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ABSTRACT

We present the Shapley Optical Survey, a photometric staggring a~ 2
ded region of the Shapley Supercluster core adD5 in two bands (B and R).
The galaxy sample is complete to=822.5 &GM*+6, Nya = 16588), and R= 22.0
(>M*+7, Ngai = 28 008). The galaxy luminosity function cannot be describgad
single Schechter function due to dips apparent at B7.5 (Mg ~ - 19.3) and R~
17.0 (Mg ~ - 19.8) and the clear upturn in the counts for galaxies faititan B
and R~ 18 mag. We find, instead, that the sum of a Gaussian and a Sehé&afc-
tion, for bright and faint galaxies respectively, is a shiiégerepresentation of the data.
We study the ffects of the environment on the photometric properties advges,
deriving the galaxy luminosity functions in three regioe$ested according to the
local galaxy density, and find a marked luminosity segregain the sense that the
LF faint-end is diferent at more thand3 confidence level in regions with fierent
densities. In addition, the luminosity functions of red dride galaxy populations
show very diferent behaviours: while red sequence counts are very sitoithose
obtained for the global galaxy population, the blue galaxypihosity functions are
well described by a single Schechter function and do not wattythe density. Such
large environmentally-dependentdeviations from a siSgleechter function are dif-
ficult to produce solely within galaxy merging orfBacation scenarios. Instead the

data support the idea that mechanisms related to the clest&ronment, such as

* Based on European Southern Observatory Archive Data.
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galaxy harassment or ram-pressure stripping, shape th&yhFs by terminating
star-formation and producing mass loss in galaxies Bt* + 2, a magnitude range

where blue late-type spirals used to dominate cluster @ipuls, but are now absent.

Key words. Galaxies: clusters: general — Galaxies: clusters: indi@idShapley
supercluster — Galaxies: photometry — Galaxies: lumiydsihction — Galaxies:

evolution

1 INTRODUCTION

The properties and evolution of galaxies are strongly déeenon environment (e.g., Blanton
et al.|2005; Rines et al. 2005; Smith et lal. 2005; Tanaka e2Q)5). In particular the cluster
galaxy population has evolved rapidly over the last 4 Gyrt¢Bar & Oemler 1984). While distant
clusters are dominated, particularly at faint magnitutbgsplue spiral galaxies, often with signs
of disturbed morphologies and evidence of multiple recéatf®rmation events (Dressler et al.
1994), local clusters are completely dominated by passivig-type galaxies.

Recent observational studies on the luminosity, coloupimology and spectral properties
of galaxies have pointed out that the physical mechanismshwiroduce the transformation in
galaxies &ecting both the structure and the star formation are ndyudalven by and related to
the environment (e.g., Treu et al. 2003). These processdiéed in various ways to the local
density and the properties of the intra-cluster medium (JCM fact, galaxy-ICM interactions,
such as ram-pressure stripping andf@cation, require a dense ICM and take place principally
in the central cluster regions. The high density regionsadése characterized by a steep cluster
potential, and we can expect that galaxy-cluster grawati interactions such as tidal stripping
and tidal triggering are also dominant. On the contrarypm-tensity environment galaxies have
never been through the cluster centre and therefore hawes egperienced theflects of tidal
stripping and tidal triggering of star formation, so the disamt mechanisms are galaxy-galaxy
interactions, in terms of both low-speed interactions leetwgalaxies of similar mass (mergers)
and high-speed interactions between galaxies in the patefithe cluster (harassment).

The above mentioned mechanisnfieet diferently the observed morphology dodthe star
formation properties of galaxies. In particular, galaxydssment and ram pressure stripping cause
a partial loss of gas mass and, depending on the fractionsafegiaoved and its rate, ram-pressure
stripping can lead either to a rapid quenching of star foilonabr to a slow decrease in the star
formation rate (Larson, Tinsley, & Caldwell 1980; Baloghe&t2000; Diaferio et al. 2001; Drake
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et al..2000). Successive high-speed encounters betweaxieggm(galaxy harassment) lead to gas
inflow and strong star formation activity (Fujita 1998).

With the aim to investigate theffects of the environment on the galaxy population, we have
undertaken an optical study of the Shapley SuperclusteC)868re, one of the densest structures
in the nearby Universe. The study of this region, selecterhbse of its physical peculiarity in
terms of density and complexity, but also for the avail&pif multivavelength observations, will
take advantage of deep optical photometry from the ESO #ectwvering an area of 2 dégrhe
Shapley Optical Survey (SOS) in B and R bands provides a gakmple complete and reliable up
to 22.5 mag and 22.0 mag in B and R bands, respectively. Wea@lase the excellent SOS dataset
to study, with respect to the supercluster environmentgisieibution of galaxy populations both
in luminosity and colour and the galaxy structural progsrtcomparing the observations with
theoretical predictions. In the present paper we will pneésee dataset, the catalogues and the
galaxy luminosity functions in B and R bands as function e 88C environment.

The galaxy luminosity function (LF), which describes themher of galaxies per unit volume
as function of luminosity, is a powerful tool to constraiayey transformations, since it is directly
related to the galaxy mass function. Moreover, tiea of environment on the observed galaxy LF
could provide a powerful discriminator among the proposegimanisms for the transformations
of galaxies. The fects of galaxy merging and $acation on the cluster galaxy population have
been studied through combining high-resolution N-bodyutations with semi-analytic models
for galaxy evolution (e.g., Springel et al. 2001; Kang e28l05). These show that while galaxy
merging is important for producing the most luminous clugtdaxies, the resultant LF can always
be well described by a Schechter (Schechter 1976) funaitimugh both M and the faint-end
slope can show mild trends with environment. Galaxy mergegsalso inhibited once the relative
encounter velocities become much greater than the intggtatity dispersion of galaxies, and
so are rare in rich clusters (Ghigna etlal. 1998). In contgedaxy harassment and ram-pressure
stripping may change the LF shape as galaxies lose massnadtibns with other galaxies, the
cluster’s tidal field, and the ICM. In particular Moore, | akeKatz (1998) showed that harassment
has virtually no &ect on a system as dense as a giant elliptical galaxy or d bpige and only
purely disk galaxies can be turned into spheroidals, scetheschanisms produces a diitfor
Sd-Im galaxies. Since the luminosity function is stronglyd specific, and those for Sc and/8d
galaxies can be described by narraw { 1 mag) Gaussian distributions centred-a¥1*+1 and
~ M* + 3 (de Lapparernit 2003), théfects of galaxy harassment could be characterized by a dip in

the LF at these magnitudes.
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In order to further investigate and to assess the relatiyritance of the processes that may
be responsible for the galaxy transformations, we havepeadd a photometric study of the SSC
core, examining in particular thefect of the environment through the comparison of luminosity
functions in regions with dierent local densities.

The SSC was observed by Raychaudhury (1989) and the LF wty fiesived by Metcalfe,
Godwin & Peachl(1994; hereafter MGP94). By using photogagéta, they investigate a region
of 4.69 ded around the cluster A 3558 considering a sample of 4599 gedacomplete and un-
contamiminated by stars (to 2% level) fox 19.5. The derived LF for the central region of 1.35
deg showed a broad peak in the number of galaxies at 18 which cannot be well fitted by a
Schechter function. Moreover, MGP94 found a deficit of blakagies in the A 3558 core suggest-
ing morphological segregation. However, their study istia to bright magnitudes, preventing
the determination of the faint-end slope while taking adaga of deeper photometry and larger
sample of galaxies distributed in larger SSC area, we cavigealear evidence on the LF shape
thus quantifying the environmentafect on the LF properties.

The layout of this work is the following. General informatiof the structure of the SSC
core are summarized in Sell. 2. We describe observatiotes reiduction and the photometric
calibrations in SecEl3. The catalogues are presented & eect[b is dedicated to the definition
of the environment and in and Sddt. 6 we show the LFs. Finabt.§ contains the summary and
the discussion of the results. In this work we assume-HO0 km s* Mpc?, Q,,=0.3,Q, =0.7.

According to this cosmology, 1 arcmin corresponds to 0.0¢@ lsktz = 0.048.

2 THE SHAPLEY SUPERCLUSTER

The SSC represents an ideal target for the investigationeofdle played by environment in the
transformation of galaxies, and has been investigated lbyenous authors since its discovery
(Shapley 1930). It is one of the richest supercluster in #aloy universe, consisting of as many
as 25 Abell clusters in the redshift rang®85 <z< 0.055. Extensive redshift surveys (Bardelli
et al.l2000; Quintana, Carrasco & Reisenegger 2000; Dritévet al. 2004) indicate that these
clusters are embedded in two sheets extending overl® x 20 ded region of sky ¢ 35x70
h-2 Mpc?), and that as many as half the total galaxies in the sup¢eclage from the inter-cluster
regions. The Shapley core (FIg. 3) is constituted by threellAdusters: A 3558 (20.048, Mel-
nick & Quintana 1981; Metcalfe, Godwin & Spenser 1987; Ablhness R4, Abell, Corwin

& Olowin 1989), A 3562 (z0.049, Struble & Rood 1999, 2, Abell et al.. 1989) and A 3556
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(z=0.0479/ Struble & Rood 1999,-R), Abell et al. 1989) and two poor clusters SC 1327-312 and
SC 1329-313. Dynamical analysis indicates that at leasgiameof radius 1h-J Mpc centred on
the central cluster A 3558, and possibly the entire supstetyis past turnaround and is collapsing
(Reisenegger et al. 2000), while the core complex itseif thé final stages of collapse, with infall
velocities reaching-2000 km s?.

A major study of the dynamical properties of the superclusbee was performed by Bardelli
et al. (2001 and reference therein). They showed that thersluster core has a complex, highly
elongated structure, and identified 21 significant 3-dinmerad subclumps, including eight in the
A 3558 cluster alone.

The X-ray observations show that the supercluster has arfldtand elongated morphology
where clusters outside the dense core are preferentialbtdd in hot gas filaments (Bardelli,
Zucca, & Malizia 1996; Kull & Bohringer 1999; De Filippisc8Bindler & Erben 2005). Moreover,
Finoguenov et al. (2004) showed a strong interaction betvee cluster A 3562 and the nearby
group SC 1329-313 with an associated radio emission havinmgy age (Venturi et al. 2000,
2003). However, since this is one of the weakest radio halasd, Venturi et al. (2003) suggested
that this halo is connected with the head-on radio galaxy8662. Bardelli et al | (2001) suggested
that the A 3558 complex is undergoing a strong dynamicaluia through major merging seen
just after the first core-core encounter, and so the mergiagtéhas already been able to induce
modifications in the galaxy properties. Very recently, Eiil(2005), with a radio survey of a 7 deg
region of SSC, found a dramatic increase in the probabitityghlaxies in the vicinity of A 3562
and SC 1329-313 to be associated with radio emission. Hepnetied this fact as a young starburst
related to the recent merger of SC 1329-31 with A 3562.

3 OBSERVATIONS, DATA REDUCTION AND PHOTOMETRIC CALIBRATION

The SOS data obtained from the ESO Archive (68.A-0084, Rekzek), were acquired with the
ESQMPI 2.2-m telescope at La Silla. We analysed B- and R-bantgphetry of eight contiguous
fields covering a 2 dégegion centred on the SSC, as shown in Fig. 1.

The observations (see Talblle 1 for details) were carried dahtthe WFI camera, a mosaic of
eight 2046x 4098 pixels CCDs, mounted on the Cassegrain focus of thectgbe. The camera
has a field of view of 34x 33, corresponding to 2.& 1.9 ;g Mpc? at the cluster redshift, and
a pixel scale of 0.238 arcsec. The total exposure times fdr ald are 1500 s (300 5) in B
band and 1200 s (240>s5) in R band, reaching the-R5 (B=25.5) at &. The single exposures



Declination (J2000)

6

-31:00

-32:00

30

30

30

A. Mercurio et al.

1

©

& )

O

ﬂﬂ

r

O A3562 @

N7 \

SC 1327-312 A3558
| /

|14

-3

SC 1329-313

MW@ %

[N o~

13:40

13:30

nght Ascension (J2000)

26

13:20

Figure 1. The surface density of Rl85 galaxies of the the SSC core, obtained by using data of theerSesmos Sky Survey
(Hambly. MacGilivray & Re&d 2001). Red rectangles indidate 8 analysed fields in SOS.

Table 1. The observations.

Field Band Centre Date FWHM
# RA, Dec arcsec
21 B 13:34:24.1, -31:34:57.1 18 March 2002 0.95

R 13:34:24.1, -31:34:57.0 " 0.87
22 B 13:32:03.2, -31:34:57.1 18 March 2002 0.79
R 13:32:03.2, -31:34:57.1 " 0.70
23 B 13:29:42.4, -31:34:57.3 18 March 2002 0.76
R 13:29:42.4, -31:34:57.5 " 0.71
24 B 13:27:21.5, -31:34:57.4 18 March 2002 0.77
R 13:27:21.5, -31:34:57.1 " 0.73
W B 13:25:00.6, -31:40:27.1 18 March 2002 0.83
R 13:25:00.6, -31:40:26.6 " 0.73
13 B 13:29:42.5, -31:04:58.0 9 April 2003 0.98
R 13:29:42.5, -31:04:59.3 9 June 2002 1.11
14 B 13:27:21.6, -31:04:57.6 19 March 2002 1.16
R 13:27:21.5, -31:04:56.6 " 1.27
33 B 13:29:42.4, -32:04:57.5 9 April 2003 0.81
R 13:29:42.3, -32:04:58.9 9 June 2002 1.43

are jittered to cover the gaps between theedent CCDs of the camera. Landolt (1992) stars were

observed in order to perform accurate photometric calimat
We used the ALAMBIC pipeline (version 1.0, Vandame 2004 eiduce and combine the SOS

images. The pipeline follows the standard procedures s fubtraction and flat-field correction;

the twilight sky exposures for each band were used to creatmaster flat.

The photometric calibration was performed into the Johfismm-Cousins photometric sys-
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Table 2. The results of the photometric fit for B and R band.

Observing Night Band C ZP A y rms

18 March 2002 B B-R -245310.024 0.189:0.017 -0.131+0.009 0.041
18 March 2002 R V-R -245480.038 0.14%A0.026 0.049:0.035 0.036
9 April 2003 B B-R -24562-0.029 0.162:0.019 -0.141%0.017 0.034

tem using the Landolt stars. With the IRAF tasks DAOPHOT arRPAOT we computed the
instrumental magnitude of the stars in a fixed aperture indBRubands.

For the R band we calibrated the flux by adopting the followiglgtion:
M =M+yC+AX+ZP, (1)

whereM is the magnitude of the star in the standard systehis the instrumental magnitude,
v is the codficient of the colour termC is the colour of the star in the standard systéis
the extinction cofficient, X is the airmass andP is the zero point. For the B band we took into
account the colour term (B-R). The results are reported Mela.

Since photometric standards were not available for thetsigh9 June 2002 and 19 March
2002, we adopted relative calibration for fields #13, #33 inaRd and field #14 both in B and R

band. The photometric accuracy for the zero point was abh@dtdag in both bands.

4 THE CATALOGUES

The photometric catalogues from the SOS images were prddusiag SExtractor (Bertin &
Arnouts, 1996) together with a set of software proceduregldped by the authors in order to
increase the quality of final catalogues, avoiding spurgietections and misleading results (see
Sect[Z41).

The stafgalaxy classification was based on both the paranottss star(CS) of SExtractor
and the value of th&ull width at half maximunFWHM). Stars were defined as those objects with
CS> 0.98 or having FWHM equal to those of bright, non saturedastsburces in the image.

The completeness magnitudes were firstly estimated usmgribscription of Garilli et al.
(1999). Then the reliability and the completeness of thalogties were checked performing Mon-
tecarlo simulations by adding artificial stars and galatsee Seci._412). The final catalogues con-
sist of 16 588 and 28 008 galaxies in B and R band, respectively the completeness magnitude
limits B=22.5 and R22.0.

Aperture and Kron (Kron_1980) magnitudes were measureddh band. For aperture pho-
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tometry we referred to the aperture of 17 arcse8 kpc) of diameter used by Bower, Lucey and
Ellis (1992) for Coma. Converting this value from Coma rafigb our redshift we used an aper-
ture of 8 arcsec of diameter. Kron magnitudes (M) were computed in an adaptive aperture with
diametem- Rk on, Where Ron is the Kron radius andis a constant. We chose= 2.5, yielding~
94% of the total source flux within the adaptive aperture {{Be&& Arnouts|1996). We measured
the Kron magnitude for all the objects in the catalogues auitrapplying any correction to the
total magnitude. The uncertainties on the magnitudes watagred by adding in quadrature both
the uncertainties estimated by SExtractor and the unoégaion the photometric calibrations.
The measured magnitudes were corrected for galactic eéxtm@B=0.238 and R0.149) follow-
inglSchlegel, Finkbeiner & Davis (1998). Luminosity fursts were computed by means of Kron
magnitudes, while aperture magnitudes were used for miegsyalaxy colours. SOS catalogues

are available on request.

4.1 Cleaning procedure

In order to obtairtleancatalogues we used the following approach that takes imttousnt both the
performances of SExtractor and the characteristics ofrila/aed fields (crowdness, background
fluctuations, bright objects sizes and distribution).

We ran SExtractor with two élierent deblending parameters. We produced the bulk of the
catalogue adopting a low deblending parameter (0.000lichndllows a suitable detection of
close objects. Then we corrected the multiple detectiortwight extended objects using a high
deblending parameter(.01).

The combined images show a significant number of bad and wamtspand cosmic rays
residuals often detected by SExtractor as sources. Thes®sp detections were identified and
then removed since either they are present only in few expesur they are particularly compact,
comparing their M;on, With the magnitude measured over the central pixel.

In the vicinity of bright galaxies with extended halos, Staxtor sometimes overestimates
Rkron @nd Mkron. These objects were identified and theigM corrected.

Finally, we removed spurious objects, ghosts dirdction spikes around bright €&5) stars

by defining circular avoidance regions (whose area is ptapa@l to the stars flux level).
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Table 3. Completeness and reliability of the SOS catalogues

R completeness % of stars

mag missclassified
20.0-20.5 98.4 2.1
20.5-21.0 97.3 3.0
21.0-21.5 95.3 4.1
21.5-22.0 94.3 8.0
22.0-22.5 92.0 34.8
22.5-23.0 88.1 75.6

4.2 Completeness and reliability

The first estimates of the completeness magnitudes, deusiad the prescription of Garilli et al.
(1999), are 23.0 inthe R band, and 23.5 in the B band. We cdebkeeliability and completeness
of the SOS catalogues for each 0.5 magnitude bin by addin@@@#fificial stars and galaxies
to the images, and computing the fraction of these sourcestéel and correctly classified by
SExtractor. The artificial stars were created by taking ghtrinon-saturated star (R 17) in the
image and dimming it to the appropriate magnitude, whileghlaxies were simulated by taking
galaxies of difering Hubble types and the appropriate magnitude from thiebléuUIltra Deep
Field (using photometry from the COMBO-17 Chandra Deepd-&buth catalogue; Wolf et al.
2004), resampling them to the resolution of the WFI, and otuing them with the image Point
Spread Function (PSF).

At R = 220, 94.3% of the simulated galaxies were successfully dedeahd classified. In
the SOS field the number of stars and galaxies become equata2 R4. Beyond R= 220 the
fraction of stars misclassified as galaxies increases diealg mainly due to the blending of the
sources. Moreover, further stellar contamination is duthé&high number density of both stars
and galaxies in this field (the Galactic latitude of the fiedld 80°) which increases the frequency
of star-star and star-galaxy blends that can be misclagsifiesingle galaxies. The estimates of
completeness and reliability for the R band are shown ine[@bAnalogous results were obtained
for the B band.

We adopted the conservative limitsR22.0 and B= 225 as the magnitudes below which

stellar contamination can be modelled and accounted fdramalaxy LF determination.

5 QUANTIFYING THE GALAXY ENVIRONMENT

To study the &ect of the environment on galaxies in the SSC core, the losasity of galaxies,

¥, was determined across the WFI mosaic. This was achieved asi adaptive kernel estima-
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Figure 2. The surface density of R 210 galaxies in the region of the SSC core complex. Isodensitjouirs are shown at intervals of 0.25
galaxies arcmir?, with the thick contours corresponding to 0.5, 1.0 and 1J5xges arcmin?, the densities used to separate the three cluster
environments. The area corresponds t<8.@ h;g Mpc? at z=0.048.

tor (Pisani 1993; 1996), in which each galaixjs represented by a Gaussian keri€{r;) o

Y2 thus matching the resolution locally to

exp(r?/20?), whose widtho is proportional tox.”
the density of information available. For this study, we sidered the surface number density of
R< 21.0 (< M* + 6) galaxies, with an additional colour cut applied to refcise galaxies more
than 0.2 mag redder in B-R than the observed red sequencB)Egminimize background con-
tamination. As there are no known structures in the foreggaef the SSC core (90% ofR16
galaxies have redshifts confirming that they belong to tipestuster), any substructure identified
in the density map is likely to be real and belonging to thesscipster. The local density was ini-
tially determined using a fixed Gaussian kernel of width 2rang and then iteratively recalculated
using adaptive kernels. The resultant surface density mapedSSC core complex is shown in
Fig.[d, with the three clusters and two groups indicateddéssity contours are shown at inter-
vals of 0.25 galaxies arciiify with the thick contours corresponding to 0.5, 1.0 and 1l&des
arcmirr?, the densities used to separate the three superclusteoements described below. The
background density of galaxies as estimated from an aredef®f the Deep Lens Survey (DLS,
Wittman et all 2002) is 0.335 galaxies arcrfirand hence the thick contours correspond to over-
density levels of- 50, 200 and 400 galaxidg, Mpc 2 respectively. The entire region covered by

the SOS is overdense with respect to field galaxy counts.
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Table 4. Fits to the LFs. Errors on the Manda parameters can be obtained from the confidence contoursishdvigs [B[B anfl9. In the table S
indicates the fit with a single Schechter and$3those with Gaussian plus Schechter.

Region Band Functio] m* M* a | u o | x2 P&?>x?)
all field B S 1535 -2142 -1.46 2.62 008%
all field B G+S 1553 -2124 -174( 1701 -1976 132 0.36 971%
high density B S 1464 -2213 -1.46 0.95 503%
high density B G+ S 1647 -2032 -151( 1700 -1977 173 | 0.94 500%
int density B S 1501 -2176 -150 1.33 186%
int density B G+ S 1546 -2131 -156( 1651 -2026 085 | 0.50 891%
low density B S 1557 -2120 -1.49 222 069%
low density B G+ S 1611 -2066 -1.66| 1696 -1981 109 | 0.60 815%
all field R S 1452 -2226 -1.26 123 235%
all field R G+S 1372 -2306 -1.62 | 1589 -2089 123 0.46 947%
high density R S 1429 -2249 -1.30 0.86 617%
high density R G+ S 1415 -2263 -1.30( 2092 -1586 315 1.01 438%
int density R S 1427 -2251 -1.39 1.28 205%
int density R G+S 1500 -2178 -143( 1522 -2149 098 | 0.74 713%
low density R S 1375 -2303 -1.50 3.33 0002%
low density R G+S 1528 -2150 -1.80( 1637 -2041 158 1.25 247%

6 SOSLUMINOSITY FUNCTIONS

The LF in each band in the whole surveyed area was obtainedl ting ttcompleteness magnitude
limits, removing the interlopers by statistically subtiag the background contamination, as de-
termined from thirteen control fields of the DLS, coveringtat area of- 4.4 ded. The adopted
procedures for background subtraction are explained in B€c

In order to investigate theflects of the environments we derived and compared the LFs, de-
termined in the three ferent regions characterized by high-, intermediate- anddensities of
galaxies.

We fitted the observed galaxy counts with a single SchecBjefufiction. However, since the
LFs were generally poorly fitted by using such a model, thenfése also computed with the sum
of Gaussian and Schechter«6) functions (Secf_8.2 and Seti.16.3) in order to descritgghbr
and faint galaxy populations (e.g., de Lapparent et al.|l2008inari et al.[1998; Biviano et al.
1995). Moreover, we compared the LFs with the counts of thesegjuence galaxies (S€ci16.4).
We selected also galaxies bluer than the colour magnituagéme in order to derive the luminosity
function of late-type galaxy populations.

Absolute magnitudes were determined using the k-cormestfor early-type galaxies from
models of Bruzual & Charlol (2003). All the fit parameters associated? statistics are listed
in Table[3.
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6.1 Background galaxy subtraction

Since the region covered by the SOS lies completely withénaerdensity corresponding to the
core complex, to perform a reliable statistical subtractbfield galaxies a suitable large control
field is required, that has been observed with a similar fdetr(B and R) to at least the depth of
the SOS. The large area is necessary in order to minimizefihet®of cosmic variance and small
number statistics.

To this aim we chose the DLS, which consists of deep BVRz’ img@f seven 2x 2° degree
fields. The observations have been made using the Mosa@veras on the NOAO KPNO and
CTIO 4-m telescopes, with exposure times of 12 000s in BVd 88000 s in R, resulting indd
depths of B,V,R 27. The R-band images were obtained in good seeing conglitith a FWHM
of 0.9” whereas the other bands have FWHM around 1.2

The catalogues were extracted following the same procediirthe SOS data. We considered
thirteen 35 x 35 Mosaic-ll fields, covering a total area ef4.44 square degrees (after removal
of regions around bright stars) in two well separated regjiminsky (fields 2 and 4 in the DLS).
Given the depth of the DLS images, star-galaxy separatiorguke combined stellarity-FWHM
classification method was found to §89% dficient to R= 22.0. There are no nearby clusters in
the regions covered. The rich cluster A0781-at®z298 is however located within field 2, and so
the two dfected fields closest to the centre of the cluster were natdiecl among the thirteen.

We used data from the thirteen control fields to estimate #o&dround counts and the fluctu-
ation amplitude as in Bernstein et al. (1995). In this casébtickground counts were estimated as

the mean of the control field counts (Eq. 1 Bernstein et al5),%nd the fluctuations as the rms
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Figure 4. Comparison of galaxy counts obtained from the DLS (filledles) and ESO-Sculptur Survey (open circles). The coustsamalized
to the total area covered by the SOS data and are per half tndgni

of the counts in each control field respect to the mean esuiiatthe all area (Eq. 2 Bernstein et
al.[1995).

The galaxy number-magnitude counts obtained from the Dit&ware found to be consistent
with those from the literature (e.g., Arnouts et lal. 1997) e same passbands (see Eig. 4).
An estimate for the totalfiect from the cosmic variance from the fluctuations of galaoyrts
among the thirteen fields confirmed that, when combined, bit@imed number magnitude counts
are robust against cosmic variance.

The counts of SSC galaxies were defined as tlkerdince between the counts detected in
the supercluster fields and those estimated for the backdr(itq. 3 Bernstein et al. 1995). By
considering this definition, the uncertainties were meagas the sum in quadrature of fluctuation
in the background and in the supercluster counts (Eq. 4 Bemst al| 1995).

In order to avoid the background counts taken from the DL$idp¢0o low, we make an
additional comparison between SOS and DLS data. We selgetledties 30~ redder than the
observed red sequence (Ed. 2 and [Eg. 3) in the SOS. Sinceamlaxiward of the sequence
should be almost all background galaxies we compared trmsgswith those obtained for the

DLS control fields applying the same colour cut. Figure 5 shtivat these counts are consistent.

6.2 Thetotal luminosity functions

Figure3 shows the LFs in B and R bands for galaxies over théawhded SOS area, covering the
SSC core (Fig. 1). The parameters of the fit are reported ileBallrhe weighted parametric fit of

a S function (dashed lines in FIg. 3) is unable to describ@bserved changes in slope of the LF
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Figure 5. Comparison of R-band counts for galaxies redder than theegdence (see text) obtained from the SSC (filled circled)ttaa DLS
(open circles). The counts are normalized to the total aveared by the SOS data and are per half magnitude.

at faint magnitudes, in particular the dips apparent at .5 (Mg ~ - 19.3) and R~ 17.0 (Mg ~
- 19.8) and the clear upturn in the counts for galaxies faititan B and R~ 18 mag, apparent in
Fig.[d. To successfully model these changes in slope regjai@mposite &S LF (continuous
line, Fig.[3), which represent the data distribution siguaifitly better in both B (R€ > x2)=97%
against P¢? > y?)=0.08%) and R bands (P{ > x?)=95% against B¢ > x?)=23%). The S
function fails most dramatically to describe the upturnhea galaxy counts at faint magnitudes, as
demonstrated by the composite R-band faint-end slope b&iBg as opposed to the S slope of
-1.26.

An upper limit to the background counts could be set by udirggcounts for galaxies in the
SOS region with density less than 0.5, covering an area 6f5 ded. The obtained LFs are
consistent with those obtained by using DLS counts, but theg bars are too large to make any

definitive conclusion on the faint-end part of the lumingsitnction.

6.3 Theeffect of environment

Figured® andl7 show the B- and R-band galaxy LFs in the higtermediate- and low-density
regions, covering areas 6f0.118,~ 0.344,~ 1.125 deg, respectively. Each LF was modelled by
a weighted parametric fit to S (dashed lines) and to compGsite functions (continuous lines).
The best-fit values are listed in Talle 4.

According to the ? statistics in both bands the fit with a S function can be repat the low-
density region, the LFs showing a bimodal behaviour due egtiesence of a dip and an upturn
for faint galaxies, that cannot be fitted by using a singlecfiom. In the intermediate-density

region, although the S function cannot be rejected, its¥igia worse representation of the global
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Figure 6. The B-band LFs of galaxies in the three cluster regions spording to high-, intermediate- and low-density envirenis. Dashed and
continuous lines represent the fit with a S and+83espectively. The counts are per half magnitudes.
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Figure 7. The R-band LFs of galaxies in the three regions correspgnttirhigh-, intermediate- and low-density environmentdleficircles
represent counts obtained from the photometric catalogtieanstatistical background subtraction, open circlestiagecounts of galaxies with
R<21 belonging to the red sequence of the CM relation (see B&ht.Dashed and continuous lines represent the fit with adSa®+S function
respectively. The counts are per half magnitudes.

distribution of data compared with a composite functiony?P{ x2) ~ 20% against B¢ > x?) ~
70-80%). On the other hand, in the high-density region theifft a S function is more suitable.
Figures8 andl9 show the confidence contours of the best fittimcfions for B and and R
band, respectively, for the three density regions. The-&d slope becomes significantly steeper
from high- to low-density environments varying from -1.46-1.66 in B and from -1.30 to -1.80

in R band, being inconsistent at more than Gnfidence level (c.l.) in both bands (right panel

~
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Figure 8. The 1, 2 and & confidence levels for the B-band best-fitting Gaussian flafiel) and Schechter (right panel) parameters for the
three cluster regions corresponding to high- (solid carsfpuntermediate- (dashed) and low-density (dot-daskeadironments. Contours in the
high-density region are obtained by fitting data with a S fiomc
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Figure 10. The B- (left panel) and R-band (right panel) LFs of galaxieshie three cluster regions corresponding to high- (bladokdrmediate-
(red) and low-density (blue) environments. Continuousdirepresent the best fit. The counts are per half magnitudes.

Figs[8 andD). Also the bright-end LF is inconsistent at ntbaa 3r c.l. in both bands, indicating

that also the bright galaxy populations in the SSC dependheretvironment. We note that the
shape of the LFs vary dramatically from high- to low-denségions in both bands (see Higl 10 for
a direct comparison), demonstrating the strofigas of supercluster environment in low-density

regions.

6.4 Red and blue galaxies

In order to further investigate the processes responsiblstfape the galaxy LF, we divided the
galaxies into red and blue according to their location waigpect to the colour magnitude relation.

We determined the colour-magnitude (CM) relation by penfiog 100 Monte-Carlo realiza-
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Figure 11. B-R vs R CM diagram for all the galaxies up to the completemeagnitude R22.0 in the SOS field. Galaxies of the red sequence (see
solid line) are plotted as red points.

Table 5. Fits to the LFs of blue galaxies. Errors on thé Bhde parameters are shown by the confidence contours shown iiCFig.

Region | m* M* a | x2 PEP>xd
high density| 1659 -2019 -139|078  661%
int density | 1466 -2212 -156 | 0.96 489%
low density | 1470 -2208 -152 | 1.05 400%

tions of the supercluster populations and fitting the phetimim data up to R19 by using the
biweight algorithm of Beers, Flynn, & Gebhardt (1990), obitag:

(B — R)em = 2.3312— 0.0563x R . )

We also evaluated the B-R colour dispersion around the rgdesee as a function of the

magnitudeg(R). The dispersion around the sequence is found to be ¢ensigith the relation:
o(RY = o2, + O'(ZB_R)(R) , (3)

where the intrinsic dispersiar?, is equal to 0.0450 mag over the whole magnitude range covered
(Haines et al. 2005).

In Fig.[11 the red sequence galaxies are plotted as red p@iatdirectly compare the counts of
galaxies selected on the CM relation (open circles in[Higvi#) those derived in Sedi. 8.3 (filled
circles in Fig.[T) in order to exclude projectiofffects due to background clusters. The counts
for the sequence galaxies were obtained through a statistackground subtraction, applying
the same colour cut of SOS galaxies to those in the DLS cofigldl The distributions of red
galaxies in the three flerent density regions are well described by the total Libgesalso in this
case there is a dip at-R17.0 (Mg ~ -19.8).
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Figure 13. The 1, 2 and & confidence levels for the R-band best-fitting Schechterrpeters for the blue galaxies in the three cluster regions
corresponding to high- (solid contours), intermediatesfied) and low-density (dot-dashed) environments.

We also selected the blue supercluster galaxies consipigrengalaxies @ bluer than the CM
relation. FiguréIl2 shows the LFs obtained for the red sezpiand blue galaxy population in high-
, intermediate- and low-density regions. The blue galaxyg iMere obtained through a statistical
background subtraction, applying the same colour cut obtlpercluster galaxies to those in the
DLS control fields. In contrast to the red sequence galatielue galaxy LFs are well described
by a S function and do not vary with the density (see contaufsd.[I3). This indicates that the

blue galaxies represent a population that have not yetictied with the supercluster environment.

7 SUMMARY AND DISCUSSION

We have presented a detailed analysis of the LFs for galaxie SSC core. All the luminosity
functions were calculated through a weighted parametraf fit single Schechter function and a
composite function, given by the sum of a Gaussian for thghbrend and a Schechter for the

faint-end of the LF. The main results of our analysis are thiewing.

- The LFs in the whole SOS area have a bimodal behaviour bdhaimd R band. The weighted
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parametric fit of a S function is unable to describe the oleskbF at faint magnitudes, in particular
the dips apparentat B 17.5 (Mg ~ - 19.3) and R~ 17.0 (Mg ~ - 19.8) and the clear upturn for
galaxies fainter than 18 mag. To successfully model thgseudd changes in slope a composite
G+S LF is required.

- By deriving the LFs in regions with ffierent local surface densities 0kR21.0 galaxies we
showed that, as observed in the LFs of the whole field, a dipasemt at M ~ -19.8 for LFs
in intermediate- and low-density regions, while for thetdensity region, the data are well rep-
resented by the S function. Moreover the faint-end slapeshows a strong dependence on en-
vironment, becoming steeper at3o significance level from high-afg = -1.46,ag = -1.30) to
low-density environmentsig = -1.66,ar = -1.80) in both bands.

- We derived the LFs separately for red and blue galaxy poipuis according to their B-R
colours. The LFs of these two populations show a vefigdent behaviour. In fact fierently from
the red sequence galaxy counts that are very similar to thiatséned with a statistical background

subtraction, the blue galaxy LFs are well described by a &tfonmand do not vary with the density.

These results confirm and extend those of MGP94 who foundkaipéiae number of galaxies
atb = 18 and suggested that the Abell function is a better reptasen of the integral counts
than the S function. However, their optical LF is limited @&laxies three magnitudes brighter
than those analysed in the present work, preventing therdigiation of the steepening of the LF
faint-end and a more clear definition of the LF shape. On therdtand, MGP94 also noted that
the CM red sequence galaxies show the broad peak at brightitudgs in agreement with our
findings.

The bimodality of the galaxy LF is commonly observed for rathsters (e.g., Yagi et al. 2002;
Mercurio et all 2003), and using data from the RASS-SDSSxgalluster survey, Popesso et al.
(2006) find a similar variation of the LF with environment bat observed here, but using cluster-
centric radius rather than local density (e.g., Haines.@G@4) as a proxy for environment. This
observed bimodality and its variation with environment tenbest accomodated in a scenario
where bright and faint galaxy populations have followeffiesient evolution histories.

The SDSS and 2dFGRS surveys have indicated that the evobftlright galaxies is strongly
dependent on environment as measured by their local depsttys independent of the richness
of the structure to which the galaxy is bound, indicating thachanisms such as merging or suf-
focation play a dominant role in transforming galaxiesheatthan harassment or ram pressure

stripping (Gomez et al. 2003; Tanaka et al. 2004). Howewesrdifficult to reconcile the dramatic
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deviations from the S function observed for intermediatet lBw-density regions with the trans-
formation of field galaxies being due to just merging offgcation, neither of which should alter
the shape of LF, whilst they can be explained more easily bgeaario involving mass loss of
low-luminosity galaxies.

One such mechanism is galaxy harassment (Moore et al. 1998),.whereby repeated close
(<50 kpc) high-velocity £1000 km s') encounters with bright galaxies and the cluster’s tidédfie
cause impulsive gravitational shocks that damage thelé&dggks of late-type spirals. The cumu-
lative dfect of these shocks is the transformation of late-type kspicespheroidal galaxies over a
period of several Gyr. An important aspect of galaxy hara&sgrns that it has virtually nofeect
on systems as dense as giant elliptical or spiral bulgeshande only pure disk systems (Sc or
later) are &ected. While these galaxies make up the vast majority ofaimt {(M>M*+2) cluster
galaxy population at z> 0.4, they become rarer exponentially at brighter magnitudies. en-
counters can drive the bulk of the dark matter and 20-75% efthars over the tidal radius of
the harassed galaxy, whereas in contrast the bulk of the ajpses inward, and is consumed
in a nuclear starburst. The combined results of thé&eks is a dimming of the harassed galaxy
by ~ 2 magnitudes due to mass loss and passive aging of the rematars. These remnants
are apparent in present day clusters as dwarf spheroidfwften show blue cores suggesting
nuclear star-formation, as well as remnant disk and bar oommts (Graham, Jerjen & Guzman
2003), and signs of rotational support (de Rijcke et al. 2001

In agreement with the recent work by Popesso el al. (2006 )ggest that the observed dip at
Mg ~ —19.8 as well as the strong dependence on environment shown Iligititeend slope in the
cluster galaxy luminosity can be explained naturally ascthresequence of galaxy harassment.

Alternative mechanisms such as ram-pressure strippingeofM or tidal stripping canféect
the galaxy population only in the cluster cores, which app@gonsistent with our observation
that the dip is greatest in the low-density regions 1-2 Mpenfithe nearest cluster. However,
given the high infall velocities, any galaxy encountering tCM is likely to be stripped rapidly
of their gas, bringing star-formation to a swift halt. Giviée high infall velocities, and the typical
highly eccentric orbits of cluster galaxies, the low- animediate-density regions are likely to
contain a significant fraction of galaxies that have alreadgountered the dense ICM. In high-
density regions, high-velocity dispersions inhibit maggprocesses (e.g., Mihos 2004), hence it
is unlikely that dwarf galaxies merge to produce bigger gakat the cluster centres. The most
likely explanation for the lack of dwarf galaxies near thatce is tidal or collisional disruption of

the dwarf galaxies.
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This interpretation is also confirmed when analysing séphraed sequence galaxies. In fact
the red galaxy counts exhibit a behaviour similar to thosthefLFs obtained with a statistical
background subtraction, confirming the excess of dwarfeégpe galaxies. Moreover, fierently
from red sequence galaxies, the blue galaxy LFs are welfitbescby a S function with a slope
a ~ -1.50 and do not vary with density. This slope is consisteith #hose recently derived by
Blanton et al.|(2005) and Madgwick et &l. (2002) for field SD8f 2dF galaxies respectively.
This suggest that the observed blue galaxy population isactexized by infalling galaxies that
have not yet interacted with the super cluster environmadtteansformed by the harassment
mechanism.

In a forthcoming paper (Haines et al. 2005) we will investiga detail the distribution of red

and blue galaxies in the SSC environment.
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