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Abstract. — We present complete multicolor photometry in the Gunn system for the three clusters of galaxies
A3284, A3305 and A1942 at redshift z ~ 0.2. INVENTORY magnitudes and colours have been obtained for over 1,000
objects in the three fields down to g = 24, and with a good completeness level in the detections (85% or better) about
one magnitude brighter. By fitting with King profiles the r counts we derived the total number of galaxies and the core
radius down to the » magnitude limit in each cluster. These are NyoT = 146 galaxies and Rc = 0.24 Mpc for A3284,
NtoT = 129 and R; = 0.20 Mpc for A3305, NyoT = 130 and Rc = 0.24 Mpc for A1942. The observed mean redshift
of the clusters is z = 0.150 £ 0.001 for A3284, z = 0.157 &+ 0.001 for A3305, and z = 0.226 + 0.001 for A1942. The
c—m diagrams and the g—i colour distribution as well as the two-colour diagrams are used to single out early-type
galaxies and spirals on the basis of their different photometric properties. This approach aimed at a self-consistent
classification of galaxies on the basis of photometric indicators will be further developed for a systematic study of the

galaxy population in distant clusters.
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1. Introduction

To a very large extent the understanding of cosmology is
related to the observation of distant faint galaxies. This
holds especially if we want to study how galaxies evolve
with time as it seems clear that, at some point early in the
primeval evolution, phenomena related to the environment
must have had a profound influence in what happened.

Butcher & Oemler (1978) first noticed that in two clus-
ters at redshift z > 0.4 the overall population of galaxies
looked remarkably different compared with similar low-
redshift clusters. In particular, an excess of blue galaxies
seemed to appear at large look-back times. Among others,
also Dressler & Gunn (1982) using spectroscopy and [OII]
photometry confirmed this scenario arguing that evolu-
tionary effects could already have been at hand at those
distances.
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To date, there is a general consensus about the exis-
tence of the Butcher-Oemler effect (Newberry et al. 1988;
Luppino et al. 1991; Dressler & Gunn 1992) but still large
observational and statistical uncertainties do not allow a
precise quantification of the phenomenon and of the phys-
ical mechanisms at work. For example, evolutionary mod-
els predict that star formation could have proceeded more
effectively some Gyr ago in late-type galaxies (Sandage
1986; Ferrini & Galli 1988), and this could be in the sense
of enhancing the blue galaxy population in the past as
also recent high-resolution observations with HST of clus-
ters at z ~ 0.4 seem to suggest (Dressler 1993). However,
whatever be the primary mechanisms causing the blue ex-
cess, it remains to be firmly established whether they are
still at work at the present time or rather appear abruptly
beyond z ~ 0.1.

Most of the studies searching for evolutionary effects
in distant galaxies deal with clusters. The rationale is
rather evident: if we observe a homogeneous set of objects
all at the same distance it might be reasonable to assume
them to be also coeval so that we can retrieve more confi-
dently their intrinsic environmental static and dynamical
characteristics. A common limitation to this approach is
that cluster selection based on optical catalogs introduces
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strong biases against the selection of the most distant
aggregates (Koo 1988; Cappi et al. 1989; Philipps et al.
1990) including spurious optical projections as false can-
didates (see for example Ellis et al. 1985 for the case of
0016+16). Some of these uncertainties could be partially
recovered using X-ray selected samples as for example the
Einstein medium-sensitivity survey (Stocke et al. 1991) or
the ROSAT sky survey (Trumper 1991).

Since 1986 we started a systematic survey of clus-
ters of galaxies (mainly optically selected) at intermediate
and large redshift. Through comparison with evolutionary
population synthesis models (Buzzoni 1989) we intend to
check how consistently do photometric properties of galax-
ies in cluster evolve in a quiescent way, i.e. following the
prescription of stellar evolution. All those which deviate
from the expectations will tell us something new, that
is about events which have perturbed and/or accelerated
the normal course of evolution. A general approach to the
problem has been outlined in the previous contributions
to this project that can be found in Buzzoni et al. (1988);
Molinari et al. (1990, hereafter MBC90); Molinari et al.
(1992); Buzzoni et al. (1992); Molinari (1993).

In this work, the first of two accompanying papers,
we present the observations for three clusters at interme-
diate redshift (z ~ 0.2) selected from the revised Abell
catalog (Abell et al. 1989). They are A3284, A3305 and
A1942, and Table 1 summarizes their relevant parame-
ters. High-resolution NTT observations of a more distant
set (z ~ 0.5) will be then the subject of a third paper
that will address more extensively the problem of the
environmental and evolutionary status of cluster galax-
ies. Spectroscopic observations will also be presented and
discussed separately.

The paper is arranged with Sect. 2 reporting on ob-
servations and data reduction. The complete photometric
catalogs of the objects in the fields are given in Sect. 3
while Sect. 4 shows the first steps to the data analysis.

2. Data acquisition and calibration

2.1. The data

Observations have been carried out at the 3.6 m ESO
telescope at La Silla (Chile). The CCD frames have been
obtained using EFOSC (ESO faint objects spectrograph
and camera) during three observing runs between 1986-
90. In Tables 2a, b, ¢ we report a detailed log of the
observations. During the first run in November 1986 the
EFOSC images were affected by scattered light. This was
due to a poor design of the window of the dewar which
caused a “donut”-shaped excess of scattered light near
the centre of the field at a level of about 5—10% over the
sky background. We devised a procedure to correct for it
and however the photometric accuracy was somewhat de-
graded (see MBC90 for details). The design of the dewar’s
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windows was modified in 1987 so that the two supplemen-
tary runs in November 1987 and April 1990 were of higher
photometric quality. Images were obtained in the Gunn
g,7 and i system as defined in Thuan & Gunn (1976) and
Wade et al. (1979). The efficiency of the system CCD +
filter + detector is at most about 40%. Details of the re-
sponse of EFOSC and RCA CCD #38 detector are given in
MBC90 and Molinari (1993) while the use of RCA CCD
#11 (since 1990) did not yield any relevant difference in
reproducing the standard photometric system.

We were not favored by excellent atmospheric con-
ditions. The seeing disk was typically about 1.5 arc-
sec FWHM and this limited resolution in crowded
fields restoring blended images. In addition, the effective
FWHM slightly degraded to the values reported in Table
2 after re-coordinating and stacking the original frames.
This has not affected however the possibility of cross-
correlating the positions in the images corresponding to
the three colours.

The 640x1032 15 pm pixel CCD #8 and #11 were
used in the binned mode supplying an effective 30 pm el-
ement resolution with an angular scale of 0.675 arcsec per
binned pixel. The useful field of view was about 3.2x5.3
arcmin.

2.2. Redshift determination

In addition to imaging, spectra were taken in order to de-
termine the redshift including a total of 23 member galax-
ies in the three clusters. All the observations have been
carried out using EFOSC in multi-object spectroscopy
(MOS) mode. The dispersion was 230 A/mm with a
FWHM resolution of 14.5 A at 5000 A. Our estimates
of the mean redshift of the clusters together with their 1o
statistical uncertainties are included in Table 1.

Spectroscopic observations for the cluster A1942 are
also available from Leir & van den Bergh (1977), who
found z = 0.209, and from Kristian et al. (1978)
(z = 0.224). Furthermore, photometry on this cluster
has been carried out by Couch et al. (1983), and Couch
& Newell (1984). Our spectroscopic observations support
the redshift estimate by Kristian et al. (1978). Assum-
ing (H,, ¢o) =(50 km/s/Mpc, 0) throughout the paper,
this leads to a look-back time of 2.5, 2.6 and 3.6 Gyr for
A3284, A3305 and A1942, respectively. :

2.3. Image processing

Data reduction was performed using the MIDAS software
package produced at ESO (see MIDAS Users Guide, Im-
age Processing Group ESO V4.3 1988) running both on
VMS and UNIX computers at the Brera Astronomical
Observatory. Because of the problems with the scattered
light mentioned above, in addition to the usual flat-fielding
and cleaning procedures we had to model the pattern of
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the spurious light. This has been done by means of the
dome flat-fields. The properly rescaled template pattern
was then subtracted from every image, and only after this
we used the twilight flat-fields to remove the high spatial
frequencies in the CCD response while the dome flat-fields
were used for recovering the low frequencies (see MBC90
and Molinari 1993 for a full description of the reduction
procedure).

Image reduction was more straightforward for the ob-
servations carried out after 1987. In this case the flat-field
derived from the scientific frames by shifting for some
pixel each partial exposure and computing then the me-
dian frame. The overall cleaning procedure led to a low
rms scatter in the sky background always less than 1% of
the sky signal (cf. Table 2).

2.4. Photometric calibrations

The 1986 and 1987 observations were calibrated using
Landolt (1973) standard stars. As magnitudes were avail-
able only in the Johnson system a transformation to the
Gunn system was necessary through appropriate colour
equations derived from the Vilnius spectral atlas of stars
(Straizys & Sviderskiene 1972). As discussed in MBC90,
the transformation procedure yielded a 1o uncertainty of
0.02 mag in the g and r magnitudes, and a larger 0.04 mag
for the ¢ band. Primary Gunn’s standards, namely Wolf
437, Ross 453, and Ross 484, were used on the contrary
in the other runs.

Magnitude variations in the photometry repeated on
different frames can be mainly ascribed to Poisson statis-
tical fluctuations so that the expected uncertainty scales
as 102 m38_ As an example, this is shown in Fig. 1 for the
A3284 photometry (two frames are available in the r band
at 900 s and 300 s exposure time, cf. Table 2a). Plotted
in the figure are the magnitude differences for each of
the objects detected in the 900 s frame with respect to
the time-weighted mean magnitude from the two frames
defined as 7 = (9m900 + 3m300)/12.

With little arithmetic, one can derive

Mgoo — TM300
_— 1

As the Poisson variance of magnitudes scales linearly with
the exposure time, the statistical variance of the points in
Fig. 1 can be written as

Mggo — M =

0800 + 30500 _ 4 (2)

o= —4_— = §U 1200
from which it is immediate to derive the variance o299
expected for the 1200 sec coadded frame. The errors
quoted in Table 2 are comprehensive of all the uncer-
tainties caused by the photon statistics, transformation
equation between photometric systems and offset errors
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due to standard stars. All errors have been square co-
added, and refer typically to objects about magnitude
22.

As it can be seen in Table 2, the data for A1942
and the ¢ observations for A3284 are of inferior quality
mainly due to the poor sky conditions which added some
uncertain systematic fluctuation.

3. The catalogs

Recognition and systematic photometry of the objects
in the fields was derived using the INVENTORY package
(West & Kruszewski 1981; Kruszewski 1989) implemented
in the MIDAS environment. Basically, we searched for all
objects exceeding a 1% threshold over the local sky back-
ground. As a consequence, the isophotal magnitudes are
at different levels in each filter, i.e. about five magnitudes
fainter than the sky brightness reported in Table 2.

Colours were obtained instead over fixed apertures
with a 4 or 6 pixel diameter retaining the largest one
still compatible with the isophotal radius in the 7 band.
When the case, the elliptical shape of the objects has
been automatically accounted for by INVENTORY in the
photometry. However, it is clear from Fig. 2 that fainter
than r ~ 20 any morphological feature has been erased
and we are essentially dealing with seeing-limited objects.
For all clusters we reached a magnitude limit about g ~ 24
with a good completeness level (85% or better) in the
object detection about one magnitude brighter (see Fig.
3).

The photometric catalogs for A3284, A3305 and A1942
are presented in Tables 3, 4, and 5. A total of 455 objects
have been measured in the field of A3284, 281 in the field
of A3305, and 270 in A1942. For these, about 50% (486
objects in total) have complete g, 7, 7 photometry. In
the tables, for each object Col. (1) lists an identification
number, while Cols. (2) and (3) give the relative coordi-
nates in pixels on the frames (1 px=0.675 arcsec.) The
next three Cols. (4, 5, 6) in the catalogs are the isopho-
tal magnitudes, while aperture colours g-r and g-i are
reported in Cols. (7) and (8). Finally, in Col. (9) we list
the isophotal radius (in pixels) used for the r magnitude
when available. Note that some bright stars (about five in
each field with r < 16) saturated on the frames have not
been included in the catalogs.

The origin of the coordinates in the tables is set at the
adopted centre of the clusters defined by making a count
number histogram of all objects projected on the X and
Y axes and fitting then each distribution with a Gaussian
curve. This centre does not necessarily correspond to the
nominal coordinates of Table 1 taken directly from Abell
et al. (1989).

Images of the three clusters in the r band are repro-
duced in panels a of Figs. 4, 5, and 6 faced to their cross
identification charts in panels b. Smoothed density maps
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for each cluster using the whole entries in the photometric
catalogs are also displayed in Fig. 7 to give an indication
of the overall morphology.

By fitting with a King profile the r sample in each
count density map we evaluated the total number of mem-
ber galaxies down to the r magnitude limit, and the core
radius of the clusters. A3284 results the richest cluster
with a total of Nyor = 146 galaxies and a core radius
R. = 0.24 Mpc. In this case however a cD galaxy clearly
dominates the field probably affecting the counts and the
apparent morphology of the cluster. Due to its relevance,
for this galaxy (it is object no. 455 in Table 3) we give only
the estimated total magnitudes deferring a more detailed
study of its surface brightness and spectral properties to
a separate note (Molinari et al. 1993). Finally, for A3305
we have Ntot = 129 galaxies and R. = 0.20 Mpc, while
A1942 contains 130 galaxies with R, = 0.24 Mpc. A x?
test operated on the fit algorithm allowed to derive a
+0.005 Mpc error bar for the inferred R. while a +8%
uncertainty affects the estimated NtoT, both error bars
referring to a 90% confidence level. The observed spatial
distribution of the clusters compared with the fitting King
profiles is displayed in Fig. 8.

From the figure it is also interesting to note the dif-
ferent levels of the background according to the different
magnitude limits in Table 2. A change from 7}, = 22.5 to
Tim = 24.5 increases the counts by a factor of 3.5. As a ref-
erence value, at Tm = 23.5 we find about 3 10* obj/deg?
in agreement also with the observations in MBC90.

4. Data analysis

4.1. Colour distribution and colour-magnitude diagrams

In Fig. 9 we show the colour distribution for the whole
sample of objects in the field of each cluster. The more
striking feature in all of the three plots is a prominent peak
of red objects about g — 7 ~ 1. According also to Dixon
et al. (1989); MBC90; Luppino et al. (1991); Molinari et
al. (1992) we are inclined to identify these red objects
with a population of fiducial early-type galaxies. It is
undoubtedly true of course that at such large distances
we are not able to check directly our assumption but, on
the other hand, we have nothing against this hypothesis,
and moreover it is fair to notice that the colours measured
in distant cluster galaxies are essentially consistent with
those of present-day homologues, after proper k-correction
(Newberry et al. 1988; Pickles & Van der Kruit 1991;
Dressler & Gunn 1992). Furthermore, this assumption
is in agreement with the spectra we collected for each
cluster.

A smaller and bluer peak containing the Butcher-
Oemler galaxies is visible in the colour distribution of Fig.
9 especially for A3284. Once accounted for the differential
k-correction, this feature is very similar to what found
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for C12158+0351, at z = 0.45 (MBC90). On the basis
of the apparent colours expected at the relevant redshift
we attribute this blue bump to spiral galaxies. The bump
apparently disappears in A3305 and A1942, although from
the colour distributions there are hints for a blue excess.
For A1942 this is partly due to a larger photometric error
that contributes in blurring the colour distribution.

The wing of the distribution toward even bluer colours
(g —1 ~ 0) is due to Galactic F-G stars, and foreground
galaxies of different morphological types (cf. Fig. 13 in
MBC90), while the extreme red wing is populated on the
contrary by a few M dwarf star (about g — i ~ 1.5) and
by galaxies in the background.

The overall features of the galaxy population in the
clusters are even more evident in the c—m diagram of Fig.
10. Again, early-type galaxies clearly appear lying along
a nearly vertical strip, and especially for A3284 one can
appreciate the Visvanathan-Sandage (1977) effect with
the brightest ellipticals to be also the reddest ones. Quite
interestingly, also the cD galaxy fits the same relationship.

The blue bump seen in Fig. 9 for this cluster can
be easily recognized here as an excess of objects fainter
than r ~ 23. Indeed, we might conclude that a huge
number of intrinsically faint spirals seems to populate
the cluster, a feature that closely resembles that observed
for C1 215840351 (MBC90). In addition to our previous
discussion, it is worth noting by inspection of Fig. 10 that
the apparent lack of a prominent blue bump in the galaxy
population of A3305 and A1942 might reside in the less
deep photometry.

4.2. The two-colour plane

The (g —r)/(g — ¢) plots for the clusters are reproduced
in Fig. 11. As stated above, in each of this plot it is easily
recognized the higher density clump which define the lo-
cus of red (alias elliptical) galaxies. On the top right panel
we have also reproduced the theoretical loci expected for
galaxies of different morphological types with increasing
redshift. The path in the (g —7)/(g —%) diagram has been
obtained by convolving the mean spectral energy distribu-
tion of selected templates with the relevant photometric
system. Sources of reference spectra are Coleman et al.
(1980) and Pence (1976) for spirals while ellipticals come
from theoretical models for evolutionary population syn-
thesis by Buzzoni (1989) assuming a burst stellar popula-
tion with a Salpeter IMF and [Fe/H] = +0.20 according
to Buzzoni et al. (1992).

Expected evolutionary path in the (g —r)/(g — i) dia-
gram matches well the observed distribution of the cluster
galaxies. As we anticipated in previous section, it also ap-
pears that only distant (z > 0.5) early-type galaxies are
able to venture to extremely red apparent colours domi-
nating the population of objects beyond g—i > 2.0. In this
sense, a reliable detection of the locus of cluster early-type
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galaxies in two-colour or ¢c—m diagrams can pose a con-
fident constraint to the discrimination of distant galaxies
in the background. .

The pretty good agreement between observations and
theoretical expectations leads us to conclude that at least
up to z ~ 0.2 the overall photometric properties of the
galaxies do not show any evident sign of peculiarity. In
particular, we can state that no direct evidence is found
for pervasive ongoing star formation affecting the early-
type galaxy component in the cluster population. This
could be an encouraging point for using cluster elliptical
galaxies as reliable standard candles (Buzzoni et al. 1993).
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Table 1. Relevant clusters parameters

Name Coord‘ (1950) z m-M TBM RC DC EB—V
a § 1 b

A3284 04"39.8™ —45°09' 250.3 —41.2  0.15040.001  39.9 I 1 6 0.00

A3305 05"00.2™ —39°17" 2425 —36.9 0.15740.001  40.0 I-II 2 5 0.00

A1942 14"36.1™ +03°53' 3554 +54.8 0.226+0.001  40.9 III 3 6 0.02

Notes to the table:

m — M = 5log dr + 25 with dr the luminosity distance in Mpc from z with the adopted
cosmology; Tgar: Bautz-Morgan class; RC: richness class from ACO catalog;
DC: distance class from ACO catalog; Ep_y: colour excess from Burstein and Heiles (1982).
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Table 2a. Observations log for A3284 Table 2b. Observations log for A3305
filter date CCD# exp time airmass filter date CCD# exp time airmass
(sec) (sec)
g 1986 Nov 4 #8 1200 1.049 g 1986 Nov 4 #8 900 1.021
T 1986 Nov 4 #8 600 1.028
r 1986 Nov 4 #8 900 1.042 i 1986 Nov 4 #8 1200 1.042
r 1986 Nov 4 #8 300 1.044
Characteristics of the coadded images
i 1987 Nov 20 # 11 600 1.126
i 1987 Nov 20 #11 600 1.149 filter exp time maglim obj magerr sky bright. skyrms PSF
i 1987 Nov 21 #11 600 1.240 (sec) (no.) (mag arcsec™2) (arcsec)
Characteristics of the coadded images 8 900 245 237 0.08 21.66 0.9% 2.2
r 600 22.5 161 0.08 21.01 1.0% 2.1
filter exp time maglim obj magerr sky bright. sky rms PSF i 1200 22.5 163 0.08 20.46 0.8% 2.4
-2
(sec) (no:) (mag arcsec™) (arcaec) 281 objects detected. 123 with complete g, r, i photometry.
g 1200 25.0 324 0.08 21.72 0.9% 2.1
r 1200 24.5 384 0.08 21.66 0.6% 2.0
i 1800 24.0 243 0.28 21.27 0.4% 1.9

455 objects detected. 203 with complete g, 7, i photometry.

Table 2c. Observations log for A1942

filter date CCD# exp time airmass
(sec)
g 1990 Apr 18 #11 600 1.273
g 1990 Apr 18 #11 600 1.472
g 1990 Apr 18 # 11 600 1.534
r 1990 Apr 18 #11 600 1.300
r 1990 Apr 18 # 11 600 1.420
T 1990 Apr 18 #11 600 1.605
i 1990 Apr 18 # 11 600 1.333
i 1990 Apr 18 # 11 600 1.375
i 1990 Apr 18 # 11 600 1.686

Characteristics of the coadded images

filter exp time maglim obj magerr sky bright. sky rms PSF

(sec) (no.) (mag arcsec™2) (arcsec)
g 1800 24.0 201 0.26 20.75 0.4% 2.4
r 1800 23.5 229 0.24 20.40 0.3% 2.5
i 1800 23.0 204 0.27 19.65 0.3% 2.7

270 objects detected. 160 with complete g, 7, i photometry.
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Table 5. continued

No. Xpiz Ypiz g T i g-r g‘i R;,,
241 121.0 103.7 21.19 20.39 20.14 0.77 1.06 4.10
242 -89.0 103.8 20.79 20.07 19.83 0.70 0.99 4.30
243 -45.4 104.5 23.20 22.99 1.40
244 22.6 105.8 23.12

245 -36.5 107.8 24.04 23.31 0.79 1.40
246 106.8 109.9 22.05 21.89 22.15 0.14 0.37 2.80
247 105.6 116.1 22.16 22.13 2.20
248 147.1 118.4 22.17 21.73 21.56 0.42 0.70 2.70
249 -83.0 118.9 22.23 22.81 -0.27 1.80
250 24.8 1235 20.78 20.03 19.74 0.74 1.06 4.00
251 47.0 123.6 19.68 19.04 18.73 0.71 1.02 6.00
252 -134.0 126.3 23.19 2195 21.03 0.85 1.73 2.50
253 -4.3 126.5 23.52 22.37 1.10
254 -96.6 126.7 21.57 21.30 21.32 0.33 0.49 3.50
255 -33.56 128.0 21.38 20.63 20.37 0.66 0.99 3.70
256 -62.5 128.1 23.70 22.64 22.27 0.81 1.39 1.80
257 15.6 128.4 2048 20.11 19.87 0.37 0.64 3.80
258 -17.0 129.8 23.61 1.10
259 54 1324 23.85 22.57 22.38 0.78 1.14 1.90
260 46.0 1324 22.77 1.90
261 92.0 136.8 15.75 11.10
262 138.9 136.9 19.61 18.94 18.57 0.66 1.03 4.70
263 -60.7 140.0 21.91 22.05 21.48 0.14 0.73 2.40
264 72.3 140.0 22.33  22.79 2.40
265 8.6 142.2 23.51 2249 21.73 0.92 1.68 2.00
266 -82.0 142.6 22.92 2236 22.07 0.39 0.88 2.30
267 66.9 144.6 22.72

268 25.7 147.2 22.29

269 -83.7 148.8 22.56

270 -55.9 149.0 19.65
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Fig. 1. Error distribution from repeated r-photometry for 174
objects detected in the 900 s frame of A3284 (see text for com-

putational details). The A = k022100‘2("_22) curves are for
k = +1,£2, and =+ 3 while 092 = 0.04 mag is the Poissonian
standard error at r = 22
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Fig. 3. Selection function in the photometry. Plotted are the
results of a test on the r frame of A1942 with a magnitude
limit 7, = 23.5. A bright unsaturated object in the frame
(No. 90 in Table 5) has been singled out as a reference image
(after removing local sky), and randomly re-added with an
appropriate flux rescaling in order to simulate test objects of
different magnitude. The efficiency in the object recognition
has been tested then by running INVENTORY over 1,000 trials
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Fig. 2. Isophotal radius Rjs, (in pixels) vs. 7 magnitude for
the objects measured in the field of the three clusters. Galaxies
more extended than the point spread function display a larger
radius at fixed magnitude
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Fig. Ta,b,c. Contour levels of the object density in the three clusters from Tables 3-5. Labels are in unit of 10% objects/ deg2
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Fig. 8a,b,c. Comparison between the observed count density  Fig. 9. Colour distribution in g — i for the objects in the cat-
of the r sample in the clusters and the fitting King profile. The  alogs of the three clusters. A total of 209 objects are available
different levels of the background are displayed in each panel for A3284, 136 objects for A3305, and 163 objects for A1942.
by the horizontal solid lines while the vertical arrows indicate Note in each histogram the big red peak about g — i ~ 1 at-
the core radi_us. Error bars in the observations are at 1-0 level.  tributed to early-type galaxies, and the smaller bump to bluer
Surface density o4 in the counts is given in unit of 10* obj/deg?  colours for the spiral galaxies. See text for discussion
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g—r

(AV]

Fig. 10. Colour-magnitude diagrams for the three clusters.
It is evident in each panel a vertical strip about g —r ~ 0.7
populated by early-type galaxies. The Visvanathan-Sandage
(1977) c—m effect appears with the brightest ellipticals to be
also the reddest ones. Note that the location of the central cD
in A3284 in the diagram [the filled dot in panel (a)] is consistent
with the effect
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