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High-redshift quasars and local MBHs

048 |

//
104}
7’

104

POX 52, NGC 4395: stellar mass
4x108 M. M

0.1L¢y4

g 27 - al™2015

Galaxies without MBHs too

z>6

As massive as the largest
MBHs today, but when the
Universe was ~ Gyr old
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High-redshift quasars

Very bright quasars in SDSS, CFHQ, UKIDDS with z>6 (wiliott et al., 2003;

Fan et al., 2006; Jiang et al., 2009)

Detection of a 2x10° M, BH at z=7 and a 10'° M__ BH at z=6.3

(Mortlock et al., 201 1,Wu et al. 2015)
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Eddington limit?

Gas infalls from the galaxy: how does the galaxy know that
it has to feed the MBH exactly at the Eddington limit?

Super-Eddington accretion does not imply highly super-
Eddington luminosity

Trapping of radiation: photons are advected inward with the
gas, rather than diffuse out

Luminosity highly suppressed LxM L ln(M)

Only short periods needed to ease constraints (eg Mv & Rees
2005; MV, Silk & Dubus 2015; Pacucci, MV et al. 2015a,b; Lupi et al. 2016)



High-redshift AGN

No detection in X-ray stacking of LBGs at z>6:
LX< I 042 erg/S (Willott 201 1; Fiore et al. 2012; Cowie et al. 2012;Treister et al. 2013)

Searches for point sources in deep X-ray fields has also

led to inconclusive/conflicting results (Gillongo et al. 2015; Weigel et
al. 2015; Cappelluti et al. 2015)



High-redshift MBHs

The billion solar masses MBHs powering the
observed z>6 quasars are the tip of the iceberg

Very biased, dense halos

What do we expect for normal MBHSs in normal
galaxies?



How do MBHs form?
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A physical approach to seed
cosmological simulations with MBHs

Ramses: Grid-based hydro solver with mesh refinement (Teyssier 2002)
- Cooling/Star formation (Rasera & Teyssier 2006)
- Supernova feedback (Dubois & Teyssier 2008, Teyssier et al. 2013, Dubois et al. 2015)
- BH accretion + AGN feedback (Dubois et al. 2012)

MBH seeds (sink particles) formed in:
* overdense bound collapsing regions
* metal-poor (Z<I103~>Z_ )
* initial mass of BH:
- one by one
- based on stellar IMF + stellar mergers

Habouzit, MV, Dubois 2016
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BHs form only in high gas-
density regions

(10 Mpc)3 cosmo hydro simulation:
Spatial resolution 80 pc
DM resolution 2 106 M_

SuperChunky, at redshift z=14.289
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How do galaxies
feed normal MBHSs!?

Low-mass BHs in low-mass galaxies: fragile
environment

Interplay between SN feedback and MBH
accretion: SN feedback is sufficient to energize

the gas and suppress accretion ouwis+4
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How do galaxies
feed normal MBHSs!?

z=0 BH's and
(Reines & Volonteri 2015)

10 Mpc
cosmological volume,
~80pc resolution

Habouzit, MV, Dubois 2016
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How do galaxies
feed normal MBHSs!?
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Growing black holes
in growing galaxies
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Searches for AGN in galaxies with stellar masses ~ 107
M,,, at z > 6 have found very few, if any, black holes

(Willott 201 I; Fiore et al. 2012; Cowie et al. 2012; Treister 2013; Giallongo et al. 2015;
Weigel et al. 2015; Cappelluti et al. 2016)
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Log Black Hole Mass
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Log Black Hole Mass

Mgy vs galaxy at high redshift

Ll Ll I L Ll T Ll I Ll T l
L Broad Ime AGN (thls work)
[ Broad-line AGN and composite dwarf gaIaX|es
- RGG118
10 [Pox 52
[ Reverberation-mapped AGN
Elllptlcal galaxies -
S/S0s with classical t Ll b
9 [ S with pse #or ulge ]
8¢ ]
4 ]
S ]
5 I — — — Kormendy & Ho 2013, scaled —
i ° — — Kormendy & Ho 2013 7
[ e McConnell & Ma 2013
i —_—— Harmg & F{lx 2004
4 L 1 L L l L L L L l 'l L I L L l

85 90 95 100

10.5

11.0 115 120

Log Total Stellar Mass

MgH ~103 Mg

MgH ~ 104 Mgl

Reines & MV 2015



Mgy Vs galaxy at high redshift

MaH ~ 1073 Mg,

MBH ~ | 06 Ms n
stellar mass ~10° M__ -

MgH ~ 0% Mgl
MBH ~ | 05 Msun

AGN expected to be less luminous

Expect 0-3 AGN with Ly >102 erg/sin the 4Ms CDFS

Consistent with current limits/candidates

MV & Reines 2016



High-redshift MBHs

Current limits/candidates high-z AGN compatible with a
population of MBHs similar to low-z counterpart in

galaxies of similar mass
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How about the high-z quasars!?
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Mgy Vs galaxy at high redshift
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Growing black holes
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Growing black holes in growing galaxies:
contribution to reionization

Galaxies form stars and emit ionizing photons

MBHs accrete and emit ionizing photons

Relative Role of Stars and Quasars in Cosmic
Reionization

MBHs predicted to contribute 20-50% of ionizing
photons (Mv & Gnedin 2009)



Growing black holes in growing galaxies
contribution to reionization
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High-redshift MBHs

“Ab-normal” MBHs in “normal” galaxies are those that
grow fast and can be detected as luminous quasars

“Normal” MBHs in “normal” galaxies may grow slowly

Current limits/candidates high-z AGN compatible with a
population of MBHs similar to low-z counterpart in
galaxies of similar mass

Relative role of stars and MBHs in cosmic reionization



