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High-z Quasars & SuperMassive Black Holes

From Inayoshi, compiled from Inayoshi, Visbal and Haiman (2020) ARA&A
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Formation Channels of Early BHs

Inayoshi, Visbal and Haiman (2020) ARA&A
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Global structure of BH accretlon

Connecting

BH horizon ﬁ Cosmic scale
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Co-evolution btw SMBHSs & host galaxies

Inayoshi+2022
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Aim of the prolect

Connecting

BH horizon ﬁ Cosmic scale
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Supercritical accretion in vicinity of a BH

e BH vicinity
e 3-1500 rg.,
e Gas supply

 Boundary condition

e Supercritical inflow

» P_rad dominates y = 4/3
* Optically thick




Supercritical accretion in vicinity of a BH
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Supercritical accretion in vicinity of a BH

Large scale (~1000 rsch)
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Large:
Poles: outflows

Equator: convection

Small: Inflows

High T near polar
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Mass Flow Profile

Quasi-steady state
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Different Boundary Conditions

Gas
supply

* Large scale gas feeding:
' v %« Major uncertainty
o el ) » Different BCs to mimic

xx * -
X the gas feeding from
3 large scales
Mgy =10° M,

R R gisk RBondi R;;uge

108 ~10 107 ~10"

11



Case-l
—— Net

Case-H

Case-L

.ll.

" g v
"raeTe
I
o*
.t
L

Case-N

10

102

r(rscn)

H — 95D .\_\_Ott\s\r&v\z

Case-l

‘P,
-
Im
=
-
O
O
-
©
S
-
-
O
"
afd
-
o
Q
=
-

Inflow
Net

»
AN
\ l“

A
~

vy

\
v

nrh
N

~
A\VA NN

I ~~

\

]
1]
N

=
h” ﬁIv
< <
= ‘“
‘ Y
(g ¢
- \
Q <
~-~ -
- 4§
< /7
Sa ¢
_ e I
S N
= 4
i k]
== /
<2 S
AN
< S,
B
~ . B
-
- M
L
g /v
3
< \
R N

-

’)

2
t(10°GM/c

|OUr

lar behavi

-SIMml

—self

12

S5 %

—|nflow
— Net accretion



Merger history for high-z quasars

From Li+2021
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Growth history for two seeding models
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Strong outflow (p=1) suppress the light seed BH growth



Co-evolution of seed BHs & host galaxies

Heavy seeds
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« SMBHs grow faster than host galaxies to the overmassive region
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JWST Detectability
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* Promising to detect seed BHSs in rapid growth phase
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Summary (2203.14994 & 2204.12513)

* Long-term evolution of accretion flow: bi-polar outflow and inflows near
eqguator.

. Mass reduction due to outflows, M; o r”,p ~ 0.5 — 0.7.

* Subgrid model (feeding & feedback) for seed BHs at high-z universe:
e Strong outflows can suppress the early growth of seed BHs.

 Moderate outflows cannot suppress the growth, BHs grow faster than
host galaxy, reaching the overmassive region.

 |tis very promising for JWST to detect rapid accreting BHs
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