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Black Holes in the local Universe
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This talk:

* What¥lo we know about evolution of SMBH population (ma
accretion rates, etc.)

* A lot! (up to z~4-5)
* Evolution of mass and accretion rate density

on radiative effigiency and avg

* Anti-hierarchical evolution (downsizing)

*® Radiative vs. kinetic energy output
* Frontiers: The first Black holes

* Eddington or Super-Eddingtol

® The role of mergers

© The first seeds




Accretion efficiency, Eddington limits

In order to get close (R), a particle of mass m must get rid of energy

Efficiency of accretion in liberating rest mass energy:
N=E}/mc’=R/2R;,, with R, =GMp,/c?
BHs grow by accreting mass: Power,, M/(1-n)](dMg,/dt)c?

Self-regulating luminosity
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AGN and Cosmology: (very) early developments
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AGN and Cosmology: a shift of paradigm

-
¢ BH/Galaxy Scaling relations
discovered in 2000 (HST)

* Nowadays QSOs/AGN can:
* Regulate galaxy formation

* Stop cooling flows @

* “produce” early type

galaxies with the r

colors
* Keep the universe ionized

N tracks the history
r formation in the

Gebhardt et al. 2000; Ferrarese et al. 2000;

104 ¥

1000

40 60 80100 200
o (km s7)

ene et al. 2005




AGN and Cosmology: a shift of paradigm
-
¢ BH/Galaxy Scaling relations
discovered in 2000 (HST)
* Nowadays QSOs/AGN can:
* Regulate galaxy formation

* Stop cooling fl

* “produce” early
galaxies with the
colors

p the universe ioni

the history
r formation in the
Universe

Merloni & Heinz 2008
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Bolometric corrections robustness
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Note: radiative efficiency vs. accretion
efficiency

radiative efficil

Ily Spinning BH
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Convergence in local mass density estimat

“Table 3. Modification f Tuble 1. Here, the local SMBH musy density estimutes have heen fully carrected for their
dependence on &, and transformed to Ho =70 km v~ Mpc™*. While some estimutes of puy 0 Appesr not to have
chuaged from Tubls 1, one should nots that the quoted dependence e k muy buw ciunged. The term f(k) in usd
b0 denote that 4 mor complicated dependence aa k exist and needs to be takn into sccount if one it to trnsform.
thea wilue to 4 different Hubhle caastant (s, 6. equation 2).
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Constraints on avg. radiative efficiency 8@)

E0=Ppn,o/(4.2x103)
Pr(Z=2)/Ppr 0

(Input from seed BH formation
models needed!)

Merloni and Heinz 2008




SMBH vs TOTAL stellar mass den

ot al.(2007)




Constraints on avg. radiative efficiency (g, )

(Input from seex
models needed!)

/Pe,0
S

ejected from galac
due to GW

Merloni and Heinz 2008




Excursus: SMBH mergers




Excursus: SMBH mergers

Rec%nt]y, great progress in the general relativis
ulations of coalescing Black Holes (Pretorius 2007)

sim

coordinate separation reaches ligl

0.05 pmm

Boyle et al. 2007




Zero spin, equal mass
merger case
Final spin = 0.6
Berti and Volonteri

otropic maximum
—— Equatorial maximum
Aligned maximum

- Spin in the equatorial plane:
' maximum kick (>2000km/s)
(Pretorius et al., Buonanno et al)




SMBH spin evolution: accretion vs. mergers

Mergers+disc Mergers+chaotic
accretion




Constraints on avg. radiative efficiency (g, )

(Input from seex
models needed!)

/Pe,0
S

ejected from galac
due to GW

Merloni and Heinz 2008




E o)) <(E,,)= 0.




nts on avg. SMBH spin (a*




End of part |
(Integral constraints)

Akxk

Towards part Il
(downsizing, mass function evolution)




AGN/SMBH downsizing: clues from X-rays

Ueda et al. 2003; Fiore et al. 2003;




Unveiling the growth of SMB

. BH mass can only increase*

. BHs do not transform into something else as they
grow** &

. BHs are like teenagers: they clearly let us know
when they grow up (AGN as signposts of BH
growth)




b
ontinuity equat on for SMBH growth

°

Cavaliere et al. (1973); Small & Blandford (1992); Marconi et al. (2004)

1- Need to know simultaneously mass function ®,(Mt,)
and accretion rate distribution
b ’ ; e
2- Atany z (or t), it is possible to combine mass function and
bolometric luminosity function to calculate accretion rate distribution

Picture from Di Matteo et al. (2007)

?




The anti-hierarchical
evolution at low z seems
reversed at high z

Merloni and Heinz 2008
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SMBH downsizing

Future work: comparison
with galaxies growth

rowth Time

AEGIS Survey
Star forming galaxies
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SMBH downsizing

Future work: comparison
with galaxies growth

rowth Time

AEGIS Survey:
Star forming galaxies
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Radiated energy density by BH ma
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AGN down g: changing accretion mod

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

® Accretion theory (and observations of X-ray Binaries)
indicate that o

*The energy output of an accreting BH depends crucially
on its accretion rate

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

¢ In the recent Cosmology jargon: Quasar mode vs.
Radio mode (explosive vs. gentle)




BH transients: window on accretion physics

GX 339-4 Fender et al. 1999




Radio cores scaling with M and mdot

ndameéhtal plane” of active BHs [Merloni et al. 2003; Falcke et ¢

2004]
Py e
Open triang

Filled square:

Very little scatter
if only flat-
spectrum low-
hard state

considered
(Kording et al.
2006)




AGN feedback: evidence on cluster scal

Fabian et al. 2006,

PFiFst direct evidence of

ipples, sound waves and
iocks in the hot, X-ray
emitting intracluster gas

Radio maps reveal close
spatial coincidence
between X-ray morpholc
and AGN-driven radio jets




stimating Jet power in nearby el al

* Allen et al. (2006,
correlation between Jet
kinetic power and Bondi
power

Merloni & Hei

10g Paona:
C dio (contours), bubbles (ma;
Allen et al. (2006), Birzan et al. (2004), Rafferty et al. (2006)




Low Power AGN are jet dominated

By studying the n
1

of the AGN

The observed slope
(0.500.045) is perfectly
consistent with radiatively
inefficient “jet dominated
models (see E. Churazov’s
talk)

4 .
Merloni and Heinz (2007)




Slope=0.81

Slope=0.54

Observed Ly (beaming)

Derived from FP relation

Monte Carlo simulation:

Statistical estimates of

mean Lorentz Factor I'~8

Not a distance effect:

partial correlation anal
x104

n

Merloni and Heinz (2007)




ram for LMXB & AGN

HK (high-kinetic; RLQ)
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What is the “radio mode” of AGN?

C The%nergy source that counterbalance cooling in the cores
of groups and clusters. Prevents overproduction of m e
galaxies at late times (a mode; Croton et al.
2006; Bower et al. 2006)

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

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

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




b
ontinuity equat on for SMBH growth

°

Cavaliere et al. (1973); Small & Blandford (1992); Marconi et al. (2004)

1- Need to know simultaneously mass function ®,(Mt,)
and accretion rate distribution

b ’ ; e
2- Atany z (or t), it is possible to combine mass function and
bolometric luminosity function to calculate accretion rate distribution

3-For each acgretion mode, use observed scaling relations between
(core) rgdlo and X-ray (bolometric) luminosity to “couple in”
B the evolution of radio LF
°” Y




Most of SMBH
growth in
radiatively efficient
mode

.065-0.07

Marconi et al. (2004)

Merloni 2004; Merloni & Heinz 2008
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Kinetic Energy output by SMBH mass




Kinetic e y of gi ng black hole
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Log N |sqdeg ~' dz™* (aLog M)™'|

“Active” BH Mass Functions/ Number counts

Projected Mass function, cores at 5Glz




End of part Il
(downsizing, mass function evolution)

Akxk

Towards part 111
(The first black holes)
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The first black holes \




Black Holes mass function evolution

107 2=50

. Mpe™® (ALog M)™Y]
g

10°

=
5

Dk




b
The highest reds ft QSOs
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2~6 composite
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b
The highest redshift QSOs

, — — — low-2 composite |
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The highest reds QSOs: the tlme"r blem

vailable time from z=30 till z=6 is about®0.8 Gyr.~
ume SMBH growth at the Eddington limit:

dM/dt=(1-n

Assuming, for simplicity, n=¢,.q

M(O=M(0) exp [(1-n)M * Vtoqql

With t.g4q=0.45 Gyr
v

Upper limiton n !
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Th gl QSOs: the ﬁmeur blem

Poplil remnants seeds
)0<M/My,,,<600)

sun’

Massive seeds

(104<M/My;,<6x10%)

0 (2005)




The highest reds QSOs efﬁcaencu problem

BH growth by accretion via standard thin @isc from=an
initial state with M=M, and spin a=a;

Spin evolves according to:

2 An initially non-rotating BH is sptin up to a;=1 if
M/M=6 172 45 A

Prolonged coherent accretion episodes imply high
efficienc




etion proceeds via a succession of small episodes in which
the disc angular momentum is always smaller than the hele’s one

s
Ary

°

For ry ~ self-gravitating radius,
Mgise = 0:1% M

disc

006)




Johnson and Bromm (2007)

imulations without feedback
found very low gas densities
(< for ~108 yrs)
around first Poplll




imulations without feedback of atomic hydrogen cooling halo (T>10%K)
Grief et al. (2008)




Simulations without feedback of atomic halo (T>10%K)
et al. (2008)




eling rates: effect of feedbac




Radiative flux

Gas flow

Radatively
~driven
Outflow [v]>Vn
S
<"

\\ Slow Accretion
vl <vg
anan

Begelman et al. ‘82; Ohsuga et al. (2007)

Begelman et al. (2006;2008)
In a supercritical accretion disc
(left) BH growth rate can be super-
Eddington, as the photons are
trapped in the flo

In a Quasistar, ¢ n the
center of a convective envelope and

ows at the Eddington rate of a
superma :




owth and death of a Quas

Infall rates >T00 times Tar
than for Pop Il star forma
(“bars in bars” instabilityy

* A Poplll Quasistar may form
by direct collapse in the core
a pristine pre-%fnla
where atomi
cooling is efficient

In less than a million years a
10* BH may be born

Begelman et al. (2008)



edictions: early (seed) BH mass function

= 3
5

* Using a model for gas
collapse in pre-galac
halos that ccounts for

ravitational stability and
ragmentation

* Qs a stability parameter:
lower Q implies more
stable discs

0.001

0.0001

Volonteri et al. (2008)




ns: SMBH evolution at z<4

-
® SMBH grow with a broad accretion rate distribution

® Most of SMBH growth occurred in radiatively efficient episodes
of accretion.

® The anti-hierarchical trend igiclearly seen in the low-z evolution
of SMBH mass function. Reversal at higher z2

¢ 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% (but strongly dependent on
BH mass and redshif




Open questions: Radio perspective

Evolution of low power sources at high redshift
nknown:

Flattening? (As sen in X-rays) -> downsizing?
Kinetic dominated modes:
Need more sensitive low frequency observations

Jet dynamics: compact cores vs. extended lobes

Radio-X-ray relation at high redshift




Open questions: the first Black holes

® What typical mass (where the peak of Mass Function)
® Poplll star remnants vs. direct collapse
® What growth mode:

® Standard accre . chaotic accretion vs. super-critical
accretion

® What is.the mass of typical host halo
¢ Correlation function

® Early M-sigma?




The M87 jet
Hubble Heritage Project
ritage.stsci.edu/2000/20/index.html




Footnotes:
*Kicked B after mergers can introduce a loss term in the
continuity equation
**Merging BH alter the Mass function

_ __ Merging +Hopkins et al. LF
.« Reference Model

Model with Merging
02

7 10

7 8
Log M, [Mo] Shankar et al. 2007




