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Lecture 3

The hosts of AGN
and their environments

- Evidence for stars in nuclear and circumnuclear regions of
AGN

« Galactic winds and supernovae

« Chemical abundances

* Host galaxies and their environments

« Connection between BH mass and galaxy mass

 AGN and galaxy formation and evolution

ltziar Aretxaga (INAOE), @CIDA, October 2007



Stars in Sy nuclei: stellar populations iy

The continuum of AGN has stellar features, more evident in Sy 2s than
in Sy 1s ... but is this all old bulge stellar population?
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Stellar atmospheres: a reminder y/
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Stars in type-2 AGN: OB stars in Sy 2s or

' 7 ." "a HST UV imaging and spectroscopy of 4 Sy 2s selected
@f for being strong [O Ill] and 1.4GHz emitters (i.e. AGN
et properties) show resolved knots that are dominated by
starburst features (Heckman et al. 1997, Gonzalez-Delgado et al.
1998), With characteristic:
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Stars in type-2 AGN: OB stars in Sy 2s

HST UV imaging and spectroscopy of
NGC 4303, with dominant UV nuclear
€mission (Colina et al. 2002):

Lz = 108 L,

Mgz = 5x10° M,

age = 4 Myr
27,

size = 3 pcC
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Stars in type-2 AGN: young populations o
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A survey of 35 Sy 2s finds that 50% show 7.0
absorption lines characteristic of ; :
starburst to post-starburst ages, 5 Myr - = i
1 Gyr, that completely account for all the Ry ]
continuum emission (Schmitt et al. 1999, N NGC 7130 y
Gonzalez-Delgado et al. 2001, Cid-Fernandes et al. 2001) 5.0 7
The SBs can also solve the problem of : 7 s -
the second continuum source needed to £ ) v
explain the low polarization levels of the ¢ | | i
. )
continuum of Sy 2s (Tran 1995, Cid Fernandes & & [ — ]
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Stars in type -2 AGN: young populations 7S
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2/6 radio powerful NLRGs also show continuum dominated by a young
stellar cluster of 7 — 40 Myr old, the rest have <Mg Fe> vs. estimated-Hf3
indices indicative of ages a few Gyr, but younger than normal E galaxy

populations (Aretxaga et al. 2001). Needs statistically significant sample (see also Wills
et al. 2002, Tadhunter et al. 2002).



Stars in type-1 AGN: young populations
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Starbursts in QSOs

A red-herring among QSOs, since most type-1 AGN show only weak
absorption lines, if anything

(from Rosa Gonzalez-Delgado’s web page)
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Photoionization models for AGN-like SBs 4z

The LINER activity with weak [O [)//H can be explained by normal O-type
stars that ionize the surrounding medium (Filippenko & Terlevich 1992, Shields 1992),
without the need of additional emission by an accretion disk.
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Seyfert 1 impostors: type lIn SNe 7S
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These are core-collapse SNe that resemble Seyfert 1 nuclei, but explode in
the outer parts of normal galaxies. They were first discovered in 1987
(Filippenko 1989) and are collected in SN catalogues at a rate of ~8 yr.
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If one of these type lIn explodes in the centre of a S galaxy, this would be
classified as a Seyfert 1
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Gallery of Seyfert 1 impostors: SN 19882 &

(Stathakis & Sadler 1991, Turatto et al. 1993, Fabian & Terlevich 1996, Aretxaga et al. 1999):
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 broad and variable emission lines of F\WWHM=15000-2000 km s~
 coronal lines [Fe VII] - [Fe XI], [A X], [Ca V]
* slowly decaying light curve

e strong optical-UV-X radiation.

* radiated energies in excess of 2x10°" erg.
*n,=4x10%- 2x10" cm™2 for the NLR
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(Aretxaga et al 1999)
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Seyfert 1 impostors: a summary LA
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Type lIn SNe are a VERY heterogeneous class of objects (Aretxaga 2003)

» Peak M,, =-18.8 range in the II-P class, i.e. they are not particularly over-
luUMINOUS (Richardson et al. 2001)

 But, probably, some are hypernovae: 88Z, 97cy, 99E (Aretxaga et al. 1999, Turatto et
al. 2000, Rigon et al. 2003), Unless asymmetries are important.

» Out of a sample of 17 lins: 40% are slow decliners, like 88Z, 30% fast
decliners (lI-L), like 98S, the rest 30% being intermediate

* When measured, the NLR has n_=10-108 cm™3

* XR emission, coronal lines, and radio emission are common, but not
universal wavelengths of radiation.
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True Sy 1s or not?: NGC 7582 1%
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True Sy 1s or not?: NGC 7582

T ™
T L 199 n 6 | | '
— B El — ‘ s
’ | ‘ | " fo M Y Y
[ .4 4§ ] - | - Nony 41 = |
~ | ®» B.m ! | sy oy 0 d 1
.‘2 I » 31 42 . 'Y ] NGC 7582 - [ } | i/ LSS ‘ =
g (%= i e Iat g s !
35 ’ d 4 SN 19882 *,-.-,«'. ; ]
| e I'h, o/ |
é | 1 NGC 5548 i UL 4 +—r———t——t—————t—t———1ir U‘
-0 | ; ™ ] ‘ ‘ :
T | - - . — - Mmodel 1998 July 11 U
QL | r A ‘ 1
- . F | | N 5
* Fe Il | Na I g N
P | & i Fe 1l ‘ ‘ 5 ot SRS T e, et “
c e F
L N ' i

“wf‘.’w’.‘.;..1......... S I S Y N Y SR W
| T | 1 , UL

0 500 1000 1998 Oct 6

age (days) > | | ‘.,‘,.'-{V.«M“'I““f"-" T
, o % = I ;o
o | 4t
A Sl & Al
o Wi @ | L™
T—-: f £ | % Al ' }
? ta  ® "i : :f: L 1998 Oct 21 ‘ | 13
2, | t Er ] ' | || ’- b 4
$o i1 = | % | e ;..‘«,"“‘“""""“fL‘W""“”"W”M"‘“# AE
= db =2 5 et |
8 Nia o " e | | | }
R - 3 L’J‘ - 4 Y TS SN TSN N T S S S S S N S E— T— | SN S [ S S T S —
RN . [ 3 ik 4500 5000 5500 5000 6500
— | t 1 rEN
L__mgg ‘ A{A)
o | Il FrT ——1 | Il | o [ Il 1 L BT TEORES | 1 1 1 B |
0 500 1000 0 500 1000 .. .
age (days) age (days) Starburst activity or hole in the

(Aretxaga et al. 2000) torus”?

Reddening variations along the line of sight (a la Goodrich) cannot explain the
continuum and line variations, but a type IIn SN in the surrounding SB ring
detected in extended Ha emission could do the job (Aretxaga et al. 1999, 2000)



Heretical models for QSOs: galaxy formation ~ “2°

Pure SB models that try to explain the optical-UV properties of QSOs only
make sense if they are, in some way, linked to the building of big spheroids,
because of the huge masses required for the SBs.

A model requiring the participation of 5% of an E galaxy in a SB, from
monolithic collapse approximations for galaxy formation, can reproduce the
luminosities and LF evolution of QSOs (Terlevich & Boyle 1993).

q0=0.5
Hy=50

#(Mg) (Mpc™ mag’)

C 0.30<z<0.70
® 0.70<z<1.25

0 1.256<z<2.00
s 2.00<z<2.90




The AGN role in galaxy evolution by
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The shape of the density evolution of UV light emitted by QSOs also has a
similar shape to the density evolution of UV light emitted by field galaxies
detected in deep surveys (Boyle & Terlevich 1998).

The LF evolution has also been reproduced by models of the growth of BHs
and galaxies within the Press-Schechter formalism (Haehnelt et al. 1993, 1999).
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The Press-Schechter formalism is used to
obtain the halo mass function ®(M, ,,,) at
any given epoch. This can be related to the

1 BH mass via a BH-halo mass relationship

(a la BH-bulge). Assuming a time evolution
of the QSO L(?) = Ly exp(-t/t,) the LF at

| z<3 can be reproduced for a range of QSO

life-times:

aloS/3 to

1= 10° yr with M,o M, .. However, one
needs to assume M,/M, . a (1+z)°? or that

the mass accretion falls by a factor of 100
(Haehnelt et al. 1999).



Low-z QSOs: BH-spheroid relation b
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The BH-bulge relationship found in nearby galaxies is shared by the AGN
where good determinations of the BH mass are available either by
reverberation (e.g. NGC 5548) or by rotational curves (e.g. NGC 4258). In a sample
of 30 QSOs at 0.1 < z< 0.3, 19 Seyferts, and 18 inactive S galaxies with
reliable bulge luminosities, and applying a M/L relationship, it is found that the
masses of BH and bulges are linked by |7 o« 37095009

bulge

The QSO BHs are radiating at <10% of the Eddington limit (McLure & Dunlop 2001)
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QSO hosts at high-z: giant blue galaxies?
The host galaxies of z=2-3 RL and RQ

QSOs have been detected at observer-
frame optical and NIR bands, which
correspond to UV-optical rest-frame bands _

Frame

(Lehnert et al. 1992, Aretxaga et al. 1995, 1998, Ridgway et

al. 2001).
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QSO hosts at high-z: giant blue galax|es’? oL
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The hosts of luminous z=2-2.5 QSOs are big (FWHM=1 arcsec = 4 kpc for
RQs) and UV bright: L, =5-12% L,5ofor RQ to RL QSOs, respectively
(Lehnert et al. 1992, Aretxaga et al. 1998), but the samples are still painfully small.

The light is probably not scattered from the nucleus, since the colours are
redder than the nuclear light. The SED of one of the RL QSOs, which has
been detected in 4 pass-bands, looks like that of a Magellanic irregular.
The UV light implies SFR > 200 M/ yr, so we probably are witnessing the
formation of the spheroid.



QSO hosts at high-z: the building of spheroids

K-band imaging reveals that powerful z=2—-3 RL QSOs (sample of 6, Lehnert et

al. 1992) and RQ QSOs (sample of 1, Aretxaga et al. 1998) follow the same

magnitude-relationship as first-rank cluster members. The luminosities are
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above 3L.. These probably become luminous E galaxies. Typical RQ QSOs
(sample of 5) seem to be L. galaxies with a range 0.2—-4 L. (Ridgway et al. 2001). ItS
nuclear-to-host luminosity is reproduced by semi-analytical galaxy+BH
formation scenarios (Ridgway et al. 2001).
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QSO hosts at high-z: the building of spheroids ob

Photoionization modeling of the BLR in high-z QSOs implies that the
metallicities of the gas orbiting the engine are typically oversolar (Hamann &
Ferland 1993, ...,1999), and this picture extens up to the z=6 (Pendericci et al. 2002).
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QSO hosts at high-z: the building of spheroids S
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Intense sub-mm/mm thermal emission has been detected in high-z AGN,
implying large masses of dust are present early on (1saak et al.1994, McMahon et al.1994)
The FIR luminosities of typical RQ QSOs are L. z=1.1-2.6 x 10"3L, which
translates into dust masses of M,=0.8-2.0 M, and SFR=1100-2600 Mgyr -
(assuming all UV heating is due to star formation). No evolution is inferred for
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RQ QSOs (Priddey et al. 2003), but a

1 strong (1+z)34 evolution is inferred
] for RGs (Archibald et al. 2001). However,
1 the selection criteria and survey

| depths are not matched.
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QSO hosts at high-z: the building of spheroids “="
Follow-up CO interferometry of the dusty QSOs imply that they contain large
reservois of molecular gas M= 10" M_ at z = 4 (Omont et al. 2001). This emission

may have been resolved in a high-z QSO (carilii et al. 2003).

(Carilli et al. 2003) Source Plane

|- z=411
/E\> |, M,as=2 x 10" M,
L/ 1 £ r=2 kpc

SFR = 900 M, /yr
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