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Recombinaﬁon occurs
380,000 years after the big bang

FIRST STARS form 200:-

million years after the big
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FIRST GALAXIES

Reionization

begins when the first
stars start to shine
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First star formation °
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Large scale Structure of the cosmos
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First star formation

Klessen&Glover(2023) for a recent review

Mass spectrum of Pop Il stars

- Hirano et al. (2015)
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DM vs baryon (gas) densities
Hirano+(2014)
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DM density inside the cloud °

WIMPs (Weakly interacting massive particles) Smith et al. (2012)
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Small-scale structure formation

Cold DM vs Warm DM Cold DM vs Fuzzy DM

Gao & Theuns (2007) Science Hirano et al. (2018)
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Supersonic streaming motion
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The higher the local density, The higher the relative velocity,
the earlier the structure formation the later the structure formation

in the early universe. in the early universe.



Delay of structure formation

Only adding
different coherent
relative velocities
along the x-axis
direction on the
cosmological initial
conditions.
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Virial Mass, M;, [My]
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Morphology of dense gas cloud

Type S(pherical) Type F(ilamentary) Type C(omplex)
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Formation probability of first star cluster

| : 10°

Core mass function:

0.8 107! models with N,,.>10
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Dependence on the relative velocity

binary / multiple

(disk fragmentation)

cluster
(cloud fragmentation)

supermassive
(direct collapse)







Cosmic star formation history

R(M)HD + stellar evolution N-body + semi-analytic model

— : : . _ [http://hpc.imit.chiba-u.jp/~nngc/index.html]
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(e.g.) Supermassive first star (seed BH) with M., [M.] forms at DM halo
with M,,,, [M.] at redshift z under the relative velocity v,., [km/s]




Merger of first star cluster

Binary formation from cluster

0.15 [Myr]

Hirano et al. (2018)

IMBH-BH merger inside DM spike

0.5 [Myr]
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