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A subset of recent quasar samples...

TABLE |

MEASUREMENTS OF THE QLF

Reference Survey/Field® Rest WavelengihvBand : Range” Luminosity Range” O Nuygs  Plotting Symbol
Optical:
Cristiani ct al, (2004) GOODS 1450 A ~4-52 =21 > Mygso > ~23.5 0581  1-4 Crosses
Croom et al. (2004) 2Q26Q7 B 04-21 ~20.5> M, > ~-285 231710 20905 asterisks
Fan ct al, (2001a) SDSS (Equatorial Stripe) 1450 A 36-50 ~255>Muw > -215 6219 39 pentagons
Fan ct al, (2001b,2003,2004)  SDSS (Main & Southern Survey) 1450 A ~57-64 =26.5 > Mg5p > ~28 2123 9
Hunt et al. (2004) LBG survey 1450 A ~2=4 =21 > My > =27 4.746 11 dramonds
Kennelick et al. (1995) POSS B 4045 ~265 > My > -285 1482 10 traangles
Richards et al. (2005) 2dF-SDSS g 03-22 -2l > Mg > =27 13799 5645 circles
Richards et al. (2006b) SDSS (DR3) iz =2) ~2500A 0.3-50 -225>M>-29 247101 15343 squares
Schmidt et al. (1995) PTGS B ~35-45 ~255> Mg > =215 8.04/4 8 inverted triangles
Siana et al. (2006) SWIRE (ELIAS-N1/N2) 1450 A ~28=34 ~23.5 > My > =265 47416 ~100 crosses
Wolf et al. (2003) COMBO-17 1450 A 1248 ~2385 > M > -85 s8.227 192 stars
Soft X-ray:
Hasinger et al. (2005) ROSAT (RASS+RDS) + CDF-N'S 0.5~ 2keV 001548 102 < Lgg s < 10%¥ergs™! 16951 2566 circles
Miyaji et al. (2000, 2001) ROSAT (RASS+RDS) 0.5~ 2keV 001548 10Y < lyg s < 10 ergs™! 112441 691 stars
Silverman ¢t al. (2005b) CHAMP+ROSAT (RASS) 0.5~ 2keV 0.1~5 10%3 < lye s < 10Mergs—t 2419 217 squares
Hard X-ray:
Barger et al. (2003a.b) CDE-N 2 - 8keV ~5-65 10" < Laos < 10 ergs™! 1.021 1 diamors
Barger et al, (2005) CDF-N/S + CLASXS + ASCA 2~ 8keV ~01=12 10 < Lyos < 10%ergs ' 410030 601 squarcs
CDE-N/S + CLASXS 2 - 8keV ~15-50 107 <Ly s <10®ergs! 1559 ~100
Barger & Cowic (2005) CDF-N/GOODS-N 2~ BkeV ~2~3 1083 < Ly g < 10 S erps! 1.73/1 136
La Franca ct al, (2005) HELLAS2XMM 2~ 10keV 0040 102 <Ly o< 10%Segs™! 14418 508 stars
Nandra et al, (2005) GWS + HDEN 2~ 10keV 27-32 109 <Ly o< 10%5ergs™! 0711 15 crosses
Sazonov & Revnivisev (2004)  RXTE 3—20keV 0.0-0.1 10Y < Ly 30 < 10%ergs™! 97510 77 inverted triangles
Silverman et al. (2005a.¢) CHAMP 0.3 -80keV 02-40 109 <lgy < 10%%ergs™' 263115 368 rangles
Ueda et al. (2003) HEAO1 + AMSS-n/s + ALSS 2-10keV 0015-30 103 < Ly o< 10%%ergs™! 26835 247 circles

+ ASCA + CDE-N
Mid-IR:
Brown ct al. (2006) Spirzer Bootes (NDWFS) 8 um ~1-5 10 < Ly < 109 ergs™! 37710 183 circles
Matute et al. (2006) RMS + ELIAS + HDE-N/S 15 um ~01-12  10% < Lig, < 10%ergs=! 23418 148 squares
Emission Lines:
Hao et al. (2005) SDSS (main gakaxy sample) Hox 0-033 10° < Ly < 10° L 29521 ~3000 pentagons
(o1 10° < Lon < 10° L
[O111) 10° < Lom < 10° L.
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= SDSS (2.8 - 3.2; 1-band)

o Combo-17(3.0 - 3.6; 1450)
(2.5 - 3.6; 1450)

WHD (2.2-45;1216)

10-91

1

KH OO % 4 2 =0
And yet N Mallbon+ 06
59 * 11l S , ! - {
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44 g A 8l
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= | S T
g‘ 2 t: ’ by . 4 C
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o 11 .
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=
e 07 \ ;
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E
=4
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How to Address This?
METHODOLOGY

Given bolometric Phi(L), convolve over SEDs:

FIRST INTEGRAL
SPITZER 2MASS SDSS GALEX XMM/CHANDRA >
<
< ' > <€ > <€ > <€ >
47 [ | || ] | || || I 1 I ||
T [& o . .. 0.4 = [JECELEET= T :
D46 | ox  wTmisn BECRL TR .. N3
245 B 3 e 10 5 i
E B -
b 45 :_— \ .'.'. x ——|
— ¥ —
.—'l; b ,,ZI_;‘/:
D 44 H ' i ’ XX ]
i e SR> 7 SRl Y A "
s F 7 N T, K]
B i . . N 5 -
—_— B Ty . -
48 1 | | I 1 i | l 1 | xi( |

14 16 18

Elvis+ 94; Vanden Berk+ 01; Telfer+ O1;
Ueda+ 03; Hatziminaoglou+ 05; Richards+ 06;
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Relative Flux (F,)

Methodology

GIVEN A BOLOMETRIC PHI(L), CONVOLVE OVER KNOWN SEDs
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Methodology

GIVEN ABOLOMETRIC PHI(L), CONVOLVE OVER KNOWN SEDs

Want the °

‘intrinsic” SED (e.g. Marconi+ ‘04)

Type 1, un-obscured/un-reddened, subtract host light

log (vL,/ergs™)

120 ©— 1 v &= 1

115
BIG BLUE BUMP

-
-
o

| e R I L L L I T | R T

“HOT DUST”

p—
o
(o))
| SR L

1

] 1 l 1 1 1 1 l L 1 1 1

1 1 l 1

10.0 POWER LAW + -
COMPTON g
REFLECTION -
Hopkins, Richards, & Hernquist ‘06 -
9 . 5 A L 1 M M N | 1
14 16 18 20
log(v / Hz)
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L0B T e -
Methodology | Kendall's Tas = ~0.377 (13.60) - .
MORE THAN ONE SED -1.0 o S ]

i 0 @ o &K ]
—1-2 : e, &"\ 4
Dependence on L 0 o B ]

C ~1.4F A"~ -
Distribution of SED % [ ]
shapes S -16F ]

Remove obscuration -1.81 .

component [ 3 ]

~2.0 — Steffen+ 06 v & ® =)

12 | A * W ]
10% 10% 10% 10% 10% 10% 10%

(2500 A) [erg s™ Hz™]
8 u L™ 20 0n 46 2p 1k 4000 A D000 A 1000 A i 2 .
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Methodology
OBSCURATION

Then convolve over NH
distributions

Include Compton-thick
Dependence on L:

0.5

Type 1 fraction

Ueda+ 03; Hasinger+ 04;
Grimes+ 04; Simpson+ 05

36 37
Loy W)

38

All Sample

Log L<43

43<log L<44.5

44.0<log L

Ueda+ 03

Tozzi+ 06

'.. o=
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Obtain Phi(L) spec:lflc to observed band, L _obs, and redshift:

T T

log(¢(L)) [Mpc™ log(L)"]

44

45 46

log(L) [ergs™]
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Luminosity-Dependent BCN,, Fixed N, Redshift-Dependent N,,

Luminosity- 4 R é;ﬁ, '
Dependence 5 X .
TEST DIFFERENT i
BOLOMETRIC =
CORRECTIONS, ETC. -8 z2=1.0 ;
of x=21 P Kv=45
-4{;’1"‘5 | F‘J ' : |
5 ﬁ!\ ‘i‘ '
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LF vs. Redshift
UV THROUGH IR

log(#(L)) [Mpc™ log(L) ')

L X

.
.
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.
N
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10 12
10g{Leole)

14

-18 -20 -22 -24 -26 -28
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109(Los2mev) [0rgs”)

109(Ls100e) [0rgs7)
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LF vs. Redshift
UV THROUGH IR

logie(L)) Mpc? log(L)”)
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What Do We Learn?

“ZERO-TH ORDER”

e Twa o Tar
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What Do We Learn?
“ZERO-TH ORDER”

EIE) [keV:em?®s' keV'sr']

1007

—-
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Marconi+ 04; Shankar+ 04; Tremaine+ 02
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g 40r50l p o |
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Barcons+ 99; Gruber+ 00

1

1 10 100 1000
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% -2 } See also Lauer+ 06
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s | )
< 7
o - Marconi+ 04; Shankar+ 04 3
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6 7 8 9 10
log(Mz/Mo)
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What Do We Learn?
“ZERO-TH ORDER”

10.0 T T ‘ 1 i '
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What Do We Learn?
“FIRST ORDER”

—
w
o

125

12.0

Break Luminosity log(L.) [Ld
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What Do We Learn?
“FIRST ORDER”

Little ambiguity in
L-M mapping

Model-independent

Simulations

Observed mdot

2<03 N
§ 'I" "Il
J \
] [ \
g |I dl
II '|‘|
| \
[
|b |||
SN
AIMM(T;QQIAIUM,,(W
z<05 2=15-35

Probabiity (Artitrary Scale)

0001 0010 0100 10000001 0010
Eddington Ratio ULeg,

Hopkins+ 06

0v0

L §

—+ ]
1.5 £283.51

Kollmeier+ 05

Log lxo»lim

1 0 1
108 (Lpgy, /' Lipsq)
Vestergaard+ 04
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What Do We Learn? | 2
“FIRST ORDER”

Little ambiguity in
interpretation at z < 2
High-z can'’t get bigger
Observed mdot

Break Luminosity log(L.) [LJ

Observed clustering

Local BHMF
5 r vvvvvvvvvvvvvvvvvvvvvvvv ! B S s e —:
Porciani+ 04; _____,---—'5
- Croom+ 05; Myers+ 06; {”f ] == £ 3
- Adelberger+ 06 ' | T : ’
4 - - e -
3 sl §
{ =2
: | 2
o 3 "?8-
; 1 =
2F 4 &
: b =
. o =
1B =1 =
e A 2 i T T N N PV AR | SRR J
0.0 0.5 1.0 1.5 2.0 2.5 3.0
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What Do We Learn? | S

“FIRST ORDER” .
Suggestive: sites of §
BH/spheroid co-formation? &
3
90 AL A
- M_sph(50%) * 0.002
5 Cimatti+ 05: :
i Bundy+ 06: —2
8.5+ Borch+ 06: :

i Hopkins, Bundy+ ‘06
g PO | | SR

| 2 I 3 1 A 3 2 1 s i : |

0.2 0.4 0.6 0.8 1.0 y i
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What Do We Learn?
“FIRST ORDER”

High-z :: low-M_bh, or still building up?
M _BHvs. M_BH_final

e
W
o

125+

12.0

Break Luminosity log(L.) [Ld

11.5}
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What Do We Learn?
“FIRST ORDER”

High-z :: low-M_Dbh,
or still building up?
Host masses?
Clustering

(in prep)

o Luminosity kgil,) [LJ

'y
(=2} @ o
e e e [ Yyt s v

o

N

101

i B O

.

0
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Recall...

log(#(L)) [Mpc™ log(L) ')
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Recall...
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Luminosity-
Dependent
Density Evolution

“SECOND ORDER’

log(®(L)) [Mpc”]

Soft X-ray (0.§-2 keY)

AAAAAAAA Lol s aaaaaaalaaaaaaaaalaaaasaaaal
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3
z

4 5§ 6 0 1 2 3
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What Do We Learn?

“SECOND ORDER?
i | 8
175) i)
‘o
5 B
i
w '@
T S ST |
-4\ 6
I |
S 6
".’o I
-3
= I z2=1
o -8 Z=2
g | z=3
7 =8
-10 P | P aad s s sy P .
10 11 12 13 14 15
log(L/Lg)

Equivalently, slopes flatten with z
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What Do We Learn? . 10
“SECOND ORDER” Smooth; Lowz ™,
Faint End (X-ray “LDDE") : '
Incompleteness? 2
, ] 2
All bands/samples?
Want faint-end slope
over large-z from

single surveys

89ﬂ X-r?y (0.5-2 keV)

0o 1 2 3 4 5 6
z
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What Do We Learn? -
Z < 03 Heckman+ 04
“SECOND ORDER’”

Faint End (X-ray “LDDE")
Incompleteness?

Lots of (very) low-M active BHs?

No faint-end Lgso-Lhost correlation
(Bahcall+; Hao+; Vanden Berk+)

Probability (Arbitrary Scale |

Local (Hao+05) All Active (T;Jpe | & 1l) 'MBH ]
ocal (Hao+ | |
faint-end slope Light-weighted BHMF

T P e R e R -
4 1

10°

IIIIIIIUIIIIIIII

71
8 Marconi+ 04; Shankar+ 04 1
= g_.6 ...... _— 7 ...... _— 8 St 9 ........ 18 radlo Counts (Halman+ 04)
X-ray counts (Volonteri+ 06)
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What Do We Learn?
“SECOND ORDER”

Faint End (X-ray “LDDE")
Incompleteness?

to (Myr)

Lots of (very) low-M active BHs?

Change in effective duty cycle/lifetime 1(")8 R
for more massive BHs at low mdot Limiting Bolometric Luminosity (L)

Luminosity-Dependent Quasar Lifetimes

i Low-M_BH (slow decay). ik : S
aE= \\ ";‘
————u 9.4 - _Li\ 1
2 & High-M_BH | é. 8.5 ¥
y fast deca x| /] | I
28 ( y) + ?j sl e
= 2=1 .
% -8 2=2 S
[ z2=3 _ -
R | Tt
10| | | | - 7.0 ' j
10 11 12 13 14 15 0 1 2 3 4 5 6
log(L/Ly) z
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“‘SECOND ORDER” gL .

Mbh=10/8

Famt-End Slope v

l0go(L / Lgax)
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Faint-End Slope v,
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Constrain Lifetimes + Feedback Physics
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What Do We Learn?
“SECOND ORDER”

Bright End
Binning?
Probably important at z<1

Bright-End Slope v,

104

10-%

10-¢
13.0
10-7

10-¢ 12.5:

Number density, Mpc-? (Log L)'

10-*

10-10 |-

Sazonov & Revnitsev 04

TS T A S P TP I I P N |
41 42 43 44 45 46 L 1 : P T\

Log 3-20 keV luminosity, erg s! 0 1 2 3 4 56

Very unlikely with SDSS DR3 (bin-bin dz<0.03)
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What Do We Learn?
“SECOND ORDER”

Bright End ;‘
Binning? g
Lensing? E

=
2
(s8]

Richards+ 04, 06
see also Wyithe 04
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What Do We Learn?
“SECOND ORDER”

Bright End o
C &
Binning? S
Lensing? &
Effective bias? (distribution of f%”

bolometric corrections)
Unlikely in optical
Favored in *all bands*

24 e S Large, optical surveys
 poe oy i T still the best bet:
5 10 15 20 hope for IR?

Bolometric Correction
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What Do We Learn?
“SECOND ORDER”

Bright End
(Systematics)
Reflects shape of halo MF/buildup?

log ¢(log L) [Mpc™]

Shape ~
Sheth-Torman time
derivative?
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What Do We Learn? 25
“SECOND ORDER” I
Bright End 2 |
. o <.
(Systematics) ge: -
Reflects shape of halo MF/buildup? |
. o
Feedback again? a 15
u III111]III‘I]TA‘IIIL: ‘I‘I‘{-Ill'l‘ll'll'nl'[_‘ :
s8R C NS = |
8 :\\ : : 1‘0L
-10 R - N i 0
. 5 : G\ : e
2P 12 = 7 v\ L Ligel ! ' ’ ..'. ]
o . - g * Cole et ol. (2001) -
(&) -14 m = \‘ g a © Huong et ol. (2003) o %; ]
& 2 [z=2.25 | 19 . fithh H r
= A M b 1 T :
IJ; 8 " a ¥ 1 g 10-3 1
> UF a: 1 - §
= _10F a o - 2 10-4
g0 iy - / 1
-12 | I 4 £ / |
" A B 1 %1072 1
=14 = v GE e / ]
[2=3.25 1 \z=4.25 [2=6.25 s o/
‘- lIllllllIllIl'llllTlll"'llllllll' IT 10 Cr0t0n+06§
11 12 13 1411 12 13 1411 12 13 14 e SRS S i B
; -28 -26 -24 -22 -20
Scannapieco & Oh 04 log,q[Lg/Le) e aidai
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What Do We Not Know How to Interpret?

Phi_star: what does it mean?
Number of active systems?
Duty cycles / lifetimes?

. 40F T _ ™Or SR
& | "o |
4 . a |
= = |
~ .45 I * i w ‘3.5;'-£
< 4 =z b |
5 | 3
o o 1 50 P R -.. ............... . E
g [ 3 o
® -5.0 ;
8 t . : |
: 2 45

L L ] .4 -y ,'-
gk d ("

| | 1 1 h
0 1 2 3 4 56
Z
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Summary

The combined set of quasar observations has enormous
constraining power that should be exploited

« -11<phi<-2; 8<L<16; z=0.0-64
» Need to be careful about combining observations
« Systematics now the dominant uncertainty at z<4

Constrains AGN physics:
« SEDs & NH depend on L, not z
» Break, luminosity density, shape change well-measured

Encodes information about population buildup & feedback
« “Cosmic Downsizing” as manifest in QSOs
« Complex shape evolution

» Quasar lifetime not one number:
Luminosity-dependent lifetimes
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Host Light

l0g(¢(Mg)) [ Mpc™ log(L)" ]
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Given the Conditional Quasar Lifetime, De-Convolve the QLF
QUANTIFIED IN THIS MANNER, UNIQUELY DETERMINES THE RATE OF “TRIGGERING’

H(L)

dd Ol L. Losax ) .. _ |
(L) = /[ (L, Lp k)/dlvum)dlog(meky

dlog dlog(L)

- Simple quasar
lifetimes

Log(Time at L)

8 10 12 14

Log(L/L
Log(L/L

sun)
Sllll)

If every quasar is at the same fraction of Eddington, the active
BHMF (and host MF) is a trivial rescaling of the observed QLF
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Given the Conditional Quasar Lifetime, De-Convolve the QLF
QUANTIFIED IN THIS MANNER, UNIQUELY DETERMINES THE RATE OF “TRIGGERING’

¢(L)

dd (L / dt(L, Lpeak)

dlogL" | “dlog(L)

~

’i(chuk ) d log(chak ).

—_ ; : : 27 A/Olr)served'
= | Simple quasar Hie
i lifetimes :
g | -2
=3 i
B0 | 4
St | b
N | -6 |
1 12 14
Log(L/L,,) ° 0
Log(L/L,,)

If every quasar is at the same fraction of Eddington, the active
BHMF (and host MF) is a trivial rescaling of the observed QLF
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Given the Conditional Quasar Lifetime, De-Convolve the QLF
QUANTIFIED IN THIS MANNER, UNIQUELY DETERMINES THE RATE OF “TRIGGERING’

O(L) =

do Ol L. Losax ) .. . |
L :/ ( p"‘)n(prk)(llOf_}(ch;,k).

dlogL dlog(L)

e . . "«—Observed
= | Simple quasar
g : lifetimes
£ |
-
0 |
S /
Log(L msun) 8 10 12 14
Log(L/Lsun)

If every quasar is at the same fraction of Eddington, the active
BHMF (and host MF) is a trivial rescaling of the observed QLF
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Given the Conditional Quasar Lifetime, De-Convolve the QLF
QUANTIFIED IN THIS MANNER, UNIQUELY DETERMINES THE RATE OF “TRIGGERING’

- 1d dt(L, Locar
(J)(L‘) ( :/ ( p‘k)

B)= | —diog(L)

(”OgL : 'i(L[)c::k)(ll()g(:chuk),

- g : : A’Olr)served'
= | Simple quasar
S lifetimes
£ | |
- [ )
‘gn é - Formation rate/ i
— | j - triggering rate/
active BHMF
1 12 14
Log(L/L,,) 8 0
Log(L/L,,)

If every quasar is at the same fraction of Eddington, the active
BHMF (and host MF) is a trivial rescaling of the observed QLF
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O(L) =

d‘l’ : - /df(L.mek)

e P22 1 Lpeak ) d10g(Lpeak)-
dlogL( ) dlog(L) 1(Lpeak ) d10g(Lpeak )

= +—Observed
w
<P
E
)
D |
— {Simulated quasar
- lifetimes ' | X
Log(L/L_ ) 8 10 12 14
Log(L/L,,)

Feedback-regulated lifetime drives a given QSO to lower L after
blowout, and spends more time at low-L

Much stronger turnover in formation/merger rate

Faint-end QLF dominated by decaying sources with much larger
peak luminosity/hosts
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Feedback-driven “Blowout” Gives M-sigma Relation
PREVENTS RUNAWAY BLACK HOLE GROWTH

Mgy (in Solar Masses)

: ] 1 I ] ] | I 1 | J 1 ' : .
- 1 Di Matteo et al. 2005
- %, 400 =
109 — £ 300 =
=2 -
- > 200 .
0 100 N
10° =
= . Black hole growth
: v T T T ]’ T T T T I T
107 ==
E without feedback
10% |- S
E / " with feedback -
: [
30
(Gebhardt et al. 2000; o (km s™") -
Ferrarese & Merritt 2000; b
Tremaine et al. 2002) 3
10° 1 Cod g0k gy eeaal )
. 0.0 0.5 1.0 1.5 2.0
Springel et al. 2004 T [ Gyr]
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Quasar Clustering is a Strong Test of this Model
MOST FAINT QSOS ARE DECAYING BRIGHT QSOS - SHOULD BE IN SIMILAR HOSTS
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Generalizing the Model
NOT ALL AGN ARE MERGER-DRIVEN

Almost any (ex. radio) AGN
feedback will share key properties:

Point-like

Short input (~ t_Salpeter)
E~E_binding (defines when the
feedback is important)

Suggests analytical solutions for
decay of accretion rates in
feedback-driven winds or
blastwaves

Agrees well with simulations!

Generalize to “Seyferts”

Disk-dominated galaxy, central
molecular clouds

Calculate accretion rate(time)
when a cloud “collides” with the
BH

10°
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The Seyfert Luminosity Function
A STOCHASTIC BUT FEEDBACK-REGULATED MODEL
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The Seyfert Luminosity Function

PREDICT THE EDDINGTON RATIO DISTRIBUTIONS FROM THIS FUELING MODE, AS BEFORE

.
(=]
IS

S ——— :
Mg, = 107 My,
e X o= 70kms’
n.=18/31 A o= 80kms
i [ A il m=1' s Do= 90|(|‘]"|s‘l
— S R s /2 RS © 0=100 kms
2 F-7 AN o c=110kms
o ; - ‘."I_ = @\
(5] : gt 3 e Yu+ 05
S * ' NG 2
: ' y Q¢
g ' Bk
~7 ! N
= I
= -3 : 1 |3‘_1~
! LI
o I IEEN:
3 i a“
2 -4 |
—— 1 \\ .
107 i | \\
I X 3
S ‘g ; A A l A A A A l A A A A l A A A A A A A A
10° | § F 1.5 -1.0 -0.5 0.0 0.5
:

Moan Eddngton Ratio

'_,, 7'
L D T TR rory T.1
9

10?

log,,(Eddington Ratio)

107
Edoington Ratio

Tuesday, December 25, 12



The Seyfert Luminosity Function
CORRECTIONS TO THE M_BH-SIGMA RELATION
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The Seyfert Luminosity Function
CONTRIBUTION AS A FUNCTION OF REDSHIFT

09,0[¢(Mg)] [Mpc™ mag’]
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