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Overview: -

o 'Ou_t"line_‘

— What’s the big picture‘f' Conon s gl
— How can we study it? : o

Quasar Lifetimes & the Lurnrnosrty Functron |

— Calculating the quasar hfetrme |
— Why does it matter"

Quasar Obscurauon

2 Evoluuon vs, static structures ' |

The Consequences .
— Suddenly, everythrng falls into place



~.“Cosm1c Cycle for Galaxy Evolutlon

hlerarch1cal
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How to study"

Need to turn to 31mulat10ns to descnbe dynamlcs

— GADGET-2 code: 1ncorporates BH growth (Sprmgel et
al. 2005b) -

. Eddlngton limited Bond1 Hoyle accretlon

e Feedback to surroundmg ISM ~5% of energy couples
thermally ~

— Multi-phase ISM for star formatlon (Sprmgel &
" Herngquist 2003) -

* Variable pressurlzatlon/equatlon of state (Sprmgel et al. 2005) ‘

e Simulations of major galaxy MErgers: .

~* Torquing ->central gas & starbursts (e.g., Hernqmst 1989
Barnes & Hernqulst 1991 1996, MlhOS & Hernqu1st 1994
1996) . :

¢ G1ves \YE 31gma relation (D1 Matteo et al. 2005)






~Light Curves and Lifetimes

o Comphcated hght b 5
curve ot

. Column densmes
evolvmg |

e (Obscured gfowth Vs,
- “blowout” phase




I .1 .. "ot a Iieht Bulh!’

¢ Look at the time the
:simulations spend in
.-each lummosuy '
" interval

Not-a del’[a function :

* Not exponentlal

| gr(_)wth

“ More time at low

~ luminosities than

|  previously assumed
- I + LUMINOSITY-" -
g | & - DEPENDENT -
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Afet]meq Not a L] gh‘r Rulh'

. Look at the time the
_simulations spend in
.-each lummosﬂy '
" interval

e. Nota delta function

¢ Not exponentlal
| growth

~* More time at low
luminosities than

_ ;prew\ously assumed
e LUMINOSITY-" -
* DEPENDENT -

100 lifetimes
Limiting Bolometric Luminosity (L)




Afet]meq Not a L] gh‘r Rulh'

. Look at the time the
_simulations spend in
.-each lummosﬂy '
" interval

. Not-a del’[a function :
= | * Not exponentlal

1000f Lo - 2 growth

Exponential \ : ‘..'.More time at low
Growth? - luminosities than

_ ;prew\ously assumed
o LUMINOSITY-" -
* DEPENDENT

10° 10 lifetimes
Limiting Bolometric Luminosity (L)
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_R(')bu'stness:' of Quas_ar Lifetimes

No Bulges . lBnges'
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e Asa functlon of peak lumlnosuy (ﬁnal black hole mass) the lifetime
is extremely robust. Even 1f We vary: : :

Redshift (Z=0-6) . ; -~ == Virial \;elocity 50-500 km/s
Initial BH mass . , = "~ --Host s?ructure' (bulge / no bulge) - .

Gas fractions . - - Gas equations of state /-star formation
Orbital / merger parameters




Why Do We Care‘7

X _ray and IR backgmunds"
- = Different spectral shape |

Relomzatlon S

— Stromgren sphere Strlicture" e
(Wyithe & Loeb 2004, ' .
Adelbarger 2004) - '

Host propertles 2

(morphologies; etc.).

2 Non-trivial luminosity-

black hole mass. relations’

Continuous COnnectlons of el

low-high lummos1ty
objects?



Why Do We Care”

X _ray and IR backgrounds
— Different spectral shape
Reionization e
— Stromgren sphere s‘tru‘cture‘
(Wyithe & Loeb 2004, = .
Adelbe:rger 2004) - '
Host propertles
(morphologies; et_'c'.')i‘
‘Non-trivial luminosity-
black hole mass relations
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Why Do We Care"

X _ray and IR backgrounds

Bpt leferent spectral shape | T~ 1-43 %’
Relomzatlon ; :ﬂ il .
— Stromgren sphere structure
- (Wyithe & Loeb 2004, *
Adelbarger 2004) - |

Host propert1es |
(morphologles etc)

- Non- trivial luml_nosny- |
black hole mass relations

Continuous connectlons of _
low-high lummos1ty ' ok
objects?



- The Lur'.nino'-si‘t:y Fune’ti()n

Lumlnosny Dependent 11fet1mes demand a completely new
interpretation of the quasar lumlnosny function

LE: Boyle et al. (2000) - ;\Egponential/Light Bulb Model:

- Corresponding
_rate at which

- quasars of a given
- L_peak are

- created/activated
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The Lumrnosrty Funetron A NeW
Interpretatron '

el 1 Impllcatlons § ]ust a subset)

¢ Steep end traées " ‘- SMBH densrty & drstrrbutron
sources near peak . .
ﬁum1n0s1ty, AgT Lt ans
_;:)reV10us1y assumed

Quasar clusterrng/eorre}atrons L

: Eddrngton ratio drstrrbutrons

: 2 Baek round 1ntens1t1es '
~* Faint, shallow. end i rs g gt

‘dominated by sources o
" with peak luminosity = :* ‘Active black hole masses

near the break e Evolutlon of:-L._break; M QSO
e el .Hrgh Z rad10 sources

i Qu.asarfhost galaxy correlations’

: Characterrstrc halo srzes‘7



Column Déhéiti_e’s":ﬁ the other piece

o -Use. multi-phase
- ISM calculation to
- get columns

...... AN ~* Strong evolution .
sz A\ ~with quasar
~activity
 Gives optically
observable quasar
lifetimes ~10-20
Myr (good
- agreement w: obs -
e.g. Martini 2004)

1.20 1.30
Simulation Time (Gyr



Buried AGN 1n Starbursts & ULIRGS

"l

Komossa et al. (2003)

a8 JobtiSch_ e Buried starburst/LIRG phase
NGC6240 (Komossaet al. 2003, Ptak et al.
Keel (1990) 2003, Alexander et al. 2005)

e (Consistent with LIRG LF’s (Sanders et al.
1988. 1996. Kim et al. 1995)



~NH vs. FL.uminosity |

e Quantify this evolution -~ see correlation between
typical column densities and luminosities

 Evolution dominaes _disp'ersjoh at any given time -- .
even if there’s a'torus, this:.controls how dense it is- -

e Similarly, no systematics w. host properties



The Broad Llne Phase

| g |\/|BH=3><108 M.,
* Direct calculatio‘n - When :.3

are broad lines" D

observable? o <

—L,opt(QSO) > L opt(gal) §

* Calculate ,for QSO and -
all stars in the galaxy . .
e Associated with peak,
within fraction ~1/4 of
peak luminosity -
— Previously identified B-
band observable phase

Tlme (Gyr)



~* We’ve done the O'\'fefhead' how to predict?
* Semi- emp1r1cal use the observed LF to
1~constra1n n(L peak) | |

— Once have n(L peak) our model for quasar
l1fet1mes + obscurauon lets us pred1ct
everythmg else

o Eventually, bu1ld n(L peak) from cosmolog1eal
s1mulat10ns or semi- analyt1cal models



The LuﬁiinoSity Function

. Adopt a simple distribution
for 0l pealdie - B n(L_peak) observed LF
~ No real constraining power for -

- faint end, other than-it falling

-off below peak ~ break
luminosity --> lognormal

— Fitto LF

e Still some degeneracy (Wldth Vs,
location of. peak) . |

e Can use other observations to |
break (correlatlons) :

e Compare what it predi’c'ts in
all wavebands, and for all = = COnStant:

- other quantities £y :
. ' L_star ~L_break = Lo e (K 1)

arca = 1o




" The Luminosity Function

Hard X-ray (Ueda 2003
Soft X-ray (Miyaji 2001)

B-Band (Croom 2004) T +
Broad-line X-ray (Barger 2005) . \ 1 0-2<2<0.4 . 04<z<038
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Broad Llne Lummosuv Function
SDSS: Richards et al. (2005) |
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. Rraad_Tl ine Frartion ve I iiminncity

0O Ueda et al. (2003)
» Grimes et al. (2004)
O Hasinger (2004)

< Simpson (2005)
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Lawrence (1991)
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fraction without invoking luminosity-dependent -
torus models - better than fiffed torus model
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Fddmgmn Raﬁm

 Can predlct dlrectly from sims + n(L peak)
. Should be dlfferent above and below break

o Immediately explains observations ~© -~ . . s
~ (Woo & Urry 2002, Vestergaard 2004, MeLure & - i
- Dunlop 2004, Heckman 2004, Hao et al. 2005)

— Eddington ratio T Complete Sample Complete Sample
dominates low-z 2<05 2=15-35
(sub-break)

— BH mass dominates -
high-z (above break)

L=10"""° L, << L, L=10""° L, >>L,

Probability (Arbitrary Scale)

ObSI Vestergaard (2004) x 0.001 0.010 0.100 .1'660 0.001 0010  0.100 1.000

Eddington Ratio L/Lcqp



Obs:

The Celumn Densrty Drstr1but10n

S Integratrng Wrth the appropnate
selection function, we reproduce both
X-ray_.and optlcal NH drstrrbutlons

. Naturally produce Compton -thick pop
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The Actlve SMBH DlStI’lbllthIl

o L _peak -> black hole mass

« Can determine for all objects (e g, Heekman 2004)
and for broad line only (Greene et al., in prep. )

TIII‘ T T T TT1TT T T TTTTT T I!!IHW

All (Type | & 1) All (Type I) =
Loy>10°L, -t
+0>70kms'{L
+ Lo -weighted| |

Probability (Arbitrary Scale)

111 1 1 ‘T;P\[.—t}\ el L L “'..\I\II 111 111 11 111 ] L1l
10’ 10° 10° 10° 10’ 10°
All Active (Type | & Il) Mgy [M,] Active Broad-Line Mg, [M,]

~
| ~




The Rehc SMBH Po ulatlon

~0)

© + Marconi et al. (2004) from:
Marzke et al. (1994)

- Kochanek et al. (2001)
Nakamura et al. (2003)
Bernardi et al. (2003)
Sheth etlal. (2003) |

AGN Relic pgu(2) / pau(z

0.2

il end 000
10° 10’ 10° 10° 10'°
Black Hole Mass [M,,] Redshift z

e From n(L_peak), 1mmed1ately know rate of
production of SMBHs of a given mass - 1ntegrate

e Mass function and total densﬂy

. Antl—hlerarchlcal BH erowth



‘Host: Galaxy Propertles

 Our Merger modeling -> [Spheroids and SMBH produced together ]
e M- -sigma relation (Di Mattéo et al. 2005)
. Fundamental Plane (Robertson et al. 2_0()5)_



Host Galaxy Propertles

~ Our Merger modeling -> [Sphem}ds and SMBH produced together ]
e M- -sigma relation (Di Mattéo et al. 2005)
. Fundamental Plane; (Robertson et al. 2_0()5)_
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Host Galaxy Propertles

Our Merger modeling -> [Sphem}ds and SMBH produced together ]
e M- -sigma relation (Di Mattéo et al. 2005)
. Fundamental Plane; (Robertson et al. 2_0()5)_
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Constramts on BH Growth‘7

1613+658 I

o Numerous possibilities to
re-excite activity: -
Seiferts, LINERS, etc

e But, SMBH densﬂy +
mass function constr.al_n

— Mass from mergers: RO T

e Can you keepM-sigma * |l Arcsec
‘with slow “trickle” :
accretion?

Bahcall et al. (1997) '



The_ X—Ray | B?;:kgrdiind

S . -Integrate‘ g
NG spectrum of each
el
e No néed to
invoke arbitrary
obscured pop..

E I(E) [keVZPcm?s' keV "' sr']

* Luminosity and

Observations: . R
Barcons et al. 2000 it peak l}1m1n081ty

Gruber et al. 1999 dependencies
10 100 : G d

Energy (keV) key :



The Quasar Correlatlon Functlon

Peaked n(L_peak) -> characteristic ﬁnal black hole mass ->
characteristic host halo mass '

Below the LF break, clustermg 1s *flat* w1th 1um1n081ty

Merger drlven -> excess on small scales' Hennaw1 et al 2()05

_ Croom et al 2005
F Adelberger et al. 2005

M./(10'3 M,)

1012 1013




Quasar Lifetimes/Light' Curves:




Quasar Lifeti

mes/Light Curves:

VS.
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Summary

Quasar Obscuratlon
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Quasar lifetimes are lum1n051ty dependent -> new
1nterpretat10n of the LF

Quasar obscuratlon IS evolutlonary, not statlc

K Proper accounting of these two faets predlcts a host of observatlons:-
- Lumlnosny function at all other frequencles, falnt end LF Slope -
. — Broad-line fraction as a-finction. of’ lum1n0s1ty
| ~* * Broad- line 111m1n051ty functlon in thlcal and X- ray surveys
— Column den31ty dlstrlbutmns optlcal and' X ray -
— ‘Quasar’ llfetlmes : | BT e
- Eddmgton ratio dlstrlbutlons and evolutlon Wlth redshlft
— Evolutlon of characterlstlc BH masses with redshlft :
~ _ Activé BH mass distributions Type f & Type I
* — SMBH mass functlon and density at 7=0 :
o Galaxy veloaty dlsper*smn an,d bulge lum1n051ty dlstrlbutlons
2 Quasar blas and eo‘rr-elatlon functlo‘ns !
.~ Turnover in elllptlcal BH mass dlstrlbutlon (e . Sheth et al. 2003)
— Sub-mm - QSO Obscuratlon correlatlons (e g. Page et al. 2004)
— High-redshift radia source counts (Halman et al. 2004)
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Where to Frem Here‘7

e Observatlons A e T *Theory
— Better faint- end conStralnts SEe How do we get n(L peak) %
on n(l:_ Peak) nOt the LF .1 .. Cosm010g1cal s1mula_t1|ons .
*. BH mass fUﬂCthIlS e _' _' Ay e Seml -analytical models
g Radio counts ~ *" S Why is.thered. = .
4 Correlatlcm functions‘vs L characterlstlc L peak(z) 9
= ngh-‘Z LFS £oAT ok .. % Typlcal QSO host-mass? ‘
~ Combme all these o R Use QSOs & n(L_peak) e :
observatlens to constrain R prediet galaxy properties *
a0 peak) e LF’s colors .masses, sigma
= Numerous tests.. Gut. : 2 ok IR propertles ULIRGs
.. Eddlngton ratlo diStI‘lbllthIlS -' ] Numer()us calculatlons to
e NH dlStrlbutIOn VS. L R . reV1s1t W1th better models
* QSO correlation .~ . ‘_ “for quasar 11fet1mes

¢ Active BH mas$ functions
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