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The local My, - M. relation

SMBHSs (Mg,,=10°-101°M_, ) are present in the center of massive galaxies,

including the Milky Way.
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What is the origin of the local Mg, - M. relation?



Active Galactic Nuclei

BLACK HOLE ACCRETION

Gas in the host galaxy is accreted onto the black hole Black hole

2 2
4G MBH pgas (Bondi & Hoyle 1944;
Hoyle & Lyttleton 1939)
2 2\3/2
(c +VBH—gas ) /

MBH=05

AGN RADIATION

A fraction of the accreted rest-mass energy is radiated away Accreting
radiation gas
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AGN FEEDBACK

A fraction of this radiated energy is returned to the surrounding gas in terms of thermal/kinetic energy

; — — ) 2 ~ ECO
Etcea = €feedlrad = €feed EraaMpnC Efeed ~ 5%

AGN feedback can explain the origin of the local Mg, - M. relation



AGN feedback in the local Universe

Mrk 231: the closest quasar known
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Broad wings extended up to £ 750 km/s in the CO(1-0) line

Evidence of molecular outflows in the local Universe



Quasar feedback in z = 6 quasars
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Broad wings extended up to + 1300 km/s in the [CII] line

Evidence of fast moving gas flowing out of the host galaxy



Quasar feedback in z = 6 quasars
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Metal-rich fast outflowing gas is distributed on =20 - 30 kpc

How does the Mg, - M. relation evolve at high redshift?
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Black hole mass measurements

in

Z = b quasars

The Mg Il emission line
arises from the AGN
innermost region (< 1 pc)
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Black hole mass measurements
in Z = 6 quasars
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Tens of z = 6 quasars

(e.g. Barth et al. 2003; Jiang et al. 2007; ﬁ Mgy = (0.02 — 1.10) x 10" My,

Wang et al. 2010; Wu et al. 2015)

How SMBHSs have formed in less than 1 Gyr?



Possible pathways for the origin of SMBH seeds
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Possible pathways for the origin of SMBH seeds

(1) Poplll remnants

collapse of primordial stars
(IVIPopIII>100 Msun)
in DM minihalos
(IVIDM::I-06 Msun)
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Possible pathways for the origin of SMBH seeds

(1) Poplil remnants (2) Compact nuclear star clusters
collapse of primordial stars Star collisions
(IVIPopIII>1OO IVlsun) can lead
in DM minihalos to the formation of VMSs

(IVIDM::I-06 IVlsun)
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Possible pathways for the origin of SMBH seeds

(1) Poplil remnants (2) Compact nuclear star clusters (3) Direct Collapse Black Holes
collapse of primordial stars Star collisions Primordial gas
(Mpop>100 Mg,,,) can lead irradiated by LW radiation
in DM minihalos to the formation of VMSs in atomic-cooling halos

(IVIDM::I-06 Msun)

z=20-30 z =10-20 z>10

(e.g. Haehnelt & Rees 1993;
Yue et al. 2013; Pallottinietal. 2017;
i Pacucciet al. 2017)
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Cosmological simulations of a z

= 6 quasar

GADGET-3 (springel 2005)

100>z>6

Loox =2 h'lc Mpc

mDMreS= 4 x 106 M sun

lOg(pgaS/PB,mea.n)

)\smoothz 1 h_l C kpc

MDMtot ~4 x 1012 Msun
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5001000 Star formation
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(n>0.1cm?3)
BLACK HOLE SEEDING: 10> M., BH in Mp,,> 10°M,,,

BLACK HOLE GROWTH: Gas accretion and galaxy merging
QUASAR FEEDBACK: Kinetic energy deposition



Grazianietal. in prep.

Cosmological simulations of a z = 6 quasar

bi-conical
geometry

QUASAR FEEDBACK

Quasar feedback energy is distributed as kinetic energy

We have assumed a bi-conical and spherical geometry

Surrounding gas is driven outward

(voutflow'Moutflow) Voutflow = 10* km/s

1. :
EMouflowvoutflow2 - Efeed

1

2
. . C
Moutflow =2 €feed €rad MBH( )
voutflow



Grazianietal. in prep.

Cosmological simulations of a z = 6 quasar

Cosmic Time (Myr)

bi-conical 314 400 500 600 750 934
¢ Y 4 107F bi-conical =——» / | inz=b
o geometry J quasars
§ 108§
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V= P
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Z Baraietal. (2017)
QUASAR FEEDBACK BLACK HOLE MASS EVOLUTION

At z = 6 a SMBH with Mg, = 108-10° M., is formed,
in agreement with BH mass measurements
obtained from the Mg Il emission line.



Quasar feedback effects on the host galaxy
no-AGN run AGN run
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Quasar feedback effects on the host galaxy
no-AGN run AGN run
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The gas density and temperature maps shows
the location and extension of the outflowing gas



Quasar feedback effects on the host galaxy
I'IO-AIGN'I_'IIII | ' AGN run
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In the AGN run, particles reach very large velocities
(up to 1000 km s)



Quasar feedback effects on the host galaxy
no-AGN run AGN run
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Star formation is quenched due to the shock-heated low density gas

Fast outflowing metals are distributed on >10 kpc scales
in agreement with [CIl] observations of high-z quasars.



The Mg,-M. relation at high redshift
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The Mg,-M. relation at high redshift
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geometry
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The Mg,-M. relation at high redshift

Mgy-Mxrelation at z =6
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The Mg,-M. relation at high redshift

Mgy-Mxrelation at z =6
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Are quasar feedback in z = 6 quasars more

efficient

than in local Universe counterparts?



Super Massive Black Holes in the early Universe .

z = 6 quasars are powered by 103-101°Msun BH

Quasar feedback are in place at high-z

Cosmological simulations can reproduce the BH observed
masses starting from massive seeds (M.eeq= 10°> Msun)

Quasar feedback quenches star formation expelling the
surrounding gas out of the host galaxy

The Mgy-M= does not evolve with z for Mg,=107-108 M,

Above this mass range the BH grows faster than M«
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Possible pathways for the origin of SMBH seeds

(1) Poplil remnants (2) Compact nuclear star clusters (3) Direct Collapse Black Holes
collapse of primordial stars Star collisions can lead Primordial gas
(Mpopin>100 M) to the formation of VMSs irradiated by LW radiation
in DM minihalos in H,-cooling halos in atomic-cooling halos
(Mpn=10° My,,,) (T,,<10% K) (T,,>10% K)
z=20-30 z =10-20 z>10
30 20 10 redshift 7 g
z=3300 . N R (e.g. Zel'dovich & Novikov 1967;
8 7=6-7 ‘ _______ Hawking 1971; Chaplineetal.
(4) Primordial Black Holes 10°— QSO observations . | 1975;Bernal etal.2017)

T (e.g. Haehnelt & Rees 1993;
Direct collapse of — 10°— _M ~105-106 M. | Yueetal. 2013; Pallottini etal. 2017;
primordial density s L : seed sun, Pacucci et al. 2017)
mhomogeneltles g T — (e.g. Schneider et al. 2006;

z>2.3x10°h2Q,, = B M,.eq=1000 M, | Clarkgt al.2008;
(radiation-dominated era) Devecchi et al. 2012)
10% — M eq=50-100 M, —]
Lo (e.g. Tegmark et al. 1997;
DM ~ . Madau & Rees 2001;
10° R N ST TN T (N O N T YT TN S AN S N Pallaetal. 2002)
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Strain (1072%)
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Gravitational wave detection from merging BHs

Hanford, Washington (H1) Livingston, Louisiana (L1)
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X-Ray Studies

GW170104
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The measured BH masses (10-40 M_,, ) and event rate (2-53 Gpc3yr?)
provide important constraints on the hypothesis

that PBHs can be constituents of DM



Gravitational Waves constraints on PBHs as DM

0.4 . »
0.3 17000 (Gaggeroetal. 2017)
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Assumption: a fraction fj,, of Dark Matter in the Galactic Ridge is constituted by PBHs
Method: Model of gas accretion onto PBHs; predictions of X-ray and radio emission

Result: 30 M., PBHs cannot constitute more than 10% of DM in our galaxy.



Quasar-driven feedback: Gas metallicity
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Metals are distributed on very large scale (= virial radius)
possibly being ejected in the inter-galactic medium
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Evidence of strong quasar feedback at z=6
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