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k.

e Basic questions:
— What is the mass of the central BH?
— How much matter does it accrete? (L/Lgy,)
— In which phase of the duty cycle is the AGN?
— What Is the duty cycle?

Motivation

e How do all these evolve with cosmic time?

(from a seed BH, through mergers to the local
population...)
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™ Theoretical Concepts

e Basic BH evolution:
— Seed black hole
M., =10>-10°M

— Cold gas infall due to
merger (or just bars)

— Accretion as fast as ~Lgy,
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 Duty cycle would be:

— Fraction of active galaxies ek
= ~1% of lifetime

— Time scale of gas infall
= ~1 Gyr

— Simulations of mergers 2 <3,
= ~0.1-1 Gyr

Volonteri+06
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1 Theoretical Concepts

« Basic BH evolution: ., . EEE
— Seed black hole _ s

i How can we BEE

.o Measure any of

1 these propertles’>
e byr fEad(z) = I 0.078(1 + 2)? —0.623(1 + 2) + 1.545 :;‘j <6
— Simulations of mergers | faaol@ + 2)/4 <

= ~0.1-1 Gyr

Volonteri+06
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Basic Reverberation Mapping

Narrow Line

> s/ Region
T AL =5 Broad Line
= L Region
Jet .
Black

e AGNSs are variable
sources

 Time lags between
different emission
components indicate
physical separations:
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Basic Reverberation Mapping

« Kaspi et al. (2000, 2005), from reverberation mapping:
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itimating the Black Hole Mass

e Since the BLR is (generally) virialized, a “single epoch”
mass estimation is now possible.

The best example is “The HS method”:

0.65 2
S L FWHM(HS)
M. =GR e 1052 10° 5100 M
< sunt Vave (10“6 ergs’lj { 1000kms } 2

« L/Lgy 1S a probe of the accretion rate:

M i L 7L
L., =15x10"°| =L lergs" — B% = 51V
! [ M j & LEdd 1.5x% 1038MBH

Q)
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Note: Estimating the Growth Time

e from the mass

accretion rate, we o
:4><10877( n)log[MBH) : yr

can estimate how |« L/L T

long would it take
to grow such a BH

(Salpeter 1964)
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e We'll assume:
Aselnk (common)

oo =1 " (“best'cases)
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éstimating the Black Hole Mass

e We have an
observational bias
due to the flux limited
selection.

e Both Mg, and L/Lg,,
correlate with
luminosity, so most
massive and/or fast-
accreting BHs are
‘easy targets’.

=>» Choose the faintest targets which are
feasible to observe, to better probe the
entire population
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Results for z<0.75

* Any observed
spectrum with H and
Lcq190 IS SuUItable.

e The SDSS has
~10,000 AGNSs with
z<0.75, where the Hp
IS measurable.

 We have fitted them
automatically and
analyzed statistical
trends

Netzer & Trakhtenbrot (2007), ApJ 645, 754
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Results for z<0.75
Netzer & Trakhtenbrot (2007)

Some “well known truths”...

e Smaller AGNs are
currently active

e More massive BHs
accrete slower
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Results for z<0.75
Netzer & Trakhtenbrot (2007)

...Some new results...

e Accretion rate increases with z for all Mg, values

]
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Results for z<0.75
Netzer & Trakhtenbrot (2007)

... and a small “problem”:

« A large fraction (~2/3) of BHs did
not have enough time to gather
their mass by current accretion
rate.

 recall this is without “cycles™

« They have probably accreted at a
higher rate in the past...

(“L/Lg,, rises with z")

---------------------------------------

xxxxx

2 We need a sample with
higher redshift!
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R

« The Hp line may also be observed in one of the
NIR bands:

_ H-band (1.6 um) €= z-23
_ K-band (2.2 um) €= z-3.4

The z~2-3 sample

 We have a well-defined sample of 44 sources

29 very luminous QSOs 15 moderate QSOs

(47 <log Ly, < 48) (46 <log Ly, < 47)
Observed by 4m class telescopes Observed by GNIRS on the
(Shemmer et al. 2004) Gemini-South 8m telescope
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Results from the z~2-3 sample

8 [~ SDSS 1105511.99+020751.9

Netzer, Lira, Trakhtenbrot,
Shemmer & Cury 2007,
ApJ 671, 1256

GNIRS on Gemini-S
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I Results from the z~2-3 sample
Netzer et al. (2007)

1. We find low-My, 2. A broad range of L/Lg4,

low-L/L,, sources — certainly not around 1
— probably not log-normal
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= Results from the z~2-3 sample
Netzer et al. (2007)

e And what about the time it took
to grow these BHs?
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(and all the lower L/L,,, sources)
has ¢, larger than the age of

grow

the universe.

=» So again, they
“must have accreted
more rapidly in the past...”
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(but when? Time is getting short!)
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> What's Next?
Using MglI to measure My,

e Our faithful Hp line has taken us to z~3.4, so what can
we do In order to extend the studied redshift?

 Mclure & Dunlop (2004) established an alternative My,
estimator, based on

AL, (30004) & FWHM(MgII 128004)

(same form as Hp estimator, but with other parameters)

 Has a few drawbacks:
1. WhatlS L,,,,? Balmer continuum, blended Fell/III lines ....
2. NIR bands don’t always allow observing broad Mgll & L;,,.
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Using Mgll to measure M,,,

 We have developed another method, based on

the line Luminosity itself, instead of continuum.
(Trakhtenbrot & Netzer, in prep.)

The MgII(A2800A) fit for SDSSJ144021.92-015627.0

 As accurate as
McLure & Dunlop (2004),
more usable for
high-z studies.

2600 2700 2800 .3 G0
Rest-Frame Wavelength [A]

July 17, 2008 lIA, Bangalore 21



k. What's Next? Using SDSS

e With the MglIl method, we can extend our
SDSS study to z<2.1

* This should provide us with My, and L/L 4,
measurements for ~40,000 QSOs

e Similarly, smaller samples have been studied by McLure
& Dunlop (2004), Shen et al. (2008) and others...
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}Nhat’s Next? Moving to z~4.8

e Lets repeat the same strategy — observe Mgll Iin
one of the NIR bands

 We place the Mgll in the H-band =» z~4.8

« Why not K-band? There are numerous z > 6
QSOs (Kurk et al. 2007), but these are only the
few ultra-luminous ones and do not represent
the population.

 We aim at a flux-limited sample of ~50 sources
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fhat’'s Next? Moving to z~4.8

 We are observing the first duty cycle / first merger.

* A combined effort of the largest telescopes and best instruments:

Bright sample 4 _' ; o ; - Faint sample
Gemini-N/ - o VLT /

NIRI & e SINFONI
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What's Next? Moving to z~4.8

 We have already observed 15 targets
e Got time for total of ~40

e First results, for “J2225”:
My, = 1.8-2.6x10° M, L/Lg4y~ 0.65-0.95

July 17, 2008 lIA, Bangalore

25



S \What's Next? Type-2 AGN

* Intype-2 AGN we can'’t see the Seyfert 1
BLR = all MB estimators NGC 4151
would not WOI’Il{(.

e Shemmer et al. (2008) have “Yee sos1
developed an estimator for
L/L,4 based on the hard X-ray
spectrum.

e Usable for 100s of type-2 AGN
In deep Chandra / XMM fields.

* Given L/Lgy, you can also
deduce My, with some probe
of LBol.
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. Conclusions

* We have good estimators of My & L/Lyy,

 From large, low-z samples:
— L/L.,,correlates with z, for every Mgy,
— Most BHs have “too low” L/Lg,,
=>» BHs accreted more rapidly in the past

 From small, z~2-3 sample:
— Broad dist. of L/L;,, far from unity
— Most BHs have “too low” L/L

16 14 -12 -1 -08 -06 -04 02 0 02
log L /L,
dd

* Observing a well defined sample at
z~4.8 would probe first cycle
(“we need more telescope time...”)
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™ Thank You!
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