Radio telescope probes on Axion dark matter
Kenji Kadota (CTPU, IBS)

Based on the collaboration with
Fa-Peng Huang (Univ. of Washington), Kiyotomo Ichiki (Nagoya Univ), Toyokazu Sekiguchi (KEK),
Hayato Shimabukuro (Yunnann Univ), Hiroyuki Tashiro (Nagoya Univ)

QCD Axions WDM limit unitarity limit
1022 eV[woo-10%v| keV GeV 100Tev My, 10 M
ALPs = $ | i | —
(Axion-like particles)
(1072 - 1072 ev)

“Ultralight” DM “"Light” DM WIMP  Composite DM Primordial

(Q-balls, nuggets, etc)
non-thermal dark sectors black holes

bosonic fields sterile v
can be thermal

(1)Radio signals from the neutron stars

(2) 21cm probes on small scale structure evolutions
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If QCD axion is CDM:
Target mass: peV — meV(0.1GHz — 100GH?)

How about astrophysically sourced magnetic fields?

Resonant conversion
Huang, KK, Sekiguchi and Tashiro (2018),
Hook,Kahn,Safdi and Sun(2018)
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First results with actual data

(Foster et al [2004.00011])

DISCOVERING THE UNKNOWN
The world's largest radio telescope
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Radio telescope probes on
Axion dark matter

(1)Radio signals from the neutron stars

(First results with the actual data)

(2) 21cm probes on small scale structure evolutions



Ing scenarios

‘Axion—like particles in the post-inflation symmetry break
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Enhancement of minihalo abundance

[Baryon Ptotal = Ly T sto (P x 1/k> )
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Starless Halos

Minihalos

Halos too small to host galaxies

10*M, < M < 10°M
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|21 cm forestl

21cm signals from minihalo:

1) Radio background: Shimabukuro, Ichiki, KK (2020)
2) CMB background: KK, Sekiguchi, Tashiro (2020) ( m, > 10~7eV : Lya Irsic, Xiao, McQuinn (2019)

Flux

Diffuse sea of

neutral hydrogen lonized

21cm: m, > 107 %eV

Hydrogen

m, > 1072%V : CMB Feix et al (2020)
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Conclusion/Possible discussions

1) Axion search from the magnetosphere around the neutron stars

So far, done only for Greenbank and Effelsberg radio telescope data (a total observation of 2 hours)

2) Axion-like dark matter bounds:

m, > 107%V : CMB

m, > 107eV : Lya

m_ > 10"BeV: 21em
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