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/Abstract: \

Direct-collapse black holes (DCBHs) formed at z > 10 are prominent candidates of the seeds for supermassive black holes (SMBHs).
They are thought to be formed in pristine atomic cooling halos in which H, cooling is totally suppressed by strong external radiation.
Here, we obtain the critical specific intensity at the Lyman-Werner (LW) bands J,," (in units of 10%! erg st Hz'! sricm™) required for
DCBH formation, with detailed modelling of the primordial-gas chemistry. Specifically, we consider the non-local thermodynamic
equilibrium(non-LTE) chemistry with the vibrationally resolved H,* kinetics, as well as realistic radiation spectra of galaxies. We find
the effects of non-LTE H,* chemistry are negligible for hard spectra of young and/or metal-poor galaxies. However, for softer spectra,
J,,“ can be increased by a factor of a few due to the non-LTE effects. As a typical value of J,,“" in the early Universe, we obtain almost
\constant J,, with J,,¢" ~ 1000 for young (age < 100 Myr) and/or extremely metal-poor (Z<5 X 107*Z,) galaxies.
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