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Brief history of Hydrogen
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What have we learned about DM?

See Cora’s and Neelima’s talks
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What can we learn?
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Outline

- Introduction to 21-cm cosmology

- EDGES and dark matter

- Other DM searches with 21 cm
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Ts <Tempb Absorption
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Thermal Thermal
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Can DM explain EDGES?

Requirements

Ty > ny  — My < 6GeV
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Can DM explain EDGES?

Requirements

Ty > ny  — My < 6GeV



Can DM explain EDGES?

Requirements

Ny >Ny —  my, <6GeV

JBM+ 2015
New Interaction Barkana 2018

< 10keV
Orb O 4 (m¢ eV)

Millicharged DM JBM and Loeb 2018
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Limits on millicharged particles
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http://arxiv.org/abs/arXiv:1803.02804
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21-cm fluctuations

21-cm Fluctuations

CMB Anisotropies



21-cm fluctuations
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21-cm fluctuations

JBM, Dvorkin and Loeb PRL 2018



What else can we learn from 21-cm?

1000
500

1
10 EDGES 50 100 500 1000
Measurement 1+7



What else can we learn from 21-cm?

1000
500

1
10 EDGES 50 100 500 1000
Measurement 1+7



What else can we learn from 21-cm?

o |iu & Slatyer, 2018,
-Annihilating WIMPs D’Amico+ 2018

| opez-Honorez+ 2016 ...
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What else can we learn from 21-cm?

_iu & Slatyer, 2018,
D'’Amico+ 2018
| opez-Honorez+ 2016 ...

-Exotic radio excess

Feng and Holder 2018

Tcmb + Textra
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What else can we learn from 21-cm?

_iu & Slatyer, 2018,
D'Amico+ 2018
| opez-Honorez+ 2016 ...

-Exotic radio excess

DM to dark photons -> photons

Tcmb + Textra

To| ~
151 T Pospelov et al. 2018
A
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To sum up

EDGES”
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To sum up

EDGES™
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Galactic Foregrounds (CMB)







Chuzhoy and Kolb (2009)
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opm = 0.3+0.1GeVem ™
Bovy and Tremaine (2012)



Chuzhoy and Kolb (2009)

rg X Tx > 100 kpc
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Fifth-force cooling?

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

Essig et al. 2012 opp ~ 107?" cm?
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Can you test this?

Essig et al. 2012
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Can you test this?

Although:
. —27 2
Essig et al. 2012 opp ~ 10 cm” > Oy f.p.
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DM-baryon relative velocities

V;el
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Tseliakhovich and Hirata PRD 2010
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What else can we learn from 21-cm?

An Exotic Radio Excess?
Feng and Holder 2018
Fixsen et al. 2013
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What else can we learn from 21-cm?

An Exotic Radio Excess?
Feng and Holder 2018
Fixsen et al. 2013
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What else can we learn from 21-cm?

Liu & Slatyer, 2018,
Also D'’Amico+ 2018

Lopez-Honorez+ 2016 ...

-Exotic DM decays

Light DM to radio photons
Fraser et al. 2018



What else can we learn from 21-cm?

Liu & Slatyer, 2018,
Also D'’Amico+ 2018

Lopez-Honorez+ 2016 ...

-Exotic DM decays

Light DM to radio photons
Fraser et al. 2018

DM to dark photons -> photons
Pospelov et al. 2018
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