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About First Star (Pop.lll)

O First Star

» The first luminous objects in the universe

» Formed in a halo consist of pristine gas,

cooled by H2, believed typically massive
O Their Roles
» Providing Photons — Relonization (early)
» Producing Metal —  Star formation(Pop.ll, 1)

» BHin early universe — Seed of SMBH?

First star is an important target

related to various Cosmoloqgical topics
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Background & Motivatio

O Question

» How much is the typical mass of the first stars?

» How much is the abundance?

O Problems

N

» Simulational results DON'T reach the consensus. 2

> Little observational constraints about the mass

It's required a research that ties up simulations
and observations

O This research

Focuses on the effects of the first stars on

21cm signal

Simulates the statistical signature.
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How a first star effects on 21cm line?

Small-scale 21-cm signal
around a first star
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How a first star effects on 21cm line?

Small-scale 21-cm signal

around a first star O There's a gap between the scale around a star
Te ~T,
[ S e J and the scale photon reaches.

O To simulate 21-cm signal in Cosmological scale,

required semi-analytical method.

DET

==
=)

B
4

W
ol

L YFFIEL J

Lyman series reaches ~ several 100 Mpc

LW photon reaches~ several 10 Mpc

= \irial radius ~1 kpc

» |onized region ~10 kpc
Resolution of the simulation=1Mpc

» Emission region~100 kpc

=» Absorption region ~ seveifal 100 kpc



Motivation

O M:Mass of single star and

f.: Stellar baryon fraction

. . . . CMB
simulate the 21cm signal intensity map Pop.lll
O Analyze global signal and power spectrum 5
o o
. . oo
O Find the signature reflects the parameters o O, 0
o

IGM CMB
+ 21-cm

>>> [n near future, compare with observations and

v v
determine the mass and abundance of first stars! g 5 g 5

21-cm map




Simulation flow

Base software: 21cmFAST Take first stars into account as ionizing &
(Messinger, Furlanetto, and Cen 2010) heat'_ng source

| _ 1. Single star mass dependence of
1. Generate density fluctuation §(x, zin.), v(%, zine)  ionizing photon escape fraction

. 2. UV heating in small-scale
2. Make the fluctuation 6(x,z) grow up 9

higher single star mass

3. Estimate the stellar fraction —higher escape fractior
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Setting

O Range and resolution
> Grid size: (1 Mpc)3. Box size: (256 Mpc)3

> z =60~2z= 18

O Assumption

> Without other species (pop.ll, galaxy, etc.)

> All first stars have same stellar mass
O Parameters
> Ms = 500,200,80 [Mg]

> f.=0.001,0.01,0.1



Result: 21-cm Power spectrum

Upper: Ms = 500 My, f.=0.001,0.01,0.1 e
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Bottom: f, =0.01, Mg = 500,200,80 [Mg] [mMK]
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So they may degenerate for GS observation
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Blue: absorption
Red: emission

Result: 21-cm Power spectrum white: onized

or coupled with CMB
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Result: 21-cm Power spectrum

EHE{ETNormalize

Ms = 200 Mg, fixed, f, = 0.001,0.01,0.1

Higher f*, weaken the large-scale correlation.

Large-scale correlation of 21cm, are

made by fluctuation of Lyman alpha flux.
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Blue: absorption

Red: emission

Result: 21-cm Power spectrum white:onized

or coupled with CMB

Mg = 80 M¢ = 200 Mg = 50

OTp with UV, Ms80, f+ =0.01, z=19.98 &6Tp with UV, Ms200, f+ =0.01, z=19.98 8Ty with UV, Ms5 pn

f. = 0.01 fixed, Ms = 500,200, 80 [Mg)]

More massive single star mass,

strengthen small-scale correlation.

Small-scale structure of 21-cm signal consist of 200 [0
ionized & heated region. N

-200

—massive star more ionize and heat the IGM

. : 107! A
for their higher escape fraction.
/Conclusion \
i ) 1072 -
Single star mass Ms & stellar baryon fraction <
affect 21-cm signal different scales. = 7 =20
—QObserving the 21-cm PS, 1072 : =——Ff=0.01, M= 500

— f+=0.01,Ms =200
f+ =0.01,Ms =80

we maybe able to constrain both parameters.
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Summary

Simulate 21-cm signal map and its statistics
changing Single star mass M, Stellar baryon fraction f,

Newly, Introduce the effects of

1. M, dependence of ionizing photon escape fraction
2. UV heating in small-scale

Global signal
Both M, and f, affect the depth of the absorption, these parameters can degenerate.

Power spectrum
Mand f, affect small and large scale respectively,
we maybe able to distinguish the effects.

Future prospects

» Decomposition 21-cm PS with other PS(ionized fraction, coupling coefficient etc.)
and estimate its contributions.

» Construct more realistic model including other species.



