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Abstract. This paper presents preliminary results of a
search for distant clusters of galaxies using the recently
released I-band data obtained by the ESO Imaging Survey
(EIS), covering about 3 square degrees. A matched filter
algorithm is applied to the galaxy catalogs extracted from
the two sets of frames that contiguously cover the whole
surveyed area. From these catalogs two independent lists
of cluster candidates are generated and used to establish,
directly from the data, a robust detection threshold. In
preparing the list of candidate clusters the main concern
has been to avoid the inclusion of spurious detections. A
preliminary catalog of 35 distant cluster candidates is pre-
sented, with estimated redshifts 0.2 < z < 1.0 over an
area of 2.5square degrees, after excluding regions where
the quality of the available data is poor.

Key words: galaxies: clusters: general — cosmology: obser-
vations — cosmology: large-scale structure of Universe

1. Introduction

One of the primary goals for undertaking the ESO Imag-
ing Survey (EIS; Renzini & da Costa 1997) has been the
preparation of a sample of optically-selected clusters of
galaxies over an extended redshift baseline for follow-up
observations with the VLT. High-redshift clusters are, of
course, a primary target for 8-m class telescopes. A large
sample of clusters can be used for many different stud-
ies, ranging from the evolution of the galaxy population,
to the search for arcs and lensed high redshift galaxies,
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to the evolution of the abundance of galaxy clusters, a
powerful discriminant of cosmological models. In addition,
individual clusters may be used for weak lensing studies
and as natural candidates for follow-up observations at
X-ray and mm wavelengths, which would provide comple-
mentary information about the mass of the systems. For
most of these applications it suffices to find a large num-
ber of clusters, while for others it is vital to have a full
understanding of the selection effects, to generate suitable
statistical samples.

The main goal of the present paper is to timely provide
the astronomical community with a list of cluster candi-
dates that can be used as individual targets for follow-up
observations in the Southern Hemisphere, especially at the
VLT. It must be emphasized that it is not the intention of
the present paper to provide a complete and well-defined
sample for statistical studies, since such analysis is be-
yond the scope of the present effort. This would require
the derivation of the selection function characterizing the
present sample (e.g., search algorithm parameters, observing
conditions) and the comparison with the results from detections
at different wavelengths (e.g., IR, X-ray).

Observations of the first patch of the EIS, covering about 3
square degrees, have been completed, and in March 1998 the
data were made available to the community (Nonino et al. 1999;
hereafter Paper I). In this paper object catalogs extracted from
single 150 sec I-band images are used to identify cluster candi-
dates using the matched filter method proposed by Postman et al.
(1996, hereafter P96) and applied by these authors to analyze
similar data. This method was chosen to allow a direct com-
parison with their results. However, since the data are publicly
available, other groups may wish to produce their own catalogs
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using other methods and choosing smaller but more uniform ‘
regions within the surveyed area. Comparison of the diﬁeregi 30 o
catalogs will be useful to assess the strengths and weaknesgses, £ L
of different cluster search methods, and may lead to a better ¢ i !
understanding of the selection effects present in this opticalg,jl- 10E : 3 L
selected sample. SR
Since the image mosaic adopted by the EIS provides two 0 & —
sets of frames that contiguously cover the patch, these can be 0-° 1.0 1.5 2.0 2.5
used to extract two independent galaxy catalogs and to generate
two independent catalogs of candidate clusters. The comparison
between these catalogs is used to quantify the reliability of the ¢ w
cluster detection procedure directly from the data, while simL;: 40 F \
lations based on the extracted galaxy catalogs are used to d@ergo 7 \
mine conservative selection criteria that minimize the inclusich ¢ |
of spurious detections in the cluster candidate list presentedg 2O Lo
|
|

In Sectd 2 anfll3 the observations, data reduction and theo -
object catalogs, that are used for the cluster search, are briefly 5 . ‘ E
discussed. The cluster finding procedure, based onthe matched-23 5 240 245 250 255 260 265
filter algorithm proposed by P96, is described in Jdct. 4. In Limiting isophote
Sect[h the properties of the detected candidates are discussed,

. : . . g. 1. The data-quality as measured from the seeing and limiting
In Sect[® conclusions of this work are summarized, and its pgég hote distributions. The top panel shows the seeing distributions

§|ble exte_n5|ons to the search for clusters using the coadded Efghe odd (dashed line) and even (dotted line) tiles in Patch A. The
images discussed. vertical lines mark the 25, 50 and 75 percentiles of the distributions.
The median for the combined sample is 1.10 arcsec. The bottom panel
shows the distributions of limiting isophotes in mag/arés@the me-
dian limiting isophote for the combined sample is 25.42 mag/afcsec
The observations for the EIS are being conducted using the
EMMI camera (D’Odorico 1990) on the ESO 3.5m New Tech-
nology Telescope. The effective field-of-view of the camera e are 1.10 arcsec and 25.42 mag/arésespectively. As can
about9’ x 8.5, with a pixel size of 0.266 arcsec. Observationse seen both distributions are broad with the seeing reaching
are being carried out over four pre-selected patches of the skyarcsec and limiting isophotes 1 mag brighter than the me-
spanning a wide range in right ascension. In this paper omlian. Also note that there are small differences in the limiting
the data obtained in the first of these patchesy at 22"45™ isophote distributions for the odd and the even frames, which
ando ~ —40° (hereafter Patch A) are used. Observations Iead to a variation in the depth of the galaxy catalogs as function
this patch were obtained during six different runs, from July w@f position and impact the cluster detection.
November 1997, and cover a total area of 3.2 square degreesThe data reduction is carried out automatically through the
in | band. The I filter that is being used has a wide wavelengHiS pipeline, described in Paper I. Even though the pipeline
coverage, and the response function can be found in Paper |. Was designed to produce coadded images, it also produces fully
EIS magnitude system is defined to correspond to the Johnscorrected single frames, using the astrometric and photometric
Cousins system, for zero-color stars. solution derived from the global data reduction process. The
The EIS observations consist of a sequence of 150 sec astrometric solution is found relative to the USNO-AL cata-
posures. Each point of a patch is imaged twice (except at bg. The internal accuracy of the astrometric solution is better
edges of the patch), for a total integration time of 300 sec, usitigan 0.03 arcsec, although the absolute calibration suffers from
two frames shifted by half an EMMI-frame both in right ascerthe random and systematic errors of the reference catalog. It is
sion and declination. The easiest way of visualizing the globatportant to emphasize, however, that the internal accuracy is
geometry of this mosaic of frames is to consider two indepemore than adequate for the relative positioning of the slits in
dent sets of them, forming contiguous grids (in the followinthe first generation of VLT instruments such as FORS. Itis also
referred to as odd and even frames), superposed and shifteavbyth reminding that the pointing accuracy of the VLT is fore-
half a frame both in right ascension and declination. seen to be no better than 1 arcsec at first light. The photometric
Observations were carried out in regular visitor mode, ardlibration is done in a two step procedure first bringing all the
observing conditions varied quite significantly from run to rurframes to a common photometric zero-point, taking advantage
and also from night to night within a single run. This fact tran®f the overlap between the frames, then making an absolute
lates into a considerable spread in the data-quality of differamatlibration based on external data. The internal accuracy of the
EIS frames. The seeing and limiting isophote in one arcséc photometric calibration isg 0.005 mag. The current absolute
distributions for Patch A observations are shown in[Big. 1 for thwalibration uncertainty is< 0.05 mag. Further details can be
odd and even frames. The median values for the combined séound in Paper I.

P

2. Observations and data reduction
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Fig. 2. The projected distribution of galaxies with
—40 .4k I < 23 included in the even I-band catalog for
¥ Patch A, limited to the region fully covered by
349 341 340 339 both even and odd tiles. The marked region is the
X . region which was excluded from the analysis be-
Right ascension cause of its obvious incompleteness.
3. Galaxy catalog 4. Cluster catalog construction

In this paper object catalogs extracted from single frames #yl. Algorithm
the EIS reduction pipeline are used. One of the intermed gveral algorithms are available for an objective search of dis-
products of the pipeline is a multiple entry object catalog thag 9 )

t
includes all detected objects in all individual frames. This obje

&nt clusters of galaxies, ranging from counts-in-cells (e.g., Lid-
i . o .man & Peterson 1996), to matched filters (e.g. P96; Kawasaki
catalog is a multi-purpose element of the pipeline from WhlchL

several catalogs are derived. Among them are the odd and ev ﬁl' 1997), and surface brightness fluctuations (e.g., Dalcan-

) . . . 1996). However, the main concern in this preliminary in-
catalogs, which are single entry catalogs listing all objects &8_” R L . . . .
gs, Wi g Y gs l1sing ) vestigation is neither to discuss the relative merits of different

in th f LT ild th | > . . . .
tgcted Int € even or odd frames. To bu'.d these cata 09s, méf] orithms nor to investigate the optimal way of detecting clus-
tiple detections in the small overlap regions are approprlate@?

associated to a single object, as described in Paper | s. Instead, the main focus is to investigate the reliability of
Fig[2 shows the projecteé distribution of galaxies ;Aﬁtki the detections from a survey conducted under varying observing
93 frorﬁ the even catalog of Patch A, for a total of 132 00 onditions. This is done by comparing the candidates derived

. . . rom the two sets of frames available, and also by comparing
objects. The figure qnly ShOW.S the area with full coverage frome surface density and estimated redshift distribution with those
both even and odd tiles, totaling 2.91 square degrees.

In Paper | the reliability and completeness of the sing@?”"ed from the Palomar Distant Cluster Survey (PDCS; P96).

frame catalogs were explored by comparing the deep refere ét%m the galaxy number counts presented in Paper |, it was es-
: . S . ished that the EIS data are of comparable depth to those of
f!eld (see Paper I) with the !nd_lwdual fram es obtained for_th%t‘% Therefore, the first EIS cluster ca?talogs werpe constructed
field. Based on that analysis, it was estimated that the sin Is_in.g the matcr;ed filter algorithm as presented in P96 to facili-
frame odd and even catalogs are 80% complefe023.0 for .

tate comparisons between the two cluster samples.

typical frame. At th me limiting magni th ntami- . - . -
a typical frame. At that same ting magnitude the conta Because an extensive description of the algorithm is given by

nation from spurious objects is estimated to be approximat 6. onlv a brief summary of that discussion is presented here
20%. As shown in Fig. 23 of Paper I, varying observing co h » Only et su Y IScussion IS p '

ditions had a small impact on the object nhumber counts f%r earsgtgﬂedrgggr ?gg?é?}?j ({[ﬁzlsggzﬂg?u];lttiiﬁ ?naiﬁ)éy ;?;?(_
magnituded < 23. 9 PPress p y galaxy

The object classification was shown to be reliablé te 21. distribution that are not due to real clusters. Its most attractive

Brighter than this magnitude all objects with a SExtractor steff?e.ltures are: 1) itis optimal fF)r identifying _W(_aak S|gn§Is na
oise-dominated background; 2) photometric information is in-

larity index < 0.75 are taken to be galaxies, while all detectel . . . .
Y < 0.75 9 orporated along with positional information; 3) the contrast

objects fainter thad = 21 are taken to be galaxies. Already aﬁf overdensities that approximate the filter shape is greatly en-
this magnitude the fraction of stars is found to-b25% of the bp PeISg y

total number of objects, and taking into account the steep r%%tnecseg;:) rrggjzg:jznsdarghnri?jsugft;'?itﬁqsagzrgze;;:sgi ra(ispedgf
of the galaxy number counts faintward b= 21, the contami- P yp ) 9

. . svch an algorithm is that one must assume a form for the cluster
nation of the galaxy catalogs by stars can be considered ne minosity function and radial profile. Therefore, clusters with
gible. Taking into account all objects brighter than the limit fo Y P ' '

the star/galaxy separation, it is found that the number of objeEhg same richness, but different intrinsic shape, or different lu-

L . . S .
having different classification in the even and odd catalogsmmOSIty function, do not have the same likelihood of being
~5%.

dgtected. The filter is derived from an approximate maximum
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likelihood estimator, obtained from a model of the spatial aritle redshift estimate of cluster candidates when an overdensity
luminosity distribution of galaxies within a cluster. The distriof galaxies is present. To compensate for this effect, and obtain
bution is represented as a corrected filteiS,.,,.- (i, j), the same procedure proposed by

P96 (their Egs. 22—26) was adopted here.
D(r.m) = b(m) + AaP(r/re)p(m — m®) (1y Poe(theirEd ) P

where:D(r,m) is the total number of galaxies per magnitudg 2 cCluster-finding pipeline

and per arcsécat a given magnitude: and at a given distance

r from the cluster centeb(m) is the background (field galaxy) The matched filter algorithm descri_bed a_boye isthe centrql com-
number counts at magnitude P(r/r.) is the cluster projected Ponent of the EIS cluster searching pipeline that was imple-
radial profile;p(m —m*) is the cluster luminosity function; andMmented to process the galaxy catalogs produced by the EIS re-
A, measures the cluster richness. The parameterand . duction pipeline. In this section the details about its implemen-
are the apparent magnitude corresponding to the characterigton. and the methods adopted to identify significant cluster
luminosity of the cluster galaxies and the projected value &®ndidates are described.

the cluster characteristic scale length (core radius), respectively. Because of the large size of the patches, they are divided into
From this model one can write an approximate likelihgbdf ~Overlapping sub-areas, to avoid edge effects in the final candi-

having a cluster at a given position as date catalog. The size of the sub-regions are typically 1 square

degree, but are chosen to match the geometry of the region, after

In g ~ /P(r/rc) ¢(m —m”) D(r,m) d*r dm 2) bad areas are removed. This procedure also allows the cluster-
b(m) finding to use a more local background.

The matched filter algorithm is obtained using a series of ~ 1he maiched-filter is applied to each of the sub-catalogs
functions to represent the discrete distribution of galaxies irP¥ evaluating the suns.,,.(i, j) for each element of a two-
given catalog, instead of the continuous functir, m). The dimensional arrayi, j), to create a filtered image (hereafter the

application of the filter to an input galaxy catalog is therefor&ikelihood map”) of the galaxy catalog. The elemeris;)
accomplished by evaluating the sum correspond to a series of equally spaced points that cover the

entire survey area. At each poifit j) the sum is evaluated a
N number of times, with the radial and flux filters tuned to different
S(i,5) =>_ P(rx)L(my) (3) cluster redshift values in ste@sz =0.1 (this will hereafter be
k=1 called the “filter redshift”). The minimum adopted filter redshift
where P(r,) is the angular weighting function (radial filter),iS zmin = 0.2, while the maximum redshift, ., is determined
andL(my,) is the luminosity weighting function (flux filter), at by finding the redshift value at which the apparent characteristic
every point(i, j) in the survey, and over a range of redshiftgiagnitudem*(z) becomes comparable to the limiting magni-
(which corresponds to a rangesofandm* values). tude of the catalog. This approach gives,a,, = 1.3 for the
In practice, since the optimal flux filtdr(m;,) = ¢(m;, — typical limiting magnitude off = 23. The characteristic lumi-
m*)/b(my,) has a divergent integral at the faint magnitude limposity A/* and the cluster core radius are assumed to remain
wheng is a Schechter function (Schechter 1976), itis necesséi¥ed in physical units, and also the luminosity function faint-
to modify this filter. The solution proposed by P96 is to introduc@nd slopeg, is fixed. The observable quantities andr. are
a power-law cutoff of the forml0—#(m—"") that, with 3 = assumed to vary with redshift as in ap#¥5 km st/Mpc
0.4, would correspond to an extra weighting by the flux of the$2o=1 standard cosmology. The adopted cluster parameters,
galaxy. The optimal radial filter is given by the assumed clusté@ken from P96, are. = 1002~ 'kpc, ., = 1h~'Mpc and
projected radial profile. Here a modified Hubble profile is used!; = —22.33. The value of}/; was corrected to the Cousins
truncated at an arbitrary radius which is large compared to tstem adopting the transformation given in P96.

cluster core radius. Therefore the flux and radial filter have the Bothanon-evolving galaxy model, and a model with passive
form evolution of the stellar population have been considered. In this

g« paper only the results obtained using a non-evolving model,
B(m — m*)10~Plm—m")

L(m) = (4) based onatemplate spectrum of an elliptical galaxy taken from
b(m) Coleman etal. (1980) are presented. Itis important to emphasize
and that the choice of the K-correction model does not significantly
1 1 impact the cluster detections.
P(r/re) = - (5) The pixel size of the Likelihood maps (i.e. the spacing be-
VIH@/re) 1+ (reofre) tween adjacen(i, j) array elements) is taken to be 26.3 arcsec,

whereg(m — mx) is taken to be a Schechter functiop,is the corresponding to the value of the projected cluster core radius,
value of the projected cluster core radius, angds the arbitrary for a cluster ata redshift of 0.6. Ideally, one would like to have a
cutoff radius. One further correction to the algorithm is requiredarying pixel size, corresponding to a fixed fraction of a cluster
The normalization adopted for the flux filter is made accordirjoiected core radius at all filter redshifts. However, this would
to Eq. (21) in P96. This normalization is in fact only strictly corcomplicate the comparison between Likelihood maps obtained
rect for a pure background distribution, but introduces an errordfith different filter redshift, and since this comparison is ex-
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tremely useful for distinguishing real peaks from noise fluctuaenstrained to be fainter than* — 3, wherem* is computed
tions (see Sedi. 4.3), it was decided to use a fixed pixel size for the cluster estimated redshift.
the creation of the maps. The final step in producing the cluster candidate catalogs is
Given the typical redshift limits discussed above, 12 Likelthe cross-matching between the even and odd detections. The
hood maps are created from each input galaxy catalog, and thesieing is done based on positional coincidence only, and the
are stored as FITS-images, for ease of manipulation. Significamximum distance between the two nominal centers must be
peaks in the likelihood distribution are identified independentlgss than 1 arcmin, which corresponds roughly to two Likeli-
in each map, using SExtractor. The mean and variance of tt@d map pixels. The allowed separation was determined from
background are determined using a global value in each Likbe estimated uncertainty in the position measurements. The
lihood map and peaks with more thah,;,, pixels with values latter was estimated by comparing the position of the nominal
above the detection threshald.; are considered as potentiakenters for typical even/odd detections.
detections. At each filter redshift, the value\df,;,, is setto cor-
respond to the area of a circle with radiud r., while the value 4
of o4 is kept constant at 2. These parameters were optimize
using the simulations described in Séci] 4.3. The significansinulated galaxy catalogs were used to establish the best choice
of a detection is obtained comparing the maximum value of extraction parameters used in the pipeline, namely those that
the signal among the pixels where the likelihood is above th@nimize the frequency of noise peaks. Two areas of patch A,
SExtractor detection threshold with the background noise. coveringanareaof0.6 square degrees each, were selected to rep-
The lists of peaks identified in the various Likelihood map®sent a uniform (in terms of seeing and limiting isophote) and
are then compared and peaks detected at more than one fitiypical (i.e. non-uniform) region of the entire surveyed area.
redshift are associated on the basis of positional coincidendsing both the even and the odd catalogs there are 4 catalogs
From this association, likelihood versuscurves are created, available to cover these two areas. From each of these catalogs
and those peaks that persist for at least four filter redshifts (s¥% background-only simulated galaxy catalogs were created
Sect{4.B) are considered bena fidecluster candidates. Theby randomly repositioning the galaxies (within the same area),
redshift and richness estimates for each candidate are deriwdule keeping their magnitudes fixed. This procedure neglects
locating the peak of the corresponding likelihood versaisrve.  the small correlation that is present between galaxy projected
The significance of a candidate detection is measured as plositions on the sky, but the amplitude of the galaxy-galaxy
maximum of the significance versugurves, regardless of theangular two-point correlation function is small enough at the
estimated redshift of the candidate cluster. magnitudes of interest here, that this approximation should have
Two richness parameters are derived, following P96. Thegligible impact on the simulation results.
first is obtained from the matched filter procedure itself, us- Using these simulated catalogs it was possible to quantify
ing the parameted ; introduced in Eq[{1). This parameter ighe noise-rejection capabilities of the cluster finding procedure.
computed using Eg. (29) in P96, and the Likelihood map corr€he results obtained with the four sets of simulations are all
spondingto the cluster estimated redshift. A second independeaivalent, and are not distinguished in the following discus-
richness estimatéy, is defined to allow for a comparison withsion. The simulated catalogs were processed through the cluster-
the conventional Abell richness parameter. It is the numberfaofding pipeline, and the peak-identification process was run a
member galaxies (i.e. the number of galaxies above the estiimber of times, using a range of different settings for the two
mated background) within a two-magnitudes interval delimitegExtractor detection parameters: the minimum number of pixels
on the bright side by the magnitude of the third brightest clugbove the detection threshold,,;,,, and the detection threshold
ter member. This galaxy is identified within a circle of radiugself, o4.;, expressed in units of the Likelihood map variance.
0.25h~! Mpc, centered on the nominal position of the cludt was found that noise peaks are best rejected wkign,, at
ter detection. The magnitude distribution for all galaxies withiall redshifts, is chosen to be roughly comparable to the area of a
this circle is derived using 0.20 mag bins, and the expecteiicle with radius the assumed cluster core radius. The adaptive
background contribution is subtracted from it. The backgrourd,,;, compensates for the fixed Likelihood maps pixel scale
magnitude distribution is determined using the entire galaxyentioned in the previous section.
catalog and the same magnitude bins. Note that this procedureln Table[1 the results obtained applying different detection
makes this parameter very sensitive to variations in the basitrategies to the background-only simulations are presented. The
ground, leading to large uncertainties, especially for the mamember of detections that were found in the simulations, scaled
distant candidates. Within this background-subtracted magiti-a common reference area of one square degree, are reported
tude distribution the bin that contains the third brightest galaxg a function of different SExtractor detection thresholds, of
is identified. The entire procedure is then repeated for a dire adopted persistency criterion, and of the lack or presence of
cle of radius1.0h~! Mpc, keepingms, the magnitude of the further restrictive criteria on the richness or the significance as-
third brightest galaxy, fixed to the value determined within thgociated with the detection. As can be seen, a SExtractor thresh-
smaller0.25h~1 Mpc radius circle. To reduce the probabilityold of o4.: = 3.0 gives a good rejection of noise peaks, with
that a foreground field galaxy on the line of sight to the clustat least a factor of 3 fewer spurious detections than the lower
could bias the richness estimate, the third brightest galaxytlisesholds. To investigate the effect of this threshold on the

g. Tests of the algorithm
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Table 1.Frequency of expected spurious detections per square degrt%e?)o

Odet = 1.5 0get =2.0  0ger = 3.0 z 20 F =
All 46.3 56.4 13.3 5 15F E
n. >4 27.5 14.3 0.4 ® 10F =
n.>4,0>3 14.7 9.0 0.2 o E
n,>4,0>4 3.0 1.7 0.4 Z of ‘\ﬁ 3
n.>4,0>3,Aqy>30 5.1 4.6 0.3 2 3 4 5 8 7 8
n.>4,0>4,Aq >30 0.4 0.4 0.2 c

—_

=1}

extracted candidate lists the detection rates from the real agljgd15
simulated data were compared. This showed that applyin(a
threshold ofo4.: > 3.0 decreased the number of detectiong !
in the real and simulated data by similar amounts, while low&r
thresholds preferentially rejected spurious peaks in the simg-
lated data. Therefore,@y.; = 3.0 threshold was considered to” o ‘
be toorestrictive. On the other hand, because the automatic SEx- 9 2
tractor de-blending procedure can override the specifigg,
criterion, it was decided not to use it and therefore a low thresh-
old of o4.s = 1.5 resulted in too many blended peaks. As & 20
compromise a detection thresholdwf., = 2.0 was adopted. <

This threshold results in many spurious detections and theﬁe-15
fore other properties of the noise generated peaks were used tg,
minimize their contribution. Fi]3 shows the distribution of the?
most relevant of these properties as derived using the SExtrac-°
tor parametersV,,;, corresponding to the number of pixelsz ‘
contained within a circle of radiusr. andog.; = 2.0. The 0 40
frequency of detected peaks (scaled to a one square degree pro- N
jected area) is plotted as a function of the detection significanggy. 3. The properties of noise-generated peaks in the background-only
of the number of filter redshifts;., where the detection took simulations. The three panels show the frequency distribution (scaled
place, and of the inferred cluster richness,. From the figure to a one square degree projected area) of noise peaks as a function
it can be seen that in addition to the detection significance, tfghe detection significance, of the number of filter redshifts where
number of filter redshifts at which the peak appears is a valtie detection took place, and of the inferred richness. The SExtractor
able tool for discriminating noise peaks. Typically, noise peak§tection parameters used here\is.i. corresponding to a circle of
appear in only a few redshift shells, while clusters are detectdd andoaer = 2.
in more than five. Therefore, candidate clusters are required to
be detected in at least four redshift shells. The lower panel®freasuits
Fig.[3 shows another useful noise discriminant, namely the in-
ferred richnessA.;, which for the noise peaks is rarely abovd he cluster-finding procedure described in the previous section
A.; =30. Therefore the requirement that the inferred richne®@s applied to Patch A even and odd single-frame catalogs. To
should beA,; > 30 has been used as a third criterion for thécilitate a comparison between the derived cluster candidates,
cluster candidate selection. the search was restricted to the region of overlap between the

From Tabld]L the effect of the different noise rejection crpdd/even galaxy catalogs. Furthermore, a region at the north-
teria can be seen. For the selected detection parameters o corner of the patch was discarded, because of severe incom-
adaptiveN,,,;,, discussed above, ang,.; = 2.0, the additional pleteness. The effective area searched is delineated il Fig. 2,
criteria of the number of filter redshifts, > 4 and inferred rich- covering 2.5 square degrees.
ness\. > 30 were adopted_ These criteria y|e|d a frequency of Using the cluster model described in SECi] 4.2 and the selec-
noise peaks_, 0.4 per square degree in the case of a restricti\']@n criteria described in the preViOUS SeCtion, the cluster Catalog
significance> 4o, and~ 4.6 if a significance> 3 is adopted. presented in Tablg 2 was constructed. The upper part of the table
For comparison, the expected frequency of spurious detectidifits the “good” candidates, which are those with significance
in the PDCS is 0.8 per square degree when peaks with SigrﬁfAU, in at least one catalog or with a significanego in both

icance> 40 are considered, and 4.2 per square degree Wmﬂ{alogs, while the lower part gives the candidates detected at
peaks with significance 3¢ are taken into account. 30 in only one catalog. In both cases the additional criteria of

detection requiring:, > 4 and A, > 30 are imposed. Fur-
thermore, all candidates with significanee5o andn, > 4,
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Table 2. Preliminary EIS cluster catalog

Cluster name « (J2000) 4 (J2000) Znoevol Ao Ngr Teven Todd Notes
EIS 2236-3935 2236029 —-393533.7 0.3 445 12 4.9 4.9

EIS 2236-4017 2236 18.0 —4017 54.9 0.6 107.8 47 5.8 6.8

EIS 2236-4026 223647.6 —-402617.4 0.4 44.0 15 — 4.2

EIS 2237-4000 2237 11.4 —-400016.1 0.3 31.3 30 3.8 4.6

EIS 2237-3932 2237453 —-393211.8 0.2 30.1 42 4.1 41 EDCC 169
EIS 2238-3934 223803.4 —-393450.4 0.3 41.8 40 4.4 —

EIS 2238-3953 223846.4 —-395341.9 0.6 57.5 36 3.3 3.0

EIS 2239-3957 223917.3 —-395703.3 0.5 56.1 40 - 4.0

EIS 2239-3954 2239 18.4 —-395434.9 0.3 62.5 25 6.2 6.8

EIS 2240-4021 22 40 07.8 —40 21 08.0 0.3 41.2 21 4.9 5.4

EIS 22414001 2241 19.0 —-400115.9 09 2322 87 35 5.2

EIS 2241-4006 22 41 26.7 —40 06 24.7 0.3 32.6 22 4.9 3.9

EIS 2241-3932 224131.3 —-393210.4 0.4 445 14 4.0 4.2

EIS 2241-3949 22 4142.1 -394914.6 0.2 47.9 30 7.1 8.1

EIS 2243-4013 2243 01.3 —401358.2 0.2 36.3 16 6.1 5.9

EIS 2243-4010 2243019 —-401024.8 0.3 39.1 26 5.4 -

EIS 2243-3952 224319.4 -395241.2 0.3 50.9 27 6.2 - S1055
EIS 2243-4025 22 43 23.8 —40 25 49.9 0.2 28.9 6 6.2 55

EIS 2243-3959 224329.4 —-3959335 0.3 45.0 32 45 55

EIS 2243-4008 22 43 47.4 —-400847.0 0.3 34.3 30 - 4.4 *
EIS 2243-3947 22 4356.1 —39 47 28.8 0.4 48.6 34 4.1 —

EIS 2244-4014 22 44 01.0 —-401429.6 0.6 75.7 33 - 4.2

EIS 2244-3955 22 44 23.2 —-395523.6 0.2 41.7 20 5.6 - *
EIS 2244-4019 22 44 28.4 —4019 46.5 0.3 38.3 27 4.9 4.6

EIS 2246-4012 22 46 30.1 —-401248.4 0.2 34.6 19 5.8 -

EIS 2246-4012 22 46 48.5 —-401248.2 0.4 39.5 32 3.2 3.6

EIS 2248-3951 2248 28.7 —3951 24.6 0.5 49.4 15 3.4 3.4 *
EIS 2248-4015 2248 54.8 —401518.8 0.3 36.2 26 4.6 4.4

EIS 2249-4016 2249 33.9 -4016 33.7 0.6 63.2 42 3.4 3.6

EIS 2236-4008 22 36 46.0 —40 08 45.2 1.0 1841 49 3.1 - *
EIS 2238-4001 22 38 33.8 —400150.9 0.7 97.0 24 3.9 - *
EIS 2238-4010 2238 36.0 —4010 36.6 0.8 89.1 20 3.0 - *
EIS 2239-3946 2239344 —-394641.8 0.7 67.9 82 3.1 -

EIS 2244-4013 22 44 59.3 —401308.1 0.9 130.2 82 2.6 3.2 *
EIS 2249-3958 2249 33.0 —-395810.1 0.9 1236 29 - 3.1

regardless of their richness, were included. The results show Of the 26 “good” detections found in the even catalog 19
that there are 26 “good” detections in the even and 23 in t(i&8%) have a counterpart in the odd, while for the 23 detections
odd catalog. As discussed below, most of these represent pairetthe odd catalog 19 (83%) have a counterpart in the even. For
detections. For lower significances, one finds 5 detections in the sample as a whole the probability of having a counterpartin
even and 2 in the odd catalog, respectively. the other catalog is still reasonably higl$5% for detections in

For each cluster, Tablg 2 gives: in column (1) the clustdre even catalog and 80% for the odd. The observed difference
ID; columns (2) and (3) the J2000 equatorial coordinates; iim the frequency of paired detections between the two cata-
column (4) the estimated redshift using a K-correction obtainéms is probably due to variations in the observing conditions.
assuming no evolution of the stellar population; in columns (&)verall the even frames tend to have fainter limiting isophotes
and (6) the richness estimates andNg; in columns (7) and (8) than the odd (Figll1) which may explain the larger number of
the significance for the detection in the even and odd catalogdétections in the even catalog. Furthermore, inspection of the
available; and in column (9) an asterisk indicates doubtful casisiting isophote maps shows, that in general, objects of high
based on the visual inspection of the coadded image. Whesignificance in one catalog not detected in the other lie in re-
candidate cluster is detected in both the even and odd catal@isns where significant variations of the limiting isophotes are
the redshift and richness estimates presented in the tablessaen. Therefore, the results reflect the lack of homogeneity of
the ones derived from the catalog where the highest likelihotte data.
value was measured. In total 29 “good” candidates are reported,In Fig.[4 the projected distribution of the detected cluster
giving a density of 11.6 per square degree. candidates is shown. There is a clear paucity of clusters in the
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Fig. 4. The projected distribution of the cluster candidates. The filleg~ 10 7
circles are the “good” candidates, while the open circles representge r
30 candidates detected in only one catalog. o

region around the position ~ 341.5° and§ ~ —40.0°. In- 0.2 0.4 0.6 0.8 1.0 1.2

spection of the seeing and limiting isophote maps shows that z

the data in that region are reasonably uniform and deep, andghgs. The upper panel shows the redshift distribution of the cluster
lack of clusters in the region is probably real. In the region copandidates in Tabld 2. The shaded area is the distribution of the good
sidered in the present paper there are four clusters listed in NEDsters while the white area shows the additional contribution from the
Out of these two have also been identified in the present woldss robust candidates. The lower panel shows the redshift distribution
These are S1055, which is located behind the bright galaxy E &othe cluster cand_idates fromthe PDCS scaled to an area of 2.5 square
345-G046, and EDCC 169. Those not identified are EDCC 1689ree for comparison.

and a Lidman & Peterson (1996) cluster (Cl2245-4002), both

of which lie at the edges of the region considered in this paper.

For each cluster cutouts from the coadded image are cgates, the redshift distribution of EIS candidate clusters agrees
ated, covering a region af x 7arcmin centered at the nomi-well with that determined for PDCS. The shaded arearepresents
nal position of the detection. The area covered roughly cortée redshift distribution of the “good” candidates. The distribu-
sponds to the FORS field of view. These cutouts are availakilen of these candidates covers the redshift range from 0.210 0.9,
at “http://www.eso.org/eis/". Also available are image postagehile the total sample extends o= 1 with a median redshift
stamps from all the passbands available at a given cluster pbz = 0.3.
sition. Using these postage stamps all cluster candidates wereFig[8 shows the distributions of the two cluster richness
visually inspected. As a result, a note was added to Tdble 2estimates, comparing those for the total cluster sample with the
indicate doubtful cases. Note that most of these are in fact foulgihod” candidates. As can be seen therichness spans a wide
in the lower part of the table, associated with lower significancange extending up te 230 with a median of- 45.0. The Abell
detections. Of the “good” candidates only three are doubtfuichness estimateyr, is found to vary between 6 and 87 with
all at the edges of overlapping frames (in the language of thenedian of 29. Note that in the case of richness an appropriate
coadded image presented in Paper |, near the border of diflesmparison with the results of P96 cannot be made because of
ent contexts). It is also worth pointing out that 11 out of the 1@ur imposed richness criterion in the detection and differences
candidates not detected in both even and odd frames are locéiettveen the estimates of the mean background counts in the
near the border of regions where the quality of the images vargiculation of the Abell richness in this paper and in P96.
significantly. Most of these cases are located near the shallowerA comparison between the estimates of the candidates’
region centered @t~ —40°12’ (6 ~ —40.2°) clearly visible in properties, discussed in the previous section, is used to obtain a
Fig.[2. However, it should be noted that the eye-balling did natugh estimate of their accuracy. Higj. 7 shows a comparison of
indicate that these candidates are less promising than in othethe-estimated redshifts for all paired detections, as determined
gions. Another example is the candidate EIS 224808 found in the odd/even catalogs. Some of the points represent more
near the brightest star in the region. This shows that the clugtean one cluster candidate due to the discreteness of the redshift
finding method as currently implemented is not optimized fdrins. The mean difference of the two redshift estimates is found
dealing with inhomogeneous data of the sort presented hdoebe small~ 0.01. Similarly, Figl8 shows the comparison of
since it implicitly assumes a fairly homogeneous backgroundhe A, richness estimates. As can be seen, in general they agree

In Fig.[3 the redshift distribution of the total candidate sanmemarkably well. The average difference in the estimates rela-
ple is shown and compared to the distribution for the candidata® to their mean value is about 10%. There is only one large
reported in the PDCS. Considering the small number of candisagreement found for a candidate cluster at 0.9 with very
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Fig. 6. The upper panel shows the distribution of the richness mea- 50 100 150 200
sure A, the shaded area is the distribution of the good candidates Neteven

and the white shows the additional contributions from the less robust

candidates. The lower panel shows the distribution of Abell richnesig- 8- Comparison of the\; richness estimates as derived from the
even and odd catalogs. The dotted line represents the slope equal one

line.

1.2+ e
r 1 6. Summary and future developments

- 1 Therecently released EIS I-band data for Patch A{(22145™

1.0F - andd ~ —40°; see Paper I) have been used to search for clusters

r 1 of galaxies over an area of 2.5 square degrees, in the redshift

I .o 1 range0.2 < z < 1.3. The matched filter algorithm has been
applied to the even and odd single-frame catalogs to assess the

0.8 | performance of the cluster-finding pipeline, to establish the de-

. tection threshold for robust detections and to evaluate the quality

L | of the EIS data for this kind of analysis, one of the main goals

0.6F . - ofthe survey.

3 1 The candidate cluster sample of “good” detections consists

r . 1 of 29 objects, yielding a surface density of 11.6 candidates per

o square degree, with a median redshiftzof= 0.3. When all

0.4r g | 30 detections are considered 35 candidates are found, leading

' to a surface density of 14 per square degree. Both the redshift

p distribution and the surface density of candidates are consistent

0.2 i.“' | withtheresults of P96. To help users to evaluate these candidates

S - and to prepare finding charts, image postage stamps are available

0.2 0.4 0.6 0.8 1.0 1.2 at“http://www.eso.org/eis/”.

7 These results should be considered preliminary as signifi-
cantly better data are available for the other EIS patches. More
Fig. 7. Comparison of the matched filter redshifts derived from th'ﬁ]portant]y, the use of catalogs extracted from the coadded im-
even and odd catalogs. Most points along the diagonal (dotted ligg)es will allow a deeper cluster search to be carried out, thereby
represent more than one detection due to the redshift grid. extending the redshift range for the cluster sample. Clearly, the

EIS data more than fulfills the science requirements of the sur-
vey, as originally stated.
different significances in the two catalogs, thus leading to differ- In this first release of the EIS cluster catalog the effort has
entrichness estimates. Note that this candidate also correspdyetsn concentrated on the I-band data. However, a limited num-
to one of the deviant points in the redshift comparison. ber of frames in V-band have been obtained and will be used

Zodd
T
L

even
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