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Standard cosmology: dependence on  Ωb

Ωb + Ωdm + ΩΛ + ΩK =1,          ΔΩb = -ΔΩΛ

Ωb=0.0493, Ωdm=0.266, ΩΛ=0.6847, ΩK=0, H0=67.36 km/s·Mpc (Planck collaboration, 2020) 



Standard cosmology: dependence on  Ωdm

Ωb + Ωdm + ΩΛ + ΩK =1,          ΔΩdm = -ΔΩΛ

Ωb=0.0493, Ωdm=0.266, ΩΛ=0.6847, ΩK=0, H0=67.36 km/s·Mpc (Planck collaboration, 2020) 



Standard cosmology: dependence on  H0

Ωb=0.0493, Ωdm=0.266, ΩΛ=0.6847, ΩK=0, H0=67.36 km/s·Mpc (Planck collaboration, 2020) 



Non-standard cosmology: primordial stochastic magnetic field

Heating of baryonic gas  caused by 

• decaying magnetic turbulence, 

• ambipolar diffusion

 Neronov A., Vovk I., Science,  328, p. 73-75.





Non-standard cosmology: primordial magnetic field, ionization

SM: Ωb=0.0493, Ωdm=0.266, ΩΛ=0.6847, ΩK=0, H0=67.36 km/s·Mpc   (Planck collaboration, 2020) 



Non-standard cosmology: primordial magnetic field 

SM: Ωb=0.0493, Ωdm=0.266, ΩΛ=0.6847, ΩK=0, H0=67.36 km/s·Mpc   (Planck collaboration, 2020) 



Non-standard cosmology: self-annihilating dark matter

Energy deposit into

 heating of baryonic gas,

 ionization of hydrogen and helium,

 excitation of atoms and molecules
  Marcus Woo, Fermi Gamma-ray Space Telescope

 Abeysekara et al. [HAWC Collaboration]. PRD, 90, 122002 (2014)



Non-standard cosmology: self-annihilation dark matter, ionization

SM: Ωb=0.0493, Ωdm=0.266, ΩΛ=0.6847, ΩK=0, H0=67.36 km/s·Mpc   (Planck collaboration, 2020) 



Non-standard cosmology: self-annihilating dark matter 

SM: Ωb=0.0493, Ωdm=0.266, ΩΛ=0.6847, ΩK=0, H0=67.36 km/s·Mpc   (Planck collaboration, 2020) 



Non-standard cosmology: decaying dark matter

  Energy deposit into

 heating of baryonic gas,

 ionization of hydrogen and helium,

 excitation of atoms and molecules

  Cadena et al. (HAWC Collaboration), arXiv: 1908.08884



Non-standard cosmology: decaying dark matter, ionization

SM: Ωb=0.0493, Ωdm=0.266, ΩΛ=0.6847, ΩK=0, H0=67.36 km/s·Mpc   (Planck collaboration, 2020) 



Non-standard cosmology: decaying dark matter 

SM: Ωb=0.0493, Ωdm=0.266, ΩΛ=0.6847, ΩK=0, H0=67.36 km/s·Mpc   (Planck collaboration, 2020) 



Non-standard cosmology: additional cooling (Λadd.cool.=β·Λad)

SM: Ωb=0.0493, Ωdm=0.266, ΩΛ=0.6847, ΩK=0, H0=67.36 km/s·Mpc   (Planck collaboration, 2020)





 Low Band Antenna (LBA) and High 
Band Antenna (HBA), optimized for 
10-80 MHz and 120-240 MHz 
respectively

The Low-Frequency Array (LOFAR) is 
a large radio telescope, with an antenna 
network located mainly in the 
Netherlands, and spreading across other 
European countries. 

LOFAR



The Lunar Surface Electromagnetic Explorer (LuSEE-Night)

LuSEE-Night: 0.1-50 MHz, Lunar radio telescope (expected launch 
2025/2026)



The Dark Ages Radio Explorer  (DARE)

DARE: 40-120 MHz, Lunar orbiter (expected to launch in 
2023)



Lunar Crater Radio Telescope (LCRT) 

LCRT: 10-30 MHz, D 350 m (NASA proposal)



Big Radio Astronomy Universe, Demonstrating  Exploration on the Moon
(“BRAUDE-M” )

 

Shkuratov Y., Konovalenko A., Zakharenko V. et al. Acta Astronautica, 2019, 154, p. 214-226.



Conclusions

•  In the standard cosmological model, an absorption line of 21 cm of neutral hydrogen 
is formed during the Dark Ages at 30≤z≤300 with a differential brightness temperature 
δTbr ≈-35 mK at z≈87. The frequency of the line in the absorption trough is 16 MHz, 
the effective half-width of the line is 12 MHz.

• The depth of line is moderately sensitive to Ωb and H0, weakly sensitive to Ωdm, and 
insensitive to other parameters of the standard ΛCDM model. 

• The line is very sensitive to additional mechanisms of heating or cooling of baryonic 
matter during the Dark Ages, so it can be a good test of non-standard cosmological 
models.

• In the models with decaying and self-annihilating dark matter, as well as with a 
primordial magnetic field, the temperature of baryonic matter in this period is higher 
the larger is the fraction of these energy components of dark matter, fdmd and fdman, 
and strength  of magnetic field B0. The depth of the absorption line decreases and 
transitions to emission at values of the component parameters lower than the upper 
limits on them, which result from the set of available observed data.
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