
FQure 4: Simulated blend of two lines with b - 50, log = 14. I ,  by I A, with W = 
6. DaW curve: profile of the lndlvidml components, Continuous curve: single line f i  
profile, wi'h b = 35 and log NM 5 15.7. 

lower curve corresponds to a central 
flux of 0.1 where the noise level be- 
comes comparable to the signal and 
lines start to saturate, In the range of b 
o o n s l d d  lines on the right of this 
c u m  cauld be unresolved blends. It is 
clear that unsaturated lines show a tight 
correlation which reflects the selection 
effects (Iinwdection + non-saturation). 
However, the saturated lines, which are 
clearly identified In our spectrum, are 

not uniformly distributed in the same 
range of b occupied by unsaturated 
lines. In particular, the absence of clear- 
ly single llnes with b < 20 and log N,, 
> 13.5 is not due to any bias. Moreover, 
almost all the saturated features appear 
as unresolved blends and the reality of 
lines with lw NHI > 14 In our spectrum Is 
cast In serious doubt. The same cauld 
be me for lines with b > 35. 

According to this Interpretation, most 

of the lines which appear as saturated 
could be unresolved blends of unsatu- 
rated lines which should occupy the top 
(b z 30 and log NH~ 5 14) of the 8Pw- 
ently carrelated distrlbuflon, as can be 
seen in Figure4 where a simulated 
blend of two lim with the above pan- 
meters and S/N = 8 has b e n  Wed as a 
single line of b = 35 and log NHl = 15.1, 
comparable with the line of highest col- 
umn density in our sample. 

Thus blendlng plays a m c i l  role In 
the interpretation of the observations, as 
has been shown recently by T&vese, 
Giallongo and Carnurani (1992). How- 
ever, increasing the signal-to-noise ratk 
would raise the upper auwe In Figure 3 
and move downwards the lower one 
and allow a better deblending. Thus, 
recognizing a possible intrinsic cmla-  
tion between b and NHI In the Lyman-a 
clouds is withln the reach of the present 
ESO instrumentation. 
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Clusters of galaxh are recognized to 
be the basic building blocks tracing the 
large-scale structure in the Universe. 
Thanks to the large number of coeval 
objects all at the same distance we get 
more favourable statistics allowlng to 
explore in much better detail the 

evolutionary status of the galaxy popu- 
lation. 

Moreover, it is relevant to clarify 
whether or not clusters are dynambdly 
relaxed structures and how environ- 
mental conditions constrained galaxy 
formation among the different mor- 
phological types. We know for instance 

that ellipticals always reside In high- 
density regions like the core of the cbs- 
ters while spirals better trace the low- 
density peripheral regions (Oressler 
1980). 

Both the dynamical and photomaric 
questions have much in common as en- 
vironment conditions might have influ- 
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Figure 1 : (g-r) @-I) diagrams for the clustm 
A3284, 2158M351 and 1141-283. AN of th@ 
objeefs w/th complete photometry are In- 
cluded in the plots. The encircled clump of 
objects, moving to redder colours with in- 
creasing redshift, /$ due to the cluster ellipti- 
cal galaxy population. The redshifts of the 
dusters are mpectively 0.15, 0.45 and 0.50. 

enced at the beginning the morphologi- 
cal and photometric properties of the 
galaxies. Therefore, studying cluster 
galaxles we get both direct dues about 
their evolutionary status and about that 
of their parent clusters. 

2 The Blue Galaxies' Dilemma 

One of the most intriguing and em- 
barnassing problems when dealing with 
the cluster galaxy population is that an 
increasing fraction of blue galaxies 0.e. 
bluer than expected for a population of 
quiescent early-type galaxies alone) 
populate clusters at high redshift. This is 
the so-called "Butcher-Oemler effect". 

Since spiral galaxies in the field are 
known to display similar colours, It has 
been first questioned that geometrical 
and projection effects as well as bad 
field subtraction could Induce such a 

false correlation (see for example Koo 
I988 for an exhaustive dlscussion). In 
the last years however a number of ob- 
servations converged detecting such a 
component in the population of many 
clusters at high redshift confirming that 
despite any possible complication the 
effect is real (Butcher and Oemler 
1984b, Luppino et al. 1991, Molinad et 
al. 1990, Newberry et al. 1988). 

Three main spectral features seem to 
characterize blue galaxies: Ii) Most of 
them display emission lines (typically 
[Oil], [OJ11] and Hf)) as found for instance 
in the star forming spiral galaxies 
(Butcher and Oemler 1984a); (ii) strong 
Balrner lines in absorption are often de- 
tected superposed to a normal E-type 
continuum (E+A galaxies of Dressier 
and Gunn 1982, 19831, (iii) when high- 
resolution imaging is available Vhomp- 
son 1988) most blue galaxies seem to 
display a late-type morphology with 
signs of possible interaction. 
On the basis of our present knowb 

edge It is certainly hard to disentangle 
the various mechanisms leading to such 
profound differences in the population 
of late-type galaxies at early epmhs. 
This is certainly a problem since it has to 
be established how such late-type 
galaxies can "vanish" or transform so 
drastically by the present time. 

Alternatively, one should conclude 
that looking at high redshlft in some way 
we are selecting clusters which are in- 
trinsically different from the locd &am- 
ple. One reason could be that sinm they 
are mainly optically selected, the more 
compact ones are strongly preferred 
(Cappi et al. 1989). Moreover, clusters 
with active galaxies could be more 
prominent. Finally, due to k-correction 
effects those with a larger fraction of 
spirals might become more visible with 
increasing z (Coleman et al. 1980). 

That high-redshift clusters might be 
somewhat different aggregates also 
stems from an extended analysis by 
Newberry et al. (1988). In particular, it 
appears that they display a larger vetmi- 
ty dispersion (typically more than 
1000 kmlsec) and, statistically, a more 
compact stnlcture. 

3. The Project 

In 1986 we started a systematic sur- 
vey of clusters of galaxies at intermedl- 
ate and large redshift (0.15 < z < 0.6). 
Previous contributions to this long-term 
project can be found in Buuoni et al. 
(1988), Molinari et al. (1990), Molinari et 
at. (1992). 

To date a homogeneous set of CCD 
observations In the Gunn g, r, i system 
has been collected mainly uslng the 
3.6-m ESO telescope at La Silla equip- 
ped with EFOSC. About ten clusters 

have been observed down to the limiting 
magnitude r - 24. Data reduction and 
systematic photometry in the flelds have 
been performed using MIDAS utilities, 
and the implemented package INVEN- 
TORY (West and Krusrewski 1981). A 
parallel investigation including multi-ob- 
ject spectroscopy of selected relevant 
candidates in each field had also been 
carried out allowing to explore In more 
detalt the absolute spectral energy dls- 
tribution of the galaxies. 

Although of the greatest importance, 
the spectrosmpic approach cannot be 
widely pursued as it is largely time-con- 
surning. Even fully exploiting the 
EFOSC MOS mode we need about 4-7 
hours integration time to obtaln spectra 
of acceptable signal-to-noise for ob- 
jects fainter than 20th magnitude. For 
comparison, good photometty down to 
magnitude 24 can be achieved in about 
1 hour total exposure time. Our analysis 
rests therefore basically on the mul- 
ticolour photometry using spectral infor- 
mation as a check of our inferences. 

Through comparison with evolutio- 
nary population synthesis models 
(Buuoni 1988,1989) we intend to study 
how consistently photometric proper- 
ties (i.8. magnitudes and colours) of 
galaxies in clusters do evolve in a "regu- 
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Figure 2: Twodour  diagram fw the main- 
sequence stars (upper parno. In the lower 
paw the mlwr excumim for the d/fferent 
galaxy morphobgical type3 8 function of 
redshift (from z = O to I in the sense of 
inmasing g-i) are shown w'th the m r e d -  
shlft d n k  marked by filled dots (from Moli- 
narl et al. 1M). 
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Figure 3: Observed and theoretfcal spsctral distribuiion of elliptical galaxies. In the upper panel 
low spectra d red galaxi= In the clustwA52B4 have beerr madded and raduc8d to restfrzme 
(six hours total exposure time with the €SO 3.6-m telwcope + EFOSC. Grism BS8900 with a 
230hmm dispmim). me lower panel shows fix cornpatison an appropMe synthetic model 
fw a 15 Gyr slng1e bursf stellar population @om B m i  1989, hls model No. 10 in Table 8). 

lar" way following the prescription of 
stellar evolution. All those which devlaie 
from the expectations wlll tell us some- 
thing new, that is about events which 
have perturbed and/or accelerated the 
normal course of the evolution. Thls 
mlght be expected especially at high 
redshift. 

4. Galaxy Type and Colour Segre- 
gation 
A 25 kpc linear size galaxy at redshift 

z in a q, = 0 Universe Is about 
1.8h(l +~)~/Iz(l +z/'2)] arcsec across 
(where W, - lOOh krn/sec/Mpc). Its sur- 
face brightness dims as (1 +z)-~ so that 
this makm very difficult or even irnpos- 
slble to estimate the morphology at high 
redshift. Beyond z - 0.2 any direct mor- 
phological clmslication becomes unre- 
liable even In deep CCD frames when 
taken under typical instrumental and 

seeing conditions. That is why we must 
rely on colours to identify galaxy types. 

A two-colour diagram could be used 
effectively to discriminate between late- 
type and early-type galaxies in distant 
clusters. Furthermore, combining it with 
a colour-magnitude diagram we can 
also discriminate between fore- and 
background objects (respectively too 
bright and too faint to be members of 
similar apparent colour). On the basis of 
accurate photometry we showed that 
redshift of distant clusters (up to z - 
0.45) can be inferred from apparent 
galactic colours within a 10 % accuracy 
(Molinari et al. 1990). 

In Figure 1 we show some relevant 
(g-r)/{g-i) diagms for three clusters 
of our sample with z spanning between 
0.15 and 0.50. In each panel the pho- 
tometry of all objects in the flelds is 
reported. Some striking features are 
worth of attention. (0 Both field stars and 

galaxies spread along a diagonal strip in 
the diagram: (ii) the density along the 
strip is not constant and one clearly 
detects In each panel a clump of objects 
(encircted in the figure) moving to redder 
colours with increasing redshiff; (Ili) a tail 
of a few faint objects L always present 
redward the clump. Their apparent mag- 
nitude is correlated with cotours, the 
reddest ones being also the faintest. 

A full comprehension of the diagrams 
can be eased by comparing them with 
the two panels of Figure 2. In the flrst 
one we reported the locus expected for 
Galactic field stars of different spectral 
type while In the second panel we dis- 
play the apparent colour excursion of 
galaxies of different morphological 
types with increasing redshlft. It is now 
clear that the clump of objects observed 
in the colour-colour diagrams is origi- 
nated by early-type galaxies at a redshift 
pertinent to that of the parent cluster. 

Mwaover, as a general rule we can 
note that foreground galaxies always lie 
blueward of the colour of the main 
clump due to the fact that E-galaxies are 
systematically the reddest objects with- 
in a given redshift. Accordingly, the faint 
tail of red objects with g-i>2 is mainly 
contributsd by field galaxies in the 
background (at z > 0.5) belonging to 
early types (spirals can never reach such 
colours as displayed in Rgure 2). Also a 
few distant QSQs might be expected to 
lie tn this zone (Irwin at a!. 1991), 

A complete support of the fact that 
galaxies in the main clump of the (g-r)/ 
(g-i) diagram can be the true prcgen- 
itors of present-day ellipticals comes 
from the analysis of the spectra as 
shown in Figure 3. Here, an averaged 
spectrum obtained by summing up four 
red galaxies in A3284 Is compared wlth 
a synthetic model of a 15 Gyr burst 
stellar population taken from Buaoni 
(1 988, his model No. 10 In Table 8). 

5. What Contributes to the Blue 
Excess? 

A more simple approach to the study 
of the cluster galaxy population rests 
also on the analysis of the single colour 
distribution like in Figure 4. In the figure 
we reported the g-i distribution ob- 
served for the clusters A32M. Gonsid- 
ering all the objects available (thick line 
in the figure] one clearly recagnizes the 
major bump due to the early-type com- 
ponent in the cluster population as pre- 
viously discussed. A second peak 
appears to bluer colwrs (g-i- 0.5) that 
we interpret as late-type galaxies. This 
group contains the excess blue galaxies 
claimed by Butcher and Qemler. 

Following the canonical prescriptions 
(Butcher and Oemler 1984b) we were 
able to derive the fraction fb of blue 
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Witmore and Gllmore (1 991) for normal 
spirals In a large sample of low-redshift 
clusters. The question that arises is 
therefore whether we are observing 

.4 
somehow "active" blue elliptical galax- 
ies or, more likely, a population of spiral- 
like galaxies. 

A striking feature which seems to 
.3 

appear from the observations and could 
be worth further investigation is that 
blue galaxies in our sample tend to be- ,& -2 
come relevant at the faint tail of the 
galaxy luminosity function. This is evi- 
dent for example in Figure 4 where the 
thin line shows for A3284 the colour .1 
distribution of the objects fainter than r = 
21.5 (MB>-1 7.5 assuming H, - 50 km/ 
~ P C ) .  

As this magnitude roughly coincides 
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with the limit where dwarf and non- 0 
dwarf galaxies contribute at the same 0 .2 -4 .6 
level to the luminosity function (Binggeli Z 

we are not to univocdly Figure 5: Diagmm showing ffre fraction d blue galaxies &. @m dots am taken from Newberry 
identify the real nature of the blue ax" et a. (1988, fhdr Fig. 2). filled square boftom left is the mean estimate for 8 low-redshin 
cess. A more complete and dgep data- clusters (up to r - 0.08) from Butcher and Oemler (lQB4b). # l M  dots am our data and refer to 
base will dlow us to discriminate the dustm ,43288, A3305, A1942 and 2158+0351 in order of increasing &shift. 


