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-

® SMBH as an evolving population: Integral constraints

® AGN downsizing: the role of accretion models
® The “radio mode” of AGN growth

® Putting everything together: AGN evolution synthesis models
® Radiative vs. kinetic energy output

® Open questions




1. AGN evolution: Integral constraints




AGN and Cosmolo developments
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AGN and Cosmology: a shift of paradigm

-
* Nowadays QSOs/AGN can:

* Regulate galaxy formation

* Stop cooling flows

* “produce” early type & ] -

galaxies with the right j | wy
colors Wy’ 4l

* Keep the universe ionized L e 100

'?,..".' \
® QSOs/AGN tracks the history
of star formation in the

Universe
2—10 keV AGNLF Silverman et al. (2007)




Recent progresses in AGN activity census
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Bolometric corrections robustness
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Integral constraints

-
® Soltan (1982) first proposed that the mass in black holes

today is simply related to the AGN population integrated
over luminosity and redshift

Radiative efficiency

Lol = eM..oc® = eM ¢ f(1—e)—"

n-.

Bolometric luminosity BH growth rate

® The integrated X-ray background light (the band most
strongly dominate by AGN radiation) can be used instead of
the AGNLF
(1—¢)

prixrB(Z = 0) = (14 (2))——Uxgprx
rO \

' \/
Mean redshift of XRB sources XRB energy density




Note: radiative efficiency vs. accretion
efficiency

radiative efficiency accretion efficiency (BH spin)

_—
- e = ea, m, Mer)

= n(a) f(m, mer)
0.06 < ?‘](“(1‘) < 0.42  Maximally Spinning BH

. MR M > 1Tn
f (?n'a ?n‘cr) — -

Determined by the complex physics of gas accretion




Integral constraints: early results

* Fabian &fWwasawa (1999) consistency between XRB and local BH
mass density: ho need for significant low-efficiency accretion

*Elvis, Risaliti & Zamorani (2002) compared XRB with local BH mass
density: Need for high efficiency ¢>0.15

*Yu & Tremaine (2002) Compa@d local BH mass function with QSO

LF evolution (2dF): high efficiency (e>0.1) for luminous objects

*Marconi et al. (2004): Higher local BH mass function with hard X-
ray selected AGN LF: 0.16>¢>0.04

* Merloni et al. (2004) degeneracy between ¢ and local relic mass
function: 0.12>e>0.04




Il. Beyond integral constraints: AGN

downsizing and radio vs. QSO modes




Downsizing in galaxy evolution

¢ N The most active star forming objects have
smaller mass at lower redshift

o Larger objects form (assemble) later

® NOTE: in principle, the observational fact that the most massive ellipticals have
the oldest stellar population does not imply a anti-hierarchical evolution
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AGN/SMBH downsizing: clues from X-rays
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mass density and mean accretion rate

<Lbol/LEaa>

PBH [Mo Mpc—3]

n=0.08

1 | I I |
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Uncertainty in BH mass density @z,

1 is the cumulative uncertainty in
| XLF for z<z,

Ratio of radiative energy density
To black hole mass density

See e.g Merloni 2004




AGN downsizing: changing accretion modes
-

® SMBH must accrete at lower (average) rates at later times

® Accretion theory (and observations) indicate that

® The energy output of an accreting BH depends crucially on
Its accretion rate ¢

® L ow-accretion rate systems tend to be “jet dominated”

® |t is important to distinguish between bright Quasar mode and




Low Power AGN are jet dominated
-

* By studying the nuclear
properties of the AGN we
can establish a link
between jet power and
accretion power

The observed slope
(0.50+0.045) is perfectly
consistent with radiatively
inefficient “jet dominated”
models (see E. Churazov’s

talk)

0.49 Log L,,,/Logq - 0.78

Merloni and Heinz (2007)




What is the “radio mode” of AGN?

* The*energy source that counterbalance cooling in the cores
of groups and clusters. Prevents overproduction of massive
galaxies at late times (a FEEDBACK mode; Croton et al.
2006; Bower et al. 2006)

» CANNOT be associated to QSOs: their number density
declines too fast .

® A FEEDING mode (hot gas vs. cold gas, Hardcastle et al.
2007)

® That associated with bubbles, cavities and ripples seen in
the hot X-ray emitting gas (=radio galaxies)

® HERE: The physical state of ALL black holes at low accretion
rate ~less than a few % of the Eddington rate (an
ACCRETION mode)




Core Radio/L,; relation: effects of beaming
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Accretion diagram for LMXB & AGN
=

-

Radio Qulet Outflow (M <Mout)

<« Model parameter
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I1l. Putting everything together:

AGN evolution synthesis models




2-10 keV Luminosity Functions of AGN
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Flat Spectrum radio LF: de-beaming
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SMBH growth

1) Most of

SMBH growth in

-~

-~

radiatively
efficient mode

e = 0.04-0.05

BHAR x 1000 (low stW/ Marconi et al. (2004)
29-32% ST

Merloni 2004; Merloni, in prep.




SMBH growth

No CT, n=0.08
IIIIIIIIIIIIIIIIIII

2) Contribution
of Compton
Thick sources is
about 15-20 %
of accreted mass

Merloni 2004; Merloni, in prep.




SMBH mass function

Mass function, 7n=0.080 . Solved continuity

gy

5 | equation backwards in

’ 1 1 time (Small and
Blandford 1992, Marconi
et al. 2004)

Merloni in prep.




SMBH specific accretion rate

Specific accretion rate, n=0.080

The anti-hierarchical
evolution at low z

seems reversed at

high z

Merloni in prep.




Kinetic Energy output and SMBH growth

n=0.08
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<« SNIIK.E. output rate from SFR
(Hopkins & Beacom 2006)
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In the local universe,
kinetic feedback is
dominated by

low luminosity objects
(“radio mode” AGN)
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A consistency check for structure formation models
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g Koerding, Jester and Fender 2007, Merloni, in prep.




Conclusions

* Most of SMBH growth occurred in radiatively efficient episodes
of accretion. CT sources contribute about 20% of the relic mass

® The anti-hierarchical trend is clearly seen in the low-z evolution
of SMBH mass function. Reversal at higher z?

® Constraints on the physics i accretion/jet production are crucial

for our understanding of AGN feedback

® Feedback from “Low-luminosity AGN” are most likely
dominated by kinetic energy

® The efficiency with which growing black holes convert mass
into mechanical energy is 0.3-0.5%, sensitive to the low-end
slope of the FSRLF locally and at high-z




Open Questions: 1) CT sources

7=0.08

| I |

<Lie1/LEaa>




Open Questions: 1) CT sources

77=0.08, No CT

A 20% uncertainty on
the total accreted mass
from Compton Thick

AGN translates in a huge
uncertainty on high-z
density

<Lie1/LEaa>




Open Questions: 2) efficiency and BH spin

7=0.08

<Lie1/LEaa>




Open Questions: 2) efficiency and BH spin

7=0.09

Independent constraints

on BH spin (thus 1)

are badly needed:

Iron line spectroscopy?

<Lie1/LEaa>




Open Questions: 3) direct measures of BH MF

Projected Mass function, n=0.08, No CT

z=0.6 |
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Open Questions: 4) evolution of scaling relation

Comparison of SMBH and galaxy mass functions
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Plenty to keep us busy!

The M87 jet
Hubble Heritage Project
http://heritage.stsci.edu/2000/20/index.html




