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MORPHOLOGY	
  Early type galaxies are predominantly ellipticals since z ∼ 1 5

Figure 1. Some examples illustrating our morphological criteria (columns) for different galaxies in our sample. Each row shows galaxies
of the different surveys. Please note the different scales of each image due to the different redshift coverage of each survey (lower
left corner); according to the cosmology used in this work, 10 arcsec in SDSS are ∼ 6 kpc at z∼0.03, while 1 arcsec in the HST imaging at
z ! 1 is ∼ 8 kpc. Despite the decrease in angular resolution and the cosmological surface brightness dimming with redshift, the exquisite
HST depth and resolution (∼10 times better than ground-based SDSS imaging) allow us to explore the morphological nature of the
high-z galaxies. Note that irregulars and mergers are in the same morphological class (peculiars).

expected. All these effects combined imply that at higher
redshifts there would be a larger number of featureless ob-
jects that visually would be confused with early-type galax-
ies. We will show in the next section that this is the opposite
of what we find, ultimately giving stronger support to the
results of this paper.

Another source of uncertainty comes from the
objects catalogued as peculiar class. This classifica-
tion could be seen as a miscellaneous box where we
included galaxies which do not fulfill neither early-
type nor late-type descriptions. Furthermore, their
photometry is compromised by means of sometimes

multiple nature. For the sake of information, the
number of irregular massive galaxies in our red-
shift bins is 2/0/11/27/14/8, while for mergers are
5/8/31/31/16/13. The aim of this paper is not to
constrain the nature of this peculiar class, and due
to the multiple nature of some of their members
their results are only tentative.

Finally, we must bear in mind that dust obscu-
ration may alter galaxy observables depending on
its geometry. Its main effect is usually an artificial
size increment and Sérsic index lowering due to the
fact that central concentrations of dust flatten the
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Figure 3. Evolution of the mean Sérsic index values over redshift according the visual classifications of the galaxies within our sample
(see also Table 1). Data points for early-types and peculiars are slightly offset for the sake of clarity. Dashed lines are similar but taking

median values instead. Errors bars are the uncertainty of the mean (σ/
√

(N − 1), being σ the standard deviation and N the total number
of galaxies for each point). They are slightly larger at 0.2<z<0.6 because of the comparatively poor statistics at this redshift interval.
From that epoch to higher redshifts there is a clear separation between early-type massive galaxies and the rest of visual types, being
all the average Sérsic indices lower at increasing redshift.

and these KS tests), even though the KS comparison with
the local Sérsic index distribution is not as smooth as the
others. The reason for this change or shift we observe could
be either a real effect, produced by a decrease in the tail of
the surface brightness distribution of the massive galaxies
at higher redshift, or an artificial one, produced by a bias at
recovering large Sérsic index values.

To explore this last possibility we have conducted ex-
tensive simulations to check whether there is any bias in
the recovery of the Sérsic index. In the case of the POWIR
sample the simulations are fully explained in Trujillo et al.
(2007). In this study we did not find any significant trend in
either the sizes or the concentration of the galaxies (see their
Fig. 3), except for a slight understimation of ∼ 20% in the
Sérsic index of the very faint IAB > 24 spheroid-like galax-
ies. We carried out a similar analysis here for the galaxies
in the GNS sample.

The results of these simulations are comprehensively ex-
plained in the Appendix A at the end of this work. In sum-
mary we find that for objects with disk-like surface bright-
ness profiles (i.e ninput<2.5), both sizes and Sérsic indices
are recovered with basically no bias down to our limiting
explored H-band magnitude. However, by increasing the in-
put Sérsic index we find biases in the determination of the
sizes and n. For a galaxy with ninput∼4 and H=22.5 mag

(our typical magnitude within the GNS catalogue), the out-
put effective radii are ∼ 10% smaller and output Sérsic in-
dices are ∼ 20% smaller than our input galaxies. The results
of these simulations however show that the decrease in the
Sérsic index we observe from z∼2.5 to z=0 for the spheroid-
like population (which is around a factor of ∼2) can not be
explained fully as a result of the bias on recovering the Sérsic
index.

We used the output of our simulations (Houtput, re,output
and noutput) to estimate the intrinsic (input) values of our
sample and provide a more accurate representation of the
evolution of the Sérsic indices at high-z. On average, the
observed Sérsic indices grow by ∼10% after these changes,
although the individual values per galaxy depend on its ex-
act position in the 3D space defined by the output magni-
tude, Sérsic index and effective radius. In Figure 4 we im-
plemented these corrections for the GNS, and also for the
POWIR/DEEP2 data using Trujillo et al. (2007) simula-
tions. For the sake of clarity, Figure 5 displays the same
results but without any corrections in two highest redshift
bins. Even after these corrections are applied the trend we
observe towards lower Sérsic indices at higher redshifts is
maintained. In fact, the corrections are minor. We discuss
and interpret the histograms of Fig. 4 in the next section. In
relation to the distribution of the Sérsic index for the galax-
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Figure 3. Sérsic profile where re and Σe are held fixed. Note that the larger the
Sérsic index value n, the steeper the central core, and more extended the outer
wing. A low n has a flatter core and a more sharply truncated wing. Large Sérsic
index components are very sensitive to uncertainties in the sky background level
determination because of the extended wings.
(A color version of this figure is available in the online journal.)

The exponential disk profile. The exponential profile has some
historical significance, so Galfit is explicit about calling this
profile an exponential disk, even though an object that has an
exponential profile needs not be a classical disk. Historically,
an exponential disk has a scale length rs, which is not to be
confused with the effective radius re used in the Sérsic profile.
For situations where one is not trying to fit a classical disk,
it would be less confusing nomenclaturewise to use the Sérsic
function with n = 1, and quote the effective radius re. But
because the exponential disk profile is a special case of the
Sérsic function for n = 1 (see Figure 3), there is a relationship
between re and rs, given by

re = 1.678rs (for n = 1 only). (7)

The functional form of the exponential profile is

Σ(r) = Σ0 exp
(

− r

rs

)
, (8)

and the total flux is given by

Ftot = 2πr2
s Σ0q/R(C0;m). (9)

The six free parameters of the profile are x0, y0, mtot, rs, θP.A.,
and q.

The Gaussian profile. The Gaussian profile is another special
case of the Sérsic function with n = 0.5 (see Figure 3), but here
the size parameter is the FWHM instead of re. The functional
form is

Σ(r) = Σ0 exp
(−r2

2σ 2

)
, (10)

and the total flux is given by

Ftot = 2πσ 2Σ0q/R(C0;m), (11)

Figure 4. Modified Ferrer profile. The black reference curve has parameters
rout = 100, α = 0.5, β = 2, and Σ0 = 1000. The red curves differ from the
reference only in the α parameter, as indicated by the red numbers. Likewise,
the green curves differ from the reference only in the β parameter, as indicated
by the green numbers.
(A color version of this figure is available in the online journal.)

where FWHM = 2.355σ . The six free parameters of the profile
are x0, y0, mtot, FWHM, q, and θP.A..
The modified Ferrer profile. The Ferrer profile (Figure 4;
Binney & Tremaine 1987) has a nearly flat core and an outer
truncation. The sharpness of the truncation is governed by the
parameter α, whereas the central slope is controlled by the
parameter β. Because of the flat core and sharp truncation
behavior, historically it is often used to fit galaxy bars and
“lenses.” The profile,

Σ(r) = Σ0
(
1 − (r/rout)2−β

)α
, (12)

is only defined within r ! rout, beyond which the function has
a value of 0. The eight free parameters of the Ferrer profile are
x0, y0, central surface brightness, rout, α, β, q, and θP.A..

It is worth mentioning that a Sérsic profile with low index
n < 0.5 has similar profile shapes; thus it is often used instead
of the Ferrer function.

The empirical (modified) King profile. The empirical King
profile (Figure 5) is often used to fit the light profile of globular
clusters. It has the following form (Elson 1999):

Σ(r) = Σ0

[
1 − 1

(1 + (rt/rc)2)1/α

]−α

×
[

1
(1 + (r/rc)2)1/α

− 1
(1 + (rt/rc)2)1/α

]α

. (13)

The standard empirical King profile has a power law with the
index α = 2. In Galfit, α can be a free parameter. In this model,
the flux parameter to fit is the central surface brightness, µ0,
expressed in mag arcsec−2 (see Equation (20)). The other free
parameters are the core radius (rc) and the truncation radius (rt),
in addition to the geometrical parameters. Outside the truncation
radius, the function is set to 0. Thus, the total number of classical
free parameters is 8: x0, y0, µ0, rc, rt, α, q, and θP.A..
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Figure 6. Panel A): Fraction of massive (M∗ ! 1011h−2
70 M#) galaxies showing disk-like surface brightness profiles (n < 2.5) and

spheroid-like ones (n > 2.5) as a function of redshift. Different color backgrounds indicate the redshift range expanded for each survey:
SDSS, POWIR/DEEP2 and GNS. Error bars are estimated following a binomial distribution. Sérsic indices are corrected based on our
simulations (Trujillo et al. 2007 and Appendix A in the present paper). B): Same as Panel A) but segregating the massive galaxies
according to their visual morphological classification. Blue color represents late type (S) objects and red early type (E+S0) galaxies,
while peculiar (ongoing mergers and irregulars) galaxies are tagged in green. Panel C): Comoving number density evolution of massive
galaxies splitted depending on the Sérsic index value. The solid black line corresponds to the total number densities (the sum
of the different components), with yellow and orange contours indicating 1σ and 3σ uncertainties in their calculation.
Panel D): Same as panel C) but segregating the massive galaxies according to their visual morphological type.

cals are well described with large Sérsic indices due to their
bright outer envelopes. These wings, however, seem to dis-
appear at higher and higher redshifts (see Table 2 or Figure
3) just leaving the inner (core) region of the massive galax-
ies (Bezanzon et al. 2009; Hopkins et al. 2009; van Dokkum
et al. 2010; Carrasco, Conselice & Trujillo 2010). The dis-
appearance of these outer envelopes is also connected with
the dramatic size evolution reported in previous works (see
e.g. Trujillo et al. 2007; Buitrago et al. 2008; Van Dokkum
et al. 2010; Trujillo, Ferreras & De la Rosa 2011; McLure
et al. 2012). Consequently, it is not only that the typical
morphology of the massive galaxy population is changing

with redshift, but also that there is a progressive build-up
of their outer envelopes, making the morphological evolution
appears more dramatic when we use the Sérsic index instead
of the visual classification as a morphological segregator.

An open question is whether we are witnessing
the progressive development of bulges with redshift.
There are many indications which tell us this evo-
lution is taking place. For instance Azzollini, Beck-
man & Trujillo (2009) investigated the luminosity
profiles of massive (M∗ > 1010M# in this case) disks
at 0 < z < 1. Their data showed a combination of
cuspier and brighter surface brightness profiles for
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Figure 2. (Vmax/σ,ε) diagram for massive (Mstellar ! 1011h−2

70
M") galaxies in our sample, also called the anisotropy plot. Apart from

these, we supplemented the figure with the local early-type galaxies in Emsellem et al. (2011). These low redshift objects are early-type
galaxies studied as part of the ATLAS3D survey (Cappellari et al. 2011). Ellipticities for our sample were measured in the K-band
imaging of POWIR/DEEP2 survey using GALFIT and thus taking into account the PSF of our imaging. The continuous line defines
the ideal oblate rotator with isotropic stellar velocity distribution for integral field studies (Binney et al. 2005, Cappellari et al. 2007).
The uncertainties are large, but it is clear that massive galaxies at z ! 1.4 depart from the low-z velocity dispersion dominated objects.

cussion and plots, but we derived kinematics for them to
understand which physical processes are taking place in
the merger. Little can be said about the two massive and
main objects: POWIR4 is completely devoid of Hα emission,
while POWIR10 looks like a point source with a strong
[NII] line in its center, that suggests it hosts an AGN.
POWIR3 is an object which we include in this category as
well, as its Ks and continuum images do not match with the
Hα emission, whose map is quite irregular.

The rest of the objects are more difficult to catalog visu-
ally. We must bear in mind that 2 out of the 3 other objects
were observed half of the nominal integration time. Either
POWIR5, 7 and 11 have relaxed morphologies in the Ks and
continuum bands while Hα shows, as expected, a more com-
plicated pattern. POWIR11 is different, despite the obser-
vational issues. It has an easily distinguishable and large ro-
tational field, which fits better the disk object classification.
The other two galaxies are catalogued as perturbed rotators.
One of our major conclusions is that these massive systems
have a wide range of properties when examined kinemati-

cally, and that many of them display significant rotational
support.

3.2 Rotation vs velocity dispersion dominance

In low redshift studies, the Vmax/σ vs. ε diagram (also called
the anisotropy plot; Figure 2) is a classical tool to measure
the kinematics of early type galaxies (Illingworth 1977, Ben-
der et al. 1994, Cappellari et al. 2007, Emsellem et al. 2011).
We created this plot with our sample’s data as an exercise, as
massive galaxies at low-z are predominantly early type sys-
tems and therefore this is a good test to shed light into the
nature of our sample. However, we remind the reader that
we are dealing with ionized gas emission instead of stellar
kinematics.

The plotted parameters used in this relation usually are
measured at one effective radius distance from the galaxy
center. To palliate our uncertainty on this, we computed
effective radii in our sample using the relation published
in Buitrago et al. (2008) for massive disk-like galaxies (to
be consistent with our modelling), extrapolated to each

8 Fernando Buitrago et al.

Figure 4. Maximum rotational velocity inferred from our modelling versus the 1/error2 velocity dispersion after correcting it for beam
smearing. Numbers depict each one of the massive galaxies from our sample, whereas the violet triangles come from the MASSIV sample
(Epinat et al. 2012) and the green squares from the SINS sample (Förster-Schreiber et al. 2009). Note that, for these latter objects, error
bars are asymmetric. We also attach the histogram of the Vmax/σ of our massive galaxies with and without the addition of the massive
galaxies in other samples (dashed or solid histogram respectively). For all these massive galaxies we find that Vmax/σ > 1, as they lay
above the 1:1 solid line, with most of them showing ratios 3−5 which corroborates their gravitational support. The fact that SINS and
MASSIV objects lay in the upper part of this plot is further evidence that these systems are more disk-like.

dynamical status of massive galaxies at high redshift, where
the information is not so detailed as in the local Universe.
This is a completely separate method for obtaining informa-
tion on the nature of these galaxies beyond imaging. This
comparison is shown in Figure 4 where we use the maximum
rotational velocity from our models, and the 1/error2 veloc-
ity dispersion for our sample. We supplemented this infor-
mation with SINFONI data from published massive galax-
ies with modelling information available, from the MAS-
SIV survey (galaxies VVDS140258511 and VVDS220584167
from Contini et al. 2012, Epinat et al. 2012) and the SINS
samples (galaxies Q2343-BX610, D3a-6004,D3a-6397, D3a-
15504 from Förster-Schreiber et al. 2009).

As can be seen, all the galaxies in these samples exhibit
Vmax/σ > 1, in most cases with values larger than 3. We
construct as well the histogram of the data shown in Figure
4. The dashed part corresponds to the galaxies that are not
part of our sample. Although the number statistics are poor,
all the massive galaxies plotted show rotational velocities ex-
ceeding their computed central velocity dispersions, in most

cases by a large factor. Interestingly, the objects from the
SINS and MASSIV surveys have Vmax/σ ratios which are
on average larger than our values. One possible explanation
is that, as these objects are selected by their star-formation,
they are potentially even more rotationally dominated than
our sample. This is another piece of evidence that several
massive galaxies in our sample have settled down by z ∼ 1.4,
and are developing a possible bulge component, as suggested
by the anisotry plot.

3.3 Dynamical masses

Our integral field spectroscopy results may also be used to
explore the dark matter content in our sample. To achieve
this aim we computed dynamical masses combining the in-
formation coming from the rotational velocity and the ve-
locity dispersion maps using the formula (from Epinat et al.
2009)

Mdyn = Mθ +Mσ =
V 2
maxRlast

G
+

σ2R3
last

Gh2

3D	
  SPECTROSCOPY	
  EVIDENCE	
  OF	
  THE	
  
MORPHOLOGICAL	
  EVOLUTION	
  

VELOCITY	
  DISPERSION	
  (Km/s)	
  

ELLIPTICITY	
  

V M
AX
/σ
	
  

M
AX

.	
  R
O
T.
	
  V
EL
	
  (K

m
/s
)	
  

V/σ	
  

•  10	
  galaxias	
  @	
  z=1.4	
  –	
  transi3on	
  epoch!	
  –	
  	
  
•  Selected	
  by	
  stellar	
  mass	
  &	
  EW[OII]	
  >	
  15	
  Å	
  
•  K-­‐band	
  POWIR	
  survey	
  &	
  DEEP2	
  spectra	
  
•  SINFONI@VLT	
  H-­‐band	
  
•  Modelling	
  according	
  Epinat	
  et	
  al.	
  (2010)	
  

From	
  Buitrago	
  et	
  al.	
  2013b,	
  arXiv:	
  
1305.0268	
  
ü  50%	
  compa3ble	
  with	
  being	
  

disks,	
  while	
  all	
  are	
  rota3on	
  
dominated	
  

ü  Morphological	
  downsizing	
  
	
  



From	
  Buitrago	
  et	
  al.	
  2013b,	
  arXiv:	
  
1305.0268	
  

	
  
+	
  Tully	
  –	
  Fisher	
  

+	
  Dynamical	
  masses	
  
	
  

Future:	
  surveys	
  with	
  KMOS	
  or	
  MOONS	
  

SINFONI/VLT 3D spectroscopy of massive galaxies: Strong rotational support at z ∼ 1.4 17

Figure 17. POWIR8 – Disk-like galaxy. Comments: Clear and extended disk in all the images.

Figure 18. POWIR8 – Disk-like galaxy. Comments: High radial velocity values, with a large velocity dispersion in its center, which is
a hint of a bulge component.
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Figure A10. POWIR8 – Disk-like galaxy. Comments: Clear and extended disk in all the images. High radial velocity values, with a
large velocity dispersion in its center, which is a hint of a bulge component.
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Figure A10. POWIR8 – Disk-like galaxy. Comments: Clear and extended disk in all the images. High radial velocity values, with a
large velocity dispersion in its center, which is a hint of a bulge component.
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Figure 8. Baryonic or stellar mass Tully-Fisher relation for our massive galaxies at high redshift. The number of each galaxy is plotted,
to better understand the properties of each galaxy throughout the paper. To increase our number statistics for individual massive galaxies
at high-z, we show objects from the MASSIV (violet triangles, Epinat et al. 2012) and SINS (green squares, Förster-Schreiber et al 2009)
samples as in the rest of the plots. The solid line is the local relationship from Bell & De Jong (2001) and the dashed line is the z = 2.2
Tully-Fisher relationship derived in Cresci et al. (2009) for the SINS galaxies. We also add it with the disk galaxies from Conselice et al.
(2005), separating their sample between z ! 0.7 and z > 0.7 to better comprehend any possible redshift evolution.

Figure 9. Kassin et al. (2007) Tully-Fisher relation. On that work, the authors developed the S0.5 parameter, which is S0.5 =
√

(0.5 ∗ (v2max)) + σ2. They argued this accounts for the non ordered motions of the gas and also the scatter of its Tully-Fisher re-
lation is smaller. The solid line represents the relation they found in their closest redshift bin to our data (0.925 < z < 1.2). Numbers
depict each one of the massive galaxies from our sample, whereas the violet triangles come from the MASSIV sample (Epinat et al. 2012)
and the green squares from the SINS sample (Förster-Schreiber et al. 2009). The scatter in the massive galaxies is large, showing that
the objects further away from the Kassin relationship cannot be solely described as disk-like galaxies.

SINFONI/VLT 3D spectroscopy of massive galaxies: Strong rotational support at z ∼ 1.4 21

Figure A4. POWIR2 – Disk-like galaxy. Comments: Very extended Hα emission, which is very clearly detected. There is an elongation
and a signal-to-noise enhancement in the southern part, arguably because of a merging episode. The group of spaxels in the top right
display high velocity dispersion are an artefact, but not the high values in its center. This latter feature points towards the development
of a spheroidal component.
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Figure A4. POWIR2 – Disk-like galaxy. Comments: Very extended Hα emission, which is very clearly detected. There is an elongation
and a signal-to-noise enhancement in the southern part, arguably because of a merging episode. The group of spaxels in the top right
display high velocity dispersion are an artefact, but not the high values in its center. This latter feature points towards the development
of a spheroidal component.
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Figure A4. POWIR2 – Disk-like galaxy. Comments: Very extended Hα emission, which is very clearly detected. There is an elongation
and a signal-to-noise enhancement in the southern part, arguably because of a merging episode. The group of spaxels in the top right
display high velocity dispersion are an artefact, but not the high values in its center. This latter feature points towards the development
of a spheroidal component.
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  forma3on	
  scenario	
  (Naab+09,	
  Oser+10)	
  –	
  mimicking	
  

monolithic	
  collapse	
  
	
  

•  S3ll	
  many	
  ?s:	
  how	
  quenching	
  takes	
  place?	
  are	
  they	
  the	
  same	
  agents	
  
the	
  ones	
  that	
  produce	
  the	
  size	
  evol.,	
  morph.	
  evol.	
  and	
  quenching?	
  

•  Where	
  do	
  they	
  end	
  up	
  at	
  z=0?	
  BCGs	
  cores	
  (Hopkins+09,	
  Bezanson
+09)	
  vs	
  Local	
  compact	
  galaxies	
  (Trujillo+09,	
  +12,	
  Poggian3+12)	
  

•  The	
  importance	
  of	
  being	
  idle/earnest,	
  i.e.,	
  minor/major	
  mergers	
  
•  If	
  we	
  agree	
  on	
  the	
  evolu3on	
  mechanisms,	
  the	
  assembly	
  history	
  must	
  

be	
  imprinted	
  in	
  the	
  outskirts	
  –	
  some	
  pioneering	
  works	
  (Coccato+10,	
  
La	
  Barbera+12,	
  Crnojević+12	
  &	
  P.	
  A.	
  Duc	
  work)	
  –	
  and	
  hidden	
  clues,	
  
so…	
  

From	
  star	
  
forming	
  
disks	
  

To	
  red	
  &	
  
dead	
  

spheroids	
  Da10182	
  @	
  z	
  =	
  2.72	
  
re=	
  0.93	
  kpc	
  

Mass	
  =	
  1.91x1011	
  M¤	
  

M87	
  
Effec3ve	
  radius:	
  7.4	
  kpc	
  

Mass	
  >	
  1011	
  M¤	
  



HUDF12	
  
Ellis	
  et	
  al.	
  
2012	
  

Koekemoer	
  
et	
  al.	
  2012	
  

	
  
+	
  ACS	
  
op3cal	
  
coverage	
  

	
  
+	
  local	
  
Universe	
  
see	
  Esther	
  
Marmol	
  
talk	
  about	
  
SDSS	
  IAC	
  
Stripe	
  82	
  
Legacy	
  
Survey	
  



Mag.	
  range	
  displayed	
  is	
  18-­‐30.	
  Masses	
  assuming	
  Salpeter	
  IMF	
  



OBSERVED	
  SURFACE	
  BRIGHTNESS	
  PROFILES	
  



irac160707	
  (www.rainbowx.fis.ucm.es)	
  	
  –	
  UDF_3677	
  (Pasquali	
  et	
  al.	
  2006)	
  –	
  UDF_00379	
  (3D-­‐HST)	
  

irac159343	
  (www.rainbowx.fis.ucm.es)	
  	
  –	
  UDF_4527	
  (Pasquali	
  et	
  al.	
  2006)	
  –	
  UDF_00579	
  (3D-­‐HST)	
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STELLAR	
  POPULATIONS	
  STUDY	
  

•  Mul3-­‐Sersic	
  analyses	
  to	
  overcome	
  the	
  PSF	
  
impact	
  (cannot	
  claim	
  physical	
  nature,	
  as	
  in	
  	
  
Trujillo	
  &	
  Bakos	
  2012,	
  but	
  hopefully	
  KMOS	
  
data	
  –	
  also	
  for	
  the	
  satellites	
  –	
  )	
  

•  Profiles	
  using	
  deconvolved	
  galaxy	
  plus	
  
residuals	
  (Szomoru+12)	
  for	
  age	
  &	
  metallicity	
  
gradients	
  

•  “Touching	
  from	
  a	
  distance”	
  –	
  Up	
  to	
  >	
  20	
  re	
  or	
  
~100	
  Kpc	
  =>	
  like	
  local	
  studies	
  but	
  at	
  z	
  =	
  0.6	
  -­‐	
  1	
  	
  



Work	
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progress	
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TAKE	
  AWAY	
  CONCLUSIONS	
  

•  Massive	
  galaxies	
  help	
  constraining	
  ΛCDM	
  	
  
•  At	
  z	
  =	
  0	
  they	
  are	
  mainly	
  described	
  by	
  large	
  
early	
  types,	
  but	
  at	
  z	
  =	
  2-­‐3	
  late/peculiars	
  

•  3D-­‐spectroscopic	
  evidence	
  of	
  their	
  rota3onal	
  
support	
  at	
  z=1.4	
  

•  HUDF12	
  unveils	
  to	
  an	
  unprecedented	
  depth	
  
(>20	
  Re)	
  the	
  mass	
  assembly	
  of	
  massive	
  ETGs	
  



LOCAL	
  &	
  COMPACT	
  MASSIVE	
  GALAXIES	
  

Trujillo+12,	
  Ferré-­‐Mateu+12	
  

Trujillo+09	
  



Bauer	
  et	
  al.	
  2011	
  (+FB)	
  

But	
  whatever	
  
is	
  causing	
  the	
  
quenching	
  

should	
  be	
  fast	
  
(Twite	
  et	
  al.	
  
2010	
  +FB)	
  

Pérez-­‐Gonzalez	
  et	
  al.	
  2008	
  



STAR	
  FORMATION	
  IN	
  MASSIVE	
  
GALAXIES	
  

Pérez-­‐González	
  et	
  al.	
  2008	
  

Disk-­‐like	
  objects	
   Spheroid-­‐like	
  objects	
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