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Testing self-similarity 
of QSO accretion physics 

up to z > 6
Witnessing SMBH accretion 
as close as possible to the  

initial conditions of SMBH formation

Lusso&Risaliti 2017

Onoue+19



Courtesy of Roberto Decarli

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

About 200 QSOs discovered so far at 
z>6 (i.e. <1 Gyr after the Big Bang), 
thanks to wide area (>1000 deg2) 

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)



Testing accretion mode (accretion disk + hot corona)

Lusso&Risaliti 2017

Courtesy of W.N. Brandt

αox = 0.38 × log
L2 keV

L2500 Å

(Tananbaum+1979 and many others since)
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αox ∝ − 0.15 × logL2500 Å
(e.g., Steffen+06, Just+07, Lusso+10,+16, Nanni+17)

Hot corona contribution 
decreases at high luminosity

No (strong) evolution with 
redshift (e.g. Lusso&Risaliti 2017) 

but poorly sampled at z>6!!

Possible implications for cosmology

(Risaliti&Lusso 2018)

Bañados+18

Risaliti&Lusso 2019



X-ray photon index (𝝘) as a probe of accretion

Meyer-Hofmeister+17 Risaliti+09

e.g., Shemmer+08, Brightman+13, Fanali+13, but see also Trakhtenbrot+17 

N(E) ∝ E−Γ 𝝘 includes information on the physical conditions (e.g. temperature) 
of the hot corona and its interplay with the accretion disk

Nanni+17

No (strong) evolution with redshift 
but poorly sampled at z>6!!
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Chandra Cycle 19 Large Program (~430 ks)
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Vito+ in prep.

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



soft band

0.5-2 keV

hard band

2-7 keV

full band

0.5-7 keV

soft band

0.5-2 keV

hard band

2-7 keV

full band

0.5-7 keV

Detected (P>0.99) UndetectedVito+in prep.

New Chandra observations of 10 z>6 QSOs



𝜶ox vs. LUV relation extended at z>6
Vito+in prep.

No evidence for  
strong evolution of  

𝜶ox vs. LUV relation at z>6 



𝜟𝜶ox>0 
X-ray bright

𝜟𝜶ox<0 
X-ray weak

𝜟𝜶ox=𝜶ox(obs)-𝜶ox(expect.) 
Vito+in prep.



No evidence for strong 
evolution of 𝜶ox vs. LUV 

relation at z>6 
Compared also with


“ultra-clean” z=2 QSO 

sample by Gibson+08

No apparent relation b/w 𝜶ox 


and MBH or 𝛌EDD, but small sample size 

and large uncertainties

Vito+in prep.

Vito+in prep.



Bolometric correction: Lbol / LX

Larger Kbol at higher luminosities,

in agreement with steeper 𝛼ox 


at higher luminosities

Populate the luminosity regime

b/w “normal” AGN and 

hyper-luminous QSOs,


and extend at z>6

Change of the  
accretion-disk/hot-corona 

physics/geometry 
at high luminosities/𝛌EDD  

but same change  
at all redshiftsVito+in prep.



Average QSO photon index as a function of z 

⟨𝛤⟩≈2.1-2.2 for z>6 QSOs

Consistent with z=1-6 results

Vito+in prep.

“Universal” accretion mode

(𝛌EDD dependent, 


redshift independent)

(but hint of a steepening?)



Conclusion: No significant change of the QSO 
accretion physics at z>6

      Same dependence on  
luminosity      

(i.e., 𝛌EDD?) at all redshifts

Vito+in prep.

Vito+in prep.

Vito+in prep.

Vito+in prep.

Possible implications for cosmology

Risaliti&Lusso 2019

Vito+in prep.



PSO167-13 (z=6.515): first heavily obscured QSO candidate at z>6!

Vito+in prep.

soft band

0.5-2 keV

hard band

2-7 keV

full band

0.5-7 keV

0.5 2 5

NH> 2 x 1024 cm-2 
at 68% confidence level

NH> 6 x 1023 cm-2 
at 90% confidence level

First heavily obscured 
QSO candidate at z>6!

Gilli+07 3 photons

(P=0.9996, 

Weisskopf+07)


Vito+ accepted

 arXiv:1906.04241 


https://arxiv.org/abs/1906.04241


QSO

galaxy

X-ray to optical/sub-mm 

offset of ~1 arcsec, but significant 


positional uncertainty.


Why an optically type I QSO 
is heavily obscured in X-rays? 
• WLQ? 
• BALQSO? 
• Changing look QSO?

see Willott+17,

Decarli+18,


Neeleman+submit.

see Mazzucchelli+submit.

see Venemans+15 Vito+ accepted

PSO167-13 (z=6.515): first heavily obscured QSO candidate at z>6!

Vito+ accepted

 arXiv:1906.04241 


https://arxiv.org/abs/1906.04241

