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MASSIVE	  GALAXIES	  
IN	  ΛCDM	  

•  Massive galaxies: Mstellar > 1011 M☉	

•  Already in place at high redshift (z > 1)	

•  Red, old and passive even at that epoch	

•  Two-phase formation: in situ formation and 
inside-out growth (Khochfar & Silk 2006, 
Hopkins et al. 2009, Oser et al. 12)	

•  “King of my castle” è Large baryonic and DM 
dominates galaxy neighbours	  
•  Galaxy	  main	  sequence,	  red	  sequence,	  
quenching…	  è	  Strong	  mass	  dependence	  
•  Very luminous è Easy to track at high-z	


	


Van	  der	  Bergh	  
&	  Abraham	  

2001	  

spheroid-like galaxies at z > 1 would be qualified as passive
based on optical colors alone, but theMIPS data reveal that!50%
of them are experiencing dusty starbursts and 10% more harbor
(also) obscured AGNs.

We can estimate how much stellar mass galaxies typically as-
semble through star formation from z " 2 to the present (i.e., the
star formation efficiency to increase the mass of a galaxy in the
last 10 Gyr) if a galaxy follows the specific SFR evolution de-
picted in Figure 5. We assume that the SFRs remain constant
within each redshift interval; since the starbursts probably last
50Y200 Myr, as discussed earlier, the following figures would
be an upper limit. Adding all the mass formed from z " 2 to
z ! 0, we estimate that a disklike galaxy could increase its stellar
mass by up to a factor of 3:2# 0:5 in the last 10 Gyr: 1.4 times
increase at 1:7 < z < 2:0, and an almost constant 10%Y20% in-
crease in each of our five redshift intervals at z < 1:7. A spheroid-
like galaxy could increase its stellar mass by up to a factor of
1:8# 0:3 : 1:2 times increase at 1:7 < z < 2:0, 10%Y20% in each
of our two intervals at 1:1 < z < 1:7, and less than 5% in each of
the three intervals at z < 1:1. These figures are almost unchanged
(<5% increases) when considering only theMIPS 24!m5" detec-
tions. For visually identified disks and spheroids, the stellar mass
increases by up to a factor of 2:7# 0:4 and 1:8# 0:3, respectively.

Ideally, one would like to disentangle what is the relative con-
tribution to the size growth of a galaxy of newly formed stars
and system heating through merger/interactions. However, both
processes are probably linked, since new star formation events
are likely associated to the interactions that could inject energy to
the systems. Consequently, a definitive answer to the problem of
how galaxies grow requires the help of elaborate modeling. It is
worth saying, nonetheless, that both the observations at low- and
high-z show that galaxies have larger effective radii when ob-

served in bluer bands. This means that younger stars are pref-
erentially located at larger galactocentric distances than older
populations. In this paper, we have quantified how much the
stellar mass grows through star formation events only. Once we
reach a clear picture of how the galaxies can increase in size
throughmergers, our results will constrain the amount of stellar
mass due to dry accretion that is necessary to migrate the high-z
galaxies to the local size-mass relations.

4. SUMMARY AND CONCLUSIONS

We have analyzed the stellar mass growth in the form of newly
born stars in a sample of 831 K-band-selected massive galaxies
(M > 1011 M$) as a function of structural parameters (size and
concentration). These galaxies lie in the redshift range between
z " 0:2 and z ! 2. Our analysis is based on the measurement of
the specific SFR for each galaxy based on their UVand IR emis-
sion, taking advantage of the deep Spitzer data obtained by the
FIDEL SpitzerMIPS Legacy Project in the extended Groth strip.

Our main results follow:

1. Most (more than 85% at any redshift) disklike galaxies
(identified by small Sérsic indices; n < 2:5) are detected by
MIPS at 24 !m down to F(24) " 15 !Jy with a median flux
F(24) " 190 !Jy.

2. A significant fraction (more than 55% at any redshift) of
spheroid-like galaxies is detected at 24 !m down to F(24) "
14 !Jy with a median flux F(24) " 82 !Jy.

3. The MIPS detection fraction for spheroid-like galaxies is
higher (70%Y90%) for larger (rek 5 kpc) galaxies, especially
at z > 1, where the detection fraction has a minimum around
30%Y 40% for galaxies with re ! 1 kpc. No clear trend is found
for disky galaxies of different sizes.

4. There is basically no difference between the loci occupied
by MIPS detected and undetected galaxies in the stellar massY
size plane. However, for spheroid-like objects at a given stellar
mass, MIPS nondetections are smaller than IR-bright sources by
a factor of !1.2.

5. Most of the galaxies in our sample present spectral energy
distributions which are consistent with an elliptical template in
the UV/optical /NIR spectral range. Some galaxies morphologi-
cally classified as spheroids have UV emission tails which are
typical of star-forming systems, most commonly at z > 1.

6. A !10% fraction of the massive galaxies in our sample
present X-ray or power-law-like MIR emission which must be
linked to the presence of a bright (unobscured or obscured) AGN.

7. Based on the measured specific SFRs, we estimate that
spheroid-like galaxies have doubled (at the most, depending on
the burst durations) their stellar mass due to newly born stars
alone from z ! 2 to z " 0:2. Most of these mass increases (60%)
occur at zk 1, where specific SFRs are as high as 0.4 Gyr%1.

8. Disklike galaxies have tripled (at the most) their stellar
mass by newly formed stars at z < 2, with a more steady growth
rate as a function of redshift.
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02358 and AYA 2006-15698-C02-02. This work is based in part
on observations made with the Spitzer Space Telescope, which is
operated by the Jet Propulsion Laboratory, Caltech under NASA
contract 1407. P. G. P.-G. and I. T. acknowledge support from the
Ramón y Cajal Program financed by the Spanish Government
and the European Union.

Fig. 5.—Specific SFRs as a function of redshift and morphology (for galax-
ies not identified as bright AGNs). Galaxies detected at 24 !m are plotted with
open (disks) and filled (spheroids) black circles, while gray symbols show upper
limits for sources not detected byMIPS. Red and blue plus signs represent the me-
dian and quartiles for the distribution of specific SFRs in the different redshift
ranges used in Trujillo et al. (2007; with red thickest lines referring to spheroids
and blue thinnest to disky galaxies). Green curves show the expected positions
of galaxies which would multiply their stellar mass by 5/4, 2, and 4 between their
redshift and z " 0 if theymaintained a constant SFR.Horizontal dashed lines show
constant SFR values for the median stellar mass of our sample (1:6 ; 1011 M$).
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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. Di!erent 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 di!erent components), with yellow and orange contours indicating 1! and 3! 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

c! 0000 RAS, MNRAS 000, 000–000
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OUR	  SAMPLE	  

•  10	  massive	  galaxies	  with	  zspec~1.4	  (from	  DEEP2)	  
•  Selected	  solely	  by	  stellar	  mass	  &	  EW[OII]>	  15	  Å	  
•  Observed	  with	  SINFONI@VLT	  (1.5	  h	  per	  object)	  
•  H-‐band	  for	  mapping	  Hα	  emission	  
•  Objec2ves	  

•  Caveats	  
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Figure 1. Mass-redshift relation for the DEEP2 spectroscopic
sample. Our massive galaxies are highlighted by the red squares.
Our study is an attempt to characterise the high redshift high
mass population of this spectroscopic survey.
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Figure 2. Stacked DEEP2 spectra for the massive galaxies in our
sample around the [OII]!3727 emission line wavelength. Detect-
ing this emission line in these massive galaxies at z ! 1.4 indicates
they are not devoid of star formation (Weiner et al. 2007, Noeske
et al. 2007) and makes them interesting candidates for 3D spec-
troscopy investigations given their high stellar mass.

sky emission lines – based on the atlas from Rousselot et al.
(2000) – which would potentially hamper our results. The
spectral resolution (R ! 3000) allows us to disentangle sky
emission lines close to our target.

Our observational strategy was the so-called ‘butter-
fly pattern’ or ‘on-source dithering’, by which the galaxy is
set in two opposite corners of the detector to remove sky
background using contiguous frames in time. Several galax-
ies in our sample (POWIR4, POWIR5 and POWIR7) could

only be observed half of their nominal integration time (1h
30min). Even in these cases, exquisite SINFONI sensitivity
permitted us to detect the emission from all our objects. Im-
ages were dithered by 0.3” in order to minimize instrumen-
tal artefacts when the individual observations were aligned
and combined together. PSF and telluric stars were also ob-
served along with each galaxy for calibration purposes. Mea-
sured PSFs are listed in Table 1, for a mean seeing of 0.56!!

throughout our observations.

2.2 Data reduction & observed kinematic maps

We have used the ESO-SINFONI pipeline version 2.5.0
(Modigliani et al. 2007, Mirny et al. 2010) to reduce our
data. In brief, this pipeline subtracts sky emission lines
(using algorithms by Davies et al. 2007), corrects the im-
age using darks and flat-fields, spectrally calibrates each
individual observation and reconstructs all the information
into a final datacube. The recipe used for this purpose was
sinfo rec jitter, which was fed exclusively with the mas-
ter files provided by ESO. All of these processes were per-
formed separately for each individual exposure. Afterwards
the two datacubes were combined into a single one by us-
ing the recipe sinfo utl cube combine. We always used the
pipeline parameter product-density = 3 (which retrieves the
most detailed possible outputs), objnod-scales sky = true (to
perform a subtraction of the median value at each wave-
length and thus remove the sky more e!ciently) and sky-

cor.rot cor = true (to remove the contribution of any rota-
tional OH transitions).

The final datacube was spatially smoothed using a sub-
seeing Gaussian core (FWHM=2 pixels) to increase the
Signal-to-Noise Ratio (SNR) without a"ecting our data in-
terpretation. We analysed this datacube with IDL routines
we constructed. Basically, we located the H! line in each
spaxel according to the known spectroscopic redshift of the
target galaxy, and then fit a Gaussian profile, taking into
account the sky spectrum weighting its contribution with
the help of the routines mpfit and mpfitfun (Markwardt
et al. 2009). Radial velocity maps were computed using the
relativistic velocity addition law:

Vspaxel =
(zspaxel " zcen)

1 + zcen
c

where zspaxel and zcen are the redshifts for a given spaxel
and for the kinematic centre of the galaxy, respectively.

From the H! line width, we computed velocity disper-
sion maps, subtracting the instrumental broadening, mea-
sured from sky lines. In addition, we obtained H! and [NII]
"6583Å line flux maps. The SNR per spaxel was calculated
in the following manner: the signal was the intensity of the
H! line, and the noise was the standard deviation of the
residual spectrum, with both signal and noise weighted by
the sky contribution around the H!wavelength. A contin-
uum map was also constructed with the spectral information
in the range 1.5 " 1.7µm, i.e., in all the H-band except its
borders, where the information was noisier. We fit a linear
function to the galaxy spectrum in this wavelength range
in order to account for the existence of continuum emission
and its possible variation within this wavelength range. Our
continuum maps show the integral of the fitted mathemati-

-‐Spectroscopic	  confirma2on	  of	  the	  photometric	  scenario	  
(galaxy	  kinema2cs)	  
-‐Spa2al	  informa2on	  gives	  insight	  on	  the	  mass	  assembly	  
(galaxy	  mergers)	  

-‐Emission	  comes	  from	  ionized	  gas	  not	  from	  the	  stars	  (but	  not	  bad	  
agreement	  if	  the	  system	  is	  relaxed,	  i.e.,	  Förster-‐Schreiber+2011)	  
-‐Is	  our	  sample	  biased	  towards	  star-‐forming	  objects?	  Certain	  SFR	  is	  not	  
unusual	  (Cava+10,Bauer+11,Viero+12)	  and	  our	  equivalent	  widths	  are	  
as	  expected	  (in	  HiZELS	  –Sobral+11–	  or	  in	  3D-‐HST	  –Fumagalli+12–)	  

Buitrago	  et	  al.	  (2014)	  
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SINFONI/VLT 3D spectroscopy of massive galaxies: Evidence of rotational support at z ! 1.4 5

cal function. Spaxels with values below zero are coloured in
white.

All our objects have continuum emission which we have
compared to the ionized gas emission, which in principle tells
us only about the areas of star formation in each galaxy. As
such, comparing the peak of the emission and the continuum
gives us insights to how well H! , and hence star formation,
traces the underlying older stellar populations. One caveat
to this was a known problem with the SINFONI detector,
where there are stripes of flux in the data after coadding
high numbers of spectral pixels. One can see these stripes for
instance in the continuum maps of POWIR1 (see Appendix
A Fig. A3; southern part of the galaxy) and POWIR3 (see
Appendix A Fig. A5; white stripe on the top of the galaxy).
This e!ect prevented us from making a total continuum flux
measurement, but did not a!ect qualitatively the fact that
we could locate where the maximum of the continuum was
in the detector.

2.3 Data modelling

We recovered the kinematic parameters for each galaxy in
our sample by fitting a model to the velocity field obtained
from our SINFONI datacubes. To perform this task we as-
sumed that the galaxies from our sample are described kine-
matically as rotating disk systems with a symmetric rotation
curve. For this method we utilised the formalism and pro-
grams developed in Epinat et al. (2009). The full theoretical
description of this method is in Epinat et al. (2010), where
the authors also conducted a comparison with local galax-
ies to asses the reliability of their method. Essentially this
consists of a "2 minimization between the observed data
and a given high resolution model convolved to our pixel
scale and seeing conditions. We chose the flat rotation curve
parametrization used by Wright et al. (2007, 2009), as sug-
gested in Epinat et al. (2010) from the study of local galaxy
velocity fields projected at high redshift. The analytical ex-
pression for this is given by:

V (r) = Vt
r
rt

when r ! rt and

V (r) = Vt

otherwise. In the above equations Vt is the value for the
plateau in the rotation curve and rt is the radius at which the
plateau is reached. The model contains seven parameters:
the center (xc and yc), the systemic redshift (or velocity),
the inclination of the disk, the position angle of the major
axis and the two rotation curve parameters. Note that the
fit to these simple formulae were done by considering the
associated error map for the velocity field.

As shown and discussed in Epinat et al. (2010), due
to the reduced spatial information of our data, and due to
some degeneracy in the models, the center and the inclina-
tion are the least constrained parameters. We thus fixed the
center to the spaxel with the maximum flux in the contin-
uum maps (in principle the continuum may trace better the
galactic center) as well as the inclination, reducing to four
the number of free parameters in our model. In rotating disk
models there is also a degeneracy between rotation velocity
and inclination (its sine) that can only be solved using very

high resolution data. As a result the inclination is the major
source of uncertainty for determining the actual rotation ve-
locity. Given the photometric quality of our POWIR parent
sample imaging, it is di"cult to constrain this parameter
with a high certainty. We used GALFIT (Peng et al. 2010)
to fit single Sérsic (1968) surface brightness profiles to our
sample. We have only utilised the inclination retrieved by
the GALFIT analysis, and discarded the rest of the struc-
tural parameters, owing to the high uncertainties given the
large Point Spread Function (PSF) of our images. We used
bright, non-saturated stars within our imaging as a model
PSF. The output inclination was then utilised as input for
our velocity modelling.

Once the best model for the rotational velocity was ob-
tained, we also computed a model velocity dispersion map.
To calculate this we took into account the width of the
H! line due to the unresolved velocity gradient. The intrinsic
velocity dispersion is obtained after subtracting in quadra-
ture the velocity dispersion model map from the observed
one. Finally, to facilitate a comparison with other samples
and to discuss each galaxy as a whole, we also computed
the velocity dispersion value doing a weighted average of the
value of every spaxel by an amount inversely proportional
to their squared error. Note also that this velocity disper-
sion is computed from the beam smearing corrected maps.
To avoid confusion, henceforth we will refer to this quantity
as the 1/error2 velocity dispersion. Results from the models
are listed in Table 2, and their maps are the first two mon-
tages in the Appendix A. All of the galaxy kinematic maps
are also in the appendix.

3 RESULTS

3.1 Kinematic classification

Previous 3D spectroscopy studies of high redshift galax-
ies have demonstrated that these systems are more
clumpy/irregular and have higher velocity dispersions than
local galaxies (Förster-Schreiber et al. 2011 and references
therein). There are several attempts in the literature to es-
tablish a kinematic classification of high-z galaxies relying
on H! kinematics (Flores et al. 2006, Law et al. 2009, Cresci
et al. 2009, Förster-Schreiber et al. 2009, Epinat et al. 2009,
Lemoine-Busserolle et al. 2010, Gnerucci et al. 2011, Epinat
et al. 2012). All of these studies roughly agree that there are
three basic kinematic classes, which may be linked with the
morphological nature of each galaxy. First, rotating disks
have been observed, showing well-defined and regular rota-
tional velocity gradients that are larger than their velocity
dispersion. Usually these systems are large in size. Ongoing
mergers are also clearly distinguished, not only by disentan-
gling two or more components but through a chaotic veloc-
ity pattern, and local increments in the velocity dispersion.
Finally, objects which do not fit in any of the previous cate-
gories are tagged as perturbed rotators, which are probably
more similar to early type systems due to their high veloc-
ity dispersion in comparison with their maximum rotational
velocity.

Before characterising our sample according to these cri-
teria, we enumerate several caveats that might a!ect our
interpretation of the data. First, behind this classification

r	  >	  rt	  

As	  in	  
Wright
+07,+09	  
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Figure 2. (Vmax/!,") 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 H! 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
H! emission, whose map is quite irregular.

The rest of the objects are more di!cult 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 H! shows, as expected, a more com-
plicated pattern. POWIR11 is di"erent, 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/" vs. # 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 e"ective radius distance from the galaxy
center. To palliate our uncertainty on this, we computed
e"ective 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/! 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/! > 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/! > 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/! 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)
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From	  Buitrago	  et	  al.	  (2014)	  
ü  50%	  in	  our	  sample	  are	  

compa2ble	  with	  being	  
disks,	  while	  all	  are	  rota2on	  
dominated	  –	  this	  is	  not	  
what	  it	  seen	  at	  low-‐z,	  both	  
for	  spheroids	  and	  spirals	  

VELOCITY	  DISPERSION	  (Km/s)	  

Adding	  MASSIV	  
(Con2ni+13)	  
and	  SINS	  
(Förster-‐
Schreiber+09)	  



TULLY-‐
FISHER	  

RELATION	  

ü Quite	  regular,	  extended	  
and	  high	  rot.	  gradients:	  
massive	  disks	  are	  stable	  
very	  early	  (Epinat+12,	  
Kassin+12)	  High	  mass	  
protects?	  Morphological	  
downsing	  

	  

Bell	  &	  De	  Jong	  (2001)	  	  
z=0	  

Cresci	  et	  al.	  (2009)	  	  
z~2.2	  



SUMMARY	  AND	  CONCLUSIONS	  
•  Massive	  galaxies	  help	  us	  understanding	  ΛCDM	  
•  Drama2c	  evolu2on	  with	  redshi�	  →	  Morph.	  change	  
•  First	  IFU	  sample	  of	  massive	  galaxies	  at	  z~1.4	  
(BEWARE:	  EW[OII]>	  15	  Å)	  
– 10	  objects	  only,	  but	  careful	  selec2on	  and	  modelling	  

•  Evidence	  for	  rota2onal	  support	  (BEWARE:	  Hα	  
emission)	  

•  Some	  hints	  minor	  merging,	  and	  two	  major	  ones	  
•  Massive	  galaxies	  dynamically	  se�led	  early	  on	  
•  Future	  projects	  
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Massive galaxies: Mstellar > 1011 M☉	


TAKE	  AWAY	  SLIDE	  
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Fig. 1.— The neighborhood of NGC1277 as seen by the HST F625W filter. The left panel shows the two closest galaxies whose light
contaminate NGC1277. The right panel shows NGC1277 after the subtraction of the contaminant light. The results indicates that NGC1277
is rather symmetric with no distortions neither bright tidal streams surrounding it.

minor (dry) merging (van Dokkum et al. 2010). This ac-
creted stellar mass is mainly deposited in the outer region
of the galaxies without feeding with new gas the central
SMBH. For this reason, if NGC1277 had followed the
normal growth path expected for this type of galaxies,
it would ended having a more ”normal” SMBH. If this
picture is correct, it seems reasonable to suggest that
the SMBHs (at least for the most massive galaxies) were
formed together with the bulk of the stars of their host
galaxies in a very fast collapse at high-z. After that, the
SMBHs have remained unchanged in mass while the mass
of the host galaxies have continued growing by successive
merging.
Another interesting issue to discuss about NGC1277

are its dynamics as well as its morphological shape.
Visually, NGC1277 has been classified as a pecu-
liar S0 (Corwin et al. 1994). In fact, its elongated
shape resembles such morphology. However, the de-
tailed structural decomposition of this galaxy done by
van den Bosch et al. (2012) failed to fit this galaxy with
a Sérsic n=4 bulge and an exponential outer disk. We
think this galaxy is, in fact, morphologically peculiar
and with not obvious counterparts with other present-
day galaxies. It is worth noting also that the enlo-
gated shape of NGC1277 is a characteristic that shares
with the massive compact galaxies found at high-z

(e.g. van der Wel et al. 2011; Buitrago et al. 2013) and
the young massive compact galaxies found at z!0.15
(Trujillo et al. 2012). Finally, in relation to the dynam-
ics of NGC1277 it is worth mentioning the high cen-
tral velocity dispersion (>300 km/s) as well as its fast
rotation (!300 km/s) measured along its major axis
(van den Bosch et al. 2012). To go further in the dynam-
ical analysis, and also to address better the true morphol-
ogy of NGC1277, is necessary to explore the dynamics of
this object with 3D spectroscopy. At this moment, with
the information along the major axis, we can only spec-
ulate. If this galaxy was in fact formed in a very fast
event, we can think that the dynamics of its most inner
region could resemble the turbulent and chaotic motions
of the shocks of enormous cold flows triggering the star
formation in its center. Its fast rotation also could be
related to the compact structure of NGC1277, which did
that the gas angular momentum at the moment of the
collapse transformed into such high rotational velocity
for its stars.
Finally, one could ask why it has been so di!cult to

find a massive compact relic galaxy in our closest Uni-
verse. If the theoretical predictions by Quilis & Trujillo
(2013) are correct, one would expect to find only a sin-
gle relic galaxy every 106 Mpc3. It turns out that this
number is very close to the volume enclosed by a sphere

From	  Trujillo	  et	  al.	  (2014)	  –>	  Relic	  (old	  &	  compact)	  massive	  galaxy	  at	  
73	  Mpc	  –>	  Vrot	  ~300	  km/s	  ;	  σ	  >300	  km/s	  in	  Van	  der	  Bosch	  et	  al.	  (2012)	  

Transi2on	  between	  
disk-‐dominated	  to	  sph-‐
dominated	  objects?	  Are	  
internal	  disks	  in	  
ellip2cals(Falcón-‐
Barroso+06,	  Krajnovic
+08,+13,	  Oosterloo+10)	  
a	  common	  feature	  at	  
intermediate	  z?	  

KMOS	  for	  
“local”	  galaxies	  
in	  the	  HUDF	  
(see	  Buitrago
+14	  in	  prep.),	  
and	  using	  
mul2plex	  for	  
tes2ng	  satellite	  
bombardment	  


