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What is a relic 3&1&)«3%’

We consider a galaxy in
the nearby Universe is a
relicif...




What is a relic 3&1&)«3%’

We consider a galaxy in
the nearby Universe is a
relicif...

...has not been altered at ALL
after its formation at high-z
= frozen over cosmic time




What is a relic galaxv?

SAME properties than those galaxies we see in the early Universe
(z>2):

1. Massive:
M*>10"" Msun

2. Compact:
R.<2 kpc

3. Old at all radii:
Age > 10 Gyr
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DON’T MISS

AUNTING RELIC GALAXIES IN TH,

NEARBY UNIVERSE:
PART 1

TRUJILLO’S TALK
ON THURSDAY 5TH




Hunting relic galaxies in the nearby
- Universe...
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Galaxies in
SDSS with:

(NYU Galaxy Catalog,
Blanton et al. 2005)

M*>8x10""Mg
Re < 1.5 kpc
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SDSS spectra 29 candidates
Trujillo et al. (2009)




SDSS spectra 29 candidates Long-slit spectra 7 candidates

Jrulilloetal (2009) with ISIS @ William Herschel Telescope
Ferré-Mateu et al. (2012)
v high S/N (~50)

v outto ~3 Re

TS NI NN NN EN NS N ANANA N N AT AN AR

1.5 2.0 25 3.0 3.5 4.0 4.5
[MgFe50]




SDSS spectra 29 candidates Long-slit spectra 7 candidates

Jruiilloetal. (2009) with ISIS @ William Herschel Telescope
' | Ferré-Mateu et al. (2012)

v high S/N (~50)

v outto ~3 Re

X Massive compact galaxies at z~0 are o
relatively young (~2 Gyr) 1.5 2.0 2.5 3.0 35 4.0 45
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—> Luminosity-weighted
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They are from the early universe
massive galaxies but their

... but how is it possible to form such amount
of recent stellar mass?
Is it the same mechanism that forms massive galaxies at high-z?

(e.g. Keres et al. 2005, Oser et al. 2010, Ricciardelli et al. 2010, Wyuts et al. 2010)




They are from the early universe
massive galaxies but their




1) Massive:
M.=1.2x10" M,

2) Compact:
R.=1.2 kpc

3) Old at all radii:
7

i
»

van den Bosch et al. (2012)
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Long-slit spectroscopy

with ISISQWHT up to ~3Re
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Long-slit spectroscopy
with ISISQWHT up to ~3Re
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]
- Is massive (M* ~ 1.2x 101" M

sun

- Is really compact (Re ~ 1.5 kpcy
- And ALL its stellar populations are OLD (> 10Gyr)




]
- Is massive (M* ~1.2x 10" M_ )

sun

- Is really compact (Re ~ 1.5 kpcy
- And ALL its stellar populations are OLD (> 10Gyr)

But are we biased with the assumption of a

(e.g. Ferré-Mateu et al. 2013)




IMF variakions: cijmamaﬁs vs skellar pops

s sati s IMF - o relation:

X =23log(o 5) + 2.1 this work

gt 3+ 25 et more massive
| — galaxies demand

steeper IMFs
(e.g. van Dokkum 2012,
Cappellari 2012, Ferreras
2013, Spiniello 2013,
La Barbera 2013)

Chabrier




IMF variakions: cijmamiﬁs vs skellar pops

35

Set#1-3  Set#4

IMF - o relation:
more massive
galaxies demand

steeper IMFs
(e.g. van Dokkum 2012,
Cappellari 2012, Ferreras
2013, Spiniello 2013,
La Barbera 2013)

X =23log(o 5) + 2.1 this work

X = 4.87log(o ) + 2.33 Ferreras+13 unimodal
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IMF - a/Fe relation:
more a-enhanced

galaxies demand

steeper IMFs
(e.g. Conroy 2012)

o (km/s)




IMF variakions: cijmamiﬁs vs skellar pops

NGC5557

NGC4387 1

NGC4387
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Radius [ R, ] Martin-Navarro et al. 2014
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Back to NGC1277 and its radial
variations...

Strong velocity dispersion profile

Mild metallicity gradient

No age or « /Fe gradient

van den Bosch et al. 2012, Trujillo et al. 2014, Martin-Navarro et al. 15



Long-slit spectroscopy
with ISIS@QWHT +OSIRIS@GTC

Martin-Navarro et al. 2015

o Steep IMF at all galactocentric
distances >
local o is not the main driver of
the observed IMF variations

o Is the pristine IMF of the
“monolithic-like” phase of
massive galaxies at high-z, will
become universal-like by
mergers

0.4 F?é%iusc[)-g BN  © Even using a steep IMF, the
. criteria of all old still holds




because ..
-Is massive (M*~1.2x 10" M,
- Is really compact (Re ~ 1.5 kpcy
- And ALL its stellar populations are OLD (> 10Gyr)

which opens the possibility to study in full detail the properties of the
early Universe

But we still need to understand ...
-Isita unl?ue galaxy?
- What really drives the IMF variations?
- The galaxy dynamics > new dynamical models

- Does it really host a Super Massive Black Hole?
(e.g.van den Bosch et al. 2012, Lasker et al. 2013, Emsellem et al. 2013)
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Relic galaxies and their SMBHs:

coevolution or nok?




Relic galaxies and their SMBHs:

coevolution or nok?

Relic galaxies are outliers in the SMBH scaling relations
due to a different evolutionary path

Ferré-Mateu et al. 2015

Central Phase lI: massive galaxy
SMBH mass massive galaxy  grows via mergers




Relic galaxies and their SMBHs:

coevolution or nok?

Relic galaxies are outliers in the SMBH scaling relations
due to a different evolutionary path

Ferré-Mateu et al. 2015

Central No Phase II:

SMBH mass massive galaxy MO merger activity, no
A T — structural evolution

z~2 and Today
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Relic galaxies and their SMBHs:

coevolution or nok?

« 7 compact & massive galaxies from HETMG Survey (van den Bosch, in prep)
* SFH - compatible with being relic galaxies
* Lower limit of SMBH formation at ~ 10 Gyr

Ferré-Mateu et al. 2015
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« How much would evolve in /mass if phase Il occured
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Su.mmarv wikh open qu@.s%mms

1) Sample of nearby compact massive galaxies that are the
of those in the early Universe;

2) NGC1277 is the this

3) The relic galaxies are extreme outliers in the SMBHs scaling
relations because they follow than
large massive ellipticals;







Normalised count

Normalized Flux

With the T09 sample of 29 local compact massive galaxies....
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