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epted { { |-Abstra
t. From the �rst epo
h observations of the VIMOS VLT Deep Survey (VVDS) up to z = 1:5 we havederived luminosity fun
tions of di�erent spe
tral type galaxies. The VVDS data, 
overing � 70% of the life of theUniverse, allow for the �rst time to study from the same sample and with good statisti
al a

ura
y the evolutionof the luminosity fun
tions by galaxy type in several rest frame bands from a purely magnitude sele
ted sample.The magnitude limit of the VVDS (IAB = 24) is signi�
antly fainter than the limit of other 
omplete spe
tros
opi
surveys and allows the determination of the faint end slope of the luminosity fun
tion with unpre
edented a

ura
y.Galaxies have been 
lassi�ed in four spe
tral 
lasses, from early type to irregular galaxies, using their 
olours andredshift, and luminosity fun
tions have been derived in the U, B, V, R and I rest frame bands for ea
h type, inredshift bins from z = 0:05 to z = 1:5. In all the 
onsidered rest frame bands, we �nd a signi�
ant steepening ofthe luminosity fun
tion going from early to late types. The 
hara
teristi
 luminosityM� of the S
he
hter fun
tionis signi�
antly fainter for late type galaxies and this di�eren
e in
reases in the redder bands. Within ea
h of thegalaxy spe
tral types we �nd a brightening of M� with in
reasing redshift, ranging from <� 0:5 mag for early typegalaxies to � 1 mag for the latest type galaxies, while the slope of the luminosity fun
tion of ea
h spe
tral typeis 
onsistent with being 
onstant with redshift. The luminosity fun
tion of early type galaxies is 
onsistent withpassive evolution up to z � 1:1, while the number of bright (MBAB < �20) early type galaxies has de
reased by� 40% from z � 0:3 to z � 1:1. We also �nd a strong evolution in the normalization of the luminosity fun
tionof latest type galaxies, with an in
rease of more than a fa
tor 2 from z � 0:3 to z � 1:3: the density of bright(MBAB < �20) late type galaxies in the same redshift range in
reases of a fa
tor � 6:6. These results indi
ate astrong type-dependent evolution and identi�es the latest spe
tral types as responsible for most of the evolutionof the UV-opti
al luminosity fun
tion out to z = 1:5.Key words. galaxies: evolution { galaxies: luminosity fun
tion { galaxies: statisti
s { surveys



1. Introdu
tionAn unbiased and detailed 
hara
terization of the luminos-ity fun
tion (LF) of �eld galaxies is a basi
 requirementin many extragala
ti
 issues.At present the lo
al luminosity fun
tion is well 
onstrainedby the results obtained by the 2dF Galaxy Redshift Survey(2dFGRS, Norberg et al. 2002) and by the Sloan DigitalSky Survey (SDSS, Blanton et al. 2003). These surveysmeasure redshifts for 105 � 106 galaxies over a large area,and therefore explore well the properties of the lo
al(z < 0:3) Universe. Su
h large numbers of obje
ts alsoallow to study the luminosity fun
tions (as well as the
orrelation fun
tions and other properties) for galaxiesof di�erent types, de�ned on the basis of 
olours and/orspe
tral properties. A 
riti
al analysis of the luminosityfun
tions depending on galaxy type as measured from thevarious redshift surveys, as well as a 
omparison of thedi�erent results, 
an be found in de Lapparent (2003).Madgwi
k et al. (2002), analyzing 2dFGRS data, �nd asystemati
 steepening of the faint end slope and a fainten-ing of M� of the luminosity fun
tion as one moves frompassive to a
tive star forming galaxies. Similar results arefound by Blanton et al. (2001) for the SDSS sample, mov-Send o�print requests to: Elena Zu

a e-mail:elena.zu

a�oabo.inaf.it? based on data obtained with the European SouthernObservatory Very Large Teles
ope, Paranal, Chile, program070.A-9007(A), and on data obtained at the Canada-Fran
e-Hawaii Teles
ope, operated by the CNRS of Fran
e, CNRC inCanada and the University of Hawaii

Fig. 1. Rest frame U �B (upper panel) and B� I (lowerpanel) 
olours for galaxies of di�erent types: type 1 (solidline), type 2 (dotted line), type 3 (short dashed line), type4 (long dashed line).

ing from the redder to the bluer galaxies.For what 
on
erns the high redshift Universe, severalstudies in the past ten years have aimed to map theevolution of the luminosity fun
tion. However, be
auseof the long exposure times required to obtain spe
-tra of high redshift galaxies, spe
tros
opi
 surveys werelimited to a few 102 obje
ts. The Canadian Networkfor Observational Cosmology �eld galaxy redshift survey(CNOC-2, Lin et al. 1999) and the ESO S
ulptor Survey(ESS, de Lapparent et al. 2003) derived the luminosityfun
tion up to z � 0:5 using � 2000 and � 600 redshifts,respe
tively. de Lapparent et al. (2003) �nd a behaviourof the LF by type similar to the lo
al one derived from2dFGRS and a strong evolution of a fa
tor 2 in the vol-ume density of the late type galaxies with respe
t to theearly type galaxies. Lin et al. (1999) �nd for early typegalaxies a positive luminosity evolution with in
reasingredshift, whi
h is nearly 
ompensated by a negative den-sity evolution. On the 
ontrary, for late type galaxies they�nd a strong positive density evolution, with nearly no lu-minosity evolution. At higher redshift, the Canada Fran
eRedshift Survey (CFRS, Lilly et al. 1995) allowed to studythe luminosity fun
tion up to z � 1:1 with a sample of� 600 redshifts. From this survey, the LF of the red pop-ulation shows small 
hanges with redshift, while the LFof the blue population brightens by about one magnitudefrom z � 0:5 to z � 0:75. Other results suggest a strongnumber density evolution of early type galaxies (Bell etal. 2004, Faber et al. 2006); 
onversely, in the K20 survey(Cimatti et al. 2002), Pozzetti et al. (2003) found that redand early type galaxies dominate the bright end of theLF and that their number density shows at most a smallde
rease (< 30%) up to z � 1 (see also Sara

o et al. 2006and Caputi et al. 2006).Luminosity fun
tion estimates at higher redshift and/orwith larger samples are up to now based only on photo-metri
 redshifts, like the COMBO-17 survey (Wolf et al.2003) and the analysis of the FORS Deep Field (FDF,Gabas
h et al. 2004) and the Hubble Deep Fields (HDF-N and HDF-S, see e.g. Sawi
ki et al. 1997; Poli et al. 2001,2003); most of these proje
ts derived also the luminosityfun
tion for di�erent galaxy types. Wolf et al. (2003) �ndthat early type galaxies show a de
rease of a fa
tor � 10in �� up to z = 1:2. Latest type galaxies show a bright-ening of about one magnitude in M� and a �� in
rease ofa fa
tor � 1:6 in their highest redshift bin (z � 1:1) inthe blue band. Giallongo et al. (2005), using HDFs data,�nd that the B band number densities of red and bluegalaxies have a di�erent evolution, with a strong de
reaseof the red population at z = 2�3 and a 
orresponding in-
rease of the blue population. Dahlen et al. (2005), usingGOODS data, 
laim that the starburst population fra
-tion in
reases with redshift by a fa
tor of 3 at z = 2 inthe U band.Although photometri
 redshifts represent a powerful toolfor deep surveys, their pre
ision strongly relies on thenumber of used photometri
 bands, on the templates andon the adopted training pro
edure; moreover, they are af-
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Fig. 2. Co-added VVDS spe
tra of galaxies of the four di�erent types in various redshift bins, shown in rest framewavelength. The di�erent types are indi
ated with di�erent line strengths: the ligther the line, the later the galaxytype. The redshift bin is indi
ated in the label of ea
h panel. The 
ux on the y-axis is in arbitrary units and thespe
tra of the various types are arbitrarily res
aled for 
larity.fe
ted by the problem of \
atastrophi
 errors", i.e. obje
tswith a large di�eren
e between the spe
tros
opi
 and thephotometri
 redshift.A major improvement in this �eld is obtained with theVIMOS VLT Deep Survey (VVDS, Le F�evre et al. 2003b)and the DEEP-2 Galaxy Redshift Survey (Davis et al.2003). The VVDS is an ongoing program to map the evo-lution of galaxies, large s
ale stru
tures and AGNs fromthe redshift measurements of � 105 obje
ts down to a
magnitude IAB = 24, in 
ombination with a multiwave-length dataset from radio to X-rays.From the analysis of the evolution of the global luminos-ity fun
tion from the �rst epo
h VVDS data (Ilbert etal. 2005), we found a signi�
ant brightening of the M�parameter in the U, B, V, R and I rest frame bands, go-ing from z = 0:05 to z = 2. Moreover, we measured anin
rease of the 
omoving density of bright galaxies: thisin
rease depends on the rest frame band, being higher in
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Fig. 3. Observed fra
tion of bright galaxies (MBAB �5log(h) < �20) of di�erent types as a fun
tion of redshift.Error bars are 1� Poisson errors.
the bluest bands.Among the other results of this survey, we re
all the studyof the radio sele
ted obje
ts (Bondi et al. 2003) and oftheir opti
al 
ounterparts (Ciliegi et al. 2005), the evolu-tion of the 
lustering properties (Le F�evre et al. 2005b,Pollo et al. 2005) and of the bias parameter (Marinoniet al. 2005). Moreover, from the joined GALEX-VVDSsample, we derived the evolution of the far UV luminos-ity fun
tion (Arnouts et al. 2005) and luminosity density(S
himinovi
h et al. 2005).In this paper we study the evolution of the luminosityfun
tions of galaxies of di�erent spe
tral types based onthe VVDS data. This sample allows to perform this anal-ysis for the �rst time with ex
ellent statisti
al a

ura
yover a large redshift range (0:05 < z < 1:5).The plan of the paper is the following: in se
t. 2 we brie
ypresent the �rst epo
h VVDS sample, in se
t. 3 we de-s
ribe the galaxy 
lassi�
ation and in se
t. 4 we illustratethe method we used to estimate the luminosity fun
tions.In se
t. 5 we 
ompare the luminosity fun
tions of the dif-ferent galaxy types and in se
t. 6 we show the evolutionwith redshift of the luminosity fun
tions by type. Finallyin se
t. 7 we 
ompare our results with previous literatureestimates and in se
t. 8 we summarize our results.Throughout the paper we adopt the 
osmology 
m =0:3 and 
� = 0:7, with h = H0=100 km s�1 Mp
�1,Magnitudes are given in the AB system and are expressedin the �ve standard bands U (Bessel), B and V (Johnson),R and I (Cousins).

2. The �rst epo
h VVDS sampleThe VVDS is des
ribed in detail in Le F�evre et al.(2005a): here we report only the main 
hara
teristi
s ofthe sample used for the analysis presented in this paper.The entire VVDS is formed by a wide part on 4 �elds(whi
h is not used in this paper), and by a deep part,with spe
tros
opy in the range 17:5 � IAB � 24 on the�eld 0226-04. Multi
olour photometry is available forea
h �eld (Le F�evre et al. 2004a): in parti
ular, the B, V,R, I photometry for the 0226-04 deep �eld is des
ribedin detail in M
Cra
ken et al. (2003). Moreover, U band(Radovi
h et al. 2004) and J and K band (Iovino et al.2005) data are available for smaller areas of these �elds.Starting from these photometri
 
atalogues, spe
tros
opi
observations were performed with the VIsible Multi{Obje
t Spe
trograph (VIMOS, Le F�evre et al. 2003a)mounted on the ESO Very Large Teles
ope (UT3). Thesele
tion of obje
ts for spe
tros
opi
 observations wasbased only on magnitude, without any other 
olour orshape 
riteria.Deep spe
tros
opi
 observations (17:5 � IAB � 24)were performed also on the Chandra Deep Field South(VVDS-CDFS, Le F�evre et al. 2004b), starting from theEIS I band photometry and astrometry (Arnouts et al.2001). Multi
olour U, B, V, R and I photometry for thissample is available from the COMBO-17 survey (Wolf etal. 2003).Spe
tros
opi
 data were redu
ed with the VIMOSIntera
tive Pipeline Graphi
al Interfa
e (VIPGI,S
odeggio et al. 2005, Zani
helli et al. 2005) andredshift measurements were performed with the KBREDpa
kage (S
aramella et al. 2006) and then visually
he
ked. Ea
h redshift measurement was assigned aquality 
ag, ranging from 0 (failed measurement) to 4(100% 
on�den
e level); 
ag 9 indi
ates spe
tra witha single emission line, for whi
h multiple solutions arepossible. Further details on the quality 
ags are given inLe F�evre et al. (2005a).The analysis presented in this paper is based on the�rst epo
h VVDS deep sample, whi
h has been obtainedfrom the �rst observations (fall 2002) on the �eldsVVDS-02h and VVDS-CDFS, whi
h 
over 1750 and 450ar
min2, respe
tively. We eliminated from the samplespe
tros
opi
ally 
on�rmed stars and broad line AGNs,remaining with 6477 + 1236 galaxy spe
tra with se
urespe
tros
opi
 identi�
ation (
ag 2, 3, 4, 9), 
orrespondingto a 
on�den
e level higher than 75%. Redshifts with
ags 0 and 1 are taken into a

ount statisti
ally (see se
t.4). This spe
tros
opi
 sample, whi
h is purely magnitudesele
ted, has a median redshift of � 0:76.3. Galaxy 
lassi�
ationGalaxies have been 
lassi�ed using all the multi
olour in-formation available; in the VVDS-02h �eld B, V, R andI band magnitudes are available for all galaxies, while Uband data are available for 83% of the galaxies. For the
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tions by type up to z = 1.5 5VVDS-CDFS sample U, B, V, R and I photometry fromthe COMBO-17 survey is used.Absolute magnitudes are 
omputed following the methoddes
ribed in the Appendix of Ilbert et al. (2005). The K-
orre
tion is 
omputed using a set of templates and all thephotometri
 information (UBVRI) available. However, inorder to redu
e the template dependen
y, the rest frameabsolute magnitude in ea
h band is derived using the ap-parent magnitude from the 
losest observed band, red-shifted at the redshift of the galaxy. With this method,the applied K-
orre
tion is as small as possible as possi-ble.For ea
h galaxy the rest frame magnitudes were mat
hedwith the empiri
al set of SEDs des
ribed in Arnouts etal. (1999), 
omposed of four observed spe
tra (CWW,Coleman et al. 1980) and two starburst SEDs 
omputedwith GISSEL (Bruzual & Charlot 1993). The mat
h isperformed minimizing a �2 variable on these templates atthe spe
tros
opi
 redshift of ea
h galaxy. The same pro
e-dure has been applied by Lin et al. (1999) to the CNOC-2survey up to z � 0:55. This approa
h is also similar tothat adopted by Wolf et al. (2003) for the COMBO-17survey, but we have the advantage of using spe
tros
opi
redshifts, while they had to rely on photometri
 redshifts.Galaxies have been divided in four types, 
orrespondingto the E/S0 template (type 1), early spiral template (type2), late spiral template (type 3) and irregular template(type 4). These types are based on the four CWW tem-plates: type 4 in
ludes also the two starburst templates.The numbers of galaxies for ea
h type are listed in Table1.In order to have an idea of the 
orresponden
e of thesetypes with 
olours, we report here the rest frame 
oloursfor ea
h template: type 1, 2, 3 and 4 have BAB �IAB =1.58, 1.11, 0.79 and 0.57, respe
tively. Given these
olours, a rough 
olour subdivision for ea
h 
lass is 1:3 <BAB�IAB for type 1, 0:95 < BAB�IAB < 1:3 for type 2,0:68 < BAB�IAB < 0:95 for type 3 and BAB�IAB < 0:68for type 4. However, we remind that these 
olour rangesare only indi
ative and our 
lassi�
ation s
heme is basedon the whole multi
olour 
overage. In Fig.1 we show theU � B and B � I 
olour distributions for the galaxies ofour sample divided a

ording to type. From this �gureit is 
lear that, although the di�erent types have di�er-ent 
olour distributions, they present signi�
ant overlaps.This fa
t is a 
onsequen
e of 
lassi�
ation s
hemes usingtemplate �tting on multi
olour data.Note that, in order to avoid to be model dependent, wedid not apply to the templates any 
orre
tion aimed attaking into a

ount 
olour evolution with redshift. It iswell known that the 
olour of a simple stellar populationsubje
t to passive evolution was bluer in the past. In prin-
iple, this 
ould imply that galaxies 
lassi�ed as type 1 atlow redshift might be 
lassi�ed di�erently at higher red-shift. Indeed, this e�e
t has been invoked by the authorswho found negative evolution in the luminosity fun
tionof \red" galaxies (see f.i. Wolf et al. 2003). In order to ver-ify this hypothesis, we applied our 
lassi�
ation s
heme to

Table 1. Numbers of galaxies of di�erent types in thesampleType Ngaltotal 7713type 1 730type 2 1290type 3 2622type 4 3071syntheti
 spe
tra (Bruzual & Charlot 1993) of ellipti
als(i.e. simple stellar populations and exponentially de
liningstar formation with time s
ales of 0.1 Gyr and 0.3 Gyr)with formation redshift between zform =2 and 20. We �ndthat all ellipti
als with zform > 2 would be 
lassi�ed astype 1 obje
ts, even at z � 1.In order to 
he
k, at least on a statisti
al basis, the 
onsis-ten
y between this photometri
 
lassi�
ation and averagespe
tral properties, we summed the normalized spe
tra ofall galaxies in ea
h of the four types. The resulting averagespe
tra are shown in Fig.2 for ea
h type in various redshiftbins. This �gure 
on�rms the robustness of our 
lassi�
a-tion s
heme: moving from type 1 to type 4 obje
ts, the
omposite spe
tra show an in
reasingly blue 
ontinuum,with emission lines of in
reasing strength. This 
on�rmsthat the four types show di�erent spe
tral features andtherefore represent di�erent 
lasses of obje
ts.For the VVDS-CDFS sample, HST-ACS images are avail-able. Using these data, Lauger et al. (2006) 
lassi�ed thegalaxies in this sample using an asymmetry-
on
entrationdiagram. Plotting our type 1 galaxies in this diagram, we�nd that � 91% of them lie in the region of bulge dom-inated obje
ts, showing an ex
ellent 
onsisten
y also be-tween our photometri
 
lassi�
ation and a morphologi
alone.In Fig.3 we plot the observed fra
tion of bright galaxiesof ea
h type as a fun
tion of redshift. We sele
ted obje
tswith MBAB � 5log(h) < �20 be
ause these galaxies arevisible in the whole redshift range. From this �gure it is
lear the growing importan
e of bright late type obje
tswith in
reasing redshift and the 
orresponding strong de-
rease of the fra
tion of bright early type galaxies.4. Luminosity fun
tion estimateLuminosity fun
tions were derived using the Algorithm forLuminosity Fun
tion (ALF), a dedi
ated tool whi
h usesvarious estimators: the non-parametri
 1=Vmax (S
hmidt1968), C+ (Lynden Bell 1971), SWML (Efstathiou et al.1988) and the parametri
 STY (Sandage, Tammann &Yahil 1979), for whi
h we assumed a S
he
hter fun
tion(S
he
hter 1976). The tool and these estimators, as wellas their spe
i�
 use in the 
ontext of the VVDS, are de-s
ribed in detail in Ilbert et al. (2005).Ilbert et al. (2004) have shown that the estimate of theglobal luminosity fun
tion 
an be biased, mainly in its
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Fig. 4. Luminosity fun
tions by di�erent types in the redshift range [0:4 � 0:9℄ in various rest frame bands: upperpanels U (left) and B (right); lower panels R (left) and I (right). Note that the ranges of magnitude are di�erent inthe various panels. The lines represent the STY estimates for type 1 (solid), type 2 (dotted), type 3 (short dashed)and type 4 (long dashed) galaxies. The verti
al dashed line represents the faint absolute magnitude limit 
onsideredin the STY estimate (see text). The shaded regions represent the 68% un
ertainties on the parameters � and M�,whose 
on�den
e ellipses are reported in the right panels. The ellipse 
ontours are at 68% and 90% 
on�den
e level(solid and dotted line respe
tively). The points inside the ellipses represent the best �t values for type 1 (�lled 
ir
le),type 2 (open 
ir
le), type 3 (�lled triangle) and type 4 (open triangle) galaxies.faint end, when the band in whi
h it is measured is farfrom the rest frame band in whi
h galaxies are sele
ted.This is due to the fa
t that, be
ause of the K-
orre
tions,di�erent galaxy types are visible in di�erent absolute mag-nitude ranges at a given redshift. When 
omputing theglobal luminosity fun
tions (Ilbert et al. 2005), we avoidedthis bias by using for the STY estimate, in ea
h redshiftrange, only galaxies within the absolute magnitude rangewhere all the SEDs are potentially observable.
Even if this bias is mu
h less important when estimatingthe luminosity fun
tion of galaxies divided by types, wehave, however, taken it into a

ount. The absolute magni-tude limits for the STY estimate are indi
ated with ver-ti
al dashed lines in the �gures, and in the tables wherethe best �t parameters are reported (Table 2 and 3) wegive both the total number of obje
ts and the number ofgalaxies within this magnitude limit.In order to take into a

ount the unknown redshifts (not
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tions by type up to z = 1.5 7Table 2. STY parameters (with 1� errors) for di�erent galaxy types in di�erent bands in the redshift range [0:4�0:9℄
m=0.3 
�=0.7Band Type Number(a) Number(b) � M�AB � 5log(h) ��(10�3h3Mp
�3)U 1 411 357 -0.16+0:15�0:15 -19.03+0:14�0:15 3.35+0:20�0:262 677 596 -0.54+0:12�0:11 -19.18+0:13�0:14 4.83+0:48�0:533 1371 1192 -0.90+0:08�0:08 -19.31+0:11�0:12 7.32+0:86�0:864 1442 1238 -1.66+0:10�0:10 -19.35+0:17�0:18 4.09+1:21�1:04B 1 411 404 -0.29+0:10�0:10 -20.35+0:13�0:13 3.19+0:23�0:262 677 669 -0.61+0:08�0:08 -20.25+0:12�0:12 4.48+0:43�0:443 1371 1349 -0.96+0:06�0:06 -20.12+0:10�0:11 6.79+0:72�0:714 1442 1403 -1.62+0:08�0:08 -19.83+0:15�0:16 4.46+1:08�0:95V 1 411 411 -0.31+0:09�0:09 -21.13+0:12�0:13 3.16+0:23�0:252 677 677 -0.61+0:07�0:07 -20.82+0:11�0:12 4.51+0:40�0:413 1371 1371 -1.00+0:06�0:06 -20.57+0:10�0:11 6.21+0:66�0:644 1442 1442 -1.62+0:08�0:08 -20.03+0:15�0:16 4.36+1:03�0:92R 1 411 411 -0.31+0:09�0:09 -21.48+0:12�0:13 3.16+0:23�0:252 677 677 -0.63+0:07�0:07 -21.15+0:11�0:12 4.37+0:40�0:413 1371 1371 -1.05+0:05�0:05 -20.86+0:11�0:11 5.55+0:63�0:604 1442 1436 -1.65+0:08�0:08 -20.18+0:16�0:17 3.87+0:99�0:87I 1 411 411 -0.31+0:09�0:09 -21.78+0:12�0:13 3.17+0:23�0:252 677 677 -0.66+0:07�0:07 -21.44+0:12�0:12 4.22+0:40�0:403 1371 1370 -1.10+0:05�0:05 -21.13+0:11�0:11 5.05+0:60�0:574 1442 1413 -1.67+0:08�0:08 -20.32+0:17�0:18 3.58+0:97�0:86(a) Number of galaxies in the redshift bin(b) Number of galaxies brighter than the bias limit (sample used for STY estimate; see the text for details)observed obje
ts and failed spe
tra), a weight was appliedto ea
h galaxy, following the pro
edure des
ribed in detailin Ilbert et al. (2005).This weight is a 
ombination of two di�erent 
ontribu-tions: the target sampling rate and the spe
tros
opi
 su
-
ess rate. The target sampling rate, i.e. the fra
tion ofobserved galaxies, 
orre
ts for the sele
tion e�e
ts due tothe pro
edure used for the mask preparation (Bottini etal. 2005): to maximize the number of slits, the pro
eduretends to sele
t obje
ts with smaller angular size on the x-axis of the image, 
orresponding to the dire
tion in whi
hthe slits are pla
ed. As a 
onsequen
e, the �nal spe
tro-s
opi
 sample has a bias against large obje
ts, whi
h pro-du
es a mild dependen
e of the target sampling rate on theapparent magnitude. The target sampling rate is � 25%for most of the sample and is 
omputed as a fun
tion of theobje
t size (see Ilbert et al. 2005 for further details). Thespe
tros
opi
 su

ess rate takes into a

ount the fra
tionof obje
ts without a good redshift determination (i.e. 
ags0 and 1). As shown in Ilbert et al. (2005), these obje
ts areexpe
ted to have a di�erent redshift distribution with re-spe
t to that of the sample with measured redshift, as 
on-�rmed by the use of their photometri
 redshifts. Given thefa
t that the spe
tros
opi
 su

ess rate de
reases for faintapparent magnitudes, we derived it in four magnitude binsas a fun
tion of redshift (using photometri
 redshifts, seeFig.3 in Ilbert et al. 2005). The shape of the spe
tros
opi
su

ess rate is similar in all magnitude bins, showing amaximum at z � 0:7 and two minima for z < 0:5 andz > 1:5. Sin
e the number of galaxies for ea
h type is not

large enough to reliably estimate the spe
tros
opi
 su

essrate as a fun
tion also of the galaxy type, we have usedthe global spe
tros
opi
 su

ess rate for all galaxy types.In order to 
he
k the e�e
t of the \
osmi
 varian
e",i.e. variations in the luminosity fun
tion due to 
u
tu-ations in the large s
ale stru
ture, we applied the fol-lowing test on the VVDS-02h deep area. For this �eldwe derived photometri
 redshifts (Ilbert et al. 2006)based on both VVDS photometry (BVRIJK) and onnew CFHT Lega
y Survey photometry (ugriz), whi
hhas now be
ome available in a �eld 
overing 1 sq. deg.(http://www.
fht.hawaii.edu/S
ien
e/CFHLS/) whi
h in-
ludes the 1700 ar
min2 area 
overed by the VVDS spe
-tros
opi
 survey. Then we divided the �eld in two nonoverlapping regions (the sub-area where spe
tros
opi
data are available and the remaining area) and we 
om-pared the luminosity distributions of galaxies in these twosamples (�0.5 sq.deg. ea
h), in the same redshift binsin whi
h the luminosity fun
tions were derived. In ea
hredshift bin the two distributions show average di�er-en
es of the order of 10%, with some larger 
u
tuationsdue to Poisson statisti
s, without any systemati
 trend.Therefore the in
uen
e of the \
osmi
 varian
e" is ex-pe
ted to be limited.5. Comparison of the luminosity fun
tions ofdi�erent typesAs a �rst step, we 
ompare the luminosity fun
tions forgalaxies of di�erent types, in order to see whi
h is the

http://www.cfht.hawaii.edu/Science/CFHLS/
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tions by type up to z = 1.5relative behaviour of the various populations. To performthis 
omparison, we sele
ted galaxies in the redshift range[0:4 � 0:9℄. About 50% of the obje
ts of our sample arein
luded in this redshift interval, 
overing a wide range ofluminosities (i.e. absolute magnitudes in the B band are inthe range [�23:7;�16:8℄� 5 log(h)). Moreover, the spe
-tros
opi
 su

ess rate of our survey rea
hes a maximumat z � 0:7 and therefore the possible dependen
y of theestimated LF on the weighting s
heme des
ribed above isminimized in this redshift interval.In Fig.4 we report the luminosity fun
tions estimated withthe STY method in the rest frame bands U, B, R andI, with the 
orresponding 
on�den
e ellipses for the �and M� parameters. The values of the parameters withtheir 1� errors, as well as the number of galaxies for ea
htype, are reported in Table 2. The �� parameters listedin this table are derived adopting the density estimator ofEfstathiou et al. (1988), following the pro
edure des
ribedin the Appendix of Ilbert et al. (2005).Table 2 shows that our estimates are based on several hun-dreds of galaxies for ea
h type, and are therefore well sta-tisti
ally 
onstrained, as 
an be seen also from the sizes ofthe 
on�den
e ellipses in the �gures. The �rst, very 
learresult whi
h appears from Fig.4 is the signi�
ant strongsteepening of the luminosity fun
tions going from early tolate types. In all bands the power law slope steepens by�� � 1:3� 1:5 going from type 1 to type 4 galaxies andgalaxies of late types are the dominant population at faintmagnitudes.Systemati
 trends are also seen in the M� parameter. Inthe reddest bands (lower panels in Fig.4), M� is signi�-
antly fainter for late type galaxies and this faintening isparti
ularly apparent for type 4 obje
ts. The brighterM�for early type galaxies re
e
ts the fa
t that most of themore massive obje
ts belong to this population.The di�eren
e of the M� values for di�erent types de-
reases in the B band and disappears or even 
hanges signin the U band. This behaviour is explained by the fa
t thatthe luminosity in the bluer bands is dominated by the lightof young stars, produ
ed during the star formation a
tiv-ity. Galaxies of later types, whi
h are still a
tively formingstars, are therefore more luminous in the bluer bands.These results are qualitatively in agreement with previousresults from the literature, most of whi
h at lower redshift(see de Lapparent 2003 for a review of the results froma number of surveys in the redshift range 0 � z � 0:6).In parti
ular, in almost all surveys the luminosity fun
-tion of late type galaxies is steeper and with a fainter M�with respe
t to that of early type galaxies. However, aquantitative 
omparison with previous results is diÆ
ult,be
ause of the di�erent 
lassi�
ation s
hemes adopted inthe various surveys, the di�erent redshift ranges and se-le
tion 
riteria.

6. Evolution with redshift of the luminosityfun
tions by typeWe derived luminosity fun
tions for ea
h type in redshiftbins in the U, B, V, R and I rest frame bands. Given ourmulti
olour 
overage and the explored redshift range, theestimate of the absolute magnitudes in the U and B restframe bands are those whi
h require less extrapolations(see Appendix A and Figure A.1 in Ilbert et al. 2005).Therefore, to limit the number of �gures in the paper, weshow the results in the B rest frame band.Figures 5, 6, 7 and 8 show the luminosity fun
tion for type1, 2, 3 and 4 galaxies in redshift bins, obtained with C+and STY methods. The luminosity fun
tions derived withthe other two methods (1=Vmax and SWML) are 
onsis-tent with those shown in the �gures, but are not drawn for
larity. The dotted line in ea
h panel represents the �t de-rived in the redshift range [0:4�0:9℄ (see previous se
tion),while the dashed line is the estimate derived by �xing theslope � to the value obtained in the range [0:4� 0:9℄.In Table 3 we report the S
he
hter parameters, with their1� errors, estimated for the various redshift bins, fromz = 0:2 to z = 1:5 for ea
h type; as a referen
e, in thelast line we give the parameters derived in the redshiftbin [0:4� 0:9℄.We do not show the results for bins where the numberof obje
ts is too small (less than � 30) to 
onstrain theparameters of the luminosity fun
tion (these are the bin[0:05 � 0:2℄ for type 1 and 2 and the bin [1:2 � 1:5℄ fortype 1). Given the bright magnitude limit of the survey(IAB � 17:5) and the small sampled volume, bright galax-ies are not sampled in the redshift bin [0:05 � 0:2℄ andtherefore we 
an not 
onstrain theM� parameter even fortype 3 and 4 galaxies, where the number of obje
ts is rel-atively high (� 80). For this reason we show in the �guresthe luminosity fun
tion estimates in this bin, but we donot report the STY parameters for this redshift range inTable 3.In Fig.9 we show the 
on�den
e ellipses of the parame-ters � and M� in di�erent redshift bins for the di�erenttypes. From this �gure it is possible to see that, withinea
h type, the estimated slopes � in the various redshiftbins are always 
onsistent (within 90% 
on�den
e level)with ea
h other and with the value derived in the redshiftrange [0:4�0:9℄. Therefore, there is no eviden
e of a signif-i
ant 
hange with redshift of the luminosity fun
tion slopewithin ea
h galaxy type. Note also that the un
ertaintieson the slope estimates be
ome quite large for z > 1: this isdue to the fa
t that, even with the faint limit (IAB � 24)of this survey, the number of galaxies fainter than M� istoo low to well 
onstrain the slope.In ea
h panel of Figures 5, 6, 7 and 8 we draw, as a ref-eren
e, the luminosity fun
tion derived in the redshift bin[0:4 � 0:9℄ (dotted line). Comparing this 
urve with theestimates of the luminosity fun
tion in the di�erent red-shift bins an evolution 
an be seen, strongly dependingon the galaxy type. This evolution is parti
ularly evidentfor type 4 galaxies: going from low to high redshift there
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Fig. 5. Evolution of the luminosity fun
tion in the B-band for type 1 galaxies. Ea
h panel refers to a di�erent redshiftbin, whi
h is indi
ated in the label. The verti
al dashed line represents the faint absolute limit 
onsidered in the STYestimate. The luminosity fun
tions are estimated with di�erent methods (see text for details) but for 
larity we plotonly the results from C+ (open squares), and STY (solid line). The dashed line is the STY estimate obtained by�xing � to the value determined in the redshift range [0:4� 0:9℄. The dotted line represents the luminosity fun
tionestimated in the redshift range [0:4� 0:9℄: this 
urve is reported in ea
h panel as a referen
e.is an almost 
ontinuous brightening of M� and at �xedluminosity the density of these galaxies was mu
h higherin the past.The observed evolution of the luminosity fun
tion 
ouldbe due to an evolution in luminosity and/or in density orboth. One of the advantages of the STY method is thatof allowing to derive the � and M� parameters indepen-dently from ��, whi
h is not possible when one dire
tly�ts a S
he
hter fun
tion on the 1=Vmax points.Given the fa
t that we found that � is 
onsistent with be-ing 
onstant for ea
h type, we 
an �x it at the referen
evalue derived in the redshift range [0:4 � 0:9℄ and thenstudy the variations of the parameters M� and �� as afun
tion of the redshift (see upper and middle panels ofFig.10). These estimates are reported in Table 3.

From Fig.10 we 
an see a mild evolution of M� from thelowest to the highest redshift bin for ea
h type. In par-ti
ular, this brightening ranges from <� 0:5 mag for earlytype galaxies to � 1 mag for the latest type galaxies. Theonly ex
eption with respe
t to the general trend is thatof type 3 obje
ts in the bin [0:2� 0:4℄, for whi
h the best�t value of the M� parameter is signi�
antly fainter thanexpexted. The reason for this dis
ontinuity inM� for type3 galaxies at low redshift is not 
lear.On the 
ontrary, the �� parameter shows a very di�erentbehaviour for type 1, 2 and 3 galaxies with respe
t to type4 galaxies. The �rst three types show a rapid de
rease of�� at low redshifts (between z � 0:3 and z � 0:5), then ��remains roughly 
onstant up to z � 0:9 and �nally slowlyde
reases up to z = 1:5.
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Fig. 6. Evolution of the luminosity fun
tion in the B-band for type 2 galaxies. The meaning of the lines and thesymbols is the same as in Fig.5.Type 4 obje
ts, on the 
ontrary, show an in
rease in �� atlow redshift, then �� is nearly 
onstant up to z � 0:8 andshows a rapid in
rease of a fa
tor � 2 at z = 1:1. Thenthere seems to be a de
rease from z = 1:1 to z = 1:3.However, this de
rease 
an likely be a spurious e�e
t,due to the fa
t that in this bin the estimated M� isvery 
lose to the bias limit (see Se
t. 4). If, for exam-ple, we �x M� to the value obtained in the previous red-shift bin [1:0� 1:2℄, we derive a signi�
antly higher valuefor ��, i.e. �� = 5:83 � 10�3h3Mp
�3 (
orresponding to��=��ref = 1:31). Therefore the last �� value for type 4
galaxies is likely to be a lower limit of the true densityvalue.This analysis of the di�erent trends with redshift of the ��parameter indi
ates that the importan
e of type 4 galaxiesis in
reasing with redshift. However, sin
e M� is 
hang-ing with redshift (see above), the trends of �� 
an notbe immediately interpreted in terms of density at a givenabsolute magnitude. For this reason, we have 
omputedthe density of bright galaxies as a fun
tion of redshift.We integrated the best �t luminosity fun
tion down toMBAB � 5log(h) < �20. This limit approximately 
orre-



E.Zu

a et al.: The VVDS: luminosity fun
tions by type up to z = 1.5 11

Fig. 7. Evolution of the luminosity fun
tion in the B-band for type 3 galaxies. The meaning of the lines and thesymbols is the same as in Fig.5.sponds to the faintest galaxies whi
h are visible in thewhole redshift range. In the lowest panel of Fig.10 we plotthe density of bright galaxies of ea
h type as a fun
tion ofredshift.The main results shown in this plot 
an be summarized inthe following way:a. the density of bright early type galaxies (type 1) de-
reases with in
reasing redshift, however this de
rease israther modest, being of the order of � 40% from z � 0:3to z � 1:1;b. the density of bright late type galaxies (type 4) is
instead signi�
antly in
reasing, by a fa
tor � 6:6 fromz � 0:3 to z � 1:3.The behaviour of type 4 galaxies is also responsible of theevolution of the global luminosity fun
tion measured byIlbert et al. (2005). In fa
t, the in
reasing number of bothfaint and bright type 4 galaxies leads to the steepening ofthe global LF (due to the very steep slope of type 4 LF)and to the brightening of M� (due to the in
reasing fra
-tion of bright blue obje
ts). This fa
t has been dire
tly
he
ked summing the LF of all types and 
omparing theresult with the global LF estimate.
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Fig. 8. Evolution of the luminosity fun
tion in the B-band for type 4 galaxies. The meaning of the lines and thesymbols is the same as in Fig.5.7. Comparison with previous literature resultsAlthough various estimates of the luminosity fun
tion bygalaxy type are available in the literature, a quantita-tive 
omparison of our results with previous analyses isnot straightforward, be
ause of the di�erent 
lassi�
ations
hemes adopted in the various surveys, the di�erent num-bers of galaxy types, the di�erent redshift ranges and se-le
tion 
riteria.The strong density evolution of late type galaxies we �ndin the redshift range [0:2 � 1:5℄ extends to signi�
antly
higher redshift the results found by de Lapparent et al.(2004) for their latest type at z � 0:5.Among the other surveys, CNOC-2 (Lin et al. 1999) andCOMBO-17 (Wolf et al. 2003) adopted a 
lassi�
ations
heme somewhat similar to ours. Lin et al. (1999) di-vided their sample of galaxies with z < 0:55 in three
lasses (early, intermediate and late type) using CWWtemplates. For early type galaxies they found a positiveluminosity evolution, whi
h is nearly 
ompensated by anegative density evolution. On the 
ontrary, for late typegalaxies they found a strong positive density evolution,
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m=0.3 
�=0.7Type z-bin Number(a) Number(b) � M�AB � 5log(h) �� (10�3h3Mp
�3)� free / � �xed � free / � �xed1 0.20-0.40 70 65 -0.04+0:28�0:27 -19.81+0:39�0:46 -20.27+0:27�0:31 5.90+0:73�0:73 5.15+0:64�0:640.40-0.60 113 106 -0.40+0:20�0:20 -20.71+0:39�0:46 -20.49+0:17�0:18 2.81+0:50�0:58 3.12+0:30�0:300.60-0.80 204 197 -0.22+0:17�0:17 -20.14+0:19�0:20 -20.22+0:09�0:10 3.70+0:33�0:43 3.53+0:25�0:250.80-1.00 164 164 -0.01+0:25�0:24 -20.46+0:22�0:24 -20.73+0:11�0:12 2.68+0:21�0:21 2.36+0:18�0:181.00-1.20 114 114 -1.23+0:34�0:34 -21.49+0:48�0:57 -20.53+0:11�0:12 0.92+0:65�0:56 2.39+0:22�0:220.40-0.90 411 404 -0.29+0:10�0:10 -20.35+0:13�0:13 3.19+0:23�0:262 0.20-0.40 136 132 -0.67+0:13�0:13 -20.29+0:37�0:44 -20.13+0:19�0:21 5.88+1:34�1:33 6.50+0:56�0:560.40-0.60 203 195 -0.50+0:15�0:14 -19.81+0:20�0:21 -19.97+0:12�0:12 4.99+0:74�0:79 4.35+0:31�0:310.60-0.80 322 310 -0.57+0:13�0:13 -20.33+0:19�0:20 -20.39+0:09�0:10 4.81+0:69�0:74 4.58+0:26�0:260.80-1.00 267 267 -0.60+0:20�0:20 -20.54+0:24�0:26 -20.55+0:10�0:11 3.58+0:64�0:74 3.54+0:22�0:221.00-1.20 178 175 -0.76+0:34�0:33 -20.92+0:35�0:40 -20.77+0:12�0:13 2.64+0:79�0:98 3.01+0:23�0:231.20-1.50 103 103 -1.57+0:61�0:62 -21.65+0:62�0:84 -20.82+0:13�0:14 0.81+1:04�0:72 2.19+0:22�0:220.40-0.90 677 669 -0.61+0:08�0:08 -20.25+0:12�0:12 4.48+0:43�0:443 0.20-0.40 341 329 -0.84+0:10�0:10 -18.92+0:19�0:21 -19.14+0:12�0:13 12.37+2:30�2:20 9.82+0:54�0:540.40-0.60 451 429 -1.07+0:10�0:10 -20.28+0:24�0:27 -20.04+0:11�0:11 4.93+1:26�1:17 6.31+0:30�0:300.60-0.80 626 610 -0.79+0:13�0:13 -19.86+0:17�0:19 -20.10+0:09�0:09 9.10+1:46�1:51 7.11+0:29�0:290.80-1.00 534 533 -0.87+0:15�0:15 -20.23+0:18�0:19 -20.33+0:08�0:08 7.01+1:29�1:34 6.27+0:27�0:271.00-1.20 292 288 -1.39+0:26�0:26 -20.82+0:31�0:34 -20.38+0:10�0:10 3.11+1:56�1:35 5.57+0:33�0:331.20-1.50 208 193 -1.86+0:55�0:59 -21.87+0:77�1:23 -20.81+0:12�0:13 0.80+1:82�0:79 3.67+0:27�0:270.40-0.90 1371 1349 -0.96+0:06�0:06 -20.12+0:10�0:11 6.79+0:72�0:714 0.20-0.40 394 380 -1.59+0:11�0:12 -19.60+0:46�0:58 -19.73+0:29�0:33 3.05+2:09�1:67 2.59+0:13�0:130.40-0.60 487 449 -1.53+0:18�0:19 -19.17+0:33�0:39 -19.38+0:17�0:18 5.57+3:14�2:56 4.10+0:19�0:190.60-0.80 656 622 -1.35+0:15�0:15 -19.55+0:20�0:21 -19.95+0:12�0:12 7.72+2:33�2:09 4.07+0:16�0:160.80-1.00 552 552 -1.68+0:20�0:21 -20.19+0:31�0:36 -20.10+0:12�0:12 4.06+2:44�1:93 4.72+0:20�0:201.00-1.20 389 373 -1.99+0:33�0:34 -20.62+0:41�0:52 -20.19+0:12�0:12 3.19+3:49�2:22 6.95+0:36�0:361.20-1.50 239 188 -2.50+0:52�0:91 -21.58+0:76�0:40 -20.53+0:12�0:12 0.52+2:06�0:29 4.34+0:32�0:320.40-0.90 1442 1403 -1.62+0:08�0:08 -19.83+0:15�0:16 4.46+1:08�0:95(a) Number of galaxies in the redshift bin(b) Number of galaxies brighter than the bias limit (sample used for STY estimate; see the text for details)with nearly no luminosity evolution. We see at higher red-shift the same trend in density, but our evolution in M�is 
ontained within one magnitude for ea
h type. Wolf etal. (2003) used a sample of � 25000 galaxies with photo-metri
 redshifts, applying a 
lassi�
ation s
heme in four
lasses similar to ours but using the Kinney et al. (1996)templates instead of the CWW templates.In Figure 11 we 
ompare our results (solid lines) with thosefrom COMBO-17 (dashed lines). Note that, sin
e our dataextend always to fainter absolute magnitudes, in parti
-ular for type 1 galaxies, our estimates of the faint endslope are likely to be better determined: these estimatesare derived in ea
h redshift bin, while the COMBO-17slopes are �xed to the value determined in the redshiftrange [0.2 - 0.4℄. This �gure shows that there are signif-i
ant di�eren
es in both shapes and evolution of the LFestimates. The slope of the COMBO-17 LF is 
atter thanours for type 1 galaxies, while it is steeper for types 2and 3 (at least up to z = 1:0). The most signi�
ant dif-feren
e between the two surveys regards the evolution oftype 1 galaxies, for whi
h we do not have any eviden
e ofthe very strong density de
rease with in
reasing redshift

present in COMBO-17 data. The reason for this di�er-en
e is un
lear: it 
ould be due to the use of di�erenttemplates in the de�nition of the galaxy types or to adegenera
y between photometri
 redshift and 
lassi�
a-tion, whi
h might a�e
t the COMBO-17 data. Bell et al.(2004) explained the strong negative evolution of type 1galaxies as a 
onsequen
e of the blueing with in
reasingredshift of ellipti
al galaxies with respe
t to the templateused for 
lassi�
ation. In this way, at in
reasing redshiftan in
reasing number of \ellipti
als" would be assigned alater type, therefore produ
ing the dete
ted density de-
rease observed in COMBO-17 data. However, as alreadymentioned in se
t.3, we veri�ed that this e�e
t does nota�e
t our 
lassi�
ation s
heme, at least up to z � 1 andfor simple stellar populations with zform > 2.As a test of this possible e�e
t, we 
ompared the LF ob-tained by adding together type 1 and 2 obje
ts. In thisway we 
an 
he
k whether the di�eren
es between VVDSand COMBO-17 LF of type 1 galaxies is due to the fa
tthat a signi�
ant fra
tion of high redshift type 1 galaxies inCOMBO-17 are 
lassi�ed as type 2 galaxies. This 
ompar-ison is shown in Fig.12. The dis
repan
y between VVDS
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Fig. 9. Con�den
e ellipses at 90% 
on�den
e level for the � and M� parameters of the luminosity fun
tions reportedin Fig.5, 6, 7 and 8. Di�erent line types and weights refer to di�erent redshift bins, des
ribed in the labels; the pointsindi
ate the best �t values in the redshift bins [0:2� 0:4℄ (�lled squares), [0:4� 0:6℄ (open squares), [0:6� 0:8℄ (�lledtriangles), [0:8� 1:0℄ (open triangles), [1:0� 1:2℄ (�lled 
ir
les), [1:2� 1:5℄ (open 
ir
les). The large open star indi
atesthe referen
e value obtained in the redshift bin [0:4� 0:9℄.and COMBO-17 LF is now redu
ed, but there are stillsigni�
ant di�eren
es both in slope (being the COMBO-17 LF steeper than that of VVDS) and in normalization,espe
ially in the highest redshift bin, where the VVDS LFis more than a fa
tor 2 higher than the COMBO-17 LF. 8. Con
lusionsIn this paper we studied the evolution of the luminosityfun
tion of di�erent galaxy types up to z = 1:5, using 7713spe
tra with 17:5 � IAB � 24 from the �rst epo
h VVDSdeep sample.The VVDS data allow for the �rst time to study with ex-
ellent statisti
al a

ura
y the evolution of the luminosity
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Fig. 10. Evolution of the parameters �� (upper panel) and M� (middle panel) as a fun
tion of the redshift, fordi�erent galaxy types. In the lowest panel the density of bright (MBAB � 5log(h) < �20) galaxies of di�erent types isshown. The slope � is �xed to the value derived in the redshift range [0:4�0:9℄; the suÆx 'ref' indi
ates the parametersestimated in the redshift range [0:4� 0:9℄. Error bars are at 1�.fun
tions by galaxy type from relatively low redshift up toz = 1:5 from a single purely magnitude sele
ted spe
tro-s
opi
 sample. The faint limiting magnitude of the VVDSsample allows to measure the slope of the faint end ofthe luminosity fun
tion with unpre
edented a

ura
y upto z � 1:2. The use of spe
tros
opi
 redshifts implies low\
atastrophi
" failure rate 
ompared to the photometri
redshifts and therefore rare populations are sampled witha better a

ura
y, like in the bright end on the luminos-
ity fun
tion. Moreover, the use of spe
tros
opi
 redshiftsallow to 
lassify galaxies avoiding a possible degenera
ybetween photometri
 redshift and 
lassi�
ation.VVDS galaxies were 
lassi�ed in four spe
tral 
lasses us-ing their 
olours and redshift, from early type to irregulargalaxies, and luminosity fun
tions were derived for ea
htype in redshift bins, from z = 0:05 to z = 1:5, in the U,B, V, R and I rest frame bands.We �nd a signi�
ant strong steepening of the luminos-
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Fig. 11. Comparison between VVDS and COMBO-17 luminosity fun
tions, in various redshift bins (indi
ated in thelabel in ea
h panel) and for various types. Upper panels: type 1 (left) and type 2 (right) galaxies. Lower panels: type3 (left) and type 4 (right) galaxies. Solid lines: VVDS estimate. Dotted lines: VVDS estimate in the redshift range[0:4� 0:9℄, plotted as a referen
e. Dashed line: COMBO-17 estimate from Wolf et al. (2003).ity fun
tion going from early to late types: in all bandsthe power law slope steepens by �� � 1:3 � 1:5 goingfrom type 1 to type 4. Moreover, the M� parameter ofthe S
he
hter fun
tion is signi�
antly fainter for late typegalaxies. As expe
ted, this di�eren
e in
reases in the red-der bands, rea
hing � 1:4 mag in the I band.Studying the variations with redshift of the luminosityfun
tion for ea
h type, we �nd that there is no eviden
eof a signi�
ant 
hange of the slope, while we �nd a bright-ening of M� with in
reasing redshift, ranging from <� 0:5mag for early type galaxies to � 1 mag for the latest typegalaxies. We also �nd a strong evolution in the normal-ization of the luminosity fun
tion of latest type galaxies,
with an in
rease of more than a fa
tor 2 in the �� param-eter going from z � 0:3 to z � 1:3. The density of bright(MBAB�5log(h) < �20) galaxies shows a modest de
rease(� 40%) for early type obje
ts from z � 0:3 to z � 1:1;on the 
ontrary, the number of bright late type galaxiesin
reases of a fa
tor � 6:6 from z � 0:3 to z � 1:3.Our results indi
ate that the importan
e of type 4 galaxiesis in
reasing with redshift, with an important 
ontribu-tion of both bright and faint blue obje
ts. This fa
t is alsolargely responsible of the evolution of the global luminos-ity fun
tion measured by Ilbert et al. (2005), whi
h showsa brightening of M� and a steepening of � with in
reas-ing redshift. Moreover, the in
reasing 
ontribution of blue
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Fig. 12. Comparison between VVDS and COMBO-17 lu-minosity fun
tions, in various redshift bins (indi
ated inthe label in ea
h panel) for the sum of types 1 and 2. Themeaning of the symbols is the same as in Fig.11.galaxies has been seen in the evolution of the GALEX-VVDS luminosity fun
tion at 1500�A(Arnouts et al. 2005).We are therefore pinpointing that the galaxies responsiblefor most of the evolution quoted in the literature belongto the population of the latest spe
tral type. The epo
h atwhi
h a transition between a Universe dominated by latetype galaxies and a Universe dominated by old massiveobje
ts o

urs is at a redshift of z � 0:7� 0:8.The fa
t that type 1 galaxies show only a mild evolutionboth in luminosity (positive) and in density (negative) is
onsistent with the fa
t that most of the obje
ts in this
lass are old (zform > 2, see se
t. 3) galaxies, experien
-ing only a passive evolution in the explored redshift range.More intriguing is the density evolution of type 4 galax-ies, whi
h 
orresponds to an in
reasing number of brightstar forming galaxies towards high redshift whi
h 
ould be
onne
ted to various populations of high redshift obje
tsseen in multiwavelength surveys.A
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