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AGN-driven outflows

AGN-driven gas outflows extremely common
=» interplay/feedback with ISM and IGM

How strong is this feedback?

~1-30 kpc scales
Does it heat/expel the ISM halting star formation? (hence preventing the
assembly of too big galaxies) . Does it alter the global structure of the host?

~30-1000 kpc scales
Does it affect the environment around QSOs (e.g. by heating the IGM)?



Outflows in AGN (highly ionized gas)
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Outflows in AGN (highly ionized gas)
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Outflows in AGN .
(ionized gas) ]
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Outflows in AGN (atomic and molecular gas)

CO data (trace molecular gas)
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Outflows from SDSSJ1148 at z=6.42
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25 JlllllllllllllllllllllllllllllllllllllllL

20

0~ ==
111 lllllllllllllllllllllllllllllllll

-2000 -1000 0 1000 2000
Velocity (km/s)

1
FJilllllllllllllllllllllll

FWHM,,.4~1500 km/s

Maiolino et al. 2012

[ClI] extended to 30 kpc

dM,,./dt >1400 M_,./yr
v~1400 km/s
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Histogram Density
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Outflows from SDSSJ1148 at z=6.42

[ClI] extended to 30 kpc
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UFOs in a high-z QSO

ultra-fast outflows
in a z=3.91, lensed QSO

only this case known at z>3:

but difficult to observe:

need photon statistics and
lensing is effective but rare
=>» UFOs likely abundant even
in high-z sources
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Large-scale (0.1-1 Mpc) feedback
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Large-scale (0.1-1 Mpc) feedback

stacked therm.al SZ signal from FWHM ~ 10’ (5 Mpc at z=1.5)
>26000 QSOs in the SDSS at
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The environment of early SMBHSs
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Early QSOs are massive systems
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SI\/IBHs powermg 2"’6 QSOs are rare and blg X
If early SMBHS formiin masswe haIOs they should be hlghly cIustered
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Correlation function

angular correlation function w(0) N o

dP = n*[1 4+ w(0)]dQ.d .

excess probability over random of finding one galaxy within the solid angle dQ,
and another galaxy within dQ, separated by an angle 6

Spatial correlation function §(r)

dP = n?[1 + £(r)]dVidVs

E(r) = (r/ro)™




Some examples dP = n*[1 4+ w(0)]d.ds
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Galaxy (or AGN) bias b

bz(r, 2, M) = éfg(ra Zs M)/gm(ra Z)

¢,= galaxy (or AGN) corr. function ¢ = dark matter corr. function

1425 Mpd/h




Extrapolating from z<4 suggests that early QSOs are likely highly biased and live
in

halos with M,,,~ 103 M_,,
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y [kpe]

Simulations of early BH formation
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According to (most) simulations, early SMBHs can only form in overdense environments



The fate of the most massive halos at z=6
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Galaxy overdensities around high-z QSOs

Search mostly based on small FoV instruments and inconclusive
e.g. ACS/HST = 3x3 arcmin? = 1x1 Mpc? at z=6.
(Stiavelli+05, Kim+09, Husband+13, Banados+13, Simpson+14)
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Galaxy overdensities around high-z QSOs

LSSs around protoclusters (Overzier+09)

s Amemn z=62 |
Overdensities might extend
up to 30arcmin, i.e 10 phys. »
Mpc (Overzier+09). 40r © ACE O
Feedback may limit galaxy £ | . - @O; S 3
formation in the QSO S RS A -
icinity (e.g. Stroemgren O §) O] &
vicinity (e.g. g L Sl @ g 1
radius ~ 2-4 Mpc) L WO
a20F © O @
_ © ;
9 ] . 1Io
230 23.; e 240 245 Radius (arcmin)

use LBC@LBT: FoV ~ 25’x25’ = 8x8 physical Mpc? at z=6









i-band dropout selection

Dropouts:
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Dropout summary table

Field
J1030 14 10
J1148 8 3
J1048 6 9
J1411 11 8
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Dropout overdensities

SXDS dropouts visually inspected
and corrected for incompleteness
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N(i—dropouts)

Radial distribution of dropouts

10 = | ' S Simulation by Costa+14
i 4 LBC fields | e, :
combined o oL
8 ] 250F o "
B ] o~ 200—O o:‘:’ 6 .
JUEETELE B E 8&@00_ - °
ol i !l Ndid~ S
' ~3 - o.b v & ]
- i 100} * & B
; HST/ACS BOV ¢
50 K
4 = ’ | ] NO feedback 1
B i 0 % 10 15 20 250 300
2 . ol o
i il =
O I R N SR R 7 %% £ aen :
5 ° o w q y
1 2 3 4 ) - o p
DIST from CENTRAL QSO (Mpc) -l
HST/ACS FOV B
sof 3 ]
2.40 evidence for dropout deficit at d<2.5 Mpc . With SNe Feedback

(see also Utsumi+10): QSO (+ SF) feedback effects? 0 50 100 150 200 250 300

x | arcsec |



Optical spectroscopy

SDSS 11048 field (z=6.20)

#4811: primary dropout at z=5.9

~50 emission line, Lya at z=5.9

Az=0.3 =» Ar=18 physical Mpc



Optical spectroscopy

SDSS 11048 field (z=6.20)

#2277: secondary dropout at z=5.7
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Optical spectroscopy

SDSS J1148 field (z=6.42)

2=6.456

separation
of ~ 4 Mpc
from QSO

if confirmed
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