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Introduction

ïImportance of Early-Type Galaxies 

ïOverview of recent results:

Quenching of SF, Merging (dry/wet + major/minor)

Testing Dry mergers in SDSS

(Luminosities, Sizes, Velocity dispersions, Colors)

ïBrightest Cluster Galaxies

ïFull Early-type Sample

ïHigh sGalaxies

OUTLINE
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The most massive galaxies 

are red and dead
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Luminositye.g. Bower et al. 1992

Bernardi et al. 2003; 2005



In the hierarchical picture of galaxy 

formation



We need to find out when é.

stars were formed

the galaxy was assembled



At most 5% of the stellar mass

in the averaged high-z LRG

has formed around z~1

Stellar population in early-type galaxies formed at z > 2

Downsizing



Old stellar population  (OK for everybody!!)

?? When were galaxies assembled ??
ïPopulation of massive red galaxies seen even at z >> 0 

(e.g. K20, VVDS, COMBO-17, DEEP, MUSYC, MUNIC, 

COSMOS, MIPSpitzer-24mm-undetected)

ïStill assembling at low z?

In the hierarchical formation picture é..

(e.g. de Lucia et al. 2006, Bower et la. 2006, Hopkins et al. 2006,   

Cattaneo et al. 2010)

-- prevent formation of new stars (Quenching):

AGN feedback, Shock heating, dynamical friction 

-- assemble the stellar mass:  

Dry merging (most of the stellar mass put in place at z < 1

e.g. for M* > 1011 M
¼

80% of the stellar mass 

is only put in place at z~0.3)



From LCDM -> merging of halos -- the most massive 

halos (> 3 × 1013 M
¼

)  have grown by a factor 

2-3 since z ~ 1 (e.g. Sheth & Tormen 1999)

Are massive red galaxies merging from z~1 to z~0?

About the assembling of massive galaxies é.



From LCDM -> merging of halos -- the most massive 

halos (> 3 × 1013 M
¼

)  have grown by a factor 

2-3 since z ~ 1 (e.g. Sheth & Tormen 1999)

Are massive red galaxies merging from z~1 to z~0?

ïSome work says that the total stellar mass must not have grown by 

more than 30% out to z~0.8 (e.g. Wake et al. 2006; Brown et al. 2007; 

Cool et al. 2008)

About the assembling of massive galaxies é.



Model where a galaxy has doubled its luminosity

through 1:1 mergers between z ~ 0.8 and z ~ 0.1  
Using 1:1 mergers

Merger rates  > 25% are ruled 

out with 50% confidence

Using 1:3 mergers 

Merger rates up to 40% are 

allowed at 50% confidence

The total stellar mass in massive 

red galaxies from z~0.9 must not 

have grown by more than 50%

(Brown et al. 2007 -> 80%

of M* in 4L* galaxies 

was already in place at z~0.7

Wake et al. 2006 -> 50% of M* in 

LRGs already assembled by z~0.6)
In contrast L* galaxies have increased 

their stellar mass by a factor of ~2

Little evolution in the Luminosity Function
(e.g. Wake et al. 2006; Brown et al. 2007; Cool et al. 2008)

Z ~ 0.8

Cool et al. 2008

Z~0.8



From LCDM -> merging of halos -- the most massive 

halos (> 3 × 1013 M
¼

)  have grown by a factor 

2-3 since z ~ 1 (e.g. Sheth & Tormen 1999)

Are massive red galaxies merging from z~1 to z~0?

ïSome work says that the total stellar mass must not have grown by 

more than 30% out to z~0.8 (e.g. Wake et al. 2006; Brown et al. 2007; 

Cool et al. 2008)

ïOthers see an increase in the # density of very massive galaxies 

between z~1 and z~0.8

(accounting for Dust Star Forming galaxies)

About the assembling of massive galaxies é.



Bell et al. 2004

Cool et al. 2008

Faber et al. 2007
+

The discrepancy in the number evolution reported by different studies 

for bright, red galaxies up to z ~1 could be due to the inclusion of a 

significant amount of DustySFs into the red galaxy sample

The bulk of the more recent mETG

assembly occurs over ~ 1Gyr around 

0.8<z< 1

Faber et al. 2007

Ilbert et al. 2006

Decrease ~ 30-40% of  # 

density of blue galaxies since 

z~1 to z~0, just considering the 

transformation of disks into 

ETGs driven by the major 

mergers at z~1

Eliche-Moral et al. 2010a



Red Fraction or Early-type Fraction?

Bernardi et al. 2010a



Bernardi et al. 2010a
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Red gïr 

Red gïr 
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~ 30-40% disk

contamination



Bernardi et al. 2010a

Uncertainties in the local M*F 



From LCDM -> merging of halos

Merging of massive red galaxies from z~1 is still debated 

ïIn contrast, L* galaxies have increased their stellar mass by a 

factor of ~2-4

Quenching of star formation important ïare red massive 

galaxies formed only by quenching and passive 

evolution or do we need merging (wet or dry / major or 

minor)?

About the assembling of massive galaxies é.



The lack of very massive   

blue galaxies at z~1

The truncation of star formation in blue galaxies and subsequent passive 

fading of stellar population can explain the growth of  L* galaxies in the 

red-sequence since z ~ 1

Þ

Most massive galaxies  must 

be fueled by merges  of less 

luminous  red-galaxies

Taylor et al. 2008

Quenching of star formation important


