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Rejonization

e Once first objec’cs in earlg Universe
that were emitting high enough
energy to ionize neutral hgdrogen.

* lmportant goal for modern
cosmology.

e Sensitive to the astrophgsica!
Properties of the objects.

e Sensitive to the feedback

Pf’OCCSSCS.
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What is the Reionization Era?
A Schematic Outline of the Cosmic History
<The Big Bang

Time since the

Pig Bang (years)

~ 300 thousand

~ 500 million

~ 1 billion

~ 9 billion

~ 13 billion

The Universe filled
with ionized gas

< The Universe becomes
neutral and opaque

The Dark Ages start

Galaxes and Quasars
begin to form
The Reionization starts

The Cosmic Renaissanc
The Dark Ages end

Reionization complete,
the Universe becomes §
transparent again

Galaxies evolve

The Solar System forms

Today: Astronomers
figure it all out!
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Reionization

Simulation

Eut ionising sources.
Radiative transfer
metho&s) Of
Semi-numerical scheme.
Reionization structure,

or 2lcm power s[:)ectrum.
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er272 ] The |uminosit9 of an
T | Jonizing source is not
%523 | simplg Proloortional to the
?1 sof 1 host dark matter halo mass
sof | 1 as it often assumed in
8 ‘I9 1JO 11 1I2 i X %
10g,o(Myo/ " Mo) reionization models.
Park et al. 2014
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Phgsica”y motivated mocle”ing for ionizing sources

| cluring the reionization should be included to understand

e the ePoch of reionization.
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Recombination (R)

UVB feedback (F)
Sobacchi&Mesinger 2014)
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What we need are

< Galaxg formation model for ionizing sources

ancJ PrOPCT’ Feecﬂ)ack PFOCCSSCS.

* Large volume simulation (but has high

resolution simulation information) .

* [ast ancl casy to span Parameter space omc

Phgsical mechanism.
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COSMOLOGICAL MODEL
Q,A,0, bPE

galaxg {:ormation moclel
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Large volume simulation

+ The size of individual HIl bubbles > IOCMPC at
highlg ionized CPOCH

= OverlaPPecl regions are bigger than few times
individual bubble size.

+ Not enough to una

fluctuation using -

erstan& Iarge scalc

OOMPC volume simulation.




Resolution of Minimum dark halo mass should down to
~10°48} solar mass to include small galaxies which are

dominant at earlg Universe.
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scape fraction of ionizing Photons

on 2lcm Power sPec’crum??

I +z\°
esc=A
()

Normarlization value to match
50% ionization fraction at z= 7.272
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Halo mass

ClCPCI’]ClCﬂCC

Redshift
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e e Redshift clePCﬂCleﬂce

With or without SNe feedback Name A

R

With SN-0 0.5348
s - Halo mass ClCPCﬂClCnCC With SN-I 0.1488

With SN-II 1.6791
With SN-III 0.3649

_ with supernovae feedback With SN-IV 0.7358
Without NOSN-0  0.0319
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* 2l-cm power sl:)ectrum
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Halo mass &ependence
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Redshift dependence

Amplitucle VS. slope

Halo mass clepenclcnce

With SNe
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Cross-Correlation
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tween 2lcm and galaxg Properties

.Rapid exploration of the
Parameter space of galaxg

formation Phgsics.
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Detectabi it9 of Preclictions

cross~-correlation COé{:ﬁCiCﬂt Crror
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Summarg

> A hgdrogen reionization model needs

A proper galaxy formation model

A large volume but should include ionizing sources’ contribution of small galaxics within ~10°(8} solar mass dark matter haloes.

. Galaxg formation Phgsics imprinted on the redshifted 21cm power sPectrum OF Cross~

correlation power sl:)ectrum btw 21cm and galaxg Properties.
SNe Feec”aack
Photoionization feedback

Star formation reciPe

. E,scape fraction Aependence (halo mass or redshift) of ionizing Photons from galaxies is less

dominant than a galaxg formation Phgsics.

* Unknown, Uncertainties =>> many things to do.
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