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QSOs
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How many monsters do we have at z>6?

>300 detected QSOs at z > 5.5
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High-z QSO spectral properties

ULAS J1342 at Z~ 7°5 Observed wavelength (pm)
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BH formation: simulations
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Early SMBHs most likely form in the most overdense

regions with extension up to 10 pMpc
(e.g., Overzier et al. 2009; Costa et al. 2014; Barai et al. 2017)




BH formation: simulations
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No AGN AGN sphere feedback AGN cone feedback

The evidence of overdense regions around z~6 QSOs 1s unclear.
(e.g., Stiavell1 et al. 2005; Willott et al. 2005; Kim et al. 2009; Mazzucchelli et al. 2017)

Problem related to small scale observations? AGN feedback?



Wide-area LBT rizimaging around four z~6 QSOS

5.650 |- e o ome oo J1030 4 53.100 - e YRR J1148 -
IMpe o S . 2 ] TMpc N
5.600 | » N RER TR LR ' ] 53.050 - : : , s ¥

:
.

Y
8
’

WESAE Lo s = - i-band dropouts
e T B e AR e (e.g., z~6 LBGs)
o Fica s R w . »  selected down to

DEC [J2000)
o
&
g
O
DEC [J2000]
by

g
g

&
-
: S (o)
:
8
8
L
E
0

™ 'o *
5.300 ’.o ,. anded SRR °. 1Py 0E ot ‘ ZABN25
5.250 ‘_5 52.700 %0 :
167.000  157.680  157.860  157.440 177.360 177.240 177.120 177.000 176.880 176.760
RA [J2000) RA [J2000)
' 12.550 .
46850 —mW .. z - J1048 A c— ' - ]
T S DR - N SrrremgAde SXC T 2 o dan
46.800 |- 0%, Wit * : .« TSR ]
N os ool 3 - J1030 shows the
.750 | a S ) b . Sk ‘ ]
Cam} bR g L Sy S est evidence for
=) y j 24 e ,". ] §12.350- . . . : . o '3
§,4s.sso- ] 4 . . S 2 AR - 2 ] d
& e S $ v $Q 12300 - L S c’o' £ e * ] an Over ense
O ges00f Hol o RS N o R o % - ]

o' ® ) Ko g v 3 : 1 : A‘_- . 3 3 $ 3 L]
. Fets : o 5 3 12sof 6 % A A S reglon
% RN A i ®:v 1 R k 3 ]
c 4 é 3 2 -

46.550 - .
: : 12.200 - B
: O~ 7, FiA o . .
46.500'- Ve * . mo .' - . . - D .~ . 4
S R L, . AR SIS 1210 - g ® e SR
46450 - . i g 2 et ] ST P e : .
........................... 12100 ) Morselli et al. 2014

L ' L L
162480 162.360  162.240  162.120  162.000  161.880 213.000 212.880 212.760 212.640
RA [J2000] RA [J2000]



e
J1030+0524 field
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Public:
UBVRIzZJHK (MUSYC, Gawiser+06)
MIR (Spitzer/IRAC, MIPS)

INAF:

riz (LBT, Morselli+14)

YJ (WIRCAM, Balmaverde+17)

LBT spectroscopy (36hrs MODS,
16hrs LUCI; PI: R. Gilh)

JVLA 30hrs (PI: I. Prandoni)
Chandra (ACIS-1, 500ks)

Other:
r1iz, NBcrv (Subaru, Diaz+14,15)

QSO:
HST, MUSE, ALMA



Chandra observation goals

Build a multi-wavelength Get high quality Detect faint and/or
survey with >200 X-ray X-ray spectrum of obscured satellite
sources expected down to J1030, the best ever AGN (check for the

£0.5-2 kev ~ 10-16 obtained for a z>6 overdensity)
erg/cm2/s QSO
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~125 photons detected 1n 0.5-7 keV band
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J1030 X-ray spectrum
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J1030 X-ray variability

Nanni et al. 2018
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Take home messages

1) Primordial black holes should form and grow in overdense regions
surrounded by fainter companions

2) The J1030 deep-field 1s likely the best place to study the properties and
environment of z~6 SMBHs

3) J1030 1s the first evidence of a variable AGN 1n the primordial Universe
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