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Linear perturbation theory





Semi-numerical codes
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The 21cm signal
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λ21 = 21 cm
ν21 = 1.428 GHz

E21 = 5.912 × 10−6 eV
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Dark matter with 21cm
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Sensitivity to new physics
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Sensitivity to new physics

z

Assume CDM at cosmic dawnΛ

“Something” delays structure formation!
For example: fuzzy dark matter, ultra light axions

T21



Case study I:  
Fuzzy dark matter (FDM)
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FDM - How does it affect the 21cm signal?
• Solves problems in astrophysics:


• Core-Cusp problem


• Missing Satellites problem


• Too-Big-to-Fail problem


• In high energy physics:


• Solves the strong CP problem (axions)


• Appears also in string theory (with periodic potential)
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formation in small scales

smaller star formation rate less small mass

dark matter halos 

cosmic dawn

is delayed

The 21cm signal is delayed!

mFDM ≲ 10−21 eV λdB ≳ 1 kpc



Flitter & Kovetz, PRD 106, 063504 (2022) 
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DeBoer et al. (arXiv: 1606.07473) 

People in picture

HERA sensitivity to FDM

P21 (k) ∝ ⟨T̃21 (k) T̃*
21 (k)⟩

https://arxiv.org/pdf/1606.07473.pdf
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HERA sensitivity to FDM
Hložek et. al (arXiv: 1410.2896) 

https://arxiv.org/pdf/1410.2896.pdf


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

https://arxiv.org/pdf/2104.07802.pdf


HERA sensitivity to FDM
Dentler et. al (arXiv: 2111.01199) 

https://arxiv.org/pdf/2111.01199.pdf


HERA sensitivity to FDM
Kobayashi et. al (arXiv: 1708.00015) 

https://arxiv.org/pdf/1708.00015.pdf
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HERA sensitivity to FDM
Hložek et al. (arXiv: 1607.08208) 

https://arxiv.org/pdf/1607.08208.pdf


HERA sensitivity to FDM
Flitter & Kovetz, PRD 106, 063504 (2022)



Case study II:  
Scattering dark matter (SDM)
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The EDGES experiment Bowman et al. (arXiv: 1810.05912)

https://arxiv.org/pdf/1810.05912.pdf
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The EDGES experiment

EDGES minimum is 3.8  below CDM expectation!σ Λ

Bowman et al. (arXiv: 1810.05912)
z

1719 15 132327

https://arxiv.org/pdf/1810.05912.pdf
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Scattering DM

Flitter & Kovetz, PRD, 109, 043512 (2023) 
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Summary
• The 21cm signal is a promising observable for studying dark matter


• In 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 



Thanks!


