The Accretion History of the Universe

The History of Active Galaxies
A.Barger, P. Capak, L. Cowie, RFM, A. Steffen,W-H Wangand Y. Yang

e Active Galaxies (AKA quasars, Seyfert
galaxies etc) are radiating massive black
holeswith L~108-10%L

e Thechangein the luminosity and
number of AGN with time are
fundamental to understanding the origin
and nature of massive black holes and
the creation and evolution of galaxies

e ~20% of all energy radiated over the
life of the universe comes from AGN- a
strong influence on the formation of all
structure.

e Chandraand XMM data have
revolutionized our under standing of -
the number, luminosity and evolution X-ray Color Image (1deg)

of active galaxies from 0<z<4 of the Chandra Large Area X-ray Survey-
ClL ASXS
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Optical counterparts of
Chandra x-ray selected
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Conclusion

* XMM/Chandraresultson AGN have
shown that

The number of AGN

The evolution of AGN

The nature of the hosts of AGN

Thetotal energy radiated by AGN

— The correlation function of AGN

Wereall incorrectly estimated by optical and
radio* surveys.

e Sinceall theorieson theorigin, evolution
and natur e of AGN were based on optical
surveysa massive re-think is necessary

*Radio survey results depended on optical
follow-up; in reality most radio sour ces
have propertieslike the x-ray selected
objects

Because most the sources
areopticaly “dim” only
high quality x-ray spectral
and timing data can

sdetermine the nature of
these “new” objects

set the basis for theories of
the origin and evolution of
massive black holesin the
universe

Optical Quasar Evolution
S

» Higtorically AGN were found in the
optical band by avariety of techniques

— Presence of strong very broad

(1-10,000km/sec) optical and UV
emission lines (Broad line objects)

— The presence of abright, semi-
stellar nucleus (Quasar)

— Variahility of the nucleus

— “Unusua” colors of the nucleus

— Optical counterpartsto radio source
e Large numbers were found out to z~6
e Sincethelate 1960’ s (Schmidt)

“well known” that quasars were much
more numerous and luminous in the
past.

Thus quasars were thought to be created in
the early universe.

Many theories were developed to explain
this.

(optical survey)

Energy density of quasar light # of quasars per unit volume/
(optical survey)

luminosity
Peak at zi2.5

Boyle et al 2002

redshift

Richard Mushotzky, NASA/GSFC (KITP Galaxy-IGM Conference 10/28/04)
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.

Number of AGN

Chandra AGN samples

large samples of AGN have

been obtained by Chandra * Limit of optical spectra

(~1500 with optical dataso far, x with Keck
525in CLASX field, overthe =  _ _ _ _ _ _ e _
redshift range to ~0.1-5) @
Yang et al 2004 =
Steffen et al 2004 o
Flux where cIntri b to XRB peaks
X-ray flux

aintness of Chandra’ XMM sources makes
optical redshifts difficult
ODbjects with redshifts |:|

-16 'l)?-ray_%lélux -13 Spectra -no redshift %

» Thecontribution of point sourcesto @
the XRB peaks at f(x)~10"14 ergs/cm?/sec > ¢
~80% of the 2-8 Kev XRB originating 8
at f(x)>3 1015 5
~80% of the sources haveredshiftsat =
f(x)>101* and 60% of the x-ray background 2
light has spectroscopic redshifts =
Q Cowieet a 2003
O :
X-ray flux
T 4 data sets used in analysis-1406 objects

Where Does the X-ray Background Come From

[

Richard Mushotzky, NASA/GSFC (KITP Galaxy-IGM Conference 10/28/04)
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Completenessvs Z

» Samples are highly complete at z<1.2
» Photometric redshifts extend low sample by dz~0.4

» Light Shaded - objects with spectroscopic Z's; dark shade photometric in CDFN-
open no z estim

X-ray flux limit

redshift

CDFN and CDFS- ground, HST data
CLASX Subaru imaging to ~27th mag (BVRIz) and Keck spectra

AGN zoo (GOODS ACS data) )
Mainieri 2003, PhD thesis

“« o>

BVviz Noticeabsence of bright nuclei
Prevalence of ‘snheroidal’ aalaxies

Richard Mushotzky, NASA/GSFC (KITP Galaxy-IGM Conference 10/28/04)
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HST ACS Images of Optical Counterparts to Chandra Sources

e 7=05

 NoPtlike—>
nucleus

* Ptlike 5
nucleus

o 7=1 —_t>

Pt like nucleus +—>

—_— Barger et al 2004
- Z=15

Pt like nucleus

What are the optical properties of the AGN

HST GOODs survey alows first estimate of nuclear
optical fluxes (from the ground the objects are

too blurry) 126/2 N
For the broad line objects x-ray and UV flux 6/286 Not
are strongly correlated detected

For the “narrow” line objects optical and x-ray by HST inZ

fluxes are uncorrelated and many of the optical
nuclei are invisible with deep HST observations.
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o Nucleusis often 5 mags

| fainter than expected; at

2 3000A this corresponds to
Negative val ues mean nuclear N(H)~10%2 atm/cm?for MW
dominated dust to gasratio

Richard Mushotzky, NASA/GSFC (KITP Galaxy-IGM Conference 10/28/04)
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e Chandra/XMM observations show that
number of x-ray selected AGN exceeds
optically selected onesby ~7:1

» X-ray selected objects have very different
properties than “optically” selected AGN

* most luminous AGN have broad optical
lines, most lower luminosity AGN do not
have obvious optical AGN signatures-
Steffen effect- violation of unified model

Most AGN are*“invisible” to optical

sear ches

NO redshift

Chandra/ XXMM Change Everything

L (x)x10% ergs/sec
Objects with broad
optical lines (“optical AGN")

X-ray selected objects

AGN without strong lines

Steffen et al 2003

decrease at higher redshift

The high luminosity objects
behave like optically selected

1.0-.1078 |

Energy density of q.uasir X-ray

)

. .
‘e
2.0-10%8 |
.
4

“Backwards’ Eyolution of X-ray AGN
* Inx-ray samplesthe low | eoeT®
luminosity objects decrease in, % 50070 il
number at higher redshift e o
B .0-10
e The medium luminosity objects I;, i
increase fromz~0to z~1andthen> f& 2. | Ueda et al 2003

28 KEV LUMINOSITY (10" erg s7')

AGN and increase out to z~2 © ! Fedsnirt *
8 10t p T ' ' '
= tCowi 2
S 100 Coset a 2003 @ 7-24]
=L H The x-ray sources represent
g 10 ) almost all of the AGN in
T 1075k the universe
S oof « al broad line AGN in
A CDF-N and COMBO-17 are
= 10 ‘L . . . . )
> ol 102 10° 1% 100 10 T detected

Richard Mushotzky, NASA/GSFC (KITP Galaxy-IGM Conference 10/28/04)
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The Evolution of the 2-8 keV Luminosity Function for z<1
Barger et al 2004

o o Z=0, 0.4, 0.8 shells
- Z=0.8-1.2 E Z=0.4-0.8
1 bl 3 g1 . k|
8’ [l § 1" :
= d
Cz) W-ar .Elﬂ-‘r
o
s w2k §1u'? .
:t\t wd 1wk i k) 3
12 1t 1t e 12 w it 1? 1f

2-8 KEV LUMINGSTY (108 wem o'} ., -6 KEY p)umwrr'f 00 oY)

/LoCcAL]
At z<1 the evolution of
i thetotal AGN
population is consistent
\ \ with pure [luminosity
W S Vs g s evolution L(x)~(1+2)35

logL(X)  Atz>1th luti
Red= broad line objects only r adzical ly ?:r?;r? gL:-:-sl,on

Black= all objects

1

Z>1 Details

e Orangelineisthez=1 luminosity function all objects
* Redisbroad linez=1f(L)
No matter how the upper limits are placed the space density of AGN

2

#/vol/log L
S

E$ ™ ..“&‘. L

HUWBER/WPC' /LOG LUMINOSTY

_a: 1 11 gl 11l 11 |||- 11l 1 annl 1111 P I ||-
" 1< 1 o+ 107 108 1% 187 1t 107 wf
42 43 44 45 46 42 43 44 45 46

2-8 keV x-ray luminosity

Triangles all objects, diamonds broad line objects

Richard Mushotzky, NASA/GSFC (KITP Galaxy-IGM Conference 10/28/04)
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Volume Surveyed by Sample

e Fora‘minimal’ luminosity object
1042 ergs/sec the volume surveyed is
large

Best Fit Evolution

Parameters at z<1
» Luminosity function can be
parameterized by a broken
power law
* And pure luminosity
evolution (a,gl,g2 remain
constant with z)

Characteristic L

low L slope

high L slope
Evolution parameter

Richard Mushotzky, NASA/GSFC (KITP Galaxy-IGM Conference 10/28/04)
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The X-ray Luminosity density drops at z>1

Even including
upper limits there

isless energy
emitting per unit ..
volume at z>1 X 3 z
Barger et a 2004 .’
Similar results from B
Ueda et al 2003, ‘
Marconi et al 2004 ¢ ;

Hasinger et al 2003

Fiore et al 2004 I

Upper limit at

Z~5.8 Moustakas

and Immler 2004;

pointsatz~3and @ type| AGN, B all objects

z-1Nandraeta  QOpen box- assigning all objects without a redshift to

Also Lehman et al : :
004 to redshift bin

Doesthis al make
sense??
The Chandra broad line
objects reproduce the 2dF
luminosity function of
AGN as afunction of z
(Croom et al 2003) when
both have been converted
to bolometric luminosities
using B band and x-ray
conversion factors

Notice the “turn down” of

the luminosity function at

low L- possibly dueto

new physics (Nicastro

2003, Laor 2003)

* e

Direct comparison of g ¢
broad line selected AGN
from x-ray and optica
surveys

Richard Mushotzky, NASA/GSFC (KITP Galaxy-IGM Conference 10/28/04)
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Form of Broad Line Object luminosity function

» Theturn-down of F(L) for broad line L uminosity function at
objectsispresent at all redshifts but 1 y
increases in luminosity at higher z- not z
present in narrow line objects compared to z~2 data

» Suggests that lack of broad line
objects at lower L isdueto a physical
cause- models developed by Laor and
Nicastro suggest that this may be a
Eddington ratio effect- objects at low
L ggq May not have broad lines

The X-ray AGN Luminosity density drops at z>1

» Cosmic downsizing- All objects
low luminosity 7 1 ~0.8
objects peak at lower P ' -—-—
redshifts

Objects producing most
of the AGN energy

AGN are“creatures’

of the moder ate age /1 N
universe ~5 Gyr ago 7\

Barger et al 2004 .
Similar results from Ueda

et a 2003, Fiore et a 2003 [

Marconi et a 2004

Hasinger et a 2003 Ueda et al 2003

Richard Mushotzky, NASA/GSFC (KITP Galaxy-IGM Conference 10/28/04)
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* Independent analysis
and samples (XMM
data Fiore et al 2004)
show the same results

Barger et a 2004
Similar results from
Uedaet a 2003,
Marconi et al 2004
Hasinger et al 2003

10—+

10-*

The X-ray Luminosity density drops at z>1

o

Blogly>44,
®lopl, =44—44.5
Olagl,=43—44

Redshift

Optical surveys

to M~10 -1 M objects

objects.

energy radiated by BHsat z< 2
* Most of the AGN luminosity isdue

Comparison of Energy Densities and Evolution

e Optical samples missmost of the

e Thex-ray data show that lower
mass black holes evolve later and
grow more than more massiyve

When BHs get their mass

Accretion rate per unit time
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Marconi et al 2004

Energy densities from AGN from

Optical (---) x-ray (------- ) surveys

Each lineisthe growth of a
Massive BH vs z

Richard Mushotzky, NASA/GSFC (KITP Galaxy-IGM Conference 10/28/04)
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* Barger et al getssimilar result

e X-ray evolution of (1+z)3is
somewhat steeper than (1+2)*
for UV luminosity - consistent
with (1+2)37 for luminousIR
sources (Cowie et al 2004)

» Peak of energy density isat
7z=0.8-1.2; 1/3in broad line
AGN and 1/2 in objects of
luminosity <8x10* ergs/sec
which are mostly narrow or
no-line objects.

Comparison of Energy Densities and Evolution

¢
\/

Factor of 3-5 at z<1

Barger et al 2004
Energy densities from AGN from
Optical (—) x-ray @) surveys

» Theintegral of the accretion rate of
black holes (Soltan 1980) over all time
must be total mass of black holes at
z=0

* Recent estimates (Yu and Tremaine 2003)
local mass density of SMBH~ (2.1 +
1.1) (Cgg/11.8)x 105M /Mpc3,

~ 25% in the bulges of late type galaxies.

e optical surveysonly account for ~1/4
of the z=0 mass density (Shankar et a
2004)

» Our results (Barger et a 2004) give a
mass density of 4x10°(Cy ,/85)

M /Mpc?3 for al x-ray AGN and
1x10°0.1(1-e)/e)M /Mpc3 for BLAGN-
Half of the SMBH mass density has

formed at z<1 and thereislittle or

no room for further obscured or low
efficiency accretion

How did black ho!@es get their mass

sxial

Shankar et a 2004 1
=N\ XTay selected AGN ]

Cumulative black hole m
POEY e

0 05 10 15 25 3
z

——-Optical AGN

—

6 7 8 9 10
Log Mass of BH

Cumulative black hole mass

Richard Mushotzky, NASA/GSFC (KITP Galaxy-IGM Conference 10/28/04) 12
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When did the black holes grow?— cosmic downsizing

» Most black hole growth occurs at z~1 %
and is dominated by M~10° M objects 2
Marconi et al and Shankar et al.

« The most massive objects M>10° grow
most at earlier times

* Thepeak of AGN growth isalso the
peak of galaxy growth.

z

543 2 15 1 0.5 0

ty of

S|

Local mass den

3x108
T

2x10°
4x10°
et [}‘-70 My Mpe?]

ol

x1

P (Lpe>
10
T

Massin starsin galaxies
1.4x10% hi¥ L,o) [hy, Mg Mpe™]

o

RUdnl k et al t[hzt Gyr]

2002

How Does this Match to galaxy Formation ?
» Apparently the peak in AGN rate at z~1 is when massive galaxies

Heavens et al 2004

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.

Richard Mushotzky, NASA/GSFC (KITP Galaxy-IGM Conference 10/28/04)
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Optica Image of CLASS

Field (Steffen et al 2004)
Chandra moderate luminosity
AGN liein luminous galaxies
+Of the sources with L, > 10%
ergss-1, 82% liein galaxies with
M (go00 4y < -21 in the redshift
range z = 0-1.2, where lower
optical luminosity sources would
still be seen. (Cowie et a 2004)

Chandra

sources

havethe ...,
~color and

luminosity

of massive

galaxies

What sort of galaxies do the Chandra/XMM sources reside in?

*~15% of luminous

galaxies host Chandra Barger et al 2003
AGN . .

m of ) : g & - m
80% of Chandra = o ? . e
sourcesliein “ . °

[uminous galaxies

At each z the x-ray
sources are in the most
[uminous galaxies

Chandra data show that x-ray samples can trace large scale
structure to high z- x-ray selected AGN are tracers of high
overdensities

Richard Mushotzky, NASA/GSFC (KITP Galaxy-IGM Conference 10/28/04)
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Nature of Host Galaxies

¢ Chandrasourcesarein GOODS data
luminous galaxies

» Atlow zthereis an absence of
very luminous galaxies- e.g.
the nature of the host galaxies
ischanging with z (? )

Such that lower mass galaxies
become more prominent

(there is a selection effect due to the
volume surveyed of an absence of
high luminosity objectsat low zin
GOODs data- CLASX data support
claim)

Thistype of analysisisonly
possible with HST data at
moderate to high z and
isconsistent with the CLASX
and SDSS data at low z.

*Broad line objects (black)
are systematically at higher z at a
fixed optical magnitude than the Ve ®

nor-BLAGN (red)\
0 0 .ﬂ &':.I:. J .
g

v

CLASX objects redshift vs R mag

Absolute B, distribution of
“no line” objects (open
histogram) peaks at Mz~-22

Richard Mushotzky, NASA/GSFC (KITP Galaxy-IGM Conference 10/28/04)
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What is the nature of the Chandra sources?

The Chandra sources show a Yang et al 2004 | .
variability pattern very similar to the Open circles Weak no lines
x-ray bright sources studied by ASCA Closed circles broad lines

(George et al 2000)

George et a 2000

Origin of the Observed Spectral Hardening

(Steffen et al 2004)
The median redshift of x-ray selected objects with optica redshiftsis

Thus at lower fluxes one gets systematically lower luminosity objects

At z~0 thereisa“transition” such that at log L (x)>43.5 the fraction of
objects that are absorbed increases rapidly (Shinozaki et a 2004)

This corresponds to F(x)~5x10-15 ergs/cm?/sec where the spectral change
occurs .

wy e
‘-‘__..-------------" “aage o'V

Richard Mushotzky, NASA/GSFC (KITP Galaxy-IGM Conference 10/28/04)
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M edian redshift

Redshift distribution in 3 x-ray flux bins.
Notice that the median and range do not

vs X-ray flux

¥ {a) lfﬂ-ﬂ}e\@:ﬂf"-lmn"' erql‘un" Iy

¥ b f(i—@lh!V)ﬂﬂ'"-‘m'“ uql n;n" !

change much with x-ray flux -

rMUMBER

Log L(x)=44.0 T

REVSHIT RECSHIT

5

{e) 128 et 1 g o o7
W
—_—

What are these objects?

Most of the optically broad line objects show little x- i
ray absorption

Most of the “narrow” line objects are very hard-
probably high column density ——
This change in properties occurs at ~2000km/sec.

The fraction of objectsthat show broad optical
emission linesis a strong function of luminosity and
redshift

1220.8-1.2 j ‘ i z=0.4—.?

| N L L .
42 43 44 45 46 T umdviedSe
L(2-8keV) _

d

!
I

' =014
Barger et a 2004

!

BROAD-LINE ASH FRACTION

1w

broad line fractio

BROAD-LINE AGN FRAGTION

o
w

oot
2-5 KE¥ LUAINGEITY {10 arys )

Richard Mushotzky, NASA/GSFC (KITP Galaxy-IGM Conference 10/28/04)
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Eddington ratio

¢ Using abroad optical emission line (Mgll) to
estimate the mass of the black hole one finds
that many of the objects are radiating at ~15%
of Eddington limit

¢ Thereisaweak relation between galaxy
luminosity and bolometric luminosity which
does not change with redshift

¢ Thusthe“loss’ of luminous AGN at low

redshift isaresult of cosmic downsizing - e.g.

the big black holes at low z are not radiating

(much)

At low z hard x-ray emissionis agood

predictor of black hole mass

LogL

Loa M

A L(X)>44 O L(x)>43

& o0 ¢
© &
<> 8 <><> : AA AA
A O4

A

Bolometric Corrections

« Of the sample 3/4 of the brightest sources
are detected by 1SO at 90mand none at
170m

e There are systematic differencesin the
SEDS of the 3 classes of optical spectral
and there is much scatter in the SEDs for
the high excitation and “no-line” objects

SEDS normalized to 2-8 kev flux

Upper
mits

The mean 2-8 kev bolometric
correction is~35 for broad line
objects and 85 for the weak/no-
line objects with major
differencesin the UV and FIR.
It seemsasif the best “optical”
normalization ptis> 1m

Richard Mushotzky, NASA/GSFC (KITP Galaxy-IGM Conference 10/28/04)

18



The Accretion History of the Universe

How do the sources differ?

e The spectral energy distribution (SED) of
the broad line and narrow line objects are
very different and so istheir ratio of x-ray
to total luminosity

¢ Thisaso changes with x-ray luminosity -
lower luminosity sources are “redder”

e Using our best estimates of AGN
bolometric corrections and evolution broad
line objects contribute ~1/3 of today’ s rest
mass of black holes

CDFS-263 SCUBA data
» Detailed properties of one of the objects (Mainieri et a 2004)

Richard Mushotzky, NASA/GSFC (KITP Galaxy-IGM Conference 10/28/04)
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Large Scale Structure with X-ray Sources

There are ~11 fields with Chandra (so far published) that go deeper than
1014 ergs/cm?/sec in the hard band (9 from our data)

*In the soft band there is little variance in source numbers from field
tofield

*|n the hard band thereis afactor of >3, on ascaeof 1 ACIS-| field
(A7x17)

Hard band Soft band

Large Scale Structure with X-ray Sources

» Optical surveys (Boyle et a) have
found that AGN are distributed just
like “normal” galaxies

» Chandra’XMM surveys find that “hard
x-ray” selected AGN are highly
clustered (Yang et a 2003, Basilikos

&.et al 2004

Normalized varian

Density of Chandra sources
angle -notice large concentration to

west, void to north
--- hard sources

---- soft sources

Yang et a 2003

Richard Mushotzky, NASA/GSFC (KITP Galaxy-IGM Conference 10/28/04)
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Large Scale Structure with X-ray Sources

In the Chandra deep fields avery large ['s it Digribution in CLASS
fraction of the sources are grouped in

small redshift ranges [
Not seenin CLASX survey- dueto : o
larger solid angle?? 151 ]

Redshift Distribution in CDFS

QT [T T T T T T T7T LIS

MuUMOEr

RECSHIFT

; Fic. 5.— Redshift distribution for the spectroscopically ide
0 redshift CLASS sources. All stars and sources without measured re
have been excluded. Two different bin sizes (Az = 0.1 and

0.01) are shown.

How are X-Ray sources Clustered- All X-ray selected

3-D Correlation function-
A 2dFdata
Angular correlation function A CDF-N,Sdaa

© | CLASX data

10 100 1000 1 2 3
Q(arc sec) YA

Richard Mushotzky, NASA/GSFC (KITP Galaxy-IGM Conference 10/28/04)
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Summary

* Majority of AGN in the universe are not like optically selected AGN

* Most of these sources are “optically dull” and radio quiet , obtaining optical redshiftsis
difficult

e z~listhe peak epoch of AGN where the energy density peaks, consistent with the peak
in theintegral star formation

* AGN evolve very rapidly to z~1, consistent with pure luminosity evolution- at higher z
the evolution changes sign

* 1/2 of thenuclei are not detected by GOODS HST data - only x-ray spectral and timing
data can determine the nature of most radiating black holes in the universe

» total energy radiated by AGN is ~3-5x larger than previously thought
» The Chandra objects can produce al of the mass of z~0 black holes via accretion
e Optically selected AGN (broad line objects) are a subset of x-ray selected objects

» Thedata are consistent with many of the non-broad line objects (the dominant
population) having high column densities- but not a unique solution.

* Host galaxies of AGN tend to be the most luminous galaxies at each redshift-

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

o Simple unified model is not correct- there are almost no low luminosity broad line
objects (Steffen effect)

What' s changed?
* ChandralXMM resultson  Only high quality x-ray spectral and

AGN have shown that timing data can determine the nature of
— The number of AGN these objects and set the basis for
— Theevolution of AGN theories of the origin and evolution of
— The nature of the hosts of massive black holesin the universe
AGN
— Thetotal energy radiated by \\/hat’ s Next??
?SN wetion furctionof | <MM datashow that the objects which
Ty EAHOnTHERERANO T make up the 2-8 keV background

: 0 )
. Wereall incorrectly estimated contribute <60% to the 6-10 keV
by optical and radio surveys. background.
Thus there are even mor e optically
+ Sinceall theorieson the origin, “invisible” AGN than Chandraand
evolution and natureof AGN  XMM have discovered- but may not

were based on optical surveys  make major contribution to accretion
amassivere-think is necessary history of universe.

Richard Mushotzky, NASA/GSFC (KITP Galaxy-IGM Conference 10/28/04)
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Evolution of Typel AGN

Hasinger et al using a different sample
have determined the evolution of ‘type
I’ (e.g. broad line) AGN

.

.

Evolution of Typel AGN

Hasinger et a using a different sample have determined the evolution of ‘type |’ (e.g. broad
line) AGN and aso find luminosity dependent evolution.

Low luminosity peak at lower redshifts
Log L(x) ~43-44 erg/sec objects contribute most to the total luminosity density of AGN

Richard Mushotzky, NASA/GSFC (KITP Galaxy-IGM Conference 10/28/04)
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Black hole mass function vs z

¢ With simple assumptions convert to
BH mass function vs redshift
(Merloni 20Q4) (e.0.

e L(X) Lbol,

e Lbol- mass.

¢ Growth of blélz holesis ‘anti-
hierarchical’

Mean mass vs z

Beware of Non-standard
redshift estimators

» Fioreet a have used the x-ray to
optical ratio for non-BL objectsasa
measure of their luminosity.

» Thisisbased, physically, on the lack
of correlation of the x-ray and optical
for these abjects e.g the light comes
from the galaxy, the x-ray flux comes
fromthe AGN

» While thisworks well for R<24, it
does not work for fainter objects and
overestimates the luminosities by ~3
(and thus redshifts)- creating
luminous, high z non-BL objects
(Padovani et a 2004)

Richard Mushotzky, NASA/GSFC (KITP Galaxy-IGM Conference 10/28/04)



