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Introduction

Reilonization Era

Early galaxies ionizing the intergalatic medium.



Introduction

Lyman Alpha Emitter (LAE)

Galaxy with strong Lya emission

Ground State = Lowest Energy Level
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Two third of photons below 912 A converted to Lya photons.




LLAE as a Probe of Reionization History

Lya cross section
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HI in the IGM can easily suppress Lya emission.
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Introduction

Lya Line as a Probe of Reionization History
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Steep decline of Lyx emission toward high-z
Starting to constrain HI fraction at z > 7,
but the results have not converged yet.



Introduction

Emission Profile After ISM

Homogeneous static sphere model
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Dijkstra+ (2006)
Reproduced by Barnes+ (2014)



Introduction

IGM Transmission during Reionization

Theoretical Picture
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Motivation & Method

Cosmic Dawn (CoDa) Il Stmulation

Motivation

Calculate IGM transmission using CoDa II data
and compare to the theoretical picture.
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(Ocvirk+ 2016, 2020)
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Motivation & Method

Cosmic Dawn (CoDa) Il Stmulation
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Motivation & Method

Flux-wighted IGM Transmissivity

(Intrinsic emission) = Fin(va) o< exp | — [ -2 Vottses ] +exp [ — | Vet Voffset :
= L'in\VUq P AV P AV

G M,
Roop

AV = 2.355 x V.

where Vigeer = V. =

1.0 1

0.8 - Motivated by recent observations

(Yang+ 2016 & Verhamme+ 2018)
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Results

Transmission for a Typical Sightline

Galaxy w1th MUV = -23 1& Mh = 1 1x1012 Mo atz=7
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Results

ransmission for a Typical Sightline
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Results

Resonance Absorption on the Red Side

Physizal quantities along the —y-direction from gzlaxy #0001 at > =7
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o 20001, M),=1.09 x 10M, Myy — —23.1

Results

Halo-mass Dependence
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Relative Flux

Implication for the Observed Line Shape
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Results

Redshift Evolution & Damping-wing Opacity
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Results

Redshift-dependence of Hll-region size
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Results

Muv-dependence of Hll-region size
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Transmission or Relative flux

Results

z and Myv dependence
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Fainter galaxies are more susceptible to damping-wing opacity because
(1) they reside in smaller HII bubbles and (2) transmit bluer photons.
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Results

Full staustics of X7«

z =6, 99.9% ionized

0.3

0.1

°fw

0.04

—23

—22

—21
Mgy

—20

—19

z =T, 50% ionized

1
0.3
0.1
0.04 ; : v —
-23 =22 -21 =20 -19
My

z =8, 13.2% ionized

0.3

0.1

0.04

—23

92 _21 —20 —19

Muy



Discussion

Implication of the Variation in Xj yq
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Results

Interesting Case: Self-shielded Systems
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Some sightlines can be blocked by self-shielded neutral clumps.



Results

Interesting Case: Pseudo blue peak
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Nearby supernova explosion results in a pseudo-blue-peak feature.
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Summary

Calculated IGM transmission of Lya using CoDall.
Findings

Gravitational infall motion in IGM truncates a significant fraction (~0.5) of the
red-side emission.
Brighter galaxies are subject to less opacity because
(1) they reside in larger HII bubbles and (2) transmit redder photons due to
stronger infall motion.
Self-shielded systems block certain sightlines.
Pseudo-blue-peak feature generated by supernova explosions
Large sightline variation in transmissivity requiring large (>>100) sample size.

The variation is larger for fainter galaxies at higher redshifts.



