 37 sq. elegof the CFHTLS-Wide component. Our aims
are first to create astrometrically and photometricallylwalibrated co-added images from publicly available CFiSTdata. Second goal
are five-band ' g'r’i’z) multi-band catalogues with an emphasis on reliable estisntor object colours. These are subsequently used for
photometric redshift estimates.

Methods. We consider all CFHTLS-Wide survey pointings which werelmlypavailable on January 2008 and which have five-band icme
in u*g'r’i’Z. The data are calibrated and processed withGaBoDS/THELI image processing pipeline. The quality of the resultinggesais
thoroughly checked against the Sloan-Digital-Sky Sun@®$S) and already public high-end CFHTLS data productanRfe co-added
images we extract source catalogues and determine photomedshifts using the public codBayesian Photometric Redshifts
(BPZ). Fifteen of our survey fields have direct overlap with pulsipectra from the VIMOS VLT deep (VVDS), DEEP2 and SDSS rdtishi
surveys which we use for calibration and verification of ceoishift estimates. Furthermore we apply a novel technioaged on studies of
the angular galaxy cross-correlation function, to quaritie reliability of photoz's.

Results. With this paper we present 37 sq. degrees of homogeneousigindjirlity five-colour photometric data from the CFHTLS /i
survey. The median seeing of our data is better th&nii® all bands and our catalogues reachvalititing magnitude of about,; ~ 24.5.
Comparisons with the SDSS indicate that most of our survégsfiare photometrically calibrated to an accuracy .68fhag or better. This
allows us to derive photometric redshifts of homogeneowdityuover the whole survey area. The accuracy of our highfidence phot@
sample (10-15 galaxies per sqg. arcmin) is estimated witkreat spectroscopic data &a\,/i1.» ~ 0.04 - 0.05 up toi,; < 24 with typically
only 1-3% outliers. In the spirit of the Legacy Survey we make catalogues available to the astronomical community.@Baducts consist
of multi-colour catalogues and supplementary informatianh as image masks and JPEG files to visually inspect ologa&s. Interested
users can obtain the data by request to the authors.
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* Based on observations obtained with MegaPrfMegaCam, a of France, and the University of Hawaii. This work is basegant on
joint project of CFHT and CEMAPNIA, at the Canada-France-data products produced at TERAPIX and the Canadian Astrgnom
Hawaii Telescope (CFHT) which is operated by the Nationaldgech Data Centre (CADC) as part of the Canada-France-Hawaistefee
Council (NRC) of Canada, the Institut National des Sciendes Legacy Survey, a collaborative project of NRC and CNRS.
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1. Introduction 2000; Bartelmann & Schneider 2001; Wittman et al. (2001;
) ) ) 2003); Dahle et al. 2003; Hetterscheidt et al. 2005; Wittman
Being the signposts of the largest density peaks of the @smg} al. 2006; Schirmer et al. 2007; Dietrich et al. 2007). To
matter distribution, clusters of galaxies are of particifiéerest perform these galaxy cluster studies, we perform an exten-
for cosmology. The statistical distribution of clustersadsinc-  sjye Archive-Research programme on publicly availabledat
tion of mass and redshift forms one of the key cosmologicghm the CFHTLS-Wide. We baptise our survey the CFHTLS-
probes. Since their dynamical or evolutionary timescalgols Archive-Research Survey (CARS in the following).
much shorter than the Hubble time, they contain a ‘memory’ Thjs paper marks the first step of our science programme on
of the initial conditions for structure formation (e.g. Bani 4 significant area of CARS. We describe our data handling and
& Guzzo 2001). The population of clusters evolves with reghe creation of multi-colour catalogues, including a fiest sf
shift, and this evolution depends on the cosmological moggotometric redshifts, on 37 sq. degrees of five-colour CARS
(e.g. Eke et al. 1996). Therefore, the redshift dependehceygia.
the cluster abundance has been used as a cosmological testhe article is organised as follows: Sect. 2 gives a short

(e.g. Bahcall & Fan 1998; Borgani et al. 1999; Schueckgieryiew on our current data set; a detailed descriptioruof o
et al. 2003a,b). A prerequisite for these studies are lange 3omplete image data handling is given in App. A. Sect. 3 and
homogeneous cluster samples with well-understood sefectsect, 4 summarise the multi-colour catalogue creation aed t
functions. Consequently, a large variety of systematieccs&s  qtometric redshift estimation together with a thoroughrg
has been performed in various parts of the electromagngfiation of their quality. We continue to describe our data

spectrum. The most extensive cluster searches and cosmojpgqucts (Sect. 5) and finish with our conclusions in Sect. 6.
ical studies were performed in X-Rays (see e.g. Bohringer

et al. 2000; Reiprich & Bohringer 2002; Bohringer et al020
Mantz et al. 2007) and in the optical (see e.g. Postman et2l.The data
1996; Olsen et al. 1999; Gladders & Yee 2000; Goto et al. 20Q2:

Bahcall et al. 2003; Gladders et al. 2007; Koester et al. 200 e current set ofCARS data consists of a subset of the

see also Gal (2008) for a concise review of various cluster qynoptic CFHTLS-Wide observations which is one of three
tection algorithms in the optical. Each of the cluster s independent parts of the Canada-French-Hawaii-Telescope

relies on certain cluster properties such as X-Ray emis:n’lonlaegacy gurvgy (CFHtTIaS.)'. Ittllsk? th]ry (I;;\rgea_S-yeardpE)Jecth
the hot intra-cluster gas or an optical overdensity of rdebga esigned and executed Jointly by Ihe t.ahadian and rrenc

ies and may introduce systematic biases in the candidate tﬁg;p@;\ﬂéﬂg& ng;;rﬁly sbtarted tl'n spring 200.3 gnd ;swik:u:ne
creation. Hence, a careful comparison and selection witarei 0 finish during - All observations are carried ou

ent methods on the same area of the sky is essential to Obta!i{li aPrime instrument mounted at the Canada-France-Hawaii

. . . escope (CFHT)MegaPrime (see e. ¢g. Boulade et al.
S?g?gﬁginswe understanding of galaxy clusters and thlssm2003) is an optical multi-chip instrument with axX94 CCD

_ . array (2048x 4096 pixel in each CCD;”186 pixel scale;
The Wide part of the Canada-France-Hawaii-Telescopeyoy 1° total field-of-view). When completed, the CFHTLS-
Legacy Survey (CFHTLS-Wide) is an optical Wide-Fieldyde will cover 170 sq. deg. in four high-galactic-latitude
Imaging-Survey particularly well suited for such stud\hen patchesii1-W4 of 25 to 72 square degrees through the five
c_ompleted i_t will cover _1_70 sq. de_g. in the five optical Sloaﬁptical filtersu'g’r'i’z down to a magnitude df,, ~ 24.5.
filters g’’’z to a limiting magnitude ofyg ~ 245. The gee  phttp://www.cfht.hawaii.edu/Science/CFHLS/
unique combination of area, depth and wavelength coveragg, http://terapix.iap.fr/cplt/oldSite/Descart/

allows the application of a variety of currently availablgtio s, yunarycfhtlswide. html for further information on survey
cal search algorithms. For instance, the Postman matc:heddga“S and survey implementation.

ter technique (see Postman et al. 1996) applies an ovetgensi gjnce june 2006 CFHTLS observations are publicly re-
and luminosity function filter to photometric data of a s®gl|a55ed to the astronomical community via the Canadian

band survey. It can provide high-confidence samples in thie IOAstronomy Data Centre (CADE)At the time of writing raw

and medium redshift range (see e.g. Olsen et al. 1999, 20Q1)4 g1 ¢y preprocessed images (see below), together with
The Red-Cluster-Sequence algorithm scans a t‘_’vo'f'lt,e'e?ur\éuxiliary meta-data, can be obtained 13 months after ohserv
for the Red Sequence of elliptical galaxies and is mainhydusg, o

for the medium to high redshift regime with tmeand z fil- For the current work we consider a@llixir processed

ters (Gladders & Yee 2000). The existence of five bands &1y i1) 5 \wide fields with observations in all five optical
the CFHTLS-_Wld_e allows us j[O est|ma_1te ph_otometr_|c redSh'Eoloursu*g’r’i’z' which were publicly available on 181/2008,

and the_ application of techniques using distance mfprtmatl-_ e. observed until 182/2006. In total, the currertARS set

(e.0. Miller et al. 2005). Furthermore, one of the main goal%nsists of 37 sq. degrees split between the three CFHTLS-
of the CFHTLS-Wide are weak gravitational lensing studies Nide patchesi1 (21 sq. degrees)i3 (five sq. degrees) and
the large-scale structure distribution (see e.g. Hoeledtral. W4 (eleven sq. degrees). The area around the defined patch

2006; Fu et al. 2008,f_or recent results). 'I_'his will allow os tcentresi(ll: Ra=02:18:00, Dee—07:00:0053: Ra=14:17:54.
complement and to directly compare optical cluster searche

with candidates from weak lensing mass reconstructions antlsee http://wwwl.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/
shear peak detections (see e.g. Schneider 1996; Erben etaalc/
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Fig. 1. Layouts of the current thre@RS: The CARS data of this work are split up in the three CFHTLS-Wide pasdiie(21 sg. degrees; patch
centre: R&02:18:00, Dee—07:00:00) w3 (five sq. degrees; patch centre:-R4:17:54, Dee+54:30:31) andi4 (11 sq. degrees; patch centre:
Ra=22:13:18, Dee+01:19:00). In areas covered by thick lines spectra fromowarsurveys are publicly available for phatoalibration and
verification (see text for details).

Dec=+54:30:31 andii4: Ra=22:13:18, Dee+01:19:00) are [VVDS; see Le Fevre et al. (2005); Garilli et al. (2008JB
covered on a regular grid with pointed observations. Nameith the DEEP2 galaxy redshift survey (see Davis et al. 2007)
of individual CARS pointings are constructed likEim1p2 (read Moreover,CARS data from patche®3 andW4 have complete
“W1 minus 1 plus 27; see also Fig. 1). They indicate the pataverlap with the Sloan-Digital-Sky-Survey (SDSS; see e. g.
and the separation (approximately in degrees) from thenpatedelman-McCarthy et al. 2007). From pat¢honly the south-
centre, e. g. pointind@1lmlp2 is about one degree west anern pointingsSilp3m®, Wlp4m® andWlpiml have SDSS over-
two degrees north from th#l centre. The overlap of adja-lap.

cent pointings is about'@ in Ra and ® in Dec. The exact
layout of theCARS survey fields is shown in Fig. 1. All three
patches are covered by spectroscopic surveys which allow
to calibrate and to verify photometric redshift estimatse
on; W1 andW4 overlap with the VIMOS VLT Deep Survey

The Elixir data preprocessing performed at CFHT (see
I\{I@gnier & Cuillandre 2004) includes removal of the instru-
mental signature from raw data [bidark subtraction; flat-
fielding; fringe correction in” andz data] and absolute pho-
tometric calibration [determination of zeropoints, calterms
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and extinction cofficients, corrections for scattered light eftigate photometric flathess over tMegaPrime field-of-view.
fects which lead to significant inhomogeneous photometric 2Ve use data from the CFHTLS-Deep survey which keeps ob-
ropoints across the CCD mosaic (see e.g. Manfroid et al.;208&rving four sq. degrees over the whole five-year period®f th
Koch et al. 2004; Regnault 2007)]. The data is accompani€&FHT-Legacy Survey. This allows us to create image stacks
with comprehensive information on the observing condgiorirom different periods and to investigate photometric consis-
(seeing, sky-transparency, sky-background level) foheac tency. Magnitude comparisons of co-additions obtainedhfro
posuré. the three years 2003, 2004 and 2005 indicate uniform photo-
After downloading all data from CADC and rejecting exinetric properties with a dispersion @fp,gri- = 0.01-0.02
posures with a problematic CFHT quality assessment we fin-u*g’r’i’ and aboutriny ~ 0.03- 0.04 inZ. We attribute
ther process the data on a poinfiegjour basis with our higher residuals iz’ to fringe residuals in this band.
GaBoDS/THELI pipeline to produce deep co-added images for ) , )
scientific exploitation. Our algorithms and software medtb Our absolute magnitude zeropoints are tested against pho-
process multi-chip cameras are described in Erben et 6QSQZOtometry in the SDSS a_nd agr?unst previous data releases of the
and most of the details do not need to be repeated here. E&HTLS. Our comparison with the SDSS shows that our ab-
the interested reader we give in App. A a thorough descriptig®!ute Photometric calibration agrees with Sloawrigsgri ~
of the CARS data handling, data peculiarities and the pipelife01 — 0.04 mag ing’ri’ and capsz ~ 0.03 - 0.05 mag for

upgradegextensions necessary to smoothly and automatica?l'y While the calibration in these four bands seems to be unbi-

proces#legaPrime data. In addition, a comprehensive assesaS€d; We observe, at the current stage, a systematic magnitu

ment of the astrometric and photometric quality of our datgffsetinu of about 0.1mag with respect to SloaiARS magni-

together with a comparison to previous releases of CFHTI4IeS appear fainter than Sloan). loband data from spring

data can be found there. We conclude that@hgs data set t© fall 2006 our analysis suggests Bhixir calibration prob-
is accurately astrometrically and photometrically caited for 18M leading to @sets of 0.2-0.3 mag io".

multi-colour phgtometrlg and Iensmg. studies. Finally, we directly compared our flux measurements with
In the following we give a very brief summary of the moSfy,ose of the previous CFHTLS Terap0003 release and
importantCARS data characteristics: The first products of thgtephen Gwyn'8egaPipe project (see Gwyn 2008). The mea-

THELT processing are 185 co-added science images accompge ments tqe003 are in very good agreement with typical
nied by weight maps which characterise their noise prOE'*’?"Ertblispersions of 0.02mag; in many cases larger scatters are ob

(see e.g. Sect. 6 of Erben et al. 2005, for a discussion on Hé?ved with respect to thegaPipe data. Private communica-

role of We!ght images in the object de.tectio.n pro.c_ess.). Our'i o with S. Gwyn suggests that seveliagaPipe stacks suf-
age stacking procedure first automatically identifies imé@e o fom the accidental inclusion of images obtained unater u

fects (hot and cold pixel, cosmic ray hits and satellite keac favourable photometric conditions; see App. A.7 and Ap@ A.
in the individual frames and assigns them zero weight in the ¢ ther details.

co-addition process. The stacking itself is a statistcalpti-
mal, weighted mean co-addition taking into account sky back Table 1 lists average properties for seeing and limiting-mag
ground variations and photometric zeropoint variationthé nitude values in our survey data. The quoted values for ex-
individual frames (see Sects. 6 and 7 from Erben et al. 208sure time (we list the typical exposure time per ditheg, th
and App. A for further details). Identifying and masking igea number of dithered observations per colour and the total ex-
defects in the individual images before co-addition allow$o posure time in parentheses), limiting magnitudes and geein
obtain clean stacked images also if only very few input insageorrespond to a typical field and hence give a good indica-
are contributing. This is essential for the processingARS tion of what can be expected from the data. The seeing values
r’-band data where most pointings are covered only by two i(sExtractor parameter FWHMMAGE for stellar sources)
dividual exposures. As an example, we show in Fig. 2 the firgle the median of measured seeing values from all co-added
co-added’—band image of the field1p3p1. We perform nu- science images in the corresponding filters. We note that we
merous internal and external tests to quantify the astmamneimeasure a seeing of@ or below for all co-addedARS stacks
and photometric properties of our data. In App. A.3 we corxcept for theu*-band image ofilp3p3 for which we obtain
clude that the internal astrometric accuracy of our date, i.1”1. The limiting magnitude is defined as the detection
the accuracy with which we can align individual exposures @init in a 2’0 aperture vian, = ZP — 2.5 Iog(SMo'sky),
a colour and pointing, is'®3 - 0704 (¥/5th of aMegaPrime whereZP is the magnitude zeropoinhyy is the number of
pixel) over the whole field-of-view otlegaPrime; our ab- pixels in a circle with radius’D andosy the sky background
solute astrometric frame is given by tliSNO-B1 catalogue noise variation. The actual numbers fog, in Table 1 were
(see Monet et al. 2003). The co-added images of tfferéint obtained from the field@i4p2m0. It represents @ARS pointing
colours from each pointing are aligned to sub-pixel precisi with typical properties concerning exposure times and inag
in all cases. seeing. A more detailed table listing these quantities &mhe
We quantify the quality of the photometric calibration ofndividual field can be found in App. A.9.

our data in App. A.4, App. A.6 and App. A.7. First, we inves-
The described imaging data form the basis for the subse-

2 see http://www.cfht.hawaii.edu/Science/ quent multi-colour catalogue creation and phatestimation.
CFHTLS-DATA/exposurescatalogs.html
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Fig. 2. Co-added ARS data: We show the final science image oftheband observations from fieltlp3p1 (left panel) and the accompanying
weight map (right panel). The weight map shows five extendgellge tracks which were automatically identified and keasbefore image

co-addition (see App. A.2 for details). In seve€aRS pointinggcolours individual chips did not contain useful data andent@ence excluded

from the analysis. The pointing shownf&red from this problem in the uppermost row.

Table 1. Characteristics of theARS co-added science data: The tablavith oierk being the width of the Gaussian filter for convo-
shows basic average properties of our final science dataesetor [ution of the k'th image gworst being the PSF size of the im-

an explanation of the columns). age with the worst seeing, anek being the PSF size of the
k’'th image. By doing so we neglect the non-Gaussianity of a
Filter expos. time [s] min [ABmag] seeingf]  typical ground-based PSF. Nevertheless, experience With t
u'(u.MP9301)  5x 600 (3000) ~ 25.24 0.87 DPS shows that our procedure igfitient to estimate reliable
g'(9.MP9401)  5x 500 (2500) 25.30 0.85

colours if the seeing values in the individual colours are-su

ir, ((|rl\,>|/| ;;;3(?11)) gi 222 gggg; gjgg 8';? arcsecond and not tooftkrent. InCARS, the seeing values for
Z(iMP9801) 6x 600 (3600) 2390 066 a pointing typically do not dier by more than’®-0/3 (see

Table A.2).

3. The multi-colour catalogues

Our procedures to create multi-colour catalogues for the fivg 5 Limiting magnitudes
bandCARS data are similar to the ones presented in Hildebrandt
et al. (2006) where we studied Lyman-break galaxies in the

ESO Deep Public Survey (DPS).
b Public Survey ( ) The images filtered in that way are then analysed for their sky

background properties. For the accurate estimation ofghot
3.1. Preparation and PSF equalisation metric redshifts it is important to have a reasonable eséma

. . o for the limiting magnitude at a given object position. THere,
In order to estimate unbiased colours it is necessary touneas LS ) .

. . : . we create limiting magnitude maps from the RMS fluctuations
object fluxes in the same physical apertures in each band, |

for a given object the same physical parts of the object mogl]ethe s_ky_-_backgrou_nd in small parts_of th_e Image. Here we
. use b limiting magnitudes calculated in a circular aperture of

be measured in thef@ierent bands. Since the PSF usually Varnes. stellar FWHM diameter. This procedure ensures that vary-

from b_and to band we f_:lpply a convolution to degrad_e the see_,na depths over the field are properly taken into accountén th
of all images of one field to the PSF size of the image WItPI L . i

: : . ) colour estimation. It may well be that an object would be de
the worst seeing. Assuming a Gaussian PSF we first measy

. . : . ected in one part of the image whereas it is undetectable in a
the seeing and then calculate appropriate filter functigrthe . b hag . .
: ) different part due to the dither pattern or stray-light leading t
following formula:

inhomogeneous depth. By assigning position-dependeitt lim
ing magnitudes to each object in all bands we can later decide
Tiiterk = A|Togrst— T2 » (1) which flux measurements are significant and which are not.
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3.3. Opbject detection A complete manual masking process for the large amount of
] o ] CARS data would be a prohibitively long and man-power in-
The object detection is performed witBExtractor (see tensjve task. We developed a software package which gener-

Bertin & Arnouts 1996) in dual-image mode and we considgfes template masks for most image features which we want

all objects having at least 5 connected pixels exceedingf2 g

reject. If necessary, these automatically generatetétsras

the sky-background variation. We will base our primary scinanually optimised later. Our tools are based on the fotigwi
ence analyses (galaxy cluster searches and weak lensilig apfeas:

cations) on th& -band data. Hence, we generate our object cat-

alogues based on this colour rather than on a combinatidh of Object detection algorithms such $Extractor identify

available colours such ag@ image (see e.g. McCracken et al.
2003). We use the unconvolvéeband image as the detection

astronomical sources by connected areas which exceed the
sky background noise by a certain amount. The pixel dis-

image and measure fluxes for the colour estimation and the tripution of THELI produced images oémpty fields has

photometric redshifts on the convolved frames. Colourdesdli
are estimated from thefliérences of isophotal magnitudes tak-
ing into account local limiting magnitudes, i.e. if a magié

is measured to be fainter than the local limiting magnitticien
this limit is used instead of the measured magnitude to estim
an uppeflower bound for the colour index.

Additionally, we also measure the totaband magnitudes

on the unconvolved image so that total magnitudes in the othe
bands can in principle be calculated from those and from the

colour indices. However, it should be noted that our apgroac
to runSExtractor in dual-image-mode with the unconvolved
i’-band image for detection will never lead to accurate total
magnitudes in the*g'r’Z-bands. While addirygubtracting the
appropriate colour index tisom the totali’-band magnitude

yields accurate total magnitudes in one of the other bands fo
bright objects without a colour gradient, it can yield sghn 2.

biased results in other cases. Only catalogues createajglesi
image-mode on the flerent bands assure a reliable estimation
of total magnitudes. Since our emphasis here is on estiatin

colours as accurately as possible, we do not pursue this issu

further.

3.4. Creation of image masks

All CARS pointings stfer from bright stars and other large- and
small-scale astronomical features that we would like tdiede
from the following analysis. At least we want to know the leca

tion and shape of those areas so that catalogues can bectlean

from objects in problematic areas. Of course the regionshvhi

need to be masked heavily depend on the science project for
which our data are used. Our main scientific drivers for the
CARS data are the photometric identification of galaxy-clusters

and their subsequent investigation with photometric ri#tish
and weak gravitational lensing techniques. These apitsit
require the accurate determination of galaxy surface briggs

moments to at least fourth order. Hence, we want to exclude

all image areas in which the light distribution of faint ottie
(often confined to a very small number of image pixels) is prob
ably altered by other sources. Amongst such defects are:

— Extended haloes of very bright stars
— Diffraction spikes of stars

— Areas around very large galaxies

— Various kinds of image reflections

— Tracks of asteroids

mode zero after sky subtraction. Large-scale artefaots lik
stellar reflection rings lead to local deviations of the back
ground. By runninggExtractor with a fixed background
value of zero and a very low detection threshold o6
this local variation of the background leads to a significant
increase in the detection of spurious objects. We examine
the SExtractor catalogue for areas of significant over-
densities and strong gradients in the object density Histri
tion. Corresponding image regions are flagged as problem-
atic. The output of the procedure is an 8-bit FITS FLAG
image with the size of the original image (masked areas
are '1’ and unmasked areas are '0’ in this imagepnd
a saoimage/ds9 polygon region file of masked areas. See
Dietrich et al. (2007) for further details on the algorithm
and its implementation.
Astronomical Standard Star Catalogues suciS®-B1,
GSC-2 or SDSS-RS5 list the positions and magnitudes of
known astronomical sources up to a magnitude of about 18.
In the CARS data, the large majority of these objects with
m < 16 are bright or moderately bright stars whose sur-
roundings should be excluded from object catalogues (faint
haloes, diraction spikes). Moreover, stellar sources have
well defined shapes over the compléiegaPrime field-
of-view. The extent of the central light concentration and
the width and the height of stellarffiaction spikes can be
modeled as function of apparent magnitude. On the basis
of these observations we automatically create object masks
for stellar objects:
€ _ We retrieve object positions and magnitudes from
the Standard Star CataloguesC-1, GSC-2.3.2 and
USNO-A2. We found that our selection criteria in these
catalogues (magnitude limits, catalogue flags) result in
slightly different source lists and hence the three sam-
ples complement each other. Our masking is performed
independently on all three catalogues.
At each catalogue position we lay down template masks
for the central light halo and theftliaction spikes. The
templates are scaled with (red photographic) magnitude
to conservatively encompass the stellar areas. In addi-
tion, for very bright stars witlm < 10.35 we mask ex-
tended stellar diraction haloes. FollegaPrime these
haloes have an extend of abou® 4epending only
weakly on magnitude. Moreover, these haloes occur
with a radial dfset towards théegaPrime centre. The
halo displacement from the stellar centre as function of
MegaPrime position can well be described y0.022



T. Erben et al.: CARS - Five-band multi-colour data from 37dsp. archival CFHTLS observations 7

times the relative position of the star with respect to thie Standard Star Catalogues are galaxies. (3) For imades wi
camera centre. an exceptional good seeing df®dor better the high density of
— Finally, the masks are converted tmoimage/ds9 objects leads to a significant number of false positives é th
polygon region files which can further be processed lasteroid masking. The final masks from the individual cadour
theWeightWatcher programme (see Bertin & Marmo are merged and collected in oseoimage/ds9 polygon region
2007) to construct a FLAGMAGE file. file. The masking information is also transfered to our multi
3. Tracks of fast moving asteroids typically show up as a seslour catalogues asMASK key which allows an easy filter-
ries of high 3N, lined up, short dashed and highly elliping of problematic sources later. Fig. 3 shows examples of ou
tical objects in co-addedARS images. They are presentmasking procedure.
in the data because our strictly linear co-addition process
does notinclude any pixel rejecti@tipping procedure. We
try to detect and mask them in our multi-colour object cat-
alogues. We identify an asteroid candidate if a minimum
number ofN objects are located within.® pixels from a
line connecting any two objects within overlapping boxes
of M x M pixels’.. We run this algorithm for the two pa-
rameter set®\ = 4; M = 100 andN = 5; M = 175 and
merge the resulting candidate lists. This combination wag
found empirically to give good results on titARS data
set. For real asteroids the ellipticities of contributinig o
jects are usually highly aligned. As in weak lensing theory
(see e.g. Bartelmann & Schneider 2001) we compute th
two-component ellipticity

1-r .
(a1, &) = o7 (cos P, sin ) , 2)

which depends on the object axis ratiand position angle

6 as determined bgExtractor. The expectation value of
both ellipticity components is zero if the ellipticities diff-
ferent objects are not aligned. We then compute the align
ment estimator

A= \[mediang)]? + [mediang))? 3)

from the ellipticities of all objects belonging to a candiela
We only keep asteroid candidates with> 0.20; A > 0.24
(first and second parameter set) in order to minimise the
false flagging of galaxies in areas with increased objec
number density, such as galaxy clusters. These paramete
were optimised for typicalARS seeing conditions and im-
age depths. For the4mOmo field the algorithm automati-
cally masks 30 out of 32 visually identified asteroid tracks,
with one false positive, for an object number density of
35/arcmirf.

We note that the dierent algorithms are complementary t&ig.& Semi-automatic image masking: Shown is the result of our

each other. While large-scale features such as very Iaﬂgggasem"aummat'c image masking for areas of the fiéddono. The

. . . . . lygon squares result from our object density analysisthadtars
ies or image borders influence the object density, smalbsc%ﬁver sources identified in theéSC-1, GSC-2.3.2 and USNO-A2

defects from medium bright stars filaction spikes; outer giangard Star Catalogues (upper panel; multiple masks\arstars
extended haloes) are caught by masking known catalogy@ear for sources identified in various catalogues). Tiverlpanel
sources. We independently run the object density analysis ghows results from our asteroid masking procedure.

all five colours of aCARS pointing. However, the stellar and

asteroid track masks are calculated for thband only. The

latter ones need some manual revision which is done on the

basis of the’-band image only. Hence,. asteroid tracks in th&:. Photometric redshifts

u“‘g’'r’Z bands are notincluded in our object masks. Other prob-

lems which require manual optimisation of the image masksom the multi-colour catalogues described in the pregedin
are: (1) The object density distribution analysis also rea&ty section we estimate photometric redshifts for all objeats i
galaxy clusters. (2) Some objects labelled as stellar gorc two steps. In a first pass we use available spectroscopic in-
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formation from the VVDS to correct/ecalibrate our photo- For the1 fields that do not overlap with the VVDS we use
metric zeropoints on a patch-wide basis. Afterwards we othe zeropoint corrections from the figlidp2p3, the one with
tain photoz estimates for our objects (see Hildebrandt et ahe highest density of spectroscopic redshifts initheegion.
2008). In the following we set the minimal photometric erSince the region#3 andW4 show diferentu*-band calibration
ror to 0.1mag in order to avoid very small purely statistisystematics thakil (see Sect. A.6), we correct als fields and
cal errors for high-gN objects and to take into account outhe twoW4 fields without VVDS overlap with the values from
estimated internal and external photometric accuracies (¥4p1ml, again the most densly covered field in this region.
Sect. A.8). Throughout this work we utegaPrime filter re- Then we rurBayesian Photometric Redshifts (BPZ;
sponse curves which were computed by Mathias Schultheis ae@ Benitez 2000)on the catalogues with the corrected pho-
Nicolas Regnault. They are available lattp://terapix. tometry using the same template set as before. The Bayesian
iap.fr/forum/showthread.php?tid=136 approach o8PZ combines spectral templaté minimisation
The following analysis only includes secure VVDS objectwith a redshiftmagnitude prior. The prior was calibrated from
(marked by flags 3, 4, 23 and 24; in total these are 4463 objeiSF-N observations and the Canada-France Redshift Survey
for W1 [up to a limiting magnitude of,; ~ 24] and 9617 for (see Lilly et al. 1995). It contains the probability of a gaja
W4 [up toi),z ~ 22.5]). Here and in the following we match ob-having redshifiz and spectral typ& given its apparent mag-
jects from our source lists with those from external cataksy nitudem. A detailed description of the code and the prior can
if their position agrees to better thatL First we run the new be found in Benitez (2000). We restrict the fitting of the mhot
version ofHyperz (Bolzonella et al. 2008)on 13 fields with Zs to z < 3.9 due to the limited depth of the Wide data. The
overlap to the VVDS, four of which are inii1 and nine in Bayesian redshift estimates are added to our multi-colatir ¢
W4. We use the CWW template set (Coleman et al. 1980) suglegues. Note that not all objects in our catalogues have wel
plied byHyperz and add two starburst templates from Kinnegietermined photometric measurements in thelfulb zZ wave-
et al. (1996). Additionally, we fix the redshift to the speetr length coverage. This can have physical reasons (e.g. high-
scopic redshift for every object. In this way we find the besedshift dropout galaxies which are fainter than the magleit
fitting template at the spectroscopic redshift for everyeobj limit in blue passpands) or it can be connected to problems in
Hyperz puts out the magnitudes of the best-fit templates atite data itself (e.g. pixels without information in one oé ffil-
enables us to compare these to our original estimates. We ater bands). Our current catalogues miss information tontjea
age the dierences between the observed and the best-fit tedistinguish between these cases but only allow us to identif
plate’s magnitudes over all objects. In this way we derive cqroblematic photometry by either large photometric eroora
rections for the zeropoints in the five bands. We only use-spéicix measurement below the formal detection limit. In alless
tra of galaxies with’),; < 21.5 which have a high 8l photo- with a magnitude estimate below the limiting magnitude, or a
metric measurement in all filter bands; these were 654 ssuragagnitude error larger than 1mag, we configued to treat
in W1 and 2158 objects iii4. The mean and the scatter of thehe object as non-detected with a flux error equal to the 1

corrections in the fouW1 fields areAu* = —0.064+ 0.015, limiting magnitude. This leads to unreliable results if tarye
Ag’ = 0.069+0.005,Ar’ = 0.027+0.019,Ai’ = —0.004+0.018, photometric error results e.g. from image defects and oot fr
andAz = 0.007+ 0.007. In the nindi4 fields we findAu* = intrinsic source properties. To allow an easy rejectionuzhs

—0.088+ 0.011,Ag’ = 0.136+ 0.029,Ar’” = 0.019+ 0.03, problematic sources each object in our catalogues obthims p

A’ = 0.008+ 0.023, andAZ = -0.010+ 0.014. Note that the tometry quality flags for all filter bands.

photoz code is only sensitive to colours so that the absolute The internal accuracy of thgPZ photoZs is described by
values of the corrections in theftiirent bands should not bethe ODDS parameter (see e.g. Mobasher et al. 2004) assign-
misunderstood as pure calibration errors. Prior to thebcali ing a probability to the Bayesian redshift estimate by irdeg

tion step, we did not modify th#3 andw4 u* zeropoints for ing the posterior probability distribution in an intervhabt cor-
identified systematic calibration problems (see App. AAH. responds to the 95% confidence interval for a single-peaked
all w3 andw4 fields are equally fiected by it we expect that Gaussian. By rejecting the most unsecure objects with a low
it is taken into account properly by our correction procedurODDS value one can obtain much cleaner subsamples; see also
We also did not apply any galactic extinction correctionsuo Hildebrandt et al. (2008).

catalogues. If not stated otherwise we use in quality assessments of our
BPZ photoZs the following subsample of our catalogue data:

3 spectroscopic data were obtained frhmtp://cencosw.oamp.
£r/VWDS/ 1. We reject all objects falling within an object mask (see
Note that there are at least two more sets MafgaPrime Sect. 3.4).
filter curves available on the WWW: On the CFHT web pagei
(http://vwww.cfht.hawaii.edu/Instruments/Filters/ )
megaprime.html) and on Stephen GwynMegaPipe pages
(http://wwwl.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/

We select galaxies by means of tBExtractor star-
galaxy classifielCLASS_STAR and reject all sources with
CLASS_STAR > 0.95.

megapipe/docs/filters.html) 3. We include only objects with reliable photometry in alkfiv
5 publicly available athttp://www.ast.obs-mip.fr/users/ filter bands (see above).
roser/hyperz/ 4. Finally we reject all sources with ODDS0.9.

6 spectroscopic data were obtained frantp: //cencosw.oamp.
fr/. 7 publicly available ahttp://acs.pha. jhu.edu/ txitxo/
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Table 2. Statistics of the comparison between photometric and W1 ’<22.5
spectroscopic VVDS redshifts: The third column gives thennu 15 [ T ’
ber of uniquely matched sources between our catalogues ighd h L ]
confidence VVDS objects (see text). The completeness védueti L a2 g
column) lists from those objects the percentage with a kighfidence - . A et “
BPZ photoz estimate (ODDS> 0.9). T . s <
Field Mim N compl. outl. rate;? Az/(1+ 2P Nful L |
[AB]  [%] [%0] - : 1
Wip2p2 225 212 9151 1.03 .000+0.052 05 -
240 517 7311 1.85 -0.002+ 0.050 I ;% L . ]
Wip2p3 225 1136  92.52 0.86 —0.008+ 0.051 L % S i
240 2456 @ 77.69 1.62 -0.011+ 0.049 LA ’ i
Wip3p2 22.5 14 92.86 0.00 .009+ 0.040 0 E~+——+ } R S — } —
24.0 24 70.83 000 .011+0047 005 E T E
Wip3p3 225 104 87.50 220 .004+0046 § T I ]
240 257 65.37 1.79  .009+ 0.050 ‘Nm 0 I
WAmém® 225 223  93.27 1.44 -0.015+0.045 3 . I ]
WamOml 225 354  94.63 2.69 .004:£0049 & -0.05p 111 L E
W4mem2 225 132  98.48 0.77 -0.001+ 0.048 P S B B
Wiplm@ 225 395 9291 0.82 .006+ 0.045 0 0.5 1 15
W4plml 225 908 95.70 1.96 -0.010+ 0.051 Zgpec
Wiplm2 225 416  95.19 126 .001+0.051 W4 <225
Wap2m@ 225 274  94.89 0.77 -0.013+0.045 15 ‘ —
W4p2ml 225 517  96.52 1.00 -0.006+ 0.051 . . .
W4p2m2 225 263  94.30 0.40 -0.007+ 0.050 - : .

2 defined as the percentage of galaxies Watho(— Zsped / (1+Zsped > 1 i 1
0.15 . '
b bias and scatter Ofhot — Zsped / (1 + Zspeg after outlier rejection

n . _ , 0.5 F AT S =
Our catalogues contain in total 3.9 million galaxies owdsath SRR < S SN i
object mask (rejection steps 1 and 2) and finally 1.45 million BT 7L S . RV
sources (about 13 galaxies per sg. arcmin) with reliape i TR e ' |
photoz estimates (object sample after all rejections). o K—+————+—+———f—+—+—+—+

We first compare our photgs from W1 andW4 to spectro-

—~ 0.05 z =
scopic redshifts from the VVDS in a similar way as presentedt = ]
in Hildebrandt et al. (2008). Note that these spectra wereipr | 0 T
ously used to calibrate the data! Table 2 summarises thésesus _0.05 T 3

~

indicating a homogeneous dispersiofy1+, = 0.04 - 0.05
and an outlier rate (defined as the percentage of galaxibs wit -0.1
(Zphot — Zsped/ (1 + Zsped > 0.15) of 1-2% up ta,; = 24. The

O az/(1+7) Statistics is estimated after outliers have been rejected.

If we perform the spectra-vs. phOto_Z compansong with the Fig. 4. Photometric vs. spectroscopic redshifts in theand W4 re-
ODDS > 0.0 sample (but all other filters as described abovgjyns: we show in the upper panels 13#)(and 3312 4) galaxies
the dispersion is nearly unchanged while the outlier ratesri with i,, < 225, reliable VVDS flags, good photometry in all five
by a factor 3 to 8. This confirms that the ODDS parameter iSiker bands and ODDS> 0.9 (points). Triangles represent galaxies
good selection criterion to reject outliers and to obtamgkes with 0 < ODDS < 0.9 (117 sources ini1 and 170 objects iw4).

of homogeneous photpguality up to abouit,; ~ 24. Aplotof Lower panels show a binned distribution @hnot — Zspeo from the

the photozvs. VVDS spectraeresults in the regiorigl andiia ODDS> 0.9 samples of the upper panels.

is shown in Fig. 4. While the figure shows an overall good per-

formance of our phota-estimation it reveals residual system-

atics. A significant tilt is present in thgnot Vs. ZspeccOmparison andAz/(1+2) = -0.005+ /—0.050 @@4). If we split the sample
leading to a systematic overestimation of up tb-00.2 of the atz = 0.5 we obtain forz < 0.5: Az/(1 + 2) = 0.03 + 0.043
redshift at lowzspecand to a underestimation at highyee The (W1: N = 595) andAz/(1+2) = 0.025+ 0.037 (#4: N = 1690).

tilt crosses the zero axis at= 0.5 and hence it cancels negativéAccordingly for 5 < z < 1.0: Az/(1 + 2) = -0.032+ 0.035
and positive contributions to statistics involving (see Fig. 4). (W1:N = 809)andAz/(1+2) = —0.034+0.038 (@1: N = 1728).
The Az/(1 + 2) statistics for the completél (N = 1466) and We do not try to remedy these systematics in this article
W4 (N = 3488) samples aréxz/(1 + 2) = —0.006+ 0.051 (1) but we will investigate it in a companion paper (Hildebraedt

O T T I T[T I rrT
o
(&)
&)

z

spec
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0 < z< 1.5: shown areN = 448 common objects between the DEEP2
redshift survey and theARS fieldsW3milm2 andW3mlm3.

z z

SLOAN SLOAN
Fig.5. Comparison ofCARS BPZ photoz against SDSS spectra (€ . .
z < 0.6): The plot shows\ = 44 objects for1, N = 208 forw3 and Table 3. Quality parameters for the comparison@fRS BPZ photoz

N = 400 forii4. Note the diferent ordinate in the lower right panel! against SDSS and DEEP2 spectra. The third column gives the re
shift range probed by the spectroscopic samples; see Tdbletle

meaning of the other columns.

al. in prep.). The overestimation at the lavis mainly caused

by the redshift prior irBPZ. It seems to give too little proba-
bility to the low-z population in theCARS data. A modification

of the original prior in this sense removes the observed bia
for 0 < z < 0.5. The highz underestimation of our redshifts
can be corrected by a recalibration of the original Colemar
et al. (1980) and Kinney et al. (1996) template sets; see also

Feldmann et al. (2006). In the following we further check thgyrrections obtained with a galaxy subset to other fielde Th

Field | Survey zcoverage N 7[%] Az/(1+2)

SDSS 0<z<06 44 24 0069+ 0.050
SDSS 0<z<06 208 4.8 0068+ 0.042
SDSS 0<z<06 400 12.8 (@80+0.039
DEEP2 0<z<15 448 73 0010+ 0.050

consistency and quality of our current phateample. trends we see with OuBPZ photometric redshifts also show
up in a comparison with previously obtained phatestimates
4.1. Internal and external quality checks on our with the photometric redshift codePhare'®on the CFHTLS-

Deep fieldD1 (see llbert et al. 2006). We show a direct com-
parison of theD1 and ourWlp2p3 photometric redshift esti-
Besides with the VVDS th€ARS patches overlap with public mates in Fig. 7. The figure confirms an overall very good agree-
spectra from the SDSKW1-W4) and the DEEP2redshift sur- ment and a systematic tilt for & z < 1 in our estimates;
vey (i3; Davis et al. 2007). Hence, we can test our phzgto-our high-confidenc®PZ photoz sample withi,g < 24 has
which were partly calibrated and verified against the VVD34558 common objects with the llbert et al. (2006) catalogue
with an independent set of spectroscopic data. The compgine latter was filtered forzpi, — Zinfis)/(1 + Ziberr) < 0.25.
isons are shown in Fig. 5 and Fig. 6; formal quality paransetefor the complete common sample wiffy < 24 we measure
are listed in Table 3. We observe exactly the same systen?= (Zynot— Ziber) = —0.02+ 0.11.

atics identified in the comparisons with the VVDS spectra: A Finally we perform two internal consistency checks on our
systematic tilt with overestimates of abouf®— 0.15 in the estimates. The first one is a comparison of independent esti-
low-z regime and a reverse trend far> 0.5. Our tests in- mates from overlap objects inftBrent CARS pointings (see
dicate that the phota-quality and remaining systematics forFig. 1). In Fig. 8 we show on a patch bagigno = (Zphot1 —

the currentCARS data set are comparable in the mean for atl,qr) for all overlap sources. The means and scatters of this
fields; regardless whether the galaxies profited directynfr quantity for individual patches arézy,o: = 0.0002+ 0.0772

a previous calibration with spectra or whether we transferéi1; 24329 objects)Az,not = —0.00005+ 0.0767 (i3; 6211 ob-
jects) andAzyne = —0.0006+ 0.0723 (i4; 16849 objects). The

® spectroscopic data were obtained frmtp: //cas.sdss.org.  plot and the numbers demonstrate a homogeneous and robust

astro/en/tools/search/SQS.asp redshift estimation over the wholeARS area. Note that this
9 spectroscopic data were obtained frantp://deep.berkley.

edu/DR3 10 seehttp://www.oamp. fr/people/arnouts/LE_PHARE.html

photo-z sample
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Fig.7. Comparison of ouBPZ photoz estimates orWlp2p3 with Fig.8. Consistency of our photometric redshift estimates: We com-
those from llbert et al. (2006) on the CFHTLS-Deb field. The pare independent photomeasurements from objects appearing in
comparison includes 24558 common objects with a pre-filgefor multiple CARS pointings in each patchi(: N = 24329;w3: N = 6211,
high-confidence sources in both cataloguesiggdk 24 (see text for W4: N = 16849). Dashed lines mark regions witzgny = 0.1,0.2.
details). 853 objects (89%) lie outside the plotting region ef0.7 <  Only 1 out of 10 points is shown for clarity of the plots. See taxt
Zohot— Zibert < 0.7. We show one point out of five for clarity of the plot;for further details.

contours indicate areas of 0.8, 0.5, 0.25 and 0.05 timesak-palue

of the point-density distribution.

slices. The cross-correlation technique has already bden a
comparison includes areas with and without spectrosc@pic oyocated as a way to reconstruct the source redshift distribu
ibration overlap. The second internal consistency cheeki® tion (Schneider et al. 2006), or, in combination with spectr
redshift distributions for the thre@ARS patches. Fig. 9 shows scopic redshift, as a way to improve the phatlibration (see
that they are very comparable for all thie&RS patches. Mandelbaum et al. 2007).

For accurate redshift estimates we expect to see a strong

in different photo-z redshift bins pected phota scattering ¢a, ~ 0.05- 0.1), a lower-level
cross-correlation signal in neighbouring slices. But ormeih

In the following we apply a correlation function analysis tdot expect to see a cross-correlation signal for slicesahat
further quantify the reliability and suitability of photatric physically far apart. Contamination by catastrophic pkoto
redshift estimates. The theoretical background will beitlsd failures would lead to significant amplitudes of the angular
in Benjamin et al. (in prep.). Judging phatajuality by cal- cross-correlation function of photoslices that are well sepa-
ibration with external spectroscopy provides us with anroveated in redshift. In Fig. 10 we show a correlation slicetpsia
all picture of the dispersion of our estimates and the tatt r of the CARS photoz estimates for objects with,; < 24. It
of catastrophic outliers. First, this quality control is limited to represents a matrix plot including the angular cross-tatiosn
the magnitude andr redshift range of our external comparifunctions of all pairs of photaslices. The figure illustrates the
son sample and second we often need a more detailed picknpected behaviour: We observe a very significant autocorre
on the photaz (re)distribution of galaxies in redshift space. Folation and a decreasing cross-correlation in neighbouing.
instance, weak lensing tomography studies of the cosmarsh@ur analysis also shows a decent signal for the highestifedsh
effect do not require a precise redshift estimate for each inlins z > 1.5) with low-z slices. This shows that hightails,
vidual galaxy. However, we need to reliably separate gataxiwhich are often observed in redshift distributions derifredn
into redshift bins and we require a precise understandiogof photozs, are populated with true lowgalaxies. We note that
errors concerning redshift misidentifications and interdon- the ODDS > 0.9 filtering applied hitherto rejects large parts
tamination factors (see e.g. Huterer et al. 2006). of dubious sources with a very broad or doubly peaked pho-
To quantify the crucial error contribution due to large sygemetric redshift probability distribution. To visualiske ef-
tematic redshift misidentifications we investigate the wngfect of low-z high-z contamination we relaxed our filtering to
lar cross-correlation function of galaxies inflégrent photez ODDS > 0.8 in the cross-correlation analysis.
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17<1"g<22 22<i")g<24 tions, the true number of galaxies can be expressed as a func-
L L L tion of the observed numbers and the fractiépsand f,1,

—+4 _—— W" .
i 1 —— W3 1 T NP = f2u(ND + ND)

i N, = ’

rjg """" W4 1-fio—

o . 0 0 0
all fields T N2 — f12(N7 + N9)

- N, = . (5)

1-fo— T

| Note thatN? + N9 = N + NJ, thus the total number of galaxies
AL is preserved, as should be the case. It is also obvious that fo
H . Pk i cases wheréy, + f,1 is unity there is a zero in the denominator.
o I T ik 1 What is less clear, is that in these cases the numeratoras als
5 - S | ! . zero, which can be seen by plugging Eq. 4 into the numera-
: d 1 | tor. In this case the system of equations is degenerate, #éind w
! 5 not admit a unique solution. This should not pose a practical
: f o i limitation since it is expected that the fractional contaation
E ‘ T L) 1 between bins is small, and specifically less than 0.5.
L 1 842 1 In order to calculate how the cross-correlation function is
N T N R TR " changed for non-vanishing cieientsfi,, f,1, itis suficient to
0 05 1 1.5 2 05 1 1.5 2 consider the natural estimator of the angular correlatiore{
Zpnot Zpnot tion, as opposed to that presented by Landy & Szalay (1993).
The natural estimator works well at small and intermediate
Fig. 9. Normalised distributionw of our high-confidence photorieetr g-5les where edgdfects are not an issue, provided that there
redshift estimates for allARS patches(1: N = 205956 for 17< s 5 gficient density of points (see Kerscher et al. 2000, for a

ing < 22 andN = 487593 for 22< i} < 24;W3: N = 52295 for 17< . .
"0 < 22 andN = 119589 for 22 1, < 24;W4: N = 104417 for comparison qf the esumators). The observed angular corss ¢
relation functions are given by,

17 < ijg < 22 andN = 252969 for 22< i), < 24); all distributions

N[%]

have only very few objects beyond redshift 2 (not shown). (DD 1)2
1+ 0 = ——, (6)

(RiR2)s

In Fig. 10 we show separately the correlation functions of | (D1D2)p
the faintest objects with 23 i}, < 24. We see that the faintl + @12 = RRY, (7

population of our galaxies behaves exactly in the same way as o i
the complete sample. This indicates that the pteeeuracy Where O1D1)j is the observed number of pairs separated by

does not degrade in the lowef\Sregime. angled within bin 1, similarly ©1D2)g is the number of pairs

While Fig. 10 already allows us to draw important qualiP€tween bins 1 and 2, an&yR,), is the number of pairs be-

tative conclusions we can derive formulae for the mutual coff*e€n objects from random fields of identical geometry.

tamination of redshift bins. A complete matrix descriptoin _ Considering how galaxy pairs are split between the two
the formalism, which will allow a consistent analysis of tlee PinS 1 and 2, one can show that the observed number of pairs

sults in Fig. 10, will be presented elsewhere (Benjamin.etral depends on a combination of the true number of pairs and the

prep.). In this paper we limit the discussion to a strictwiie Contamination fractions:
cross-correlation analysis, i. e. we present quantitatgelts
Zgh};ft(\)l\;ocsﬁless. where the whole redshift sample is split in ezlez)g = (D1DT((L =~ fra)(L = fau) + Fou fr2)

The basic idea is to infer the degree of contamination be- +(D1D1)j (1 - fi2) 12
tween two redshift slices from the measurement of the cross- +(D2D2), f21(1 — f20). (8)
correlationw;, between the bins.

The fraction of galaxies from bin 1 present in bin 2, as Blugging this relation into eq. (7), and noting that the term
fraction of the true number of galaxies in bin MJ), is f. (D1D2)p/(RiRz)s must be normalised bMRNR/NONS, where
Likewise the fraction of galaxies in bin 1 from bin 2 is givepn b Nf, is the number of objects in the random samples, the fol-
f,1, which is defined such that the number of galaxies present®#ing equation can be derived for the observed angulaseros
bin 1 from bin 2 is given bN] f,1. Hence the observed numbegorrelation function,
of galaxies in each binN°) can be expressed as, (NDZ

1+0% = 1+ )2 f1-f
Ny = NI(l— f12) + NzT fo1, 12 = ( 11) NONS 12( 12)
N9 = NT(l - fz]_) + NT f12- (4) (NT 2
. l L+ @) (ons P11 - f21)
12

The first term of each equation accounts for those galaxats th
do not leave the given bin, the second term accounts for those
interloping galaxies from the other bin. Inverting theseiaq

™TNT

T NN,
+(1+ wip) Nope (1~ T2 = fau + 2f12f21). (9)
1N
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Note that the observed cross-correlation function depends  The spectroscopic data il allow us to directly calculate
the unknown true number of galaxies in the bins and the urentamination fractiond;» and f,; for the fieldWip2p3 and
known true auto-correlation function. The true galaxy nembto check whether our estimates obtained via correlation-fun
can be expressed in terms of the observed number of galtens are reasonable. The VVDS in this field has the same depth
ies and the contamination fractions via eq. (5). Itis pdedib as the limiting magnitude of our correlation analysis sampl
express the true auto-correlation as functions of contatiein (i,,; < 24.0). We subdivide galaxies according to spectro-
fractions, the number of observed galaxies and the obsergedpic (true) redshifts and determine directly contannimat

auto-correlation functions (Benjamin et al., in prep), fractions with the photometric redshifts. Error contribut on
this quantity are the Poisson noise and the redshift sanapie v
T o (N? z (1= fp9)? ance in a field of 1 sq. degree. The latter was estimated in van
Wi = Wy NT (1= f12)2(1 - fpq)2 - f2 2 Waerbeke et al. (2006) to be 15 times the Poisson contributio
! . X 12721 We plot our results in Fig. 11. We see that the contamination
—?2 & 2 fractions determined with spectroscopic redshifts in oall fi
ZINT) (1- f12)2(L1— f20)2 - 52 are very comparable to the correlation function estimaes f
o [ N_ZT ] 2fpr(1— 1) 10 rnea\l,;I/ZicieCARS surveys. This directly shows the validity of our
PINT) (- f12)(1 = for) + frofor '

By exchanging 1 and 2 in eq. (10) an equivalent expression g)r
the auto-correlation of bin 2 is obtained. To finally use €8%.

and (10) we make the explicit assumption that the true crosge make available on request our multi-colour catalogues in

correlation between the two redshift bins is zarg(= 0),i.e. cluding photoz estimates of 3TARS fields (corresponding to

all the observed cross-correlation is due to contaminalibis  ~ 30ded effective survey area after image masking). The data
prescription allows us to use the observed correlationtfans  package includes object catalogues, the derived imagesmask
and number of galaxies to determine the contamination fraghd JPEG images to inspect colour data and extracted sources.
tions, f12 and f2y, for a pair of redshift bins. The catalogues are availableRIS'S binary tables and a subset

We note that the outlined formalism cannot be trivially exaf the most important entries @§IX-ASCIT text files.
tended to a multi-bin setup, since it assumes a pair of bids an  The FITS catalogue version includes most of the original
ignores possible contamination from other redshifts. H@te Sextractor keywords and for their meaning we refer to the
it already allows us to recover the fraction of objects thats Sgxtractor manual (Bertin 2003). All these basic keys are
a given redshifz,; due to photometric redshift errors, and ameasured in 8Extractor run in dual-image mode where we
analysis can be done as a functioregf. use the unconvolvedband image for detection as well as for

We apply the pairwise analysis on our data by cutting it @ahotometric measurements (see Sect. 3.3).

Zuw = 0.2;03;04;05;06;0.7;08;0.9; 1.0; L5; 20 yielding a Additional keywords created in subsequéiixtractor

low redshift bin 00 < z < Z, and a high redshift bize,t <  runs with the PSF-matched images in the five bands for pho-
2 < 4.0. The angular auto and cross-correlation functions frofmetric colour measurements are indicated by an addltiona
the pair of bins are used to estimate the contamination@&t x where xe [u*, ¢, r’,i’,Z]. In particular, these are the dif-
f12 andfy; by fitting the observed cross-correlation with eq. (9Jerent kinds of fluxes, magnitudes and corresponding error
The analysis was performed with eleven equally spaced crogstimates (e.gFLUX_AUTO_x, FLUXERR_AUTO_x, MAG_ISO_x,
correlation bins ranging front®to 100. We checked with an MAGERR_ISO_x, etc.); note that magnitude error estimates in
analysis of three and five bins that our results do not depggnd she catalogues do not take into account systematic zerbpoin
nificantly on this choice. This step is followed by a minimunaffsets but only statistical errors due to photon noise. We es-
chi-square analysis and the likelihood contours in thea@ont timate 24 diferent aperture fluxes and magnitudes with di-
ination fraction parameter space are presented in Fig. i&. Tameters ranging from 4 to 55 pixelsq’744 to 1023). We
degeneracy between the two contamination fractions islgleaadd the # limiting magnitudesMAG_LIM x as described in
evident, and lower and upper limits can be estimated. Sect. 3.2. All magnitudes are providedNegaPrime instru-

For the lowest redshift cuts there is a strong degeneramgntal AB magnitudes. We note that we did not apply any
with 0.0 < f12 < 0.6, andf,; ~ 0.01, hence a potentially largemagnitude correction to the catalogue entries also if ostste
fraction of low redshift galaxies are expected to be at highperformed in Sect. A.4 might justify them. This especialty a
redshift. Likewise for the highest redshift cuts a potdhtia plies for discrepancies present in tlieband calibration of the
large fraction of high redshift galaxies are expected to the ®8 andW4 pointings (see Sect. A.4). To allow an easy identifi-
lower redshifts. It is important to reiterate that the fratf;, cation of objects with problematic photometry we add thesflag
is the number of galaxies that move from bin 1 to bin 2 as a fratBPZ_GOODFILT indicating the number of filters with reliable
tion of the true number of galaxies in bin 1. Hence, the obsgtrvphotometry NBPZ BADFILT giving the number of filters with
large degeneracies in the low and high redshift cuts are a CHAGERR_ISO_x > 1.0 andNBPZ_LIMFILT listing the number of
sequence of the very fliérent occupation numbers in the twdilters with MAG_ISO_x fainter than our formal magnitude limit
bins. For the intermediate redshift cut rangé @ z,,; < 0.9 (see Sect. 2). Which of these three properties applies tohwhi
the contamination factors are around 16%0%. filters is encoded in additional keys.

Available data products
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Fig. 10. The angular cross-correlation of objects ifelient photaz slices éolid lines represent objects with, < 24 anddashed lines
represent objects with 23 i,; < 24): The matrix plot represents the complésRs area and each panel shows the qualitative behaviour of
auto- (diagonal) and crosscorrelatiorff{diagonal) measurement forfiirent redshift slices. The rows represent bins from 0 toz = 3.9
(stepsz = 0.0;0.2;0.3;04;05;0.6;0.7;0.8; 0.9; 1.0; 15; 20; 3.9). The lower left panel is a zoom-in to the correspondingepaithe matrix
plot. Note that in the cross-correlation analysis we inelatl objects with ODDS> 0.8. See text for further details.

Furthermore, we provide a global mask K&ySK which mate,Z_B, we include theODDS probability, the SED corre-
is O for objects that do not lie inside one of our object maskponding to the Bayesian redshift ), the corresponding?,
and 1 otherwise. This key takes into account all masks fraime 95% confidence interva B MIN andZ_B_MAX) as well as
our object density, bright star and asteroid track analgsesthe maximum-likelihood redshift and type estimaZeMl. and
described in Sect. 3.4. T_ML), which are put out bgPZ before the prior is applied.

Finally, the catalogues contain phatgelevant quantities The most important catalogue entries are summarised in
from the output ofBPZ. Besides the Bayesian redshift estiTable 4.
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Fig. 11. The estimated contamination fractiorfg; and f,; resulting from a strict pairwise cross-correlation ansly$he two redshift bins
are defined to be.0 < z; < z,y andz < 2 < 4.0. Contours indicate the 1, 2 and 3-sigma confidence reghandng progressively darker
shades of grey. Legends in the figure give the observed nuaflgadaxies in each bin. The data points with error bars dettee measured
contamination fraction found for those galaxies in the VM pectroscopic sample (see text for details). Note that.foe 1.5 andz = 2.0
an extended vertical scale is used in order to show the megsontamination.

6. Summary and conclusions cise object colour information. For the large majority ofrou

data theElixir photometric information allows us to derive
We have presented high-quality five-band multi-colour dagd unbiased absolute photometric calibration with a scafte
from 37 sq. deg. of th€ARS survey. We gave a detailed deo ~ 0.02-0.05 on a pointing basis fay'r’i’z; tests against the
scription of our data-handling procedures ranging fronada@fficial TERAPIXT0003 CFHTLS-data release show very sig-
selection to the final catalogues including a first set of phbificant zeropoint fisets for four out of 93 common fields. In
tometric redshift estimates. Our algorithms provide aruaccy” direct comparisons with SDSS suggest that our zeropoints
rate astrometric alignment on the sub-pixel level to extpae- are systematically about 0.1 mag too faint.
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Table 4.Description of the most importaBiTS keys in theCARS multi-colour catalogues. ThHESCII catalogue version contains one aperture
magnitude at a diameter of86. TheFITS version lists 24 aperture magnitudes for diameters fromo to 1023.

key name description measured on ASCII catalogue
SegNr Running object number - v
ALPHA_]2000 Right ascension unconvolvédband image v
DELTA_312000 Declination unconvolved-band image v
Xpos X pixel position unconvolved-band image v
Ypos y pixel position unconvolved-band image v
MAG_AUTO totali’-band magnitude unconvolvédband image v
MAGERR_AUTO totali’-band magnitude error unconvolvéeband image v
MAG_ISO_x? isophotal magnitude in x-band PSF-equalised x-band image v
MAGERR_ISO_x isophotal magnitude error in x-band PSF-equalised x-baradje v
MAG_APER_x aperture magnitude vector in x-band PSF-equalised x-brande v
MAGERR_APER _x aperture magnitude error vector in x-band PSF-equalideait image v
FWHM_WORLD FWHM assuming a Gaussian core unconvolifebland image v
FLUX_RADIUS half-light-radius unconvolved-band image v
A_WORLD profile RMS along major axis unconvolvédband image v
B_WORLD profile RMS along minor axis unconvolvédband image v
THETA_312000 position angle unconvolveid-band image v
CLASS_STAR star-galaxy classifier unconvolvédband image v
Flag SExtractor extraction flags unconvolveidtband image v
FLUX_ISO_x isophotal flux in x-band PSF-equalised x-band image -
FLUXERR_ISO_x isophotal flux error in x-band PSF-equalised x-band image -
FLUX_APER x aperture flux vector in x-band PSF-equalised x-band image -
FLUXERR_APER_x aperture flux error vector in x-band PSF-equalised x-baratjan -
MAG_LIM x limiting magnitude in x-band unconvolved x-band image v
ZB Bayesian phot@estimate - v
Z_B_MIN lower bound of the 95% confidence interval— -
Z_B_MAX upper bound of the 95% confidence interval- -
TB best-fit spectral tyge - v
0DDS empirical odd$ - v
NBPZ_GOODFILT filters with reliable photometry - v
NBPZ_BADFILT filters with MAGERR_ISO > 1.0 - v
NBPZ_LIMFILT filters withMAG_ISO_x > MAG_LIM x - v
MASK global mask ke¥ - v

a2 xelug,ri,z

b Ell= 1, Sbe= 2, Scé= 3, Im= 4, SB3= 5, SB2Z 6, plus two interpolated types in colour-redshift spacevieen each pair of these basis
templates. Intermediate best-fit templates are indicayaalftoating point number fof_B.

¢ integrated probability inside an interval which is sucht ithaontains 95% probability for a single Gaussian

d unification of the diferent masks described in Sect. 3.4

We showed that our colour catalogues allow, with the hetig zone: > 1.5. We performed a more quantitative analysis only
of spectroscopic information, the estimation of reliabh®- for the case when our whole redshift sample is divided in ex-
metric redshift estimates with the method of Benitez (200Q)ctly two redshift bins. With the help of spectroscopic tefls
In our 37 sq. deg. survey (about 30 sqg. deg. in unmasked fmom the deep part of the VVDS it reconfirms the homogeneity
eas) we detect about 3.9 million objects classified as galaf-our photoz sample over the entir@ARS area. A more com-
ies SExtractor CLASS_STAR < 0.95). From those about 1.45plete, in-depth analysis with the correlation functiorhteicue
million (10 — 15 galaxies per sqg. arcmin) have a formally reliwill be presented in Benjamin et al., (in prep.).
able photoz estimate with ODDS> 0.9 (completeness 37.2%). .

Comparing our phota-estimates with external spectroscopic We no'_te that the c_ata_logues ar_1d the creation of _plzmto-
data we find an overall performancefAz/(1 + 2)) ~ 0.04— was optimised fpr studies in the r_eg|m&& < 1.4 and objects
0.05 up toixg ~ 24 with an outlier rate ofy ~ 1% — 3%. We with a Iarggr estimate should be f||_tered._ The current*cgt&te
applied a cross-correlation analysis to qualitativelyeistigate 2r€ Not suited for studies of the higiregime such as’-band
redshift slice contamination between samples itiedént red- drop-out searches._Wh|Ie the phcztperfprmance accordln_g to
shift bins. It indicates significant contamination of ndighr- f_ormal parameters_ IS very goo_d our estimates show a §)_/stemat
ing redshift slices with a width oAz ~ 0.1 and a dying cor- tilt for 0 < z< 1 (higher re_ds_hlft ranges cannot b_e verified due
relation signal for bins more thake ~ 0.3 apart. Catastrophic to the lack of spectroscopic information). Our estimatesiao

outliers occur between lowbins and galaxies with an estimatd"/9h Py Az ~ 0.1 for low z and the bias decreases linearly to
reach abouAz ~ —0.1 forz ~ 1. The zero-crossing of the tilt is
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atz ~ 0.5. The mean bias is abo(tz) ~ 0.03 forz < 0.5 and Bohringer, H., Schuecker, P., Guzzo, L., etal. 2004, A&254
about(Az) ~ —0.03 for 05 < z < 1. Improved and bias-free 367
BPZ photozestimates will be presented in Hildebrandt et al. (iBohringer, H., Voges, W., Huchra, J. P., et al. 2000, Ap2S, 1
preparation). Additionally, phota-estimates with the method 435
of Bender et al. (2001) will be analysed and compared to oBolzonella, M., Miralles, J. M., & Pell6, R. 2000, A&A, 363,
current work in Brimioulle et al. (in preparation). 476
The presented catalogues mark the first step for the prim&grgani, S. & Guzzo, L. 2001, Nature, 409, 39
science goal of’ARS in the CFHTLS-Wide area: The assemBorgani, S., Rosati, P., Tozzi, P., & Norman, C. 1999, ApJ,51
bling of a galaxy cluster sample from low to high redshift and 40
its subsequent exploitation for cosmological studies. ther Boulade, O., Charlot, X., Abbon, P., et al. 2003, in
second step in thisfiort, our multi-colour data are currently Presented at the Society of Photo-Optical Instrumentation
being used on several cluster detection algorithms: Thengir  Engineers (SPIE) Conference, Vol. 4841, Instrument
tessellation technique from Ramella et al. (2001), therRast  Design and Performance for Optigdafrared Ground-based
matched filter algorithm (see Postman et al. 1996) and the RedTelescopes. Edited by lye, Masanori; Moorwood, Alan F. M.
Cluster Sequence technigue (see Gladders & Yee 2000). Proceedings of the SPIE, Volume 4841, pp. 72-81 (2003).,
To trigger a larger variety of follow-up studies we make €d. M. lye & A. F. M. Moorwood, 72-81
available our Cata|ogues on request. Coleman, G. D., Wu, C.-C., & Weedman, D. W. 1980, ApJS,
43, 393

Acknowledgements. We thank Brice Ménard for help with the redshitahle, H., Pedersen, K., Lilje, P. B., Maddox, S. J., & Kajser
cross-correlation analysis and Stephen Gwyn for clarifioaton his N. 2003, ApJ, 591, 662

MegaPipe processing pipeline. We thank the anonymous referee wR@vis, M., Guhathakurta, P., Konidaris, N. P., et al. 2000JA
helped us to improve the manuscript significantly. We ackadge 660, L1

use of the Canadian Astronomy Data Centre, which is opetayed Dietrich, J. P, Erben, T., Lamer, G., etal. 2007, A&A, 47918
the Dominion Astrophysical Observatory for the Nationas&&ch Duyda, R. O. & Hart, P. E. 1972, Commun. ACM, 15, 11

Council of Canada’s Herzberg Institute of AstrophysicsisThork Eke V. R., Cole, S., & Frenk, C. S. 1996, MNRAS, 282, 263
was supported by the DFG Sonderforschungsbereich 375 OAStErpen. T.. Schirmer. M.. Dietrich. J. P.. et al. 2005

Teilchenphysik”, the DFG priority program SPP-1177 "Wises Astronomische Nachrichten. 326. 432

of Cosmic History: Formation and evolution of black holes)ax- .
ies and their environment” (project IDs ER3272, SCHN 3427-1, Erggn, T.,van Waerbeke, L., Mellier, Y., etal. 2000, A&AZ35

Sel038l), the German Ministry for Science and Education (BMBF L
through DESY under the project 05AV5PI®\and the TR33 "The Feldmann, R., Carollo, C. M., Porciani, C., et al. 2006,
Dark Universe”. M. L. thanks the European Community for the MNRAS, 372, 565

Marie Curie research training network "DUEL” doctoral feliship Fu, L., Semboloni, E., Hoekstra, H., et al. 2008, A&A, 479, 9
MRTN-CT-2006-036133. T. S. acknowledges financial supfrorn  Gal, R. R. 2008, in Lecture Notes in Physics, Volume/2008
the Netherlands Organization for Scientific Research (NW®W (ISBN 978-1-4020-6940-6) (Springer BerlirHeidelberg),
and JB are supported by NSERC and CIfAR. Part of the data reduc 119

tion described in this work was performed on CFI funded emeipt  Gayilli, B., Le Févre, O., Guzzo, L., et al. 2008, AGA, 488 %
under project grant #10052. M. L. thanks the University ohBand Gladders, M. D. & Yee, H. K. C. 2000, AJ, 120, 2148

the University of British Columbia for hospitality. Gladders, M. D., Yee, H. K. C., Majumdar, S., et al. 2007, ApJ,
655, 128

References G(I[gb;'., Sekiguchi, M., Nichol, R. C., et al. 2002, AJ, 123,

Adelman-McCarthy, J. K., Agueros, M. A., Allam, S. S., et alGreisen, E. W. & Calabretta, M. R. 2002, A&A, 395, 1061
2007, ApJs, 172,634 Gwyn, S. D. J. 2008, PASP, 120, 212

Astier, P., Guy, J., Regnault, N., et al. 2006, A&A, 447,31 Hetterscheidt, M., Erben, T., Schneider, P., et al. 2005AA&

Bahcall, N. & Fan, X. 1998, ApJ, 504, 1 442, 43

Bahcall, N. A., McKay, T. A., Annis, J., etal. 2003, ApJS, 14&ildebrandt, H., Erben, T., Dietrich, J. P., et al. 2006, A&A
243 452,1121

Bartelmann, M. & Schneider, P. 2001, Phys. Rep., 340, 291 Hildebrandt, H., Wolf, C., & Benitez, N. 2008, A&A, 480, 703
Bender, R., Appenzeller, I., Bohm, A., et al. 2001, in Deedoekstra, H., Mellier, Y., van Waerbeke, L., et al. 2006, ApJ

Fields, ed. S. Cristiani, A. Renzini, & R. E. Williams 647,116
Benitez, N. 2000, ApJ, 536, 571 Huterer, D., Takada, M., Bernstein, G., & Jain, B. 2006,
Bertin, E. 2003, SExtractor v2.3 User's manuak€p:// MNRAS, 366, 101

terapix.iap.fr/) llbert, O., Arnouts, S., McCracken, H. J., et al. 2006, A&A,
Bertin, E. 2008, Swarp v2.17.0 User's guidat{p:// 457,841

terapix.iap.fr/) Kerscher, M., Szapudi, ., & Szalay, A. S. 2000, ApJ, 535, L13
Bertin, E. & Arnouts, S. 1996, A&AS, 117, 393 Kinney, A. L., Calzetti, D., Bohlin,R. C., etal. 1996, ApB®Z4

Bertin, E. & Marmo, C. 2007, Weightwatcher v1.8.6 User's 38
guide hittp://terapix.iap.fr/)



18

T. Erben et al.: CARS - Five-band multi-colour data frons§7deg. archival CFHTLS observations

Koch, A., Grebel, E., Odenkirchen, M., & Caldwell, J. A. RWittman, D., Margoniner, V. E., Tyson, J. A., et al. 2003, ApJ

2004, AN, 325, 299

597,218

Koester, B. P., McKay, T. A., Annis, J., et al. 2007, ApJ, 66QVittman, D., Tyson, J. A., Margoniner, V. E., et al. 2001, ApJ

239

Landy, S. D. & Szalay, A. S. 1993, ApJ, 412, 64

Le Fevre, O., Vettolani, G., Garilli, B., et al. 2005, A&A39,
845

Lilly, S. J., Le Fevre, O., Crampton, D., Hammer, F., & Tiess
L. 1995, ApJ, 455, 50

Magnier, E. A. & Cuillandre, J.-C. 2004, PASP, 116, 449

557,89

Appendix A: Details on the data handling of CARS
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1. The system allows a 100% automatic processing of the data

with the need for manual intervention only at the final veri-
fication stage of co-added science images. This partigularl
forbids manual passes through all individEdhixir im-
ages either to visually grade data or to removask arte-
facts. We needed to automatically reject problematic ex-
posures or parts of them from the whole analysis or we
need to deal with remaining defects at the level of the final
science images. For instance, our automatic satellité trac
removal module reliably detects and removes about 95%
of all bright satellite trails. If necessary, the remaingt
need to be masked manually in the final science images.

2. We want to independently and incrementally process indi-

vidual pointings as soon as the full five band coverage of a
particular area is becoming publicly available.

Regnault, N. 2007, in Astronomical Society of the Pacifi¢/e completely achieved the first goal and the complete data
Conference Series, Vol. 364, The Future of Photometrjgrocessing of th€ARS data is done by one of the authors with
Spectrophotometric and Polarimetric Standardization, éd/o computers (a double processor Athlon2800ith 4 GB

C. Sterken, 587
Reiprich, T. H. & Bohringer, H. 2002, ApJ, 567, 716

Virtual memory and a quad procesghral core AMD Opteron
885 with 11 GB of RAM) and a total disk storage capacity of

Schirmer, M., Erben, T., Hetterscheidt, M., & Schneider, Bbout 10 Terabytes. The second goal could not be met for the

2007, A&A, 462, 875

photometric calibration of several fields and we needed ¢o us

Schirmer, M., Erben, T., Schneider, P., et al. 2003, A&A, A0thformation from adjacent pointings to obtain an absoluiz fl
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Schneider, M., Knox, L., Zhan, H., & Connolly, A. 2006, ApJ,
651, 14
Schneider, P. 1996, MNRAS, 283, 837

calibration (see below).

Most of our algorithms to process optical data from multi-

chip cameras were described in Erben et al. (2005) and
Hildebrandt et al. (2006) in the context &faBoDS data

Schuecker, P., Bohringer, H., Collins, C. A., & Guzzo, L(see e. g. Schirmer et al. 2003) from the 8-chip instrument

2003a, A&A, 398, 867

WFI@MPGESO2.2m. We therefore limit the discussion to pe-

Schuecker, P., Caldwell, R. R., Bohringer, H., et al. 2Q03¢uliarities of theCARS data, necessary pipeline upgrades due to

A&A, 402, 53

the four times larger field-of-view dflegaPrime and quality

van Waerbeke, L., White, M., Hoekstra, H., & Heymans, Gissessments of our final science images.

2006, Astroparticle Physics, 26, 91
Vandame, B. 2001, in Mining the Sky: Proceedings of th
MPA/ESOQMPE Workshop Held at Garching, Germany, July

'%.1. Data preselection and retrieval

31 - August 4, 2000, ESO ASTROPHYSICS SYMPOSIAs described in Sect. 2, the starting point of the current

(ISBN 3-540-42468-7), pp. 595
Wittman, D., Dell’Antonio, I. P., Hughes, J. P., et al. 2084,
643,128

CARS data set are th&lixir preprocessed images from
the CFHTLS-Wide Survey. Besides the images, compre-
hensive information on the current status of the Survey

and the observed data is available in the form ofFHTLS
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exposure catalogue (see http://www.cfht.hawaii. astrometric reference system for the other colours. Thdssis
edu/Science/CFHTLS-DATA/exposurescatalogs.html). cussed in more detail in Sect. A.3 below. For this reason we
From the CFHTLS-Wide we preselect all pointings which arexclude fromu*g’r’Z all chips which have been identified as
publicly available at 181/2008 and which have observationdad in the correspondiri¢tband data. In the following we up-

in the completarg'r’i’Z filter set. dated all ourTHELI pipeline modules to smoothly handle an

For each survey-image Service Observer quality arbitrary geometry of usable chips within a CCD-array.
flag ranging from 1-5 is available. A '1’ states that the ex- . .

. o e To prepare the extraction of object catalogues for astromet
posure was obtained within survey specifications and has no ..~ "~ . . .

) i~ ) ric calibration we create for each chip a corresponding fieig
obvious defects. A 2’ means that one of the predefined spec- : o : : :
o . map which contains information on bad pixels and the redativ
ifications for that exposure (seeing, sky transparency ammo_ . . . . .

. .. _naise properties of the image pixels. The steps of our weight
phase) was out of bounds. A flag of three or higher indicates . . . -
. o IMage creation are described in detail in Sect. 6 of Erbeh et a
poor observing conditions or other severe defects suclaels-tr
; . . . ,£2005). For theCARS data we updated and expanded our proce-
ing problems during the exposure. Only images with flags i
- . ) . ) ures as follows:
or '2’ enter our processing. We visually inspected in toa03
Elixir preprocesseHegaPrime exposures (60 in each filter)
to verify the suitability of this quality assessment for &ndl _ )
and automatic preselection 64RS data. On the other hand we 1. For the WFI@MP@SO2.2m camera, the starting point of
did not check whether a subset of the images with higher flags Our weight maps was a normalised flat-field image. A flat-
still could be included in our survey. field maps the relative sensitivity of image pixels within

We use the aforementioned information and the possibility & CCD array and allows us to take into account associated
to request CADC files and data products directly within pro- Pixelnoise variations during object extraction. For @Ag&Ss
grams or shell scripté to automatically retrieve the images ~data we neglect thisfkect and staryt t’he weight creation with
of interest. For the current work we transfered in total 1246 @ flatimage with a pixel value of "1" on the whole array. We
MegaPrime CFHTLS-Wide images from CADC. verified that this simplification has no significarffext on

our object catalogues of single frames and of the final co-

added science images later-on. It allows us to store weight
A.2. Data preprocessing and weight image creation images very fiiciently and with significantly reduced hard-
disk space.
Permanent bad pixels of the CCDs are marked in the
Elixir processed science frames by a pixel value of '0'.
This information is transfered to our weight maps. For
dWFI@MPC;‘/ESOZ.2m data defect pixels had to be iden-
tified with dark frames andr flat-field images.
3. We used to visually identify and to mask bright satellite
tracks which must be excluded from the object extrac-
tion and co-addition process. To process@hARS data we
developed an automatic track detection and masking tool
based on Hough transform techniques (see e. g. Duda &
Hart 1972; Vandame 2001). To reliably find real tracks and
to reject spurious detections due to bright stars and ex-
tended objects we use that a satellite typically contaramat
several chips on thkegaPrime mosaic. When a candidate
is found on a particular chip we check for detections on ex-
pected positions in other detectors. Tracks which are found
in two or more chips are masked on all CCDs crossing
their path including an additional margin of one CCD on
both sides of the track. In this way also detectors on which
a track cannot be detected individually are appropriately
covered by an image mask. From manual inspection of 60
MegaPrime exposures it is found that our implementation
correctly detects and masks more than 95% of all bright
satellite tracks. The failures can mostly be traced to eithe
dashed, non continuous satellite tracks or to short ones at
the edges of the mosaic. We observed only a handful false-
positive detections in very special configurations such as
extended and bright object chains over chip boundaries.
1 see http://wwwl.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/ Pixels attached to identified tracks are set to zero in the
getData/doc) corresponding weight maps.

TheElixir preprocessing includes all necessary operationséo
remove the instrumental signature from raw data. The data 6n
which we start our analysis are bias-corrected and flateield
Moreover, fringes are removediinandz observations, perma-
nent bad CCD pixels are marked and all images are correcte
for photometric non-uniformities across tMegaPrime field-
of-view; see the WWW pagéesttp://www.cfht.hawaii.
edu/Science/CFHTLS-DATA/dataprocessing.html and
http://www.cfht.hawaii.edu/Science/CFHTLS-DATA/
megaprimecalibration.html for a more detailed descrip-
tion of theElixir processing.

The visual appearance of tBgixir processed data is very
good. Only fringe residuals are observed for parts oftliata.
As discussed within Fig. 2 individual chips of certain expo-
sures might not contain useful data. The first step of our own
processing is therefore to identify problematic chips bp-co
sidering pixel statistics and to mark them as unusable. More
precisely, we exclude chips with the following defects from
any further analysis: (1) The pixel value at the lower qlerti
of the chip pixelvalue-distribution is 10 or lower. This nmsa
that large fractions of the chip contain zeros; (2) More tB%»n
of the pixels in a chip are saturated. This means that a consid
erable chip-area isontaminated by a very bright star which
would most probably lead to problems in the later astroretri
calibration. Furthermore, at the level of science analgsizh
areas would be excluded anyway; (3) To astrometrically cali
brate our data we first tie thé observations to thgSNO-B1
catalogue and then extract from the stacKddhage a deeper
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A.3. Astrometric calibration

With the preprocesseBlixir images and the weight maps, - E\WM\ § 3
the astrometric calibration &fARS data sets and the associated - 3.8 — w\\ R
quality assessment follows very closely the procedurdmedt
in Sect. 5 of Erben et al. (2005):

1.

2.

. For our scientific objectives, weak gravitational legsin <

L:N‘ !

SExtractor is used on all images to extract sources with
at least 5 pixels havingdbabove the sky-background.

The Astrometrix programme (see Radovich 2002;
McCracken et al. 2003) is run on tliteband to determine o
a third order astrometric solution for each individual chip
We use theJSNO-B1 standard-star catalogue (see Monet

4.4

et al. 2003) as our astrometric reference frame. We co-add L ///,% , ///m W2 W in

the i’-band data (see below) and extract a h&N ob- - 57/,%/%4{ I "“/fw lf“ilﬂ' o

ject catalogue (sources with at least 20 pixels of 2Dove 5 L i W%@umymw )’(:; ‘n“ | ?‘*\W'\E’xb‘ i
the sky-background noise) from it. This catalogue is used Ausnio ; \%\ R @ \
as reference for the astrometric calibration of thg'r’'z W%@MM 4%” i /W W%’MW\W}%\\\\\\\\\\\\
data. It allows us to use a dense reference catalogue with l *

high positional precision. This turned out to be essential 55 36-2 36.4 36.6 3638

to map robustly significant higher-order astrometric disto Ra

tions of MegaPrime. For this instrument, the contributions Emama T —

of second- and third-order terms to the astrometric correc- 10 [— - - - - —
tion are up to 20. As a comparison, for the four times
smaller WFI@MP@ESO2.2m camera these values are on L
the order of 05; see also Fig. A.1. We use thieband data B
as reference because (1) the individual exposures are al-
ready reasonably deep and hence can be well calibrated; |
with the USNO-B1 sources and (2) with seven dithered ex- ?X) -
posures the co-adde@band typically has the best cover- a oL
age and filling-factor of thélegaPrime area with its chip L
gaps in individual exposures.

Dec

and multi-band studies with photometric redshifts it is es- _
sential to obtain a very high internal astrometric accuracy -
in the lensing bandi’(in our case). As discussed in Erben i
et al. (2005) higher order object brightness-moments (ev- i
erything above the zeroth order moment, i. e. the object- 10 - = —
flux) are significantly changed if individual frames of the T R
WFI@MPGESO2.2m camera are aligned with an accu- —-10 =9 0 S 10
racy > 0.5pixel (pixel scale 0238). For ourCARS data we ARa (pixels)

reach an accuracy of abotdB-0’'04, i. e. about 15th of a  Fig. A.1. Higher orderMegaPrime distortions: The plots show the
MegaPrime pixel. This was tested by comparing object padifference in object position after a first-order astrometiignahent,
sitions (withiag < 20) from astrometrically corrected indi-i. e. corrections for linear shifts and rotations and a tttietfiird-order
vidual frames with their cousins in the final co-added inastrometric solution estimated Bgtrometrix. The sticks in the up-
ages. Results for the fieltlm1p2 in thei’ filter are shown Per plot indicate the positional displacement vector betwihe two
in Fig. A.2. In a similar way the inter-colour alignment O1solut|ons and the lower plot gives the absolute displacémambers.
different filters per pointing is tested. From the final co We note that the second- and third-order terms contributg signif-

added images we compare object positions of Hgh icantly to the solution (see text for details).

sourcesifpg < 20). For all pointings we reach an align-

ment between the colours below one pixel. We note howw-4  photometric calibration

ever that the inter-colour alignment betwegn'i’ is bet-

ter (typically 0.5 pixels) than betweeafu*z (between 0.5 The Elixir preprocessed images come with all neces-
and 1 pixel). This is expected because individual fram&ary meta-data to translate pixel counts to instrumental AB
from u* andz have fewer higts/N sources for astrometric magnitudes; sekttp: //www.cfht.hawaii.edu/Science/

calibration than the intermediate filter bands. We show réFHTLS-DATA/megaprimecalibration.html#P2 for a full
sults from thé’ — g’ andi’ — u* comparisons ofiim1p2 in  description of theElixir procedures to derive photometric

Fig. A.3. parameters. In addition, th&FHTLS exposure catalogue
contains a flag whether an image was taken under photomet-
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Fig.A.2. Internal Astrometric alignment of’-band data from Fig.A.3. Astrometric alignment of dierent colours ofCARS field
Wimlp2: Shown are the dlierences of sources in 7 ditheréeband Wimlp2: We show diferences in object positions from fidirent
observations after astrometric calibration with the ceuparts in the coloursu*g’i’ of the CARS pointing Wlmlp2. The plot shows that the
co-added image. The 7 individual exposures were obtaingld avi different bands are well aligned with sub-pixel accuracy atghou
dither pattern spanning about””4bin Ra and 1800 in Dec to cover slight trends in the residuals witb* are visible. Solid (dashed)
theMegaPrime chip gaps. The plot covers the compl#tggaPrime lines enclose areas containing 68% (90%) of all points. Tdreyat
area of about 1 sq. degree. The thick solid lines mark theomegix, — Xy = —0.006'503(*519) arcsecyi — yy = —0.012294(*5%9) arc-
containing 68% of all points and are ARa = —0.003'302% arc- sec and: —x,» = —0.009°33/(*31%) arcsecy -y, = —0.03'595(*535
sec andADec = -0.002393! arcsec. Dashed lines show the correarcsec. See text for further details.

sponding area for 90% of all pointdRa = —0.003"3532 arcsec and
ADec = -0.0022%8%) arcsec. Only 1 out of 10 points is shown fo

I . . .
clarity of the plot. Note that we can determine an absolute zeropoint only if at

least one exposure of a givert was obtained under photo-
metric conditions. For th€ARS data this is not the case for

ric sky conditions or not. With this information we try to dex 12 sets and we estimated a zeropoint for those after image

a photometric zeropoint for each colour of each pointing (W&-addition by flux comparison with objects of adjacentj-cal

call this aset in the following) with the two-stage process debrated pointings. As discussed in Hildebrandt et al. (2G06)

scribed in Hildebrandt et al. (2006): corrected zeropoints offer a good opportunity to verify
the quality of absolute photometric calibration. If a fietdob-

1. We usePhotometrix to bring all individual images to the served over an extended period, the comparison of zerapoint
same flux scale by estimating the magnitud&udences of estimated from dierent nights gives a robust indication on the
overlap sources. This gives us for each imagerelative long-term stability of photometric instrument proper@esl on
zeropointZPj which tells us the magnitudefset of that the calibration process itself.
image w.r.t. the mean relative zeropoint of all images, i.e. However, theCARS fields from the CFHTLS-Wide Survey
we demandy;; ZP.; = 0. Note that this procedure rela-were observed mostly in a compact period during a single
tively calibrates data obtained under photometric and namight and hence do not allow for this test directly. To parfor
photometric conditions. An absolute flux scaling can nothis important quality control we consider observationshef
be obtained from the photometric subset. CFHTLS-Deep Survey. This part of the CFHTLS continously

2. For images being observed under photometric conditionisserves four one square degree fields with the goal to detect
we calculate acorrected zeropoint ZPco; according Supernovae and to measure their light curves; see Astidr et a
t0 ZPcorj = ZP + am- ext + ZPyej, whereamis the air- (2006) for more details on this survey. Because we noticed
mass during observatioBP the instrumental AB zeropoint severe problems with owr* flux calibration forw3 and w4
andext the colour dependent extinction dbeient. The last later-on (see Sect. A.6 below) we investigated CFHTLS-Deep
two quantities are part of the provid&€dixir meta-data. images which were publicly available at /01/2008 and
For images obtained under photometric conditions, the rethich had the photometric flag in th€FHTLS exposure
ative zeropoints compensate for atmospheric extinctioh atatalogue. We studied the long-term evolution of the cor-
the corrected zeropoints agree within measurement errogsted zeropoints from June 2003 to December 2006. Results
in the ideal case. We later use the m&&R..,j) as zero- for the fieldsD1, D3 andD4 are shown in Fig. A.4. For the
point for our co-added images. D1 area we studied in detail photometric stability in all five



22 T. Erben et al.: CARS - Five-band multi-colour data frons§7deg. archival CFHTLS observations

D1 D1 ¢’ o1 r’ D1 i* D1 7' Table A.1. Comparison of magnitudes from three independent stacks
A R SRR S RRRE S of CFHTLS-Deep D1 data in each colour: The upper row shows mag
nitude diferences between stacks of 2003 and 2004, the lower one
between data from 2003 and 2005. See text for details.
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of ¥ 7, & 4 the results. Except for tr&-band the total magnitudes agree to
i ] better than M4 for these stacks. The scatter around these abso-
o2 ] lute ofsets is around.02 mag foru*g’'r’i” and about @3-0.04
TR i_m_m_ ‘!mi mag forz'; we attribute the higher value mto fringe residuals
1500 2000 2500 3000 1500 2000 2500 3000 in this band. These values give us an estimate on the internal
CaBoDSID CaBoDSID photometric accuracy of our data, i. e. on the error propaga-
tion of inaccuracies in our photometric calibration process
Fig. A.4. Long-term studies of corrected zeropoints in CFHTLS-Deep final magnitude estimates. We consider them as uppeslimit
data: We analysed all publicly available photometric datanfthe pecause possible errors in the determination of the phdtame
CFHTLS-Deep field®1 (Ra: 02:26:00; Dec+04:30:00; all colours), superflat withinElixir contribute to the quoted numbers. We

?33 (Bazliﬁi%g?;*%‘30252?2:41;”*'?”(’2 and;4 (lRa: 22:15:31;| note that we obtain consistent errors when comparing the Dee
ec: ~17:44:06;ur-band). The panels show the long-term evolugy, oy o \yith thecars pointing Wlp2p3. Their distance on the
tion of corrected photometric zeropoints in these fields from

2506/2003 - 2912/2006. On the measured zeropoint distributions w%ky Is 50 ln Ra, 1@ in Dec and we can Compa!re fluxes _from
performed an iterative clipping to exclude obvious outliers. TheObjects which fall in diferent areas of thitegaPrime mosaic.
quoted GaBoDSID is a running number counting the nights frone test between the Deep stack from 2003i@éiykp3 yields:
31/12/1998. The vertical lines in the3 andD4 panels show the pe- AU" = 0.003+0.022;Ag" = 0.014+0.014;Ar" = 0.053+0.012;
riod of W3 andW4 u* observations for which we observe larger disAi” = —0.019+ 0.014;AZ = —0.034+ 0.034.

crepancies in comparisons with SDSS magnitudes; see teixirther

details.
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A.5. Image co-addition

filter bands. Fig. A.4 shows that the photometric calibratioAfter the photometric calibration we check whether the indi
of this field over time is very consistent with formal stardiarvidual exposures of a giveset were obtained under varying
deviations of only up to about 0.03 mag. Note however that tRBotometric conditions which is indicated by a large ranfje o
peak diferences of magnitude zeropoints span more than 0glative zeropoints. Low-value outliers point to imagesiakh
mag! For theu*-band observations af3 andD4 we observe a were observed under unfavourable sky-conditions w.etréist
considerably larger scatter with extremely low values far t Of theset. We estimate the medianed(ZPre;) of the relative
corrected zeropoints (too highARS magnitude zeropoints), zeropoint distribution and sort out exposures with a redetie-
from around April 2006 to November 2006. This hints to §point of med(ZPr;) — 0.1 or smaller. Atected are the five
calibration problem ofu*-band CFHTLS data in that periodCARS sets Wlplp2-i’,Wilp3m@-i’, Wip4m@-i’, Wimlml-z’
and the data suggest a necessary correction of abO2t andw4mlm2-z’. At this stage we also reject short calibration
mag foru*-bandCARS observations from spring to fall 2006.exposurestéx, < 100s) from further processing.
Due to its visibility D1 has no observations in that period. Finally the exposures belonging teat are sky-subtracted
We verified that theD4 results for the colourgyr’'i’z are with SExtractor and co-added with th6warp programme
similar to those inD1 and hence the problem seems to bgsee Bertin 2008). We use the LANCZOS3 kernel to remap
confined tou*. These discrepancies in thé calibration are original image pixels according to our astrometric solu-
also documented in Gwyn (2008) and on TERAPIX WWWions. The subsequent co-addition is done with a statisti-
pages describing theflicial T0004 CFHTLS data release. cally optimal weighted mean which takes into account sky-
(http://terapix.iap.fr/article.php?id.article=713).background noise, weight maps and the relative photomet-
The Deep data allow us also to check homogeneitg zeropoints as described in Sect. 7 of Erben et al. (2005).
and reproducibility of our photometric calibration overthAs sky projection we use the TAN projection (see Greisen
MegaPrime field-of-view. In each colour we created three in& Calabretta 2002) and all colours from a specific point-
dependent co-added images fromh Each stack contains fiveing are mapped on the same pixel grid. The origins of
images obtained under photometric conditions in Novemtie TAN projection for each pointing are those defined for
2003, 2004 and 2005. From thdigrent stacks in each colourthe CFHTLS-Wide survey (sekttp://terapix.iap.fr/
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cplt/oldSite/Descart/summarycfhtlswide.html). An W1p2p2 (i"~bond)

example for a final co-added image is shown in Fig. 2.

T T T T T T T T
galoxy no.= 87627

After co-addition we cut all images to a common size of | linefit for mog in [17.8;23.3] with slope = 0.360 .
21k x 21k which covers areas with useful data for GARS | crosses: Wip2p2 galaxy numbercounts .
pointings. We visually check each product for obvious distec | diomonds: DT comparison numbercounts /% "

Because no pixel rejection takes place in our weighted mean *[

stacking the co-added images show some remaining artefags
We observe faint satellite tracks which were not detectet aq
removed by our automatic satellite track masking tool (se;%
Sect. A.2), short asteroid trails and warm pixels. Withie th=
subsequent catalogue creation process we tried to mask thes 3
defects on the basis of tliteband of each pointing (see Sect. 3).§

A first rough check for the photometric calibration of eaclx
co-added image is done with the help of galaxy number counts.
In all colours we estimated reference counts from the CFHTLS
D1 field and compare those to oGARS Wide data. The ref- 2
erence counts are about two magnitudes deeper than those |
from our co-added images. Each of the one square degree | %
fields yields a robust estimation of these counts and allows T ey —
us to quickly spot photometric calibrations with obviousipr -
lems Am ~ 0.2). Galaxies are selected by tSExtractor

CLASS_STAR parameter.((LASS_STAR < 0-95).; see Fig. A.5 Frig A5, i"-band numbercounts for the fieldp2p2: galaxies are se-
for an example of the field1p2p2. With multi-colour obser- |ected withCLASS_STAR < 0.95 to allow for a first crude check of our
vation for all fields we also can compare colours from stellagagnitude zeropoints with galaxy-number counts.

sources with predictions from the Pickles (1998) librane W
select bright, unsaturated stars by magnitude<1%, < 22) Wip2p2

and byCLASS_STAR > 0.95. With data inu*g’r’i’Z we plot ten T S R L
possible colour-colour combinations against the Pickiekas
library (Pickles 1998) which allows us, similar to the galax
number counts, to identify grossly inaccurate zeropoirite w
Am=~ 0.1 - 0.2. See Fig. A.6 for an example trackfp2p2.

A much more rigorous and accurate test for the photometric
quality of our data is given by direct comparison with extrn
and well calibrated data sets. This is the topic of the foilhayv 2
sections. -

A.6. Comparison of CARS data with SDSS photometry

The overlap of all threeCARS patches with the SDSS (see
caption of Fig. 1) allows us a direct comparison of object ©
fluxes with Sloan photometry. To convert the instrumental
MegaPrime AB magnitudes from stellar objects to the SDSS

system we use the following transformation formulae: -1 & .
L L | L L L L | L L L L | L

% 0 1 2

Upg = Uspss— 0.241- (Uspss— Ospss o
Oag = Ospss— 0.153- (gspss— I'sps9

rag = rspss— 0.024- (gspss— 'spsg (A.1) Fig.A.6. u" —r’vs.r’ —i’ colour-colour diagram in the fieldilp2m2.
T ~0.085 (r ~isps9) The dots represent the measured colours of staFstfactor
AB Sbss— _SDSS Sbs CLASS_STAR > 0.95 andisg < 20; N = 1089) and the star symbols
Z\g = Zspss+ 0.074- (ispss— Zsps9 are colours of stars from the library of Pickles (1998).

The relations for g'r'i’Z were determined within

the CFHTLS-Deep Supernova project (sedattp: For all the following photometric comparison studies we
//www.astro.uvic.ca/ pritchet/SN/Calib/ extractedsingle frame photometric catalogues from atARS
ColourTerms-2006Junl9/index.html#Sec04); the u* images and we use th8Extractor MAG_AUTO estimate
transformation comes from the CFHT instrument padhroughout, i. e. here we do not use the multi-colour cata-
(see http://cfht.hawaii.edu/Instruments/Imaging/ logues described in Sect. 3. We compare magnitude estimates
MegaPrime/generalinformation.html). from sources classified as stars in the SDSS and haWAg &
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MAG_AUTO estimate of 17< m < 20. Representative resultsA.7. Photometric comparison of CARS images with

of our SDSS comparisons are shown in Fig. A.7. A complete publicly available CFHTLS data

listing of the measured magnitud€sets and dispersions can ) . )
be found in Table A.2. We note a stable calibratiorgini’. e further check the quality of our photometric cali-
For nearly all fields the meanfiset in these filters is well be-Pration by comparison with publicly available CFHTLS
low 0.05 mag and the transformation relations from eq. (A.gfta- We use the TERAPIXI0003 data releasé (see

are valid withog i ~ 0.02 - 0.04 in the magnitude rangelttp://wwwl.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/
17 < m < 20. ForZ the mean fiset reaches up to 0.0gcadcbin/cfht/wdbi.cgi/cfht/tpx_fields/form and

mag and also the dispersion broadenso ~ 0.04 — 0.07. nttp://terapix.iap.fr/rubrique.php?id_rubrique=

Larger disagreements are observed for thdilter. For the 288) which consists of all available CFHTLS-Deep and
threei1 fields with SDSS overlap we measure a consistéiat o©CFHTLS-Wide observations until 1@92005. It overlaps

set of U — Uspss+ 0.241- (Uspss— gsps9 ~ 0.1. Two of the with our data on 24 sq. degrees with the full five-colour
u* fields (71p3m0 andWlp4mo) were observed on (01/2006 coverage on nine sq. degrees. Furthermore, Stephen Gwyn

and 0201/2006 and the third on@1p1m1, on 13122006 and CONsiders public CFHTLS data within hitegaPipe project
hence we obtain this result forftrent calibration periods. OurWhich aims at providing calibrated and co-added data from

long-term zeropoint analysis dft for whichur-band data have th€ complétdlegaPrime archive at CADC (see Gwyn 2008)
been obtained during December 2006 does not indicate Ia\\,r%%s overlap on 22 sq. degrees with five-colour coverage on
systematic calibrationftsets. Hence, at the current stage, 0 sq_. d_egrees). All three datg se.ts start_thelr processing .
have no explanation for this high, consistetiiset between '€ Elixirimages but each pipeline derives the photometric
ourWl u* fluxes and the SDSS magnitudes. Even considéﬁ’-‘“brat'o_” with diferent software modules and b_y mcludmg
ably larger absoluteftsets (up to 0.3 mag) are observed foql!fferent internal and external data sets. Hence_z thls compariso
all CARS u* pointings ofif3 andW4. However, as was discussed®VeS US another check on the accuracy and limitations of our

in Sect. A.4 systematic zeropoinffsets for theu calibration 2lgorithms:
are(zj ;Zse*rvsd Zon'tl) April t'2006 to NovgtrnperdZQO? .ang:/\latll — TheT0003 data are processed on a patch basis, i. e. to de-
an u” band observations were obtained just in that pe- ;¢ o photometric solution all available information fr@am

:.'Od'fThfhdatfg rezented |n_F|tg. ]:A.étl)sutggezsta nec?sg@oeolr(; CFHTLS-Wide patch are considered simultaneously. The
|onk o:h eLk')' an d;;r?pom 0 ta ct)u 'tH thr;?g W Il(t: vl\:/ou global photometric analysis takes into account overlap
make the observediets consistent wi resufts. For sources from adjacent pointings and also allows modest

v tbeodcgpecr)sa%n Xv;th tr:e trzac?sformatmn ineq. (A-1)isabou - iations of the deriveBlixir zeropoints to better ensure
ow ~0.03-006 (17< U < 20). a consistent solution on the complete patch. In contrast, th

CARS data are treated on a strict pointing-by-pointing basis.
Wipimi1 Other diferences in the processing which might influence

o4 AR L (LA NN (HLRRRLIARN (LA direct flux comparisons betwe&9003 andCARS are:
202 1 1 1 1 1. To select suitabl&1lixir images for further process-
£ g ing TERAPIX does not rely solely on the quality flag in
O ‘ the CFHTLS exposure catalogue but each image is re-
g C ] ‘ ‘ ‘ graded. Hence, the composition of image stacks might
02 H 1 1 1 | be diferent for some pointiryfgolour combinations. We
oY/ Y B A Y U B WY AR B Y Y B O Y SO did not investigate this in detail.
8 19 18 19 18 19 18 19 18 19 2. TheT0003 stacks are created with a median co-addition
. E ‘ ‘ z wherea<ARS uses a weighted mean statistics. Satellite
o4 W‘3m3\m3 W‘3W‘W5W‘4PW | W“*PWJWO tracks in individual frames are not masked before co-
P ) addition in theT®003 processing.
802 | “ " — TheMegaPipe project directly uses the SDSS to photomet-
£ - T T LA rically calibrateMegaPrime data on a pointing basis. For
‘m Of=---- I T N 7] observations which overlap with Sloan, the relations from
sio,z - i 1 1 | eq. (A.1) are used to derive zeropoints for the images. For
C 1 1 1 i observations outside the Sloan area, the procedure is sim-
SOV it IR I 1 RN N W RRURN BT M RR ilar to ours. If data are obtained under photometric condi-

18 19 18 19 18 19 18 19
u” u u* u*

tions, theElixir calibration is used. Otherwise, a calibra-
tion with adjacent pointings having photometric informa-

Fig. A.7. Comparison of ARS fluxes and SDSS magnitudes: We show t|(_)n IS tried. ) o

magnitude @sets of CARS data with SDSS overlap. The upper row ~ Similar to theT9003 processing alllegaPipe images are
shows the comparison for all five bands of the figithiml. The rechecked manually for their suitability to be processed
dashed line in the plots indicates the zeffset and the solid line the

. . ! 2 . —
observed mean fierence; see text for a discussion of the results. At the time of writing the most recent TERAPIX0004 release
(with a 35 sq. degree five-coloGARS overlap) was not publicly avail-

able.
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further and the final stacking is done with a median co- 0.03-0.04inZ and we quote these values as internal mag-
addition. nitude uncertainties over tiegaPrime field-of-view.

— The accuracy of the absolute photometric calibration is
primarily tested with a comparison to the Sloan Digital
Sky Survey. The availablglixir pre-calibration allows

us to obtain an absolute photometric accuracy of about
Tapsgrir & 0.01-0.04 mag in they'r’i’ bands. Unbiased
results are also obtained fgrwith an accuracy o aps» =
0.03-0.05 mag. At the current stage we obtain a systematic
bias of about 0.1 mag for thg-band. This holds directly
for our data inWl. For w3 andW4 we arrive at the same
conclusion if we take into account systematics revealed by
our zeropoint study of CFHTLS-Deep data. Given this re-

The results of our flux comparisons with 98003 and 62
MegaPipe fields are detailed in Table A.2.

We note in general a very good agreement between our
calibration and that from TERAPIX0003. For all but four
pointings the discrepancy is less than 0.04 mag. Notable dif
ferences occur for the stacKdp2p3-r’ (Mcars — Mroooz =
—0.063 mag),Wimlp3-u* (Mcars — Mrogoz = —0.18 mag),
Wimlp3-Z (Mcars — Mrooos = —0.12 mag) andilmlp2-u*
(Mmcars — Mrogoz = —0.12 mag). As discussed in Sect. A.4 the
field W1p2p3 overlaps with CFHTLS-Deep 1 and we can con-
firm an dfset of about 0.05 mag between &RS Wip2p3-r’ . N .
stack and corresponding Deep data. All four individual iegg sult we quote the zeropoint uncertainty in titeband with

contributing to theCARS image have been obtained under pho- gaebé’;h:eo\';g mri?:éss our data on a pointing basis we also
tometric conditions which is confirmed by a very narrow dis- e P . pointing e
need to calibrate ourimagest by set relying onElixir

tribution (about 0.01 mag) of relative zeropoints. At thereat ; .
stage we do not have a conclusive explanation for the obderve meta-data only. We generally do not take into account in-
formation from adjacent pointings. TERAPIX003 data

discrepancy in this field. We note thilp4p3-r” for which are treated with a more sophisticated procedure using all

\évgegb(;sssr\elfvgg ﬂ'iﬁfgiﬁﬁﬁt]&%ﬁf as_wol'og 7; _hr?S available information to simultaneously calibrate dataon
g peps=t. patch-wide basis. Our direct comparison shows that both

Furthermore, these tweets share the same photometric cali- o :
pipelines lead to very comparable results with a small av-

bration data. )
For the other three cases with a fairly large magnitude shift erage magnitude scatter of about 0.02 mag. However, we
observe four significant outliers (out of 93 comm@RS-

of more than 0.1 mag all the science frames were obtained un- . .
a9 . . . TOO03 sets) with magnitude fisets of 005 — 0.18 mag.
der non-photometric conditions with a flux absorption ofatbo ) . .
. . .. Unfortunately no other external comparison is availabte fo
0.2 mag which probably leads to larger errors in the estonati ) .
. ; . these fields. If we take the conservative approach to at-
of fluxes and relative zeropoints. The images were absglutel _ . ) S S
calibrated with one short exposed image obtained undepphot tribute these fisets to inaccuracies in our calibration and
if the currentCARS data set is representative less than 5%

metric conditions. of our images severly $ier from a non-optimal photomet-
The direct comparison ofARS and theMegaPipe images . ‘mag y P P
ric calibration procedure.

shows considerably larger scatters. We investigated ire e+
tail the case otegaPipe W3mlm2-r’ which shows a magni-
tude dfset of nearly 0.1 mag w.r€ARS, T0003 and the SDSS. A.9. Detailed CARS data quality information

It turned out that an image obtained under unfavourable pho- ] o ]
tometric conditions was included in the calibration andtista '" Table A.2 we provide detailed information on the characte

ing process although it should have been rejected. The nmedi'étics of ea_lcltARS data_set. It contains théfective area of gac_h
stacking of heterogeneous dattegaPipe does, by default, flelo! afterimage r_nas_kmg (see Sect. 3.4), the numberoﬂmﬁdl_v
not reject very short calibration exposure<ars andTege3) U@l images contributing to each stack, the total exposareti
and problematic images that slipped through the grading pFBe limiting magnitude as defined in Sect. 2, magnitude com-

cess probably account for the observed scatters in othes cg2risons with Sloan, the TERAPIX0003 and theMegaPipe
(S. Gwyn, private communication). releases as described in Sect. A.6 and Sect. A.7, the méasure

image seeing and special comments. The comments field lists
' notable defects originating from the data itself or from oex
A.8. Photometric accuracy of CARS data - Summary duction process. We do not list defects of astronomicalimrig

In the preceding sections we evaluated the internal andreaite (e.g. very bright stars, external reflections) or problerhgtv

photometric quality of our data. The results can be summari® Present in a large number of images (e.g. faint satellite
as follows: tracks, asteroid tracks, residual warm pixels, low-levigde

residuals which are visible in most of tlieimages). We use
— We evaluated the internal photometric accuracy of our cge following abbreviations:

added data with observations from the CFHTLS-Deep sur-

vey. FromD1 we constructed in each colour three inde-— no ch. XX: The stack contains no data around chip posi-
pendent stacks which contain data from 2003, 2004 and tion(s) XX. We number théegaPrime mosaic chip from
2005 and compared fluxes from overlap sources.CARS left to right and from bottom to top. The lower left (east-
set Wlp2p3 which was obtained in 2003 and isfget to south) chip has number 1, the lower right (west-south) chip
D1 is included in these tests. Around some absoldte o0  number 9 and the upper-right (west-north) chip number 36.
sets, the magnitude comparisons show internal scatters wit Note that this labeling schemefiirs from that used at
Tintwgriv ~ 0.01 - 0.02 in u*g'r’i’ and aboutoiny = CFHT.
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— fr.res.: The co-added image shows significant fringe resid-
uals.

— m. ZP: The zeropoint for this image was obtained manually
by comparing object fluxes from the image with adjacent,
photometrically calibrated pointings; see Sect. A.4.

— sat. tr.: The co-added image shows a bright satellite track
which was not masked by our track detection module.
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Table A.2.CARS data quality overview: The first column lis&ARS field-naming convention; CFHTLS field-naming conventiofieetive field
area after image masking. The seventh column contains tog@gncomparisons ofARS fields with those from TERAPIX0003 (indicated
by (T)) andMegaPipe (indicated by(M)). Magnitude dfsets are always given a%ars — Mother S€€ the text for more details.

Field/Area  Filter N expos.time mjy Sloan T3MegaP. seeing comments
[sq. deg.] [s] [AB mag] Amx 100 Amx 100 [
Wim@p1l u* 5 3000.51 25.27 - 0+0.8(T) 1.00
[wl.-0+1] -0.4+1.3(M)
(0.84) g 5 2500.45 25.55 - -04+05(T) 0.90
-7.1+0.9(M)
r 3 1500.28 24.72 - =-19+10(T) 0.79
i 7 4305.67 24.61 - -01+08(T) 0.85
-0.8+0.7 (M)
z 11 6601.19 23.88 - 2+15(T) 0.79
-7.7+11(M)
Wim®p2 u* 5 3000.58 25.35 - -06+11(T) 1.00
[wl.-0+2] -22+15(M)
(0.76) g 7 3500.46 25.72 - -05+1.0(T) 0.95
-25+0.9(M)
r 2 1000.18 24.61 - -05+05(T) 0.82 noch.21,35
i 7 4305.66 24.72 - B+24(T) 0.74
0.2+1.8(M)
z 10 6000.83 23.64 - -12+35(T) 0.79 fr.res.
-7.3+15(M)
W1imOp3 u* 5 3000.58 25.27 - -10+14(T) 0.87
[wl.-0+3] 53+ 1.2(M)
(0.75) g 5 2500.49 25.56 - -07+08(T) 0.90
-1.9+0.6 (M)
r 2 1000.18 24.62 - =-12+05(T) 0.85 noch. 21,35
i 7 4305.65 24.59 - -05+£0.7(T) 0.74
-0.8+0.5(M)
z 10 6000.84 23.59 - =13+27(7) 0.82 fr.res.
-8.1+14(M)
Wimlpl u* 7 4200.60 25.50 - - 1.00
[wl.—1+1] ¢ 8 4000.76 25.73 - - 0.66
(0.84) r 2 1000.20 24.51 - - 0.59
i 9 5535.73 24.53 - - 0.79
z 6 3600.40 23.30 - - 0.75
Wimlp2 u* 5 3000.52 25.03 - =120+ 0.6(T) 0.92
[wl.—1+2] -92+15(M)
(0.82) g 5 2500.48 25.44 - .3+0.7(T) 0.87
-4.1+1.0(M)
r 4 2000.38 24.80 - D+22(T) 0.87
-21+2.0(M)
i 7 4305.66 24.52 - -01+18(T) 0.71
16+21(M)
z 11 6601.18 23.87 - -11+15() 0.71 fr.res.
0.3+0.8 (M)
Wimlp3 u* 5 3000.50 24.95 - -183+0.5(T) 0.79
[wl.-143] ¢ 3 1500.30 25.22 - D+0.8(T) 0.77
(0.76) r 2 1000.23 24.58 - A4+08(T) 0.79 noch. 21,35
i 7 4305.70 24.58 - -03+10(T) 0.74
z 10 6001.00 23.43 - -119+23(T) 0.71 fr.res.
Wilplml u* 5 3000.42 25.26 12+55 - 0.85
[wl.+1-1] ¢ 6 3000.47 2579 Z+28 - 0.87
(0.85) r 2 1000.16 2450 2+34 - 0.71
i 7 4305.53 24.85 2+48 - 0.71
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Field/Area  Filter N expos.time Mim Sloan T3MegaP. seeing comments
[sqg. deg.] [s] [ABmag] Amx 100 Amx 100 |
z' 6 3600.40 2352 B+57 - 0.85
Wiplpl u* 5 3000.47 25.28 - ®+09(T) 0.92
[wl.+1+1] 6.6 +0.7 (M)
(0.75) g 10 5000.88 25.97 - -03+£07(T) 0.95
-20+05(M)
r 2 1000.18 24.57 - -16+06(T) 0.85
i 7 4305.72 24.70 - -01+08(T) 0.82
-0.5+0.5(M)
z' 12 7201.21 23.94 - 0+15(T) 0.74 fr.res.
-93+1.3(M)
Wiplp2 u* 5 3000.48 25.29 - =39+10(T) 1.00
[wl.+1+2] @ 5 2500.42 25.60 - =13+£10(T) 0.87
(0.83) r 2 1000.16 24.50 - -01+06(T) 0.74
i 6 3690.57 24.45 - -01x10(T) 0.77
z' 10 6001.00 23.60 - -04+18(T) 0.63 fr.res.
Wiplp3 u* 5 3000.47 25.30 - =27x11(T) 0.95 noch. 21,35
[wl.+1+3] -1.8+1.7(M)
(0.80) ' 5 2500.42 25.53 - 2+08(T) 0.95 noch. 21,35
r 4 2000.22 24.72 - =14+14(T) 0.89 noch. 21,35
i 8 4920.84 24.63 - -04+08(T) 0.95 noch. 21,35
z' 10 6001.03 23.63 - —-09x22(T) 0.69 no ch. 21, 35; fr.
res.
-99+1.7(M)
Wip2pl u* 5 3000.53 25.32 - =31+14(T) 1.00 noch.31
[wl.+2+1] @ 5 2500.45 25.56 - =19+x11(T) 1.00 noch.31
(0.84) r 2 1000.18 24.42 - -28+06(T) 0.95 noch.31
i 8 4960.74 24.63 - ®+06(T) 0.90 noch.31
z' 10 6000.82 23.74 - -09+22(T) 0.71 noch. 31; fr. res.
Wip2p2 u* 5 3000.56 25.21 - =28x11(T) 0.98 noch. 21,35
[wl.+2+2] @ 5 2500.45 25.63 - 1+12(T) 0.95
(0.81) r 2 1000.18 24.53 - -34+06(T) 0.95
i 8 4960.76 24.80 - T+11(T) 0.85
z' 10 6000.95 23.73 - =11+13(T) 0.74
Wip2p3 u* 7 5950.29 25.61 - -09+05(T) 1.00 noch.31
[wl.+243] ¢ 5 2500.35 25.62 - -03+£05(T) 0.95
(0.83) r 4 2000.37 24.82 - —-6.3+09(T) 0.71
i 7 4340.55 24.59 - -04+09(T) 0.95
z 9 7200.41 23.80 - ®+23(T) 0.69 noch. 31;fr. res.
W1lp3m® u* 5 3000.55 25.17 19+6.6 6.4+2.2 (M) 0.63 noch.31
[wl.+3-0] g 5 2500.43 2554 -1.8+3.0 -2.6+0.6(T) 0.87 noch.31;m.ZP
(0.81) r 2 1000.17 2433 2+30 01+1.3(T) 0.69 noch.31
i 5 3100.23 2444 H+35 31+10(T) 0.71 noch. 31;sat. tr.
z' 12 7201.49 2359 -04+72 -88+37(M) 0.71 noch. 31; fr. res.
Wip3pl u* 5 3000.26 25.31 - - 0.85 noch.31
[wl.+3+1] @ 6 3000.27 25.62 - 0+05(T) 0.95 noch.31
(0.85) r 2 1000.10 24.39 - B+0.7(T) 0.85 noch.31
i 7 4340.32 24.60 - -08+11(T) 0.95 noch.31
z' 6 3600.47 23.55 - - 0.69 noch.31
Wip3p2 u* 7 4200.42 25.45 - D+15(M) 0.90 noch.31
[wl.+342] ¢ 5 2500.41 25.54 - 3+09(T) 0.85 noch.31;m.ZP
(0.82) r 3 1500.22 2451 - =12+12(T) 0.83 noch.31
i 6 3720.24 24.48 - ®+0.8(T) 0.69 noch.31
z' 6 3600.58 23.31 - =73x09(M) 0.55 noch.31
Wip3p3 u* 4 2400.39 25.01 - B+0.9(M) 1.11 noch.31
[wl.+343] ¢ 5 2500.20 25.51 - a+0.8(T) 0.95 noch.31
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Field/Area  Filter N expos.time Mim Sloan T3MegaP. seeing comments
[sqg. deg.] [s] [ABmag] Amx 100 Amx 100 |
(0.84) r 2 1000.10 24.39 -2.9+0.6(T) 0.87 noch.31
i 7 4340.33 24.51 -1.3+0.9(T) 0.82 noch.31
z' 6 3600.62 23.39 -7.2+0.9(M) 0.55 noch.31
W1lp4m® u* 5 3000.54 2535 @94+47 6.4+ 0.7 (M) 0.72 noch.31
[wl.+4-0] g 5 2500.41 2550 -15+31 -0.8+1.1(T) 0.87 noch.31;m.ZP
(0.82) r 2 1000.19 2433 2+25 0.3+0.6(T) 0.71 noch.31
i 4 2480.15 24.15 a+31 09+11(T) 0.95 noch.31
z' 6 3600.72 2348 @+59 -71+08(M) 0.69 noch.31
Wip4pl u* 5 3000.54 25.42 0.79
[wl.+4+1] ¢ 5 2500.43 25.45 -1.5+0.7(T) 0.85 noch.31;m.ZP
(0.82) r 2 1000.16 24.21 &+ 0.6(T) 0.79 m.ZP
i 7 4340.62 24.48 B+0.8(T) 0.79 m.ZP
z' 6 3600.52 23.34 0.63
Wilp4p2 u* 5 3000.60 25.29 0.77
[wl.+442] ¢ 5 2500.44 25.49 -0.9+13(T) 0.85 noch.31;m.ZP
(0.87) r 2 1000.16 24.22 -22+0.8(T) 0.74 m.ZP
i 7 4340.64 24.44 -09+1.1(T) 0.87 m.ZP
z' 6 3600.50 23.45 0.55
Wilp4p3 u* 5 3000.25 25.32 5+08(M) 0.98 noch.31
[wl.+4+3] @ 5 2500.41 25.65 -0.9+23(T) 0.95 noch.31
(0.83) -14+11(M)
r 2 1000.17 24.46 -0.7+1.0(T) 0.93 noch.31
i 7 4340.34 24.44 -1.0+0.7(T) 0.95 noch.31
z' 6 3600.38 23.29 0.77 noch.31
W3mlm2 u* 5 3000.96 2478 3@+3.9 259+ 25(M) 0.87
[w3.-1-2] @ 5 2501.02 2548 @2+19 02+0.6(T) 0.87 m.ZP
(0.83) -4.9+15(M)
r 2 1000.47 2451 -01+27 -1.3+0.7(T) 0.63
-9.9+37(M)
i 7 4306.47 24.36 ®B+38 -0.6+1.3(T) 0.66
z' 6 3601.20 2341 -6.1+42 -94+23(M) 0.67
W3mlm3 u* 5 3000.98 2487 29+38 269+ 26(M) 0.74 noch.21
[w3.-1-3] @ 5 2500.90 25,63 @+20 01+05(T) 0.87 noch.21;m.ZP
(0.82) -4.7+ 1.1 (M)
r 2 1000.28 24.52 B+22 -22+16(M) 0.97 noch.21
i 7 4306.61 24.36 ®B+27 0.3+0.9(T) 0.66 noch.21;m.ZP
-4.4+1.6 (M)
z' 6 3601.17 23.36 -3.8+56 -9.1+22(M) 0.59 noch.21
W3m2m2 u* 5 3001.06 25.33 29+41 253+ 22 (M) 0.77
[w3.-2-2] @ 5 2500.89 2559 (J+22 -0.3+0.5(T) 0.90
(0.85) -3.8+1.0(M)
r 2 1000.42 24.56 F+27 -1.1+1.0(T) 0.57
-4.8+2.2 (M)
i 7 4306.23 24.46 B+27 0.2+0.8(T) 0.66
z' 6 3601.22 23.43 -33+49 -85+17(M) 0.64
W3m3m2 u* 5 3000.99 25.27 29+50 - 0.68
[w3.-3-2] @ 5 2500.87 2540 @+22 -0.2+211(T) 0.66
(0.84) r 2 1000.40 2420 8+24 19+0.7(T) 0.66
i 7 4306.27 24.43 ad+33 00+0.9(T) 0.53
z' 6 3601.20 23.30 -23+47 - 0.55
W3m3m3 u* 5 3001.02 2529 28+4.1 - 0.74
[w3.-3-3] @ 5 2500.93 2552 @2+23 -0.5+0.6(T) 0.82
(0.83) r 2 1000.42 2425 4+26 14+0.6(T) 0.66
i 7 4306.19 2449 -0.8+30 01+0.8(T) 0.50
z' 6 3601.21 23.49 -3.1+55 - 0.58
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Field/Area  Filter N expos.time Mim Sloan T3MegaP. seeing comments
[sqg. deg.] [s] [ABmag] Amx 100 Amx 100 |
W4mOmO u* 5 3000.26 25.38 28+38 - 1.03
[w4.+0+0] g 5 2500.40 2543 -01+20 -19+06(M) 0.79
(0.82) r 3 1500.22 2423 -02+22 10+ 0.6 (M) 0.61

i 7 4305.65 24.62 B+33 - 0.71
z' 12 7200.87 23.78 -2.3+4.6 - 0.66
W4mOm1 u* 5 3000.29 25.30 22+4.0 - 0.74
[w4d.+0-1] @ 10 5000.68 2585 -02+25 -7.7+16(M) 0.82
(0.83) r 2 1000.10 2430 I+x23 -54+x17(M) 0.67
i 7 4305.36 24.62 -0.8+3.0 - 0.56
z' 6 3600.27 23.29 -32+50 - 0.50
W4mOm2 u* 5 3000.31 2541 20+45 - 0.71
[w4.+0-2] g 10 5000.58 2583 -0.3+19 -62+12(M) 0.77
(0.81) r 2 1000.10 2428 2+22 - 0.58
i 7 4305.58 24.77 0+26 - 0.61
z' 6 3600.34 23.62 -44+41 - 0.63
W4amlml u* 5 3000.24 2526 22+39 - 0.69
[wa.-1-1]1 @ 13 6500.96 26.00 2+24 - 0.79
(0.79) r 2 1000.16 2432 4+25 - 0.87
i 6 3690.44 24.62 -02+32 - 0.71
z' 5 3000.24 23.28 -1.2+48 - 0.48
W4amlm2 u* 6 3600.41 2545 32+81 - 0.66
[w4.—1-2] ¢ 5 2500.53 2554 -18+18 -76+13(M) 0.79
(0.82) r 2 1000.15 2434 9+24 - 0.50
i 7 4305.43 24.60 B+29 - 0.72
z' 5 3000.38 23.37 -0.3+47 - 0.51
W4p1m® u* 5 3000.43 2529 28+4.1 - 0.90
[w4d.+1+0] g 5 2500.30 2540 ®B+21 -23+06(M) 0.67
(0.75) r 2 1000.16 2435 Bx22 - 0.94
i 7 4305.52 24.31 *+33 - 0.53
z' 6 3600.36 23.33 -5.0+4.2 - 0.55
W4plml u* 5 3000.22 25.33 2B+38 - 0.85
[wa.+1-1]1 @ 5 2500.34 2533 2+20 - 0.83
(0.80) r 2 1000.17 2428 -08+25 - 0.67
i 14 8611.03 24.86 B+37 - 0.66
z' 6 3600.33 23.35 -42+47 - 0.63
W4p1lm2 u* 5 3000.39 25.15 1Z+39 - 0.87
[w4a.+1-2] @ 5 2500.31 2537 ©0+19 -49+13(M) 0.85
(0.82) r 2 1000.10 2434 T1+21 - 0.61
i 7 4305.41 24.57 n+34 -58+11(M) 0.71
z' 5 3000.48 23.12 -2.1+50 - 0.53
W4p2me u* 5 3000.31 2524 28+44 - 0.79
[w4d.+2-0] @ 5 2500.47 2530 -16+24 -44+16(M) 0.74
(0.77) r 2 1000.14 2436 @+23 - 0.63
i 7 4305.53 24.68 M+30 - 0.57
z' 6 3600.39 23.20 -49+39 - 0.79
W4p2m1 u* 5 3000.36 25.18 19+37 145+ 2.0 (M) 0.98
[w4.+2-1]1 @ 5 2500.39 2545 -07+19 -64+11(M) 0.85
(0.80) r 2 1000.22 2412 @&+24 - 0.85
i 7 4305.69 2453 -34+29 -99+09(M) 0.66
z' 12 7200.72 23.77 -80+45 -157+21(M) 0.74
W4p2m2 u* 4 2400.24 25.18 14+37 - 1.00
[w4.+2-2] @ 5 2500.37 25.36 -1.3+21 - 0.77
(0.83) r 2 1000.22 2405 B3+25 - 0.90
i 13 7995.87 24.98 b+41 - 0.63




T. Erben et al.: CARS - Five-band multi-colour data from 37dsp. archival CFHTLS observations

Field/Area
[sqg. deg.]

Filter N expos.time Mim Sloan T3MegaP. seeing comments
[s] [ABmag] Amx 100 Amx 100 |

z 10 6000.55 23.66 -3.7+4.0 - 0.72
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