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Abstract. This paper presents 19 candidate clusters detectedpectively). One of the main goals of EIS is the compilation
using the galaxy catalog extracted from fhAband images taken of a list of candidate clusters of galaxies, spanning a large red-
for the ESO Imaging Survey (EIS). The candidates are fountift range. Following the timetable recommended by the EIS
over a region of 1.1 square degrees, located near the SdMbrking Group, lists of cluster candidates in the various areas
Galactic Pole (EIS Patch B). Combined with the sample reevered by the survey are being prepared and made public as
ported earlier, the number of candidates in the Southern Galagen as they become available. In addition, an interface with the
tic Cap is now 54 over a total area of 3.6 square degrees.ESO Science Archive has been created, allowing image postage
V-band images are also available over 2.9 square degrees, giathps of the candidates to be extracted for visual inspection and
galaxy catalogs extracted from them over a uniform area ofpfeparation of finding charts (see “http://www.eso.org/eis”).
square degrees have been used to further explore the reality ofA preliminary catalog containing 35 cluster candidates iden-
the cluster candidates detected’ #hand. Nearly all the candi- tified in EIS patch A, was presented in a previous paper (Olsen
dates detected ifi-band with estimated redshifts< 0.5 are et al. 1998, hereafter Paper Il). As emphasized in that paper,
also identified inV/. At higher redshifts, only rich candidateshe goal of the EIS cluster search has been to prepare a list
are detected in both bands. of candidatesfor follow-up observations and not to produce

a well-defined sample for statistical analysis. For the cluster
Keywords: galaxies: clusters: general—cosmology: large-scadearch the matched filter algorithm discussed by Postman et al.
structure of Universe — cosmology: observations (1996) was chosen, since it has already been tested and used to
analyze similar data. Moreover, by using the same algorithm the
results obtained here can be easily compared to those obtained
by those authors. Since the data are public, other groups may
produce their own catalogs using different methods. A com-
The ESO Imaging Survey (EIS; Renzini & da Costa 1997) fsarison of various catalogs will be instructive in evaluating the
the outgrowth of a concerted effort between ESO and its cosirengths and weaknesses of different algorithms.
munity to carry out an imaging survey and provide candidate Wwhile completenessis animportantissue for statistical stud-
targets for the rapidly approaching first year of regular opefigs, the main concern of the EIS cluster search program is the
tion of the VLT. The main science goals of the survey have begfjiability of the candidates, and therefore the minimization of
described earlier (Nonino et al. 1998, Paper |, Prandoni et @de number of false detections, to optimize any future follow-up
1998, Paper Ill). These papers also include a detailed accoWstk. To minimize contamination by spurious detections, the
of the survey observing strategy, and of the data obtained fgfalysis has been restricted to the most uniform surveyed areas.
two of the four areas covered by the survey (EIS patches A ag@reover, the parameters adopted in searching for candidates
B, ata ~ 22"40™, § ~ —40° anda ~ 00"50™, § ~ —29°30’, have been conservatively chosen, based on the results of an ex-

1. Introduction
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364 L.F. Olsen et al.: ESO imaging survey. V

tensive set of simulations, to minimize the contamination I8/ Results
noise peaks (Paper II).

Another way of further testing the reality of the detections
to use data in different passbands. In Paper |l candidate clustgsing the various odd/even catalogs containing the objects ex-
were detected using onliband data. Currently, howevdr- tracted from single frames (150 sec exposures), lists of cluster
band galaxy catalogs are available4oR.9 square degrees. Thecandidates have been produced for each patch and band using
availability of these data allows one to detect clusters inthe the cluster identification pipeline based on the matched-filter
band and cross-identify them with those detected ifthand. method described in detail in Paper II. The cluster identifica-
The color information can be used: 1) to confirm the reality ®fon has been applied to theband data from patch B, using
detections directly from the cross-identification; 2) to confirthe same parameters to describe the cluster radial profile and
detections by identifying the expected sequence of cluster eaflyminosity function ¢, = 100~h~'kpc, r., = 1h~'Mpc and
type galaxies in the color-magnitude (CM) diagram; 3) to use; = —22.33, a = —1.1), the same SExtractor detection pa-
the CM relation to independently check the estimated clust@meters ¢,.; = 2.0 andN,,,;,, corresponding to the area of a
redshift and select targets for follow-up spectroscopy. circle with radiuslr.), and the same selection criteria, (> 4,

The goals of the present paper are to add to the list of E4S> 3andA.; > 30) as given in Paper Il. Over the analyzed area
I-band cluster candidates those detected in patch B and todgfi1.1 square degrees, 19 new cluster candidates were found,
vestigate what additional information théband data provide which gives a density of 17.2 cluster candidates per square de-
over the region wher& and/ images overlap. The data are degree, consistent with the results discussed in Paper Il and with
scribed in SecL]2; Sell 3 describes the cluster candidate catategvalue estimated by Postman et al. (1996). Out of the 19 de-
and the investigation of the color information; the conclusionsctions 12 are “good” candidateés., those detected dir in

%1. Detected cluster candidates

are summarized in Seft. 4. at least one catalog, or &t in both 7-band catalogs. In addi-
tion, there are 7 candidates detectedatrBonly one catalog,
2. The data nearly all at large redshift:(>0.6). In Paper Il the noise prop-

erties of the cluster-finding procedure were investigated and the
Although the original intention of EIS was to cover the erfrequency oo noise peaks was estimated to be 4.2 per square
tire survey area i and/, this proved impossible due to thegegree. Using this noise frequency it is found that the number
bad weather conditions in the period July-December 1997. Ag@yuestionable candidates is consistent with that expected for
consequence, the observations intheand were discontinued nojse peaks, about 5 in the area analyzed in Patch B.

after the completion of patch B, to enlarge as much as possi- The properties of the detected cluster candidates are sum-
ble the area covered itband. Nevertheless, availaldleband mgrized in TablEl1 which gives: in Column (1) the cluster id; in
images overlag-band observations over an area of 1.2 and 1gblumns (2) and (3) the right ascension and declination (J2000);
square degrees in patches A and B, respectively. Due to varyjiRgolumn (4) the estimated redshift; in Column (5) the measure
observing conditions the quality of the data is not uniform ovef the cluster richness derived from the maximum likelihood
the entire overlap region. This can be seen from the seeing a8k paper 11, Eq. (1)); Column (6) gives the number of galaxies
limiting isophote distributions shown in Papers | and Ill. Thigithin a magnitude interval of 2 magnitudes delimited at the
information was used to eliminate regions with significantlijright end by the magnitude of third brightest cluster galaxy:
shallower limiting magnitudes, due to poor transparency, agfcolumns (7) and (8) the significance of the detections in the
the following analysis is restricted to areasof.9 (patch A)  even and odd catalogs, respectively; in Column (9) the signifi-
and~ 1.1 (patch B) square degrees. The median seeing valighce of the detection using the galaxy catalogs extracted from
for all the observations in the area being analyzed isarcsec. the |/ images (see below); and in Column (10) other identifi-
The data were reduced using the EIS reduction pipeliggtions. The upper part of the table lists the “good” candidates,
which routinely produces single-frame catalogs, that are assqgile the remaining candidates are listed in the lower part of
ated to produce the so-called even and odd catalogs (see Papfgstable. Note that the detection with the largest significance is
and II). This procedure has been performed independently {ag cluster easily seen near the center of the patch. This cluster

theV andI images, yielding two independent catalogs for eag§ Abell S84 at: ~ 0.1 (Abell et al. 1989, Strubble & Rood
band and each patch. The limiting magnitude for star-galamgn_

separation in thé-band was established in Papers land lItobe For simultaneous display of the cluster candidates in all

I ~ 21. Brighter than this magnitude only objects with stellarityyaijlable passbands a new facility for extracting image postage
index less than 0.75 were taken to be galaxies, while all fainggamps from the coadded images was implemented in the ESO
objects were included in the galaxy catalogs. Forithband science Archive. Using this facility all cluster candidates de-
the limit for star-galaxy separation was found toWe~ 22  tected inI-band were visually inspected and most were found
and galaxies were selected following the same procedure. fy$e promising. Even though candidates in the lower part of the
shown in Papers | and Ill the 80% completeness limits of thgple are less conspicuous, most do seem to be possible clus-
galaxy catalogs extracted from single exposures are typicallys. Out of the seven candidates listed in the bottom part of the
V ~24.0andl ~ 23.0. table, at least 4 lie in a region where the limiting isophote varies
significantly between the odd and even frames which may ex-
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Table 1. Preliminary cluster candidates for EIS Patch B.

Cluster name « (J2000) 4 (J2000) z Ay Ngr Oeven Todd ov Notes

EIS 0044-2950 004458.6 —-2950495 0.3 231 20 3.2 3.6 3.6

EIS 0045-2923 0045144 -2923434 0.2 33.8 100 7.1 7.1 7.7

EIS 0046-2925 0046 07.4 —-2925422 0.2 44.4 26 — 6.9 4.2

EIS 0046-2951 0046 07.4 —-2951445 0.9 157.0 2 3.1 32 -

EIS 0048-2928 0048 258 —-292850.1 0.4 36.6 31 3.5 3.6 6.0

EIS 0048-2942 0048 31.6 —-2942251 0.6 55.6 13 4.3 4.1 2.7

EIS 0049-2931 004923.1 -293156.8 0.2 84.2 48 14.6 148 184 S84
EIS 0049-2920 0049313 -292034.1 0.3 35.7 13 4.3 4.0 3.5
EIS0050-2941 005004.4 —-2941356 10 1753 62 3.4 3.9 3.5

EIS 0052-2927 0052495 -2927572 09 1215 34 3.5 36 —

EIS 0052-2923 005259.6 -2923141 0.2 26.7 14 50 - 5.8
EIS 0044-2950 0044365 —-2950122 09 1281 35 — 3.6 —
EIS 0045-2944 004500.8 —-294457.7 04 35.5 24 - 3.3 3.2
EIS 0045-2951 0045149 -2951586 0.8 86.5 15 — 3.6 -
EIS 0045-2948 0045444 -294827.1 0.5 39.6 29 2.9 3.2 2.6
EIS 0045-2929 0045513 -292938.7 11 236.8 6 - 3.1 3.3
EIS 0046-2945 0046 195 —-2945471 10 2856 82 36 - -
EIS 0046-2930 004629.6 —-2930574 0.6 51.4 46 — 3.0 —
EIS 0050-2933 0050405 -293336.6 0.6 54.3 42 — 3.4 —

Table 2.Cluster candidates for EIS Patch A that are found in the region wherd laoitl -band data are available. In addition to the information
already presented in Table 2 of Paper Il, here alsdtH®nd detection significance is listed. The format of the table is the same as fofTable 1.

Cluster name « (J2000) 6 (J2000) z A Nr  Oeven Ooada ov  Notes

EIS 2236-4017 2236180 —-4017549 0.6 107.8 a7 5.8 6.8 4.2
EIS 2236-4026 2236476 —-4026174 04 44.0 15 - 42 3.6

EIS 2240-4021 224007.8 —-402108.0 0.3 41.2 21 4.9 54 50
EIS 2243-4013 2243 01.3 -401358.2 0.2 36.3 16 6.1 59 438

EIS 2243-4010 2243019 -401024.8 0.3 39.1 26 54 — 38
EIS 2243-4025 224323.8 —-4025499 0.2 28.9 6 6.2 55 3.2
EIS 2243-4008 2243 47.4 -400847.0 0.3 34.3 30 - 44 28
EIS 2244-4014 224401.0 —-401429.6 0.6 75.7 33 — 4.2 —

EIS 2244-4019 2244284 -401946.5 0.3 38.3 27 4.9 46 51
EIS 2246-4012 2246 30.1 -401248.4 0.2 34.6 19 58 - -

EIS 2246-4012 2246485 -401248.2 04 39.5 32 3.2 36 36
EIS 2248-4015 224854.8 —-401518.8 0.3 36.2 26 4.6 44 37
EIS 2249-4016 2249339 -401633.7 0.6 63.2 42 3.4 36 32

EIS 2236-4008 223646.0 —-4008452 10 1841 49 31 - —
EIS 2238-4010 2238 36.0 —401036.6 0.8 89.1 20 30 — -
EIS 2244-4013 2244593 -401308.1 0.9 130.2 82 2.6 3.2 —

plain the fact that they were detected only in the odd catalo@isg to the transformation given by those authors. Furthermore
Note that 2 of them were detected in thecatalogs. From this the limiting magnitude was chosen to fit the 80% completeness
examination one also encounters cases where superpositiolinaif for the VV—band catalogs df = 24.0. Even/odd/ —band
clusters at significantly different redshifts may occur, as judgedndidate catalogs were produced, using the same peak find-
from the available color information. ing criteria given above, but in contrast to théand procedure
The cluster-finding pipeline was also used to detect cluster selection criteria on detection significance, persistency or
candidates in the availablé—band catalogs for patches A anctluster richness (see Paper Il) were imposed.
B. For this purpose the same radial profile as for fthévand These detections were cross-identified withiHzand ones
data, and the same slope of the Schechter function were adopistd in Tabld 1, and those listed in Paper Il for whi¢h-band
while the characteristic magnitude was taken from Postman etdta are available (16 candidates). The latter are listed in[able 2,
(1996)M;, = —21.03, corrected to the Johnson system accorevhich reproduces part of Table 2 in Paper Il, adding also the
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redshifts estimated from tHé- and/-band data is present, with
the V-band estimate being significantly lower than thband
one.

The probability of detecting a cluster also depends on its
richness. Despite the small number statistics, nearby candidates
notdetected ifY’ data tend to be poor, with an estimated richness
close to the lower limit adopted for the inclusion of a candidate
in the catalog 4., ~ 30). At high-redshifts, only very rich

Fig. 1. The estimated redshift distribution for the 35 cluster Candidatf:ﬁ,lsters, probably with a large fraction of ellipticals, are detected
detected in regions where color information is available in patches;

and B. The shaded region marks the distribution for candidates dete Iﬁ he wo passbands.. There are two such F:ases in the above
in both I- andV/-band. able, but note that neither would have been included as cluster

candidates based on thedetection alone. Their appearance on
the images strongly suggests that both are likely to be clusters at

V-band information. The matching between fhendV-band high redshifts. However, since some galaxies are seen i the
catalogs was done based on position only, using a search radii@ges, either their matched filter redshifts are overestimated or
of 1 arcmin, centered on the nomin&kband detection. The there are foreground concentrations leading to their detection in
choice of 1 arcmin was dictated by the estimated uncertaintythie V' data. Only spectroscopic follow-up will be able to resolve
the position derived for the cluster candidates. It should be nofé¢Fh cases.
thatin most cases where a matchis found, the estimated redshifts
agree to withimAz ~ 0.1. Only in 5 cases the discrepancy wasg o Color-magnitude diagrams
larger. The significance of the detections in hdand for the
case of patch B cluster candidates is given in Column (9) e availability of data in two passbands can, in principle, pro-
Table[d and for patch A in Column (9) of Talilé 2. In case thdde an alternative way of confirming cluster candidates and
candidate is detected both in the even and in the odd catald§8ir estimated redshifts, based on the detection of the sequence
the listedV/-band significance is the highest of the two. of cluster early-type galaxies in a CM diagram. As described
In total there are 35 candidate clusters where color infdf Paper lil a color catalog was constructed for regions where
mation is available owea 2 square degree area. The regio,{gulti—band data were available. The color catalog was built by
where color information is available are typical regions witierging of thel’— and /—band catalogs, associating objects
respect to the data quality as characterized by the seeing Baged ontheir extension (see Paper Il for further details). Using
limiting isophotes. The distribution of estimated redshifts fdhis color catalog a color-magnitude diagram, based on magni-
this sample is shown in Figl 1. The median estimated redsfigles measured within a .8perture, was constructed for each
for the whole set presented in this f|gur&|s, 0.5. The shaded cluster candidate. This diagl’am includes all galaXieS within a
portion of the histogram shows the distribution of estimaté@dius of 0.5 " Mpc (H, = 75 kms~'/Mpc) from the nominal
redshifts (as obtained from theband detection) for the clus-Ccluster position that are detected in both bands.[Fig. 2 shows
ter candidates also detectedlinband (combining patches Athese diagrams for all cluster candidates with< 0.6. Also
and B). Out of 19 candidates with < 0.5, 18 (~ 95%) are indicated in the plot are the values of] and the color of a
also detected i -band:; for clusters at > 0.5, 5 out of 16 typical elliptical (no-evolution) at the estimated redshift of the
are detected iV -band. This result is not Surprising since théluster, as derived from the matched filter. At low rEdShift, the
ability to detect clusters varies with redshift, with the redshifiequence of early-type galaxies is clearly visible, butat.5
range of the candidates detected/irband being smaller than the evidence for a CM relation is, in most cases, less compelling.
that of those detected ifrband. Using the rule of thumb that/n no cases withr > 0.7 a CM sequence was visible, because
the data should reach at least one magnitude faintenttraat  Of the relatively shallow/’-band data.
the redshift of a given cluster to allow for its detection, one can Considering the combined patch A and B sample, one finds
translate the galaxy catalog limiting magnitudes adopted in thet out of 35 clusters in the region of overlap of tfie and
cluster search into limiting redshifts for cluster detection. Theband images, there are 11 with evidence for a CM relation,
I-band limit of I = 23.0 then translates into a limiting redshiftWith redshifts extending out to<0.6. Furthermore, the redshift
between~ 1.0 (no-evolution model) and: 1.3 (passive evolu- estimates based on color and the matched filter seem to agree,
tion model). These values are in good agreement with the resifgnost cases, within 0.1. In addition there are 6 cases in that
presented in Paper II, and by Postman et al. (1996), where cligishift range where there is a weaker suggestion of a color
ter detections are limited te<1.1. Using the same argument Séquence.
the V-band limit of V = 24.0 translates into a limiting redshift ~ Comparison between the cases detected in bahd V/
between~ 0.55 (no-evolution) and~ 0.7 (passive evolution). and the cases where a color sequence is found shows that in
This argument is consistent with the above findings, providifgost cases (16 out of 17) where the CM-diagram supports the
strong support for the reality of the detected candidates. Nétatection, also the candidate is detected in both bands. There
that the two matched detections with estimated redshift1 ~are 4 cases where a detection is found in bétand I-band
are among the cases where a significant discrepancy betw@@f no color sequence is seen. All of these cases have signif-
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icances below 4, and two of them correspond to the match&dConclusions

detections withz > 1 shown in Fig[d. In one case evidenc . " . .

for a color sequence is found but there is no detection ithhe‘?n this paper 19 additional cluster candidates _detected in EIS

band. Altogether this shows that tiie and-band data provide patch. B hgye begn presented. Cluster candldate_s have also
been identified using thE-band galaxy catalogs available for

3;((6)2?03:1?;;5!22[1gt?;\gg%;l:gtgir;upport to the reality of thpeatches A and B. The analysis of the cross-identification of the
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Table 3. Summary of the cross-identification rates.

PatchB Patch A

|-detections 100% 100%
V-detections: < 0.5 100% 90%
V-detectionsz > 0.5 20% 30%
CM detections: < 0.5 78% 80%
CM detections: > 0.5 0% 0%

V- and I-band detections, as summarized in Tdble 3, leads

the following general conclusions:

1. About 95% of the cluster candidates withk< 0.5 and about
30% with z > 0.5, primarily rich clusters, are confirmed

Unfortunately, thd”—band data are not deep enough to use
the CM relation to gain leverage for candidates a0.5. For
future surveys using wide-field cameras, such as the Pilot Survey
(Renzini 1998) to be conducted at the ESO 2.2m telescope,
the option of doing significantly deep&r—band observations
should therefore be considered.
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