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Outline

- How DM can change the depth
(exotic millicharged DM and EDGES)

- How DM can change the location
(standard DM-baryon relative velocities)
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A typical 21-cm profile

X-ray heating

Ly-a coupling



151 [mK]

—o0)

—100

— 150

A thermostat at cosmic dawn
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What does the thermostat say?

Deepest Absorption

(no X-rays)

EDGES 'detection
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Bowman+ 2018
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Can DM explain EDGES?

Requirements

Ny >Ny — My < 6GeV (6 proton masses)
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Can DM explain EDGES?

Requirements

Ty > ny  — My < 6GeV



A fifth-force?

Barkana 2018
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A fifth-force?
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Can DM explain EDGES?

Requirements

Ny >Ny —  my, <6GeV

Kadota

Fitth Force
Oyb XV

Millicharged DM JBM and Loeb 2018
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e take-home message:

L
—

\/

:

r»"

\

J

\

AL\

<<<<<<<<<<<

L
SATAYL TAVAVAVAYAYAY

1

3

300

30 100

10

m, [MeV

™

]

JBM and Loeb 1802.10094



151 [mK]

—o0)

—100

—150

How DM affects the timing

Ly-a coupling
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How DM affects the timing

Including
minihaloes
(and velocities)

15 20 29 30 515

Also: Dalal+ 2010

21cmvFAST JBM 2019 Flalkov+ 2014 ...
github.com/JulianBMunoz/21cmvFAST Modifying 21cmFAST (Mesinger+ 2010)
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Summary
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The 21-cm fluctuations



21-cm Global Signal
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CMB Monopole
CMB Anisotropies
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|s this observable?
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|s this observable?

HERA (Hydrogen Epoch of Reionization Array):

350 antennas, 14-m in diameter
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Fifth-force

Barkana Nature 2018
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Fifth-force constraints
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Can you test this?

Essig et al. 2012
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Essig et al. 2012
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21-cm fluctuations
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