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Photo-ionization and recombination of hydrogen

lonized region

LyC photons

trec = [{nyg)(1 + 2)()C¥BC]_1




Clumping factor
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Analytic approaches based on clumping factors
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SPHINX simulation

High spatial resolution (~10 pc) Fully radiative transfer
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Criteria for the cell calculation
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Example of clumping factors with different criteria
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xHIl > 0.9 for the ionized regions

Clumping factor
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Clumping factor with xHII>0.9
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Local clumping factors

Local ionization history
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Local clumping factors
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Halo mass vs Local clumping tfactors
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Stellar mass vs Local clumping t
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Stellar mass vs Local clumping factors
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Stellar mass vs Local clumping factors
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Stellar mass vs Local clumping factors
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Stellar mass vs Local clumping factors
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Conclusions

* When we only consider for the ionized region (xHII>0.9), we
found that the clumping factor of the IGM slightly increases
from C =2 atz =15to C = 6 at z = 6, reproducing similar
results with previous estimation (Pawlik+09).

* We found the positive correlation between local clumping
factors and halo / stellar masses, which is useful information for
subgrid calculation of local ionization history.
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Clumping factors : which definition?

Global recombination timescale

d n;
QHII _ Mion __ ?HII (Madau+99)
dt (ng)  trec

Local recombination timescale
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Max. resolution in the IGM

redshift
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evolving ionized fraction threshold
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