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Cosmic Dark Ages

What is the Reionization Era?
A Schematic Outline of the Cosmic History

<+ The Big Bang

Time since the
Big Bang (years)

~ 300 thousand

~ 500 million

~ 1 billion

~ 13 billion

The Universe filled
with ionized gas

<-The Universe bacomes
neufral and opaque

The Dark Ages start

Galaxes and Quasars
begin to form
The Reionization starts

The Cosmic Renaissance
The Dark Ages end

<-Reionization complete,
the Universe becomes
transparent again

Galaxies evolve

The Solar System forms

Today: Astronomers
figure it all out!







What does she tell us?



LETTER

doi:10.1038/nature25792

An absorption profile centred at 78 megahertz in the

sky-averaged spectrum

Judd D. Bowman!, Alan E. E. Rogers?, Raul A. Monsalvel>34, Thomas J. Mozdzer
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Figure 2 | Best-fitting 21-cm absorption profiles for each hardware case.
Each profile for the brightness temperature T, is added to its residuals and
plotted against the redshift z and the corresponding age of the Universe.
The thick black line is the model fit for the hardware and analysis
configuration with the highest signal-to-noise ratio (equal to 52; H2;

see Methods), processed using 60-99 MHz and a four-term polynomial
(see equation (2) in Methods) for the foreground model. The thin solid
lines are the best fits from each of the other hardware configurations

(H1, H3-H6). The dash-dotted line (P8), which extends to z > 26, is
reproduced from Fig. 1e and uses the same data as for the thick black line
(H2), but a different foreground model and the full frequency band.



Ty (K)

-0.4

—0.2

—0.6

................... /. .‘:—.-/ S o TR ) -
N ACDM_ ~ 7~
R
X & N v y
b X 3
\ 7
: % i i}
- EDGES detection -
30 20

142

10



Let us first
understand what it is!
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from n=21to n=1 is called Lyman-alpha, 3 to 1 is Lyman-beta,
4 to 1 is Lyman-gamma, and so on

n=3ton=2Is called H-a, 4 to 2 is H-f3,
5to2isH-y,and 6to2is H-0


https://en.wikipedia.org/wiki/Lyman-alpha_line
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LARS 01 Hayes et al. 2013

blue: Lya
red: Ha
green: UV continuum
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Lya forest: Damped

— Numerous, weak lines from hydrogen clouds
— Lyman alpha clouds are proto-galactic clouds, with low density, they are not galaxies

“‘Damped’Lya:

— Rare, strong hydrogen absorption
— Coming from intervening galaxies

— An intervening galaxies often produce both metal and damped Lyman alpha absorptions.
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This transition is highly forbidden with an extremely small transition rate of

2.9x10-15 s-1
and a mean lifetime of the excited state of around 1 0 m i I I iOn yea I'S.


https://en.wikipedia.org/wiki/Forbidden_line
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https://zhuanlan.zhihu.com/p/34223993

frFE: HABRHNFEHRIRZR

Now
* 138 billion years

M&pﬂil‘axwt

-~
e

Relonizationr™

.
Black Holes angiAtcretion disks
3 S v #250'milllon years
}mlguﬂ'_‘ ._.~"/
< l&OfﬁilliGn’ynrs
Cosmic Dark Ages—=
i ~Z!_&Q.O‘)('l-y'(-a'r5

Universe Age



SN PSS

im o

~

N EER CRISRFRIEXIEEHI, ATEAS| " E Bﬁ

EEEHS, EEER L NEE T

*., YEEEESTF ST EM |

W RIEEHRER (BETEW, rmpears | termal History
'_‘_'/m EZ%%E’] xﬂﬂ: Z: ﬁ ’ﬂﬁ) :m';z ’

,L,wia MBI, P2 RS

RZ, HEFEEEETSMGTEMY s
s BE AT B R R A R T

1, o

TV F1

nNEo

X-ray heating by galaxies

| l " o
2=20-30 2=200 redshift

Wouthuysen-Field Effect

https://zhuanlan.zhihu.com/p/34223993



—HH, RFERKINFEMKERENNEEER=ERRREER
FEMEERIENEE; »—HH, RFHOME. M
(Lyman) JXFRIBSIXREX—nEESI TR FEnE
(mﬁﬁ%ﬁﬂ‘]_ﬂﬁﬁﬁiﬁﬂg%ﬁkiﬂg) , LANBIEREE —EFNEMFY, REZFZE,

Thermal History

radiative
coupling to
CMB

atomic ;:":1. iﬁ E}]

collisions

X-ray heating by galaxies

/ 2=20-30 <200 redshift

Wouthuysen-Field Effect



Dark age Cosmic dawn

Temperature (kelvin)

Time since Big Bang (million yeats)

enamure

3y
EEEE’J?E&%H th— P21 cmiBURE, MR TESANSERLRS, RPRSHE, FEiEEREEESAR

B, MFESANEERTFERKESR, BLFE21emRBGE, B2, MEFEREK, SHBERR, FFEFAHENE, INSFBRE
ERAFEMEEREE, RLEFERIFRI21cMESHD ﬁS‘ETo



Yaxax > h= B3 VAN 1 Ly
—E% 1’b'|‘§$3 I ylzl ﬁ;’ﬁ XLEERFE RKEMLyman alpha’tF, SEF5Lyman alphat FHIBSSEE
NEEREERELR FizoheE.

T Fq

1, o
nNrEo




Dark age Cosmic dawn

Temperature (kelvin)

r | llll! | | Yovild mn B

6 17 47 100 180 550
Time singe Big Bang (million years)
enature

Lya
X-ray

Spin temperature thermalised with gas temperature, so T_G f , 1_S /



1 billion

Time after 10 million 100 million 250 million 500 million
Big Bang
[Years)
Redshift= 160 80 40 20 15 14 13 12 11 10 9 8 7
ﬁ First galaxies form ——
~ 0
’é ; Reionization begins Reionization ends
-
zc‘ Dark Ages
o
® 100+
Heating begins Cosmic time ——
-150 - ] - _ . i ! . ! . ! . ' . : .
60 80 100 120 140 160 180 200

Frequency [MHz)



1420/60~24

1420/99~14

Cosmic Dawn Signal!

Age of the Universe (Myr)
150 200 250 300

0.2 - —— 77—
a O_if‘\."’\'\.i/ N /“
— | \ / [ 8
" i
g
B
© 0.2
8
£ — H1
2
s — H2
8
c -0.4F —H3
5 H4
- H5

06 H6

_____ p8
26 24 22 20 18 16 14

Redshift, z

Figure 2 | Best-fitting 21-cm absorption profiles for each hardware case.
Each profile for the brightness temperature T3; is added to its residuals and
plotted against the redshift z and the corresponding age of the Universe.
The thick black line is the model fit for the hardware and analysis
configuration with the highest signal-to-noise ratio (equal to 52; H2;

see Methods), processed using 60-99 MHz and a four-term polynomial
(see equation (2) in Methods) for the foreground model. The thin solid
lines are the best fits from each of the other hardware configurations

(H1, H3-H6). The dash-dotted line (P8), which extends to z > 26, is
reproduced from Fig. 1e and uses the same data as for the thick black line
(H2), but a different foreground model and the full frequency band.



Problem-13: The possible explanation of this anomaly.
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