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Galaxy surveys

Angular scale
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The 21cm signal

Galaxy surveys

Angular scale
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21cmFAST: A Fast, Semi-Numerical Simulation of the
High-Redshift 21-cm Signal
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Semi-numerical codes
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21cmFirstCLASS

The Cosmic Linear Anisotropy Solving System
(CLASS) I: Overview

21cmFAST
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The 21cm signal
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Reionization Epoch of heating Cosmic dawn Dark ages
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Reionization Epoch of heating Cosmic dawn Dark ages
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Dark matter with 21cm
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Assume ACDM at cosmic dawn
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“Something” cools down the IGM!

For example: scattering dark matter



Sensitivity to new physics
T21

Assume ACDM at cosmic dawn

“Something” heats up the IGM!

For example: annihilating/decaying dark matter, primordial black holes



Sensitivity to new physics
T21

Assume ACDM at cosmic dawn

“Something” speeds up structure formation!
For example: primordial magnetic fields



Sensitivity to new physics
T21

Assume ACDM at cosmic dawn

“Something” delays structure formation!

For example: fuzzy dark matter, ultra light axions



Case study I
Fuzzy dark matter (FDM)
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FDM - How does it affect the 21cm signal?

Mmepv S 10721 eV # Aag 2 1 kpc #

washes out structure
formation in small scales
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FDM - How does it affect the 21cm signal?

Mmepv S 10721 eV # Aag 2 1 kpc #

washes out structure
formation in small scales

less small mass
dark matter halos

cosmic gawn h smaller star formation rate h
Is delayed

The 21cm signal is delayed!
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HERA sensitivity to FDM

DeBoer et al. (arXiv: 1606.07473)
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https://arxiv.org/pdf/1606.07473.pdf
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HERA sensitivity to FDM

Hlozek et. al (arXiv: 1410.2896)
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HERA sensitivity to FDM

Lagué et. al (arXiv: 2104.07802)
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HERA sensitivity to FDM

Dentler et. al (arXiv: 2111.01199)
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Case study lI:
Scattering dark matter (SDM)



Scattering DM




The EDGES experiment Bowman et al. (arXiv: 1810.05912)
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The EDGES experiment
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The EDGES experiment
Bowman et al. (arXiv: 1810.05912)
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EDGES minimum is 3.8¢ below ACDM expectation!
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B 2icm
B 21cm and CMB
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Summary

 The 21cm signal is a promising observable for studying dark matter

* |n particular, the 21cm signal can constrain (or detect!) FDM and SDM in
regions in the parameter space where the CMB is less sensitive

* Joint analysis of 21cm and CMB can relax some of the degeneracies and
Improve detectability






