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Abstract. We present the first statistical analysis of t@mpleteESO-Sculptor Survey (ESS) of faint galaxies. The flux-
calibrated sample of 617 galaxies wia < 20.5 is separated into 3 spectral classes, based on a principal component analysis
which provides a continuous and template-independent spectral classification. We use an original method to estimate accurate
K-corrections: comparison of the ESS spectra with a spectral library using the principal component analysis allows us to
extrapolate the missing parts of the observed spectra at blue wavelengths, then providing a polynomial parameterization of
K-corrections as a function of spectral type and redshift. We also report on all sources of random and systematic errors which
affect the spectral classification, the K-corrections, and the resulting absolute magnitudes.

We use the absolute magnitudes to measure the Johnson-CBuSinR. luminosity functions of the ESS as a function of
spectral class. The shape of the derived luminosity functions show markeredces among the 3 spectral classes, which are
common to theB, V, R bands, and therefore reflect a physical phenomenon: for galaxies of later spectral type, the characteristic
magnitude is fainter and the faint-end is steeper. The ESS also providéstlestimates of luminosity functions per spectral
type in theV band.

The salient results are obtained by fitting the ESS luminosity functions with composite functions based on the intrin-
sic luminosity functions per morphological type measured locally by Sandage et al. (1985) and Jerjen & Tammann (1997).
The Gaussian luminosity functions for the nearby Spiral galaxies can be reconciled with the ESS intermediate and late-type
luminosity functions if the corresponding classes contain an additional Schechter contribution from Spheroidal and Irregular
dwarf galaxies, respectively. The present analysis of the ESS luminosity funcffens arenewed interpretation of the galaxy
luminosity function from redshift surveys. It also illustrates how luminosity functions per spectral type maketied by
morphological type mixing, and emphasizes the need for a quantitative morphological classificatod. Awhich separates
the giant and dwarf galaxy populations.

Key words. galaxies: luminosity function, mass function — galaxies: elliptical and lenticular, cD — galaxies: spiral —
galaxies: irregular — galaxies: dwarf — cosmology: large-scale structure of Universe

1. Introduction separately in the models and compared directly with the obser-
The galaxy luminosity function (LF hereafter) is a fundame yations (Baugh et al. 1996; Kémann et al. 1997; Co_le etal.
tal measure for characterizing the large-scale galaxy dis n£_)00). NeV(_art_heIess, due to the necessary compromise between
bution. In the current models of galaxy formation based anlarge .stays.tlcal volum.e andfiigient resolution for S|mulat—.
gravitétional clustering, the LF provides constraints on tﬁre]g. the individual galaxies, the N-body models only_descrlbe
mechanisms for the f(;rmation of galaxies within the dar I|m|Fed range of galaxy masses and rr_lorpholog!cal types
matter halos (Cole et al. 2000: Baugh et al. 2002) Tlﬁ/tatms et al._20_02)._ln contrast, observahona! studies of the
' ' ' - el galaxy distribution reveal a wealth of details. The galaxy

bulge-dominated and disk-dominated galaxies can be trai spans more than 12 mag (that is 5 orders of magnitude in lu-
Send giprint requests toV. de Lapparent, e-mailapparen@iap.fr Minosity; see for example Flint et al. 2001b; Trentham & Tully

* Based on observations collected at the European South@®02). Moreover, each morphological type has a distinct LF,
Observatory (ESO), La Silla, Chile.
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denoted “intrinsic” LF, with diferent parametric functions foremission-lines (Lin et al. 1996; Small et al. 1997; Zucca et al.
the giant and dwarf galaxies (see the review by Binggeli et 4997; Loveday et al. 1999). However, none of the existing red-
1988). The “general” galaxy LF, averaged over all galaxy typeshift surveys separate the giant and dwarf galaxy populations,
is then a composite of the intrinsic LFs. despite the markedly fierent intrinsic LFs for these 2 popula-
Specific studies of local galaxy concentrations have dlens (Sandage et al. 1985; Ferguson & Sandage 1991; Jerjen
lowed detailed insight into the intrinsic LFs per galaxy type&& Tammann 1997).
Co-addition of the intrinsic LFs for the Virgo cluster (Sandage In view of the discrepancy between the local measures of
et al. 1985), the Centaurus cluster (Jerjen & Tammann 199fHe intrinsic LFs and the estimates from redshift surveys at
and the Fornax cluster (Ferguson & Sandage 1991) shows taager distance, we propose here a new approach for recon-
the giant galaxies have Gaussian LFs, which are thus boundd#ithg the various LFs. It is based on the LFs per galaxy type
at brightand faint magnitudes, with the Elliptical LF skewedmeasured from the ESO-Sculptor Survey (ESS hereafter). The
towards faint magnitudes. Andreon (1998) also shows that ti8S has the advantage to provide a nearly complete redshift
LFs for giant galaxies are invariant in shape among the Virggyrvey of galaxies at < 0.5 over a contiguous area of the sky
Centaurus and Coma cluster; because these 3 clusters sp@elanger et al. 1995), supplemented by CCD-based photom-
wide range of cluster richness, the analysis suggests that thetsg (Arnouts et al. 1997) and a detailed spectral classification
LFs may be universal among galaxy concentrations. In cofGalaz & de Lapparent 1998).
trast, the LFs for dwarf galaxies may be ever increasing at faint Section 2 gathers the analyses used to build the ESS
magnitudes to the limit of the existing surveys, with a steepdatabase: Sect. 2.1 describes the spectroscopic sample selec
increase for the dwarf Elliptical galaxies (dE), when compardidn; Sect. 2.2 summarizes the results of the spectral classifica-
with the dwarf Irregular galaxies (dl). Scheer & Silk (1988) tion analysis, the classification technique itself being reported
have proposed an analytical description for the bimodal behavdetails elsewhere (Galaz & de Lapparent 1998); Sect. 2.3 de-
ior of the galaxy LF, which models thefect of the galaxy scribes the original method used for deriving K-corrections for
binding energy onto the gas and the resultifficency in star the ESS spectra; Sect. 2.4 reports on all sources of random anc
formation as a function of galaxy mass. systematic errors whicHizct the spectral classification and the
Because of the €lierent intrinsic LFs for giant and dwarfderived absolute magnitudes in the ESS catalogue; Sect. 2.5
galaxies, the “general” LF in the local group and in nearby clugdescribes the choice of the spectral classes on which are basec
ters and groups has a varying faint-end behavior with the ridive LF calculations.
ness of the concentration: this can be partly interpreted in terms We then comment on the technique for deriving the ESS
of the varying dwarf-to-giant galaxy ratio @dewhich increases LFs in Sect. 3.1; the results are reported and discussed in
with local density (Ferguson & Sandage 1991; Trentham &ects. 3.2 and 3.3; in Sect. 3.4, we compare the ESS intrin-
Hodgkin 2002; see also Trentham & Tully 2002). The faintsic LFs with those from the CNOC2 (Lin et al. 1999), the other
end behavior of the dE and dI LFs is however still contraxisting redshift survey to similar redshifts and with spectral
versial. Slopes as steep as~ —-1.3 are measured for theclassification. In Sect. 4, we then propose a new approach for
Spheroidated dwarf galaxies in groups en clusters (Fergusamerpreting the intrinsic LFs from redshift surveys. In Sect. 4.1,
& Sandage 1991; Andreon & Cuillandre 2002; Conselice et ale first review the local measurements of intrinsic LFs as a
2002), whereas other less rich environments yield2 < function of morphological type, and we derive the required
a S —1.1 (Pritchet & van den Bergh 1999; Flint et al. 2001bmagnitude conversions for application to the ESS. In Sect. 4.2,
Trentham et al. 2001; Trentham & Tully 2002), with some sigve propose composite fits of the ESS intrinsic LFs which are
nificant contribution from the dl galaxies in Trentham et abased on the local LFs for giant and dwarf galaxies; we discuss
(2001). It is unclear whether thesdfdrences are solely duethese composite fits for the ESS early, intermediate, and late-
to differences in the detected dwarf populations (related to tiype LFs in Sects. 4.3, 4.4, and 4.5 resp. Section. 4.6 provides
ratio of dE to dl galaxies), or to the fierent environments further evidence for the presence of dwarf galaxy populations
in terms of local density, or to both. in the ESS, using the distribution of peak surface brightness.
In parallel, measurements of LF per galaxy type have beemally, we summarize the results and discuss the prospects
obtained from systematic redshift surveys, with significarised by the present analysis in Sect. 5.
variations from survey to survey. Estimates of intrinsic LFs
using visual morphological classification have been obtainﬁd
from the “nearby” redshift surveyg (< 0.1), based on photo-
graphic catalogues (Efstathiou et al. 1988; Loveday et al. 199%e goal of the ESO-Sculptor Survey was to produce a com-
Marzke et al. 1994, 1998; Marinoni et al. 1999).2% 0.1, vi- plete photometric and spectroscopic survey of galaxies with the
sual morphological classification however becomes highly ufollowing scientific objectives: (i) to map the galaxy distribu-
certain and has been replaced by spectral classification (Hiéyh of galaxies at ~ 0.1-0.5 and (ii) to provide a database for
et al. 1997; Bromley et al. 1998; Lin et al. 1999; Folkestudying the variations in the spectro-photometric properties
et al. 1999; Fried et al. 2001; Madgwick et al. 2002a; Wolf distant galaxies as a function of redshift and local environ-
et al. 2003). When neither morphological nor spectral clasient. The ESO-Sculptor Survey was successfully completed
sification are available, the intrinsic LFs are estimated usiag an ESO key-programme, thanks to a guaranteed allocation
samples separated by color (Lilly et al. 1995; Lin et al. 1998f ~60 clear nights of telescope time on the ESO 3.6 m and
Metcalfe et al. 1998; Brown et al. 2001) or the strength of ttthe NTT, performed over a period of 7 subsequent years.

The ESS spectroscopic survey
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2.1. Sample selection o dr 18 19 v Rl s %8 M

The ESS photometric survey provides magnitudes in the 100? SR R El

JohnsonB, V and the Cousin&. standard filters, for nearly 3 - !
13000 galaxies t& ~ 24 over a contiguous rectangular area of E
~0.37 ded [1.53°(RA)x0.24°(Dec)] (Arnouts et al. 1997). The
survey region is centered a0"22™ (RA) ~ —30°06 (Dec), in
J2000 coordinates, which is located near the Southern Galacti
Pole. Multi-slit spectroscopy of the galaxies wify < 205 : ]
(Bellanger et al. 1995) provided a nearly complete redshift sur- 5, w7 320
vey over a contiguous sub-area 00.25 ded [1.02°(RA) x : I,
0.24°(Dec)]. Selection of the galaxies to be observed spectro- ) S S N 'S
scopically was solely based on th&y magnitude. Crowding 100E
on the mask left nearly 6% of the galaxies wiRh< 20.5 unob- ~ f
served. Instead, fainter galaxies could be observed where theréﬂ 80 [
was remaining space on the multi-slit masks. As aresulRthe 2 :
completeness of the ESS spectroscopic catalogue is not a pu@ 60 [
step function. :
Figure 1 and Table 1 show thefidirential and cumulative
redshift completeness in tH2 V R. bands, in half-magnitude
intervals. Table 1 shows that thdf@rential completeness R
is nearly flat from bright magnitudes & = 20.0, with a difer-
ential completeness larger than 94%, and decreases to 88.76% °©
in the magnitude interval 20-20.5, due to the increase in
the surface density of galaxies with magnitude; it then sharply
drops to 46%, 13% and 2% in thR. intervals 206-21.0, Fig. 1. Fractional and cumulative completeness for the ESO-Sculptor
21.0-215, 215-22.0 respectively. Despite the selection of théPectroscopic catalog, as a function of apparent magnitude, in the
spectroscopic sample in tiR band, and the spread Bi— R, JohnsorB, V and Cousin®; bands.
andV — R; colors (see right panels of Fig. 5 in Sect. 2.3), the

Eorrw]"nplgteneshs functions in thé and B bands have a similar ;545 one would reduce the color biases in these samples; this
ehavior to that irR. would however significantly reduce the number of galaxies (see

_ For calculation of the LF in each band, we define a "nomqpq 1) and would not allow us to extract spectral-type LFs in
inal magnitude limit” as the magnitude limit which prowde§heSe filters

the best compromise between completeness, small color biase%S shown by Disney & Phillipps (1983), redshift surveys
and stficient statistic. In th&k. band, the choice is 0bVioUS|;iieq in apparent magnitude alsofter selection ects in

and is alRe < 20.5, the spectroscopic selection limit (there 'the central surface brightness of galaxies. In the ESS pho-

no known co_lor bllas n tth Sabmpf a;g)'s I'(;Tg't)' Du? to thetometric catalogue, the surface brightness threshold in object
spectroscopic selection in thg band, the/ andB samples are yooction used for the SExtractor image analyses (Bertin &

deficient in objects with blue colors at faint magnitudes. Wﬁrnouts 1996) is in the intervat25,5-26,5 mag arcse@ in
choose the nominal limits &t < 21.0 andB < 220resp., for o g "pand, ~255-27.0 mag arcse? in the V band. and
the following reasons: ~26.0-27.5 mag arcse? in the B band (the 1 to 5™ in-

— the differential completeness is larger than 70% in botfrvals are due to variations in the depth of the individual im-
the B andV samples at these limits (see Table 1): ages; most of it is caused by the marked increase in depth when

— theBandV samples contain a fiicient number of galaxies changing from Fhe 3.6 mtelescope to t.he l_\ITT; a smaller part.is
for calculating intrinsic LFs based on 3 spectral classes; AU t0 the varying sky transparency with time). Due to redshift
— the resulting combination d, V, andR; magnitude limits dimming (see Sect. 4.6), a_nd to a minor ex_ten'_[ to K-corrections
is in agreement with the typical colors of the ESS galaxiése€ Sect. 2.3), the resulting rest-frame limiting peak surface
atR, ~ 205 (B— R; ~ 1.5 andV — R; ~ 0.5, Arnouts et al. brlghtnegs in tr_]e ESS redshlftsuryey is@thag arcsee in R;
1997). for galaxies withR. < 215 (see Fig. 13), 28 mag arcse?®
in V for galaxies withvV < 225, and 230 mag arcse? in B
We show in Sect. 3.2 that the LFs in tBeandV bands vary for galaxies withB < 235 (see Sect. 4.6 for definition of ESS
systematically when going to fainter limits than the nomingleak surface brightness). The ESS distributions of rest-frame
magnituded/ < 21.0 andB < 22.0, due to the increasing colorpeak surface brightness show no or weak correlation with ap-
biases at faint magnitudes in these samples. Comparison wiginent magnitude, indicating that redshifieets have been ap-
the LFs for theR; sample show that at the chos¥nand B propriately corrected for.
nominal limits, the color biases might nevertheless be compa- McGaugh et al. (1995) show that the low surface bright-
rable with the random errors (see Sect. 3.2 and Table 2). Bgss population sets in at a central surface brightness fainter
choosing brighter nominal magnitude limits in tdeandB than ~220 mag arcse? in B. The ESS spectroscopic
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Table 1. Differential completeness of the ESO-Sculptor redshift survey in the Jolydband Cousing; bands.

Re
mag intervatt <200 200-20.5 205-210 210-215 215-220
completeneds 94.40% 92.23 (88.76)% 75.52 (46.19)% 52.28 (12.54)% 34.36 (1.96)%
galaxies withz® 388 617 (229) 793 (176) 870 (77) 888 (18)

\%
mag interval <20.0 200-205 205-21.0 210-215 215-220 220-225
completeness 95.41% 94.03 (92.09)% 91.45 (87.19)%  80.40 (60.86)% 59.24 (25.10)% 39.53 (6.30)%
galaxies withz 187 315 (128) 492 (177) 677 (185) 808 (131) 859 (51)

B
mag interval <210 210-215 215-22.0 220-225 225-230 230-235
completeness 95.60% 02.48 (88.32)% 85.77 (75.48)%  66.67 (39.46)%  45.10 (16.34)% 28.16 (5.25)%
galaxies withz 174 295 (121) 452 (157) 598 (146) 708 (110) 769 (61)

a Apparent magnitude interval considered for the completeness calculation.

b Cumulated completeness at the faintest limit of the quoted apparent magnitude interval, calculated as the ratio of the number of galaxies
redshift by the number of galaxies in the photometric catalogue; in parentheses is indicaté@étaetdil completeness in the quoted apparent
magnitude interval.

¢ Cumulated number of galaxies with a redshift measurement brighter than the faintest limit of the quoted apparent magnitude interva
parentheses is indicated théfdrential number of galaxies with a redshift measurement in the quoted apparent magnitude interval.

sample reaches one magnitude fainteBirntherefore detect- The PCA allows us to describe each spectrum (in rest-
ing a fraction of this population (see also Sects. 4.4 and 4.5)wavelength) as a linear combination of a reduced number of
significant number of low surface brightness galaxies may nguwincipal vectors, the eigenvectors, also called principal com-
ertheless have been missed in the ESS. As shown by McGapghents (PC hereafter), and denoRg. The PCs better dis-
(1996) and Dalcanton (1998, see also Lobo & Guiderdogiiminate the whole sample, and bear decreasing variance with
1999), the relatively bright threshold in central surface brighiicreasing index. We denotey; the projection of an observed
ness inherent to redshift surveys may significanffiga the spectrum onto vectdPC;. Galaz & de Lapparent (1998) show
luminosity function at both the bright and faint end. Althougthat in the ESS redshift survey, 3 PCs descr®8% of the

low surface brightness galaxies may be as numerous as fthe of the spectra. The authors thus introduce the coordinate
“normal” galaxies, they however contribute for less than a fachange

tor 3 to the luminosity density (McGaugh 1996; Dalcanton

et al. 1997). We show in Sect. 4.6 that the fainRstletected ¢ = arctanf/a1) )
galaxies in the ESS also have a low central surface brightnéss, arcsinas,

with no evidence for intrinsically bright though very extended dsh h q id bust 2 |
galaxies above the sample linits and show thad andé provide a robust 2-parameter spectral se-

quence: the 2 parameters are continuous measures of the rela
tive fractions of old to young stellar populations, and the rel-
2.2. Spectral classification ative strength of the emission lines, respectively. Early-type

. . ... _Spectra, representative of red galaxies, without emission lines,
Morphological types are not available for the ESS redshift SLHE towards negative values along tedirection. Late-type

. : -
vey. As the survey describes the redshift rande9z < 06, spectra, corresponding to blue galaxies, often have emission

a large fraction of the galaxies have diameters smaller th Ls, and lie at large values ef Note that by construction,

Ili r%i?ergsl:? C}r?;drfj:ggis? dnir?lfatheelrurgl(i)trp?;;ngrlr?ozzeerte%eé —6 classification is independent of absolute normalization
y 9 g€ q y fthe spectra (i.e. luminosity).

1997). We have therefore chosen to perform the estimation 0 .
the intrinsic LFs based on a spectral classification. Galaz & The _top panel of Fig. 2a shows tispectral sequencea-
rameterized by and@ for 603 ESS spectra witR; < 20.5.

de Lapparent (1998) show that using the ESS data, a spec- . o
tral classification method based on a Principal Compon%ﬂi's graph shows that spectra with strong [@8F27 emission

) . c ine (EWOII] > 30 A, magenta filled circles) tend to deviate
Analysis (PCA hereatter) provides an objective spectral rom thes — 6 sequence defined by the no or low emission-line

uence, which can be parameterized continuously using one_ . . : . .
q P y 9 Uiiaxies (black open circles), in the direction of larger values

or more parameters, and is strongly related to the Hubble &% : . . :
b 9y ?9. It also confirms that there is an increasing frequency of

g}{JZP j(;g?gr:;;lgtaﬁx;%so(ls;ee also Folkes etal. 1996; Bromﬁ%h [Oll]-emission for later spectral types, and that early-type
' ' ‘ ' galaxies § < —5°) have no or weak emission lines.

1 We find a tight correlation between the ESS rest-frame peak sur- The ?'a.SSiﬁcation planeshown in Fig. 2a is obtain_ed
face brightnesses in tHe, and B band, which implies that the ESSby restricting the spectra to the rest-wavelength inter-
surface brightness selectioffects operate similarly in the 2 bands. val 3700-5250 A (a common wavelength interval must be used
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-20 -10 0 10 20

L 61—61 and thes, — 6, planes. Note thainly spectra observed in
ESS . . 1 spectro-photometric conditions (see Sect. 2.4) are used in this

. R . 7 projection analysis, with nB; limit. The derived conversion is
early—type late—type i

10
a linear transformation

o | 61=1002%,-0.036 2)

close to identity. From the 375 spectra (corresponding
to 345 galaxies) which can be projected onto bothdthe 6,

1 and thes; — 63 planes, a third order polynomial transformation
N 1 is derived:

%o

6[deg]

ofb 1 61=000133 - 0.08852 + 1.9553 + 1.68. (3)

The residuals in thé conversions resulting from the use of

[ E « 1 Egs. (2) or (3) are comparable to the random uncertainties in
Oi LN 0 @ S0 o ] the measurement &f (see Eg. (8)). The values éfshow no

1 systematic change from tlég — 6, plane to either of the 2 sec-

° @ , ~ 1 ondary planes. We therefore use

*
*
0]
©
>~
w
(Y]
o
*

‘_‘H_H‘_‘H_‘HE 61= 6 @)

-20 -10 0 10 20 01= 6s.

d[deg] Equation (2) is then used to convef, into &; for
Fig. 2. a) Top panel: spectral classification parametesndd for the the 97 galaxies which can only be projected onto the restricted
603 ESO-Sculptor spectra wifR, < 205 and a PCA defined spec-3700-4500 A interval, and Eqg. (3) is used to convarinto
tral classs; — 61 (see Sect. 2.2 for details). Spectra are getting blugy for the 47 galaxies which can only be projected onto the
toward larger values of. Galaxies withEW[OII] < 30 A are shown restricted 4500—6000 A interval.
as black open circles, those wiBMOII] > 30 A as magenta filled  \ye emphasize that the rest-frame wavelength interval of
e S Sy s oo e o G observed speirum i determinedby () he posion of e
nosity functions (F;ee Sect. 2.%) Bottom panels andd parameters %jeCt on the multi-object mask used for that specific Obsfer_
yation, and (i) the redshift of the galaxy. The first constraint
the ESS PCs used in a). To correct for the systematic color shift in ffseCts the rest-frame wavelength interval randomly, whereas
ESS spectra, a constarffset of—2.5° is applied to thes values for the second causes a systemafied. The 3 wavelength in-
the Kennicutt spectra (see Sect. 2.4). The morphological types for teévals used for application of the PCA and derivation of the
Kennicutt galaxies provides indications on the type content of the ESBectral type are therefore systematically related to the redshift
spectral classes. of the galaxies: high redshift galaxies tend to be only defined
in the restricted secondary interval 3700-4500 A, whereas low
for application of the PCA presented in Galaz & de Lapparergdshift galaxies tend to be preferentially defined in the other
1998), which is denoteéh - 6; . For the ESS spectra, this wavesecondary interval, 4500-6000 A. Thi§ext can be measured
length interval provides the best compromise between haantitatively using the mean redshift of the galaxies in each
ing a large sample, and having a large wavelength coveragenple: the galaxies defined in the primary wavelength in-
which includes a dticient number of significant absorptionterval have< z > = 0.303 + 0.115, those defined in the
and emission lines ([OI§3727, [O11]]15007, Ca H&K13934, 2 secondary intervals 3700-4500 A and 4500-6000 A have
3968 and Mghi5175). Among the ESS spectra, 728 galax z > = 0.396+ 0.134 and< z > = 0.141+ 0.082 resp. (the
ies (511 withR; < 20.5) have spectra which do cover the prirms dispersion among each considered sample is indicated).
mary wavelength interval 3700-5250 A. Most of the remaining/e show below (see Fig. 3) that despite the relation between
galaxies can be classified using 2 secondary wavelength rangest-wavelength and redshift, conversion to a unique PCA se-
97 galaxies (50 witlR; < 20.5) have spectra covering only thequence defined by is free from biases in redshift.
3700-4500 A interval, and 47 galaxies (42 with < 20.5), To the remaining 17 galaxies (15 wifR, < 20.5) which
the 4500-6000 A interval. We therefore perform 2 additionahve no PCA type, a spectral class in the- ¢, plane is
PCAs, each using the spectra defined in each of the 2 secondasigned based on the relation betwéenr 6, and the ESS
intervals; these PCAs provide tlde — 6, and s — 63 planes cross-correlation types. The cross-correlation types are deter-
respectively. mined by cross-correlating each ESS spectrum with 6 tem-
Comparison of thé—6 sequences for spectra covering bothlates representing an E, SO, Sa, Sb, Sc, and Irr galaxy resp.;
the 3700-5250 A primary interval and one of the 2 secondatyese were obtained by averaging over Kennicutt spectra of
intervals then allows us to project all ESS spectra with a PGAe same morphological type (Kennicutt 1992), after discard-
type onto the referencl — 6; sequence. A total of 568 specing MK270, an untypical SO galaxy with strong emission
tra (corresponding to 513 galaxies, as multiple spectra of imes (a total of 26 Kennicutt spectra, listed in Table 2 of
dividual galaxies are included) can be projected onto both tBalaz & de Lapparent 1998, are used). Among the templates
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-10 0 10 =0 asEWOII] > 10 A, have preferentially later spectral type
1 and that this relationship is homogeneous with redshift. This
- 1 illustrates the absence of another kind of possible bias: the pref-
{1  erential selection of emission-line galaxies at the high redshift
f end of the ESS. This demonstrates that the adjustment of the
1 spectroscopic exposure times for the ESS was successful in in-
1 suring that the absorption-line galaxies at the high redshift-end
. 1 of the survey have spectra withfBaient signal-to-noise ratio

* 7 forredshift measurement.

. We also use Fig. 3 to justify that we do not report nor dis-
cuss the ESS LFs which would be derived from sub-samples
. based on the strength of the emission lines. As shown in Fig. 3,
LT the fraction ESS galaxies witEBW[OI1] > 10 A is 39% in the
QS . early-type class, 33% in the intermediate-class, ar@0.3%
i in the late-type class (for the: < 20.5 sample). The ESS LFs
ok 4 for the quiescent and star-forming galaxies are therefore ex-
L \ L T pected to closely resemble the LFs for the early-type and late-
—-10 0 10 <0 type galaxies resp., and therefore would not provide any ad-
S[deg] ditional information over that based on the spectral-type LFs

Fig. 3. Spectral classification parametéras a function of redshift described in the subsequent Sects.
for the ESO-Sculptor galaxies witR; < 205 sample. Galaxies
with EW[OII] < 10 A are shown as black open circles, those wit
EWOII] > 10 A as magenta filled circles. The vertical lineg at —5°
ands = 3° indicate the limits between the 3 spectral classes used
the calculation of the luminosity functions (see Sect. 2.5).

0.6 -

04

0.2

5.3. K-corrections

@falculation of the absolute magnitudes necessary for deriva-
tion of the galaxy LF requires knowledge of the K-corrections.

yielding a cross-correlation peak at the redshift of the Objeggsto(;icsl:y, K—dcorrecr:iolns_ha}/e beegkcorgpgtecjj as ai‘gggt.ion
the cross-correlation type is defined as the morphological tye "€dSnift andmorphologica type(Oke andage ;

of the template yielding the highest correlation fiméent (see ence 1976_3;_ LOYeday et al. 1.992)’ the latter being based on
Bellanger et al. 1995). Using the ESS galaxies with bothV; sual classification. However, it was shown that the morpho-

PCA type in thes; — 6, plane and a cross-correlation typeI,oglcal type is strongly dependent on the expert who performs

we calculate the median and dispersion daf and 6; for the classification (Lahav et al. 1995). Galaxy classification is

each of the 6 cross-correlations types. Each of the 17 gaIQ‘Jﬁ.O dependent on the central wavellenglth of the filter through
ies without PCA type is then assigned (i) a randomly dra ich the galaxy is observed (Kuchinski et al. 2001), and on

value of §; using a Gaussian probability distribution witHne image quality (van den Bergh et al. 2001); both are in

the mean and rms dispersion measured for the correspondlﬂg& dependent on redshift, and the latter also depends on see-

cross-correlation type, and (ii) the mean valuedpffor that n B(_acause K-corrections measure the change in flux n a
cross-correlation type. given filter caused by the redshifting of the spectral energy dis-

%bution, a more direct and reliable approach for computing

Application of the various transformations described abo . is th tral t instead of h
provides for each of the 889 galaxies with redshift (617 wi -corrections is the use aipectral typesinstead of morpho-

R. < 205) a PCA classification onto the commeén — 6; ogical types. o
plane. Figure 3 shows the type parameters a function of Here, we use the ESS PCA spectral classification to
redshift for all ESS galaxies witR. < 20.5. The full redshift calculate 2-dimensional K-corrections as a continuous func-
range is represented at all spectral typessuggesting the fion K(z 6) of the spectral typ& and the redshifz. These
absence of any obvious bias related to redshift. Note that {RetUrn provide absolute, V, and R. magnitudes for the
major density variations along the redshift axis are due to IarﬁS galaxies. Note that the absolute magnitudes cannot
scale clustering along the line-of-sight (some higher order va€ calculated directly from the observed spectra because:
ations withs, interpreted as segregatioffets, are described () their spectro-photometric accuracy 1-10%) is instfi-
in de Lapparent et al. 2003b). Figure 3 thus confirms that tRi€nt, and~30% of the spectra have a signal-to-noise ratio be-
conversion to a unique spectral sequeficasing the transfor- 10w 10; (i) the rest-wavelength intervals covered by Be/,
mations in Egs. (2) and (3) above has been successful. an(_jRC filters are not alway_s m_cluded in th_e observe_d_ spectra,
Figure 3 also shows that the various spectral typme rep- as it dgpends on the. combination of redshift and position of ob-
resented at all redshifts. The defined early-type, intermedidfg&ts in the multi-object-spectroscopy mask. As a more robust
type and late-type spectral classes used for derivation of #ad precise alternatlv.e, we determine the K—co_rrecﬂons from
LFs below, can therefore be used for examining the variatioft¢ SPectrophotometric model of galaxy evolution PEGASE

of the ESS galaxy populations with redshift (see de Lappardhtoc & Rocca-Volmerange 1997). The model spectra extend

et al. 2003). Moreover, Fig. 3 shows that galaxies with a signif-
icant equivalent width in the [OIl3727 emission line, defined 2 “Projet d’Etude des GAlaxies par Symthe Evolutive.”
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from 2000 A to 10000 A, thus allowing us to derive 0 0204060 02 04 060 020406
K-corrections in theB, V, andR; bands up t@ =~ 1.0. E ¥ 3

The PEGASE model allows one to generate a set of solar E f Sbc Flrr E 25
metallicity spectra with dferent ages, stellar formation rates .
(SFR) and initial mass functions (IMF). Although this featurgy i
is proposed in PEGASE, we do not include in the model speg” E L
tra any nebular emission line, because line ratios depend on 0.5 E 8'5

complex astrophysical conditions (gas densities, temperatures, ©
etc.) which are not intended to be explored in full extent in 0.5
the present analysis. Moreover, inclusion of the emission lines

only change the derived K-corrections 82% in the most ex- 2.5
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treme emission-line galaxies. We have generated a large set of 2 % + 2
mock spectra in the wavelength interval 2600000 A using | 5 ES S 115
a Scalo IMF (Scalo 1986), and a SFR of the for@, where X S ES EN

. . . . m T T ]
v is a constant an@r the fraction of stellar ejecta available,™ S E3 P P
for further star formation. The adopted valuesyofun from ‘ i /ii/’\ ] o'
v = 0.02x 103 MgMyr~t to v = 10.0 x 103 My Myr~1, os I E N .

with a typical step of @2 x 10°3 My Myr~1, and the ages of
the spectra vary from 0.01 Myr to 19.0 Gyr. In order to sim-
plify, we assume thaGr = 1.0 (other values do not change
significantly the K-corrections). The resulting set of templates _ ) _
amounts to 438 mock spectra. Fig. 4. K-corrections obtained from the PEGASE templates (Fioc &

o L . Rocca-Volmerange 1997, red filled circles with error-bars) inRhe
For specific derivation of the K-corrections, a PCA of th nd B band, compared with the K-corrections from Coleman et al.

ESS data is performed using the observed spectra cleaned ff%‘éo, blue solid lines), Kinney et al. (1996, black dotted lines),

their nebular e.mission lines. The— ¢ sequence §howq iN pence (1976, green short-dashed lines), and Poggianti (1997, magenta
top panel of Fig. 2 flattens to & — ¢ sequence in which |ong-dashed line); for th& K-corrections by Kinney et al. (1996),
¢ ~ 0° + 2° as this parameter measures the relative strengthied K-corrections for type SB4 are used in panel “Irr”.

the emission-lines; the values &f the classifying parameter,

show no systematic changes — 6" > = 1.14° + 1.3° (in both

cases, the quoted uncertainty is the rms dispersion). This aM@uld be observed at the present time. This is however re-
ysis provides the observed PCs, onto which the PEGASE tdafed to the formation age of the objects, and is strongly model-
plates described above are projected, after normalization dgpendent. The K-corrections derived here only account for the
their scalar norm (see Galaz & de Lapparent 1998); a spéedshift éfect of the spectra, and provide the absolute magni-
tral type &’ is thus derived for all templates. Each templatéldes of the objects at the time of emission (as is used in most
is then redshifted to all redshifts between= 0 toz = 1.0 Observational analyses).

using incrementaz = 0.05. We finally compute for each of  In Fig. 4, we show theB and R. K-corrections for the

the JohnsoB, V and the CousinR; bands, the K-corrections PEGASE templates, obtained as described above, and we com-
for the mock spectrunj with a spectral type’ and redshifz  pare them with those obtained by other authors from observed
asK; = Kj(z¢") using the K-correction definition (Oke & Spectra (Pence 1976; Coleman et al. 1980; Kinney et al. 1996)

0 0204 060 02 04 060 0.2 0.4 0.6
Z Z Z

Sandage 1968): and other spectrophotometric models (Poggianti 1997). The
three ESS spectral types included in Fig. 4 (E, Sbc and Irr)
Ki(z¢") = 25log(1+ 2) are computed as follows: E type is defineddy —5.0°, Shc
£ (0,0t by -1.0° < ¢ < 5.0°, and Irr bys” > 10.0° (see Fig. 2a); each
+2.5 '09(W)’ (3)  point in Fig. 4 represents aaverageK-correction at a given

redshift, and the error-bars represent the rms dispersion in the

whereKj(z ¢") is expressed in magnitudefg(1) is the flux of given ¢’ intervals. Figure 4 shows that K-corrections for our
spectrumj at wavelengtii, andSj(2) is the response curvetemplates agree well with the other measures inRhé&and
of the standard filter (see Arnouts et al. 1997). For each filtgsind in theV band, not included in the graph), but they tend
the Kj(z ¢”) are then fitted by a 2D polynomial of degree 3o be smaller in theB band. In other words, our PEGASE
in ¢ and 4 inz, with the constraint thakK;(z = 0,6’) = 0. templates aréluer at short wavelengthsi(s 4200 A) than
The derived analytical functioK(z ¢”) allows us to compute the spectra from which the K-corrections of Pence (1976),
for each observed spectrum its K-correction in each bandpassleman et al. (1980), Kinney et al. (1996), and Poggianti
using only itss” value and its redshift. (1997) are derived. Moreover, the ESS K-corrections for type

Note that we have not included in the K-correction any eviry tend to be bluer than those from the other authors in all
lutionary correction, corresponding to the possible changelmdnds; note that there exists few sources of K-corrections for
the spectrum during the interval of time elapsed between thetypes, and most of them are based on the results of Pence
moment of light emission and the present time. The evolutioft:976). We emphasize that in Fig. 4, we assume a corre-
ary correction would correct the absolute magnitude to whegdondence between the PCA spectral types for the PEGASE
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templates and the Hubble morphological types used for the gf =~ = 4 g T T T
other measures mentioned. This correspondence may however | ] f early—type ]
not be optimal, which could explain part of theférences. For 25 [ 4 25[F 1
example, using’ > 3.0° for defining Irr galaxies in the ESS 7 ] ’ ]
(corresponding to the “late-type” class described in Sect. 2.5)c #| ]
eliminates the discrepancy with the Irr types of Pence (1976) sb

in the 3 bands. i}lil

— — - late—type
2r b

‘M(B)A‘M(Rc‘)

1.5;
We have also applied the above analysis to the GISSEL96 i
models (Charlot et al. 1996), using solar metallicity and

an instantaneous burst of star formation. Because the .t 1 sk

GISSEL96 models have lower fluxes in the wavelength inter- ] o b b
0.1 0.2 03 04 05 0.1 02 03 04 05

1 1r

M(V);M(Rc‘) |
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val 2006-4000 A compared with the PEGASE models, the ' redshift redshift

resulting K-corrections in th& band for all 3 types (E, Sbc,

Irr), and for Irr type in theV and B bands are larger than

the K-corrections derived from PEGASE (Galaz 1997), thus

providing intermediate values between the K-corrections de-

rived from PEGASE and those from Pence (1976), Coleman

et al. (1980), Kinney et al. (1996), and Poggianti (1997). Our , 1+ 7 :

choice of using PEGASE rather than GISSEL96 for estimating I ] I

the ESS K-corrections is motivated by the fact that PEGAS ] 1 —

models provide a larger sample of templates, which are not sys- o - ’[ 17 0sl lq

tematically based on an instantaneous burst. Note that using the ] R

GISSEL96 templates for deriving the ESS K-corrections would 1 I

only affect theB andV LFs. However, the major results derived Ao I T

in this article are based on the LFs in tReband, which is the 0.1 02 03 04 05 01 0% 03 04 05

least dfected by changes in the SFR via the K-corrections (note redshift redshift

that in theV band, and to a greater extent, in tBévand, the Fig.5. The mean absolute and apparent colors for galaxiesRith

LFs are also biased by color incompleteness, see Sect. 3.2)20.5 in each of the 3 ESO-Sculptor spectral classes used for calcula-
The K-corrections for the ESS spectra are then calculafé®) Of the LFs, and in the 4 redshifts intervals bounded by 0.1, 0.2,

according to the redshittand spectral typé’ of each galaxy. 03 0.4, and 0.5; red_solld, gre_en dotted, blue dashed lines conne_ct the

Here, we donot need to use a single spectral type scale f ints for the early, intermediate, and late-type cla_lsses respectively.

the whole sample, as designed in Sect. 2.2 (see Egs. (2)- left panels show the apparent colors and the right panels the ab-
. . . ) . te colors. The upper panels show Bie R; colors, and the lower

which would mtrqduce additional dispersion. The. PEGAS nels, the/ — R; colors. The error bars indicate the rms dispersion

templates are projected onto the 3 sets of PCs obtained with ffigisured in the corresponding redshift interval. For clarity, the points

spectra defined in the 3 wavelength ranges: the primary intgjr early and late-type galaxies ar@set along the redshift axis by

val 3700-5250 A, and the 2 secondary intervals 3700-4500-8.007 and 007, respectively.

and 4500-6000 A; the corresponding spectral classification pa-

rameters’, ¢, andsy are derived. The polynomial fit&(z o;)

are calculated for the 3 sets of PCs and spectral type sequefitesse show significant variations with redshift, as a result of

6 (i = 1,2,3). Then, for each ESS spectrum, we use its spebe redshifting of the spectra. For the early-type galaxies, for

tral types; and the corresponding polynomial functikii(z 6;) which the éfect is the largest, there is ar0'*dreddening from

to calculate its K-correction (withdefined by the wavelengthz = 0.15 toz = 0.45. In contrast, the ESBI(B) - M(R;) and

range of the rest-frame spectrum). The absolute magnMideM (V) — M(R;) absolutecolors, shown in the right panels of

can subsequently be derived from the apparent magnitudd-ig. 5, display only small variations with redshift. The3029

and the redshift using increase ofM(B) — M(R.) for early-type galaxies between
, z = 0.15 andz = 0.45 might not be an intrinsic colorffect,
M =m->5logd.(7) - K(z ') - 25 (6)  as the models of galaxy spectral evolution (Bruzual & Charlot
where 1993; Fioc & Rocca-Volmerange 1997) indicate little evolu-
C tion in the interval O z < 0.5. This increase could be caused
du(2 = Ho @2 |2¢p + (0 - D)(v/1+ 200z 1) (7) by insuficient (i.e. too low) K-correction in th@& band, due
0

to the relatively high flux of the PEGASE templates at wave-
is the luminosity distance in Mpc (Weinberg 1976)lengths in the interval 2068:000 A (as discussed above; see
Throughout the article, we us®) = 10thkm s Mpctforthe also Fig. 4). The bluing oM(V) — M(R.) for the late-type
Hubble constant, angh = 0.5 (for Q, = 1.0 andQ, = 0.0). galaxies by QL5M39 betweernz = 0.15 andz = 0.45 might be

Figure 5 providesindirect evidence that the PEGASEA- related to the strong evolution detected in this population (see
based K-corrections yield adequate corrections of the ESS dp-Lapparent et al. 2003). Overall, the residual variations in ab-
parent magnitudes into absolute magnitudes. The left panstdute colors with redshift are small, and confirm the reliability
of Fig. 5 show the ES®8 - R; andV - R; apparentcolors. of the ESS K-corrections.
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2.4. Random and systematic uncertainties in the ESS  are systematically larger for spectra which where takemoim
spectral sample spectro-photometric conditions. This sensitivity to the spectro-
. L photometric observing conditions after the full sequence of
We now estimate the uncertainties in the ESS parameters Used, treatment performed to obtain absolute magnitude testi-
in this article for the calculation of the LFs: spectral tyfe fies on the quality of the ESS spectroscopic data-reduction, in-

K-corrections, absolute magnitudes. The main source of ergiing the flux-calibration stage. A crude measure of the un-

in the art]Jsqute malgrlllitudes prigiﬂate from the K-corrections, tainties in the flux calibration is obtained by calculating the
Once the spectral library is chosen (see Sect. 2.3), Wifs geviation in the ratios of the spectra for each pair; the ra-
K-corrections are essentially determined by the spectral clas: o two spectra is measured as the ratio which most devi-
sification, which in turn results from the errors in the flux calizioc from 1 in the wavelength interva#000-9000 A. For the
bration. Therefore, all mentioned parameters are dependent gg pairs of spectro-photometric spectra, and for the 126 pairs

the flux-calibration of the spectra, which we first examine. with at least one non-spectrophotometric spectrum, the rms de-

The ESS spectra were flux-calibrated using Spectivyion in the ratios is-7-10% andz10% respectively.
photometric standards observed several times per observingyye ai50 evaluate the contribution to the uncertainties in

ies with a redshift measurementin the ESS Spectroscopic Sy, the 228 pairs of independent spectra mentioned above,
ple (617 withR. < 20.5), 606 galaxies have at least 1 SPectiUfla measure an “external” rms uncertainty of ~ 0.00055

obtaihed in spectro-photometric conditions (402 WRh <, he redshifts, which would correspond to an uncertainty
20.5); for the remaining 283 galaxies (215 wily < 20.5), of ~165 km s? in the recession velocity at small distances.

the single, 2 or 3 spectra of them were observed in either obf\_l}-om Egs. (6) and (7), we measure that the contribution from

ous non-spectro-photometric conditions or suspected as SYgB. ncertainty in the redshift to the absolute magnitude is

Among the 889 galaxies in the ESS spectroscopic sample, 24,50 by the luminosity distance tetn, with a contribu-

of them have doub_le spectroscopic measurement.s, and 35 q%\fga(de) ~ 250(2)f(2), wheref(2) varies from 099 at
triple spectroscopic measurements. These multiple measyre- ¢ 1 1o 067 atz = 0.5. Therefore, the contribution to the
ments provide 228 pairs of spectra with eachia- 61 de- 14 (M) from the uncertainties in the redshiftsi¢Mdy ) ~

fined spectral type, which we use to assess our internal rahy009-0.0014 for 01 < z < 0.5. which is negligeable com-
dom errors. Among them, 102 pairs have both spectra take;b’gl}ed with the values in Eq_. (1'03_

spectro-photometric observing conditions, and 126 pairs h Ve A robust way to evaluate both the random and system-
aF least one spegtrum take_n durl_ng a non-spectro-photor_neélﬂg uncertainties in the flux calibration for the ESS spectro-
mght. The_ resulting rms dlspersmn_ in the spectral cIassﬁmgéopiC sample is to calculate “spectroscopic colors” by “ob-
tion, and in the resulting K-corrections and absolute magr%'érving” the spectra through the stand&aV, andR filters

tudesis: and compare them with the photometric colors. This procedure
o(8) ~ 2.5° (2.8°) is only possible for a fraction of the spectra for which the ap-
o(6) ~ 1.8° (2.1°); (8) propriate wavelength range is availabi&00 spectra for which
aV — R; color can be calculated from the redshifted spectra
(covering the 48098500 A interval), and another300 spec-
o(Kg) ~ 0.14 mag (021 mag) tra for which a rest-framé/ig — My color can be calculated
o(Ky) =~ 0.11 mag (014 mag) : from the rest-wavelength spectra (covering the 3600 A
o(Kgr,)~ 0.07 mag (011 mag); ©) interval). Because the spectroscopic colors are a function of the
relative normalization of the filter transmission curves, these
colors must be calibrated onto a sequence of standard stars. We
o(Mg) ~0.16 mag (024 mag) use the spectra of the CTIO spectro-photometric standard stars
o(My) = 0.13 mag (015 mag) which were originally obtained by Stone & Baldwin (1983) and

(10) Baldwin & Stone (1984), and were subsequently re-observed

by Hamuy et al. (1992) and Hamuy et al. (1994). We also use
the B V and R; photometry provided by Landolt (1992) for
Note that in the present sectigrandd stand fors; andé; resp., these standard stars. The resulting calibrations are adjusted by
as described in Sect. 2.2. In Egs. (8)—(10), the first quoted disear regression and the dispersion in BV andV -R. color
persion is calculated from the 102 pairs of spectra observeddésidual is in the range.@05-0.015"9 (which is negligeable
spectro-photometric conditions, whereas the value in parentbempared with the 0.05 uncertainties in the ESS apparent mag-
ses indicates the dispersion calculated from the 126 pairsnitudes and to those in Egs. (10)).
which at least one spectrum was taken during a non-spectro-“Spectroscopic colors” are then calculated from the ESS
photometric night. The dispersion is calculated usingsac2 spectra, and the resulting meaffset between the photo-
rejection of the outliers. metric and spectroscopic colors and the dispersion around
We first note that adding in quadrature th@®'@% uncer- the mean are:
tainties in theB V and R, magnitudes (folR, < 21.0; see
Arnouts et al. 1997) to the values in Egs. (9) yield values clo6¥ — Re)spec— (V — Re)phor = 0.06+ 0.23 (11)
to those in Egs. (10). Second, as expected, the random erfdfg — My)spec— (Mg — My)phot = 0.10+ 0.31 (12)

o(Mg,)=~ 0.09 mag (012 mag)
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When the response curves for the standard filters are takenMeasurement of the (steep) slopes of the PCA classifica-
from other sources, they result in insignificant changes iion parametes as a function of\{ — Rc)pnot and Mg — My)phot
Egs. (11)-(12), thanks to the prior calibration of the spectrésr the ESS spectra, allows us to convert the systeméisets
scopic colors with the CTIO standards. Removal of the atmimt Egs. (11)—(12) into a systemati€feet in the spectral typg
spheric Q absorption bands from the spectra, near 6900 Both Eqgs. (11) and (12) yields ~ —2.5°, which contributes
and 7600 A, by linear interpolation from the surrounding corie validating our interpretation of the systematic coldfisets
tinuum also yields insignificant changes in Egs. (11)—(12). in terms of a general flux-calibration errdffecting all spectra

We first consider the dispersion in the coloffsets in over a wide wavelength range. Note that the derived systematic
Egs. (11)-(12): 0.23 fo¥ — R; and Q31 for Mg — My. The offset in§ is comparable in absolute value to the random error
rms uncertainties of.05™%9in the B V andR; magnitudes for given in Eq. (8), and it is small compared with the wide range
R. < 21.0 represent a negligeable contribution to these value$.s covered by the galaxy types in the ESS5 < 6 < 20
Part of dispersion in the colorfisets calculated from appar-(see Fig. 2a). Thisftset has the netfiect of shifting the ESS
ent magnitudes (Eq. (11)) originates from the random erragectral sequence towards earlier-type spectra. It has the ad-
in the flux calibration. As mentioned above, these can corantage of explaining the apparent systemafiset between
tribute by 20.10 to the dispersion in the spectroscopic maghe ESS spectra and the Kennicutt spectra in Fig. 8 of Galaz &
nitude, thus byz0.10v2 ~ 0.14 to dispersion in the spectro-de Lapparent (1998), the latter appearing shifted towards later-
scopic coloV — R;. The Q31M@ dispersion in the colorfiset type spectra when projected onto the ESS PCA plane.

for absolute colors (Eq. (12)) is larger than in Eq. (11) because The above analysis of the systematic errors in the flux-

it includehs the disp_ersi?]n in the K—cprrecti%ns(Eq. (9%)' 1, calibration therefore indicates that when comparing the ESS
We,t en dexamme the §yste|rnaﬂﬂsets <Ietweenht_ i pho-s spectral sequence with that for other samples, the valués of
ftometrlc an SpeCtrOSCO_p'C colors themselves, which can fB?the comparison sample obtained by projection onto the ESS
m_terpre_ted as a magnitude st_:alﬁfs_et. Because the 'MSp s should befiset by-2.5°. If not, ESS galaxies would ap-
fj|sper5|0n in the color fisets given in !Eqs. (1_1) and (12) ear of earlier-type (too red) compared with other databases.
is measured over the300 spectra considered in each cas his is used in the next Sect. where we compare the ESS spec-

the uncertainties in the scaléfgets are obtained by dividing - : ;

: . — . ) tral sequence with the Kennicutt spectra (1992), with the goal
the dispersion \{alues by V300, Wh'(_:h yields 013" an_d 0 make a correspondence between the ESS spectral type LFs
0.018™9respectively. These are negligeable compared with the § tha intrinsic LEs per morphological class.

0.06 and 010™®offsets in Egs. (11) and (12), making the§e o

sets highly significant. If we now assume that the mean scale

offsets in Egs. (11)—(12) originate from a systematic error g5 Sub-samples in spectral type

the flux-calibrationpoth offsets are consistent with tiséngle

interpretation_that the ESS spectra have a 9% redder continuNfihough the full sequence of galaxy spectral types are present
every 1000 A in the wavelength rangd000-8000 A. Because i, the ESS (see Fig. 2a), the moderate number of objects in the
the dfect is present in both the observed colors (Eq. (11)) aggrvey limits the number of spectral classes which can be ana-
the rest-frame colors (Eq. (12)), the contribution from the Egred. We choose to separate the sample into 3 classes definec
K-corrections to the colorftset must be small - as these woulgyy 5 < —50°, —-5.0° < § < 3.0° 3.0° < §; the correspond-
only affect Eq. (12). We suggest that the systematic coli#ed jng galaxies are labeled “early-type”, “intermediate-type”, and
is related to the shape of the transmission curves of the variefge-type” respectively. These values separate the ESS sam-
CCDs used for the multi-object spectroscopic observations: $@ into 3 sub-samples with comparable numbers of objects in
spectro-photometric calibrations may have under-corrected {ig R, < 20.5 sample £200 galaxies, see Table 2 below), and
lower sensitivity in the blue parts of the spectra, a common fegzrefore allow us to measure the 3 LFs with comparable sig-

ture of CCD detectors. nal. The 3 samples are indicated in Fig. 2a by vertical lines.
Note that there may be a contribution to Eqgs. (11)—(12) L .
from aperture ffects: the ESS spectra were obtained using long Beca:Jse the PCAO‘ spectral _classmcatlpn Is continuous, the
slits centered on the galaxies, which sample a larger fraction —5.0° andé = 3.0° boundaries are arbitrary. A correspon-
of the nuclei of galaxies as compared with their outer par ence can nevertheless be made with the Hubble morphological

Because color gradients are present in galaxies of varying ty§issification by projecting Kennicutt spectra (Kennicutt 1992)

(Segalovitz 1975; Boroson & Thompson 1987; Vigroux et 3 nto the ESS — 6 sequence: we use the 26 Kennicutt spectra

1988; Balcells & Peletier 1994), and in most cases corresp ﬁaezd in Table 2 (_)f IGaIaz 8|‘ de Lgﬁparent (19,98),’ di?carding
to several tenths of a magnitude bluer colors when going fr 70, an untypical SO galaxy with strong emission lines. As

the central to the outer regions of a galaxy, the spectrosco lacussed in the _pre\_/ious section, thi_s comparison requires that
colors may be biased towards redder colors. Thiseis likely V€ OfSet the projections of the Kennicutt spectra onto the ESS
to contribute to both the systematiffget and the dispersion in”CS PYAS = —2.5°. The resulting Kennicutt spectral sequence

the diference between the photometric and spectroscopic d8lpl0tted in Fig. 2b above, and confirms that the morpholog-

ors in Egs. (11)—(12). Here, we cannot however separate lﬁ%l types vary continuously along the Hubble sequence as

relative contributions of the intrinsic galaxy color gradients arljcreases, as already shown by Galaz & de Lapparent (1998).

of the instrumental response curve; this would require detailed Comparison of Figs. 2a and 2b suggest that the ESS early-
simulations based on galaxy surface photometry. type class contains predominantly E, SO and Sa galaxies,
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—10 0 10 <0 (SWML hereafter) developed by Efstathiou et al. (1988), which
| | does not assume any specific parameterization but requires
. {1 to bin the data in steps of absolute magnitude; and the STY
-16 | 5 - method (Sandage et al. 1979), which does not require to bin
r ° 1 in magnitude intervals, but assumes a specific form for the LF.
71 The SWML and STY solutions both account for the incom-
18k 9o O; -2 . pleteness per apparent magnitude interval according to the pre-
. . scription by Zucca et al. (1994).

Because the ESS spectral-type LFs can be fitted by an
. 41 exponential fall-& at bright magnitude and a power-law be-

. - havior at faint magnitudes, we use a Schechter (1976) param-
1 eterization for the STY fit (but see Sect. 4). This function is
defined by 3 parameterg; the amplitudeL* the “character-
istic luminosity”, anda which determines the behavior at faint
luminosities:

M(R,)

LY\ oL
» ‘ L e S(L)dL = ¢ (L—) eLd(L*) (13)
d[deg] Rewritten in terms of absolute magnitude, Eq. (13) becomes:

Fig. 6. Spectral classification parametgras a function of absolute #(M)AM = 0.41In 10(;5*(:;—><x<¥+l dMm
magnitudeM(R;) for the ESO-Sculptor galaxies witR: < 205. yjjth
Galaxies WithEW[OII] < 10 A are shown as black open circles, those L
with EW[OII] > 10 A as magenta filled circles. The vertical lines all = g
6 = —=5° and¢ = 3 indicate the limits between the 3 spectral classes

used for the calculation of the luminosity functions (see Sect. 2.5). whereM™ is the “characteristic magnitude”.

The performances of the SWML and STY techniques, and
Yprious other methods for deriving the LF have been tested on
type class, Sc and Sim galaxies. The chosenboundaries at simulated samples by several authors (Wlllmer_ 1997; Tak_euch|
“5° and 3 therefore make physical sense as far fdintiat- et al. 2000). We refer the reader to these articles for discus-
ing between intrinsically dierent LFs: they may help in sepa—Slon of the stre_ngths_ gnd weakn_ess_es of the_SWM_L and_ STY
rating the contributions from the bounded LFs for the EIIiptica[nethOdS‘ We did verified by application o various simulations

Lenticular and Spiral galaxies, and the unbounded LF for tmatching the ESS configuration that these estimators are able
Irregular galaxies ' to measure the input LF for an ESS-type survey, despite the

Figure 6 shows the ESS absolute magnitddR,) as a large-scale spatial inhomogeneities (with the accuracy allowed

function of the spectral classification parameteior all galax- by the nll:rgg(;r of gaIaX|e_fh|2rth)he zs;gg)ple)&wg;eos(;—:-oﬂmultanons
ies withR; < 20.5. Here, there is a systematic correlation p&'€ moc surveys wi " an points,

tween spectral-type and luminosity of the galaxies, with a dirﬁ—nd various types of large-scale inhomogeneities characterized

ming by nearly M from 6 ~ —10° to 6 ~ 10°: this efect y a modulation of the density in the redshift distribution (vari-

is a real property of the galaxies which causes the shifdof ations in _densny with posm(_)n on the sk_y at constant redshift
%@/e no impact on the luminosity function). In all cases, the
Yy

(14)
— 1004(M*-M)

the intermediate-type class, Sb and Sc galaxies, and the |

towards fainter magnitudes for galaxies of later spectral ty, asured values oft* o andé* differ from the inout value
(Bromley et al. 1998; Madgwick et al. 2002a; see also Sect. sured vaiues @ ¢ di nput values
the expected rms accuracy from the number of galaxies in

below). '
w) the sample. We are therefore confident that the LFs measured
here are unbiased by the ESS large-scale structure and other
3. The shape of the ESS luminosity functions possible numericalféects.
3.1. Method Note that we have notincorporated into our STY fits the un-

certainties in the absolute magnitudes: these can be accounted
The ESS shows remarkable clustering in the galaxy distribfier by replacing the Schechter function by its convolved ana-
tion (Bellanger & de Lapparent 1995). As far as the determiég under the assumption of Gaussian errors in the magnitudes
nation of the shape of the LF is concerned, simple metho@gth an rms dispersion denoted, hereafter). Several analy-
such as the Nnax method (Schmidt 1968) are strongly bises have been performed for evaluating thiea of the mag-
ased by the large-scale structures in the survey (Willmer 199@itude errors onto the Schechter parameters (Lin et al. 1996;
Instead, one must use statistical estimators based on ratioZudca et al. 1997; Ratéle et al. 1998). Fooy = 0.1M9, Lin
number of galaxies, thus cancelling out the variations in dest-al. (1996) find systematidisets in the STY Schechter pa-
sity with distance. We also use maximum likelihood estimatorameters oAM* = +0.03"® andAa = +0.03, for nearly flat
which involve the probability that each galaxy in the survey isFs with @ =~ —1. Lin et al. (1997) then show that neglecting
observed with its redshift and absolute magnitude. Two vaghotometric errors witlary, < 0.1M29 only biasedM* anda by
ants are used here: the step-wise maximum likelihood metraddnostAM* = —0.02™3 andAa = —0.01. Foroy = 0.2Ma9,
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Zucca et al. (1997) measutd* = +0.10™9andAa = +0.05 Table 2. Schechter parameters for the ESO-Sculptor luminosity func-
for a in the range-0.9 to —1.4. Foroy = 0.22™39 Ratclife tions, in the Cousin®: and Johnsolv andB filters.
et al. (1998) measur&aM* = +0.04™3 andAa = +0.10 for

an LF withe ~ —1. Based on these results, we expect that the early-type galaxies
random errors in the ESS absolute magnitudes, which are in th&ample N <6> M* - 5logh @
range 009M9 < oy < 0.24M39(Eq. (10)), would yield system- (1) (2 (3) (4) (5)

atic ofsets 0039 < AM* < 0.10™9and Q03 £ Aa < 0.10. R <205 232 -8469 -2056+014 +011+023
The random errors in the Schechter parameters for the ESS LA <210 278 -8.385 -2061+014 -0.02+0.20
are in the range .05-0.30 (see Table 2 below) and are thus Re<215 291 -8.376 -2069+014 -013+017
larger than these systematic errors. We therefore neglect th¥ <210 156 -8.576 -2026+018 -0.16+024

uncertainties in the absolute magnitudes in the calculation ofV <215 210 -8.497 -2008+014 +0.03+022
the STY solution. V <220 266 -8.420 -2008+0.15 -0.37+0.21

V <225 285 -8.379 -2005+015 -040+0.20
B<220 108 -8511 -1952+024 -0.24+0.33
3.2. The ESS luminosity functions per spectral type B<225 150 -8.448 -1950+022 -0.55+0.29
. B<230 204 -8.397 -1918+021 -0.74+031
Figure 7 plots the measured LFs for the 3 galaxy types iNng . o35 240 _-8.400 -1907+022 -0.97<0.30
each filter, restricted to the nominal limits given in bold face intermediate-type galaxies
in Table 1. The points represent the SWML solution, and ﬁ"""SampIe N <5~ M" — 5logh p
curves show the STY fit using a Schechter |oarameterizatiuuhC <205 204 _1082 _2043:017 —073:019
whose parameteid” anda are listed in Table 2. Figure 7also g 219 247 -0995 -2063+017 -080+0.15
shows the histograms of absolute magnitude, which allowon&; - 215 270 _1.006 -2085+019 -1.07+013
to evaluate how the ESS samples populate the measured Lf§-_ 579 169 _0848 _19962 018 —0.79%0.19
Contrary to clusters of galaxies, where all galaxies occupy apy/ < 215 216 -0.931 -1994+014 —058+0.17
proximately the same volume, these histograms cannotbe usegd - »og 249 _0.087 -1986+012 -052+0.15
as such, as galaxies with fainter magnitudes are detected iy < 205 266 -0.979 -1993+012 -0.76<0.14

shallower samples. B<220 154 -0681 -1037+020 -0.75+0.21
Table 2 also lists the number of galaxies and average specB < 225 193 -0.795 -1937+017 -0.69+0.18
tral type< 6 > for each sub-sample for which we calculate B<230 225 -0.850 -1902+015 -0.44+0.19
a LF: the 3 spectral classes, in the 3filt&¥ R, tothenom- B<235 242 -0.920 -1907+0.16 -0.61+0.17
inal magnitude limits (see Table 1) and to fainter limits. Note late-type galaxies
thatin the calculation of the LF, a K-correction is calculated for Sample N <d§> M* —5logh @
each galaxy using the individual valuessofind the calculated R, <205 181  8.215 -1984+0.24 -1.64+0.23
transformatiorK(z ¢’) described in Sect. 2.3 (Eq. (5)); the av- R. <210 268 8.549 -1992+0.19 -1.46+0.18
erage spectral typess > listed in Table 2 are thus only shown R, <215 309 8.787 -2008+0.21 -148+0.16
as indicative. V <210 168 8.393 -1934+0.23 -142+0.22
For the SWML points in Fig. 7, a bin size aM = 0.48M9 V<215 251  8.626 -1944+017 -122+017
is used in all 3 filters. Note that the SWML solution is weakly V <220 293  8.653 -1941+015 -093+015
dependent o\M (Efstathiou et al. 1988), which we have_V <225 308 8738 -1949+014 -086+014
checked using varying values aM for the ESS LFs: smaller B=<220 190 8670 -1900+020 -125+020
or larger bin sizes within a factor of 2 yield similar curves. B<225 255 8.808 -1895+017 -106+0.17
For the STY solutions, we set the brightest and faintest limitsB<230 279 8825 -1900+016 -080+0.16
to —-23.0 and-16.0 resp. inR;, —22.7 and-160 resp. inv, _B=<235 287 8.765 -1896+015 -062:014
—21.6 and-15.0 resp. inB; these bounds only exclude a coupefinition of columns:
ple of galaxies with anomalously bright or faint absolute mag4 Limiting magnitude.
nitude. Because the amplitudes of both the STY and SWMI2 Number of galaxies in the sub-sample used for computation of the
solutions are undetermined, we adopt the following: we use for derived LF.
all STY curves in Fig. 7 the* values listed in Table 3 (see 3 Average spectral typgfor the sub-sample.
de Lapparent et al. 2003 for details); then, for each samplé, C_:haracteristic magnitude of the LF obtained by an STY Schechter
the SWML points are adjusted by least-square fit to the STY fit (see Eq. (14)). _
solutions. Because the amplitudestrongly evolves with red- 5 fSlope at faint magnitudes of the LF obtained by an STY Schechter
shift for the late-type galaxies (see de Lapparent et al. 2003), it (see Eq. (14)).
Table 3 lists for that sample the average amplitude in the inter-
val 0.1 < z < 0.2; in contrast, the integrated estimategoffor
z < 0.55 is used for the early-type and late-type samples (s@@gnitudes M[R.] < —21), early-type and intermediate-type
de Lapparent et al. 2003). galaxies dominate the population, whereas at the faint-end,
Figure 7 shows that the ESS “general” LF is a compothiey are outhumbered by the late-type galaxies, which show
ite function of at least 3 dlierent galaxy populations: at brighta steep increase in number density. The fact that these trends
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Fig. 7. The ESO-Sculptor luminosity functions for the early-type, intermediate-type, and late-type galaxies at the nominal limits in the 3 filters:

R. <205,V <210 andB < 220. Symbols indicate the SWML solution, and lines the STY solution: early-type are shown as red filled circles

and red solid lines; intermediate-type as green open circles and green dotted lines; late-type as blue open triangles and blue dashed lines. The
flatter curve for the late-type galaxies in tRg< 20.5 sample has = —1.3 (see text for details). The Schechter parameters of the STY solutions

are listed in Tables 2 and 3. The amplitudes of the SWML points are adjusted by least-square fits to the STY solutions. The histograms show
for each filter the number of galaxies used in the calculation of the corresponding LFs as a function of absolute magnitude (with the same line
coding as for the STY solutions).

Table 3. Amplitude ¢* of the LFs in the JohnsoB, V and Cousins color-dependentfiect (such as star formation, for example),
Rc bands for the 3 spectral classes in the ESO-Sculptor Survey.  but rather reveal truly dierent mass distributions for the vari-
ous galaxy types. Figure 8 shows the-Zrror ellipses for the

Sample early-type  intermediate-type late-type  |Fs measured & < 20.5 in each of the 3 spectral classes: the
z<055 z< 055 01<z<02  errorellipses are well separated, and the stosssignificantly
Re<205  0.01477 0.01361 0.00652  steeper at more than thes3tevel from one class to the next,
V<210  0.01392 0.01366 0.00848  \yhen going from the early-type to the late-type galaxies.
B <220 0.01336 0.01416 0.01013
Note: This table is extracted from Table 2 of de Lapparent et al. (2003), e @lso show in Fig. 9, the distribution of absolute mag-
to be consulted for detailg’ is in h® Mpc mag™ . nitude M(R:) versus redshift for the 3 ESS spectral classes.

Although all spectral classes are detected at all redshifts in the
ESS, as shown in Fig. 3, there is a strong correlation between
are observed in all 3 filterB V R, suggests that fferences absolute magnitude and redshift, due to the limit in apparent
in the LFs between the 3 spectral classes are not due tmagnitude. Figure 9, shows that at the high redshift end of the



844 V. de Lapparent et al.: The ESO-Sculptor Survey: Luminosity functions:&1-0.5

: : —
05 - ~15F ]
[ early—type ] L * carly—type
I 1 -6 ]
0 B ] E ° s late—type
J 17 “%aa N
] [ A%
—0.5 j i f{) 718? ﬁiAAA ]
L B 2 r AAAAA %
= L i L o Cha oy
i 19 —19f S Moo ]
-1 b J [ s AM.AA'A c?éA
I 1 ¥ i o, B Coelra,
r 4 = F o gope AeékA
i _ T -20[ N T N ]
-~ B L A A VNN
[ PP P F s N “‘ﬁf‘é?bﬁié 228
-1.5F e A r *© . TEN G B s s
[ //// . //J : —21 r : Jt-:a._f’ ..é‘)%AAA R _|
// /// — : . Ly :. ‘.. .;Q g &
late—type ! s 1 oo [ . st oot PO
2 1 SRFANE
| I | I | ] : . . °
723 = —
-205 -20 -195 L ‘ ‘ ‘ L]
M(R)- 5 log h 0 0.2 0.4 0.6 0.8
Fig. 8. The best-fit parameters (filled circles) and the &sror ellipses redshift

for M* anda as derived from the STY fit of the LFs & < 20.5 for

the 3 galaxy classes in the ESO-Sculptor Survey: early-type (red sdfig. 9. AbsoluteR. magnitudes as a function of redstifior the ESO-

line); intermediate-type (green dotted line); late-type (blue dash&dulptor Survey galaxies witR; < 20.5. This graph shows how the

line). limit in apparent magnitude biases the range of absolute magnitudes
detected at increasing redshift, and how the varying K-corrections per

. . spectral type fliect the faintest absolute magnitude reached at a given
ESS ¢z 0.4), only galaxies brighter thallr, ~ —20.0 can be | gqshitt.

detected whereas faint galaxies (WMi{{R;) = —18.0) can only
be detected the low redshift end of the ESS5(0.15). Only
galaxies in the magnitude intervaP20 < Mg, S —-20.5 can
be observed in the full ESS redshift range 0.1toz ~ 0.5. ScrSmylm galaxies at faint magnitudes.
Figure 9 also shows that the small volume probed &t 0.1

! T i itatively whether th hech -
tends to under-sample the number of galaxies at low IevelstgF. © estimate quantitatively whether the Schechter parame

) ) ization is a good description of each LF, we compare the
the LF: atM(R;) s -20.0 andz s 0.1, no ESS galaxies of any ¢\ solution with the STY fits using the likelihood ratio de-
class is detected, as the amplitude of all 3 LFs are below

iﬁed by Efstathiou et al. (1988), which is distributed asymptot-

minimal threshold for detecting at least one galaxy in the Sm?clally like a2 probability distributionP,(v) with v the number
sampled volume. ¢

. . f degrees of freedom in the STY fit. To the nominal magni-
Note that the. fainter abgolute magn!tudes probed by 1 ftte limits in theR;, V and B samples, the likelihood ratios
ESS LF at a given redshift when going from early—typgre 081, 083 and 073 resp. for the early-type LFs, 1, Q71
to Iate-type_ in Fig. 7 are also partly due to the Qecreag d 052 resp. for the intermediate-type LFs, and®) 044
of K-corrections for later galaxy spectral types (see Fig. 4 aa d 031 resp. for the late-type LFs. The high values of the like-

Eq. (6) in Sect. 2.3): the faint bound of the absolute magnitu ffood ratios for the early-type and intermediate-type classes

g'sgi::blétf nr|s ? fliJ:Ct'i?]nEOf rgdj\mﬁ £ahnd K;cggr(;ctlon ?nr?t Iisndicate that the corresponding Schechter parameterizations are
efined by replacingn a. (6) eRe = 20.5 appare good representations of these LFs in the 3 photometric bands.

magnitude limit. . . .
Table 2 shows that for the early-type galaxies, the stope For the late-type galaxies, although the likelihood ratios

at the nominal magnitudes is in the rang@.24 to Q11 for of the STY solution remain within the range corresponding

the 3 filters, which results in a decrease in the number dent an acceptable fit, they are systematically smaller than for

i ! ) Y
of galaxies a faint magnitudes, whereas for the intermedia b)é early-type and intermediate-type galaxies in each band. We

type galaxiese is close to the value = —1 for a flat slopd Interpret this &ect as symptomatic of the fculty to match

and remains nearly constant in all filters at the nominal magflqth the intermediate magnitude range of the late-type LF

_ B L 20s M 5 -18inR.andV; -19< M £ -17 in B) and the
tudes:-0.76 < a < -0.75. In contrast, the faint-end slope fo L@lnt end M = —180in R, andV: M = —17 in B) when using

the late-type galaxies is significantly steeper than for the ear o . .
type and intermediate-type galaxies, and varies at the nomi2:§CheChter parameterization. Figure 7 shows that the faintest

. ; , - ; . points of the SWML solution with-18 £ M < -16 in the
magnitudes from-1.64 in theR filter, to —1.25 in theB filter. R. < 205 late-type LF lie systematically below the STY fits.

3 o = -liscalled a“flat slope” because it results in a constght) The same fect is observed in thB band, but could be partly
at faintM, see Eq. (14). due to incompleteness (see Sect. 3.3 below); we then restrict

This corresponds to a steep increase in the number density of
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Table 4. Comparison of the dierences in the Schechter characteristic magnitudes and the mean absolute colors of the galaxies in thH& Johnson
V and Cousing; bands for the 3 spectral classes in the ESO-Sculptor redshift suriRy<s@0.5.

Spectral type M*(B) — M*(R.) < M(B) - M(R) > M*(V) — M*(R,) <M(V) - M(R) >
early-type 104+ 0.28 14+04 0.30+0.23 05+0.2
intermediate-type .06+ 0.25 10+0.3 047+ 0.25 04+02
late-type 084+ 0.31 08+0.3 050+ 0.33 04+04

the discussion to th&; late-type LF. Because of the inher-Schechter parameters (Schechter 1976): fiedng values of

ent under-sampling of the faint-end of the LF (see above), ttiee slopea, M* shifts to diferent parts of the LF and marks
faintest 4 mag bins in the late-type SWML solution contain 8ifferently the fall-¢f of the bright-end. This indicates that in
or less galaxies each, and thus poorly constrain the STY fit. Theomparison of Schechter LFs, theéfdience inM* must be
steep faint-end slope = —1.64 + 0.23 is therefore determinedincreased by & to 10™29to derive the shift in the bright-end

by the 93 galaxies in the interval20.0 £ M(R;) < -180. betweenaLF withr ~ 0 and a LF with-1.6 < @ £ —1.2. This
Ideally, the faint end slope should be determined by the fainteffect is conveniently overcome by using Gaussian LFs for the
end points of the SWML solution. We also plot in Fig. 7 thgiant galaxies, which have a well defined peak and rms disper-
late-type STY solution withr = —1.3, which corresponds to sion (see Sect. 4).

the flattest slope allowed by the STY fit at therllevel (see
Fig. 8). Whereas = —1.3 better matches the 4 faint-end point%
of the late-type LF, it lies systematically below the SWML

points in the brighter intervat19 < M(R:) < —18. A similar - we now discuss how the ESS LFs per spectral-type vary among
effect is observed for the late-type LF obtained from the faintg{e R., V andB bands, and with magnitude limit. Table 4 lists
sampleR; < 215: this sample contains 128 additional galaxhe diferencesv*(B) - M*(R.) andM*(V) — M*(R.) obtained
ies, and yields a steep slope for the STYofit ~1.48+ 0.16  from the LFs parameters measured at the nominal magnitudes
(see Table 2) which is determined by 169 galaxieswl0.0 < 45 3 function of galaxy spectral type, and compares them with
M(Rc) < —180 and provides a good visual match to the SWMkhe mean absolute colors per spectral class for the galaxies with
pOintS in this interval; the faintest 3 pOintS of the SWML SOlURC < 205, calculated as the mearfldirence between the abso-
tion (with M(Rc) 2 —17.5) however lie systematically below|yte magnitudes in the 2 considered filters (see also left panels
the STY solution. This illustrates theffictulty to fit the ESS of Fig. 5, showing the variations in the absolute colors with
late-type LFs using a single Schechter function. In Sect. 4.5 w&jshift). Table 4 shows that for a given spectral type, the dif-
show that a two-component function (Gaussiaschechter) ferences in the characteristic magnitudiésfrom one filter to
provides a better adjustment. another simply reflect the mean absolute colors for the corre-
Figure 7 also indicates that the bright magnitude féllled sponding galaxy types.
theV andR; LFs for the late-type galaxies is fainter than forthe  As shown in Table 2, going to deeper magnitude lim-
early-type and intermediate-type galaxies by more thé#.1 its than the nominal values increases the 3 spectral classes
The smaller @set of the LF bright-end fall4 in the B band by a significant number of galaxies%0-100 objects). For
can be interpreted as follows. At the median redshift0.3 of theR; LF, when going to the fainter limits listed in Table 2, the
the ESS, the portions of the galaxy spectra shifted intdRhe STY solution remains remarkably stable, despite the increas-
andV filter correspond approximately to théand B region ing incompleteness of the spectroscopic samples: the STY fits
resp. in rest-wavelength. The measured LFs thus detect thelfgre consistenM* and a values within less than @ This
tical parts of the rest-wavelength spectral energy distributiqs.evidence for robustness of tfie LFs, as the number of
In contrast, az ~ 0.3, the observe® band probes the rest-early-type, intermediate-type and late-type galaxies increases
frame spectral energy distribution in the near UV, which isy 25%, 32% and 71% respectively from the nominal limit to
highly sensitive to star formation; because the late-type galaie faintest limitR. < 21.5 (the large increase in the number of
ies have higher star formation than the earlier types, they age-type galaxies is caused by a strong evolution in this pop-
pear relatively brighter in th& band as compared with thi& ulation, see de Lapparent et al. 2003). Note that the variations
andV bands. of the LFs with theR. magnitude limit provides a good illus-
Note that in a Schechter parameterizatiofisets in the tration of the correlation between the 2 shapefitoients of
bright-end fall-df of the LF are poorly measured by thefdi- the Schechter parameterization: when going figm< 21.0
ences inM*. In Fig. 7, the magnitude shift between the brighto R. < 215, the extreme bright-end bin of the SWML solu-
ends for the early and late-type LFsi$.7m%for theR, < 20.5 tion shifts from 1 to 2 galaxies; despite the large error bars,
sample~1.5M3 for theV < 21.0 sample, and1.0™ for the this causes a brightening &fi* by 0.2 mag; to compensate
B < 22.0 sample (we measure itat~ 1073 h® Mpc3 mag?). and match the SWML points at other magnitudefiecomes
In contrast, the dference inM* between the early and late-steeper by-0.35.
type LF is Q72 mag, 02 mag, and 2" for theR; < 20.5, In contrast, the/ and B faint spectroscopic samples suf-
V < 210, andB < 220 LFs respectively (see Table 2). Thifer color biases whichfgect the corresponding LFs. Because
effect is due to the strong correlation between Mieanda the completeness of the spectroscopic catalogue sharply drops

.3. Variations with filter and magnitude limit



846 V. de Lapparent et al.: The ESO-Sculptor Survey: Luminosity functions:&1-0.5

to nearly 50% aR. ~ 215, theV and B catalogue are bi- 2L R0 R0 TR0 19

ased in favor of red objects for galaxies at or fainter than the " Rc Ty T B
nominal limiting magnitude/ < 210 andB < 220: near 0.5 T T 105
these limits, the/ and B spectroscopic catalogues are be de- ok e I % oxoce 1o
ficient in galaxies with bluer colors thaB - R, ~ 1.5 and . F% i 1 ]

V — R, = 0.5 respectively. We measure that the resulting reds -0.5 |- S + + ; 4-0.5
dening in the observe8-R; andV—R; colors beyond the nom- S t i | ]

inal V and B limits varies from~0.15 to ~0.40™ depending 3 &% k3 k3 ] -1
on the color and class considered, with, as expected, a larger ; 5 [ 1 Ea . 115
value for earlier-type galaxies and in tBeband. Because at 1 ]
fainter limiting magnitudes, one probes more distant objects —=2 o LT T T R
which are therefore redder (due to the K-correction), betters ~ —=21 —20 —20 -19-20 19
estimates of the color biases are given byabsolutecolors. M — 5 log h

Whereas the averagé(B) — M(R.) colors change by at most _ _
~ £0.13™when going fromR; < 20.5t0 205 < R, < 215 Fig. 10. Comparison of the Schechter paramethts and a for the
ESO-Sculptor Survey in thB;, V, andB bands with those from the

sample, fcr)nrathe 3 spectral classes,_the color_s become redqe{? C2 (Lin et al. 1999). Galaxies of later spectral type are in the

0.21—0.24_1 9for the ear_ly-_type and m_termedlate-type galaxi€§irection of steeper slopes

when going to fainter limiting magnitudes Wi and B respec-

tively. The dfect is smaller for the late-type galaxies, with a

reddening irM(B)— M(R;) of 0.05™23and 013"2%in the fainter Both the CNOC2 and ESS detect evolutionaffeets in

V andB samples respectively. The change in i¢/) - M(R.) their R; LFs (Lin et al. 1999; de Lapparent et al. 2003). Here

color when going to fainter magnitudes than the nominal limitge only consider the following LFs: for the ESS, the “average”

are in the range-0.06 to Q06 for the 3 filters and 3 spectralLFs for each spectral type obtained in Sect. 3.2, by calculating

types. the LFs over the full redshift range of the survey (see Table 2);
Overall, these colors biases are likely to be responsitff the CNOC2, we use the listed valuesaffor which no

for the Q459 dimming of the M*(B) magnitude from the evolution is detected, and the listed valuedvwfatz = 0.3 by

B < 220 to theB < 235 sample for the early-type galaxies!-in et al. (1999), as it nearly corresponds to both the median
and for the flattening of by ~0.6 with nearly constank* at redshift of the survey and the peak of the redshift distribution

fainterV andB maghnitudes for the late-type galaxies (the oth&p€€ Fig. 6 of Lin et al. 199% = 0.3 is also close the peak
variations, for intermediate-type galaxies in tBefilter, and edshiftfor the ESS).

for early-type and intermediate-type galaxies in\thiiiter, are Figure 10 plots thév” anda parameters for the ESS and
smaller and correspond to less that Heviations). Moreover, he CNOC2 in th&, V, andB bands. The points for each sur-

it is likely that the color biasesfiecting theV and B samples vey are connectgd fro_m one class to the next (red stars_ for the
cause the flatter slopefor the late-typeB andV LFs as com- CNOC2, green filled circles for the ESS). Left panel of Fig. 10

pared with that irR.: even at the nominal magnitudes in tBe ShoWs that the values &1 anda for the CNOC2R; < 215

andV, these samples are deficient in the blue galaxies whigAmPle are in close agreement with those for the BSS20.5
populate the fainter magnitudes for late-type galaxies. sample at the 1 level. As in the ESS, the CNOC2 intrinsic
LFs show a steepening im and a dimming inM*(R.) when

going from early to late spectral types, with most of the dim-
3.4. Comparison with the CNOC2 survey ming occurring between intermediate and late types. In the next

section, we show that for the ESS, this dimming is a signature
The only comparable survey to the ESS is the CNOC2 (fof the fainter magnitude late-type Spiral galaxies (Sc, Sm) de-
“Canadian Network for Observational Cosmology”) redshifected in the late-type class, compared with the earlier Spiral
survey (Lin et al. 1999): as the ESS, the CNOC2 survey tigpes Sa and Sb included in the early and intermediate-type
based on medium resolution spectroscopy from which redshiftasses, respectively.
and spectral types are measured. The ESS and the CNOCZ2The agreement of the ESS and CNOC2 intrinsic LFs in
also are theonly redshift surveys providing spectral-type LF$he R, band is a result of the similar morphological content
in the R, band atz ~ 0.5. The CNOC2 covers.692 dedg of the spectral classes: the early, intermediate, and late-type
and is limited toR; < 215. At variance with the ESS, theclasses contain predominantlyd®, Sbc, and S¢bin resp. in
CNOC?2 spectral classification is obtained by least-squaretfie CNOC?2; in the ESS, they containSSa, SkSc, and
of the UBVRI. colors to those calculated from the galaxygSmylm resp. (see Sect. 2.5). We further check the similar
spectral energy distributions linearly interpolated between thentent of the ESS and CNOC2 by comparing the relative num-
4 templates of E, Sbc, Scd and Im galaxy types defined bgr of galaxies in each class. Rt < 20.5, the ESS early, in-
Coleman et al. (1980); the “early”, “intermediate”, and “latetermediate and late-type class contain 38%, 33% and 29% of
spectral classes are then defined as corresponding to the E, Blecgalaxies, respectively. &, < 215, the CNOC2 early, in-
and Scd-Im templates (see Lin et al. 1999). The CNOC2 intritermediate, and late-type classes contain 29%, 24%, and 47%
sic LFs are measured from 611 early-type, 517 intermediatéthe galaxies, respectively. The 1-mag fainter limiting magni-
type, and 1012 late-type galaxies. tude in theR; band for the CNOC2, and the detected evolution
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in the amplitude of the late-type LFs in both the CNOC2 (Lihave converted the listed values ldf (Bag) for z = 0.3 and

et al. 1999) and the ESS (de Lapparent et al. 2003), is likefy = 0.5 into the JohnsomB band usingB — Byg = 0.14

to be responsible for the increase in the fraction of late-tyfsee Fukugita et al. 1995). The CNO®?LFs are based on

galaxies in the CNOC2 compared with the ESS. For diresamples with nearly identical numbers of galaxies as irRhe

comparison with the CNOC2, we estimate the expected frdiiter. The B band intrinsic LFs for the 2 surveys also show

tion of ESS galaxies per spectral classRat < 215 as fol- the steepening in from the early to the late-type classes. The

lows: in each of the 3 spectral classes lying in the 2 magnitudgreement between the CNOC2 and BHS&Fs is however

intervals 206 < R, < 215 and 2056 < R; < 215, we cor- not as good as in thg; band, with a~2-0- difference between

rect the number of galaxies with a redshift measurement by the M* values for the early-type LFs. This could be caused by

incompleteness in that magnitude interval (given in parenthtee incompleteness of the E&Ssamples due to thB. selec-

sis in Table 1). This assumes that the incompleteness is intlen of the spectroscopic sample (see Sects. 2.1 and 3.3).

pendent of spectral class beyond fRe< 20.5 nominal limit, Several other redshift surveys provide estimate8 afFs

which is plausible as the observed galaxies beyond the na@z ~ 0.5: the Canada-France Redshift Survey (CFRS Lilly

inal limit where chosen on the basis of total luminosity angt al. 1995); the CNOC1 (Lin et al. 1997); the Norris survey

crowding on the multi-object masks. The lower success rg@mall et al. 1997); the Autofib survey (Heyl et al. 1997); the

in measuring redshifts for low signal-to-noise absorption-lir€ADIS (Fried et al. 2001); and the COMBO-17 survey (Wolf

spectra compared with emission-line spectra of similar signak al. 2003). We refer the reader to de Lapparent (2003), for

to-noise ratio might bias the galaxies with measured redshifismparison of thé8 LFs among these surveys and with those

toward later spectral type; this is however a smé#e&, which measured at lower redshifts.

we ignore here. The resulting estimated fractions of ESS galax-

ies per spectral class & < 215 are: 27%, 30%, and 43%

for early, intermediate, and late-type respectively. M un- 4. Composite adjustments of the ESS luminosity

certainties in the ESS and CNOC2 fractions ar@% (taking functions

into account 2-point clustering would slightly increase these

uncertainties). The CNOC2 and ESS early-type classes théfethis section, we derive composite fits of the ESS luminos-

fore contain a consistent fraction of galaxies. In contrast, ti¥ functions per spectral-type by comparison with the LFs

CNOC?2 intermediate-type class contains fewer galaxies th2@f morphological type measured from local groups and clus-

in the ESS, whereas the opposite is true for the late-type cld€ss (see Sect. 1). This analysis has the advantage of providing

This suggests that the CNOC2 late-type class includes galaxgstes on the underlying morphological mix in the ESS spectral

of earlier type than in the ESS late-type class. This might egasses.

plain why the late-type LF for the CNOC2 has a flatteand

brighterM" than in the ESS (see Fig. .10)' . .. 4.1. The local luminosity functions per morphological
There are 2 other surveys providing estimates of intrinsic

LFs atz ~ 0.5 in a red filter: the sample of field galaxies ype

extracted from the CNOCL cluster survey (Lin et al. 1997Fomparing the local LFs to the ESS measurements requires to
based ongr photometry in the Thuan & Gunn (1976) sysrelate the extrapolate®; magnitudes from th&hird Reference
tem, in which the intrinsic LFs are derived from 2 color subcatalogue of Bright Galaxie@e Vaucouleurs et al. 1991) to
samples; and the COMBO-17 survey (Wolf et al. 2003), basgfk Johnson-Cousins system. To this end, we use the apparent
on ther* band (Fukugita et al. 1996), in which LFs are meghoto-electric magnitudes in the John€bband measured for
sured for 4 spectral classes. The results from these 2 surve)igyo cluster galaxigsby Schroeder & Visvanathan (1996).
and those from 3 other surveys at smaller redshifts (Lin et ahe resultingBy — B distribution as a function of morphologi-
1996; Brown et al. 2001; Nakamura et al. 2003) are analyzggl type has a bell shape with a large dispersion®2™ma9. We
in de Lapparent (2003), which provides an exhaustive compasimpirically adopt the values listed in colunii(Br) — M(B)
son of all estimates of intrinsic LFs in the optical bands derivedd Table 5, which lies within thé& — B distribution and vary
from surveys ranging froma ~ 0.03 toz ~ 0.6. The analysis smoothly with morphological type (betweer@nd 03, with a
of de Lapparent (2003) includes surveys in which the intrinsifeak for type Sa). Note that although Schroeder & Visvanathan
LFs are based on either spectral classification, morphologiced96) provide apparent colors, these are close to colors in ab-
type, rest-frame color, or strength of the emission-lines.  solute magnitudes at the small redshift of the Virgo cluster,
In the Johnsov band, the ESS provides tfiest estimates hence the notation of absolute color in Table 5. We also list
of intrinsic LFs atz ~ 0.3. The corresponding Schechter pathe Johnson-CousirB — V and B — R; colors calculated by
rameters are plotted in the middle panel of Fig. 10, and sh@wkugita et al. (1995) at redshift= 0, and deduce by combina-
the similar dimming inM* and steepening ia for later types tion with the By — B values the color transformation froBy to
as detected in thR; band. The only other existing measurethe other ESS bands; these are also listed in Table 5 as absolute
ments in thev band are those provided by the Century Survesslors. For the ESS galaxies, derivation of the corresponding
(Brown et al. 2001) based on 2 intervals\6f R; rest-frame
color; these are compared to the ESS in de Lapparent (2003)# This catalogue was obtained from the VizieR database provided
Right panel of Fig. 10 shows the Schechter parameters fgthe “Centre de Dorees de Strasbourg” (CDS; Ochsenbein et al.
the ESS and CNOC2 LFs in tigband. For the CNOC2, we 2000).
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Table 5. Color terms for converting absolute magnitudes fromBhsystem into the Johnson-Cousins system used in the ESO-Sculptor Survey.

Type M(Br) — M(B) M(B) - M(V)°  M(Br) - M(V) M(B) - M(R.)" M(Br) - M(R)

E 0.10 0.96 1.06 1.57 1.67
SO 0.20 0.85 1.05 1.39 1.59
Sab 0.30 0.78 1.08 1.34 1.64
Sbc 0.20 0.57 0.77 1.09 1.29
Scd 0.10 0.50 0.60 1.00 1.10
Snmylm 0.00 0.27 0.27 0.58 0.58
Spiraf 0.20 0.57 0.77 1.09 1.29

@ Hubble morphological type.
b From Fukugita et al. (1995).
¢ The intermediate colors for type Sbc are used.

Table 6. Parameters of the Gaussian and Schechter LFs for ffegatit morphological types, derived from local galaxy concentrations.

Morphological type Type for Gaussidvp — 5logh Gaussiart
color tern? Br B \% R

E E 183 -1843 -19.39 -20.00 215+ 0.36/1.32+ 0.21°

SO SO -1890+ 0.1 -19.10 -19.95 -2049 113+0.10C°

Spiral Sbc -1820+ 0.09 -1840 -1897 -19.49 137+ 0.07°

SaSh Sab -196+0.2° -199 -207 -212 09+0.1°

Sc Sbc -185+0.2° -187 -193 -198 12+01°

SdSm Scd -171+0.2° -171 -174 =177 08+0.1°

Type for SchechteM* — 5logh Schechterr

color ternt Bt B \Y R

dE+dSO0 (Virgo) Sab -17.79+ 0.3 -1809 -1887 -1943 -1.33+0.06°

dE+dSO0 (Centaurus) Sab -1867 + 4.06° -1897 -19.75 -2031 -1.68+ 0.56°

Im+BCD (Virgo) Smyim -16.16+ 0.24° -16.16 -16.43 -16.74 -0.31+0.18

Im+BCD (Centaurus) Sfim 1755+ 342 -1755 -17.82 -1813 -135+0.7%

a Galaxy type from which colors from Table 5 are assigned to the considered class of galaxies, thus providing the convd(8ehimato
the BVR. bands.

b From Jerjen & Tammann (1997).

¢ LF parameters for individual Spiral types are estimated visually from Fig. 18 of Sandage et al. (1985).

apparent colors would require use of the K-corrections deright and faint end (Jerjen & Tammann 1997). Interpretation
scribed in Sect. 2.3. of the ESS spectral-type LFs requires to split the Spiral LF into

D he LFs for individual Spiral types. In their Fig. 18, Sandage
Table 6 shows the parameters of the local intrinsic LI'I
reported by Jerjen & Tammann (1997) in ti system, et al. (1985) sketch the LFs for types/Sh, Sc, and S&m re-

. . - : sgectively. Because the authors do not provide the functional
along with the conversion of the LF characteristic magnitud S ms nor the parameters for these curves. we have estimated
(Gaussian peak or Schechtér) from the Br band into the P '

Johnson-Cousins system using the transformations in Tabléthfm visually, assuming Gaussian profiles. The res_ultmg pa-
meters are listed in Table 6, and the corresponding curves

Sandage et al. (1985) were the first to demonstrate that in ?;1 N ear in reasonable agreement with the histograms for each
Virgo cluster, the LFs of Elliptical, Lenticular and Spiral galax: pp 9 g

ies are bounded at both bright and faint magnitudes. Here, ?}ééi.ral type in the Virgo and Centaurus clusters (see Fig. 3 of
. X fien & Tammann 1997).

use the more recent analysis of Jerjen & Tammann (19977,

which has the advantage of averaging the LFs for giant galax- In contrast, the LFs for dwarf Spheroidal galaxies (dE

ies over 3 clusters (Virgo, Fornax, Centaurus), and thus yielaisd dS0) have an ever increasing LF at the faint end, which

a robust determination of the parametric forms for these LEswell fitted by a Schechter function with a steep slefies <

the SO and Spiral LFs have Gaussian shapes; the E LF has@a-1.3, depending on the local density (Sandage et al. 1985;

Gaussian shape which is skewed towards fainter magnitudesrguson & Sandage 1991; Pritchet & van den Bergh 1999;

and can be fitted by a Gaussian with figtient dispersion at the Jerjen et al. 2000; Flint et al. 2001b,a; Conselice et al. 2002).
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The LF for late-type dwarf galaxies (lBCD, where BDC the total number of galaxies in a redshift survey is expected to
stands for “blue compact galaxy”) also has a varying behdie in groups (Ramella et al. 2002). Group and field galaxies in

ior depending on the environment: at magnitudes brighter thitwe ESS should therefore provide significant samples of early-
M(Br) £ -14, it may be fitted by Schechter functions withype and late-type dwarf galaxies resp., which should in turn

a widely varying slope-1.35 £ a < —0.35. Nevertheless, in produce non-negligeable contributions to the ESS spectral-type
all cases considered, the LF for late-type dwarf galaxies dg-s.

pears to decrease at the faintest magnitudes with a poorly F0||Owing the idea that both the ear|y_type and |ate_type
determined shape (Ferguson 1989; Jerjen & Tammann 198arf galaxies may contribute to the ESS LF, we adjust the ESS
Jerjen et al. 2000), and to be flatter than the LF for early-tyggectral-type LFs in thR; band with composite functions sug-
dwarf galaxies (Pritchet & van den Bergh 1999). Drinkwatejested by the local LFs listed in Table 6: a two-wing Gaussian
et al. (1996) confirmed by obtaining redshift measurementsii} the early-type galaxies, and the sum of a Gaussian and
the Virgo cluster, that the decrease of the late-type dwarf lg=Schechter function for the intermediate-type and late-type
at faint magnitudes is not due to incompleteness (as would @iaxies. The parameters of the composite functions adjusted to
caused by misidentification of some of the dwarf cluster mente ESS are listed in Table 7, and are plotted in Figs. 11 and 12,
bers with background galaxies). Because the measured kf§ether with the observed ESS LFs (SWML points) for early-
for early-type and late-type dwarf galaxies in the Virgo angpe, intermediate-type, and late-type galaxies \Wth< 20.5
Centaurus clusters (Sandage et al. 1985; Jerjen & Tamm%‘p pane|s) anG\’c <215 (bottom pane|3)_ The ESS LFs for
1997) are representative of the range of results obtained fregn< 205 are already shown in Fig. 7 (Sect. 3.2), with “pure”
concentrations of galaxies of varying richness (see above meghechter functions fitted to each curve. Here, we also consider
tioned references), we only list the results for these 2 clustersgiip ESS LFs aR. < 215, as the fainter limiting magnitude of

Table 6. Note that the dE and Im galaxies largely dominate fifat sample provides tighter constraint on the LF component
numbers over the dSO and BCD galaxies resp., in both the Virg® dwarf galaxies (see Sects. 4.4 and 4.5).

and C_:entaurus clusters. _The LFs _fOHdE’O and I+BCD For each ESS spectral class, Table 7 recalls the param-
galaxies therefore essentially describe the LFs for types dE q)d.¢ of the pure Schechter fits listed in Tables 2 and 3,

Im respectively. Inthg following, we denote these 2 populatio%d then lists the parameters of the composite fits, denoted
dSph and dl respectively. “2-wing Gaussian” and “Gaussiaschechter”. As for the pure
Schechter fits (see Sect. 3.1), the composite fits are obtained
using the STY method (Sandage et al. 1979). The amplitude
of the STY fits plotted in Figs. 11 and 12 and listed in Table 7

| ¢ the local ; q | are derived by least-square fit adjustment to the SWML points
Most analyses of the local LFs were performed on galaXy,eq jn Fig. 7. For th&}; < 215 samples, the same two-

concentrations of varying richness. A non-exhaustive list, € fep procedure is used as for Re < 205 samples: (i) the

cluding rich clusters .Iike Coma, contains: the Vi.rgo cIust@WML points are scaled by least-square adjustment to the pure
(Sandage et al. 1985; Ferguson & Sandage 1991; Trenthard &, o chier STY solution with the same amplitydeas for the
Hodgkin 2002); the Fornax cluster (Ferguson 1989; Fergusgn_ 50 5 sample, listed in Table 3; (ii) the composite STY fits

& San.dage 1991); the Centaurus cluster (Jerjen & Tam.maé}ré then scaled by least-square adjustment to the scaled SWML
1997): the Ursa Major cluster (Trentham et al. 2001); theyinis \we also list in Table 7 the likelihood ratios for the pure

Perseus cluster (Conselice et_ al. 2002); the Leo gro Rhechter fits and the various composite fits.

(Ferguson & Sandage 1991; Flint et al. 2001b,a; Trentham N h | v th ite fi LF

& Tully 2002); the Dorado, NGC 1400, NGC 5044, Antlig_'\Ot€ that we only apply the composite fits to lReLFs,

groups (Ferguson & Sandage 1991); the Coma I, NGC 14 cause as shovv_n in Sect. 3.3, the LFs wBIamd_V band_s are
and NGC 1023 groups (Trentham & Tully 2002). By study? e_cted by co!ormcompletenes_s. Inthe_followmg sections, we
ing the relationship between the measured LF and the ri H§t'fy_ the choice of the composite functions, a_nd compare the
ness of a concentration, Ferguson & Sandage (1991), Trent it parameters with those for the local LFs ".Ste‘?' N Table 6.
& Hodgkin (2002) and Trentham & Tully (2002) have showry e emphasize that the lack of measurement of intrinsic LFs for

that the dwarf-to-giant galaxy ratio is a increasing function 'IEId galaxies with a statistical_quality comparable to those of
richness. Moreover, Binggeli et al. (1990) showed from a Ioﬁandage etal. (1985) and Jerjen & Tammann (1997) leaves us
' jth the only option to refer to the grogmuster measurements

cal wide-angle survey of low surface brightness galaxies wif ! . i
M(B) < —16, that although dwarf galaxies delineate the sangted in Table 6 (we however comment in the following sec-

large-scale structures as the giant galaxies, there is a strgﬂas on the sparse field measurements of Binggeli et al. 1990).

segregation among dwarf galaxies: dE lie preferentially in con-

centrations of galaxies, whereas dl are more dispersed; outsidg The ESS early-type luminosity function

clusters, dE also tend to be satellites of giant galaxies. Visual

detection in the ESS of numerous “fingers-of-god” with derAs shown in Fig. 2 (Sect. 2.5), the ESS early-type spectral class
sities corresponding to groups of galaxies suggests that domtains predominantly galaxies with E, SO andSaéd mor-
survey does contain a large number of groups (Bellangerghological types (see also Sect. 2.2); the early-type ESS LF can
de Lapparent 1995; de Lapparent & et al. 2003a). Nearby r@derefore be compared with the sum of the local LFs for these
shift surveys indicate that a fraction as large~@9-40% of types. We thus perform the STY fit of a two-wing Gaussian to

4.2. Applicability to the ESS luminosity functions
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Table 7. Parameters of the Gaussian and Schechter components of the composite LFs fitted to the ESORStgtor

Sample Morphol. Gaussian component Schechter component lik.
Type of LF type Mo - 5logh z2 &o° M* — 5logh @ P ratio
early-type galaxies

R. < 205:
Pure Schechter -2056+ 0.14 011+0.23 001477 081
2-wing Gaussian E+S0+Sa -2068+024 076+0.12 000538 089
1.15+0.32
R. < 215:
Pure Schechter -2069+0.14 -0.13+0.17 001477 084
2-wing Gaussian E+S0+Sa -2057+0.23 084+024 000533 092
1.37+0.36
intermediate-type galaxies
R; < 205:
Pure Schechter -2043+017 -073+019 001361 075
Gaussian Sb+Sc -1979+029 088+0.17 000669
+ Schechtef dSph -1885+ 033 -167+029 000463 072
R. < 215:
Pure Schechter -2085+ 019 -107+013 001361 083
Gaussian SkSc -2003+0.17 092+0.13 000495
+ Schechtér dSph -2058+0.32 -149+032 000537 078
Gaussian Sb+Sc -1997+021 091+0.18 000860
+ Schechtef dSph -1898+0.37 -153+0.33 000934 062
late-type galaxies
R. < 205:
Pure Schechter -1984+024 -164+0.23 000652 046
Gaussian Sc+Sd -1872+034 086+0.14 000486
+ Schechtef dl -1785+ 028 -0.83+0.26 004394 059
Gaussian SeSd -1872F 086 F Q00484
+ Schechtey dl -1754+ 0.30 -0.30F Q05527 041
Gaussian S&m -17.70 080 000281
R. < 215:
Pure Schechter -2008+021 -148+0.16 000652 051
Gaussian Sc+Sd -1886+029 097+0.13 000440
+ Schechtef dl -1750+ 0.26 039+ 0.21 003677 061
Gaussian SeSd -1886 F Q97 F Q00392
+ Schechtey dl -17.82+0.22 -0.30F Q04342 044
Gaussian S&m -17.70 080 000287

a For the two-wing Gaussian fits, the parameters listed in Col. lalebrdX, andX, respectively.

b In units of h® Mpc=® mag* .

¢ This is the “iterative fit” obtained by iterating over varying valuesggfo* (see text for details).

d This fit is obtained with the constraiM* > —19.43 (see text for details).

€ The values oM, andX are fixed to those obtained in the Gaussi@nhechter iterative fits (previous line), and the value f fixed to—0.30
(see text for details).

the ESS early-type LF, defined as a Gaussian withff@rdint parameterization provides an even better adjustment than with

rms dispersion; andX,) at the faint and bright ends: the pure Schechter function (see Fig. 7 for BRae< 20.5 sam-

ple), as indicated by the larger likelihood ratios (see Table 7).
$(M)dM = goe *dM One can also obtain good adjustments of the ESS early-type
with (15) LF using the sum of the 2 Gaussian functions for the SO and
X = (Mo — M)?/252 for M < Mg Sa, and a two-wing Gaussian for the E, with similar peaks but
X = (Mo — M)?/255 for M = Mo. narrower dispersions than for the local LFs in Table 6. Such

a multi-component parameterization is however highly degen-

. . . ' erate as the relative fractions of E, SO and Sa in the ESS are
shown in the top panels of Fig. 11, the two-wing Gaussian

For both theR;, < 205 and Ry < 215 samples
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Fig. 11. Comparison of the ESO-Sculptor spectral-type luminosity functionBfar 20.5 (top panels) an®; < 21.5 (bottom panels) with the

composite LFs modeling the intrinsic LFs (see Sandage et al. 1985 and Jerjen & Tammann 1997). Left, center, and right panels show the LFs
for the early-type, intermediate-type, and late-type galaxies respectively. Dotted and dot-dashed lines show the adjusted Spiral LFs, and dashed
lines show the adjusted dwarf galaxy LFs; solid lines show the composite LFs resulting from the sum of the individual components, excluding
the SdSm component, only shown as indicative (see text for details). The respective LF parameters are listed in Table 7 (those for which the
“Type of LF” is written in boldface).

poorly determined from the spectral classification, and becausethe bright end, the steep exponential decrease of the LF
the 3 Gaussian components have similar peaks and dispersiocasses an under-sampling, because of the limited sky cover-
knowledge of the early-type ESS LF is obviously iffeztient age of the survey. Extending thg < 20.5 sample td=; < 21.5
for constraining separately the E, SO and Sa LFs. We howegahich adds 59 early-type, 66 intermediate-type, and 28 late-
adopt the success of a single two-wing Gaussian adjustmentyge galaxies) is not gficient to counter-balance this under-
an indication that the ESS early-type LF is compatible withsampling, as the deeper sample is onB2% complete in red-
mix of E, SO, and Sa galaxies having Gaussian LFs. shift measurements (see Table 1). The result of these combined
effects is to skew the ESS early-type LF towards bright mag-
Note that the local Gaussian LFs for E, SO and Sa galaxi@fudes. This fect is observed in most magnitude-limited
(shown in Table 6) have too large a dispersion to mateBdshift surveys, and contrasts with the local E LF which
directly the ESS early-type LFs, as the two-wing Gaussian (sgéskewed towards faint magnitudes (see Table 6). Jerjen &
Table 7) cannot be fitted by any combination of the mentionqﬁmmann (1997) also interpret as incomp|eteness the ear|y-
local LFs for either theR: < 205 or theR: < 215 sample. type LF measured by Muriel et al. (1995), based on the APM
Although this could partly originate from evolution and envisyrvey, which shows a similar behavior: the low luminosity E
ronmental €ects, there is a non negligeable contribution frorfre compact and could easily be misidentified with stars, even
Sampling dects. Atthe faintend, the ESS is limited by its COMpn a 2.5-m h|gh resolution Las Campanas du Pont p|ate (See
bination of sky coverage and apparent magnitude limit, whigrien & Dressler 1997). Such a bias could also contribute to
results in a small sampling volume: the local LFs for E, SO argharrow dispersion of the early-type LF in the ESS. However,
Spiral types in Table 6 are defined outNt{Br) ~ —15.5, that there has been so far no detection of a significant compact pop-
is M(Rc) ~ —17.0, whereas the ESS early-type LF is poorlyjjation of galaxies which could have been missed in deep red-
sampled aM(Rc) fainter than-19.0 (see histogram in Fig. 7). shift surveys (see for example Lilly et al. 1995).
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4.4. The ESS intermediate-type luminosity function the Schechter LF is defined in Eq. (14). The

GaussiarSchechter composite LF function has 5 free

For the ESS intermediate-type and late-type LFs, the sitygseters: the pedky and rms dispersiol of the Gaussian,

tion is somewhat dierent. The ESS intermediate-type clasE];]e parameters!* and o of the Schechter function, and the
contains predominantly Sb and Sc galaxies (see Sect. 2.5 ?Eﬂﬂ)(ﬁo/(ﬁ* of the amplitudes for the 2 functions.

Fig. 2). Sandage et al. (1985) sketch th¢Sheand Sc LFs as 5 general STY fit with all parameters left free is highly

2 Gaussian functions with a nearly 1 mag fainter peak for h@qiapje and yields various unrealistic solutions. We however
Sc, and a similar rms dispersion-ef mag. Figure 2b suggests;q that fixing the valugo/s" i

than the Sb galaxies. Adding to the loca/SiaGaussian LF (as fore perform iterative fits in which the ratity/¢* is fixed to a

listed in Table 6) a contribution from the Sc local LF would d'séeries of values separated by some increment; the smallest in-

tort the faint end of the 38b Gaussian. This would however..o nants used near the maximum of likelihood ratio, 20&.0

be insuficient to make the flat faint-end observed in the ESpy, 4 yect fit is then defined as the STY solution with the largest
intermediate-type LF for botRe < 20.5 andR. < 215 (s€€ |jqjihgod ratio. In the following, we denote these fits the “iter-
Fig. 11). Moreover, examination of Fig. 3 of Jerjen & Tammangy e” STY solutions. or “iterative fits”.

(1997, based on Sandage et al. 1985) shows that both the Sb anq-he parameters resulting from the iterative fits for Rae

Sc LFs decrease to zero galaxies(Br) ~ ~16, which cor- 545 4ngR. < 215 samples are listed in Table 7, just below
responds tM(R) = ~17.3 (using the colors of an Sbc galaxy,e corresponding “Pure Schechter” fits. The iterative compos-
I!stgd in Taple 5), whereas the ESS LF remains flat out to tmg fits of the ESS intermediate-type LF provide as good ad-
limit (see Fig. 11). justments as the pure Schechter fits: the likelihood ratios only

Having in mind that there are no dwarf Spiral galaxies ighow a small decrease, fron76 to Q72 for theR, < 20.5 sam-
the local Universe (see Sandage et al. 1985), and that dm@g, and from 83 to Q78 for theR; < 215 sample. We have
spheroidal galaxies have bluer colors than giant E galaxies, W& directly estimated the uncertainty in the likelihood ratios,
propose that the flat faint-end of the ESS intermediate-type bt results for fits with similar LF parameters for the Gaussian
is caused by inclusion of dSph galaxies in this class. Indegghq Schechter components (within 1%) yield changes in the
Caldwell (1983) suggests that dE in the Virgo cluster are youllgelihood ratio by as much a.03, which provides an under-
and undergo some amount of star formation indicated by @gtimate of the true error. The decrease in the likelihood ratios
excess of UV light (the so-called “UV upturn phenomenon’}iom the pure Schechter fits to the iterative fits are therefore
dE with absolute magnitudesl8 < M(By) < -16, that is \ithin the~1-0 error bars.
-197 < M(R;) < 17.7 for the colors of an E galaxy and | the jterative fit of the intermediate-type LF from the
-193 < M(Rc) < 17.3 for the colors of an Sbc galaxy (sey. < 215 sample, the valudM*(R.) = -2058 is abnor-
Table 5), have rest-frame color®< U -V < 1.3 (see also mally pright for field dSph galaxies, expected to represent a
the similar results of Caldwell & Bothun 1987 for the Fornaéigniﬁcam population in the ESS: as shown by Binggeli et al.
cluster). We th_us examine thle colors of the 34 intermediagggo, see their Fig. 10, bottom panel), field dSph galaxies
type galaxies in the ESS with195 < M(R) < -175. mightbe fainter than in the Virgo and Centaurus clusters, with
Figure 9 indicates these galaxies have redshifts in the inter Br) ® —17. We therefore re-run the STY solution for the
007<z< 0.25,_ with a_median redshift0.18. Thei_r appar- p. < 215 sample, with the added constraint that(Ry) =
ent colors describe the intervali< B~ Re < 2.0, with 73%  _1943 (the measured value from Virgo, which is also fainter
of the galaxies in the interval® < B~ Rc < 1.5. There is than for Centaurus, see Table 6). When using this constraint on
therefore ample overlap for a population of dE galaxies wif}p« their is no need to perform iterative fits with varying val-
rest-frame color & < U -V < 1.3, asU -V shifts ap- yes ofge/¢*: leaving all parameters free yields a stable min-
proximately intoB — R; atz ~ 0.2. Independent evidence isjmum with M*(R;) = —-1898+ 0.37 anda = —1.53 + 0.33
brought by the actual spectra of dE in the Fornax cluster, Ofgther parameters are listed in Table 7). The likelihood ratio
tained by Held & Mould (1994): these spectra show only gecreases t0.62, a lower but still acceptable value. Because
weak or a non-existing break at the location of the H & K Cajje M*(R;) = —1943 constrained fit to th& < 215 sam-
lines (3933 and 3968 A), and display intermediate-color COPte provides shape parameters for the Gaussian and Schechte
tinua which makes them closely resemblant to Sa and Sb SP&Smponentsilo, =, M* anda) which agree at less than therl-
tra (Kennicutt 1992). If such dwarf Spheroidal galaxies wejgye| with those for the iterative fit to tHe, < 20.5 sample (the
present in the ESS, they would be classified as intermedigi@certainties in 2 measures are added in quadrature in order to
type galaxies by the PCA spectral classification (see Sect. 2gimate the uncertainty in thefiirence), we adopt these 2 fits
and Galaz & de Lapparent 1998). and plot them in the lower and upper middle panels of Fig. 11

We therefore choose to parameterize the ESS intermediagp. (green dotted lines for the SBc LF, red dashed line for
type LF by the sum of a Gaussian LF, modeling the contribthe dSph LF); the sum of the Gaussian and Schechter compo-
tion from SbrSc galaxies, and a Schechter component mogents are plotted as continuous green lines. The amplitude of
eling the contribution from dwarf galaxies. Similarly to thexach iterative fit is determined by least-square adjustment to
two-wing Gaussian in Eq. (15), the Gaussian LF is defined age corresponding SWML solution (see Sect. 4.1).

The values oM for the Gaussian component which mod-

H(MYAM = o Mo=M/22% g (16) els the SB-Sc contribution to the intermediate-type LF in the
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R; < 205 andR; < 215 samplesMg(R:) = —19.79+ 0.29 4.5. The ESS late-type luminosity function

andMp(R;) = —19.97 + 0.21 resp., are both close to that listed

in Table 6 for the Sc galaxies in thR filter, Mo(R.) = —19.8. We propose a similar parameterization for the ESS late-type LF

Moreover, Fig. 3 of Jerjen & Tammann (1997) shows that tt&s for the intermediate-type LF. Figure 2 suggests that the ESS

Sb LF may have a similar magnitude distribution as the Sc LIBte-type class contains predominantly Sc an(S8ugalaxies.

in both the Centaurus and Virgo clusters, whereas the Sa Aithough the Sc and $8m populations can be modeled as 2

has a brighter peak in both clusters. The local intrinsic LF féeparate Gaussian LFs with the/Sah LF shifted to fainter

Sc galaxies can therefore be used to model theS8HLF, thus magnitudes (see Table 6 and Sandage et al. 1985), Fig. 3 of

validating our interpretation of the Gaussian component of tderjen & Tammann (1997) shows that the magnitude distribu-

ESS intermediate-type LF as due to+Sz galaxies. This in tion of the S@Sm galaxies, is included in that for the Sc galax-

turn suggests that the Spiral galaxies detected in the Centai@gs The contribution from $8m galaxies can therefore con-

and Virgo cluster may be representative of those detected in We@iently be included into the Sc LF, and we denoteSttthis

ESS. joint LF. We then model the ESS late-type LF as the composite
sum of a Gaussian LF for the $8d galaxies, and a Schechter

~ The rms dispersiol of the Sk-Sc Gaussian componentynction for the Im-BCD galaxies (denoted dI). We then show

is 088 + 0.17 for theR. < 205 sample, and 81 + 0.18 4 posteriori that the contribution from B galaxies to the

for Re < 215. These 2 values are in good agreement, Wihmposite function modeling the ESS late-type LF is neglige-

a 012 difference. They are however smaller than the dispgyhle, as it is dominated at all magnitudes considered by the
sionX ~ 1.2 for the local Sc LF (see Table 6). As shown iontribution from either the Sc or the dI galaxies.

Fig. 2b, only the Sc galaxies of earliest spectral type are in-

cluded in the intermediate-type class. A narrower dispersign 4 . )
ﬁge GaussianSchechter composite LF to the late-type galaxies

might be expected for this sub-population. It is also likely th i
a significant part of the ¢lierence with the ESS dispersionWlth Re < 205 andR. < 215; the Se-Sd LFs are shown as

¥ ~ 0.9 results from the selectiorffects discussed in Sect. 4.390ted lines, and the dI LFs as dashed lines (the corresponding

which cause under-sampling at both the bright and faint eqxggrqmeters are listed in Table 7). The increase_d values of the
of the ESS LFs. ikelihood ratios (069 and 061 resp.) compared with the values

for the pure Schechter fits @5 and 051 resp.) show that the
The central panels of Fig. 11 show that both the charemposite fits are better descriptions of the ESS late-type LFs.
acteristic magnitudeM* and the faint-end slope of the Moreover,the fitted Gaussian peak for the-Sd componentin
dSph Schechter component are poorly constrained by theh theR. < 20.5 andR; < 21.5 samples{18.72+ 0.34 and
intermediate-type LFs, in contrast to the Gaussian componerit8.86+ 0.29) is remarkably close to the mean valudvfR.)
The dfect ona is more acute for th& < 20.5 sample, as the forthe Sc and S&m local LFsMo(R;) = —18.75 (see Table 6).

SWML sol_ution has only few points fainter than the peak of The measured dispersion of the+Sd Gaussian compo-
the Gaussian component. For tRe< 215, the SWML SOlu- pent sy = 0.86+0.14 ands = 0.97+0.13for theR, < 20.5and

tion reaches nearly one magnitude faintertM(Re) ~ -165, R < 215 | Fs resp., which agree at less thatro. Values of
thus putting tighter constraints an The difering value oM™ 4 5, g 1 and 08 + 0.1 are however listed in Table 6 for the Sc,
by ~1.6™*9 obtained for theR; < 21.5 sample using the itera- 5ng sgsm components respectively. As for the intermediate-
tive fitand theM* = -1943 con_st_ramed fit resp. (see Table 79ype LF (Sect. 4.4), only part of the Sc galaxies are expected
illustrate the dificulty in constraining\”. to be included in the late-type class, those of later spectral-type

Conversion into thedr band of M*(R;) ~ —19, obtained (see Fig. 2a), and this sub-class may have a narrower dispersion
from the iterative fit to theR, < 205 sample, and from the than the full Sc population. The already mentioned sampling
M* > —19.43 constrained fit to th& < 215 sample, yields effects which bias the Gaussian dispersion towards low values
M*(Br) ~ —17.3 (as in Table 6, we use the color term fofnight also &ect the ESS late-type LF (see Sect. 4.3).

Sab galaxies listed in Table 5). We recall that in the ESS, the The STY composite fits of the late-type LF yield values
LF for the dSph is expected to result from the combination of M*(R;) for the dI Schechter component which are in agree-
the LFs for dSph in groupand in the field (see Sect. 4.2);ment for theR, < 205 andR; < 215 samples M*[R.] dif-
M*(Br) ~ —-17.3 is indeed intermediate between the valudsrs by less than-1-0), with a mean valud*(R;) ~ —-17.7.

for the Virgo and Centaurus clusters listed in Table 6, and théis value is intermediate between the values for the Virgo
fainter value suggested by field dSph galaxies in the Ursa Magord Centaurus cluster (see Table 6). Moreover, the faint value
cloud (see Fig. 10 of Binggeli et al. 1990). We therefore adopt’(R;) = —16.74 measured from the Virgo cluster (Jerjen
as a likely characterization of the dSph component includeddnTammann 1997) can be excluded: whatever the dispersion
the ESS intermediate-type LF that derived from ge< 215 of the Gaussian LF for the $8d galaxies, and whatever the
sample, withM*(R.;) = —1898+ 0.37 anda = -1.53+ 0.33. slopea for the dl component, a failM*(R;) prevents from
Note however that, even in tH& < 215 sample, the large adjusting simultaneously the ESS late-type LF in the intervals
uncertaintyo-(@) = 0.33 makes the faint-end slope of the dSph19 < M(R;) < -18 and-18 < M(R;) < -16. Conversion

LF component derived from the ESS compatible with those d&f-M*(R;) ~ —17.7 into the By band yieldsM*(Br) ~ -17.1
rived from both the Centaurus and Virgo clusters, at less th@s in Table 6, we use the color term for Sm galaxies listed

the 1o level. in Table 5). This value appears consistent with that suggested

The right panels of Fig. 11 show the iterative STY fits of
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—-22 —20 —-18 -16 ratios are also obtained wheris fixed to—0.40: 043 and 042
LI Y N B R N Y LB B for the R, < 205 andR; < 215 samples respectively. For
10-1 E ; a < -0.50 ora > -0.20, the likelihood ratios for the 2 samples
g R,=20.5 3 differ by at least ®. Also, although the redshift incomplete-
102 ¢ - ness is corrected for in the calculation of the SWML solution
= 3 (see Sect. 3.1), the low amplitude of the faintest 3 points in the
10-3 & - Re < 215 LF, which causes the high value= 0.39+ 0.21,
= E could be explained by a dierential bias against late morpho-
—10~4 - logical type at this faint limit: beyond the nominal limit of
T E 3 R. < 20.5, objects with preferentially steeper light profile were
8_‘1 0-5 L . observed, in order to insure affaient signal-to-noise ratio in
= S 3 the spectra; these objects are likely to have an earlier morpho-
~ 108 E - logical type.
IQD ST A T ST I IR = Using the faint-end slope = -0.83 obtained for the
& | | | s
o] 10-1 R. < 205 sample as the steepe_r a_lllowed va!ue, and the com-
= EE R £21.5 EE mon valuex = —0.3 as an upper limit, we obtain the constraint
©, 10-2 B € 5 that the faint-end slope of the ESS late-type dwarf component
5 E ff E lies in the interval-0.8 < @ < -0.3. However, as for the
© -3 - . intermediate-type LF, the ESS weakly constrains the faint-end
E E slope of the dl component, and we regard these limita a3
ol . tentative.
10 E E To evaluate the contribution from the /San galaxies to the
5L T . ESS late-type LF, we also plot in the right panels of Figs. 11
10 E E and 12 the expected 8m LF with the shape listed in Table 6
6 - 7 and the amplitude, defined such as the integral over the Sd
10 E 0l u 1,13 LF is half the integral over the $&d LF for M(R;) < —16.6.

We justify this choice a follows:
—22 —20 —-18 -16

— Figure 3 of Jerjen & Tammann (1997) shows that for
M(RC) — 9 log h M(Br) < -155, the S@Sm galaxies amount to approxi-

) o o mately half the number of Sc galaxies;
Fig. 12.Other composite fits of the ESO-Sculptor late-type luminosity _ M(Br) < —155 corresponds tM(Rc) < —16.6 when using
functions for theR. < 205 andR; < 215 samples. Dotted and dot- M(BI) B M(R.C) — 1.1 for an Scd gala;(y (Sée Table 5);

dashed lines show the Spiral LFs, dashed lines show the dwarf galaxy . . .
P gataxy if one assume that about half of the Sc galaxies are included

LFs (dl). Solid lines show the composite LFs resulting from the sum™ | ; )
of the individual components, except for the/Seh component only I €ach of the ESS intermediate and late-type classes, the

shown as indicative (see text for details). Here, the Schechter slope SC galaxies then contribute in equal amount as thSrad

@ of the dI component is fixed te0.3, as measured from the Virgo ~ galaxies to the late-type LF, and the expected ratio of Sd
cluster (see Tables 6 and 7). The other LF parameters are listed inover Se-Sd galaxies withM(R;) < -16.6 is approxi-
Table 7. mately Q5.

The resulting amplitudeg, for the S@Sm LF in theR; < 20.5

by field dI galaxies in the Ursa Major cloud (see Fig. 10 gindRc < 215 are listed in Table 7. Figures 11 or 12 show that
Binggeli et al. 1990). in the full magnitude range considered, thg¢S8d component

In contrast, the values af for the dl Schechter Compo_iS a factor~10 smaller than the late-type LF. This confirms a
nent of the ESS late-type LFfiir by 36-0 for theR. < 205 posteriori that the §8m galaxies have a negligeable contribu-
andR; < 215 samples: the slopes ae= —0.83 + 0.26 and tion to the ESS late-type LF, and could not be constrained as a
@ = 0.39+ 0.21 respectively. The Centaurus slape= —1.35 separate componentin the composite fits.
(see Table 6) is too steep to match the LF of either sample,
whgreas the slope = -0.31 measured _fr_om the Virgo clus-4 5 1he £ss peak surface brightness distributions
ter is acceptable for both samples: by fixikg(R;) andX for
the Gaussian component to the best fit values obtained in e now use the surface brightness (SB) of the ESS galax-
iterative fits (Table 7), and the Schechter slap® —0.30, the ies to provide further evidence for the contribution of dwarf
STY solution yields values df1*(R;) which differ by less than galaxies to both the intermediate-type and late-type classes.
1-0 for theR; < 205 andR; < 215 samples (and by1-c0 The SExtractor package (Bertin & Arnouts 1996) was used
from the respective values obtained by the iterative STY fitdgr image analysis of the ESS photometric survey (Arnouts
the corresponding likelihood ratios arel@ and 044 (the pa- et al. 1997), and among the extracted parameters is the peak
rameters for these constrained fits are listed in Table 7 just aféB of the objects, calculated in the one object pixel with the
the iterative fits, and are plotted in Fig. 12). Similar likelihootlighest flux. Galaz et al. (2002) show that the central SB in
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the near-infrared is strongly correlated with fundamental phys- 18 19 20 21 22 18 19 20 21 22

ical parameters for low-SB galaxies. Extrapolating this result 5 iwm:'(;'s' ‘hlkxw,,xxxwx, 30
. . ) [ Te = 0. pc 1 i
to optical wavelengths, we use for each galaxy in the ESS its For _ T - .
SExtractor peak SB in tH&. band (denote8 B,ca) and correct 20 | R.=205 n + Re=215 : :J_' 420
it for (i) the K-correction of the corresponding galaxy, and (ii) ¥ el : - F I : 1
the dimming due to the expansion of the Universe, which varies 10 |- T+ B 1 10
with redshiftz as 25 log(1+ 2)*; across the ESS survey, the SB i _ |=|_| '—L T _|=|_| ' i
dimming varies from @41™%atz = 0.1 to 204™9atz = 0.6. op—==- —— - 0
We obtain a “rest-frame” peak SB defined as G L L R R A
n 30 06 sr,,, = 08 h kpe] 7130
S Breayrest = S Break— 1010g(1+ 2) — K(z ¢") a7 -5 F T ]
(see Sect. 2.3 for the definition of the K-correctikifz, 7). @D 20 F ] =0
The resultingS Byeayrest describes the interval 1& uo £ o 10L J10
225 mag arcsee in the R band for the 617 ESS galaxies 1
with R; < 205. 2 0 =40
These values of the rest-frame peak SB cannot howeverbe | i H
directly compared among them, because the peak pixel over40 F r,_, = 0.8 h-t kpe + 440
which they are calculated corresponds teaying physical 130 E I E 10
aperture at dierent redshifts. Moreover, as 2fidirent tele- i 1. i ]
scopes and 4 fferent CCDs were used over the course of the 20 F |j| :_ + 420
photometric survey (Arnouts et al. 1997), with pixels scales 1g | ! T J10
of 0.35 arcsefpixel, 0.44 arcsepixel, and 0.675 arcsguxel 0 S L\_:____;_ ) I_ 7 0
in the R, filter, the physical transverse size over which the rest- AT TN P FRTRTTURE: TS FRNTE PYTRFRRT SRUT P
frame peak SB is calculated can take ¥atient values at a 18 19 20 21 R 18 19 20 21 2R
given redshift. We thus calculate for each objet the physical rest—frame peak SB in R,

transverse “radius” of the peak pixel, denotggh, and de- _
fined as the product of half the pixel si2gi (in radians) by Fig. 13. Comparison of the ESO-Sculptor rest-frame peak surface
the angular-distance diametes = d, /(1 + 2)2, whered, is brightness aR. < 205 (3 left panels) andR. < 215 (3 right pan-

the luminosity distance given in Eq. (7). The resulting valu&): for the early-type (red solid line), intermediate-type (green dot-
of rpeax Vary from~0.15h"1 kpc atz ~ 0.05 to ~0.5h~* kpc ted line), and late-type (blue dashed line) galaxies, using redshift in-
pea . = U . ’

~0.6hL kpc, ~0.95n"% kpc atz ~ 0.3, and to~0.65n1 kpc, crementsAz = 0.04. The 3 spectral classes are separated accord-

i o ~ ing to the physical radiusyeax Of the peak pixel over which is cal-
~0.85h™" kpc, ~1.3h™" kpc atz ~ 0.6 (the 3 values Corr‘:"Spondculated the surface brightness: top, middle, and bottom panels cor-

to the 3 above mentioned pixel sizes). respond torpesx < 0.6h° kpc, 06 < rpeax < 0.8h°% kpc, and

These variations impeax for the ESS result in significant Fpeak> 0.8h71 kpc respectively.
variations in the average SB measured within the peak pixel:
for example, as shown by Binggeli & Cameron (1991), the SB
profile of giant and dwarf Elliptical galaxies in the Virgo clusterpeax > 0.8~ kpc , the dect is only visible for the late-type
steeply decreases outwards, and varies®yo ~5 mag when galaxies. For all 3 intervals afea the dfect persists aR; <
the physical radius varies fron0.5h~* kpc to~1.5h"* kpc (see 215, with a larger fraction of galaxies in the low-SB tails. The
also Binggeli & Jerjen 1998). For comparison of the rest-franadsence of low-SB tail for the intermediate-type galaxies with
peak SB among the 3 spectral classes, we therefore sepanatg > 0.8h! kpc can be explained as follows: the ESS galax-
galaxies within each spectral class into the following 3 inteiles with rpeax > 0.8h7! kpc havez 2 0.25, and are there-
vals of rpeak Mpeak < 0.6h7% kpc, 06 < rpeak < 0.8n71 kpc, fore brighter tharM(R:) ~ —-19.2, due to their K-corrections
andrpeak > 0.8n7 kpc; these values are chosen so that thegee Fig. 9 in Sect. 3.2 above). However, as shown in Fig. 11,
are more than 40 galaxies in each sub-sample of each spethalearly-type dwarf contribution to the intermediate-type LF
class. Note that the variable seeing conditions during the coubseomes dominant only at fainter magnitudes than this limit.
of the survey alsoféect the measured peak SB. Seeing is moghe early-type dwarf galaxies are therefore inherently excluded
effective in decreasing the peak SB of objects with steep pfoem therpeax> 0.8h~1 kpc sub-samples, which in turn explains
files, thus decreasing the contrast between objects with hile absence of the low SB tails for these samples. This selec-
and low peak SB. The segregation between galaxies with higgn effect has a smaller impact on the late-type galaxies, as
and low peak SB detected in Fig. 13 below might thus be ithese have a smaller K-correction, and a steeply increasing LF
trinsically larger. at M(R;) ~ —19.0: a non-negligeable fraction of the late-type

Figure 13 shows the resulting histograms of rest-frang@laxies are thus included in theax > 0.8h™1 kpc samples, at
peak SB for the 3 intervals dfeax Within each ESS spectralbothR; < 20.5 andR; < 21.5.
class, forR; < 205 andR; < 21.5. Forrpeax < 0.6h~* kpc and We also observe a correlation between SB BH&.) mag-
06 < rpeak < 0.8h7 kpc (top and middle panels), thenitude for the ESS galaxies in both thgak < 0.6h~* kpc and
intermediate-type and late-type galaxies vRth< 20.5showa 0.6 < rpeak < 0.8n7! kpc sub-samples, with fainter galaxies
low SB tail, which is not present in the early-type galaxies. Ftiaving fainter SB. The galaxies with low SB detected in both
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the intermediate-type and late-type galaxies are therefore lofvE galaxies are sampled, and brighter values of SB are de-
luminosity objects. This provides further evidence that the fainved. The SO and Sa galaxies also included in the early-type
components of the ESS intermediate-type and late-type LFs @gss might also contribute to th&ect, as the bulges have a
indeed dwarf galaxies, characterized by both low luminosigjgnificant contribution to the object profile in the central parts
and low SB. of the galaxies.

For the reasons discussed above, the measured peak SB for
the ESS galaxies cannot be directly compared with the SB mea-
surements derived from nearby galaxies. For example, in theConclusions and prospects
Sculptor and Centaurus A groups, Jerjen et al. (2000) derive )
the extrapolated central SB calculated by adjustmeneegis” 1he present analysis of the ESO-Sculptor Survey (ESS)
models to the object profiles: this yields relatively bright SErovides new measurements of tBeV, andRe luminosity
For the Virgo cluster, Binggeli & Cameron (1991) calculate thignctions (LF) of galaxies at < 0.6. We use a PCA-based
mean SB within the ffective radius defined to contain half offP€ctral classification, and a technique providing a parametric
the total light of the galaxy, which varies by a factor of 3 amon%snmatlon of the K-corrections as a function of reds_hlft and
the populations of Virgo giaydwarf Elliptical and Lenticular SPectral type. From these, we derive absolute magnitudes ac-
galaxies (see their Fig. 1). The ESS results can however $ate to 09" in Re, 0.13™9in V, and 016™in B for
compared with the results of Trentham & Hodgkin (2002), wH§€ nearly complete sample of 617 galaxies with redshift at
measure the averageband SB of Virgo cluster galaxies withinFe < 20.5. The LFs are then calculated for 3 spectral-type sub-
a constant circular aperture of 6 arc-second radius: at the ré@Mples with comparable numbers of galaxies, denoted early-
shift of Virgo (z ~ 0.0038), this corresponds ta3Bh~! kpc. type, |nterm<_ad|ate-type, and Ia_te—type respectively. Projection
The values of SB measured by Trentham & Hodgkin (20095 the Kennicutt (1992) galaxies onto the ESS spectral se-
can thus be compared with those for the ESS galaxies in fi¢nce shows that the 3 spectral classes correspond to mor-
rpeak < 0.6h71 kpc sub-sample. As in the ESS, Trentham ghological types F5('Sa, SliSc, and S(SnyIm respectively.
Hodgkin (2002) show a tight correlation between SB and abso- The derived LFs for each spectral type have a similar be-
lute magnitude, with brighter galaxies having brighter SB (sé@vior in theB, V andRc bands, which indicates that they mea-
also Binggeli & Cameron 1991; Jerjen et al. 2000): th8@E sure physical properties of the underlying galaxy populations.
and Spiral galaxies populate the bright part of the Virgo séhey are well fitted by Schechter functions, with a dimming
quence in the SB intervat18-23B mag arcse@ for Virgo, of the bright-end and a steepening of the faint-end when go-
and the early-type and late-type dwarf galaxies populate thg from early-type to late-type galaxies. Because the spectro-
faint part of the sequence, with21-27B mag arcse@. At SCopic sample was selected in fRegband, theV andB band
a SB of >22B mag arcse@, the dwarf galaxies dominatelLFs sufer from incompleteness in blue galaxies at the faint
in numbers over the giant galaxies. This limit correspondi§it; this bias tends to weaken the steepening of the faint-end
to ~20.7R. mag arcse? for a dE galaxy, assuming the color ofof the LF for late-type galaxies.
an Sab galaxy (see Table 6), and-®L4R. mag arcse for We then compare the ESS spectral-type LFs with the re-
an Im galaxy (see Table 5). Interestingly, the SB histograms falts from the comparable CNOC2 redshift survey (Lin et al.
the ESS intermediate-type and late-type galaxies wyith < 1999), the only other redshift survey to similar depth and based
0.6~ kpc in Fig. 13 both show a secondary peak (at faint SB) a spectral classification. The Schechter fits to the ESS LFs
within less than @M29from these values; the sharp decrease in the B andR:. bands are in agreement with those from the
objects fainter than these peaks is caused by incompleten€8¢OC2. In theV band, the ESS provides tfiest estimates of
This comparison thus provides evidence that the low SB tailsiotrinsic LFs atz ~ 0.3. Further comparison of the ESS with
the ESS intermediate-type and late-type classes contain dwaiffer redshift surveys is reported in de Lapparent (2003), in
galaxies similar to those detected in nearby clusters as Virgavhich is performed a detailed analysis of all the existing mea-

In Fig. 13, the variations in the SB distributions as a fungurements of intrinsic LFs in tHg¢ BV R.I; bands from redshift
tion of ryeax also provide evidence of varying profiles amongurveys with &ective depth ranging from ~ 0.03 to Q6. By
the ESS galaxies. When going to larger valuesgfy the using the local intrinsic LFs per morphological type as a refer-
SB histograms for the intermediate-type and late-type gal@ace, de Lapparent (2003) shows how the existing redshift sur-
ies maintain a nearly constant median value of SB, whereas ¥ie¥s may mix galaxies of ffierent morphological types, thus
early-type galaxies show a shift to fainter SB. This can be igomplicating the interpretation of their LFs.
terpreted as a signature of the steeper profiles for E galaxies, The salient results of the present article are obtained by
which according to Binggeli & Jerjen (1998) haverSic pa- fitting the 3 ESS spectral-type LFs in tiRg band with com-
rametem = 0.1 to 05; in contrast, Binggeli & Jerjen (1998)posite functions suggested by the intrinsic LFs measured lo-
show that the SB profile of the early-tyfrte-type dwarf and cally for each morphological type in the Virgo, Centaurus, and
the Spiral galaxies are better fitted by flatter profiles, witfornax clusters (Sandage et al. 1985; Jerjen & Tammann 1997).
03 £ n < 20 (n = 0.25 corresponds to the"4 law by Specifically, we show that the ESS spectral-type LFs can be
de Vaucouleurs 1948; = 1 corresponds to an exponential promodeled as follows:
file, as measured by Freeman 1970, for the disk component of
Spiral and SO galaxies). Thdfect can be interpreted as fol- — the early-type LF: by a two-wing Gaussian function repre-
lows: for smaller values af,ear Steeper parts of the SB profile  senting the contributions from E, S0, and Sa galaxies;
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— the intermediate-type LF: by the sum of a Gaussian funisy the composite fits. We thus emphasize that due to the various
tion representing the Sisc galaxies, and a Schechter funancompletenesstiects, the specific ESS composite fits should
tion with a steep slopex( < —1.5) representing the contri- not be used as quantitative constraints on the intrinsic LFs at
bution from dwarf Spheroidal galaxies, which dominates~ 0.3. These fits should rather be considered as indicative of
atM(R;) 2 —19.0. the possibilities expected by application to forthcoming larger

— the late-type LF: by the sum of a Gaussian function faamples. These limitations point to the need for field measure-
the Se&Sd galaxies, and a Schechter function with a flaments based solely on dwarf galaxy samples.
or weaker slopeH0.8 < a < —0.3) representing the dwarf

Irregular galaxies, which dominate B(R,) = —19.0. Recent results do provide information on the local dwarf

galaxy LFs at faint magnitudes. In their study which com-

The interesting aspect of the comparison of the ESS spectfjiiés all available data on dwarf galaxies in the Sculptor,
type LFs with the local intrinsic LFs is that it provides clue$entaurus A, and M 81 groups, together with the Local Group,
on the various galaxy populations included in the ESS spef&flen et al. (2000) measure a steep slope -1.29+ 1.10

tral classes. It first shows that the bright end of the 3 spectril dwarf galaxies brighter thaM(Br) = -140; in these
type LFs is dominated by giant galaxies (E, SO, Spirals).qf:‘ta’ late-type dwarf galaxies dominate over early_—type dwarf
also reveals the contribution from dwarf galaxies to the faif@" M(Br) < -140, and early-type dwarf galaxies repre-

end of both the ESS intermediate-type and late-type LEENt an increas_ing proportion at fainter magnitudes (out to
These dwarf galaxies lie @ < 0.2 and are characterized™[Btl = —9.0); in these data, the LF for the late-type dwarf

by low luminosity M[R:] > —185) and low surface bright- galaxies reaches its maximum in a “plateau” located in the in-

ness £20.5 R; mag arcse@ averaged within a physical radius®Val =16 < M(Br) < -14 which corresponds t616.6 <

of 0.6-0.8h~* kpc). This interpretation of the ESS spectral-typ¥!(Re) < ~14.6 in the ESS (using Sfim colors, see Table 5).
LFs illustrates how a spectral classification may mix galaReCent observations of 5 nearby clusters and groups (includ-
the Virgo cluster) obtained with the NAOJ Subaru 8 m

ies of diferent morphological type: the ESS intermediate-typ&9 L ,
class may contain both Spiral (88c) galaxiesand dwarf telescope on Mauna Kea suggest a similar faint-end slope for
Spheroidal galaxies. each structure, with an average value- —1.2 in the interval

Comparison of the ESS LF components for the varioje &0 M(R) < ~100 (Trentham & Tully 2002). The frac-

morphological types with the local intrinsic LFs by Sandag{ on of dE over de-di galaxies is estimated to be 8312% in

et al. (1985) and Jerjen & Tammann (1997) suggests that g Virgo cluster, th@T richest of the 5 cqncentrations, and de-
shape of the LFs for the individual Hubble types might n eases 10 33 19% in the least dynamically evolved group,

vary markedly in the redshift interval & z < 0.6: contri- GC1023. Although .the survey by Trenthar_n & Tully (2002)
butions from Gaussian LFs for giant galaxies (E, SO, Sa es not put constraints on the separate faint-ends of the LFs

Sc) with similar peak magnitudes as locally can be adjusted tthe dwarf Sprelfmda_' arldziwatr; Irregula][ ?hala:XIes, it sug-
to the ESS LFs. The systematically narrower dispersion fSts a universal siope = L. for the sum ofthe two popu-

the ESS Gaussian components can be explained by selec iQns- The mean LF measurt_ad by Trentham & Tu!ly (2002) IS
effects inherent to magnitude-limited redshift surveys, whi S0 dominated by the Gaussian component for giant galaxies

cause under-sampling at both the bright-end and faint-end§M(R) = ~195, and is separated from the power-law behav-
the ESS LFs. A contribution from environmentélezts is also '©" at faint magnitudes by a transition region in the interval
.5 < M(R) £ —-180, characterized by a knee. Note that

expected, such as the presence of brighter giant galaxies_@ : . .
clusters than in sparse groups and the field, due to the higWe & pure Schechter fits, the faint-end slope is actually deter-

- T - d by the LF in this very magnitude interval. This yields
frequency of merging and cannibalism in dense regions. THene a
same dimming of the characteristic luminosity which is olﬂf steep Sf'r)}ft)t@ _I _1'621;0‘23; fo(r) ;h? ESS Iadte—t%/pe tIF]F’
served locally when going to later Spiral type (from Sa, gyhereas a flatter s_opeQ. S @ > —.0 1S derved when the
Sh, Sc, and S@m) is observed in the ESS. Because late-ty Eis decomposed into its intrinsic components. ThIS_ casts fur-
Spiral galaxies are brightened in the optical by their higher s ! doubt on the adjustment of the LFs from redshift surveys

formation rates compared with early-type Spiral galaxies, th Y pure Schechter functions, and emphasizes the usefulness of

dimming in luminosity is indicative of a systematic decreast & composite fits such as performed here.

in mass. Because giant and dwarf galaxies show marké@dinces

For the dwarf galaxies, the ESS composite fits suggesinaboth their LFs and their spatial distributions, we expect
steeper slope for the early-type dwarf L&- ¥ —1.5) than for that their detailed description produce crucial constraints for
the late-type dwarf LF (8 < « < —0.3), as already detected inthe N-body models, thus yielding clues on the mechanisms
several nearby groups and clusters (Sandage et al. 1985; Jdgegalaxy formation (see Mathis et al. 2002; Mathis & White
& Tammann 1997; Jerjen et al. 2000). This confirms earli@002). Note that an evolutive sequence among the dwarf galax-
suggestions that the late-type dwarf LF is bounded at the fairgs, which could be closely linked to galaxy interactions and
end (Sandage et al. 1985; Jerjen et al. 2000). Neverthelesstteeging, is suggested both by observations (Sung et al. 1998)
ESS only probes the brightest part of the dwarf galaxy LFand models of galaxy formation (Valageas & Sdhere1999;
to M(R:) < —16, and therefore puts poor constraints on thekazaki & Taniguchi 2000). Measuring the intrinsic LFs for
actual faint-end slope. The characteristic magnitMdenf the each class of dwarf galaxies, in various environments, could
Schechter LFs for the dwarf galaxies is also poorly constrainkélp in constraining these evolution scenarii.
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Most importantly, the present analysis of the ESS LFs, aedtimates based on colors (Blanton et al. 2001) seem more suc-
their comparison with the local intrinsic LFs per morphologieessful. Useful results on the intrinsic LFszat 1 should be
cal type points to the importance of separating the galaxy pagstained from the DEEP2 (Davis et al. 2002) and VIRMOS
ulations which have dlierent intrinsic LFs. The ESS spectral{Le Févre et al. 2001) surveys, thanks tfii@ent multi-slit
type LFs also illustrate the limits of measuring intrinsic LFspectrographs on the Keck (Cowley et al. 1997; James et al.
from redshift surveys in which galaxies aselely classified 1998) and ESO-VLT (Le &vre et al. 2001) telescopes, re-
from their spectra, as spectral classification is flisient to spectively. The present analysis of the ESS emphasizes the
separate giant and dwarf galaxies. The best approach feed that these various surveys use objective algorithm for
measuring intrinsic LFs is to use a morphological classififalaxy classification which are able to separate the giant and
cation. Several schemes for quantitative galaxy classificatiowarf galaxy populations along with thefidirent morphologi-
have been proposed so far (Bershady et al. 2000; Abrahant&l types within these 2 populations.
Merrifield 2000; Refregier et al. 2001; Odewahn et al. 2002). Another forthcoming survey is also expected to pro-

The present analysis of the ESS LFs suggests that a useful Mide significant contributions to the measurement of the in-

phological classification for measuring intrinsic LFs could als[?insic LFs toz < 1: the Large-Zenith-Telescope project
include the surface brightness profile of the galaxies, as it pr(%’abanac ot aIN 20'02_ Hickson et al. 1998 see also
vides key information for separating the giant and dwarfgalaf\<l;ctp_//WWW astl.“o ube ,ca/LMT/lzt htmi) whieh will
ies (Binggeli & Cameron 1991; Ferguson & Binggeli 1994, = ~"°" ~ ~ e ’

: . : ) rovide “photometric redshifts th an accura <
Binggeli & Jerjen 1998; Marleau & Simard 1998). provi P I I w uraex(z) <

0.05 atz < 1, using 40 medium-band filters. As shown

Knowledge of surface brightness also allows measurem%’g}tde Lapparent (2003), the CADIS (Fried et al. 2001) and

of the bi-variate brightness distribution, defined as the varigiy, 104 17 (Wolf et al. 2003) surveys with similar redshift

tions of the galaxy LF with absolute magnitude and Surfa%%curacy €(2) < 0.03) succeed in measuring spectral-type

brightness. As shown by Andreon & Cuillandre (2002), thst in good agreement with the ESS and CNOC2 (for which

general” bi-variate b_rlghtness_ d|str|but|_on n the Coma CluSé:(z) < 0.0005). We therefore expect that the Large-Zenith-
ter steepens and shifts to fainter luminosities at lower s

Yel scope provides detailed measurements of the intrinsic LFs

face brlghtnesses, N agreement with the steep LF MEASUER pi-variate brightness distributions 2zos 1, thanks to its
for dwarf galaxies in nearby groups and clusters of galaé—

ies (Jerjen et al. 2000; Trentham & Tully 2002). Cross et a .xpected 10galaxies.

(2001) show that accounting for the distribution in surface If complemented by detailed and quantitative morpholog-

brightness provides unbiased estimates of the “general” luriial information, the mentioned next-generation surveys will

nosity density (see also Cross & Driver 2002). Barazza et allow one to study whether and how the intrinsic LFs vary with

(2001) also detect a higher means surface brightness in figddshift and local density. Most redshift surveyszte 0.5

and group late-type dwarf galaxies than in cluster late-typ@ve detected significant evolution in several of the intrinsic

dwarf, which in turn suggests fiierent histories in the vari- LFs (Lilly et al. 1995; Heyl et al. 1997; Fried et al. 2001). A

ous environments. Significant improvements over the existifitirked evolution is also detected in the ESS, and is reported

analyses could be brought by including morphological clasg§ind compared with the previous measurements in de Lapparent

fication into the analyses of the bi-variate brightness distribgt al. (2003). In contrast, the existing detection of a variation

tion, as surface brightness alone is ndfisient to discriminate of the LF with local density (Bromley et al. 1998) is poorly

among the dferent morphological types present at a given su¢onclusive. The mentioned next-generation surveys wit

face brightness level. Colors and spectral classification might1® galaxies should address these issues in further details

provide part of this additional information, as they may enab#hd with improved statistics.

one to diferentiate among the giant galaxies (E, SO and Spiral)

on one hand, and among the dwarf galaxies (dE, dSO and dl) on

the other hand. Measurement of the bi-variate brightness distri-
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