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T21 = − 500+200
−500 mK (99%) at z = 17.2

Standard expectations: -209mK

3.8𝝈 below the strongest 
possible absorption under 
standard expectations

The first time to detect 
the 21-cm line signal 
from comic dawn

 Experiment to Detect the Global Epoch of reionization Signature (EDGES)



a . Spin temperature Tspin

Cosmic dawn

c . Gas temperature Tgas

b . Background radiation temperature TCMB

At cosmic dawn:

Tspin = Tgas < TCMB absorption signal

lyman-alpha coupling

T21 ∼ Tspin − TCMB

The sky-averaged global 21-cm line signal at cosmic dawn:



Tspin = Tgas at cosmic dawn

|T21 | ∼ TCMB − Tspin

Tgas

Explanations to the excess signal:

dTgas

dz
(1 + z) = 2Tgas +

Tgas − Tγ

tCH(z)

Compton scattering termAdiabatic cooling

At redshift zc, H ∼
1
tC

, Compton − heating decouples

zc Tgas



At the redshift related to the 21-cm line:

Our Universe is matter-dominated.

H2 =
8πG

3
ρ′ �m H2 =

8πG
3

(ρm + ρx)① ②

Change the amount of matter Add new component to the Universe

T21 ≡
Temission − TCMB

1 + z
=

(Tspin − TCMB)τ
1 + z

τ =
3

32π
T*

Tspin
nHIλ3

21
A10

H(z)

Optical depth:

The dynamics of cosmological background have influence on the 21-cm line at cosmic dawn.



1/tC ΛCDM

H ΛCDM

1/tC λ=-0.3

H λ=-0.3

1/tC λ=0.2

H λ=0.2
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QI=3λHρd
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QII=3λHρc

Change the amount of matter——interacting dark energy model

(1 + z)H
dρc

dz
− 3Hρc + Q = 0

(1 + z)H
dρd

dz
− 3H(1 + ω)ρd − Q = 0

Cold dark matter

Dark energy

①



1/tC ΛCDM

H ΛCDM

1/tC λ=-0.3

H λ=-0.3

1/tC λ=0.3

H λ=0.3
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QIII=3λH(ρc+ρd)

dTgas

dz
(1 + z) = 2Tgas +

Tgas − Tγ

tCH(z)

Compton scattering term

At redshift zc, H ∼
1
tC

, Compton − heating decouples

has little change.

T21 ≡
Temission − TCMB

1 + z
=

(Tspin − TCMB)τ
1 + z

τ =
3

32π
T*

Tspin
nHIλ3

21
A10

H(z)

The main effects are caused by the change of the optical depth.



Model I-1, ω=-0.8969

Model I-1, ω=-0.973

Model I-2, ω=-1.0229

Model I-2, ω=-1.1328
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Model II, ω=-1.0573

Model II, ω=-1.1332

Model III, ω=-1.0582

Model III, ω=-1.1338
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Constraints from Planck 2015, BAO, SNIa

The upper limit of 
EDGES’s results

T21 = − 0.3K

are supported by EDGES.
Constraints from other 
experiments.

A. A. Costa, X. D. Xu, B. Wang and E. 
Abdalla, JCAP 1701, no. 01, 028 (2017) 
doi:10.1088/1475-7516/2017/01/028

②



H2 =
8πG

3
(ρm + ρee)

ρee Early dark energy density

ωee =
a6 − a6

c

a6 + a6
c

ωee ⟶ − 1

ωee ⟶ 1a > > ac

a < < ac

ρee(a) = ρcΩee ( 1 + a6
c

a6 + a6
c )
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H(z) [⇤CDM]

H(z) [EDE: ⌦ee = 2 ⇥ 10�5, zc = 100]

H(z) [EDE: ⌦ee = 2 ⇥ 10�5, zc = 50]

H(z) [EDE: ⌦ee = 4 ⇥ 10�5, zc = 100]

1/tC(z) [⇤CDM]

1/tC(z) [EDE: ⌦ee = 2 ⇥ 10�5, zc = 100]

1/tC(z) [EDE: ⌦ee = 2 ⇥ 10�5, zc = 50]

1/tC(z) [EDE: ⌦ee = 4 ⇥ 10�5, zc = 100]

② Early dark energy model

arXiv:1803.07555v2



1/tC ΛCDM

H ΛCDM

1/tC IDE

H IDE

1/tC EDE+IDE

H EDE+IDE
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An excess 21-cm signal implies two points 
about the dynamics of the cosmological 
background in the early Universe:

• An early smooth evolution stage 
around z ∼ 100.

• A smaller value of H at z ∼ 17 than 
that of the standard cosmology.

To realize this kind of evolution:

Interacting dark energy + Early dark energy
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Model II

-0.232

Excluded by �* and H0
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⽂本

SUMMARY

▸ An excess 21-cm signal might imply:

•An early smooth evolution stage of H(z) around z ∼ 100.

•A smaller value of H(z) at z ∼ 17 than that of the standard cosmology.

▸ There is a tension between EDGES and other 
experiments for the model combining this two features.

▸ Much more precise observations on global 21-cm signal 
at cosmic dawn are necessary.

arXiv:1904.02458


