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Testing self-similarity
of QSO accretion physics
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Witnessing SMBH accretion
as close as possible to the

initial conditions of SMBH formation
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2015

>200 QSOs discovered so far at z>6
(i.e. <1 Gyr after the Big Bang), thanks
to wide area (>1000 deg?) optical/NIR
surveys

(Banados+16, +18, Mazzucchelli+17, Reed+17, +19,
Tang+17, Wang+17, +18a, +18b, Chehade+18,
Matsuoka+18a,+18b, +19, Yang+18, Fan+19,
Pons+19)

(only ~15 z>6 QSOs with X-ray data,
<8% of the known population)

2020



Selection of high-z QSO candidates

Quasar J1342 4 0928 at z = 7.54

ZDE,30 > 23.32 J1 =20.73 £0.03 = 20.30 + 0.02 = 20.16 + 0.03 Ks =20.10 £ 0.04
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Blue continuum emission
Lya forest (/1<1216 A) (by selection only Type | QSOs!)
Lyman break (1<912 A)

Virial BH mass estimate
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Optically selected zz6 QSOs are extremely massive!

1010 L

109E

107E

10° b

|Og(|\/|_B H/MSUH)~9-1 0 (with large uncertainties)

(e.g., Mortlock+11, Wu+15, Banados+18)

4
/

Wang+10

O
[ | O
| Om
w
/
. T,
’u "
il
y
7
/
/
’
/
%«
y
7

Local galaxies, Tremaine02
Quasars at 1.4 z£ 5
z~ 6 Quasars, =FWHM/2.35 &
7z~ 6 Quasars, o based on Ho (20070) O |

L

How can you form such massive BH in <1Gyr??
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Initial Msn predicted by models Redshift

Models require fast accretion
(i.e., high Eddington ratio Aepp),
possibly in heavily obscured conditions,
to match the observed MgHx at z=6-7.5
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Testing accretion mode (accretion disk + hot corona)
X-rays

optical-UV
Lusso&Risaliti 2017

Courtesy of W.N. Brandt gas™ ' rad
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(e.g., Steffen+06, Just+07, Lusso+10,+16, Nanni+17)

Hot corona contribution decreases at
high luminosity
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X-ray photon index (') as a probe of accretion

N(E) E_F I' includes information on the physical conditions (e.g. temperature)
X of the hot corona and its interplay with the accretion disk
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New Chandra observations of 10 z>6 QSOs
Chandra Cycle 19 Large Program (~430 ks, PI: Brandt)

c Table 1. Physical properties of the z > 6 QSOs with new or archival X-ray observations. Vit 19b
[ R '
wpd L :
o) RA DEC z My=0a (My4504) log(—Lb—S—l— Ref. (disc./z/Mpgg)
> (1) (2) (3) (4) (5) (6) (9)
S
w New targets
CFHQSJ0050+3445 00:50:06.67  +34:45:21.63 6.253 (Mg II) —26.70 (20.11) 13.45 W10/W10/W10 <11.4
n VIKJ0109—3047 D1:09:53.13  —30:47:26.3 6.7909 ([C II]) —25.64 (21.30) 13.06 V13/V16/M17 < 34.1
0 PS0OJ036+03 )2:26:01.87  +03:02:59.4 6.541 ([C 11]) —27.33 (19.55) 13.67 V15/B15/M17 <21
o VIKJ0305—3150 )3:05:16.92 —31:50:55.9 6.6145 ([C II]) —26.18 (20.72) 13.26 V13/V16/M17 < 20.0
SDSSJ0842+1218 p8:42:29.43  +12:18:50.51 6.0763 ([C 11])® —26.91 (19.86)% 13.52 dR11/D18/dR11% < 1.3
PSOJ167—13 11:10:33.98  —13:29:45.600  6.5148 ([C I1])® —25.57 (21.25) 13.03 V15/M17/M17 < 34.3
CFHQSJ1509—1749 J15:09:41.78  —17:49:26.80§ 6.1225 ([C II])® —27.14 (19.64)% 13.61 WO07/D18/W10% <1.2
() CFHQSJ1641+3755 4 16:41:21.73  +37:55:20.15 6.047 (Mg II) —25.67 (21.09) 13.07 WO07/W10/W10 < 10.5
PSOJ338+29 22:32:55.14  +29:30:32.31 6.666 ([C I1]) —26.14 (20.78) 13.24 V15/M17/M17 < 21.0
2 DSSJ23104185 23:10:38.89  +18:55:19.93 6.0031 ([C II]) —27.80 (18.95) 13.85 Wal3/Wal3/J16 < 3.9
#>0s with previous X-ray data
DSSJ0100+4280 01:00:13.02  +28:02:25.92 6.3258 ([C I1]) —29.14 (17.69) 14.33 Wul5/Wal6/Wul5* < 1.2
© ATLASJ0142—3327% 01:42:43.73  —33:27:45.47 6.379 ([C 11])@ —27.82 (19.02)% 13.85 - s C15/D18/— < 4.2
vl CFHQSJ0210—0456 § 02:10:13.19  —04:56:20.90 6.4323 ([C II]) —24.53 (22.33) 12.65 7.90 1.76 W10/W13/W10 < 28.1
(qv) CFHQSJ0216—0455 W 02:16:27.81  —04:55:34.10 6.01 (Ly o) —22.49 (24.27) 11.91 = - W09/W09/— < 23.1
N o SDSSJ0303—0019 03:03:31.40  —00:19:12.90 6.078 (Mg II) —25.56 (21.21) 13.03 8.61 0.81 JO8/K09/dR11* < 11.4
SDSSJ1030+0524 0:30:27.11  +05:24:55.06 6.308 (Mg II) —26.99 (19.84) 13.55 9.21 0.68 FO1/K07/dR11%* <1.5
— SDSSJ1048+4637€ 0:48:45.07  +46:37:18.55  6.2284 (CO 6-5) —27.24 (19.57) 13.64 9.55 0.38 F03/Wal0/dR11* < 0.5
(4v) ULASJ112040641 1:20:01.48  406:41:24.30 7.0842 ([C TI1]) —26.63 (20.38) 13.42 9.39 0.33 M11/V12/M17 < 0.7
> SDSSJ1148+5251 1:48:16.65 52:51:50.39 6.4189 (CO 6-5) —27.62 (19.24) 13.78 9.71 0.36 F03/Wall/dR11* 0.77902
- SDSSJ1306+0356 13:06:08.27  +03:56:26.36  6.0337 ([C 1)) —26.82 (19.94)% 13.49 9.30 0.48 FO1/D18/dR11*® < 1.5
L ULASJ134240928 13:42:08.27  +09:28:38.61 7.5413 ([C II]) —26.76 (20.34) 13.47 8.89 1.14 B18a/V17/B18a < 4.7
(& SDSSJ1602+4228 16:02:53.98  +42:28:24.94 6.09 (Ly a) —26.94 (19.83) 13.53 — — F04/F04/— 0.8702
A SDSSJ1623+3112 16:23:31.81  +31:12:00.53 6.26 ([C II]) —26.55 (20.27) 13.39 9.15 0.54 F04/Wall/dR11* < 2.3
< SDSSJ1630+4012 16:30:33.90  +40:12:09.69 6.065 (Mg II) —26.19 (20.58) 13.26 8.96 0.62 F03/104/dR11* < 2.2
1SCJ2216—00168 22:16:44.47  —00:16:50.10 6.10 (Ly o) —23.62 (23.16) 12.32 — s M16/M16/— < 40.9

Now we have 25 z>6 QSOs with sensitive X-ray data and can start doing
robust statistical analysis



New Chandra observations of 10 z>6 QSOs
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X-ray luminosity derived assuming “standard” '=2 (e.g., Shemmer+06, Nanni+17)

ID L2_10kev Xox Aaox
[10%4 ergs 1]
1046
+3.67 +0.07 +0.07
CFHQSJ0050+3445 6.6875 57 —1.719-07  —0.0270-07
VIKJ0109—3047 < 3.29 < —1.67 < —0.04
PS0J036+03 8.2075°92 ~1.7729%  —0.0570 9%
VIKJ0305—3150 < 3.79 < —1.72 < —0.06
+3.26 +0.09 -+0.09
SDSSJ0842+1218  4.3473-29 ~1.8179-99  —0.1179-99 —
PSOJ167—13 < 2.21 < —1.72 < —0.09 |
CFHQSJ1509—1749 10.3475 L2 1717007 0.01700% (V)]
+5.56 +0.03 +0.03
CFHQSJ1641+3755 33.397220 —1.2870°05 0.357 005 ®)
PS0J338+29 5.9212:99 ~1.641007 0.0170-07 bl
+5.02 +0.09 +0.09
SDSSJ2310+1855  6.931592 ~1.87199%  _0.12%0-99 Q 1045
S ]
SDSSJ0100+2802  47.647527 ~1.7619-01 0.0710-01 ()
+4.98 +0.05 +0.05 Y4
ATLASJ0142-3327 13.69739% 1767095 —0.0170-0% =
CFHQSJ0210—0456 < 29.31 < —1.13 < 0.44 —
CFHQSJ0216—0455 < 2.70 < —1.21 < 0.24 I
SDSSJ0303—0019 < 97.70 < —1.09 < 0.54 ~
+1.27 +0.02 +0.02
SDSSJ10304+0524  10.7771°37 ~1.6870-02 0.0319-92 -
SDSSJ1048+4637  4.2575°0% -1.8670°99  —0.15700%
ULASJ112040641  6.077}152 1727202 —0.037003
SDSSJ1148+45251 12.9472:%9 ~1.74720%  —0.0070-03
+1.73 +0.02 —+0.02
SDSSJ130640356  17.0671°73 ~1.5719-02 0.127+9-92
ULASJ134240928 14.967595 ~1.5712:0% 0.1279-0% 1044
SDSSJ1602+4228  37.047532 ~1.46700%  0.247003
SDSSJ1623+3112  5.0875 37 ~1.73129%  _0.0570 9%
+3.12 +0.05 +0.05
SDSSJ163044012  9.9273 12 ~1.5710:0% 0.0979-02
HSCJ2216—0016 < 5.92 < —1.25 < 0.27
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aox VS. Lyv relation extended at z>6
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Compared also with
“ultra-clean” z=2 QSO sample
by Gibson+08
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Bolometric correction: Lpoi/ Lx

1
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Change of the
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physics/geometry
at high luminosities/Aepp
but same change
at all redshifts



Average QSO photon index as a function of z

3.00 -

2.75-

2.50 -

2.25-

2.00 -

1.75-

1.50 -

1.25 -

1.00

Zz>6 QSOs (cts>30)

Nanni+17
Just+07
Shemmer+06
Vignali+05

edaniel I

z> 6 QSO0s (cts>30, joint fit)
z> 6 QSO0s (cts<30, joint fit)
z> 6.5 QS0Os (cts<30, joint fit)

Vito+19b

2 3

4
Redshift

Assumed simple power-law
emission, i.e. no reflection
(ok for luminous type-1 QSOs,
e.g. Comastri+92, Picconcelli+05,
Shemmer+05)

(IM=2.1-2.2 for z>6 QSOs

Consistent with z=1-6 results

“Universal” accretion mode
(Aepp dependent,
redshift independent)

(but hint of a steepening?)
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Conclusion: No significant change of the QSO

accretion physicsatz>6 .
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PS0167-13 (z=6.515): first heavily obscured QSO candidate at z>6!
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PS0167-13 (z=6.515): first heavily obscured QSO candidate at z>6!
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PS0167-13 (z=6.515): first heavily obscured QSO candidate at z>6!

X-ray to optical/sub-mm
offset of ~1 arcsec, but significant
positional uncertainty.

Why an optically type | QSO
iIs heavily obscured in X-rays?
- WLQ?

- BALQSO?
- Changing look QSO?

I T T T T T T
—— observed spectrum -

—— average low-z QSO
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PS0167-13 (z=6.515): first heavily obscured QSO candidate at z>6!

S5 arcsec 0.5-2 keV S arcsec 2-5 keV

XSHOOTER (11h)
to obtain a rest-frame UV spectrum
with a higher SNR R=1"®

galaxy

Chandra (120ks)
to confirm large Ny and
Improve positional accuracy

see Mazzucchelli+19
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Obscured QSOs at z>6: how many are there?

tuniverse [Gyr]
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Redshift

Models require fast accretion
(i.e., high Eddington ratio Aepp),
possibly in heavily obscured conditions,
to match the observed Mgh at z=6-7.5
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Obscured QSOs at z>6: how many are there?

Extrapolate AGN X-ray LF at z~4 and compare with QSO UV LF at z~6

z~4 AGN XLF (Vito+14,+18) z~6 QSO UV LF (Matsuoka+18)

* Includes ~all obscured AGN * Includes ~only unobscured QSOs
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Obscured QSOs at z>6: how many are there?
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Obscured QSOs at z>6: how many are there?
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Obscured QSOs at z>6: how many are there?
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Huge discovery space for current and future

.,-s._X-ray observatories!

rHeWATHENA | _ EeROSITA
J MISSION XLF consistent with UV LF \
ing ~85% obscured QSOs at z~6 \\ @




