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Abstract. We find that the bright part\(p < —18.5 mag) of (1985), Binggeli et al. (1988), Jerjen & Tammann (1997, here-
luminosity function of each Hubble type has the same shapesdifter JT) and Andreon (1997a), have compared LFTs measured
three poor clusters (Virgo, Fornax and Centaurus) and in twoenvironments which are possibly not different enough to sup-
rich clusters (Coma and Cl0939+4713). The fact that these typert the claim that LFTs are universal.
dependent luminosity functions are invariant in shape from poor A more robust conclusion can be drawn from a comprehen-
to rich environments gives support to the hypothesis that thelye study of the LFTs in very different environments, where
may be universal. We also present in tabular form improvélde galaxy densities differ by 4 orders of magnitude or more.
type-dependent luminosity functions, based on a much larger In Sect. 2 we explore the universality of the LFTs. In Sect. 3
sample than previous works. we address some objections to our claim. We build composite
LFTs in Sect. 4. The results are discussed in Sect. 5.
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P 9 y 2. Are the LFTs universal ?

JT have recently determined FLTs in poor clusters for a sample
of galaxies including the samples of Binggeli et al. (1988) and
Sandage etal. (1985) and composed of galaxies in Virgo, Fornax
Luminosity functions (hereafter LFs) are powerful tools foand Centaurus, grouped together in order to increase the rather
studying the evolution of galaxies, and a lot of attention hawor statistics of giant galaxies in each sample, particularly of
been devoted to their determination and to the study of their dés and S0s. The relative distances of these clusters are still a
pendence on environment (e.g. Lugger 1989, Oegerle & Hoesatter of debate and therefore we expect that their composite
sel 1989). Even more powerful is the study of bivariate typéFTs will be broadened by uncertainties in the relative distances
luminosity functions, i.e. the luminosity function of each Hubblef the clusters.
type (hereafter LFT), since the study of each galaxy population For poor clusters we adopt the LFTs read from Figs. 5 and
can be approached separately. For example, using the morghio+ JT. We verified that these magnitudes were on the RC3 (de
logical classification, Abraham et al. (1995) have shown thdgaucouleurs et al. 19913 magnitude system by comparing
only a specific part of the field population is strongly evolvingnagnitudes of galaxies in common. Between the magnitudes in
In a seminal paper, Binggeli et al. (1988) suggested that ittfe two systems we found a typical scattero.15—0.30 mag
unlikely that the shape of the LF is universal, since it is the suamd systematic differences in the rarfige 0.13 mag. Absolute
of the LFTs, and the morphological composition varies fromagnitudes were computed by JT assumingapparentdis-
cluster to cluster and with respect to the intercluster field. Frdance modulus for Virgo, Fornax and Centaurus of 31.7, 31.9,
the study of galaxies in the local field, in small groups and #nd 33.8 mag, respectively.
two poor clusters, Virgo and Fornax, Binggeli et al. (1988) sug- LFTs have also been measured in two rich clusters of galax-
gested the LFTs could be universal. Itis clear, however, that tiés: Coma (Andreon 1996) and Cl0939+4713 (Andreon et al.
statement needs to be tested in a wide variety of environmendi397a). For Coma galaxies, magnitudes are taken from Godwin
A first comparison between LFTs determined in very diffeet al. (1983, hereafter GMP) and linked to the RB3 system
ent environments dates back to Binggeli (1986), who comparegmparing magnitudes of common galaxies. We found:
theV-band LFTs of Coma, as measured by Thompson & Gre- bgyp = Bres +0.12 o = 0.15 mag.
gory (1980), to hisB-band LFTs of Virgo. This comparison  Our choice of the distance modulus of Centaurus and the
assumes the same color for all galaxies and that galaxies hassumption that this cluster is at rest with respect to the Hubble
been classified in the same morphological scheme (whereadliow, give Hy = 65.5 km s™! Mpc~! and a distance modulus
stead Thompson & Gregory (1980)'s morphological classes doe Coma of 35.14 mag. For the morphological types of Coma
not perfectly coincident with Hubble classes). Sandage et galaxies we have two samples at our disposal: one complete

1. Introduction
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Fig. 1. Comparison between the cumulative type-dependent luminosity functions in poor clusters (continuos lines) with those measured in the
central region of Coma (left panels, dashed lines), in the whole Coma cluster (central panels, dashed lines) and the CI0939+4713 cluster (right
panels, dashed lines). We binned our LFTs, as done by JT for their data, to compare our data to theirs. Numbers in parenthesis give the number
of galaxies of each type in the comparison clusters and in the poor clusters, respectively

down tobgp = 16.5 mag with an almost complete spatiaFornax and Coma. If anything, the LF of Es in poor clusters
coverage of the cluster and another complete dovigigr = seems more skewed toward bright magnitudes than the Coma
17 mag including only galaxies in the cluster core (see Andreome (note the excess &fp ~ —22 mag and the consequent
et al. 1996 for details). Rest frande: ,p-like magnitudes of deficit at Mz ~ —20 mag), but at an insignificant statistical
Cl0939+4713 galaxies (see Andreon et al. 1997a for detailsyeﬂ.
are linked toBr assuming for them the same transformation Therefore, the shape of LFTs is the same not only among
that holds for Coma galaxies. Morphological types are takgoor clusters, all similar in terms of galaxy densities, but in
from Andreon et al. (1997a). We assume a distance modulusd@ima as well, where the galaxy density is significantly different.
41.57 mag for Cl0939+4713. The right-hand panels of Fig. 1 show a comparison of LFTs
To summarize, for all galaxies we haye-like magnitudes in poor clusters and in the Cl0939+4713 cluster, which is the
converted toBy system, as usual for such studies, and goedost distant{ ~ 0.4, Dressler & Gunn 1992) ACO (Abell, Cor-
estimates of the morphological types. win & Olowin 1990) cluster and one of the richest known (Oem-
The left-hand and central panels of Fig. 1 compare cumuler et al. 1997). Besides this, there are no other clusters whose
tive LFTs in poor clusters and in the two Coma samples. CorhETs have been measured invdike filter. The distant sample
and the poor clusters differ by 2 orders of magnitude in centialcomplete in absolute magnitude downit; = —18.0 mag.
density. LFTs of the poor clusters are statistically indistinguish- Again, the LFTs of ClI0939+4713 are statistically indistin-
able from Coma ones, down to the adopted magnitude limgaishable from those of poor clusters, as it could be expected
(-18.75 mag for the whole Coma cluster and -18.25 mag fdue to the similarity of the LFTs in Coma and in CI0939+4713
its central part). A two-side Kolmogorov-Smirnov test to refAndreon et al. 1997a).
ject the null hypothesis that the compared distributions are ex- The results of these comparisons give a clear indication that
tracted from the same parent distribution gives at most 30 the shape of LFTs, down td/z ~ —18.5 mag, is invariant in
probability (we need 95 % for calling them different at the 2 clustersof different richnesgwe compare the average of three
confidence level). This agreement is highly satisfactory, given
the scatter between adopted and RC3 magnitudes, and the pdoa similar excess has also been noted by Capaccioli et al. (1992)
knowledge of the relative apparent distance moduli of Virgérom the comparison of the Virgo E+S0 LF with a Gaussian.
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3. Two possible objections to the universality of the LFTs -24 —-22 —-20 —-18 -—-16 -

Previously (Andreon 1996), we noted that tiieband LF for Mg

SOs in Perseus may be qualitatively different from that of theify 3 The jyminosity function of Es, SOs and Ss. The two shadings
counterparts in Coma in thé band. In order to improve our wighlight what part of the LFTs are built using rich and poor clusters
comparison of LFTs in the two clusters we recompute LFTs gfright and faint parts of the LFTs, respectively). The numbers in or-
Coma galaxies i/ using our morphological types and phosdinate are the observed numbers of galaxies per half-magnitude bin,
tometry by Godwin & Peach (1977). Morphological types adown to Mz = —18.75 mag in our composite sample. For fainter
Perseus galaxies have been taken from Poulain et al. (1992) emagnitudes, see text.

we correct Perseus magnitudes (from Bucknell et al. 1979)

for Galactic absorption using reddening maps by Burstein & ] )

Heiles (1984). Godwin & Peach (1977)5catalog of Comais —18 < Mp < —16 can be easily modelled with a Schechter
not ideal for this comparison, since it covers a smaller area tHa@f dwarfs) +powerlaw (for background) functions given the
that studied in Andreon (1996), it is not deep enoughdrad small magm.tude range and the large number of free parameters
bear p Magnitudes show a large scatter, up to 0.75 mag. Lackifg the functions.

better catalogs, we adopt them, but in this way our sample of The maximum of the bump in the Coma LF matches well
Coma galaxies becomes smaller (67 galaxies) and complett§tsynthetic LF. The bump is not sharper or shallower in the
arather bright magnitude (-20.28,, mag~ -21.25M 5 mag), 'ealLFthaninthe synthetic one. A slight excessfgs ~ —22
brighter than the magnitude at which the LF of SOs seems difad is present in the synthetic LF but the significance is null,
ferent in Coma and Perseus. A statistical comparison of LFgde to the large errorbars. The observed dip/at ~ —18 mag
shows that, in fact, they are consistent at the 50 % confidergtess than I deeper than the one expected, giving a null statis-
level, down to our magnitude completeness limit. Given tiiical significance to this difference. This is at variance with the
small magnitude range involved in the comparison, this resGRnclusions of Biviano et al. (1995) and Lobo (1997), but their
should not be taken as conclusive. studies were based on less accurate comparisons. The qualita-

The second possible objection to the universality of the LFfi¥e agreement of the shape of thel FTs in Coma and Virgo
concerns the LF of Coma. It shows a bumiga,» = 16 mag claimed by Andreon (1996) is thus confirmed on a quantitative
and a dip @ p = 17 mag, as already shown, for complet®asis.
samples, by Godwin & Peach (1977).

Fig. 2 shows that the sum of the LFBs determined in 4
poor clusters weighted by the morphological composition of -
Coma computed from the data of Andreon et al. (1996, 1997bjaving shown that LFTs in different clusters are compatible
reproduces the bump and the dip of the Coma LF down @among themselves, we can now add them up. The number of
Mp ~ —18 mag. AtMp > —18 mag, the synthetic LF does notearly-type galaxies at bright magnitudes in the newly added
match the Coma LF, because it neglects the existence of dwatfssters (Coma and CI0939+4713) is more than twice those
and of background/foreground galaxies. The rise of the LF fpreviously present in the sample.

Improved LFTs
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Table 1.Improved LFTs 5. Conclusions
B nE  Enp TS0 fney NS Ens We found that the bright partM{z < —18.5 mag, roughly

230 0 0 0 0 0 0 M*+3) ofthe LFTsis the same in three poor clusters and in two
225 2 1.4 0 0 0 0 rich clusters, one of which (Cl0939+4713) is the most distant
220 0 0 1 1 1 1 of the Abell, Corwin, & Olowin (1990) catalog and one of the
215 1 1 1 1 2 14 richest known clusters, and the other (Coma) is the prototype
-210 5 22 3 17 2 14 of rich clusters (Jones & Forman 1984, Sarazin 1986) and is
205 12 35 2 14 4 2 perhaps the best studied one.
-200 13 36 14 3.7 18 4.2 We have thus verified the invariance of the shape of the
-195 11 3.3 31 5.6 25 5

190 10 31 45 6.7 20 55 LFTs in a large range of environments from as poor as the local

185 155 44 291 55 226 38 field, where the me_asuregl LFTs are compatibles with the ones
180 127 6.6 288 91 315 55 in poor clusters (Binggeli et al. 1988), to those of the Coma
175 190 8.1 79 48 276 5.1 cluster and CI0939+4713 cores (this work), several orders of
170 6.3 47 137 63 310 5.4 magnitude denser than the local field. We have also verified
-16.5 135 6.9 26 28 214 45 that the observed luminosity function of Coma is equal to the
-16.0 21 27 39 34 84 238 synthetic computed assuming universal LFTs and the observed
-155 55 44 0 0 45 21 Coma morphological composition, downiéz ~ —18.5 mag.
-150 0 O 13 19 11 10 This suggests, in general, that differences in the LF of clus-
-14.5 0.8 17 0 0 11 10

ters are more likely due to differences in morphological com-
positions rather than in environment, and that the shape of LFs
of each giant galaxy type (Es, SO0s, Ss) is universal. This con-
clusion enlarges on a previous result by Binggeli et al. (1988)

At bright magnitudes, because of larger photometric errd{xg]ich was based on a sma}ller range of.environments, and con-
in poor clusters, poor statistics and the open question of their /IS the results of a less direct comparison between Coma and
ative distances, we privileged the Coma and C10939+4713 LFY&90 LFTs by Binggeli (1986).
determinations, whereas at faint magnitudes we adopted LFTs The over-simplified approach of studying the evolution of
in poor clusters, since data for clusters with well known distanéglaxies at different look-back times or in different environ-
moduli are missing. To be more specific, dowifg = —18.75 Ments by comparing their LFs or the characteristic magnitudes
mag, we add the entire Coma cluster data to CI0939+4713. Bbthe Schechter (1976) function fit to their LF, should now be
Mg > —18.25 mag we adopt the poor cluster LFTs, after no@bandoned in favor of an approach that considers the possibility
malizing the number of galaxies brighter thafy, = —18.75 that the environments being compared have different morpho-
to the one of the Coma and CI0939+4713 clusters together. kegical mixtures.
the half-magnitude bin centered 8fi; = —18.50 magwe add ~ Improved LFTs are given, for a much larger sample of giant
the samples of galaxies in Cl0939+4713, in the central part@laxies than previous works. They are quite useful for many
Coma and in poor clusters, after normalization, as above. Statistical and theoretical studied.

The LFTs are plotted in Fig. 3, and the data are listed iA]c
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