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[Luminous sources heat IGM

Density too low for collisions, (shocks and X-rays from AGN/SNRs).
so Tg starts to follow Teyg [Ts increases with Tigy, until Ts >> Tepyg)

« 200<Z<1100: T_s=T_CMB, no 21cm signals
« 40<z<200: Ts~Tk, Tk~(1+z)A2, T_b <0
« 7 _*<z<40: collisional coupling ineffective and radiative

coupling to the CMB sets T_s = T_cmb, no 21cm signals
Slide Credit: Q
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Why study cosmic reionization?

E Cosmic reionization is the last major phase transition of most baryonic matter
In the Universe. It involves the conversion of cold, neutral hydrogen into
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How do we search for high objects?

A Lyman Break Galaxies (LBGs)
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Hydrogen in our Universe:
H |He _ 2.
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Primeval galaxies (at very high) are composed of newly formed massive stars.

The ionizing UV photons generated by massive stars are transferred into strong LYymars Y A & & A
lines with hydrogen atoms in the interstellar medium.

These galaxies are knownasLyrdan SYAGGSNI 3 f F EASE o6[! 9av




A Searching Methods for High -z Galaxies
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A Deep surveys for LAEs at z>2: ==

Hawaii Survey: Cowie&Hu98; LALA Survey: Rhoads+00; Subaru surveys Z~4.5 LAE of —
Ouchi+03; MUSYC: Gawiser+07; HETDEX Pilot Survey: Adams+11; * cooo  oroo  esco
VLT/MUSE survey: Bacon+17; LAGER: Zheng+17; SILVERRUSH \TN : ,
CHORUShS5LbXYX [ SSbHNX > ‘ Zheng+13

A LBG survevs started from Steidel+95 S I —
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The Early Universe probed by JWST
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High -z Galaxies: Tracing the Environment
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Reilonization Probes

Origin of CMB Dark Ages Epoch of Reionization: First Stars & First Galaxies Modern Universe
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The first Probe of RelonizationQuasars
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CMB and Precise Cosmology
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The Global Probe of RelonizatiolcMB

WMAPO3
z_r~11-30

Adiabatic Prediction
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The Global Probe of Relonizatio2lcm

A Hyd rogen atom Hyper-fine transition in the ground state of
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The Widely Used Probe of Relonizatiohya

Origin of
Lya radiation

lonization and recombination
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https://www.anisotropela.dk/encyclo/lyman_alpha.html

Resonant Scattering and Doppler Effect

Diffusion in wavelength
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Slightly shorter
wavelength
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Ground basedNarrowband Surveys for z~7 LAEs:
LAGER vs. CHORUS
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Years after the Big Bang
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LAGERya LF
evolution
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Origin of CMB Dark Ages Epoch of Reionization: First Stars & First Galaxies Modern Universe
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Combing all constraints together
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Exploring Relionization Topology via LAES

EoRSimulations
from work of lliev, Mellema, Shapirbao, andcollaborators

w Movie of densityfield and HIl regions




Joint analysis with LAEs and 21cnpitobe EOR

Ouchj Ono & Shibuya 2020, ARAA
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