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purpose

• 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 studied

•What is the Cosmic Dawn? 
(ここに数式を入力します。
ここに数式を入力します。

. 

https://astronomy.fas.harvard.edu/files/astronomy/files/loeb_2012_rep._prog._phys._75_086901.pdf



About 21cm signal

• What is 21cm line?

F=1 : triplet state

F=0 : singlet state

https://en.wikipedia.org/wiki/Hydrogen_line



Base 21cm physics 

• Basic equation of radiative transfer
𝑑𝐼𝜈

𝑑𝑠
= −𝛼𝜈𝐼𝜈 + 𝑗𝜈

𝛼𝜈 ∶ coefficients for absorption,

𝑗𝜈 ∶ coefficients for emission

• Rayleigh-Jeans limit
𝐼𝜈 = 2𝑘𝐵𝑇𝜈

2/𝑐2

𝑇 ∶ 𝑏𝑟𝑖𝑔ℎ𝑡𝑛𝑒𝑠𝑠 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒



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

𝑇𝑏 = 𝑇𝑠 1 − 𝑒−𝜏𝜈 + 𝑇𝛾 𝜈 𝑒−𝜏𝜈

𝑇𝑠 ∶ 𝑠𝑝𝑖𝑛 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒
𝑇𝛾 ∶ 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑟𝑎𝑑𝑖𝑜 𝑠𝑜𝑢𝑟𝑐𝑒 𝑜𝑓𝑏𝑟𝑖𝑔ℎ𝑡𝑛𝑒𝑠𝑠 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒

(𝑇𝛾 = 𝑇𝐶𝑀𝐵)
𝜏𝜈 ∶ 𝑜𝑝𝑡𝑖𝑐𝑎𝑙 𝑑𝑒𝑝𝑡ℎ



・The optical depth of  a cloud of hydrogen 

𝜏𝜈 = ∫ 𝑑𝑠 1 − exp −
𝐸10
𝑘𝐵𝑇𝑠

𝜎0Φ 𝜈 𝑛0

𝐸10 ∶ 𝐸𝑛𝑒𝑟𝑔𝑦 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡𝑟𝑖𝑝𝑙𝑒𝑡 𝑠𝑡𝑎𝑡𝑒 𝑎𝑛𝑑 𝑠𝑖𝑛𝑔𝑙𝑒𝑡𝑠𝑡𝑎𝑡𝑒

𝜎0 =
𝑛𝐻

4

𝑛𝐻 ∶ ℎ𝑦𝑑𝑟𝑜𝑔𝑒𝑛 𝑑𝑒𝑛𝑠𝑖𝑡𝑦

21cm cross-section :  𝜎(𝜈) ≡ Φ 𝜈 𝜎0

𝜎0 =
3𝑐2𝐴10
8𝜋𝜈2

𝐴10 ∶ 𝑠𝑝𝑜𝑛𝑡𝑎𝑛𝑒𝑜𝑢𝑠 𝑑𝑒𝑐𝑎𝑦 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑠𝑝𝑖𝑛 − 𝑓𝑙𝑖𝑝 𝑡𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑜𝑛



• differential brightness temperature :

δ𝑇𝑏 =
𝑇𝑏−𝑇𝛾

1+𝑧
=

𝑇𝑠−𝑇𝛾

1+𝑧
1 − 𝑒−𝜏𝜈

≈
𝑇𝑠−𝑇𝛾

1+𝑧
𝜏𝜈

≈ 27𝑥𝐻𝐼 1 + 𝛿𝑏
Ω𝑏ℎ

2

0.023

0.15

Ω𝑚ℎ2
1+𝑧

10

1

2 𝑇𝑆−𝑇𝛾

𝑇𝑆

𝜕𝑟𝑣𝑟

1+𝑧 𝐻 𝑧
𝑚𝐾

𝛿𝑏 ∶ 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑜𝑣𝑒𝑟 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑖𝑛 𝑏𝑎𝑟𝑦𝑜𝑛𝑠
𝑥𝐻𝐼∶ 𝑛𝑒𝑢𝑡𝑟𝑎𝑙 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 ℎ𝑦𝑑𝑟𝑜𝑔𝑒𝑛
𝜕𝑟𝑣𝑟 ∶ 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 ℎ𝑦𝑑𝑟𝑜𝑔𝑒𝑛 𝑔𝑎𝑠

𝑇𝑠 > 𝑇𝛾 𝛿𝑇𝑏 ∶ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑙𝑖𝑛𝑒

𝑇𝑠 < 𝑇𝛾 𝛿𝑇𝑏 ∶ 𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 𝑙𝑖𝑛𝑒



• Spin temperature

𝑇𝑠
−1 =

𝑇𝛾
−1 + 𝑥𝛼𝑇𝛼

−1 + 𝑥𝑐𝑇𝐾
−1

1 + 𝑥𝛼 + 𝑥𝑐

𝑥𝑡𝑜𝑡 ≡ 𝑥𝛼 + 𝑥𝑐
𝑇𝛼 ∶ 𝑐𝑜𝑙𝑜𝑟 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑜𝑓 𝑡ℎ𝑒 𝐿𝑦𝛼 𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 𝑓𝑖𝑒𝑙𝑑(𝑇𝛼 = 𝑇𝐾)

𝑇𝐾 ∶ 𝑔𝑎𝑠 𝑘𝑖𝑛𝑒𝑡𝑖𝑐 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒
𝑥𝛼 , 𝑥𝑐 ∶ 𝐶𝑜𝑢𝑝𝑙𝑖𝑛𝑔 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑠 𝑓𝑜𝑟 𝑐𝑜𝑙𝑙𝑖𝑠𝑖𝑜𝑛𝑠 𝑎𝑛𝑑 𝐿𝑦𝛼

𝑥𝑡𝑜𝑡 ≥ 1 ∶ 𝑇𝑠 ≈ 𝑇𝐾

𝑥𝑡𝑜𝑡 ≪ 1 ∶ 𝑇𝑠 ≈ 𝑇𝛾



21cm line at 
cosmic dawn

1,Cosmic dawn : 𝑇𝑠 < 𝑇𝐶𝑀𝐵

21cm signal is observed as absorption line 

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



Global signal

・Parameter dependence of brightness temperature

𝑇𝑏 = 𝑇𝑏(Ω𝑏ℎ
2 , Ω𝑐ℎ

2 , 𝜖∗…)

Ω𝑏 ∶ 𝐵𝑎𝑟𝑦𝑜𝑛 𝑒𝑛𝑒𝑔𝑦 𝑑𝑒𝑛𝑠𝑖𝑡𝑦
Ω𝑐 ∶ 𝐸𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑐𝑜𝑙𝑑 𝑑𝑎𝑟𝑘 𝑚𝑎𝑡𝑡𝑒𝑟

𝜖∗ ∶ 𝑠𝑡𝑎𝑟 𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒

The Other parameters



How
to estimate 

cosmological 
parameters

・Purpose 

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

In particular,  we study the effects of 
astrophysical parameters on constraints 
on cosmological

• Way

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



Changes in 
global signal 

when 
changing Ω𝑏

𝑇21

𝑧

Ω𝑏 = 0.01

Ω𝑏 = 0.02

Ω𝑏 = 0.03

Observed 
temperature

error bar



Changes in 
global signal 

when 
changing Ω𝑐

𝑇21

𝑧

Ω𝑐 = 0.1

Ω𝑐 = 0.11

Ω𝑐 = 0.12

Observed 
temperature

error bar



Change in 
global signal 

when 
changing 

ε*

𝑇21

𝑧

𝜖 ∗= 0.03

𝜖 ∗= 0.15

𝜖 ∗= 0.1

Observed 
temperature

error bar



Changes in 
cosmological 
parameters

when changing 
∈∗

𝜖 ∗= 0.1

𝜖 ∗= 0.3

𝜖 ∗= 0.05



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 affects constraints on cosmological parameters 
and found that the effect can be large

• We need to take account of both astrophysical and 
cosmological parameters properly when studying
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