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* Model: Ultra-light dark matter
* Why cross-correlation
e Cosmic birefringence-induced B mode

e Cross correlation between 21 cm and B mode
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Brief History of the Universe

Years since
the Big Bang : € Big Bang:

. : . the Universe is filled with ionized gas
~300000 € Recombination: The gas cools and becomes neutral
(z~1000)

Dark Ages
~100 million & The first structures begin to form.
(z~20-40)
Reionization starts (z ~12)
Reionizatiom
~1 billion < Reionization is complete
(z~6)
~13 billion ¢ Todav's struct
(z=0) ! oday’s structures
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Visible light Most of the Long-wavelength
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Australia: SKA low: 50-350 MHz
S. Africa: SKA mid: 350 MHz-14GHz

Axion mass: 0.2~60 ueV

QCD axion as a CDM candidate :
Mass peV ~ meV(0.1GHz ~ 100GHz)
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Model: ALP (Axion-like particles) i.e. Ultra-light scalars

Ultra-light mass :
m, ~ Hy~ 1073V DE (Barbieri et al (2005),...)
m, ~ ~ 10722V Fuzzy DM (Hu (2000),...)
m, ~ ~ 1072%2eV — 10710V String axiverse (Arvanitaki et al (2009),...)

KK, Yi Mao, Kiyomoto Ichiki, Joseph Silk (2014)
“Cosmologically probing ultra-light particle dark matter using 21 cm signals”
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[k%P, (k)/(21)]2 [mK]

What can we do with 21cm?
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Motivations for cross correlation

The different systematics
21cm fluctuations >> B mode fluctuations
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l Galaverni+(2008)
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Cosmologlcal Blrefrmgence ( Carroll, Field, Jackiw (1990), Harari,Sikivie (1992),Lue, Wang,Kamionkowski (1999), ...)
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e.g. For the time-indept constant rotation

E°bserved — F c0s(20) — B sin(26)
Bobserved — Fin(26) + E sin(26)

Oct 2019 13 Kenji Kadota (CTPU, IBS)



AV
(b}
IS
. s / m
TN \D.m
o — \7 7/%
@)
=
LLI

160 uK

0

-16

0.41 pK
#

\/
/\

E-mode

130

140

150

v [MHz]

180 170 160

190

200

2.5x107

UoyD21U0L, . (s1w/47)9'So

1y /odND 1y /odIND

6

5x10

10.0

{0

9.0

o Kin)

8.0

.r\u

0.8 +

T T
© <
o o

2 UOT)oRIj UOTYRZIUOL

0.2 +

Kulkarni+(2016)

11

(2019)

10

z

KK, Ooba, Tashiro, Ichiki,

Kenji

Iu



10 100 1000
Lee,Liu,Ng(2016)

Oct 2019 15 Kenji Kadota (CTPU, IBS)



ﬁ [GeV 1]

10710

10—11

10—12

107"

10_118—23

Oct 2019

10~8

1077

fo = mey/(2m) [Hz]
1076

1075 104

\ ]
e 7

S S S S S e

¢
3 ]
1022 — llldl‘m — lll(il‘20 — lll(l)l_19 — lll(l)‘18
mg [eV]
Fedderke+(2019)

16

Keniji Kadota (CTPU, IBS)



Oct 2019

Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
375,000 yrs. Galaxies, Planets, etc.

Inflation

1st Stars
about 400 million yrs.

Big Bang Expansion

13.77 billion years

Officially approved May 2019
Launch in 2028
Sensitivity r~ 1073

NASA/WMAP Science Team
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