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~1.2%X1019Msun
Wu et al. (2015)

~2%X10° Msun
Mortlock et al. (2011)

~8% 108 Msun
Banados et al. (2017)
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Redshift z Marziani & Sulentic (2012)




Runaway stellar collision model

Radiation suppresses
accretion
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Mini-halo Poplll star BH (~100Msun)

gas accretion,
BH merger
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Atomic-cooling halo Star cluster BH (~1000 Msun)
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Motivation: Does RC also occur in atomlc-coolmg (AC)
halos to form IMBH?




. Pr ork (Sakurai et al. 201 7)

Cosmological sim.
(AC halo identification) = Generation of SCs N-body sim.

Gadget-2, 8AC halos Salpeter IMF BRIDGE code, 3 Myr
w/ Mpin=3Msun, my,,=100Msun

Star + DM
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Work (Sakurai et al. 2017)

Cosmological sim.
(AC halo identification) = Generation of SCs N-body sim.

Gadget-2, 8AC halos Salpeter IMF BRIDGE code, 3 Myr
W/ Mpin=3Msun, Mpya=100Msun : | .
Star + DM
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RC in all SCs

~ 400-1900 Msun
—>collapse to IMBH
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formatlon occur (Sakurai+17)
' S == * RC in all SCs

~ 400-1900 Msun
—>collapse to IMBH

mmax,f Ncoll

(Mp)

929 11.7
409 4.67
1330 18.3

- We further follow the Iater evolutions for 15 Myr
after IMBH formation

 IMBH growth would proceed by tidal disruption
events (TDEs) of infalling stars
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Time= 20 [yr], 21 [day], 13 [h] \




TDE rate (Myr-1)
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When cluster mass
decreases...

DM mass increases
In central regions

-

Stars in outer
regions of clusters
are accelerated

-

Stars become
unbound from the
clusters
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DM motion enhances cluster evaporation

When cluster mass
decreases...

DM mass increases
In central regions

-

Stars in outer
regions of clusters
are accelerated

-

DN ADHSH Stars become

'+ ASN rmmlhAarnA frrarma FhhAa

When the clusters evaporate, the IMBHs can no longer
increase their mass by TDEs
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We follow star cluster evolutions after IMBH formation

IMBHs grow moderately to ~700-2500 Msun
TDE rate ~ 0.3 Myr-1 (Mjygn/ 1000 Msun)?2
DM motion enhances star cluster evaporation

® Possible fates of the IMBHSs

€ IMBHs may grow If a large amount of gas is supplied
through, e.g, galaxy mergers or large gas accretion

€ IMBHs may remain in the present-day universe






Two-body relaxation: Masswe star forms by RC
Kinetic energy (heat) transport 600 N . a
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* Cosmological SPH simulations (by S. Hirano)

® Code: Gadget-2 (Springel 2005, version in Hirano et al. 2014)
® |C: MUSIC software (Hahn & Abell1), z=99, box size=10h-! Mpc
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Rvir
(10% pc)
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“Genera

® A part of SPH particles is replaced; DM particles are all retained
® Params: a local SFE; Salpeter IMF w/ m,;,=3Msun, m,,,=100Msun
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16.4
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11.7
4.76
9.00
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N
(10%)

19.9
15.7
14.7
14.1
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10.8
15.0
9.32

on of star clusters

gs fe
( per cent)

5.91
6.12
10.1
7.16
8.15
8.67
9.48
5.55




\-body simulations

® Code: BRIDGE (Fuijii et al. 2007)
€ Grav. computation: Stars-direct; DM-tree method
& Collision cond. : stellar separation < R;+R5 (Tout+96)
€ End of computation ~ 3 Myr (massive star lifetime)
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