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Cosmic Dawn: Epoch of RelonizatidtoR
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Inhomogeneous Reionization: Imprint of Largeale Structure
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Inhomogeneous Reionization: Imprint of Largeale Structure
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Drivers of Reionization: Stars in Galaxies
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Metal Enrichment Another Inhomogeneous Process  on conenrichment
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Galaxies ireEoR Pushing the Limit with JWST

AUV Luminosity Function (UVLF) := Number density of galaxies with certain UV luminos
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AMassmetaIIicity relation (MZR) := Stellar mass vs. metal abundance
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SimulatingeoR Connecting Sma#cale and Largscale Physics

AFully coupled radiation hydrodynamics simulation
1. Reproduces globationzationhistory (large scale)

2. Matches observables (small scale): stellar mass function, UVLF, MZR, ionized H bubk
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Cosmic DawnGoDa Il Simulation

AEvolution of metal & dust, with dust opacity in ionizing radiatio

AP p wparticles + cells in ¢ rm @JO Gni-grid radhydro simulatio
by RAMSESGUDATON, GPad¢celerated code

C Firsttrillion -elementcomputer simulation of
fully-coupled galaxy formation and reionizati¢20 PB data!)

Advantages

1. High mass resolutiarresolves all atomic cooling halas ( p 10 ¢ ) and IGM clumping
2. Selfregulation of reionization ionizing radiation feedback suppresses star formation inrftags halos
3. Large volumetracks patchiness of reionization and full dynamic range of halo mass with good statistic
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Redshift Evolution of UVLF: Roer in UVfaint Galaxies

ASuppression of star formation by reionization
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Effect of Dust Attenuation Modeling on UV Luminosity Function

AWith fixed dust mass, we can vary 101,
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ACoDadll matches z = 10 observations

ACompared to simulated UVLF, z = 12 observations fouathbundance of bright galaxies
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UV Luminosity Function at z = 7, 8: Success!

AMatches well!
AMore dust attenuation on the bright end
100, z=7 100, z=8
] ¥ z~7 (Franco+25) I z~8.5 (Bouwens+23)
_ L +  z~8 (Donnan+23)
10-! 107 §  z~8 (Weibel+25)
T T
= 1072 = 1072
|& . |& .
E. 10 E. 10
5 5
—4 —4
§ 10 § 10
§ ¥ §
1072 —— ! 1074 R
] e SC opacity e™™ s ‘I ] e SC opacity e™™
1 —— SC opacity fesc. sc (SN dust; K=0.25) ' zi 1 —— SC opacity fesc. sc (SN dust; K=0.25)
1 === No attenuation 1 === No attenuation - B
gt e+ ——
- —125 -150 -17.5 =200 -225 J. Lee2025b 125 =150 =175 =200 =225




Galaxy MasdMetallicity Relation (MZR)
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Reionization History: Huge Success!

ACoDadll matches both global reionization history & mean free path evolution at z < 6
while reproducing galaxy properties, UVLF and MZR
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Global Relonization vs. Metal Enrichment

ARelonlzatlon lonizatioffronts (Hronts) travel farther, faster than metal enrichment
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Global Metal Enrichment and Star Formation
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Reionization and Metal Enrichment @oDAll
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H Lineintensity Mapping: Probe of Star Formation and Relonization

AH produced from ionized H can trace sfarming galaxies and ionized IGM

ANonnegligible contribution from IGMSPHEREwRight see with galax{d crosscorrelation?
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Growth of Metalenriched Bubbles FoF

ACharacteristic sizep T akpc
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