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Cosmic Microwave Background
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21cm Cosmology
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EDGES

Experiment to Detect the Global Epoch of Reionization Signature

Bowman et. al. Nature 555, 67 (2018



EDGES

Experiment to Detect the Global Epoch of Reionization Signature
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EDGES

Experiment to Detect the Global Epoch of Reionization Signature
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Brightness temperature, T,, (K)

EDGES

Experiment to Detect the Global Epoch of Reionization Signature
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21cm Primer

- Yd —
."Yd from Decaying Dark Matter



. 21cm Primer

Dark Energy

Accelerated Expansion
Afterglow Light

Pattern Dark Ages Development of
375,000 yrs. Galaxies, Planets, etc.
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21cm Line of Hydrogen

e hyperfine splitting of hydrogen 1s:
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Temperatures and Absorption
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Temperature Evolution

baryon-photon

recombination . reionization now
decoupling
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Temperatures and Absorption

temperature evolution 21cm absorption

.................. without gas heatiﬂg

with gas heating

WF adiabatic cooling heating

T_l o xCMBTW_l —+ i'ozTC_l -+ chk_l (1 4 Z)@ _ QlTk B gComp + gLyaJ/JO + SCMB

1
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evolution equations from: Venumadhayv, Dai, Kaurov, Zaldarriaga, 1804.02406



21cm Propbes New Pnhysics

iIncreasing 21cm absorption with new physics:

T add photons 1%, > ToMmB
(easy!)
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When to Add 21cm Photons
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What if dark matter decays to photons?
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Fraser et. al., 1803.03245



What if dark matter decays to photons?
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Kinetic Mixing Portal
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Holdom, Phys. Lett. 166B, 196 (1986)
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Resonant Yd — 7Y Oscillations

m,y(z) ~ de Yd AN XANNNNN 7Y

4 e
m.(z) = \/ Tane(Z) 5y 10-1 eV (14 2)%2 \/2.(2)

10~ 21cm

v, absorbtion

- ex)

10—12; ...................................... " My, = 1072 eV
3 resonance! ]

Yd —

1 10 100 1000 104
Z

Mirizzi, Redondo, Sigl, 0901.0014



Oscillation Probability

Landau-Zener tormula for non-adiabatic level crossing
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Summary so Far

resonance
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need: nonthermal population of ’Yd during the dark ages
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Dark Matter Decays to Dark Photons
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Dark Matter Decays to Dark Photons
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Temperatures and Absorption

temperature evolution 21cm absorption
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evolution equations from: Venumadhayv, Dai, Kaurov, Zaldarriaga, 1804.02406



21cm from Dark Photon: Parameter Space
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