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MASSIVE	  GALAXY	  
EVOLUTION	  

What	  drives	  these	  
drama3c	  changes?	  
•  Are	  quenching	  and	  morphology	  

related?	  (McLure	  et	  al.	  2012)	  
•  AGNs	  able	  to	  do	  the	  job	  (Maiolino	  

et	  al.	  2013)	  but	  look	  incompa3ble	  
(Trujillo	  et	  al.	  2011)	  

Densities comparable 
with present-day GCs!

Buitrago	  et	  al.	  2008	  
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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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n	  <	  2.5	  

n	  >	  2.5	  
Mstellar > 1011 M☉	


See also Bruce et al.  2012 or Van der Wel et al. 
2013 in prep for latest CANDELS results	


SÉRSIC	  
INDEX	  

Buitrago	  et	  al.	  2013	  
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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). 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 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 an evidence
about they are purer disks than our objects. We conclude that our sample is more representative of being solely selected by stellar mass.
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QUENCHING	  ALONG	  WITH	  
THE	  TRANSFORMATIONS	  

26 Fernando Buitrago et al.

Figure 25. (Vmax/σ,ε) diagram for massive (Mstellar ! 1011h−2
70 M") galaxies in our sample. Apart from them, we suplemented the

figure with published values in Emsellem et al. (2011). These galaxies at low-z 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). Uncertainties are large but it is clear that
massive galaxies at z ! 1.4 depart from velocity dispersion dominated objects.
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BUITRAGO	  ET	  AL.	  2013	  (arXiv:	  1305.0268)	  
•  z=1.4	  (DEEP2	  spectra)	  
•  K-‐band	  selected	  POWIR	  survey	  
•  SINFONI@VLT	  
•  Modelling	  according	  Epinat	  et	  al.	  (2010)	  
•  See	  also	  Chang	  et	  al.	  2013	  

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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SINFONI/VLT 3D spectroscopy of massive galaxies: Strong rotational support at z ∼ 1.4 31

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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SINFONI/VLT 3D spectroscopy of massive galaxies: Strong rotational support at z ∼ 1.4 31

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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HUDF12	  
Ellis	  et	  al.	  
2012	  

Koekemoer	  
et	  al.	  2012	  

	  
	  
	  



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



•  “Touching	  from	  a	  distance”	  –	  Up	  to	  20	  re	  or	  ~100	  Kpc	  
•  Stellar	  popula3ons	  characteriza3on	  (age,	  Z)	  
•  Inside-‐out	  growth	  

•  Quenching	  mechanism	  should	  explain	  morphology	  or	  at	  least	  not	  to	  interfere	  
•  Red	  nuggets	  are	  not	  so	  quiescent	  &	  dead	  as	  people	  previously	  thought	  
•  Massive	  galaxies:	  from	  starforming	  disks	  at	  high-‐z	  to	  big	  early-‐types	  in	  the	  local	  Universe	  


