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ABSTRACT

Aims. Investigating the history of mass assembly for galaxied érkent stellar masses and types.

Methods. We select a mass limited sample of 4048 objects from the VIM@B Deep Survey (VVDS) in the redshift interval®< z < 1.3. We
then use an empirical criterion, based on the amplitude 60AMBalmer break (P4000) to separate the galaxy population in spectroscdpical
early- and late-type systems. The equivalent width of th]3@27 line is used as proxy for the star formation activiye also derive type-
dependent stellar mass function in three redshift bins.

Results. We discuss to which extent stellar mass drives galaxy eeslushowing for the first time a direct comparison of stetlges and stellar
masses over the last 8 Gyr. Low-mass galaxies have sm&lldD and at increasing stellar mass the galaxy distributtioves to higher 4000
values as observed in the local Universe (Kanann et al. 2004). We witness an increasing abundance ofveaggectroscopically early-type
systems at the expenses of the late-type systems with coisngicThis spectral transformation of late-type systens aid massive galaxies at
lower redshift, confirmed by the evolution of our type-degiemt stellar mass function, is a process started at earghspfp> 1.3) that continues
efficiently down to the local Universe. The underlying stellgesiof late-type galaxies apparently do not show evolutimst likely as a result of
a continuous andficient formation of new stars. All star formation activitydicators consistently point towards a star formation njspeaked in
the past for massive galaxies, with little or no residual &temation taking place at all observed epochs. Vice-vareat of the low-mass systems
show just the opposite characteristics with significant ftemation still presents at all epochs. The activity afitceency of forming stars are
mechanisms depending on galaxy stellar mass, resultingargaly indficient stellar mass assembly in massive systems up=01.3. The
concepts of downsizing in star formation and in mass (oragological downsizing) describe a single scenario whisreltap-down evolutionary
pattern in star formation as well as in mass assembly. Theab(dry) merging events seems to be only margina at1.3, as our estimated
efficiency in stellar mass assembly can account for the prdgeesscumulation of observed passively evolving galaxies.
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1. Introduction mation emerges insistently in several observational studi

) ) o (Brinchmann & Ellis| 2000{ Gavazzi etial. 2002; Kodama et al.
How galaxies form and evolve with cosmic time is one of thgo4; [Bauer et all_20058: Feulner et Al. 2005a.b; Juneal et al.
key questions in observational cosmology. A fundamente! 13005 Bundy et al. 2006; Borch et/ al, 2006; Cimatti et al. 2006
in this contextis played by deep surveys sampling over #0dS p,zetij et al. 2007). However, observed galactic-scate-pr
galaxies on large portions of the sky. The global star foromat g ies Jike the quenching of star formation activity in mass
history is reasonably well known out to very high redshiftsla o5|axjes are not yet ultimately reproduced within th€DM
with considerable details up @~ 1 (see for a recent summarypamework (e.g/ De Lucia et al. 2006; Bower etlal. 2006) that
Hopkins & Beacom 2006), but the role of the various physica|,ccessfully describes the hierarchical growth of darkena-
mechanisms contributing to the assembly of galaxy stel@ssn |45 and the galaxy clustering properties.
is still unclear, along with their importance atfdirent epochs.

In agreement with the first formulation introduced by ) ]
Cowie et al. [(1996), a downsizing scenario for galaxy for- 1he observed discrepancies between models and observa-

tions are probably due to our limited ability to reproduce th
Send orint requests to D. Vergani, e-mail: actual physics on galact_ic scales vyith .simplel recipes.iblgss
daniela@lambrate.inaf.it some feedback mechanisms are still missing in models. Ehus,

* Based on data obtained with the European Southern Obsgrvat8h€nomenological approach to the problem of the stellaismas
Very Large Telescope, Paranal, Chile, program 070.A-980%nd on assembly as a function of cosmic time, i.e. relying as much as
data obtained at the Canada-France-Hawaii Telescopeatedeny the Ppossible on observational data, can suggest new implementa
CNRS in France, CNRC in Canada and the University of Hawaii.  tions to current semi-analytical models.
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In this paper we use the first epoch observations of thM/DS spectra and to derive estimates for specific star faomat
VIMOS-VLT Deep Survey (VVDS| Le Fevre et al. 2005) to derates (SSFRs) and stellar masses.
rive stellar masses, stellar ages and star formatfidciency for
a statistically significant sample of galaxies. VVDS is thstfi
large spectroscopic survey for which an analysis on ffiie e
ciency in stellar mass assembly can be pursued startingdrorgpectral features measurements have been obtained fatattg
time when the Universe had30% of its present age, coveringies in our sample using thglatefitvvdssoftware package. This
up to the end of the most active phase of star formation. software implements the spectral features measurememt tec
The present work is organized as follows: the data and safiques described by Tremonti ei &l. (2004), but takes into ac
ple selection are presented in Section 2; the methodology wsunt the lower spectral resolution of our data (for a dethil
adopted to perform our analysis is described in Section8ule discussion see Lamareille et al. in prep.).
are given in Sect.4 and a Summary in Sections 5. Throughout The two spectral measurements we use in this paper are
this work we assume a standard cosmological model@ifh=" the equivalent width of the [A3727 doublet (EW[®]) and
03,0, = 0.7 andHo = 70kms* Mpc. Magnitudes are given the amplitude of the 4000 A break. In particular, we adopt

3.1. Spectral measurements: [Oll] and D,4000

in the AB system. the so-called narrow definition for the 4000 A break (hewraft
Dn4000), introduced by Balogh etlal. (1999) and based on the ra-
2. The first epoch VVDS sample tio of the average spectral flux density in the bands 4@E50 A

and 3750- 3950 A around the break. Compared to the original

The primary observational goal of the VVDS as well as the sufiefinition introduced by Bruzdal (1983) the newly proposed i
vey strategies are presented_in Le Fevre etal. (2005). Berajex has the advantage of reducing tifieet of dust reddening,
enough to stress that in order to minimize possible seledtio because of the narrower portion of galaxy spectrum invoired
ases, the VVDS has been conceived as a purely flux-limited sthe measurement (see for details Kaann et al. 2003a).
vey, i.e. no target pre-selection according to colors or pact: Comparing repeated observations for 140 objects in our sam-
ness is implemented. In this paper we consider the deep spgle; we estimated that the typical relative uncertainfiect-
troscopic sample of the first epoch data in the VVDS-0226-Qdg our measurements is27% and~10% for the EW[Q]
field (from now on simply VVDS-F02), that targets objects irand 03,4000, respectively. Moreover, given the typical signal-to
the magnitude range 15< Iag < 24. _ _ noise ratio of the spectra, we can estimate an average ibetect
~ First-epoch spectroscopic observations in the VVDS-FQRreshold for the [@] doublet of approximately 8 A. Both this
field were carried out with the VIMOS multi-object spectragh - threshold and the measurement uncertainties depend sahewh
(Le Fevre et all 2005) The’lwide slits and the LRRed grism on the galaxy redshift, as some fringing residuals conteilba
were used to cover the spectral range 5500A1 < 9400A increase the noise in the VVDS spectra in the wavelengtherang
with an efective spectral resolution R 230 ati = 7500A. from 8200 to 9300 A.
The spectroscopic targets were selected from the photmmetr
catalogues using the VLT-VIMOS Mask Preparation Software . )
(VVMPS; [Bottini et al. 2005). The spectroscopic multi-ottje 3-2- Star Formation Rate Estimates
exposures were reduced using the VIPGI tool (Scodeggic et &opting the formula proposed by Guzman étfal. (1997) we can
data reduction are giveniin Le Féevre et al. (2004a,b).

The first-epoch data sample in the VVDS-FO02 field exten@&FR(Ms, yr™) ~ 107 116-04Me-Mec) EW[OI] 1)

over a sky area of.@x 0.7 ded and has a median redshiftof where we used the absolute magnitudesad estimated in

0.76. It contains 7267 objects with secure redshifts (i.eshétl
. . ; : lIbert et al. (2005). Although the average accuracy of th&oab
determined with a quality flag 2), corresponding to an averagflute spectrophotometric calibration of the VVDS sampleds-b

. o eh :
sampling rate of 23% of the initial photometric sample. I o er than+10% r.m.s., we favour the use of the EW[instead

analysis we used the 043727 line and the 4000 A break as,¢ ine fiuxes to estimate the SFR. In this way we minimize the

;rjdlcators of star formatlllon.?(ijtlwty and stlelltar agles .&ﬂtp.et%. { ependency of our estimates on bad weather conditions &nd sl
S a consequence, we limited our sample to galaxies witten ), ;s (see for detalls Le Fevre ef al. 2005).
0.5 < z < 1.3 redshift interval, giving us a final number of 427

alaxies, after removing speciroscopically confirmed QS@! Ther_e are three mai_n caveats for the reliability of the SFR
gtars ' 9sp pically conversion deduced using Eq. 1 from EW[Qover the whole

Thi | id llent laboratory t | redshift interval ((b < z < 1.3): the uncertainty on the fraction
IS Samplé provides an excellent laboratory 10 analygg 4ctive galactic nuclei (AGN) present in our sample, thenoic
spectral properties of galaxies at several redshift ranges

il s ied b ith of oh > _evolution of metallicity, and the amount of extinction.
pecially as it Is accompanied by a wealth of photometric an- e yigk in interpreting line measurements as proxy for star
cillary data, collected at several telescopes and destrite

X 2 ormation activity is the contamination arising from theegr
the following papers: McCracken etal. (BVRI bands at CFH nce of an AGN in the central region of a galaxy. In this case,

2003); Radovich et al. (U-band at ESO-2 /I, 2004) ubvrz the emission lines in the spectrum will be a mixture of cantri

bands by the CFHT Legacy Survey project, McCracken et a|. . ; ; _
in prep.: (J and Kat ESO-NTTSOFI, Temporin et al. in prep"%utlons from both the AGN and star formation. While our sam

. ple does not contain the spectroscopically confirmed bfived-
lovino et al! 2005). AGNSs, it could be still contaminated by type 1l AGNs. We can
estimate the fraction of type Il AGN-dominated galaxies By u
ing standard line ratios diagnostic tools, i.ell[@5007HS vs.
[O11143727HB (see for details Lamareille et al. in prep.). The
In this section we will describe in some details the methogdgl use of this diagnostic diagram is however limited:te 0.8, be-
adopted to obtain measurements ofi [@3727 and [4000 from cause at higher redshift the required emission lines arefahe

3. Methodology
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observed wavelength range. In the redshift interval0.5—- 0.8  3.3. Stellar Mass Estimates
approximately 7% of galaxies of our sample have an AGN ide{}\-/ . - .

tification in the standard line ratios diagnostics. The sémme- Ve obtain the stellar mass by fitting the photometric and
tion is found on the VVDS sample using new diagnostics amosgectroscopic data with a grid of stellar population synthe

which [ONI] 43727, [Neil]43869 and Hf in the redshift interval S’ MOdels generated by the PEGASE2 population synthe-
0.9 < z < 1.3 (Perez-Montero et al. in prep.) Therefore, we estiS_code (Fioc & Rocca-Volmerange 1999, astrgdpn2179;

mate the contamination from secure AGN-dominated galanies-10C & Rocca-Volmerange_1997), and using the GOSSIP

our final sample to be less than 7% between0.5 andz = 1.3. Spectral Energy Distribution tool (Franzetti 2005). Thedno
els were produced assuming a Salpeter initial mass function

__Another possible limitation we face in converting EWID  (Sgineter 1955) to allow an easy comparison with previoas-an
into star formation estimates is related to the metalliaity its ysis (e.g.. Brinchmann & Elli5 2000 Fontana et al. 2004). The

cosmic evolution, that could result into a systematic cleaoly |,q¢ of other prescriptions for initial mass functions doessim-

line intensities with redshift even if the star formatiortieC o4yce any significant fierence in the redshift evolution of the
ity were to remain constant. Mouhcine et al. (2005) have $how,4ss estimate in the redshift interval explored (see Pbete.

that a variation of the metallicity by a factor of 4 can proéucyng7) 'We use a set of delayed exponential star formation his

a variation of a factor of about 3 in the reddening-correctggics or 3 la Sandage” (see Eq. 3.in Gavazzi &t al. 2002) wit

[ON]A3727/Ha flux ratio (see Fig. 12 in_ Mouhcine etlal. 2005)galaxy ages, in the range from 0.1 to 15 Gyr, and star formation
This relation however has an opposite behavior fdifedi s ' . P

. PP ; time-scalesr, between 0.1 and 25 Gyr. Internal dust extinction
ent metal regimes. In metal-poor (rich) galaxy populatibe t g handled self-consistently with the star formation &ty
[ON]A3727/He flux ratio increases (decreases) with the metajre PEGASE? code.

licity. This subtle concept is important as low-mass gaaxk Stellar masses obtained with this method were compared
10" M) are typically metal-poor (@Z;), while massive galax- with other estimates based on the fitting of the photomet-

; 1 : , -
ies (> 10 Mo) are typically metal rich (#2o) (Gallazzi et al. ric data only and photometric plus spectroscopic data with

2005). Bruzual & Charlat [(2003) models derived usingfdrent fam-
As for the direct ect of metallicity evolution on line ilies of star formation histories. We find the various estiesao
strength, there is still considerable debate about theélslefdhe be consistent with each other in the investigated redstiétval.
evolution of the mass-metallicity relation. Savaglio €4(a8D05) \We estimate a statistical uncertainty on the mass compatafi
find very little change in metallicity for massive, alreadgliv  approximately 0.2 dex.
metallicity systems, up ta ~ 1. They find instead a signifi-  For the method adopted to construct the stellar mass functio
cant overall increase of metallicity for low-mass, genlgraw-  partitioned by the spectral classification explained int&&é
metallicity objects. Lamareille et al. (2006), on the canyy ob-  and other technicalities we refer to Pozzetti et al. (200Which
serve a general decrease of metallicity which is essentrade-  the total stellar mass function for the entire VVDS-F02 skmp
pendent from galaxy mass, while the VVDS data (Lamareille gf presented. Here we briefly describe the most importamtgoi
al. in prep.) show some indication of a smaller change of metgve derive the mass function using the classical non-parimet
licity for low mass systems than for high mass ones. Overally ..., formalism following’ Schmidt[(1968) arld Felten (1976)
these studies are concordant in finding an evolution of thalme and a fit to the Schechter parameters. We take into accourgin t
licity within a factor of 2 up toz ~ 1. This would imply an un- estimate of the mass function also the incompletenesstiregul
certainty of less than a factor of two in our star formatie®s-  from non-targeted sources in our spectroscopic obsengtiod
timates. As the observed variations in star formation égtdis-  for spectroscopic failure. The completeness in stellarsmése
cussed in Sedt. 3.2 are significantly larger than this uatey, to the magnitude limit of the sample (see discussion in Rtizze
and the metallicity estimates we can obtain are highly unceit al. 2007) are M = 4.4 x 10°, 8.9 x 10°, 2.5 x 10'°M,, for
tain too because of the low spectral resolution and IgW & z < [0.5-0.7],[0.7 - 1], [1 — 1.3], respectively.
our spectra, we prefer not to correct outl[Oneasurements for  Finally we derive a galaxy sample of 4048 objects with stel-
metallicity variations. lar masses M > 10°M,, over the redshift range covered by our
Finally, we also have to consider thffexts of dust extinc- investigation (6 < z < 1.3). We define the percentage of com-
tion on our SFR estimates, although they are somewhat mipleteness in stellar masses below the mass limits by thebati
mized by the use of equivalent widths instead of line fluxém T tween number density observed and that obtained integrthin
observed line and continuum fluxes involved in the determingtellar mass function using the Schechter parameters. & s
tion of the equivalent width are equallyfected by the diuse ple is complete in stellar mass down to,M 10°M,, at 95%,
dust extinction within the galaxy, and the onlyffdirential ef- 85%, 74% forz € [0.5-0.7],[0.7 - 1], [1 — 1.3], respectively.
fect would be due to localized extinction within HIl regiomtisat
should account for only a minor fraction of the total dust &% 4 g | classificati
tinction within a galaxy(Kennicuit 1989). To account foeth ©™ pectral classification
dust attenuation we corrected the EW[Cby the amount of To study the role played by the stellar mass in regulatingthe
the extinction provided by our template fitting using PEGASHve phase of star formation, we adopt a parametric claasiic
(Fioc & Rocca-Volmerange 1997, see next section). The c@f galaxies based on the,B000 index used as an estimator of
rection values obtained with this method vary within themal  stellar age< (Hamiltdn 1985; Balogh eflal. 1999).

EW[Oll]cor / EW[QII]€ [1 — 2.7]. We choose a value of f2000= 1.5 to discriminate between
Apart from the caveats we already mentioned, for salg@ectroscopic late-typ@,4000< 1.5) andspectroscopic early-
of completeness we could also add the possible uncertintigpe (D,4000> 1.5) galaxies. Our choice is motivated both by

derived from the unknown physical condition of the ionizingalaxy evolution models and observations.

gas and those related to thefdrent sample used to calibrate  Single stellar population (SSP) models have shown that in
Ha/[Ol1] in Eq. 1 from the original one constituted by compach galaxy with solar metallicity experiencing an instantzue
emission line galaxies (Guzman et al. 1997). burst of star formation, the spectrum of an underlying atell
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population reaches in 1 Gyr values of4D00 larger than 1.5 Table 1. D,4000MEDIAN DISTRIBUTION
(Kauffmann et al. 2003a). Berent results obtained usindiir-
ent stellar libraries are within the error of the4D00 measure

(Kauffmann et al. 2003a; Le Borgne etlal. 2006), while there is a 10°0-9%M, 10°51OM, 10%-195M, 10°195M,
possible dependency on metallicity for old stellar agelsGyr). z
Galaxies with values of metallicity as extreme a33)(25) Z ~0 124+ 000 128+000 146+0.00 168+0.00

reach values of 1000 larger than 1.5 in 2.5 (0.8) Gyr after 05-0.7 118+001 120+001 127+001 152+0.02

a burst/(Kafmann et all. 20034). Le Borgne et al. (2006) inves- 0.7-10 113+001 116+001 121+001 137+0.01

tigate the 4000 evolution using other modes of star forma-_10-13 107+004 107+002 109+001 125002

tion history. They show that the /8000 index reaches values

larger than 1.5 after 1 Gyr from the initial activity also ialgx- NOTES:D,4000 median values in four intervals of stellar mass

ies with a period of constant star formation truncated 0.5 Gwnd three redshift bins for our VVDS-F02 sample. The error

after the collapse, while galaxies with recurring burstslemal- quoted in each interval represents the error on the medsn-di
ways keep the PA000 values below 1.5 in a period as long asution using a statistical Jackknife technique. The medan

9 Gyr. ues of the Q4000 distribution in a nearby galaxy sample (SDSS

Observationally in the present-day galaxies, values @R4) are also listed.

D,4000 smaller (larger) than 1.5 have identified young (old)

stellar populations with a separation between the two pop-

ulations at 1 Gyr [(Kafimann et al. 2003b). This limit has

been widely used in other observational studies (Miller &&bw in each panel is the median of the4®O00 distribution in that

2002; Mignoli et all 2005). particular stellar mass interval and redshift bin (see Tab.

Hereafter we refer to ouspectroscopic earlyand spec- The first evidence shown by F[d. 1 is thefdrent behavior
troscopic late-typegalaxies simply as early- and late-typeof the D,4000 distribution for the four bins of stellar mass, evi-
galaxies, although the classification of a galaxy on celordencing a clear dependency of the stellar age on stellar tinatss
morphologicat, spectroscopiebased scheme should be kepholds at all epochs up to ~ 1.3. Even at the highest redshift
distinct. The diferent terminologies should not be mixed uphin investigated the 4000 distributions follow closely the be-
despite the robust trends existing among morphologiesysol havior observed in the local Universe. Low mass galaxieg hav
gas content, star formation activity, and other properfies small D,4000 values and, as mass increases, the galaxy distri-

a recent review see Renzini 2006). The category of earlg-typution moves to larger 4000 values. At any fixed redshift bin,

galaxies, by virtue of their relatively simple star fornwatihis- the relative abundance of early-type galaxies4@D0> 1.5) in-

tory, are generally used as the preferential category &fatbfo creases as mass increases. The largg4d@ values, and thus
test galaxy formation and evolution and therefore one shbal the oldest underlying stellar populations, are hosted émtiost

careful in the definition chosen to select them (see Fraretedt. massive galaxies at all redshifts upzte 1.3.

2007). Another striking evidence coming from Fig. 1 is that for the
lower mass galaxies<(10'° M) the shape of the 000 dis-
tribution does not seem to evolve with time between 1 and

4. Results z ~ 0. For these galaxies the,£000 distribution is extremely

peaked around 2000~ 1.1 in all redshift bins, suggesting a

good correspondence up to high redshifts between a low stel-

In the local Universe there is a well established obsermatio lar mass and a young underlying stellar population. Vicesae

evidence that while young galaxies are preferentially toass galaxies in the highest stellar masses bins we explore ptspul

systems, old galaxies are mostly massive systems. In plantic both early- and late-type galaxies regions in th@@O0 distri-

Kauffmann et all.|(2003b) identify in their Fig. 2 the populatiotvution and do show significant evolution with redshift. Hoede

of the first peak of the 4000 distribution observed at1.3 as stellar mass bins as cosmic time goes by galaxies populate pr

emission line objects with a mean stellar age of 1 —3 Gyr and Igressively the locus of larger 000 values and a secondary

stellar mass< 3 x 10'°M,,). The second peak at000~ 1.85 peak emerges in the @000 distribution. The gradual accumu-

4.1. Evolution of Stellar Ages with Stellar Mass

corresponds instead to old L0 Gyr), massive ellipticals. lation of the secondary peak is a process started at earhepo
Figure 1 shows the histogram of, 8000 distribution in dif- (z> 1.3) that continuesféiciently down to the local Universe.
ferentintervals of stellar masses and redshifts as ineliban the Our findings on the distribution of the stellar ages andatell

top and on the right respectively. For the VVDS-F02 data §ownass can be interpreted in the framework of a top-down pic-
2-4) the histograms shown are corrected for non-target@dss ture of the stellar mass assembly history of galaxies, oit as
in our spectroscopic observations and for spectroscopizéa is termed, “archaeological downsizing” following Neistet al.
(the corrected total number and the actual number of obder{g006), see also_Thomas et al. (2005); Cimatti etlal. (2006);
galaxies are reported respectively in the first and secowed it [Bundy et al.|(2006). Evidence of this top-down stellar mass a
the top of each panel). sembly is already present in literature. Studies on stelts,

To allow a direct comparison with the local Universe, thenetallicity, and cosmic star formation at ~ 0 prove that
first row of Fig. 1 shows the 1000 distribution as derived from stars in massive galaxies were formed long ago and over a
a local sample of SDSS DR4 galaxies within the same inteshort period of time (e.g._Thomas et al. 2005; Heavens et al.
val of stellar masses as ours (properly rescaled to account2004;[ Jimenez et &l. 2005). At high redshifts the reddesbgal
the diterent IMFs). This plot enables us to explore the presenies already possess old ages 1 Gyr), establishing their for-
of any relation between stellar ages and stellar massesein thation epoch az > 2 (McCarthy et al. 2004; Cimatti et al.
distant Universe. The vertical dotted lines represent titefic 12004). Furthermore, massive proto-disk galaxies alreaift e
at D,4000=1.5 adopted to sub-divide our objects in early- andt z ~ 2 — 3 (e.g., Labbé et al. 2003; Stockton etlal. 2004;
late-types, as described in the SECHl 3.4. The verticalatbliie [Forster Schreiber et gl. 2006; Genzel et al. 2006). On time co
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Fig. 1. Histograms showing the fraction of VVDS-F02 galaxies asracfion of D,4000 in four diferent ranges of stellar mass
and in three redshift bins ®- 0.7,0.7 — 1.0, 1.0 — 1.3, rows 2-4). We plot as a comparison in the first row th&@O0 galaxy
distribution for the local Universez(~ 0) from the SDSS DR4. The counts corrected for non-targetertes in our spectroscopic
observations and for spectroscopic failures (unidentfadces) following Illbert et al. (2005) are reported in thgt fine at the top

of each panel, the observed counts of galaxies in the segoadlhe vertical dotted lines at;®000= 1.5 represent the adopted
separation between early- and late-type galaxies. The&akdashed lines represent the medigd@O0 distribution in each panel.
Panels with 100% mass completeness have full-shagé@aD distribution, while the light-shaded histograms at W0°-%° M,
are mass complete at 95%, 85%, 74% f&¥ 8 z < 0.7,0.7 < z < 1, and 1< z < 1.3, respectively, as computed integrating the
mass function using the Schechter parameters (see PazattP007).

trary, the underlying stellar ages of late-type galaxigzsapntly Sect[4.B) as discussed also in other studies (Arnouts 20@¥,
do not show evolution. This observation is probably judlitiy Faber et al. 2006).
a continuous andticient formation rate of new stars (see next
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Our sample shows to which extent the stellar mass drives the
galaxy evolution. For the first time we present a direct compa

; , ALL  a) ETGs b) LTGs  ¢)
ison of stellar ages and stellar masses of galaxies oveatie | ® o c:
8 Gyr extending the seminal work by Kéimnann et al.|(2003b) = 97541 0
on nearby galaxies. = A 10-105 B
® >105
4.2. SFR dependence on stellar mass and redshift 2
{

A cosmic decline of the star formation activity has been pre-
sented in several studies, starting from field redshifteys\oy —
Lilly et all (1996); Madau et all (1996). Nowadays, the knowl 2,
edge of the cosmic star formation history out to redskifl. 5
is quite profound|(Hopkins & Beacom 2006, and references
therein). However many aspects of galaxy evolution, like th
contribution to galaxy mass assembly of various categares
galaxies still need to be understood (see for details Cirgiodi!
2006).

Figur€2 (panel a) shows the median distribution of EWJO
interpreted as proxy for the star formation activity for emtire
galaxy sample in the redshift interva& 0.5 — 1.3 as a function o
of the stellar mass. The star formation activity has a cleassn
based evolution and shows the well-established globafastar
mation rate decline. Generally, at a given redshift bin thalger
the stellar mass of the galaxy, the more actively it is foigmin

stars. _ L Fig. 2. The median EW[D] as a function of the redshift for our
These results obtained over the redshift interval covered/ps.Fo2 sampled) in bins of stellar masses, coded as follow:
by our sample are in excellent agreement with the findingsy - log(M) < 9.5 M,, (blue, circle), % < log(M) < 10 M,
by|Feulner et al.[ (2005a) based on a large photometric riéds 'yan, square), 16< log(M) < 105 M, (magenta, triangle),
sample of 9000 galaxies from the FORS Deep Field and tfyg\v) > 105 M, (red, diamond). The same visualization is
GOODS-S field. Feulner etlal. (2005a) show a similar trend fBFesented for the spectroscopic early) &nd late-type galaxies

the SSFRs at dierent stellar mass intervals with no contribur) The filled symbols represent the EW[Pcorrected for dust
tion to the stellar mass growth for massive galaxies (cf. Fig gytinction, and the arrows the corrections applied.
inFeulner et al. 2005a). We also find an excellent agreement i

the common redshift range with the study of 207 galaxies from
the spectroscopic GDDS. Juneau et al. (2005) show that weassi
GDDS galaxies¥ 10'®2 M) are in a quiescent mode, and lower _ B
mass GGDS ga|axies in a burst phase_ (S_trateva et al. 200]. Franzetti et aI_. 2007 Cimatti et D2

Our results, being obtained on large spectroscopic samildek et al.|2006). It is also known in literature that the abu
put on firmer grounds the results found in photometric galasgance of objects classified as early-types with a non nédigi
catalogues and relatively smaller spectroscopic surtbgsstar rate of star formation is increasing with redshift (Tressale
formation in early-type galaxies and in general in massje s!1999). The contaminating systems are constituted by a mix-
tems is at very low values sinze~ 1 — 1.3. ture of galaxies with dusty star-burst properties and getethat

In Fig.2 (panel b and c) we plot the median EWI[Qistri- for internal, physical _mechanlsms are morphologicallgsited 3
bution in early- and late-type galaxies separately. Thegeds Igter than Sa. As a dlrect consequ.encelof our adqptgd ctassifi
show that both massive, early- and late-type galaxies hege ntion the number of quiescent galaxies with properties inioom
ligible levels of star formation. Vice-versa low-mass,lgdype With star forming galaxies (5%) is definitively a lower framt
galaxies, although possessing an old underlying stellpulae  compared to previous studies (20-50%) that rely on morpyolo
tion on the basis of their spectroscopic classificatiomashbigh and color classifications. For example thanks to our classifi
value of the star formation activity, comparable or everhbig tion criterion reflecting the age of the underlying stellappla-
than the most active late-type systems (blue line in[Fig. Zhis tion we correctly classify populations of galaxies like tjustar
result holds over the entire redshift range explored. Furtiore forming EROs. They possess in fact red colors but lo#@0
the EW[QI] strength of these objects dramatically increases ¥alues (Mignoli et all 2005) which make them misclassified in
a function of the redshift. However, we will show in Fig. 4 tha@ny classification relying on colors.
this category of objects represents only a minor fractiob) The general picture which emerges from the Hig.s 1[@nd 2
of the population of galaxies at that redshift and stellassria- follows the classical concept of downsizing as firstly sisjge
terval and one should exercise caution in the interpretatfo by [Cowie et al. [(1996). In this framework one expects a con-
this result as this population is the mostested by mass in- tinuous growth with time of low mass galaxies while the mas-
completeness. Early-type galaxies with low-level of stanfa- sive galaxies have completed their growth at early epochis. T
tion activity are under-estimated with the consequencedighv galaxy attitude is also termed downsizing in tirne (Neistgial.
more those with relatively larger EW[Q, thus we avoid to use [2006). Additional evidences supporting the downsizing- sce
the values of the highest redshift bin. nario in time come from the results based offatient studies

In the recent years a number of studies have pointed the mass and luminosity functions, the global and specific
out a contamination on the order of 20% up to 50% dftar formation rates (e.d., Bauer et al. 2005; Juneau le08b;2
the red (color-selected) population from star forming g@a [Feulner et al. 2005a,b; Tresse et al. 2006).
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One another important aspect becomes apparent when csfope of the highest redshift bin to the slope value as déteun
paring the results summarized in FifJs 1 Ahd 2. One knows tlirathe interval 07 < z < 1 where it is better constrained. The ver-
the D,4000 strength is the result of the cumulative star forméical dashed line in each panel represents our mass comegste
tion history of a galaxy. Instead the [[Qline is sampling only in that redshift bin (see SeCf.8.3). To judge the evolutiothe
the instantaneous star formation activity, because thizifan three redshift intervals we over-plot the Schechter fitsadye
flux in HII regions is provided almost entirely by massive staend late-type stellar mass functions of the lowest redbhifat
(log(M)> 10M,) with lifetimes limited to 20 Myr or less. As al- each panel. To have a direct comparison with previous esult
ready discussed in Sect. 3.4,4D00 values below 1.5 are indica-found in the literature we also plot in F[d. 3 the type-depanrtd
tive of significant star formation activity within the last@yr, stellar mass obtained in the DEEPR2 (Bundy et al. 2006) phpper
while values above 1.5 are associated to galaxies that have fescaled to the Salpeter IMF. We also plot the results froen th
ished forming their stars, at least 1 Gyr ago, and are thexref&20 (Fontana et al. 2004), in which early- and late-type xrala
evolving mostly, if not exclusively, via the passive evadmtof ies are computed using a similar criterion. They are caledla
their stellar population. Therefore, the star formatiomgiscales however in slightly diferent redshift bins (@ < z < 0.7 and
probed with the 4000 and the [@] equivalent width are very 0.7 < 1.3).
different.

In our sample, we observe that massive galaxies are the only
subset of the population to show a significant presence ebtdj
with large D,4000, and all these objects have, at the same time, _
very low or null star formation activity. Both indicators (2000
and EW[QI]) are consistently pointing towards a star formation _3
history peaked in the past for these massive galaxies, With |
tle or no residual star formation taking place at the epodhef —4
observation. Most of the low mass systems show just the opp'§_5
site characteristics. Almost all galaxies in this subsgetsmall ¥
Dx4000 and a rather strong current star formation activite ThX -2
indicators suggest a general picture of extended star fisma 'c
activity, that makes these objects dominated by the yoweligst §‘_3
population at all epochs (although with this kind of anadyse _&_4
cannot say anything about their epoch of formation, of cgurs £
Finally, despite their dierent time-scales both indicators showss-—5
the same connection between stellar mass and star fornhégion 2 _,
tory. We need to note, however, that among the low mass sgstem
a small fraction of objects possess the two star formatidicas -3
tors which are not in agreement. In fact we see from[Fig. 2 that
there exists a population of spectral early-type galaxibere B
a large 4000 value, that points towards a predominantly old _5
stellar population, is coupled with a significantli[fPemission, o " 2
indicative of ongoing star formation activity. However, &g 10 _210 10
discussed earlier, the impact of this galaxy category orethe log M. [hy ™ M,]
tire galaxy population is negligible. The very good agrepme

observed for massive objects between the instantaneous@ndjg 3 stellar mass function for the spectroscopically classified
integrated star formation indicator can be undgrstoodmm late-type (empty circles) and early-type (filled circles)lax-
that the dominant mode of star formation activity for thege-s jog from VVDS-F02 sample. Results for spectral type galax-
tems is a continuous one, with relatively smooth variations jes from K20 survey by Fontana et al. (2004) and for color-
time, and with no significant contribution from strong b8Ist 5564 type galaxies from DEEP2 survey (Bundy Et al. 2006)
S|m|l§}r conclusion has been presented recently by Noeskle etyre also over-plotted by square and triangle symbols, cespe
(2007), based on their analysis of the AEGIS survey data. Rgfe|y The completeness limits computed integrating theessn

smaller mass objects, ins'gead, sta.r-bursts must becomeimer ¢,nction using the Schechter parameters, are 95%, 85%, 74%
portant, and they can easily explain the presence of admofi i, — 507,07 - 1,1 - 1.3 for the stellar mass interval

galaxies for which the instantaneous and integrated stardo 1,4\M)=9-9.5, while nearly 98% for stellar masses below the
tion indicators are not in agreement. We notice that a soraewh || (100%) complete limits (the vertical shaded lines).

similar dependence of burst activity on galaxy stellar nieess

been observed in the SDSS data by Kaann et al.[(2003a), al-

though their most recent work (Kémann et al. 2006) indicates  |n general from Fid.13 we observe upze- 1 only a mild or

an important role for galaxy surface mass density more then ven no evolution in the stellar mass function for both speéct
total mass in regulating star formation activity. type galaxies. Az > 1 a stronger evolution in the stellar mass
function occurs for early-type galaxies, while late-ty@axies
evolve only mildly, in particular at the massive tail. We @pot
moreover, that the massive end of the mass function is mainly
We show in Fig.B the stellar mass function in three redshifiominated by early-type galaxies up to redshift 1, and for
bins both for early- and late-type galaxies according tcsgiex- stellar mass larger than®x 10'* most of the galaxies have an
tral classification introduced in Sect.B.4. The paramatéthe early-type classification even up ro= 1.3. Late-type galaxies
Schechter fit ¢, Mg, ¢*) for early- and late-type galaxy sam-mostly contribute to the low-mass part of the mass function a
ples are listed in Tab. 2 along with their uncertainties. \&eife all redshifts.
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Table 2. ScHecHTER FiT PARAMETERS

Zrange @ logMZ,, ¢ a logMZ ¢ M
(hzoMo) (10733 Mpc®) (hzoMs)  (1073h3 Mpc3)
05<z<07 | ETG -036701 11067012 15070% TG -150°0%7 1110707 0.7570%, 1087
07<2<10 -0.46j§;%§ 1109%3 o.sojg;ig -1.34j§;?§ 10.9&3;% 1.30j§f§5 1111
10<z<13 -0.46 11201597 0.25'01 -1.34 11081007 0.75:%1 1142

NOTES:The listed values are computed on the early-type (ETG) aeetype (LTG) samples using a classification scheme
based on the age-estimatos4D00 (see Sedt. 3.4).

The overall picture emerging from our stellar mass fundermation rate and to morphological properties. Our findiage
tion with an increasing (decreasing) relative contribatiof in between those obtained dividing by colors and by morpdlo
early (late) type galaxies with increasing mass and cosimie t in [Bundy et al. [(2006). We find a similar trend in cosmic time
agrees quite well with previous results (€.g. Fontanal208l4; when comparing their crossovers obtained using galaxy mor-
Bundy et al! 2006). Generally the stellar mass function t&-la phologies and colors with our results based on thédDO in-
type galaxies agrees very well in all studies. As far as tekkast dex, while a less steeper evolution is observed when comsifde
mass function for the early-type galaxies is concerned #te bthe classification obtained with the SFR indicator.
ter agreement is obtained with the study by Fontanal et 20420
which use as well a spectral classification, instead of afraste
color scheme (Bundy et al. 2006). A slightly worse concooean
is found for the early-type galaxy densitiezat 0.7 with Bundy
et al. which are larger than the one computed in our study (cf. L ® 995 |
filled triangle with filled circle in Fig.B). L

) o . 9.5-10
As only a mild evolution in the overall stellar mass function 0.8 — —
is observed in our sample at least upzte 1.2 (Pozzetti et al. " A 10-10.5 ~
2007), FigB shows a redistribution of the stellar mass ayabn g * 5105 q

the spectral types with a declining contribution to the aller —
mass function of massive late-type with time associatel arit S 06 - B
increasing fraction of massive early-type galaxies. B0 <£ i

The redistribution of galaxy types was reported by,
Brinchmann & Ellis (2000) computing the stellar mass dgnsit & 4 |- |
in a small sample of I-selected galaxies with spectroscagge =~ | & i
shifts and infrared photometry. Using Hubble Space Telgsco - R
morphologies, Brinchmann & Ellis (2000) observed a decline 3 1
in the mass density of irregular galaxies fram=1 to today 0.2 - K
either associated to a transformation into regular moghol r %

gies andor to merging mechanisms. These results were con- * A
firmed by Bundy et &l.| (2005) using a sample of approximately e ) @ L.
two thousand morphologically-classified galaxies from GIBO °r Lt B | ]
(Giavalisco et gll 2004). Later on Bundy et al. (2006) previd 0 0.5 1

further supports to the stellar mass redistribution using t Redshift

DEEP2 spectroscopic sample producing type-dependetarstel
mass functions based on rest-frame colors. Further evideart
be found also in other studies, for example, a similar moddsig.4. The evolution of the fraction of galaxies classified
change in abundance of massive early-type ug to 1 was as spectroscopically early-type infidirent mass intervals. The
found in the K20 sample which has a high redshift accuraeyass bin is coded as follows:< log(M) < 9.5 M, (blue, cir-
and a spectral classification similar to ours (Fontanal208l4). cle), 95 < log(M) < 10 M, (cyan, square), 1€ log(M) < 10.5
The constancy in blue populations and the increasing tréndM, (magenta, triangle), log(M)> 105 M, (red, diamond).
the red sequence classified accordingN&{ — r) colors have Filled symbols represent the counts of observed galaxieibe w
been observed in a study of stellar mass density by Arnotite open symbols represent the counts corrected for gtatist
et al. (2007), and observed previously by Borch etlal. (2006)eights (see text). The points at~ 0 are our SDSS reference
Martin et al. (2007). points.

We observe in Fid]3 a downward transition with time of the
threshold in the stellar mass above which one category of ob-
jects becomes dominant in the relative contribution to thhe t  To show the dierential evolution of galaxies and the general
tal stellar mass function. This characteristic mass, arsition redistribution in stellar mass among galaxies we plot in#itpe
mass W reported in Tab. 2), was detected in the local Universayolution of the early-type galaxy fraction over the enfaarly-
around X 10'*°M,, (Kauffmann et all. 2003b; Baldry etlal. 2004).and late-type) population for fierent stellar mass bins as a func-
Bundy et al. [(2006) report its evolution with cosmic time ustion of redshift. Both statistically-weighted correctesliats and
ing three dfferent methods to define the two galaxy categoriesbserved counts are used in the computation and plotted with
galaxies are partitioned according to rest-frame colorthe star different symbols. The error-bars include both the uncerésnti
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in the spectral measurements and thiea of changing the clas- galaxy falls. For three redshift bins we plot with left-léa di-
sification threshold due to the,B000 errors. As in Fif]1 we agonals (blue-coded) the,000 distribution of galaxies which
report the reference points at~ 0 from a local galaxy sample assemble enough stellar mass to move to a higher mass interva
(SDSS DRA4). within a time At. The right-leaning diagonals (red-coded) rep-

The relative evolution of the abundances of galaxies dependsent the galaxies staying over the tisiein the mass inter-
strongly on galaxy stellar mass. This is shown for the egibhe  val assigned at the time of the observations. The assumigtion
galaxies in Fid. ¥ where the relative fraction of the most -mathat these galaxies will sustain a constant observed SFRiuwe
sive galaxies of this category significantly changes witbneic  time At, which appears to be a reasonable assumption aatour
time. The strong evolutionary trend is emphasized by thk lais never larger than 1.3 Gyr.
of evolution in the abundances with time of the massive late- Figure[® shows that the lower the stellar mass the larger is
type galaxies. This is not the case for the less massive ptipnl the fraction of galaxies which can sustain a significantatel
(10°-19M,) for which its relative abundance does not evolve signass growth, i.e. not only forming stars bufetively assem-
nificantly with time. In fact both early- and late-type categ@s bling mass. Once a galaxy reaches a certain stellar maesgmit t
evolve accordingly and the number density of low-mass earlyates to grow &iciently. The physical reason could be the natu-
type galaxies is very small (Fig. 3). ral exhaustion of the gas reservoir contained in massivaxgs

As the VVDS is a magnitude limited survey, we have to reawhich did consume itfciently in the first phase of their life. On
mind that we start to become incomplete at lower masses fhe contrary, low-mass galaxies having sustained oveirtteed
higher redshifts. On the other hand as the galaxies thattstarlower rate of star formation activity still have a certain@mt
drop out from the sample are preferentially early-type xjel® of fueling.
that contribute little to the low mass bin (see Fig.s1@hch®)t This characteristic stellar mass at each redshift tells hew
total dfect on Figl % is small. Furthermore, we obtained simi galaxy population stops to accumulate a significant amafunt
lar relative abundances and trend with redshift using fedx new stellar mass. Its evolution with cosmic time paralleét bf
statistic as well as the Schechter fit extrapolated belowdine- the quenching mass, defined as the mass at which no active sys-
pleteness limit. Therefore, the general trend observeudness tems are observed (see for details Bundy &t al. [2006). Galaxi
massive galaxies can not be totally justified by our incoteple show in fact a general decline in the mass assemfligiency
ness and our results remain solid. from high to low redshifts and low-mass systems appear to be

To summarize our results suggest a galaxy mass assemdije to grow significantly in stellar mass down to very low-red
history with a mild total evolution with redshift in numbeen- shifts, while the majority of early-type galaxies at anyllate
sity (Pozzetti et al. 2007) in particular for very massivéag@es mass is largely indicient in increasing its stellar mass.
(> 25x 10" M), which are constitutes mainly by early-type  These results and those obtained in previous sections sup-
galaxies up to the redshift sampled< 1.3). Since the relative port the hypothesis of apparent no evolution in the blue se-
fraction of massivex 10'%° M) early- and late-type galaxiesquence proposed by Faber et al. (2005) and the mild evolafion
evolves with cosmic time we witness a spectral transformnatithe early-type class of galaxiés (Zucca et al. 2006; Brovailet
of late-type systems into old massive galaxies at lowerhiétds 2007, Arnouts et al. 2007) which are largelyfiigient at assem-
In the following we analyze thefiéciency of this mass assemblyblying mass at all epochs (at least sirce 1.3), and are pro-
process driven by the star formation rate observed in {gie-t gressively decreasing theiffigiency as cosmic time progresses.
galaxies. In particular, on the basis of the mass migration from bluetb
objects, Arnouts et al. (2007) propose a similar time-sfalthe
period required for blue galaxies to quench their star fdiona
activity and move to the red sequence, and the birth ratedime
In the hypothesis of dry merging - merging of quiescent galaklue galaxies which are continuously refilled by new stars.
ies without gas (star formation) involved - the age of theggl If we consider the galaxies with stellar massMli-1234 =
(i.e.the time elapsed since it assembled its current st@liss) 9 — 9.5,9.5 — 10,10 — 105,> 105) observed at redshif;
may not coincide with the age of its underlying stellar papul (zj-123 = 0.5-0.7,0.7 — 1,1 — 1.3), their progenitors are the
tion. As a consequence the processes of star formation assl ngum of two galaxy contributions if no merging activity is adv
assembly remain distinct: it is possible that stars whieinfad cated. The first progenitor class is constituted by galawiiés
long ago were assembled only recently in a newly createcgalanass M, atz;_; that are assembling enough stellar mass to mi-
(Renzinil 2007 Cimatti et al. 2006; Bundy et al. 2006). Withi grate in the higher mass interval within a time whereAt was
such a scenario one should also consider two separate dopreviously defined. The second contributors are galaxigls wi
sizing signatures, i.e.downsizing in time (the transferstr stellar mass included in the same mass interva) @ithe epoch
formation activity to lower mass galaxies) and archaealalgi z;_; that in a timeAt are not growing sfiicient mass to flow in
downsizing (the fact that older stars are hosted by more mélse subsequent stellar mass interval.
sive galaxies). If one or more mechanisms allow for a querchi ~ We compute within our mass completeness limit the num-
of star formation activity earlier in massive galaxies, &ty ber (per unit of co-moving volume) of galaxies observed dt re
mergers only represent a minor contribution to the galaxgsmeshift z; of stellar mass Mand that of progenitors at redshft ;
assembly, then the two concepts of downsizing express ane sis described above. We obtain that the number of progenitors
gle idea. at zj_; can account, on average, for 88%0% of the galaxies

To investigate this issue we look upon thii@ency in as- at z; of stellar mass M This percentage is actually close to
semblying stellar masses of galaxies and verify whether th80% for the most massive galaxies. This result shows a good
amount of galaxy progenitors can justify the mass assemblegreement between the evolution of stellar mass functi@h an
without invoking any (dry) merger mechanism. We define fdhat of the star formation activity up to ~ 1, and therefore
each galaxy at redshiftthe timeAt as the time interval betweenthat no significant contribution to the mass assembly poises
the age of the Universe at the observed redshifhd the time required from merging activity. A similar conclusion hasshe
corresponding to the lower limit of the redshift bin in whitte presented recently by Bundy et al. (2007) by comparing the dy

4.4. Efficiency in the Stellar Mass Assembly Process
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Fig. 5. Histograms showing the fraction of VVDS galaxies as a fuorctf D,4000 for four diferent ranges of stellar mass at three
redshift epochs (6 — 0.7,0.7 — 1.0, 1.0 — 1.3). The corresponding look-back time is also indicated. \&fneé At for each galaxy

at redshiftz as the time interval between the age of the Universe at therebd redshifz and the time corresponding to the lower
limit of the redshift bin in which the galaxy falls. Left-lamg diagonal (blue) histograms represent those galakatsaissemble
within a timeAt a stellar mass enough to move to a higher mass interval ahdigitt-leaning diagonals (red) those staying in the
mass interval assigned at the time of the observations. 3fmeption is that these galaxies will sustain a constardrebd SFR
over the timeAt, which turns to be a reasonable assumption af\big never larger than 1.3 Gyr.

namical and stellar mass of spheroidal galaxies in the GOODB&N be obtained. It is in fact well known that mergers do take
fields. Should this scenario here described turn out to becor place and recently individual cases of dry merger have asob

it would imply that the all recent observations on galaxylevo listed by e.g.| Bell et al! (2006); Tran et al. (2005). We aann
tion can be summarized with one single concept of downsizinterefore exclude the possibility that between two red$livifs a
Still, a more detailed and quantitative analyses of the mass  fraction of galaxies moves from mass bin td a higher mass bin
tion evolution is needed before a more accurate evaluationvia merger, although this merging activity would have tasfat
the role played by mergers in the build up of the galaxy mass
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rather tight constraints in order to preserve the obserigd-d instrument. DV acknowledges the support through a Marie
bution of stellar masses and ages. Curie ERG, funded by the European Commission under con-
tract No. MERG-CT-2005-021704. Based on observations ob-
tained with MegaPrim@legaCam, a joint project of CFHT
5. Summary and CEADAPNIA, at the Canada-France-Hawaii Telescope
(CFHT) which is operated by the National Research Council
NRC) of Canada, the Institut National des Science de I'grav

stellar mass as a function of redshift in a mass-complete-spg; ! D
. the Centre National de la Recherche Scientifique (CNRS) of
troscopic sample selected from the VIMOS VLT Deep SurV‘:*iﬁ/rance, and the University of Hawaii. This work is based in

(VVDS)' Up toz ~ 1.3 we confirmed the presence of a relationbart on data products produced at TERAPIX and the Canadian
ship mass-stellar ages that parallels the one observed lodhl

Astronomy Data Centre as part of the Canada-France-Hawaii

Universe (see Kdtman et al. 2003b). In all redshift bins ex- ; -
plored, low mass galaxies (10'°M,) are dominated by ayoung-(l;?\lleRSgOpe Legacy Survey, a collaborative project of NRC and

stellar population, as witnessed by the lowdD0O0 values. For
higher mass galaxies-(10*° M), on the contrary, the percent-
age of galaxies dominated by an old stellar population gro%
regularly with cosmic time. This process is morf@aent the eferences

higher is the galaxy stellar mass considered. This respfiais Baldry, I. K., Glazebrook, K., Brinkmann, J., et al. 2004,JAB00, 681

the so-called 'archaeological downsizing’: the stellapplation Balogh, M. L., Morris, S. L., Yee, H. K. C., Carlberg, R. G., &liigson, E.

\ ! ! N . 1999, ApJ, 527, 54
in massive galaxies formed at earlier times than the onenn IoBauer’ A E.. Drory, ., Hill G. J., & Feulner, G. 2005, Ap26 L89

mass galaxies. ) ] Bell, E. F., Naab, T., Mclntosh, D. H., et al. 2006, ApJ, 6401 2

We then explored SFR evolution as a function of stellar massrch, A., Meisenheimer, K., Bell, E. F., et al. 2006, A&A, %B69
The percentage of quiescent galaxies, as witnessed byldiaeir Bottini, D., Garilli, B., Maccagni, D., et al. 2005, PASP,7, D96
EW[OII] values, increases when moving to lower redshifts argfver: R- G., Benson, A. J., Malbon, R., et al. 2006, MNRAS), 345
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