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- How DM can change the depth 

(exotic millicharged DM and EDGES)


- How DM can change the location

(standard DM-baryon relative velocities)

Outline
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A typical 21-cm profile

Ly-a coupling

X-ray heating
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A thermostat at cosmic dawn
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Thermal

Decoupling (from CMB)
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Thermal

Decoupling (from CMB)
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also:  
D’Amico+ 2018 
Lopez-Honorez+ 2016 …

Liu & Slatyer, 2018



Thermal

Decoupling (from CMB)
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A typical profile

What does the thermostat say?

EDGES detection

Bowman+ 2018



EDGES

Measurement

10 50 100 500 1000
1

5

10

50

100

500

1000

1+z

T(
K
)

mχ = 0.1 GeV

b

χ

T�

TH

What does the thermostat say?



10 50 100 500 1000
1

5

10

50

100

500

1000

1+z

T(
K
)

mχ = 1 GeV

b

χ
with interactions

Thermal

Coupling (to DM)

JBM, Kovetz, Ali-Haimoud PRD 2015

Thermal

Decoupling

EDGES

Measurement

(from CMB)

with interactionsT�

T�

TH

TH

��b / v�4



n� � nb ! m�  6GeV

Requirements

Can DM explain EDGES?

(6 proton masses)
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n� � nb ! m�  6GeV

��b / v�4

Requirements

Can DM explain EDGES?



A fifth-force?
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Barkana 2018

However, this:

Also implies this:
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Kadota+ 2014 
JBM+ 2015 
Barkana 2018 

 JBM and Loeb 2018

n� � nb ! m�  6GeV

Fifth Force 

Millicharged DM

��b / v�4

Requirements

Can DM explain EDGES?



0.3 1 3 10 30 100 300
10-8

10-7

10-6

10-5

10-4

10-3

mχ [MeV]

ϵ

SN1987A

Ne�
Th. Re

l.
SLAC mQ

BBN

fdm=1
0-110-

2

10-
3

10-
4

A'



0.3 1 3 10 30 100 300
10-8

10-7

10-6

10-5

10-4

10-3

mχ [MeV]

ϵ

SN1987A

Ne�
Th. Re

l.
SLAC mQ

BBN

fdm=1
0-110-

2

10-
3

10-
4

A'

Barkana+ 1803.03091

Berlin+  1803.02804 

Liu+ 1908.06986JBM and Loeb 1802.10094
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http://arxiv.org/abs/arXiv:1803.02804
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Dolgov et al. 2013

de Putter et al.; Kovetz et al. 2018 fcoupled < 0.4%

JBM and Loeb 1802.10094
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The take-home message:

JBM and Loeb 1802.10094

xe ⇠ 10�3



How DM affects the timing

Ly-a coupling

X-ray heating

EoR
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Molecular-cooling 
haloes

Atomic-cooling 
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How DM affects the timing



Tseliakhovich and Hirata 2010

z = 40

DM-baryon relative velocities

Molecular-cooling 
haloes

Atomic-cooling 
haloes

Also: Dalal+ 2010

Fialkov+ 2014 …
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How DM affects the timing

Including
minihaloes

(and velocities)

EoR
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Also: Dalal+ 2010

Fialkov+ 2014 …

github.com/JulianBMunoz/21cmvFAST Modifying 21cmFAST  (Mesinger+ 2010)



Summary
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Summary
EDGES
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Summary
EDGES
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Summary
EDGES
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The 21-cm fluctuations



21-cm Global Signal            =            CMB Monopole      



21-cm Global Signal            =            CMB Monopole      

21-cm Fluctuations              =            CMB Anisotropies      



Is this observable?

1 antenna 
~100 hours

~100 antennae 
~1000 hours



Is this observable?
HERA (Hydrogen Epoch of Reionization Array):

350 antennas, 14-m in diameter

DeBoer+ 2016



Foreground “wedge” 

Foregrounds swamp the signal. 

Avoid the “wedge”

Pober 2014, PAPER Coll. 
Parsons+ 2011















Barkana Nature 2018

Fifth-force

However, this:

Also implies this:
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New Interaction

Knapen, Lin, Zurek 2017

m� = 10�6m�

g� = 1

EDGES

Fifth-force constraints



Knapen, Lin, Zurek 2017

m� = 10�6m�

g� = 1

EDGES

Fifth-force constraints

JBM & Loeb   1802.10094 
Berlin et al.     1803.02804 
Barkana et al. 1803.03091



Can you test this?

�DD ⇠ 10�27 cm2 > �m.f.p.

Essig et al. 2012



Can you test this?

Although:

�DD ⇠ 10�27 cm2 > �m.f.p.

Essig et al. 2012



Can you test this?

Although:

SHiP @ CERN + others


LDMX ~ SLAC mQ/10

✏ > 10�3

Essig et al. 2012

�DD ⇠ 10�27 cm2 > �m.f.p.
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fdm
10�2 10�310�1

vrms ⇡ 29 km s�1

vrms ⇡ 18 km s�1

JBM, Dvorkin and Loeb 2018
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