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Growth of intermediate mass black 
holes in the first star clusters



Observations of SMBHs in the early universe
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Runaway stellar collision model

Runaway stellar collision (RC) model: large BH
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Runaway collision in primordial star clusters
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halos to form IMBH?
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Previous work (Sakurai et al. 2017)

Generation of SCs
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àcollapse to IMBH
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RC and IMBH formation occur (Sakurai+17)
RC in all SCs
~ 400-1900 Msun
àcollapse to IMBH

・We further follow the later evolutions for 15 Myr
after IMBH formation
・IMBH growth would proceed by tidal disruption 
events (TDEs) of infalling stars



BH growth is moderate (as expected)
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DM motion enhances cluster evaporation
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DM motion enhances cluster evaporation
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Conclusion
l We follow star cluster evolutions after IMBH formation

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

l Possible fates of the IMBHs
u IMBHs may grow if a large amount of gas is supplied 
through, e.g, galaxy mergers or large gas accretion

u IMBHs may remain in the present-day universe





Two-body relaxation and runaway collision (RC)
Two-body relaxation:
Kinetic energy (heat) transport
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Primordial star cluster formation

Atomic cooling (10-6 Zsun)

Metal-dust cooling 
(10-4 Zsun)
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Cosmological SPH simulations (by S. Hirano)
l Code: Gadget-2 (Springel 2005, version in Hirano et al. 2014)
l IC: MUSIC software (Hahn & Abel11), z=99, box size=10h-1 Mpc

8 AC halos are identified at nH~107 cm-3
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Generation of star clusters
l A part of SPH particles is replaced; DM particles are all retained
l Params: a local SFE; Salpeter IMF w/ mmin=3Msun, mmax=100Msun
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Hybrid N-body simulations
l Code: BRIDGE (Fujii et al. 2007)

u Grav. computation: Stars-direct;  DM-tree method
u Collision cond. :  stellar separation < R1+R2 (Tout+96)
u End of computation ~ 3 Myr (massive star lifetime)
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BH mass-cluster mass relation
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