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I. The First Stars
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First Stars: How massive?

‘early collapse stage — late accretion stage ‘

Yoshida, Omukai & Hernquist (2008)
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UV feedback + FHfi& 4
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Cosmological Diversity
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& [Fe/H] < -7 (Keller+14)

PISND IR Bi7z L
(core collapse SNZ3Z )
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+ Controversial on SDSS J0018-0939 w/ [Fe/H]=-2.5 (Aoki+14)
(PISN, even more massive star, or neither...?)
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11. The First SMBHs

.............................................

€ My, ~1.2 x101° M, @ z=6.3
: (Wu et al. 2015, Nature)
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Key Question
What is the maximum mass of the first star?
(What is the maximum mass of the seed BHs ?)

)€

2222

77227777,
7% !

7 \N
7777

10

Mass (solar masses)

1

777772777 7
&§§§§§§§§§§w %/
&§§§x§mm
M 7777 - 77
.—NW \o.:
\
R 01
HE 7
MM 72
k_
®
s g8 =2
m M_._Euu
N

01

(=]

1 0.03

0.

0.3

@ Z=Z@

30

AWy ssauaR|dwo)

Log Mass (solar masses)

1.0

high
mass
stars

(=

1000

100

nﬂﬂhrlubl

~ 100Mg star rarely forms

typical mass~1Mg,

N\
.
(0p)]
-
S
O
=
Q
o =
% ©
> -
©
S | 4
) ®
;2
(@)
o
5 | S
g | =
>~ N
T
h/.
Q
(Vp]
©
&)
v
<
)
S
O
(Vp]
(0]
©
-
-
>
£
X
©
=
—




temperature T(K)

10°

104

—_
-
-
<

106

HBAXEEE(~105M, )R

NRERRDFIRIG—AR (direct collapsezit)

HAERRRROREEL

10%M,, " 10%M,  10°M, M,

le_-:'.b' 100
____ I;=10, 1000

T, =10% K

T 1 I | T 1 I l I [ I | [ I ! | f’l I-

/! k/ \¥ D ( Oom ukal 01)

Lo el

0 5 10 15

number density log ng (cm~3)

20

DELZY D EMS DI
[CEHSNF-HRE
(H2 7> FHEiE)

1

QHRFAHIZLBDEHINHE
(T~8000K T 5B UNH5)

]

QHEKXFEE R (> 0.1Ms/yr)

THORIBEDRE
My ¢ oc TLS
M ~ m el T

]

BDGRALREIZKIBREERE
D HAE->105M,, BH



Supersonic gas streams enhance
the formation of massive black holes
in the early universe [sicnce (2017) 3571375

Shingo Hirano,*?* Takashi Hosokawa,>>* Naoki Yoshida,?** Rolf Kuiper®
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"Supergiant Protostar”
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With very rapid accretion > 0.01 My /yr, the protostar never
contracts to reach the ZAMS stage, but continues to expands.
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Radiation hydrodynamics simulations of the formation of
direct-collapse supermassive stellar systems

Sunmyon Chon, Takashi Hosokawa, Naoki Yoshida i
, arXiv:1711.05262
(Submitted on 14 Nov 2017)
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The star-forming cloud easily fragments via gravitational instability,

which produce multiple star-disk systems = cluster of very massive stars
( w/ some binaries)
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Summary

+ X E: BB mass, mass . EEE, (LB H
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A DA RETE? Super-Eddington accretion?
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