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Abstract. We present the UV composite luminosity function for galaxies in the Virgo, Coma and Abell 1367 clusters. The
luminosity function (LF) is well fitted by a Schechter function with My, -5 log hys = —20.75+0.40 and « = —1.50+0.10 and
does not differ significantly from the local UV luminosity function of the field. This result is in agreement with recent studies
carried out in the Ha and B-bands which find no difference between the LFs of star forming galaxies in clusters and in the field.
This indicates that, whatever mechanisms are responsible for quenching the star formation in clusters, they influence similarly
the giant and the dwarf populations, leaving the shape of the LF unchanged and only modifying its normalization.
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1. Introduction

The study of the galaxy luminosity function (hereafter LF) pro-
vides us with a fundamental tool for testing theories of galaxy
formation and for reconstructing their evolution to the present.
Accurate measurements of the LF in the local field, in nearby
clusters and in clusters at progressively high redshift can im-
prove our knowledge of galaxy evolution and on the role played
by the environment in regulating the star formation activity of
galaxies. Recent studies, based on Ha (Iglesias-Paramo et al.
2002) and B band observations (De Propris et al. 2003), find no
significant differences between the LF of star forming galaxies
in the field and in clusters.

An excellent tool to identify and quantify the star formation
activity is represented by the ultraviolet emission. Although
the shape of local field UV LF (Sullivan et al. 2000) is well
determined, there is still a fair amount of uncertainty on the
UV luminosity function of clusters. Its slope is undetermined
due to the insufficient knowledge of the background counts
(Cortese et al. 2003). Andreon (1999) proposed a very steep
faintend (o ~ —2.0, —2.2), significantly different from the field
LF (@ ~ —1.5). However Cortese et al. (2003) pointed out that
this steep slope is likely caused by an underestimation of the
density of background galaxies and proposed a flatter faint-
end slope (@ ~ —1.35 + 0.20). Unfortunately the statistical
uncertainty was too high for making reliable comparisons be-
tween the cluster and the field LFs. In this letter we re-compute
the cluster UV luminosity function with two major improve-
ments over previous determinations. We increase the redshift
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completeness of the UV selected sample using new spectro-
scopic observations of Coma and Abell 1367 (Cortese et al.,
in preparation), and compute for the first time the UV LF of
the Virgo cluster. These improvements are not sufficient to
constrain the LF of each individual cluster, however the UV
composite luminosity function, constructed for the first time
in this paper can be significantly compared with that of the
field. Doing so we try anticipating one of the main goals of
the Galaxy Evolution Explorer (GALEX) which, within one
year, will shed light on the UV properties of galaxies and their
environmental dependences.

We assume a distance modulus u = 31.15 for the Virgo
cluster (Gavazzi et al. 1999a), u = 34.80 for Abell 1367 and
u = 34.91 for the Coma cluster (Gavazzi et al. 1999b), corre-
sponding to a Hubble constant Hg = 75 kms™ Mpc .

2. The data

The sample analyzed in this work comprises the UV sources
detected in Virgo, Coma and Abell 1367 clusters by the FOCA
(Milliard et al. 1991) and FAUST (Lampton et al. 1990) ex-
periments. The FOCA balloon-borne wide field UV camera
(A = 2000 A; A2 = 150 A) observed ~3 square degrees
(~8 Mpc?) in the Abell 1367 (unpublished data) and Coma
clusters (Donas et al. 1995) and ~12 square degrees (~1 Mpc?)
in the Virgo cluster (data are taken from the extragalactic
database GOLDMine, Gavazzi et al. 2003). The FOCA obser-
vations of Virgo are not sufficient to compile a complete cata-
log: no sources brighter than myy ~ 12.2 were detected due to
the small area covered. We thus complement the UV database
with the wide field observations performed by the FAUST
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space experiment (1 = 1650 A; A1 = 250 A) in the Virgo
direction (Deharveng et al. 1994), covering ~100 square de-
grees (~8.8 Mpc?). The FAUST completeness limit is myy ~
12.2 (Cohen et al. 1994), significantly lower than the FOCA
magnitude limit: myy ~ 18.5. However combining the two
UV catalogs we hope to constrain the shape of the UV lu-
minosity function across 7 mag. We use the FAUST obser-
vations for myy < 12.2 and the FOCA observations for
myy = 12.2. To account for the different response function
of FAUST and FOCA filters we transform the UV magnitudes
taken by FAUST at 1650 A assuming a constant color index:
UV(2000) = UV(1650) + 0.2 mag (Deharveng et al. 1994,
2002). We think however that this difference does not bias the
galaxy populations selected by the two experiments. The esti-
mated error on the UV magnitudes is 0.3 mag in general, but
it ranges from 0.2 mag for bright galaxies, to 0.5 mag for faint
sources observed in frames with larger than average calibration
uncertainties. The UV emission associated with bright galaxies
is generally clumpy, thus it has been obtained integrating the
flux over the galaxy optical extension, determined at the sur-
face brightness of 25 mag arcsec~2 in the B-band. The spatial
resolution of the UV observations is 20 arcsec and 4 arcmin
for FOCA and FAUST respectively. The astrometric accuracy
is therefore insufficient for unambiguously discriminating be-
tween stars and galaxies. To overcome this limitation, we cross-
correlate the UV catalogs with the deepest optical catalogs of
galaxies available: the Virgo Cluster Catalog (VCC, Binggeli
et al. 1985), complete to mg ~ 18, for the Virgo cluster and
the r’ band catalog by Iglesias-Paramo et al. (2003), complete
to my ~ 20, for Coma and Abell 1367. We used as match-
ing radius the spatial resolution of each observation. In case
of multiple identifications we select the galaxy closest to the
UV position. The resultant UV selected sample is composed of
156 galaxies in Virgo, 140 galaxies in Coma and 133 galaxies
in Abell 1367.

3. The UV luminosity functions

Contrary to the VCC catalog, the Coma and A1367 r”’ catalogs
used for star/galaxy discrimination do not cover all the area
observed by FOCA but only the cluster cores. This reduces our
analysis to an area of ~1 square degrees (~2.6 Mpc?) in Coma
and ~0.7 square degrees (~1.8 Mpc?) in Abell 1367.

Including new spectroscopic observations (Cortese et al.,
in preparation), the redshift completeness of the UV selected
sample reaches the 65% in Abell 1367, the 79% in Coma and
the 83% in Virgo. The redshift completeness per bin of mag-
nitude of each cluster is listed in Table 1. We remark that for
Muv < —16.5 (corresponding to the FOCA magnitude limit in
Coma and Abell1367), the redshift completeness of the Virgo
cluster sample is 98%.

As discussed by Cortese et al. (2003), the general UV
galaxy counts (Milliard et al. 1992) are uncertain and cannot be
used to obtain a reliable subtraction of the background contri-
bution from the cluster counts. Therefore, in order to compute
the cluster LF, we use the statistical approach recently proposed
by De Propris et al. (2003) and Mobasher et al. (2003). We as-
sume that the UV spectroscopic sample is “representative”, in
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Table 1. Integral redshift completeness in bin of 0.5 mag.

Redshift  completeness
Myy < Virgo Coma Abell1367
-21.75 - - 100%
-21.25 - 100% 100%
—-20.75 100% 100% 100%
—-20.25 100% 100% 100%
-19.75 92% 100% 100%
-19.25 95% 100% 100%
-18.75 97% 100% 100%
-18.25 97% 97% 100%
-17.75 97% 95% 95%
-17.25 98% 84% 80%
-16.75 98% 79% 65%

Table 2. The completeness-corrected differential number of galaxies
per bin of magnitude.

Muv N
mag Virgo  Virgo Coma  Abell 1367
(Faust)  (Foca)
-21.75 0 0 0 1
-21.25 0 0 1 0
-20.75 2 0 0 1
—-20.25 1 0 5 1
-19.75 7 0 3 4
-19.25 9 0 3 4
-18.75 13 2 5 3
-18.25 0 2 8.6 6
-17.75 0 3 7.7 6.7
-17.25 0 3 15.8 10.1
-16.75 0 4 18.6 12.7

the sense that the fraction of galaxies that are cluster mem-
bers is the same in the (incomplete) spectroscopic sample as in
the (complete) photometric sample. For each magnitude bin i
we count the number of cluster members Ny, the number of
galaxies with a measured recessional velocity Nz and the total
number of galaxies Nt. The completeness-corrected number of
cluster members in each bin is:

_ NuNp
- ®

Nr is a Poisson variable, and Ny is a binomial variable (the
number of successes in Nz trials with probability Ny/Nz).
Therefore the errors associated with N; are given by:

2N
oN_1 1 1 o

N> Nr Nu Nz
The completeness-corrected number of cluster members ob-
tained from (1) are given in Table 2 and the luminosity func-
tions for the four studied samples are shown in Fig. 1. The two
different datasets used for the Virgo cluster have only one mag-
nitude bin (Myy = —18.75) overlap. In this bin the two LFs
are in agreement and there is no indication that a change of
slope occurs. We thus feel comfortable combining them into a
composite Virgo UV luminosity function across 7 mag.

In order to determine whether the LFs of the three clusters

are in agreement we perform a two-sample y? test. We obtain

Ni
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Fig. 1. The UV luminosity functions for the four analyzed data sets.

P(x? > x2,.) ~ 82% for the Virgo and Abell1367 LFs, P(y? >
X§bs) ~ 87% for the Virgo and the Coma cluster LFs and P(y 2 >
Xops) ~ 98% for the Coma and Abell1367 LFs, pointing out that
the three LFs are in fair agreement within their completeness
limits.

3.1. The composite cluster luminosity function

The uncertainties of each individual cluster luminosity function
are too large to fit a complete Schechter (1976) function to the
data and compare it with the field UV LF. However combin-
ing the three data-sets analyzed in this paper we compute the
UV composite luminosity function of 3 nearby clusters. The
composite LF is obtained following Colless (1989), by sum-
ming galaxies in absolute magnitude bins and scaling by the
area covered in each cluster. The number of galaxies in the jth
absolute magnitude bin of the composite LF (N¢;) is given by:

19N
mjiAi

where N;; is the completeness-corrected number of galaxies in
the jth bin of the ith cluster, A; is the area surveyed in the ith
cluster and m; is the number of clusters contributing to the jth
bin. The errors in N;; are computed according to:

oNj = mi, [Z(% )2] @)

where ¢6N;; is the error in the jth bin of the ith cluster deter-
mined in (2). The weight associated to each cluster is computed
according to the surveyed area, instead of the number of galax-
ies brighter than a given magnitude, as used by Colless (1989).

The UV composite luminosity function is given in Fig. 2 in
the full magnitude range. However since for magnitudes fainter
than Myy ~ —16.5 the only available data are the Virgo FOCA
observations, we fit the composite luminosity function with the
Schechter functional form (Schechter 1976):

Nej = ©))

$(Muy) = 0.4 In 10 ¢* 1004M - Muv(atl) g-1o 0N
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Fig.2. The composite UV luminosity function of 3 nearby clusters.
The solid line represents the best Schechter fit to the data for Myy <
-16.5.

only for Myy < -16.5, that is the completeness limit in
Coma and Abell 1367. The resulting Schechter parameters are
M, = —20.75 £ 0.40 and @ = -1.50 + 0.10. The faint-end
slope is consistent within 1 o with the lower limit for Coma
and A1367 recently proposed by Cortese et al. (2003), but sig-
nificantly flatter than the slope a ~ —2.0, —2.2 found for Coma
by Andreon (1999), suggesting that this very steep luminosity
function was due to an underestimate of the density of back-
ground galaxies.

4. Discussion

Although the UV(2000 A) radiation is dominated by young
stars of intermediate masses (2 < M < 5M, Boselli et al.
2001), it is frequently detected also in early-type galaxies with
no recent star formation episodes (Deharveng et al. 2002).
Unfortunately we have no morphological (or spectral) classi-
fication for all the UV selected galaxies in order to separate the
contribution of late and early type galaxies. However, based
on the spectral energy distributions computed by Gavazzi et al.
(2002), we can use the total color UV — B, available for the 94%
of galaxies in our sample, to discriminate between red elliptical
(UV - B > 2) and blue spiral (UV — B < 2) galaxies. B mag-
nitudes are taken from the VCC (Binggeli et al. 1985), the
Godwin et al. (1983) catalog and the Godwin & Peach (1982)
catalog for Virgo, Coma and Abell 1367 respectively.

The bi-variate composite luminosity function derived for
galaxies of known UV—B color is shown in Fig. 3. It shows that
the star forming galaxies dominate the UV LF for Myy < -18,
as Donas et al. (1991) concluded for the first time. Conversely,
for Myy > —17.5, the number of red and blue galaxies is ap-
proximately the same, pointing out that, at low luminosities,
the UV emission must be ascribed not only to star formation
episodes but also to Post-Asymptotic Giant Branch (PAGB)
low mass stars in early type galaxies (Deharveng et al. 2002).
Similarly, if we restrict the analysis to the fraction (~50%) of
objects with known morphological type, we find that late-types
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Fig.3. The UV bi-variate composite luminosity functions of nearby
clusters. Red (UV — B > 2) and blue (UV — B < 2) galaxies are
indicated with empty and filled circles respectively.

(Sa or later) dominate at bright UV luminosities, while early-
type objects contribute at the faint UV levels. Since Virgo and
Abell1367 are spiral-rich clusters while Coma is spiral-poor,
one might expect that the LFs of the three clusters obtained
combining all types should have different shapes, contrary to
the observations. The point is that the combined LF of the two
types is dominated, at high UV luminosity by the spiral com-
ponent, while at low luminosity early- and late-type galaxies
contribute similarly. The UV LF of the spiral component are
similar in the three clusters. At faint UV luminosities also
the number density of early-type galaxies is approximately the
same in the three clusters. Only at relatively high UV lumi-
nosity the number density of early-type galaxies in the Coma
cluster exceeds significantly that of the other two clusters, but
it is still much lower than the one of the late-type component.
Therefore the LF obtained by combining early- with late-type
galaxies results approximately the same in the three clusters.
The cluster composite luminosity function has identical
slope and similar M* as the UV luminosity function computed
by Sullivan et al. (2000) for the field: M, = -21.21 + 0.13,
a = —-1.51 + 0.10, as shown in Fig. 4. This result points in the
same direction as recent studies of cluster galaxies carried out
in Ha (Iglesias-Paramo et al. 2002) and B-bands (De Propris
et al. 2003). They find that the LFs of star forming galaxies in
clusters and in the field have the same shape, contrary to early
type galaxies in clusters that have a brighter and steeper LF
than their field counterparts (De Propris et al. 2003). This indi-
cates that, whatever mechanism (i.e. ram pressure, tidal interac-
tion, galaxy harassment) quenches/enhances the star formation
activity in late-type cluster galaxies, it influences similarly the
giant and the dwarf components, so that the shape of their LF
results unchanged and only the normalization is modified.
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