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Motivation:

Super Massive Black Holes at high z
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(1) First Star

-

Gas cools
very slowly
forming a
stable disc

First stars:
maybe one
star per
galaxy, up

to several
hundred times
larger than
the sun

If the star is \
more massive
than ~300 solar

ma&s_oLSun_/

tr,

(2) Direct Colla
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unstable gas
infalls rapidly
toward the
galaxy center
and a
supermassive
star forms

The stellar
core collapses
into a small
black hole,
embedded in
what is left

of the star

The black hole
swallows
ope
up
illion
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Locally
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toward the
galaxy center

Gas
fragments
into stars,
and a dense
star cluster
forms

Stars merge into\
a very massive
star that
sintoa
le ~1000
re
massive than
the Sun

(Volonteri, 2012)




Massive Seed Formation

high-z SMBHs
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atomic-cooling halo
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Massive Seed Formation

high-z SMBHs
10° | .

atomic-cooling halo
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Direct Collapse
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Direct Collapse
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Direct Collapse
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Direct Collapse
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Direct Collapse
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Purpose of this work
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Numerical Setup

- Gadget2 (SPH + N-body)
» barotropic-EOS
(Z/Z< =107, 104, 10, 5x10°, 10%)

Z/Z(’.) - 10_6

5 - 10 - 15
-3 -
logn [cm 7]
- multiple sink, merger (created at n=2x10'¢—2x10'7 cm?3)
- sink radius B — 19 AT M,
o 100 Mg

Initial Condition = Spherical Cloud (SC+16,18) -

1/2
) Hosokawa+2013



Accretion Phase
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Accretion Phase
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Mass Evolution
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Number

Merger v.s. Accretion
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Mass distribution (15 %)
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Collapse phase
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log n [cm'3]

Onset of the gravitational collapse
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log,o Mdot [M yr]

Mass distribution (15 %)

log;, Mass [M,]
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Supermassive star or dense cluster?

SE1TEH R (Sakurai+2017)ELEAT MDAV ND M fEEICE =N E R LTLVS,

Table 3. Additional star cluster models with different parameters. The main difference from our fiducial model is described in the last
column. The values of Mpy and Npw, if DM is included, are the same as in the corresponding fiducial model and thus are not listed
here. Note that the initial distribution of the stars for Model AnoDM and Arad are exactly the same as in the fiducial model A. Unless
mentioned, the values are obtained by averaging over 3 realizations.

Mcl,4 N3 Tec ﬁc,s trh trc €sfe Mmax,f N con Notes
(10*Mg) (10%)  (pc) (Mepc™®) (Myr) (kyr) (%) (Ma)
A 16.4 19.9 0.401 6.45 x 10° 19.7 528 5.91 Kﬁ-l_ﬁ 7 fiducial model (Table 1)
AnoDM 16.4 19.9 0.401 6.45 x 10° 19.7 528 5.91 - ) no DM
Arad 16.4 20.0 0.400 6.30 x 10° 19.5 553 5.90 realization
Amax 16.5 18.6 0.394 7.31 x 10° 17.2 157 5.95 realization
Amin 16.6 53.3 0.401 7.94 x 10° 44.6 1040 5.99
Asfel 28.5 34.5 0.509 5.47 x 10° 48.3 511 10.3
Asfe2 8.56 10.4 0.359 4.47 x 10° 12.7 351 3.09
Asfe3 1.75 2.10 0.361 8.51 x 104 8.61 144  0.629




Detection rate of GWs

N merge =N, DC ﬁ)inary f merge SEOFHELD

= - N, Joinary f
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Nevent =0.61 yr ! e
event Jt [2 x 10=3 Mpc—3 | (Haehnelt, 1994)

(Habouzit et al, 2016)
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Massive binaries
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