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Common	lore	about	the	most	massive	galaxies	



Compactness of massive galaxies 
There is a local size-mass relation: the more massive a 
galaxy is, the larger it is (Shen+03) 

But… 
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EVOLUTION	IN	SIZE	
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On	average	3-5	
_mes	smaller	
than	their	local	
counterparts!	

Cimaa+	08,	Cassata+	
10,Van	Dokkum+	2010,	
Bruce+	2012,	Van	der	

Wel+	2014,	…	
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n	>	2.5	





DO THESE ULTRA COMPACT GALAXIES 
COMPLETELY DISAPPEAR IN THE 

LOCAL UNIVERSE?? 



OBSERVATIONAL RESULTS 

Trujillo et al. (2009); Taylor et al (2010); but see Valentinuzzi et al (2010) 

<0.03% of today 
massive galaxies 
are compact 



THEY ARE COMPACTS BUT NOT OLD!! 

Trujillo et al. (2009); images in Trujillo, Carrasco & Ferré-Mateu (2012) 

- Massive compact galaxies 
at z~0 are relatively young 
(~2 Gyr) 

Disfavour puffing-up model 

- There are not compact 
massive relics today from 
the early universe 

Disfavour merging model 

 



THEORETICAL	EXPECTATIONS	

Quilis+13	

Expected number of massive galaxy relics in the present-day Universe 3

Fig. 2.— Left panel: redshift evolution of the ratio of the relic galaxies to the total number of massive galaxies. The three different
lines represent the three considered models. Coloured areas, orange (orange-red) show galaxies that have increased their masses less than
a 10% (30%) since z ∼ 2. Right panel: redshift evolution of the comoving number density of relic galaxies. The lines and colour shaded
areas stand as for the right panel. The red and blue arrow show the observational upper limits from Trujillo et al. (2009) and Taylor et al.
(2010), respectively. The green point display the observational data from Poggianti et al. (2013).

TABLE 1
Fractions and number densities of the present-day massive galaxy relics

∆M∗/M∗ DeLucia et al. (2007) Guo et al. (2011) Guo et al. (2013) Average
(since z=2)

nrelics/ntotal at z ∼ 0
<10% 0.0038 0.001 0.0006 0.0018
<30% 0.016 0.006 0.005 0.009

Number density (Mpc−3)
<10% 2.7×10−6 5.8×10−7 2.6×10−7 1.2×10−6

<30% 1.2×10−5 3.2×10−6 2.0×10−6 5.7×10−6

sive galaxies as cosmic time increases. No substantial
differences appear between the three models. At all red-
shifts, De Lucia & Blaizot (2007) model produces ratios
of relic galaxies slightly higher than the other two mod-
els. As in Fig 1, we distinguish between two samples,
those massive galaxies that have increased their relative
stellar masses less than a 10% and those others with a
relative mass increment less than a 30%. For the shake of
completeness, we include the observational upper limits
from Trujillo et al. (2009) and Taylor et al. (2010), and

the observational data from Poggianti et al. (2013) 2.
The nowadays ratios of relic galaxies to total number

of galaxies and the present-day number densities for the
three different considered catalogues are summarized in
Table 1.

4. DISCUSSION

As mention in the Introduction, to have an accurate
estimation of the expected number density of massive

2 The number densities from Trujillo et al. (2009), Taylor et al.
(2010) and Poggianti et al. (2013) are computed assuming a stan-
dar cosmology: Ωm = 0.3, ΩΛ = 0.7, and H0 = 70 kms−1Mpc−1.
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Figure 1 | Optical Hubble Space Telescope image of the compact lenticular galaxy NGC 1277. The image is shown with a logarithmic stretch and is 19 ⇥ 8
kpc, with north pointing up and east to the left. In this high resolution optical image the galaxy has a half-light radius of 1 kpc, is strongly flattened, and disky. It
is immediately clear that a superposition of multiple galaxies does not explain the high velocity dispersion. NGC 1277 has a small regular nuclear dust disk with an
apparent axis ratio of only 0.3, which indicates that we see the galaxy close to edge-on. Through a multi-component fit16 to the HST image, we identify the inner
component, with a half-light-radius of 0.3 kpc and a Sersic index of n ' 1 as a pseudo-bulge, that contains 24% of the light. For the dynamical modelling we construct
a three-dimensional luminous mass model of the stars by de-projecting the two-dimensional light model from the HST image. Then, the gravitational potential is
inferred from the combined luminous mass, black hole mass, and dark matter halo. In this potential representative orbits are integrated numerically, while keeping track
of the paths and orbital velocities of each orbit. We then create a reconstruction of the galaxy by assigning each orbit an amount of light, so that the model recreates the
total light distribution, while simultaneously fitting the long-slit stellar kinematics observed with the Hobby-Eberly Telescope (Fig. 3). The models include the effect
of the Earth’s atmosphere and the telescope optics without any a priori assumption on the orbital configuration. See SI. See an animation of the orbits in this galaxy at
http://mpia.de/

˜

bosch/blackholes.html
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Figure 2 | The correlation of black hole mass and near-infrared bulge lumi-
nosity. The black line shows the black-hole-mass–bulge-luminosity relation8 for
galaxies with a directly measured black hole mass. NGC 1277 is a significant pos-
itive outlier. In addition to the galaxies (black dots) to which the relation has been
fitted8, nine black hole masses9, 17, 20 have been added with 2MASS K-band bulge
luminosities. The error bars denote 1� uncertainties, except for the NGC 1277
bulge luminosity, where we use its total luminosity as a conservative upper limit.

quantitatively similar to the typical red, passive, galaxies at much earlier
times (at redshifts z ⇠ 2): those are also found, on average, to be smaller
than similarly massive galaxies in the present-day universe22, possi-
bly possess high velocity dispersions23, and generally have a disk-like
structure24. Perhaps the compact systems we found are local analogues
of these high-redshift galaxies.
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4 I. Trujillo et al.

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 difficult 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

NGC1277	@	73	Mpc	
re=1.2	kpc,	Mstellar=1.2x1011	M☉	
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Figure 3 | Line-of-sight stellar kinematics of NGC 1277. The stellar kinemat-
ics as observed with the Marcario Low Resolution Spectrograph11 on the Hobby-
Eberly Telescope, shown with the 1� error bars, were measured25 at 31 locations
along the major axis of NGC 1277 (See SI.). Panels a,b,c and d, from top to bot-
tom, show the mean velocity, velocity dispersion, and higher-order Gauss-Hermite
velocity moments26 h3 and h4, representing skewness and kurtosis, respectively.
The kinematics show a remarkably flat rotation curve and a dispersion profile that
strongly peaks toward the center. The best-fit Schwarszchild model (black line)
has a 17 ⇥ 109 M� black hole. The relation between black-hole mass and host
luminosity predicts a 108 M� black hole, but the corresponding model (red dot-
dashed line) does not fit the data at all. The telescope resolution (seeing 1.600

FWHM) is indicated in panel b and is sufficient to resolve the Sphere-of-Influence
of the black hole.
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Object Distance �c Re,K Luminosity ✏
(Mpc) (km s�1) (kpc) log(LK ) (1 � b/a)

(1) (2) (3) (4) (5)
ARK90 131 392±4 1.6 11.2 0.7
NGC1270 69 393±3 1.8 11.2 0.8
NGC1277 73 403±4 1.6 11.1 0.5
UGC1859 82 362±4 2.0 11.2 0.6
UGC2698 89 397±3 2.7 11.4 0.7
MRK1216 94 354±4 1.9 11.2 0.6

Table 1 | Global properties of the six compact, high-dispersion galaxies. The
six galaxies presented here were observed with the Marcario Low Resolution
Spectrograph11 on the Hobby-Eberly Telescope as part of a large survey program.
We targeted galaxies from the Two Micron All Sky Survey (2MASS) extended
source catalog27 that are expected to have the largest Sphere-of-Influence. Our
predictions of the Sphere-of-Influence assume that the galaxies follow the rela-
tion between black-hole mass and host galaxy velocity dispersion1. For those
2MASS galaxies without a velocity dispersion value from the literature, we used
an estimate based on the Fundamental Plane relation between galaxy size, surface
brightness and velocity dispersion28. See the SI for for more information on the
survey. The columns show the near-infrared properties (1) Distance from Hub-
ble flow. (2) Stellar velocity dispersion extracted from a central aperture. (3,4,5)
2MASS27 half-light radius, total luminosity and apparent ellipticity.

Hobby-Eberly Telescope is a joint project of the University of Texas at
Austin, the Pennsylvania State University, Ludwig-Maximilians-Universität
München, and Georg-August-Universität Göttingen. The Hobby-Eberly Tele-
scope is named in honor of its principal benefactors, William P. Hobby and
Robert E. Eberly.
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MOST	ROBUST	CONSTRAINTS	IN	THE	
ENVIRONMENTAL	DETERMINATION	

AND	TRUE	COMPACTNESS	

Why?	
•  Large	area	(~200	deg2)	
•  Spectral	coverage	(98.5%	
completeness	for	rAB	=	19.8	
galaxies)	www.gama-survey.org	



PHOTOMETRIC	ANALYSIS	
Images	come	from:	
•  KiDS:		

–  2.5	mag	deeper	than	SDSS	
–  Spa_al	resolu_on:	0.21	arcsec	vs	0.396	arcsec	
–  g-,	r-	and	i-bands	(seeingr	=	0.7	arcsec!	~	2	kpc)	

•  VIKING:	
–  1.4	mag	deeper	than	UKIDSS	
–  Z-band	

	
Custom	RGB	Python	recipes	developed	with	S.	Reis	



•  Preliminary	galaxy	selec_on:	
– Massive:	Mstellar	>	8x1010	Msun	
– Small:	re,i-band	<	1.5	kpc	
– Local:	0.02	<	z	<	0.3	

•  Surface	brightness	determina_on:	
– PSFs:	natural	stars	and	weak	lensing	shapelets	
models!	

– Single	Sérsic	and	Bulge-disk	decomposi_ons	

•  Spectral	characteriza_on	
– Ages,	metallici_es	and	star	forma_on	histories	
– Environment:	do	they	always	live	in	overdensi_es?	

ULTRACOMPACT!	
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SINGLE	SÉRSIC	-	144856	



BULGE-DISK	DECOMP.	-	144856	



SINGLE	SÉRSIC	-	791716	



BULGE-DISK	DECOMP.	-	791716	



CONCLUSIONS	
•  Most	massive	galaxies:	fast	and	furious!	
•  Finding	compact	objects	at	low-z	opens	a	window	
to	the	early	Universe,	specially	for	relics	

•  We	are	conduc_ng	the	best	characteriza_on	of	
their	proper_es	and	environment	

•  Number	densi_es:	
–  Trujillo+	09:	8000	deg2	/	29	objects	=	275	deg-2	=	1.3x10-7	Mpc-3	

–  Buitrago	in	prep:	200	deg2	/	5	objects	=	40	deg-2	=	1.4x10-7	Mpc-3	
•  Stay	tuned!	This	will	lead	to	a	quick	publica_on	
(although	it	fits	into	a	bigger	strategy…)	

SIZE	UP											YOUR	GALAXIES!	


