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QCD axion as a CDM candidate : mass range peV ~ meV(0.1GHz ~ 100GHz)

New works: How about the astrophysically sourced magnetic fields?

Non-resonant conversion: Kelley and Quinn (2017), Sigl (2017)
Resonant conversion:  Huang, KK, Sekiguchi and Tashiro (2018), Hook,Kahn,Safdi and Sun(2018)

mgq

Line-like radio signal for non-relativistic axion conversion: mg
8 f~7e~240 (
T

)MHz
Kenji Kadota (IBS) Taiwan Dec 2018 H'eV




rhagnetic
field lines

(KK & Kitajima, to appear)

Kenji Kadota (IBS) Taiwan Dec 2018



Atmospheric
opacity

100 %

50 %

0%

Gamma rays, X-rays and ultraviolet
light blocked by the upper atmosphere
(best observed from space).

0.1 nm

1nm

10 nm

100 nm

Most of the

Visible light infrared spectrum
observable absorbed by
fr(lam Earth, atmospheric

with some. gases (best
aFmos?herlc e ——
distortion. from space).

1pum

10 pm 100 pm 1 mm

Wavelength

. Long-wavelength
Radio waves observable radio waves

from Earth. blocked.

lcm 10 cm 1m 10 m 100 m 1 km

Australia: SKA low: 50-350 MHz
S. Africa: SKA mid: 350 MHz-14GHz

Axion mass: 0.2~60 peV

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 ~ 103V DE (Barbieri et al (2005),...)

12, — 1022V Fuzzy DM (Hu (2000),...)

m, ~1072eV —10"ev  String axiverse (Arvanitaki et al (2009),...)
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KK, Mao, Ichiki, Silk (2014)
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TIDAL INTERACTIONS IN MS1 GROUF’
Stellar Light Distribution 21 cm HI Distribution
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What can we do with 21cm?

High precision on small-scale
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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. Monsalve**, Thomas J. Mozdzen' & Nivedita Mahesh!
Age of the Universe (Myr)

150

200 250 300

0.2

-0.2

-0.4

Temperature [K]

i
i

1

7\

. re .
VS AN

\

\/ EARYS

26 24
Kenji Kadota (IBS)

22 20
Redshift, z

s i 7
Taiwan Dec 2018

m, > 8x 1072leV

v [MHz]
60 50

Temperature [mK]
|

— my=3e-21eV — my=2e-20eV

Fuzzy DM
T — mg=5e-20eV — (D

_200 1 1 1
14 16 18 20 22 24 26 28
Z Schneider (2018)
v [MHZz]
100 80 60 50

|

w

)
Ea— =

i
150 1

i mm=4keV — mmy=6keV

Warm DM
— mmy=10keV — CDM

Temperature [mK]

20 22 24 26 28



Radio telescope probes on axions

Kenji Kadota
IBS Center for Theoretical Physics of the Universe (CTPU)
Institute for Basic Science, Korea

v" Axion(-like) Particle

Axion-photon conversion

v’ Ultra-light axion-like particle

21 cm

> Conclusion

Experimental probes on light dark matter
Complementarity among different probes
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