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DUIPOSE

« \We can probe cosmological
and astrophysical
parameters by using the
21cm line signal from the
cosmic dawn era

* We investigate how
astrophysical parameters
affect constraints on
cosmological ones




About the time of the universe studiec

*What is the Cosmic Dawn?

Dark Ages

Z2~200 Z~30

Collisonally
coupled régme

Density

https://astronomy.fas.harvard.edu/files/astronomy/files/loeb_2012 rep. prog. phys. 75 086901.pdf



About 21cm signal

e What is 21cm line?

F=1: triplet state

fo = 1420 MHz

F = o A =2lcm
F=0 : singlet state f—*’" “aﬂpn-FIiEC+N
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https://en.wikipedia.org/wiki/Hydrogen_line
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e Basic e

a, : COoe
j, : coef

se 21cm physics

quation of radiative transfer
dl, .
ds = —ay,l, + J,

fficients for absorption,

‘icients for emission

* Rayleig

T : brigh

n-Jeans limit
I, = 2kgTv?/c?
tness temperature



e Brightness temperature along a line of sight through
the intermediate medium observed

Ty, =Ts(1—e ™)+ T,(v)e ™

‘ T, : spin temperature
\ T, : background radio source of brightness temperature
(Ty, = Tcmp)
N\ T, : optical depth

S



- The optical depth of a cloud of hydrogen

_ o\
7, = | ds|1 — exp = o, ®P(v)n,
kpTs).

Ei, : Energy dif ference between triplet state and singletstate

_ NH
U

ny : hydrogen density

21cm cross-section : o(v) = ®(v)a,
3c%4q,
Og =

8TV 2

Ao : spontaneous decay rate of spin — flip transition



« differential brightness temperature :

Tp—T- Ts—T.
8Tp = —~ ==L (1 -
b 142z 142z ( )
T—T-
~ S ‘yrv
142z

1

~ 271+ 80 (533) (o s0)” (7 2) [ K

0p : fractional over density in baryons
xyr: neutral fraction of hydrogen
0,1, : specific velocity of hydrogen gas

T, > T, 0Ty :emissionline

T, <T, 0Ty : absorption line



e Spin temperature

Xtot = Xg T X¢

T, : color temperature of the Lya radiation field(T, = Tx)
Ty : gas kinetic temperature
Xy ,Xc + Coupling coef ficients for collisions and Lya

Xtor = 1:Tg = Tk

Xtot K1 :T5 =T,



21lcm line at
cosmic dawn

1,Cosmic dawn : T, < Teyp
21cm signal is observed as absorption line

2,Emission of Lya photons from first astrophysical objects
affect the spin temperature



Global signal

- Parameter dependence of brightness temperature

Tb — Tb(ﬂbhz ,.Q.Chz , E4 ‘)
The Other parameters
(1, : Baryon enegy density
(. : Energy density of cold dark matter
€, : star formation rate



* Purpose

The purpose is to investigate expected
constraints from future observations of
21cm cosmic dawn signal

HOW In particular, we study the effects of

J[Q egtimate astrophysical parameters on constraints
on cosmological

cosmological
parameters ey

By using a mock data obtainable in future
observations, we constrain cosmological
parameter




Changes in
global signal

when
changing Q,
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Changes in

cosmological

parameters
when changing
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Summary

 We have investigated expected constrains on cosmological
parameters from the 21cm signal from the cosmic dawn

epoch

* We focused on how the assumption of astrophysical

parameters af

and found tha

fects const
' the effect

 We need to ta

raints on cosmological parameters
. can be large

K€ aCCount

. of both astrophysical and

cosmological parameters properly when studying
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