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SMBH at high-z: census

more than 200 quasars at z>6 
                   48                   z>6.5
                     7                   z>7
                     2                   z>7.5 (Banados etal 2018)
                                                    (Yang etal 2020) 

 most of them are powered by SMBH with M>1e9 solar masses

Zubovas & King 2021



  

SMBH at high-z: growth

Volonteri & Rees 2006

BH growth rate

the Eddinghton time

How to grow a SMBH?
   high mass of a seed
   high accretion rate (low ε)

 

For ε ~ 0.1 & М(0) = 1000 М
sun

 

BH grows to М ~ 109 М
sun

 

      within 0.5 Gyr



  

SMBH at high-z: growth

Yang etal 2020, arxiv:2006.13452 

(1) a hierarchical assembly of  pregalactic massive BH
(2) rapid growth of BHs with supercritical rate
(3) a direct-collapse black holes of intermediate mass

an episodically enhanced accretion:

Pacucci etal 2017

Zubovas & King 2021

supercritical

 supercritical;
 critical, but with 
   various radiative 
   efficiency; 
 chaotic

chaotic 

ε ~ 0.05



  

SMBH influence 

Kakiichi etal 2017

Ma etal 2020

ionizing & heating of IGM

Mpc scales around a SMBH

HI 21 cm

EV etal 2018

ε = 0.1

ε = 0.05

ε ~ 0.05 for J1007+2115
 (Yang etal 2020)      



  

SMBH influence: IR lines

EV etal 2018

H-alpha line Hn-alpha line: n = 30



  

dust-free qsos

Jiang etal 2010

Spitzer SEDs of QSOs

z ~ 5.8 -- 6.4
M(1450 A):  
     – (27.9 –  25.4)



  

SMBH influence: primordial gas
SMBH growth

BH SED (Kubota & Done 2018)

nebular emission for a growing BH: z = 16...8, step = 1

EV & Shchekinov 2019

ff



  

SMBH influence: primordial gas

SEDs for a growing BH: z = 16...8, step = 1

EV & Shchekinov 2019
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dust & cold gas in high-z galaxies

Venemans etal 2019

dust                                       CII 

CO/CII/CI
in galaxies at
z ~ 7
(Venemans etal 2017)



  

CII in high-z QSO host galaxies

Decarli etal 2018

M(1450 A) < –25.25, at 1450 A – rest-frame UV continuum; 

z > 6: [CII] 158 microns → ALMA 6 (~ 1.2 mm); 

selection criteria

the CII-FIR relation27 QSOs at z>6



  

CII – FIR relation: simulations 
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log(MBH)

BH SED (Kubota & Done 2018)

EV etal 2021, submitted

grey points – Decarli etal 2017 data

a gas is exposed to SMBH SED

mildly-obscured SMBH
due to the selection criteria



  

CII – FIR relation

               SMBH star formation

EV etal 2021, submitted



  

BH or SF?

SF                            BH

EV etal 2021, submitted



  

selection effects?

  M(1450 A) < –25.25, at 1450 A – rest-frame UV continuum;  

Decarli etal 2018

nebular emission for various Mgas

EV etal 2021, submitted



  

scaling relations 

Decarli etal 2018   

CII 158 мкм  
ALMA   

z~0   

z~6-7 z~6-7   



  

SEDs for low-z AGNs

Dust obscured AGNs with Broad optical Line Emission

Zou + 2020

the simulated SEDs

for highly-obscured AGNs 
there is a gap in the SEDs 

at UV/optical range 

EV etal 2021, submitted



  

IR – X-ray: simulations vs observations

Zou + 2020

 WISE 

 Chandra 

EV etal 2021, submitted
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the degeneracy on gaseous mass

1-sigma scatter for the high-
luminosity AGNs (Stern 2015) 



  

FIR – X-ray
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EV etal 2021, submitted

no Mgas-degeneracy for high MBH
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conclusions

the presence of optically selected AGNs with such an 
enhanced «BH mass – dynamical mass» ratio indicates that 
many z>6 AGNs with smaller black hole to dynamical mass 

ratio may be hidden beneath strongly opaque dusty veil

joint FIR-mm and X-ray surveys of high-z QSOs



  

conclusions

the presence of optically selected AGNs with such an 
enhanced «BH mass – dynamical mass» ratio indicates that 
many z>6 AGNs with smaller black hole to dynamical mass 

ratio may be hidden beneath strongly opaque dusty veil

joint FIR-mm and X-ray surveys of high-z QSOs

Thank you!!!Thank you!!!
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