More on the Zoo

Class/Acronym
Quasar

RQ AGN
RL AGN
Jetted AGN
Non-jetted /
Type 1
Type 2
FR1

FRII

BL Lac
Blazar
BAL

BLO
BLAGN
BLRG
CbQ

C1
FRO
FSRQ
GPS
HBL/HSP
HEG
HPQ

Jet-mode

Population A
Population B
Radiative-mode

Seyl.s
Seyl.8
S 9

SSRQ
USS
XBL
XBONG

Meaning
Quasi-stellar radio source (originally)

Quasi-stellar object
Quasi-stellar object 2
Radio-quict AGN
Radio-loud AGN

Fanaroff-Riley class I radio source
Fanaroff-Riley class I radio source
BL Lacertae object

BL Lac and quasar

Broad absorption line (quasar)
Broad-line object

Broad-line AGN

Broad-line radio galaxy
Core-dominated quasar

‘Compact steep spectrum radio source
Compton-thick

Fanaroff-Riley class 0 radio source
Flat-spectrum radio quasar
Gigahertz-peaked radio source
High-energy cutoff BL Lac/blazar
High-excitation galaxy

High polarization quasar

Intermediate-cnergy cutoff BL Lac/blazar
Low-ionization nuclear emission-line regions
Low-luminosity AGN

Low-energy cutoff BL Lac/blazar
Lobe-dominated quasar

Low-excitation galaxy

Low polarization quasar

Narrow-line AGN

Narrow-line radio galaxy

Narrow-line Seyfert 1

Optically violently variable (quasar)

Radio-selected BL Lac
Seyfert 1.5
Seyfert 1.8

Steep-spectrum radio quasar
Ultra-steep spectrum source

X-ray bright optically normal galaxy

Main properties/reference

Radio detection no longer required
FWHM z 1,000 km s!

FWHM < 1,000 km s~
Quasar-like, non-radio source
High power Sey2

see ref. 1
with strong relativistic j

radio core-brightened (ref. 2)
radio edge-brightened (ref. 2)
see ref. 3

BL Lacs and FSRQs

ref. 4

FWHM 2 1,000 kms™
FWHM z 1,000 kms™*

RL Seyl

RL AGN, fioe 2 for: (same as FSRQ)
core dominated, a, > 0.
Ny = 1.5% 10% cm
ref. 5

RL AGN, a: 0.5
see ref. 6

> 10" Hz (ref. 7)

% (same as FSRQ)

Ly > ame as LERG); see ref. 9
10" < Vynen e < 10" Hz (ref. 7)
see ref. 9
see ref. 10

< 10" Hz (ref. 7)

N, feore < fon:

< 3%
M 51,000 kms™!

(same as FSRQ)

ref. 12

ref. 12

Seyferts and quasars: see ref. 9
BL Lac selected in the radio band
ref. 13

ref. 13

ref. 13

RL AGN, a: > 0.5

RLAGN, a: > 1.0

BL Lac selected in the X-ray band
AGN only in the X-ray band/weak lined AGN

"The top part of the table relates to major/classical classes. The last column Gescribes the main propertics.

When these are too complex, it gives a refere

¢ to the first paper, which defined the relevant

s or, when

m For a recent
take on the
AGN 'Zoo' see

m Active galactic
nuclei: what's
in @ name?

m Padovani,P et
al 2017 A&Arv
25,2

arXiv:
1707.07134
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Eddington Limit and Growth Rate

(McLure & Dunlop (
a Schwarschild BH ¢~0.057, Kerr €¢=0.423)

see http://www.astro.yale.edu/coppi/pubs/
bhgrowth4.pdf for a discussion of the issues.

Balance the accretion rate onto the BH against
the Eddington limit ( A)

dMgy/dt=L,./ec?<4nGm M/zCoy
solution is M=M_ et/
where t=eCo,/4nGm,~ 45¢, ;10°years, where the

efficiency of converting mass to energy ¢~0.1
) ) and A=1 (remember



Limits to Growth

Eddington implies limit on grow?/ rate of mass: since

acc
= > <

nec” Nco,

1\.4 L AaGMm »

n= efficiency of converting
mass to energy

we must have

M <M e

where

nco,
AaGm

p

T = ~5x10" yr

: : : 59
1s the Salpeter timescale

Constraints on Growth of Black Holes-
Longair 19.4

m To calculate how much
mass has been accreted
by black holes over
cosmic time we need to
know how they have How and when BHs form
grown (Soltan 1982)

e that is measure the number
per unit volume per unit
time per unit mass and the

energy they emit The average density of mass in
e Adding up the total quasar the Universe in the form of

How and when BHs accrete mass

How and when BHS merge

How fast BHs spin

light and assuming an massive black holes is determined
efficiency of ~0.1 implies  py integrals over the observed
that virtually all galaxies number- flux density relation for
should have massive black  guasars and the observed redshift
holes with <M>~107 M distribution in each flux den®ity

interval.



Eddington Limit and Growth Rate

If SMBH grow primarily by accretion then the integral of the
accretion rate across cosmic time should be equal to their
present mass. (Soltan 1982 MNRAS.200..115, 770 citations)-

Integrating the bolometric luminosity function -compare this
to the present day mass of black holes integrated over all
objects.

Loo=e(dM,/dt)c2= e(dMgy,/dt)c?
dM,./dt=accretion rate

dMgy/dt= BH growth rate

g=efficiency of converting mass to energy

black hole accretion rate (BHAR) density is (Merloni and Heinz
2011)

o X (1 — €rad ) Lbol |
UpH(2) :/o : rad ) Zb L& (Lbol, 2)d Lol

9
€EradC”

m requires no assumptions beyond the
identification of the ultimate quasar power
source as black hole accretion

m the directly measured quasar radiation
density in the Universe today requires that a
corresponding amount of mass per unit
volume must have been accreted (assuming
that 'light' represents all the energy

m Neither the absolute luminosities of
individual quasars(hence cosmological
models,H, values,beaming factors,and even
the attribution of redshifts to the cosmic
expansion)affect the result

Choksi and Turner 1992
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Total Lifetime of active BHs

m Mg, e-fold time (tg, Salpeter):

Salp

Et

(I1-¢) B
t,, =—-=E—=42x107 ya
Salp (1-e)A yr[ }

O¢

m To grow a BH SEVERAL t,, needed: 7 tg,, 10° = 10° Mg

14t 103 = 10° Mg

Salp

m tg,,independent of My, longer ty, at lower My, indicates a more
difficult growth of smaller BHs (feedback?).

m Estimated AGN lifetimes range from 10° to 108 yr (AGNs from SDSS
imply lifetimes > 108 yr; Miller et al. 2003).

_ 7 Fol \ [{1+2)
(M) =16 x 10 (IOFB)( : )x(

'Soltan' Argument

m If supermassive black holes grow
primarily by accretion then the
integral of the accretion rate
across cosmic time should be
equal to their present mass.

m Integrating the bolometric
luminosity function and assuming
a conversion factor, €, from mass
to energy one can compare this to
the present day mass of black
holes integrated over all
objects

Lbol=€(dmacc/dt)cz=€(deH/

dt)c?(1-¢)

m dm,./dt=accretion rate
m dmg,/dt= BH growth rate

e= efficiency
A= Eddington ratio

P e
0—75) (ﬂ) Mg per L* galaxy .

/4 n NN

The higher the conversion factor
for converting energy to mass
the smaller the predicted BH
mass at a given redshift is for a
fixed observed luminosity

€ derived this way is independent
of the cosmological model

At z=0 the observed BH mass
density is ~4x10° M z/Mpc?

Utilizing the best estimate of
evolution of luminosity vs
redshift this gives €=0.06,
marginally consistent with a non-
spinning BH 64



How do MBH seeds grow to become supermassive?
vs

R

courtesy of L. Mayer

Total mass density in MBHs is
almost constant in time: just
reshuffle the mass function

* Volonteri 2008

Outflow ¥

Supermassive
black hole
Accretion
disk

P
Infalling matter

Outflow

Total mass density in MBHs grows
with time
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Downsizing

* The evolution of AGN
depends on their luminosity

— High L. AGN were more
prominent in the early
universe

— Low L AGN in the low
redshift universe

I

* more massive objects have
evolved more rapidly than
lower mass BHs

backward from what one
naively expects in ACDM

bog,.(O(l,)) luPC's dex—l]

T
- Soft X-rays




How are AGN Selected
Hard X-rays provide the

most complete census 1.0
of AGN activity 4
(Merloni 2011) :
08 >~ -

the fraction of AGN that / :
are missed in a survey: % 06l
in a given band as a £
function of the energy - |
range observed (at z=0) % %[

=

The fraction missed in the 0ol
10-30 keV band is even [
lower (Nustar and BAT 0ol

) 42 43 44 45 46 47

Log Ly [erg s7]

Constraints on Mass Growth of Black Holes

m As Just discussed black holes can grow via two paths
e accretion
e merger

m It is thought that, at z>1 that many galaxies (esp
elliptical galaxies) grow through mergers.

If these galaxies had modest black holes, and if the
black holes also merged, one could grow the
supermassive black holes that lie in most large
galaxies observed today.

This process would produce strong gravitational radiation
which is the goal of the LISA mission

m Alternatively (or in parallel) we know that BHs are
growing via accretion.

See Longair ch 23 68



Growlin o1 Liiptcal

Galax
Masswe elllptlcal galaxies

star formation at high (z>1.5)
redshift but more or less stopped
forming stars at more recent times

Growth in E galaxy mass z<2 has

had lots of

fraction of z=0 mass

been primarily via mergers- this is
also consistent with chemical

abundance gradients (but the

o
w

0.2

star formation
1

L

L

merging galaxies are not the same £
N I B A o A R L e £
100 =« — o
5'01'-‘v’-€-§é}'u moss growth @ 1
[ —— star formation rote S stor formation 2<2 .
A fouf ]
§ 10 |- - g B T
g s ] 0.2 I star formation and mergers z>2 N
gv 0...[....[....]....1.
sl | 0 0.5 1 1.5 2
] formation redshift
1 van Dokkum et al 2010
1 Fedl | ] L 1 69
0 0.5 1 1.5 2
redshift
e Convolve Galaxy Lum|n05|ty
The local Black Hole  functions with M o and
) Mg,-0 to obtain Ehe foéal BH
Mass Function mass function.
All Galaxies con5|stent BH mass
-2 rT T[T T T T[T T T rrrr] functlons
= 1 Py~ 41719, x10° Mg Mpc?
a8 r ]
2 -4 ] ;
= L 1 (cf. Merritt & Ferrarese 2001,
s [ IMarconi . Ferrarese 2002, Shankar et al.
T -5 —
X TOL ] 2004)
g .
 -of- .
I
S .
—8 : | | | I I l L1 1 1 -
6 7 8 9 10

LOg MBH [Mo]

Marconi et al. 2004
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Larger Fraction of Galaxies Active in the past

» The evolution seen
in luminosity and
number is reflected
in the fact that a
greater fraction of
'normal’ galaxies
host AGN at higher
redshifts

(%)

s-! Active Fraction

L >

2.35x10% erg

[ ! I I

30

20

10 +

0 1 1 L 1 1 1 1 1

0 1 2 3
Redshift (z)

(Bluck et al 2011)
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One realization of BH growth

« Big BHs form in
deeper potential
wells = they
form first.

« Smaller BHs
form in shallower
potential wells =
they form later
and take more
time to grow.

— Marconi 2003,
Merloni 2004

log Mgu(z) [Me]

10

A

2

0.0 05 1.0 15 20 25 3

_IIIIIIIII|IIII|IIII|IIII|I]II_

IIII

ll

|Il|l||l|

~ m90% of final mass
— 050% of final mass
~ % 5% of final mass

Z
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Transform to Mass Growth

« Take accretion Mass function evolution
(n=0.1,x_=107%

rate and some
model of initial
BH mass
distribution and
watch them grow
(Merloni et al
2000)

* Notice 'down
sizing' big black
holes grow first
and small black
holes later 73

And See Where You Get to

(n=0.1,x,_,=10")

BH Mass Density today
Comoving BH mass density

Merloni et al 2006

PEH (M@ Mpe _3)
5x10*10°2x10?

~ avg. Eddington rate

107% ot

{Ly/Lgqal

M> _ Ig? . ﬁfquMdﬂ/f
fﬁ?min ¢udM

N mo
O [’
= X
N
2%
=

Avg. mass (



X-ray Background 1°°5H5A;_1':;;E;"'| —
constraints

* Integral of x-ray emission over
cosmic time produces the XRB

*  XRB models provide the total x-
ray energy emitted by AGN
summed over cosmic time.

— Synthesis models of the

ExF(E) [keV s~! sr~! cm-2]

XRB (Gili et al 2007) 10* Ty
involve how the sources [ Ecors ]
evolve and the properties of 1900 E¥2ie s E

' Giommi SAX AGNS 3

the sources

— 3 types of sources ¥°F _
* unabsorbed (Seyertls) & [ 7, ) e ]
. absorbed (log N(H)>22 & [,7 -
« Highly absorbed 1 i - - 3

(rCompton>1) " e
01 bl v i i il T
10—10 10—15 10—14 10—13 10—]2 10—11 10—10
S (2—10 keV) [cgs]

Co-evolution of Galaxies and Black Holes

T T l T T T

Comparison of SF tl::omlpilaltion
growth of
galaxies

(Star formation
luminosity
density)

vs growth of
AGN (luminosity
density)

of AGN (Fiore et al
2018)

1042
SF Madau & Dickinson 201

GN Aird 2015

104 = [FAGN compilation

llllll

1040

Bolometric Luminosity Density [ergs s-! Mpc~?]

L o PP PN B )



First “diffuse” cosmic
background detected
(Giacconi et al. 1962)

Nobel prize 2003)

CDF-N (~2 Ms), CDF-S
(~7 Ms)

(e.g., Alexander et al. 2003;
Xue et al. 2011)

Hickox 2013)

Montage of many Chandra pointings- PSF strong function of

off-axis angle almost all the sources are AGN .

Summary

» z~1 is the peak epoch of AGN where the energy density peaks, consistent with the peak
in the integral star formation

* AGN evolve very rapidly to z~1, consistent with pure luminosity evolution-
* total energy radiated is consistent with the present day mass of black holes if efficeincy
of accretion 1s ~0.05-0.1
— Observed x-ray sources can produce "all" of the mass of z~0 black holes via
accretion

The data point to downsizing- massive luminous systems dominate at
high z, low mass lower luminosity at lower z.

NEXT topics
* How to find AGN (broad and narrow line objects)

* Many of the non-broad line objects (the dominant population) having high column
densities-effect of obscuration is a major effect

e Unified model



The AGN BH Mass Function

A. Marconi

» Assume accretion onto BH is the powering mechanism of AGN to link L,y
with Mg

« L=AMg,cte= e(dM/dt)c? alternatively the accreted mass is
- MBH=LtE/C‘28

* A= Eddington ratio; e= accretion efficiency;

Saltpeter time (e-fold time increase mass)
tsatpeter=¢ te/(1-8) A=4x107yr for e=0.1, A=1

Or more generally to oo, =4x107yr [(1-€)/9 €)] A7

Independent of Mg,
So to grow from, 103Mg-108 Mg requires 7 t_ qc,
So to grow from, 103Mg-10° Mg, requires 14 t

saltpeter 79

Centaurus-A The omonsxaw_osomen BRSPS
Nearest AGN £ T

Sydney, 28 June - 3 July 2009




Properties

variable 107 10% 10 o 10t 10°
Observational Details of AGN
. Type I AGN 10 ecm 1em 1 mm 100 10 1 1000 A 1 keV 10 keV

SED (radio i | | T I T T T | T ;
~ 46

loud d T Ta"% ® 1

oud an o = ]

. . 044 - uv Hard X —

radio quiet  &"} Bump  Gap component

S~ - 0} J

Elvis et al S .

1 994) 2 40 4C 34.47 (radio loud) ]

L —+ I T S e e :

46 r mm-break h

:'-; L o & 9! - ]

w044 [ ™ —e—

() r Xov e

: r ? Inflection excess ]

SR ]

W [ ]

240 Mkn 586 (radio quiet) ]

[P S R P S

10 12 14 16 18

'Point-like'
luminous non-stellar broad band spectra-
very broad range in luminosity log L~ 40-48
ergs/sec
located in center of some galaxies at any one
time
e but SMBHs in 'all' massive galaxies
More details
e Optical spectra 3 classes
= strong broad emission lines
= strong narrow emission lines
= strong non-thermal continuum

e radio ~10% of AGN show strong radio
emission (jets/extended emission) due
to synchrotron radiation

e |R- emission reprocessed from optical-
UV-soft x-ray via dust

e Optical/UV-in most AGN due to
accretion disk - variable

e X-ray
non-thermal power law spectra highly

What Are Active Galactic

Nuclei

Radiating supermassive black
holes in the centers of galaxies

1071
T
T
*

10—11

VF(v) (erg cm™ s7Y)

1071
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log(v) (Hz) 6



Blazar SED
m Very broad,

very different &

from

Seyferts/
quasars

f{’alvéo( x=a
Lluminosity ~5x10%7 ergs/sec

Count Rate

10

1HO0707

].@m\' [Hz]

13 I8 -
T | ! '.__ijtﬁ.”L\' H ' N
45 E - -~ 3 E
: " .____;&-'_:;_T_J"\ i
T F LD // / \‘\\ 3
—~ Y T NG Do, N\
o f Pt S AN NN
L7 L e 2 NG Lo ]
S W,/ / /A" o, Kt F el T P
Dl a7 R - ]
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L ar --/ g
w . A
S uE / // 3
8 al / 4 : — ' l
5 0 5 10
log ;o E(eV)
83
variability in AGN

T

Simple argument: source size R~cdt |

T

I
5.4x10°

!
5.6x10°

|
5.8x10°
Time

|
6x10°

!
6.2x10°



Kepler optical light curve of a Bl Lac Object
W2R1926+42
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"Radio-loud"” objects show jets and enormous
AGN Zoo lobes of relativistic plasma

AGN

Radio-quiet Radio-loud
Radio
Galaxies / w‘zars
Seyfert QSO Weak Strong
Lines Lines
Broad/\ Narrow

Lines Lines

misaligned aligned FR1 aligned FR2
FR1 FR2 BLLac Flat Spectrum
Syl Sy2 Objects Radio Quasars
(FSRQ)

Figure 1. Observational classification of active galaxies. AGN are subdivided into classes depending on observational aspects,
such as their radio loudness or the presence of optical lines in their spectra. QSO = quasi-stellar objects; Syl and Sy2 = Seyfert 1
and 2; FR1 and FR2 = Fanaroff-Riley 1 and 2.

86



The Overall Picture (Beckman and Shrader 2013)

Blazar

low power high power

FR-I I FR-II
et

[ NLRG,
NLRG pt (JE8 i e Type II
Qso
------ a o
)
reflected
Seyfert ZA,% ° °

radio-loud (RL) AGN

dusty absorber
accretion disc
electron plasma

black hole

broad line rex

narrow line regio|

radio-quiet (RQ) AGN
> >
>
Y S § .
/ ,
°

vast array of

o U, il names

1: Schematic representation of our understanding of the AGN phenomenon in the unified scheme
> type of object we see depends on the viewing angle, whether or not the AGN produces a significant
ision, and how powerful the central engine is. Note that radio loud objects are generally thought to

AGN Unification

General comments

m AGN are diverse... they have a vast range of
properties

m In general, there are three “"axes” to consider...
m Luminosity
e Range from <1049 erg/s to ~10% erg/s

e Fundamental parameters controlling this is mass
accretion rate+BH mass

e But geometry has a major role in observational
appearance
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Active Galactic Nucleus
K. Murphy

~106-10° solar mass

Black Hole Type 1

NLR

Type 2
Torus P
Parsec Scale

) Variabili-ty ~ years

Jet . Accretion Disk

AGN Ul’liﬁC&tiOl’lGeneral comments

m Level of obscuration
e In some objects, can see all of the way down to the SMBH
e In other objects, view at some wavelengths is blocked by
column of obscuring material (some objects are blocked at
all wavelengths)
e Level of obscuration connected to viewing inclination
m Presence of powerful relativistic (radio) jets
e Radio-loud AGN : generate powerful jets, seen principally
via synchrotron radiation in the radio band
e Radio-quiet AGN : lack these powerful jets (often possess
weak jets)

e Fundamental parameter controlling jet production
unknown (maybe black hole spin; or magnetic field

configuration) %




Broad Band Properties of AGN

m Broad band continuum- very

different from stars or galaxies

m Strong UV lines not seen in stars

m Can be very variable

*

i
a
TTT

o1}
T T

(=]}
T

B 1 1 1 1
'_llllllllllllllllllIIIIlI I

Relative Flux (erg/s/om4/4)

4600
. ————
S Optical-UV s
2 ' oW "f""*'*+
S ERy e | .
& ¥ ‘::“.t ’
S Eo i v
T , : y-ray
S 3 A X-ray'
s F ' \
S P oo d
Q.‘ g‘ g “
iy :
5 Radio  Range of 10*
S
S I 10 s 20 25
Log v (Hz)
Log frequency

5000 8000 7000 8000
Wavelength (4)

Broad band spectral
energy distribution (SED)
of a 'blazar' (an active
galaxy whose observed
radiation is dominated by a

| relativistic jet 'coming at' us

A large fraction of the total
observed energy appears in
the y-ray band (due to
relativistic beaming)

X-ray Selection of Active galaxies

X-ray and optical image
of a nearby AGN

NGC4051-

Note the very high
contrast in the x-ray

image

Find x-ray AGN via
e luminous* pointlike
X-ray source in nucleus

of galaxy

e hard x-ray spectrum
e frequently variable

Have to distinguish from
xX-ray binaries located

near nucleus

Rosat x-
ray all sky
survey
image
overlaid
on sky
survey
image

74:40

RASS Contour for S5 1027+74

s . .
74:444 .

RASS errox 13"

.
V=17.2 mag, z=.123 -

T T
10h32m 10h31m
RA



X-ray Selection

m Comparison of
x-ray luminosity
of AGN vs the
total galaxy
luminosity in a
'blind' x-ray
survey

= AGN have log

L(x)~L(opt)

Optical Properties of AGN

m Strong lines of hydrogen,
carbon, oxygen from highly
ionized species ....

Cousins I-band magnitude

of AGN

25

RS

20

0.5—2 keV flux (erg em™®

1o
sh
Hasinger and Brandt ARAA 2005
color code is which observation the data
were obtained from- lines represent log o
ratio of x-ray to optical flux

- IGM

>
T

o
T

0.5

Flux Density, f, (Arbitrary Units)

0.5

I I L
4000 6000 8000

- -
2000
Rest Wavelength, A (&)

1000

Unusual optical colors
(Richards et al SDSS)-
color, stars are black

UV-Optical Continuum is
thought to arise via thermal

emission in an accretion disk




Color Selection
= AGN have
different IR/
optical colors than
stars or galaxies

m http://arxiv.org/
1511.07012
Mickaelian et al

WISE W2-W1

AGN

144, Star
15 LI LN WA | LI [ LA B T e LR T A L |
H200 02 04 06 08 10 12 14 16 18 20 22 24 26 28 3

SDSS u-g

AGN Colors Change with Redshift

2.0 T

4 0.0 05g_r 1.0 1.5

«+ All Point Sources

QUASARS: PQSO(z>0.9) > 0.2

W z~1.23
] W z~1.88
W z~2.53
W z~3.83
-1.0F ¢ .. ) ) J
-05 0.0 05,_; 1.0 1.5 2.0

Ficura 2 The nncitinn of XNNSNr_celecrted POSKO > ~

m Selecting AGN via colors requires modeling of
selection effects



AGN (type I) optical and 1 e
UV spectra consist of a Vo Van den Berk et al 2001
'feature less
continuum' with strong ke oV
'broad' lines £ 0F Accretion disk light
superimposed > I A

o - . l cin
Typical velocity widths f;’ Sr N Mgll H o
(o, the Gaussian o - ol
dispersion) are B "\‘ [om)
~2000-5000km/sec g .

a “e

% = -0.46 \\
The broad range of = - _158 )
ionization is due to the 1 Y
'photoionzation' of the [ [
gas- the gas is not in l Cut off due to abs by H "~
collisional equilibrium 05 | [ . eitherin host galaxy or IGM | ..

' 1000 2000 4000 6000 8000

At short wavelengths
the continuum is
thought to be due to
the accretion disk

Optical Emission Lines

Rest Wavelength, A (&)

Remember that star forming X _
galaxies also can have strong 110 3
emission lines s
AGN emission line ratios are j 105 (o)
different- indicating ionization by =
a different type of source 1o ';
(‘harder' spectrum- more energy - g
at shorter wavelengths than o
{1-05 N

stars) St -
1 forming 10 >

-1.5 -1.0 -05 0 0.5
|og10 (IN IT] A6584/Ha)

Origin of A>4000A4 continuum not know

line ratio plot NII/Ha compared to OIII/HpB-
AGN lie in a particular part of this diagram

Darkness of plot is log of the number of
objects inside the contour



AGN Optical Spectra Across Cosmic

Time

m There is very little evolution in the optical
spectra of AGN out to z~5 (Fan 2009)

redsluft

wavelength

Comparison of Optical and X-ray AGN

Selection

m Best" way to find AGN:
classical optical line ratio
indicators miss (even at
low z) many AGN (>1/2)-
same with IR

m The broad properties of x-
ray selected AGN are
representative of the total
population (Hickox et al
2009)- IR selected AGN
tend to have high
Eddington ratios and small
masses, radio selected
high black hole masses ,
low Eddington ratios
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Total Emission-Galaxy+AGN

m Red is dust emission from star formation

m Green is starlight, yellow AGN driven dust
emission, blue accretion disk (Suh et al 2018)
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How are AGN Selected

Hard X-rays provide the
most complete census
of AGN activity
(Merloni 2011)

in a given band as a
function of the energy
range observed

The fraction missed in the
10-30 keV band is even
lower (HXI on Astro-H)
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the fraction of AGN that / :
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AGN Unification

Broad line (type-1) objects

Blue optical/UV continuum 40 ' 1 =

Broad optical/UV lines

e Emission lines from permitted (not
forbidden) transitions

e Photoionized matter n>10%cm-3
e BLR lines FWHM~2000-20000 km/s
Narrow optical/UV lines

e Emission lines from both permitted
and forbidden transitions

e FWHM~500km/s
e Sometimes spatially resolved

Seyfert 1 galaxy
30 IRAS 05218-1212
(Trippe et al. 2011)

20 =

Flux (107" ergs em™2 s™" A™")

L

6000 7000 8000

!

0.1-1kpc Wavelength (A)
Overall spectrum reveals
unabsorbed/unreddened nucleus
103

AGN Types

Narrow line (type-2) objects

Reddened Optical/UV continuum
Optical Emission line spectrum

e “Full light” spectrum only shows narrow (~500km/sec) optical/UV
lines

e Broad optical/UV lines seen in polarized light... shows that there is
a hidden broad line region seen via scattering (Antonucci & Miller
1985)

X-ray spectrum usually reveals highly absorbed nucleus (N,;>10%2cm)

Intermediate type objects (type-1.2, 1.5, 1.8, 1.9) have obscurers
which become transparent at sufficiently long/short wavelengths



Seyfert I Composite Spectra (SDSS)

m Pol& Wadadekar

N4

UV-NIR

TABLE 2
MEASURED EMISSION LINES

Wavelength
Line Identification (A)

1216
1548, 1550
1640
1908
2326
2424
2796, 2803
3426
3726, 3729
3869
4340
4363
4686
4861
5007
5876
6300
6584
6563
6717
6731
7135
7319,7330
9069
9532

Seyfert I strong Optical/UV lines

m The
strongest
lines are
both
'‘permitted’ (
Ha,Hb,CIV)
broad lines

m and
forbidden
narrow lines
(OIII,NII)
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Figure 10. Strong emission line features in the composite Seyfert 1 spectrum

Strength and width of lines only weak function
of luminosity (wide range of M& dM/dt at fixed luminesity



Seyfert II Optical/UV spectrum

m Only
narrow
lines L LA 1
V4 sl L () fom) e o ton
weak UV
spectrum I
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AGN Unification-Narrow line (type-2)
objects

m Reddened Optical/UV continuum

m Emission line spectrum

e “"Full light” spectrum only shows narrow optical/
UV lines

e Broad optical/UV lines seen in polarized light...
shows that there is a hidden broad line region
seen in scattered light (Antonucci & Miller
1985)

m X-ray spectrum usually highly absorbed
nucleus (N,>1022cm-2)

m type |l do not have broad lines and have a weak or absent 'non-
stellar' continuum

m Depending on the type of survey and luminosity range ~50% of
all AGN are of type Il

Active Galactic Nucleus
K. Murphy

~106-10° solar mass

Black Hole \ Type 1
NLR

Type 2
Torus P
Parsec Scale

 Variability ~ years

Jet Accretion Disk

Blazar



"See" Into Central Regions via Scattering

f >~ view Sy1 from here

« Can see be?d
“ <D " and narrow lines
R ll
hypothesisod\\ &

/
dustytorus e /

i ttered light
https://ned.ipac.caltech.edpsion clouds ;?o:nc‘s(:m &52

level5/March02/Roy/

Roy_contents.html 111

m Examples of x-ray spectra illustrating the effects of
absorption (Ananna et al 2019) and reprocessing (Fe K
line)
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Fraction of Type I and Il in Hard X-ray Survey

m Hard X-rays are much less
effected by absorption

m As a function of luminosity the
fraction of type Is increases,

but ~1/2 are type IIs (Koss et

al 2017)

ESO 506-027
Current model

T T

10
T

Photons/cm? s keV

L A

Type I Fraction

1 10
Energy

Seyfert II x-ray spectrum .5-100 keV

100

Effect of Absorption

on X-rays

m Top plots is in photons
m bottom in energy and

includes Compton scattering)

m In optical absorption can

totally wipe out AGN signature

RA=197.27333, DEC=11.63413, MID=53118, Plate=1696, Fiber= 69
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Effects Of Different Radio loud AGNs have massive black holes

Selection Criteria

(Hickox et al 2010)

= Radio selected
AGNSs are found in
luminous red-
sequence galaxies.

X-ray AGNs are
found in galaxies
of all colors, with a
peak in the “green
valley”.

IR AGN hosts are
relatively bluer
and less luminous
than those of the
X-ray or radio
AGNs

Selection
Effects- What
1s an AGN

m Hickox et al find
that radio and IR
selected AGN are
in different
places in the IR
color diagram, x-
ray AGN are ‘all
over’ : however
IR color selection
finds <1/2 of x-
ray AGN and VV

m Why are some IR
selected AGN not
X-ray sources? -
Not yet clear

(A < 1073).

(Mg, > 108 M) and small Eddington ratios

X-ray AGNs have wide range of Mg, and A
IR AGNs have relatively small black holes
(3x107 <Mg, <3x108 M) and high

Eddington ratios(’ > 1072).

Number of sources
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IR color-color diagram based on Spitzer data

Radio selected AGN in

, X-ray in green

Red box is region of IR selected AGN



UNIFICATION TYPE 1
MODEL of AGN

A
To Radio Lobe —

Clouds i
DUSTY sroacline O
Region (BLR)

TORUS \ Thin Hot Accretion Disk
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orientation
e ffe C t Black Hole Engine

Clouds in
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To Radio Lobe —'

m Anna Feltre



