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Fig. 4. The schematic features of evolution of the gas cloud with mass 10°Mp in the density tem-
perature diagram. The time scales of cooling, free fall, recombination and dissociation are
denoted by #, 7, trec and tais, respectively. The thick arrow is an evolutional path in the gas
cloud; this path approximately follows the line of ,=#;. The gas cloud is opaque in the hatched

region.

The dashed lines represent equilibrium lines of the respective masses, on which a

mechanical equilibrium is attained but a thermal one is not necessarily attained. In the triangular

region on the upper right side, a stable massive star can exist.??

Matsuda, Sato, Takeda 1969

Here, we consider the following proces-
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Minihalos in cosmological simulation
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Fig. 2. Left panel: projected gas density distribution of cosmological volume (600h~'kpc)? box
at z = 17. Right panel: minimal mass of minihalos that host cold dense gas clumps in various
runs [13].
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Run—away collapse of dense cores

1D radiation-hydro simulation
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Cosmological simulation  veshida+ 200
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Final mass

. c’ 1000K, for primordial gas,
M ~30—= - Very high mass accretion rate
G (c.f. 10K for interstellar gas)
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Numerical studies in space-time
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Probability map on the Sky
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Stellar Wlnd & ISM  manaka ps+2017

The parameters of stellar wind are set to the Solar values.
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High N/O = very massive?

Nandal+2025

Nagele+2024
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Figure 5. Abundance ratios of five SMSs with contributions by the galactic
stars for the case of 10% mass loss. The green, yellow, and brown stars
indicate ratios for GS 3073, CEERS 1019, and GN-zl11, respectively. If the
chemically mature stellar population contributes C, N, O, and Ne mass
fractions xc = 2.8 X 1074, XN = 8 X 10_5, Xo = 1.2 X 10_3, and
ne = 9.4 x 10™* then all 10 models can reproduce the observed near-vertical
transition in the N/O ratio while also explaining the C/O ratios (X. Ji
et al. 2024).
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Machida, Hirano + 2022, 2025
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Fig. 3. Magnetic field amplification in the early collapse phase. We
show the same quantities as in Fig. 2, with particular focus on the initial
phase.
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