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 Classification of AGN

« Multifrequency detection of nuclear activity
* Energetics
 Unification

» Basic concepts of the standard model of AGN

Lecture 2: the role of BHs in AGN, and of AGN in galaxy formation and evolution
 Evidence for BHs in AGN
» Methods to weight a BH in an AGN

« Demographics of QSOs and BHs

* QSOs in the context of galaxy formation and evolution
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= The standard model of AGN v/
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The extreme luminosities emitted by
AGN

bolometric L, = 10%4-10% erg s7*

made it clear that the easiest way to
explain them was through the release
of gravitational energy. In the mid-60s
the concept of a supermassive black
hole (SMBH) surrounded by a viscous
disk of accreting matter gained

) molecular ]
gy Hebomm 0 Somdlied fows popularity (Zeldovich & Novikov 1964, Lynden-
oy ‘zp‘- 3 4 Bell 1966), and has become the standard
R .
il S ¥ & model for AGN, still used today.
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Basics of the BH paradigm: mass of the BH w

inAQe

In order to guarantee the stability of the system: F. <F
f L

grav
=—=————, sothat F_ =g, LZ
_ C A4nar<c Anr-c
where g, is the Thompson cross-section.

The radiation pressure is P _, ro

This has to balance the gravity exerted over an electron-proton pair:

e_ +
. GM,(m, +m,) P
Fgrav - 2 r
r
The condition Fed < Fyay then implies that
47Gem SMBH
L < g

M, =~ 6.31x10°M, ergs™ ~1.26x10"(M,/M_) ergs™
(o2

e

This is known as the Eddington limit, which can be used to establish a minimum for
the mass of the BH:

M =8x10°L,, M,

For typical Seyfert galaxies L = 10* ergs™, so Mg, =8 x 10° Mg

QSOs L=10%ergs™, so Myso =8 x 107 Mg

L 47nGem,,
The Eddington luminosity is the maximum luminosity B

emitted by a body of mass M, that is powered by spherical accretion.
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Notas de la presentación
Momentum p=h nu/c
F=m dv/dt -> Ft=mv=p  -> P=F/A=p/At= n h nu/Atc
f=n h nu /A t                                                            -> P=f/c
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«wr Basics of the BH paradigm: rate of accretion

o

The process thought to power AGN is the conversion of mass to energy E =nmc?
where n is the efficiency, that we want to evaluate. The rate at which the energy is
emitted gives us the rate at which the energy must be supplied to the nucleus.

L = E = nmc?

: L 4L _
To power an AGN M, =$z1-8><10 3f Mg yr™
Lets estimate n now. The potential energy of a mass mis U =GM_ m/r . The rate at
which the infalling material can be converted into radiation is given by
GM. . _GM.M.

L=U = SO nocM,/r
r r
Ignoring relativistic effects, the energy available from a particle of mass m falling to
5Rgs, where Rg is the Schwarzschild radius of the BH (Rs=2GM,/c?), is

U=GM,m/5R, =0.1mc? =

For typical QSOs , L=10% ergs™, s0 Mggo =2 Mg yr'.
The Eddington accretion rate is the necessary

accretion rate to sustain the Eddington luminosity:  [M. =%= 22M; Mg yr™
d th h-time is |7, =122 = 4x107(5/0.1) yr
And the BH growth-time Is |7. G nito.

p
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Notas de la presentación
The fusion of H to He : eta=0.007. ME can be exceeded by breaking the spherical symetry requirement.
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Evidence for SMBHs in AGN:
velocity fields
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(Miyoshi et al. 1995)
H,O megamaser @ 22 GHz detected in NGC

4258 in a warped annulus of 0.14 - 0.28pc and
less than 10> cm of thickness, with a beaming
angle of 11° (Miyoshi et al. 1995, Maloney 2002):
combining the Doppler velocities (+900km s™)

and the time to transverse the angular distance 20 cm

(0.14 pc) gives the mass of the nucleus 3.9 x

10’Mg within r < 0.012 pc —
, y

© CfA Hot Images
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Notas de la presentación
The density=5 10_12 Msun/pc3. VLBA observations at 1 cm of 0.0006” resolution (0.017pc)  6 Mpc distance!!!!! 
The continuum to the N of the dynamical nucleus could be the base of the northern jet, the southern jet would be attenuated by free-free absorption with tau>2.
4000>T>400K n(H2)>10^7 cm^-3 for population inversion to create the maser, either by XR irradiation or by shocks.
L/Ledd=10^-4. The mass is estimated with a 10% precission error. M=rv^2/G
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«i:  Evidence for SMBHs in AGN: velocity fields 'y

Surveys of H,O megamasers (Braatz, Wilson & Henkel 1997), with 354 AGN surveyed (v <
7000 km s71), show 16 sources, all in the nuclei of Sy 2s (10/141) and LINERs (5/67).
There are no Sy 1 masers detected, probably because the masers are beamed
towards the plane of the tori. Sy 2s with high N, absorbing columns are more likely to
create masers.
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Another good case to measure the BH is NGC 1068 (Sy 2) with a 0.65pc — 1.1pc
annulus and Doppler velocities of £300 km s~', which implies a central mass of 1.5 x
10’M, but the calculation is uncertain by factors of a few since the orbit is sub-
keplerian v a R™0-31%0.02 (Greentill et al. 1996) .
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Notas de la presentación
In a flux limited sample: 14% of Sy2 and 10% of LINERs Compatible with beaming angle of 10 deg for NGC 4258.
SBs not detected in megamasers.   VLBA data for N1068 with 0.050 mas resolution


—.  Evidence for SMBHSs in AGN: Ka Fe line =

The iron line is clearly detected in the ASCA X-ray spectra of
MGC—-6—-30-15 (Tanaka et al. 1995). The profile is skewed with an
extended red wing due to gravitational redshift, and a
prominent blue wing which is relativisticaly boosted due to the
high orbital velocities of the disk.
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Notas de la presentación
Sch BH with different inclinations, the line originates 6-30 RG for Schwarzschild, and 1.25-30 for Kerr
Blue boosting depends on inclination, and red extent on inner radius
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LA Evidence for SMBHs in AGN: Ka Fe line "
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(Nandra et al. 1997)
energy (keV)

Broad lines like those of MCG-6-30-15, once thought to be common in most
Sy 1 and 2s (Nandra et al. 1997, Turner et al. 1997,) have not been confirmed by
XMM/Chandra in such high percentages (Yagoob 2007 for conciliatory remarks). A broad
line is confirmed in another Sy 1 (Mrk 766), and narrow (c<5000 km/s, EW~75 eV)
Ka lines are found in most Sy 1s, but not in QSOs (e.g. 3C 273)! It is now

believed that they could originate in molecular torus or outer BLR (Reeves et al.
2003).
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Evidence for SMBHs in AGN: Ka Fe line 4

Not all iron lines are like MCG-6-30-15:- the Seyfert 1 NGC 5548
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Broad lines like those of MCG-6-30-15, once thought to be common in most
Sy 1 and 2s (Nandra et al. 1997, Turner et al. 1997,) have not been confirmed by
XMM/Chandra in such high percentages (Yagoob 2007 for conciliatory remarks). A broad
line is confirmed in another Sy 1 (Mrk 766), and narrow (c<5000 km/s, EW~75 eV)
Ka lines are found in most Sy 1s, but not in QSOs (e.g. 3C 273)! It is now

believed that they could originate in molecular torus or outer BLR (Reeves et al.
2003).



e Weighing BHs in AGN : reverberation
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The BLR is photoionized, since it responds to continuum variations, with a
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(Peterson 2001, data from Clavel et al. 1992, Peterson et al. 1992)

certain delay, which is a function of the
BLR geometry, viewing angle, line
emisivity, etc. Isodelay surface

<—To observer (4]

e.g., for a thin spherical shell, the
BLR would respond at a delay = N\ - y
time t given by the parabolid 7 =(1+cosé)r/c

In general the line response is given by
1(t) = [ W()L(t-7)dz

where ¥ is called transfer function. The

centroid of the cross-correlation function

between the continuum and the line
gives the mean radius of emission:

CCF(r) = j ¥(:")ACF(r —7')d 7’

® where ACF is the autocorrelation

function of the continuum.
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Notas de la presentación
Now 36 AGN measured through reverberation. Highest ionized lines vary more quicly.
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Difficulty to measure at high-L (program in 1-m wise Obs.,
Kaspi et al. 2006):

AL, (5100 A) = 1.1x10% erg/s , z=2.172
Rest frame time lag: 188*27 5, days
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e Weighing BHs in AGN : reverberation ™
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If the kinematics of the BLR is keplerian, we can apply the virial theorem
GM, _ fo2 With f, a factor close to 1. Measuring the line widths (FWHM) of
l'aLr the emission lines, we have an estimate of the velocity
dispersion o, and thus,

2
M, ~ (1.45x10° M@)( ¢z ( 3Vrms — (Wandel, Peterson & Malkan 1999)
It —day \10°kms

10" ecm 10" cm
30,000 =171 T

b=-1/2"7
v
3C 390.3

Different lines give you the same answer, even

— If the rg r measured is different.

logVv .y =a+blogcr

Ve (K s)

M NGC 5548\

3000 - )
NGC 7469 | ™

.| The masses derived by this method range from
4 M =107 M, for Sy 1s (i.e., in the range of the
LINER NGC 4258) to M = 10° M, for QSOs.

1000 Lol ERNEI
1 10 100
Lag (days)
(Peterson & Wandel 2000)
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M Weighing BHs in AGN: photoionization masses i

The mass can also be estimated using solely photoionization calculations.

The number of photons emltted by the central source per second that can
lonize H is given by Q, j —dv . The ionization parameter U is defined

on

Qion as the ratio of the photon number density to the particle density.

drrien, | A straightforward prediction of the photoionization calculation is
that if U and n, are similar in AGN, then |r; o< L'?| , which is actually observed.
U and n, are constrained by photoionization models that can reproduce the
emission-line ratios: U =0.1 -1 and n, = 10'% - 10 cm™ (Rees, Netzer &
Ferland 1989). Invoking keplerian orbits again:

U=

1000

; T TTTTI T TTTTTm I IIIIIII| I IIIIIII| I_JIIIIE 2 2

= e e RV L. 3 1

B s A BT M xBR_ K| o2 whereK ==

100 - m@éggg f = G (Une Elonj P 4 G+/4rc

§ f ,%g : 1 The two methods have been compared in
i-: “E & i} . 2 asampleof 17 Sy 1s and 2 QSOs (Wandel et al.
= L7 I 1 1999), and the agreement is reasonably good,

1 but photoionization masses are slightly

_}0;| ||||;|{|]|42| ||||;|(|)|4;| ||||:|(|)|“| |||||1|(|]|45| ||||;|{_|]m underestlmated.

AL, (5100 A) (ergs s ™)
(Peterson 2001, from various sources)
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HB BLR Size (light doys)

Weighing BHs in AGN: reverberation masses
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Reverberation sizes measured for 36 AGN show a R o« L*with o= 0.5-0.7
(Peterson et al. 2005, Bentz et al. 2006, Kaspi et al. 2007), depending on the
Wavelength reglme regressmn method and stellar line removal.
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L4 Weighing BHs in AGN: line widths
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Having established a r «cL.* relationship and having calibrated it, L and v
can give you the mass directly. Methods based just on line-widths and
luminosity: H (wandel et al. 1999), Mg |l (McLure & Jarvis 2002), C-1V (Vestergaard 2004)
and compilation (Vestergaard & Peterson 2006).

logM, = alog|v*L" |+c

; 1L 11 I 11 11 | | dej’ql I
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(Vestergaard & Peterson 2006)



AGN variablility: extinction =

NGC 2622 H
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But beware that not all variations
are necessarily due to intrinsic
variability and its light-travel
delays.

The variations in NGC 2622 are
consistent with a reddening change
obeying a local extinction curve.
These variations could be due to a
varying column of obscuration in
our line of sight.

Ha/HB = 10 in the Sy 1.8 stage,
and it decreases as the flux
Increases. This is a clear indication

of a change in reddening (Goodrich
1995).


Moderador
Notas de la presentación
No redd 2.74
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conier AGN demographics: surveys =
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TypeS of Optlcal Surveys: (2QZ web page, P. Francis” web page)
 Ultraviolet excess (UVX): the optical region can be approximated by a power law F(v) a v,

with 0.5 <a < 0.5, and this implies a colour -0.8 =U - B < -0.7. Good for QSOs at z< 2.2 The
stellar-like contaminants are mainly white dwarfs. Example: Palomar Bright Quasar Survey.

» Multicolour: increases the probability that the candidates are real QSOs. They are also
sensitive to QSOs at higher redshifts. Example: 2QZ, SDSS.

o Slitless spectroscopy: detects strong emission lines in photographic plates with an

objective prism. Sensitive to QSOs 1.8 < z < 3.3. Beset with selection effects which leads to
incompletnesses. Examples: Large Bright Quasar Survey.

o Variabllity: detects variable star-like objects in a series of photographic plates taken over a few

years. Not all QSOs are variable (luminosity-variability anti-correlation): it is incomplete in the high-
luminosity end, at high-redshifts. Examples: Mike Hawkins.




5. AGN demographics: colour selection surveys
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oer  AGN demographics: luminosity function

_ The luminosity function is a measure of the
\ = # comoving space density of QSOs as a function of

Gl =@ luminosity and redshift: d2N(L. 7
: \ - d log LdV
Luniopaf 5 | For QSOs it is usually parametrized as a double
(Boyle 2001) power-|aw (D(L Z) _ (D*
T T T T T T T T T T T i L a L ﬂ
i +
100 R 4 with 4 parameters: L., @.., a,
= i) The LF at different redshifts shows
mg M _ng If_J =T r T & ] r % ¢ [ & ¢ : that the QSO
2 N ST | population
ol e ST P ;. experiences a
: 1 & T ~~._ | strong cosmological
e v = evolution, which can
2 Lo b | | be described as pure
By | | R I luminosity evolution

—22 —24 26 ot - 26 27 -z (Boyle et al. 1988...)

(Boyle et al 2000) (Fan etal 2001) &
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«r  AGN demographics: luminosity function

Tahle 4. 80 Luminosty Function: purametars [m = 1}

EN

mt

B(L,z) = P
dlog Ldz [ Lt{z)) +(L:r_,

) |

a | A wL* B*
(W) | (dlogL"Mpe™)
Optical (44008)% | 34 | 1.6 | 2.0 x 10°7 2.7 x 1077
Radio (2.7GH=z)* | 4.0 | 1.8 | 4.9 x 10® 7.1 x 107®
Xeray (ke V)!™ | 38| 1.4 | 2.8 x 104 44 x 109

Tuhla b, QS0 Lumincsty Funetion: evdution (1o =1}

(Boyle 2001)
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Redshift
(Shaver et al. 1999)

The evolution of the LF shows that the QSO comoving density peaks at
z = 2.5, which is often referred to as the quasar-epoch. The density

experiences a strong decline thereafter. This decline is observed in both
optical and radio surveys (Shaver et al. 1999).


Moderador
Notas de la presentación
At z=0, L* approx -23 mag


tse //// \\\\\

e QSO remnants: SMBHSs in the local Universe =

From the luminosity function of QSOs one can calculate the density of dead-
QSOs in the local Universe (Sotlan 1982, ..., Ferrarese & Ford 2007), taking into
account that the accretion rate is given by M = Kol where Ky IS the
bolometric correction to the observed luminosity ne’

L'd(L’,2)

KboI '
Pasan> M) =" 2N Ho(L+ 2)4/Qy L+ 2)* + Q, Lz

For ,,=1-0.3, Q,=0-0.7, H,=70 km s~"Mpc™', n~0.1, and an approprlate KIOOI
derlved from AGN SEDs, the cumulative BH ~  #*grmr——rrrr—r—rrrm
density mass due to accretion onto 0.3<z<5 5., -
s(1-4)x10°Mg, Mpc. 5 WE T
The local density of BHs in AGN can be =
calculated from the Sy 1 density and the r F
photoionization masses (corrected to match 5
reverberation), which turns out to be I
5000 M Mpc™ mmp the bulk ofthe mass g 7= S0 :
connected to accretion from past QSO events  § [ @o.z>ee 3

. . s QE0, 0.8 < =z < B z
does not reside in local AGN (Padovani etal. 1990). © [ = twssewe

1o Lo L
v 147 1¥ 1o 108

Black Hole Mase [M,}
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The calculation disregards BHs at z>5 and the contribution of type-2 QSOs. The cosmo terms come from integrating in look-back time
T_L=1/H0 int(dz/(1+z)E(z). QSOs z<3 from 2dF, 3<z<5 from SLOAN.
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e QSO remnants: SMBHSs in the local Universe =

The BH mass buried in quiescent galaxies can be estimated through the
Magorrlan relatlonshlp between BH mass and bulge luminosity.

T | T T T T T | T T 1 | LI
10 E ! 0 E é_
25 w5 ] o 3.75
= gl F el e 1 M. ~1.2x10°M, -
@ : i - 3 200km s
E i :E o ]
e 10%E o 10°F = (Gebhardt 2000, Ferrarese & Merrit 2000)
Gt E o E e
= _ = C ]
I i
g 107F s W0E E logM, =-0.36M, +1.2
e - 1 . aE = -
i I ' 7 (Magorrian et al. 1998, Ferrarese & Merrit 2000)
0= 10¢
E 1 | 1 I I 1 I a EI | 11 1 I 11 | I L1 1 I 11 |§
B0 80100 200 40 —16 —18 —20 —22 —d
o(lan 51} (Ferrarese 2002) B (hulge) (mag)

Disregarding possible morphological type differences, the LF of local E/SO
O(L)dL = dy(L/L,) exp(-L/L,)dL/L, can be transformed into the local SMBH
density through the Magorrian relationship, in general terms L= AM

¥(M,)dM, = ‘PO(M,/M*)k(“+l)_lexp(—(M,/M*)k)dM,/M*

adopting a bulge-luminosity to galaxy-luminosity ratio. The mass density of
SMBHs in local galaxies is (4 — 5) x 10° Mg Mpc™3.

This implies that all giant galaxies have probably experienced a QSO phase
In the past (Wotjer 1955, ... Ferrarese 2002).
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CONACYT

Low-z QSOs: host properties

2,

o
(-]

If low-L AGN have a dichotomy between RL and RQ AGN host galaxies:

RQ tend to reside in early-type S gals
RL tend to reside in E gals

while SBs tend to reside in late-type S gals (e.g. Heckman 1985)

Luminous (M<-24, z<0.4) QSO hosts (both RL & RQ) reside in E gals L>2L.
with ~10 kpc scalelengths (bunlop et al. 1993, Disney et al. 1995, Taylor et al. 1996, Hopper et al.
1997, McLure et al. 1999 —contested by Lewave et al. 2007), and follow the K-z relation of RGs.

=]
o

K mag
16 18

14

12

=)
—

T T =TT

« = gqso + host galaxy

" RG fit

L 0 = host galaxy .

0.1 1
(Dunlop et al. 1993)
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20 15 0
T
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T
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arcmec *

Mg Smag.

20 15
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30
g

~ RQQSO:

B 0
(Mc Lure et al. 1999)
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Comment Tadio-loudness not linked to morphological class.
RQQSO hosts 0.5 mag fainter than RL QSO
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oer QSO hosts at low-z: relics of past star formation? 7Y

Off-nuclear spectroscopy (Hughes 0157+001 (RQQ) M4M .

TR

i

et al. 2000, as per Boronson et al. 1985) Of 5 Sl e %_" i T-qﬁ ]
: Bt oy St O 1 B i

26 AGN at 0.1 <z < 0.3 shows [ P |
Zo q i © R o

the stellar features of an 8-12  Z27 7 5 [T77= e |
Gyr population, but it may B0 (N ) ; ; :
include a small (0-2% M) post- © 27l w2l i _;

. _ Aol e F il 1 ;
starburst contamination (Nolanet + »*J US| ]
syt owdmded e 7 | T ]
al. 2001). Because of the low S/IN .* ¥ “FLSE e alf -.
. - e S o [ .
data, however, this result e ke SEREC T a0
requires confirmation. (Hughes etal. 2000) . elength/ &
23 :_ Radio Loud ] _: w B Redio Loud ] 2
= o i oo I -
c:-_ ':!—!:!_!I: —!__ D-_!—!_II!_!_!IIIHI”HH_- S =
T -  Radio Quiet =7 7 @ — Redio Guist 4 L]
= b . e ] Z
] : o
o 1 !7 L.,l_l_l H_H_”_H_l'::::_ d?g
© -  Radio Galazies a W Radio Galaxies ]
L, 2 i b gl ] 1020—103
o ] ra ] ] o i i 3 | i i i M [ 1 3 4
P 5 2 HI.H_‘_ mel BT, sl e 4000 5000
0 o 10 O 0.5 1 1.5 2

Age / Gy o (Nolan et al. 2001) Emitted A / A
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26 RL RQ RG at 0.1<z<0.3
Alpha= percentage of contamination by mass – scattered light?
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wer QSO hosts at low-z: relics of past star formation? @&

On-nuclear spectroscopy with deconvolution of 20 RQ QSOs from the
Hamburgh (slitless spectroscopy) QSO survey at z < 0.3 shows (Lewave et al. 2007)

- 66% stellar populations of young Sc-type gals and large reservoirs of gas.
- 50% RQ QSOs in disk-like galaxies, but the most
luminous are indeed E gals.

- 75% of E hosts have ionized gas and 50% signs of
Interactions

-only 15% of S hosts show signs of interactions. -
FIR properties of QSOs also indicate SF (Barthel 2006) .

S, W
L DEofinterac
- -

HE C20&—2301

HEQ308—-3301 (Lewave et al. 2007)

20

Flux (10-'® erg/s/cm?/A)

1000 /000 6000 7000
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The spectra of 26000 SLOAN
narrow-line AGN show that they
preferentialy reside in giant
galaxies with signs of recent star
formation, as revealed by the
MOO00A break measurements (D,
Index). The more active the galaxy
IS (as measured by the [O Il]
A5007A flux), the more massive
and young the associated stellar

population seems to be (Heckman
2003).

But are these young populations
associated with the nucleus or with
the host galaxy? — Fiber $=3"
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Mention no way to assess contamination by scattered light.
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conir Low-z QSOs: BH-spheroid relation

o
(]

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 |m_,, o M G209

The QSO BHs are radiating at <10% of the Eddington limit (McLure & Dunlop 2001)

<+ | 1 S - .
. A S _
|
T o I ) g
ER | =
= =
I-Q & = E Lo - =
H‘HE:‘. g i | \_E_JD
2 | , £ Normal galaxies .E')I
L Eay u m  Seyfert ls
0 5 o Q80s
— | |
| 0 - &
| I |
6 8 10 & AE ] 0 O b

Log(Mbh/MQ) Log(LbOL/LEdd)
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2 QSO hosts at high-z: the building of spheroids i
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K-band imaging reveals that powerful z=2-3 RL QSOs (sample of 6, Lehnert et
al. 1992) and RQ QSOs (sample of 6, Aretxaga et al. 1998, Falomo et al. 2005, Kuhlbrodit et al.
2005, Kotilainen et al. 2007) follow the same magnitude-relationship as first-rank
cluster members. The luminosities are 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). 20 r—r—1rrrry e e LS 27—
: powerful QSOs - l ] ] standard RQ QSOs
19 |- # Quasar Fuzz o’ . - .
L = Radio Galaxies _. -l .
18 [ ® RQQSO . fomtr o4 L |
F = o } E‘ -
17 o il ko
C _' Y, e ° 7
5 e 8 ™S 1 B-2Rf |
i e L 2
15 |- - 3 I
C Gr " : O
14 " 3 —20 | -
13 o g
12 f—: . _ 18 |- il
11 :_L LI ERUEEIR | . L ed a0t L - ] I | I 1 1 | | ]
0.03 005 0.1 0.5 1 5 —23 —R4 —26 —28

Redshift M, Nucleus
(Lehenrt et al. 1992, Aretxaga et al. 1998) (Ridgway et al. 2001, comparlson with Kauffman & Haehnelt 2000)
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wer QSO hosts at high-z: the building of spheroids  i&

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 extends up to the z=6 (Pendericci et al. 2002).

2 , 2 .
Giant Elliptical
1 NV/Hell 7;/ 1 i 0
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e [ ]
2 |oviHen Ve & o o Yeow 8,0
o O~ =5 " > oo * & 0N
(= o / > = a8 8 & ¥ -
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= -1 rmyony g 109 aa @ 55)'. oW o e
T T Tawewv Solar Nbd .
2 2 PR | M P 1
-2 p 0 1 - - & igﬁ
log metals/solar log metals/solar i . !
— Giant Ellipical *3% e
(Hamann & Ferland 1999) l 10k .J!Hﬂ Iprica \i .
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1200 1400 1600

Rest Wavelength (A) (Pendericci et al. 2002) Redshift
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A 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 = 101° Mg at z = 4 (Omont et al. 2001). This emission

has been resolved in a high-z QSO (carilli et al. 2003). e
| : : ® :

- 11— &

2 B . J1148+ 52 i
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- - =

= m ]
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| z=4.11 log (AL,(44004)) [Le]
i 1 —_ 11 (Maiolino et al. 2007)
1 §® r =2 kpc
I SFR = 900 Mg/yr

(Carilli et al. 2003)
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QSOs in a galaxy evolution context
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conrcn The AGN role in galaxy evolution

°|I||

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 can be reproduced by models of the growth of BHs and
galaxies within the Press-Schechter formalism (Haehnelt et al. 1993, 1999).

The Press-Schechter formalism is used to
obtain the halo mass function ®(M,,,) at
any given epoch. This can be related to the
BH mass via a BH-halo mass relationship
102 // [ g | (a la BH-bulge). Assuming a time evolution
T L of the QSO L(t) =L exp(-t/7,) the LF at
z<3 can be reproduced for a range of QSO
life-times:
0= 10°% yr with M a M, 5> to
19=10° yr with M,a M,,,. However, one
needs to assume M,/M, ,, a (1+2)*? or that

. T P T T T the mass accretion falls by a factor of 100

0 1 2 3 4 5 (Haehnelt et al. 1999).
(Boyle 2001) Z

1 026

Dust
. Correction

T~z

207
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. . //// ey

conrcn The AGN role in galaxy evolution

°|I||

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 can be reproduced by models of the growth of BHs and
galaxies within the Press-Schechter formalism (Haehnelt et al. 1993, 1999).

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(t) = L¢ eXp(_t/TQ) the LF at

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

1 life-times:

| 1o=10° yr with M o My, to

BT “G”Gb"'t‘y\ \p | To= 108 yr with M o M, However, one
Boyle et al. '\ | needs to assume M,/M,, a (1+z)°?or that

| I | | | ! | ) L. .
5 o4 o _os  _3p the mass accretion falls by a factor of 100
(Haehnelt et al. 1999).

=t h

& =%
S bh = 1-4x107 Mg (Vvir/500 kms™ )7 |

d(Mg) (Mpc_3 mag_1)

—10

(Haehnelt et al. 1999) MB
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cniierr Inflows at low-z: feeding the monster i

HST F606W images of inner kpc (Simdes

Lopes et al. 2007)

= Dusty nuclear spirals in all early-type
AGN;

= But in only 25% of control sample;

-> Nuclear spirals correlated with AGN:

channels to feed the SMBH (Maciejewski
2004, van de Ven & Fathi 2010; Pinol-Ferrer, Lindblad
& Fathi 2012; Hopkins & Quataert 2010)

(from T. Storchi-Bergmann’s talk lib)
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Scaled by a factor of 40.
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CONACYT InﬂOWS a.t IOW'Z . . | . . |n_

3
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[o]

2¢t NGC7213 o
S . ] ‘ M; [l :

Inflows studied with IFU in 10m-class telescopes
(Schnorr Miiller et al.2014,2015,2016)

Flux {1x107'3 erg s~ 'em™

Stellar dynamics smooth rotation wo o Ew wm s e e
Gas dynamlcs show Inflows in nuclear spirals, bars and disks, capture of dwarf
companions.

Inflow velocities ~ 100 km/s
Inflow rates ~0.1 — few Mgyr! : 102-103 times the AGN accretion rate
Estimated total gas masses in inner kpc ~ 107 - 10° Mg
Surface molecular mass densities: 100 — 7000 Mgpc? -> KS law -> SFR ~ 0.1 — 10
Mgyrs
» co-evolution: SMBH at 103 Mgyrtand bulge at 1 Mgyr+
1'-"'[“"] 1 _ :"-"'H,:,.d,ﬂ{.} . Structure Map

1 kpc

=20

—40

2 -2 0 2 _
(from T. Storchi-Bergmann’s talk lib)
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Sa, LINER/Seyfert 1, res 0.6”=60 pc
Mass of ionized gas: 1.3 x 108 M; 
Mass inflow rate: 0.4 Myr-1 at 300 pc, 0.1 Myr-1  at 100 pc
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S Outflows at low-z: winds =

Identifying the effects of AGN feedback in outflows often relies on observing high
velocity (e.g., >500 km/s) components and an outflow power exceeding that predicted

for starbursts . . Neutral gas velocity km s~
a N T T T T —300
30| 4 C
©
a .°
HL i -500
-EE 200 §
S 1 ~700
T Nuclear
E wind
w
10} = e 0Fm -900
B
(Tombesi et al. 2010) '
! ! ! ! ! T 1,100
0 0.1 0.2 03 0.4
Blueshift velocity (v/c) 2k . N 1,300
T FexXV biubhifted V4
| | | —
sk by 0.3 j 5 : ; 1,500
o kpc
ol T T Tt gl [t s L |
Neutral gas in Mrk 231 with
I — P Ejection velocities >1000 km/s and an
| Observed energy (keV) outflow rate of 420 M@/yr, Iarger than
Blueshifted X-ray absorption in the SFR (Rupke & Veilleux 2011).

PDS 456, at z = 0.184 (Reeves et al. 2009).
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oo Outflows at low-z: the effect of jets ™

o
(]

Jets can inflate bubbles of relativistic plasma on either side of the nucleus,
compressing gas that can lead to star formation.

RBS 797 NGC5813

(a) Massive cluster RBS 797 at z = 0.354 (Cavagnolo et al. 2011), (b) nearby central group elliptical
galaxy NGC 5813 at z = 0.006 (Randall et al. 2011), (c) rich cluster A 2052 at z = 0.035 (Blanton et al.
2011), and (d ) NGC 5044 group at z = 0.0093 (David et al. 2011).
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Outflows at low-z

Evidence Quality
High-velocity broad absorption lines in quasars Strong
Strong winds in AGN Strong
1,000 km s~! galactic outflows Strong
Bubbles and ripples in brightest cluster galaxies Strong
Giant radio galaxies Strong
Lack ot high star-formation rate in cool cluster cores Indirect
M—o relation Indirect
Red and dead galaxies Indirect
Lack of high lambda, moderate N, quasars Indirect
Steep L—7 relation in low 7 clusters and groups Indirect

(Fabian 2012)
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