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How do BHs and the host galaxy know about each other

Do these scaling relations evolve through cosmic time

When are these correlations set up

Initial conditions? accretion physics? merger dynamics?
self-regulated feedback?

How do seed BHs grow? can we see this?

How do seed BHs form? can we constrain this?
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On the smallest scales On the largest scales CHANDRA

AL MA data of NGC 1433 data of the Perseus cluster
outflows & molecular disk outflows & shells



AS A FUNCTION OF COSMIC TIME

lockback time (Gyr)
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Kelly et al.
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Fic. 3.— BLQSO BHMF (thin solid lines) obtained using our Bayesian approach, compared with the local BHMF fo all SMBHs (dashed
line), and the BHMF from [Vestergaard et al) (2008, solid red line with points); as in Figure[I] each thin solid line denotes a random draw
of the BHMF from its probability distribution. The thick green line is the median of the BHMF random draws, and may be considered
our ‘best-fit’ estimate. The vertical line marks the mass at which the SDSS DR3 sample becomes 10% complete.




Bright quasars host 10%- 1070 M, BHs
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Age of the universe 1 Gyr
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LATEST PLANCK RESULTS: first stars
form even later!
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LIGHT SEEDS MASSIVE SEEDS

Poplll Direct collapse
Nuclear star cluster Supermassive Star
Quasi star

~101_2 Msun ~1O3 Msun
~1O4_6 Msun




Pop lll remnants : Simulations sug%est that the first stars have a range of
masses (Bromm+ 02 ; Abel+ 02; Abel+ 00; Alvarez+ 08; Hirano+ 14) Metal
free Pop Ill stars leave remnant BHs

Supra-exponential early growth boost: Super-Eddington growth in nuclear star
clusters at high-z (Alexander & PN 14)

Direct Collapse — efficient viscous transport, H2 cooling suppressed, Lyman-
Werner radiation, formation of central concentration ZE|senste_m & Loeb 95;
Eﬁluggla&:))aw 04)+ proper dynamical treatment of disk stability (Lodato &

Supermassive star (Haehnelt & Rees 93)

Qu?gi_-?tza)lr - Bar unstable self-gravitating gas + large quasi-star (Begelman 08;



z=8.2 still no further growth. Halo: 2x108 solar mass
3 solar masses total on 25 black holes
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Hirano+ 14



Circumventing the Eddington limit




BH seed formation at high z

e

0.01pc

FINAL DCBH MASS

Regan+ 12; 14; Latit+ 15; Hirano+ 14




Choi, Shlosman and Begelman

0.02p<l3 400AU

Smith, Davis & PN 15; Regan+ 08; 13; Hirano+ 14 Choi, Shlosman & Begelman 13



s . ;

. FIBY ~
Sadegh Khoehfar &€laudio Dalla Vecchia
Max Planck Research Group
Max Planck Institute for Extraterrestrial Physics

Visualization
y Klaus Reuter & Markus Rampp
Gardhlng Computing Center of the Max Planck Society and the IPP
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Low spin DM halos; satellite halos; Lyman-Werner radiation from nearby
halos with star formation to dissociate mol H and prevent fragmentation

m ° ‘ Mac ‘ Mcold '

Outflows Outflow

Agarwal+ 15
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relation; overmassive BHSs outliers
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BH MASS ASSEMBLY
Outliers encode information on seed formation channels

CDM halo merging, environment

HIGH z
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MASSIVE SEEDS Pre-galactic disk

DCBHSs Bars within bars
supress H, cooling Super-Eddington growth
> ‘ >

Quasi-star?

104 — 10° Msun

@z ~10- 12

Super-Eddington growth




(@ @ 10° M, w/ Rad Feedback
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W .
hat can we do with X-ray Surveyor
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Masses of initial BH seeds
Early accretion history of seed BHSs
Contribution to Re-ionization
Observational signatures of Super-Eddington flows
Importance of mergers
When do the correlations between BHs and their hosts

get set-up
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