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MBHs in the local Universe: where from?

MBH evolution along cosmic time

Observational signatures

A BH dominates the motions of stars and gas in a tiny volume
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Sphere of influence: Tinf — O,45pC (ﬁ) <m)
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Sphere of influence:

The best example of

search for a SMBH is
the

individual stars can be

resolved

Beyond the MW:
velocity dispersion profile +

orbital modeling
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Globular cluster
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What is a galaxy made of?

Halo: dark matter
Disc: gas+stars

Bulge: stars

Black hole!
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tiny BHs know about big bulges!

v/formation throug
stellar evolution
v mass < few tens M

v/ powering quasars
¢ mass > 0% Mun

o ..."........&m:«:m.mw& Xy
‘\

PR Origin of st eMc "

%o {«' {l One solar mass
Black Hole Mass Scales with Galaxy Size
Ground HS T Black Hole Mass
NGC 4648
20N suns

200 milion suns

20 million suns
a

3 rmllion suns

Black hole avent horizons

—_
Dismuter of Earth's Orhit
(186 mullion milus)

NAEA sl K- Gulmanar Lk Clisarpatniy| @ STSHPRCE0, 22

75000 light- years




The highest redshift quasar currentl
WHEN  The highest redhit /

CI SDSS 1148+3251 at z=6.4
O )’OU has estimates of the SMBH mass

MBH=2-6 x| 09 Msun
make d (Willott et al 2003, Barth et al 2003)
(super)
. AS LARGE AS THE LARGEST SMBHs
massive SEEN TODAY, BUT
b|ack WHEN THE UNIVERSE WAS | Gyr OLD!

hole? Hey guys, we have to deal with
cosmology...

small scales collapse first

iQSO: M(halo)=1.1e7

M. Kuehlen




MBH~ I OO Msun MBH ~ I 03' I 05 Msun

Simulations suggest that the first stars
(e.g. Haehnelt & Rees 1993, Eisenstein & Loeb 1995,

are massive M~100-600 Msun Bromm & Loeb 2003, Koushiappas et al. 2004,
(e.g.,Abel et al. Bromm et al.) Begelman, MV & Rees 2006, Lodato & Natarajan 2006)

Dark stars powered by DM annhilation

massive M~500-1000 M_ (Omukai et al. 2009, Devecchi & MV 2009)

(e.g. Spolyar et al 2008, Freese et al 2008)

Metal free dying stars with
M>260M, , leave remnant BHs with

Mseedz | OOMsun (Fryer,Woosley & Heger)

Metal free gas has to rely on inefficient H, cooling: slow,
quasi-hydrostatic contraction

Simulations suggest that
the first stars are massive

(Abel et al., Bromm et al.)

‘ and come in small batches
Abel et al. 2002 (1 to ~a few per halo)
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Collapsing gas clouds become rotationally supported at 1058
Schwarzschild radii.

competition in gas consumption
collisionless stars do not dissipate angular momentum efficiently

SNe can blow away the gas reservoir

gas collapses if Tgas<Tvir

DM DM
e #

} Erc>0.25E

The central regions fulfill
the conditions for MBH

formation:

ENNeTgY

Begelman, MV & Rees 2006




Devecchi & MV 2008

if a forming disk is Toomre-unstable @ Z>0, instabilities can lead to
mass infall instead of fragmentation and global star formation

Inefficient fragmentation unless very high density: n > ncrit,Z

gas inflow increases central density, and within an inner, compact, region
where n > ncrit,Z, stars can form = VERY DENSE CLUSTER
mass segregation: massive stars sink to the center

stellar collisions form a very massive star = massive black hole

Toomre Q
unstable
#

very low Z

Fragmentation
Collisions if N> Nerie :

inner region only

Runaway
growth ;

dense star cluster
BH formation




(MV, Lodato & Natarajan 2008;
Devecchi & MV 2009)

Proto-cluster
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MBHs in the local Universe: where from?
MBH evolution along cosmic time

Observational signatures




The seeds at z>20 are small, ~100-10% Mgun

How do MBH seeds grow with their hosts!?

Correlation Between Black Hole Mass
and Bulge Mass

One
billion
solar
masses

One
million
solar
masses

Black hole mass

Increasing
Mass of central bulge

The seeds at z>20 are small, ~100-10° Msun

How do MBH seeds grow to become supermassive!?
Vs

Outflow

Infalling matter

courtesy of L. Mayer Outflow

Total mass density in MBHs is
almost constant in time: just
reshuffle the mass function

Total mass density in MBHs grows with time




To recover the local & the

space density of quasars

during major mergers {

SMBHSs-bulges connection

the accreted mass brings BH growth limited by
the MBHs onto the Mgh- O { feedback

relation

cfr. Di Matteo et al.

10 kpc/h




Mergers
Accretion

accretion leads

Yu & Tremaine 2002, Elvis et al 2002, Merloni et al 2004
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pqso(o)=2+4x 10°[0.1(1-£)/€]Msun Mpc-3
pSMBH=2'5+4'5X I OsMsun MPC-3

108 T
Merritt & Ferrarese (2001b)
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@ z<3-5 the final mass of the SMBHs is dominated by
accretion, with mergers playing a secondary role

MBHs in the local Universe: where from?

MBH evolution along cosmic time

Observational signatures




(MV & Natarajan 2009)

MBHs along the
hierarchical
build-up of a
massive elliptical
galaxy
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(MV & Natarajan 2009)
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The smallest galaxies
retain memory of the
initial conditions:
quiet life.... no major
mergers, no accretion
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of MBHs @ z=0
e

(MV, Lodato & Natarajan 2008)

Direct collapse Poplll remnants
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Black curve:
Greene & Ho 2007
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SMBHs can be built up from seeds dating back to
the end of the cosmological dark ages

/seed MBHs form in high-z proto-galaxies

MBHs evolve through mergers and accretion

¥M-sigma & BHOF @ low masses tells the story




