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Abstract We present the latest results of tB@tzer Cosmological Surveys concern-
ing the characterization of the evolution of galaxies inlds 12 Gyr (from z=4).
We have analyzed the stellar mass function up=td zising a sample of more the
28,000 galaxies selected in the rest-frame near-infrargdSpitzer/IRAC. Our re-
sults confirm and quantify the “downsizing” scenario of ggléormation. Based
on the study of the specific SFRs of X-ray emitters, we disthussole of AGN in
the evolution of galaxies, arguing against the link betweeclear activity and the
guenching of the star formation in massive galaxiest.2.

1 Introduction

One of the most interesting results in Extragalactic Astroy in the last
decade is the discovery of a numerous population of masalesigs (# >10'1 .7,
similar to a local elliptical) at high redshift (Yan et al.99 Franx et al. 2003), being
some of them already evolving passively (Daddi et al. 20B4¢n more puzzlingly,
these galaxies present very small sizes, and thus large drastgties (e.g., Daddi
et al. 2005; Trujillo et al. 2007) comparable to the densityaagylobular cluster
(Buitrago et al. 2008). This finding is extremely challerggfor models of galaxy
formation, based on the hierarchi¢geCDM paradigm (e.g., Baugh et al. 1996; Cole
et al. 2000), which have had to introduce in their formulasi@arly massive star
formation (with a cosmic SFR density staying roughly constt z=1-3; Madau
et al. 1996; Pérez-Gonzalez et al. 2005, and refereneesith Hopkins & Beacom
2006) and quenching mechanisms, such as AGN feedback taetddghift to try to
reconcile with the observations (e.g., de Lucia et al. 2@¥6fon et al. 2006).

In the local universe, massive quiescent early-type gasaare 3 times
more numerous than late-type galaxies above a given masshtiid (Baldry et al.
2004). A color-magnitude diagram clearly separates thguésscent galaxies (pop-
ulating the so-called “red sequence”) from the blue stamfog galaxies (e.qg.,
Kauffmann et al. 2003). The majority of these massive gakwias already in place
at z~1 (Bell et al. 2004; Bundy et al. 2007; Faber et al. 2007; Chiceset al. 2007).
In addition, several works have found compelling eviderfeetigh formation red-
shift (z~4) for the most massive galaxies (Heavens et al. 2004; Justeslu2005;
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Pérez-Gonzalez et al. 2005; Cimatti et al. 2006), a s@ekaown asdownsizing
(Cowie et al. 1996). Therefore, the key epoch for the studyefformation of the
red sequence is<dz<3 (Fontana et al. 2004; Abraham et al. 2007; Arnouts et al.
2007). From all these results we can infer that, in order teustand galaxy evolu-
tion, it is crucial to construct and analyze in detail stat@ly meaningful samples
of galaxies selected by their stellar mass-abz4. And among them, some of the
most interesting systems are those which have completglpst forming stars (to-
tally quiescent), as they should shed light on the quencimaghanisms of galaxy
formation.

In this summary of our oral contribution to the VIII SpanisistPfonomical So-
ciety Meeting, we summarize our efforts to study the massrabl/ of galaxies
in the last 12 Gyr (z0-4) based on the characterization of a sample of galaxies
selected by an observable close to the stellar mass: tistifreane NIR emission.
This selection has been feasible for the first time with ther@aogical Surveys
carried out withSpitzer and its IRAC instrument, observing at 3.6-&én. These
data have been compiled by our group jointly with other pubfid proprietary an-
cillary observations in the UV/optical/NIR to study how fasnd how much stellar
mass has been assembled in galaxies frem, study the relationship of the mass
assembly with morphology (see Perez-Gonzalez et al. 2808)est the AGN feed-
back quenching mechanism introduced by models to stopatauation in massive
galaxies.

2 The Rainbow Cosmological Surveys database at UCM

The Rainbow Cosmological Surveys Database at UCM has been built by PGP-G
with the help of several people in the UCM Star Formation @r(®FG), and in the
MIPS Instrument Team. Some of the main contributors areti&@mio Barro, JesUs
Gallego, George Rieke, Jaime Zamorano, Victor Villarg&ePascual, Armando
Gil de Paz, Jennifer Donley, Eiichi Egami, Almudena Alori$errero...

The Rainbow Cosmological Surveys Database includes the followingdield

-Chandra Deep field South (CDFS). We have complete catabo@<225 arcmif
region centered oo (J2000.0)3-53.1155(J2000.03=—27°.805 covering the whole
IRAC GOODS-S field.

-Hubble Deep Field North (HDFN). We have complete catalogsd 258
arcmir? region centered om(J2000.03=189.235 §(J2000.03=62°.235 covering
the whole IRAC GOODS-N field.

-Lockman Hole Field (LHF). We have complete catalogs for 8 aBmir? re-
gion centered o (J2000.0%:162.1956(J2000.03=57°.485.

-Extended Groth Strip (EGS). We have complete catalogs &50aarcmin re-
gion centered omr(J2000.03214.800 6(J2000.0)-52°.810, covering the whole
IRAC EGS Survey.

-Subaru XMM Deep Field (SXDS). We have complete catalog@@®0 arcmir
region centered o (J2000.0}=34°.400 6(J2000.03=-5°.100 covering the whole
UKIDSS UDS and the Spitzer Legacy (SpUDS) area.



Spitzer view on the downsizing scenario of galaxy formatod the role of AGN 3

To show what is available in thRainbow database, we have released a limited
part of the CDFS data and results. This is accessible fronR#iebowNavigator
web interface: http://guaix.fis.ucm.egigperez/Proyectos/ucmcsdatabase.en.html.

This public release includes the SEDs, spectroscopic iftslsphotometric
redshifts, stellar masses, and SFR estimates for all theCIR%& um selected
sources and all thé-band selected sources in ax2’ region in the center of
the GOODS-S field. The central coordinates of the publiclgilable region are
a(J2000.0553°.1156(J2000.03=-27°.805. We refer the reader to the papers Pérez-
Gonzalez et al. (2005) and Pérez-Gonzalez et al. (2@0&) dlescription of the data
compilation and the derivation of interesting parameters.

3 The Stellar Mass Function up to z=4
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Fig. 1 Stellar mass functions in 12 redshift intervals from®to z=4. Our estimations at each
redshift interval are plotted with black filled stars ancbesrfor an IRAC selected sample, and with
open black stars for anband selected sample (errors for this sample are not gldteclarity).
Filled circles show the SMF for galaxies detected by MIPS4ju#n. Color points show other
estimates found in the literature based on samples selec&dariety of ways. Extracted from
Pérez-Gonzalez et al. (2008).

Figure 1 shows the evolution of the stellar mass function Epfom z=0 to
z=4, according to our analysis of a MIR-selected sample. O&Qmbased selec-
tion at 3-5um is the closest to a stellar mass selected sample up to thedtig
redshifts, in comparison with other samples selected inofitecal or NIR (color
points in Figure 1), which probe the rest-frame UV (wheredh@ssion is normally
dominated by young stars which do not typically contributecinto the global stel-
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lar mass) as we move to higher redshifts. Our results shotitlilealocal density

of galaxies (shown with a gray line in all panels) with mass¢s-10'2 .#., was
already reached by the SMF at2.5-3.0, i.e., the most massive galaxies were al-
ready in place at that redshift (approximately 11 Gyr agdie Thass assembly of
galaxies shifts to smaller masses as we move to lower resisBif z~1, the SMF
has reached the local density for galaxies with>10'18 /.. At z<1, the star for-
mation in the Universe occurs mainly in galaxies wi#i<10'° .7 . The filled
circles in each panel of Figure 1 show the SMF for galaxiesaet by MIPS at
24 um, i.e., galaxies which are currently forming stars. Cormaathese SMFs with
those of the global population of galaxies, we clearly se tite density of galax-
ies detected by MIPS for a given stellar mass gets closerg@libal density as
we move to higher redshifts. This means that not only the m@ssive galaxies
formed earlier in the history of the Universe, but also withreintense bursts (with
SFRs of several hundred o# /yr) and, consequently, more rapidly. These are two
clear evidences of downsizing. We refer the reader to P@mzzalez et al. (2008)
for further discussion on this topic, and for more detail®anquantification of the
downsizing scenario of galaxy formation.

4 Downsizing in depth: AGN as a quenching mechanism
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Fig. 2 Redshift evolution of the specific SFRs for IRAC-selectethgias (from Pérez-Gonzalez
et al. 2008, color lines and shaded regions) and for the sawfpK-ray emitting AGNSs in the
CDFS. The median specific SFRs for AGNs are shown by the fitigdi®s and triangles plotted
at the median redshift. The horizontal bars represent tigesaof redshifts. Figure extracted from
Alonso-Herrero et al. (2008).
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If we accept the downsizing theory, one can question why tlstrmassive
galaxies started forming soon in the history of the Univensd why they stopped
forming stars at some time. Recent models based/®@@aM cosmology succeed in
predicting the early formation of massive galaxies by idtrcing very large dust ex-
tinctions, non-standard Initial Mass Functions (IMFs)j/&m suppression of the star
formation due to the quenching of cooling flows due to supesr®r Active Galac-
tic Nuclei (e.g., Cole et al. 2000; Granato et al. 2004; Baeigdl. 2005; Nagamine
et al. 2005; Croton et al. 2006; Bower et al. 2006).

From the observational point of view, it seems that the AGNgfaility is fa-
vored. For example, Sanchez et al. (2004) and Nandra &0l7] found that X-ray
emitting AGNs tend to concentrate in a color-magnitude diagin a region con-
necting the red sequence and the blue cloud, the so-agéed valley. This zone
would be transitory for massive galaxies which are stopplreir star formation
and moving to the quiescent state towards the red sequenoelyBet al. (2008)
also found evidence for AGN being responsible for the stamédion quenching:
they deduced that the AGN “trigger” rate matches the stan&ion quenching rate,
suggesting a link between these phenomena.

Concerning the possibility of a change in the IMF, we referitbader to several
recent papers, all of them pointing out to an evolution tasaop-heavy IMFs at
higher redshifts: Pérez-Gonzalez et al. (2008), van Dokk2008), Davé (2008),
among others.

In Alonso-Herrero et al. (2008), we analyzed the SFRs andispe&SFRs of
the hosts of X-ray bright AGN. The main results of this paper summarized in
their Figure 7, which we replicate here. Alonso-Herrerole{2008) demonstrate
that the star formation in X-ray detected AGN is not supprdsi®s comparison
with the global population of galaxies with a similar stelfaass (in the interval
10.3<log(# | #+)<11.7) for galaxies at 04z<1.3. This seems to rule out AGN
as the dominant detonator in quenching the star formationassive galaxies at
intermediate redshift. However, this interpretation mayalfffected by the bias im-
posed by the X-ray selection of the AGN studied in Alonso+der et al. (2008).
Indeed, the X-ray bright may be just a phase of AGN (maybeeliitio mergers; e.qg,
Hopkins et al. 2008), and it may happen early in their evoluso the star forma-
tion is not suppressed yet. Other phases may follow, such@S@ phase or/and
a obscured AGN phase, which may be more directly linked tostae formation
suppression.
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