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BH + accretion iow

+ supermassive BHs (>10%Msun)

— quasars, AGN, (ultra) luminous IR galaxie etc...

- massive BHs (1-10Msun)

— X-ray binaries, SNe, GRBs, etc...




High-redshift SMBHs
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Two limits of BH growth

1. radiation pressure

L ~ M62 S LEdd BH
- ®
[> A < Lrdaa _ Mgdd
—ones 77
2. radiation heating / ionization Rpy ~ G MpH

2
Cs

M < pesR3 o p Mé@—iﬁ@ (Bondi radius)

episodic accretion: M f T ﬂ M N




Super-Eddington accretion

+ photon trapping within flows Begelman (1978)
Abramowicz et al. (1988)
C
v > - (7> 1) Rtr

(advection > diffusion)

M
R < Ry ~ — R V<C/T
|f\> Mpaqa
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Super-Eddington accretion

* photon trapping within flows 10t - S -

C

v > —
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Luminosity

(advection > diffusion) ¥
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because of photon trapping RS gl o
\ g B Jiang et al. (2014)




This work

Question

What is a global solution of accretion flows onto a BH?

9 ‘ Bondi‘

trapping

Methods oH
1D radiation hydro simulation @

multi-frequency -
Z E U S + inner region

Stone & Norman (1992) non-eq chemistry outer region
Goals — L =i N
Find self—con\?/stent solut/qns n—03 (standard)
of hyper-Eddington accretion 3
from the Bondi radius 1= 10535 (trapping)
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Stella-mass BH case

-------- trapping
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time (10%yr)
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episodic accretion by
radiation heating (Re < RHi
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accretion rate M/Mgqd
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Higher BH mass cases

trapping

model jump!
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Physical interpretation

* analytical argument 107 —
1/3 - .
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Hyper-Eddington conditions (RHi<RB)
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MpH Moo 5 2 Ti/j & = — > 5000




BH growth in the early Universe

- gas density in a DM halo
gas

4 5 r2/3 1+ =2 BH
Toir =~ 1.9 x 10* M2 K < 5] ) a

; ; r -2
~ 10° Ty 4 cI ™
n(r) 4 ¢ (10 pc)

DM halo (Mh,z)

- hyper-Eddington conditions (m > 5000)
M

—— o n(Rp)MpuT*? =~ 5 x 10* Mg To/% Teira Mg
MEgaq

1/2 independent
:> Mgy <2 % 10° Too/,4 Lvir,a Mo of seped BHs




BH growth in the early Universe

* gas density in a DM halo Regan etal. (2014) Tvir~ 107K
4 4 r2/3 142 | \\\ e . 25;
Toir ~ 1.9 x 10* M2/ K ( ) | e = el
B RN
2 & | 10%m?3 |
r 2o TR MR LR
~ 10° Tyi; =3 i
n(r) 4 €M (10 pc)
: 10pc§
- hyper-Eddington conditions (m>5000)  radius
M MpnTZ3? ~ 5 x 10* Mzt TY2 Towa M
Vo x n(Rp)MpuT," " ~5 x 10 BH {004 Lvir,da Mo

1/2 independent
:> Mgy <2 % 10° Too/,4 Lvir,a Mo of seped BHs




Summary

- A steady hyper-Eddington accretion solution with m > 5000
Is found (from the Bondi radius to the BH accretion disk)

 Necessary conditions required for hyper-Eddington accretion is

M
Mgnanss = T25 € 1= —— > 5000
’ MEgaqa

 The result is applied to |
rapid growth up to

BH growth in the early Universe @ N 105—6@

Lya emitters & ultra-luminous IR galaxies

Inayoshi, Haiman & Ostriker (arXiv:1511.02116)
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Recent/Future Works
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