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High Redshift Quasars
(Astro2020 white paper)

How massive/rapidly growing are the black hole seeds!?
Are they rare objects at z>6!
Is the black hole growth linked to galaxy formation?

Is the intergalactic medium neutral by z=8?
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Growth of black hole seeds

How massive/rapidly growing are the black hole seeds!?
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- i) continuous accretion from Poplll stars, or
Ry 10y ) . op ,
ii) slower accretion from heavier seeds
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black holes and
halos

‘ @ Most halos are seeded but
‘ seeds are ~100 solar masses

Halos grow
Few halos are seeded, but seeds via merging.

are ~10” solar masses '

Big bang eath of massive

Direct collapse

Some black holes are
ejected by gravitational
wave radiation.
Black holes grow
via accretion and
merging.
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Observational consequences
Observational consequences

mass black holes
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Spin

non-spinning spinning

Spin-dependent ISCO (AGN,
thin dlsks 0.01 S fraa 3 0 3)

‘Page & Thorne
a=0.998 I 974

sl

energy = 105 |

0.8

Spin | :
P 06 - _{1{‘ ] Broad I|ne Ium|n03|t ,
I —Q ] | L

02l i . 1 £\ /\\ 1 |/ —o0s ]
| ] \\ | \\ _/ Y Y — 05 |7
Reynolds 20 I 3 i PR | n\“‘ | P S R ‘I L | I E——| L | I E—— | " | I E—— |

07“.‘1 e 40 42 44 46 42 44 46 42 44 46 42 44 46 42 44 46

1 10 100 1000 . ¢ L 1og (Lsynn/erg s7Y)
M0 M) 2SS 5100AA luminosity Wang+2014

»h
(&]

>
S

m=

>
[AV]

log (L, /erg s

—0.01 15+



near—

IR: JWST f(__.._5~m,_202l7) Euclid (1.2m, 20227) SPHEREx_
(20cm 20237) X -ray: eROSITA (I 3x2 6m 2019 ) ~
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Summary

BH seed mass and spin environment at z>5

Higher accretion rates constrain lower seed mass, and

higher spin ordered/continuous accretion

We hope to estimate the spin values from observed
broad line equivalent width and numerical simulations,

before upcoming space-based surveys



