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At the brightest end of the AGN luminosity function
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Hyper-luminous QSOs
Lot ~ 1047 erg/s
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By targeting the highest Leoi the most extreme accretion regime, host galaxies and
environment can be probed

¥ Luminous QSOs allow to study the growth of the most massive SMBHs and galaxies
MBH-Mdyn correlafion: The most massive SMBHSs lie in the most massive galaxies

(Magorrian+98, Kormendy & Ho+13)

¥ The most luminous QSOs are primary targets to hunt for powerful AGN-driven outflows
Huge radiative output. The strength of an outflow increases with Lgol

(Faucher-Giguere+12, Zubovas & King+12, Cicone+14, Bischetti+17, Fiore+17)



At the brightest end of the AGN luminosity function

¥ The most luminous QSOs are primary targets to hunt for powerful AGN-driven outflows
Huge radiative output. The strength of an outflow increases with Lgol
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= X-ray | Rl Q Hyper-luminous QSOs up to z~4 studied at
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(Bischetti+ 17, Vietri+ 18, Travascio +19 sub.)
%9 1| Cold gas phase: direct fuel for SF
| Mostly limited to low-moderate luminosity,
P 11 local AGN (e.g. Cicone+l4, Feruglio+15,
sk Fluetsch+19)
N f Outflows extremely challenging to probe at
T high z
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QSO-driven outflows (un)detected in the early Universe

The existence of massive, quiescent systems observed already at z ~ 3 indicates that a feedback

mechanism must have been in place at very early epochs (z ~ 5 — 6)

First investigation of the occurrence of AGN-driven outflows
in the first @S0s population

Stacking analysis: 48 high-z QSOs observed with ALMA

% [CI1l] 158 um ALMA detection at = 5¢ 5|gn|f|cance

%* 46 < Log(Leoi /erg s'') <48
¥5<z<7

% Equivalent to 34h of on-source time
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Cold outflows in the early Universe are there!

Bischetti+19, arXiv1806.00786, next week on A&A
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QSO-driven outflows in the early Universe

Stack in bins of AGN bolometric

luminosity :

The luminosity of the broad [CII]
wings correlates with Lgol

(but not with SFR)

AGN identified as the main
driving mechanism
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Cold outflows extended on galactic scales

Dec [arcsec]

Blue wing

Red wing

Stacked ALMA cube
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Typical mass outflow rates of the [CIlI] outflows

Bischetti+19, arXiv1806.00786, next week on A&A
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A deeper insight: the most luminous QSO of the local Universe (z=0.185)

Leol = 10 erg/s,

¥ The prototype of massive and persistent ultra-fast outflow (UFO)

quasi-spherical relativistic wind with kinetic power ~ 20% Lgol
UFOs proposed as likely origin of galaxy-scale outflows
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¥ A local analogue of the hyper-luminous QSOs dominating the SMBH growth at z>2
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A deeper insight: the most luminous QSO of the local Universe (z=0.185)

¥ A local analogue of the hyper-luminous QSOs dominating the SMBH growth at z>2
Leoi = 10* ergls, Mpu~2x10? Msun, Leol/LEdd = |

¥ The prototype of massive and persistent ultra-fast outflow (UFO)
quasi-spherical relativistic wind with kinetic power ~ 20% Lgol
UFOs proposed as likely origin of galaxy-scale outflows
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The highest resolution map of the molecular gas in a hyper-luminous QSO

% The molecular gas reservoir is located in a compact (D ~ 1.3 kpc), rotating (Vrot~ 280 km/s)

disk seen close to face-on (i = 25 deg)

Relative Dec [arcsec]

I I
= © © © = -
o U1 o U o U

I
=
o

I
N
!\O

, CO(3-2) and continuum emission

s |
<> e

1 | ARy ) 1 1

1.0

0.5 0.0 -05 -10 -15 -=-2.0
Relative RA [arcsec]

Relative Dec [arcsec]

Relative Dec [arcsec]

| |
0.6 Velocity

O
IN
|

O
N
I

O
o
I

I
O
N

|

I
O
I

|

—0.6

1 |
.

e )]
o o

| I
0.6-Velocity dispersion

O
N
I

O
o
I

|
O
N
I

I
O
I

|

—06H
T 1 | |

I I

0.75 0.50 0.25 0.00 -0.25-0
Relative RA [arcsec]

|
.50-0.75

N
o

]
o

I
N
o

I
TN
o

80

70

-1 60

450

440

30

20

Velocity [km s~1]

Velocity dispersion [km s71]



Kinematics of CO(3-2) emission in PDS 456

% The molecular gas reservoir is located in a compact (D ~ 1.3 kpc), rotating (Vrot~ 280 km/s)
disk seen close to face-on (i = 25 deg)
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Anatomy of the kpc-scale molecular outflow in PDS 456

% Blue- and red-shifted outflow extended up to 5 kpc scale from the nucleus

C)ultflow| map v < -|250 klén/s
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AGN feedback in action

Mm01 ~ 300 M@/yr
Tdep — M/Mmol ~ & Myr

Very short depletion timescale

Mot/ SFR ~ 4 — 10

Molecular gas removed before

it forms stars

The QSO is able to affect the evolution of its host-galaxy!

Bischetti+ 19, A&A, 628, Al 18



Challenging the energy conserving scenario

Longinotti+18
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In clear contrast with energy conserving expectations: (Pmno/(Lagn/c) >> 1)

Bischetti+ 19, A&A, 628, Al 18
(see also Reeves+19, Sirressi+19)



Challenging the energy conserving scenario

Longinotti+18
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Alternative scenarios:

* radiation-pressure driven winds in luminous QSOs (Costa+18, Ishibashi+18)

* the molecular gas may not trace the total outflow mass



Challenging the energy conserving scenario
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* the molecular gas may not trace the total outtlow mass




QSOs as signposts of large overdensities
High-density region around PDS456: three CO and three continuum emitters
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QSOs as signposts of large overdensities

Velocity dispersion map
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* Exceptional overdensity in the 40 x 30 kpc? region around the QSO

* Discovery of the closest (2 kpc!) companion of a high-z QSO

High
angular

resolution
(0.16" x 0.18"")



QSOs as signposts of large overdensities
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* Spatially resolved SF mostly occurring in the companions

SFR(QSO) ~100 Mo /yr
SFR(Total) ~1000 Mo /yr



High-z QSOs probe the early growth phases of massive galaxies
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Summary & Conclusions

* Widespread presence of [CIl] outflows in the early Universe
Correlation between outflow and AGN luminosity

Outflows might be less efficient in removing gas than in local AGN

* Anatomy of the host-galaxy and molecular outflows in PDS456
AGN feedback in action in hyper-luminous QSOs

Challenging the energy-conserving scenario

3 Early assembly of giant galaxies around hyper-luminous QSOs

Large overdensities with multiple companions

Early stellar mass assembly outside of the QSO host-galaxy

- enlarge the population of high-z, moderate luminosity AGN known
provide AGN-outflows scaling relations in a wide range of Lgo, without the drawback of different z

multi-phase characterisation of AGN-driven outflows




