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MASSIVE GALAXIES IN A ΛCDM UNIVERSE

Massive galaxies: Mstellar > 1011 M☉

• Scarcity

• Drivers of the environment (semi-analytical models)

• Smaller number densities than predicted by galaxy 
formation models

• Hard to reconcile with ΛCDM?
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responsible for the formation of galaxies. 
In this picture (Figure 1), small 
concentrations of dark matter grow 
slowly at first, being gradually 
compressed by self-gravity. However, 
when the concentrations reach a critical 
density (about 200 times the mean 
background density of the Universe), they 
undergo a catastrophic non-linear 
collapse, which results in the formation 
of an extended “halo” of dark matter. 
Over time these halos clump together 
under their mutual gravitational 
attraction, merging to form a hierarchy of 
larger halos. The rate of cooling of 
hydrogen gas drawn into these large halos 
governs the assembly of normal galaxies, 
and ultimately their morphology.  
 
This new paradigm has transformed our 
view of galaxy evolution. It is now 
believed that most visible galaxies are 
embedded in much larger and more 
massive dark matter halos that detached 
from the expanding cosmic plasma 
(created in the Big Bang) at early times.   
Furthermore, galaxies are no longer 
viewed as growing in isolation, but rather 
as being linked into a web of large scale 
structure, which originated in the density 
fluctuations traced by the surface 
brightness variations now seen in the 
cosmic microwave background (2-5). 
Observations of galaxy morphology now 
span about 70% of the total age of the 
Universe and allow this paradigm to be 
tested. 
 
Caveats 
 
Morphological classification of galaxies 
at redshifts near z = 1 is challenging 
because the number of pixels per image 
may be as much as ~100 times smaller 
than in the images of nearby galaxies. 
Classification at z ~ 1 therefore 
represents a considerable extrapolation 
from similar work at z ~ 0. Caution has to 
be exercised to avoid resolution-
dependent effects that might affect 
images of distant galaxies more than they 
do nearer galaxies. The slight “under 
sampling” of images on HST’s Wide-
Field/Planetary Camera 2 makes the 
classification of very compact galaxies 
(such as distant ellipticals) particularly 
difficult. Another problem is that it is 
often tempting to “shoehorn” slightly 
peculiar distant galaxies into the familiar 

Hubble classification system. As a result, 
one classifier may regard a certain object 
as, say, a somewhat peculiar variant of a 
regular spiral galaxy (designated “Spec” 
in many catalogs of local galaxies, and 
considered to lie within the Hubble 
sequence), while another classifier may 
classify the same object as peculiar (i.e. 
outside the Hubble sequence altogether). 
Such taxonomical inexactitude is 
probably inherent in the subjective nature 
of visual classification, and is the major 
reason for the rising popularity of 

computer-based objective classification 
schemes based on the measurement of 
quantitative parameters. However, such 
objective schemes do not yet encompass 
the full richness of galaxy forms. 
Computer-based classification systems 
presently only allow one to group 
galaxies into broad categories that most 
visual morphologists would consider too 
coarse (6, 7). For example, no 
quantitative scheme can currently 
distinguish between physically distinct 
sub-categories of spiral structure2.   

Figure 1:  Schematic illustration of the formation of galaxies in the hierarchical formation 
paradigm. The timescale for the various phases shown in the illustration depends on 
cosmological parameters (i.e. the value of the Hubble constant, and the total mass-energy of the 
Universe contained in both dark matter and dark energy).  In an accelerating Universe most 
elliptical galaxies form at redshifts z>1, while in a decelerating Universe most ellipticals form at 
z<1. 
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OBSERVATIONAL PROPERTIES

• Extreme size evolution (Daddi+05,Trujillo+06,+07, 
Buitrago+08,...)

• Not so quiescent as previously thought (Cava+10, 
Viero+11)

• Cores of present-day BCGs (Bezanson+09,Hopkins
+09), but see Trujillo+09,+12 in prep.

Buitrago+08

Densities comparable 
with present-day GCs!Likely origin: very 

dissipative merging 
(Ricciardelli+09, Targett

+11, Swinbank+11)
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GOODS NICMOS SURVEY
180 orbits HST program
NICMOS 3 camera F160W (H) band
P.I. Christopher J. Conselice (Nottingham)
60 pointings, 45 arcmin2, > 8000 galaxies in total
Pixel scale 0.1”, PSF ~ 0.3”, Limiting mag. H = 26.8 (5σ)
Details in Conselice+11 (+FB) 
or visit http://www.nottingham.ac.uk/astronomy/gns/

80 galaxies ≥ 1011M⊙ at 1.7 ≤ z ≤ 3
BzK galaxies (Daddi et al. 2007)

IRAC-selected Extremely Red Objects, IEROs (Yan et al. 2004)

Distant Red Galaxies, DRGs (Papovich et al. 2006)

... and now waiting for CANDELS to come (Bruce+12 in prep.)

Many works focussed specially in massive galaxy evolution:
Merging (Bluck+09,+11a)
SMBHs (Bluck+11b)
SFR (Bauer+10)
Environments (Grützbauch+10)
Mass functions (Mortlock+11)
Luminosity profiles (Onsworth+12 in prep.)

Da10182'@'z'='2.72'
re='0.93'kpc'

Mass'='1.91x1011'M'
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MORPHOLOGICAL TRANSFORMATION

From%Buitrago+11%(arXiv:%1111.6993)%%

See%also%Van%der%Wel+11%
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Buitrago+11+(arXiv:+1111.6993)+
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3D SPECTROSCOPY OF MASSIVE GALAXIES 
(BUITRAGO ET AL. 2012, IN PREP.)

•Bright future: spectroscopy + photometry (cf. Durham+Edinburgh 
projects such us KMOS or EAGLE)

•Hα traces the ionized gas
•Insights on the MINOR MERGING, cold flows and dynamical masses 
•1st sample “solely” selected by mass using SINFONI

(cf. POWIR Survey, e.g. Bundy+2006, Conselice+2007)
•10 objects @ z=1.36 - 1.41 and KAB=17.9 - 18.5
•Modelling as in Epinat+2010 (see also Epinat +09)
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Buitrago+12,in,prep.,
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LARGE AREA SURVEYS

• To palliate scarcity of massive galaxies

• To witness the end of the galaxy mass 
function

• EUCLID will provide 10x massive galaxies and 
100x spectra for these objects

• To pick other rare objects such us PDGs 
(Messias+12 in prep. & FB)

• A compromise between depth and surveyed 
area:  UltraVISTA

• 1x1.5 deg2; YJHKS; HAB/5σ/lim=26.1; PI J. Dunlop(RoE)
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CONCLUSIONS
Massive galaxies are an exceptional test-bed to check 
ΛCDM framework predictions

Extremely small sizes, lack of local counterparts and a 
variety of star formations make them a challenging 
frontier on galaxy formation & evolution

There is a clear trend towards a switch from spheroids 
to disk-like morphologies as redshift increases  for 
massive galaxies.

They seem to be supported by rotational velocity at 
high-z and their evolution is consistent with a crucial 
role of minor merging
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