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Part I
The Global 21-cm Signal®

‘Madau et al. (1997), Shaver et al. (1999)
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SO why Is there a signal
beyond ~30 MHz"/
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Wouthuysen -Field Effect

from Pritchard & Furlanetto (2006)
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Brightness temperature, T,, (K)
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Published in Nature, March 1, 2018

Observing site:
Murchison Radio Observatory (W. Australia)

See also, e.g., Bowman & Rogers (2010),
Monsalve et al. (2017)
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Key Features

EDGES

Requires
temperatures
colder than those
predicted
In ~adiabatically
cooling IGM

15

—

20

S R0 0 0202020200200

::
::
2
90 100

80

PRI KLS
mmmmmwxmmw
.b%ﬁ}%fxmw
X5

\.‘(‘
T TRIRRKK
0% %5050 %0 %0 % %%

70

B 0505050 %0 %0 %0 %
190502070 %% % %0 %% =
007050500 %0 %0 % %0 %

07050500 %0 %0 % %0 %

CRRHHRHHKKS

0505026500 %0 20 % %

[ N (-

ololololololololololololololole 0

LN

LNOLNOLNOLNOLNOLNOLNO
| AN NS STLOLNOON

(31wr) 479

v (MHz)



Independent Work In Progress

”»

DJAREF

DARK AGES RADIO EXPLORER




Part Il:
EXplanations for the
anomalous EDGES amplitude
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Initial Considerations

0.15 14+ 2\Y? T

Q. How to amplify signal by a factor of 2-3?

1. Decrease Ts via baryon-DM interactions.

- Barkana, Munoz & Loeb, Fialkov et al., Berlin et al., Slatyer & Wu, Kovetz+

2. Increase Tr via DM decay or synchrotron from BHs, galaxies.

- Feng & Holder, Ewall-Wice et al., Fraser et al., Mirocha & Furlanetto, Sharma

« McGaugh, Costa et al., Hill et al.

Note: inclusion in these lists does not imply authors’ endorsement of the solution!
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DM as a coolant

104

Barkana (2018)

* Initial suggestion of -
milli-charged DM from
Barkana (2018).

*Revisiontofom < 0.1 by T
Munoz and Loeb based
on galactic B-field 100
arguments.
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Further Revision of DM cooling

Millicharged Dark Matter Fraction fpy = 0.1
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Maybe this isn’t crazy?

- |If produced by BHs, require efficient

accretion (feqa~1, fquy~1) in smallest halos
(Ewall-Wice et al.).



Alternative: non-CMB radio BG

)

ARCADE-2 Excess Radio BG

Frequency (GHz)

< 0 ‘
Q.
S 02 ]
|_
O
O —_
c 10
o
£ 1072 l
; | |
-4 |
§§1O Fixsen etal. 2011) =~ t
L 0.1 1.0  10.0

100.0

- Excess in the z=0 radio background
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* Only ~10% from high-z needed to cause

EDGES-like signal (Feng & Holder).
Maybe this isn’t crazy?

- |If produced by BHs, require efficient

accretion (feqa~1, fquy~1) in smallest halos
(Ewall-Wice et al.).

e |If assomated with star formation, require

~10°x boost in low- -frequency production
efficiency per SFR (Mirocha & Furlanetto),
even neglecting IC losses (Sharma 2018).
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Part Ill:
New hints about galaxy
formation as well?



EDGES in Context

High-z galaxy luminosity functions from
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EDGES in Context
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Engineering a Solution

Q. What must SFE be to fit EDGES signal?
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Q. What must SFE be to fit EDGES signal?
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*Implies boost in number counts in future JWST UDF.

Mirocha & Furlanetto (2018), astro-ph/1803.03272
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Shape Problems

 Fit UVLF and EDGES
simultaneously, vary SFE
parameters, Lx-SFR
relation. Limit to atomic
cooling halos.

* Allow excess cooling
(parametric approach)

* Generate radio
background assuming Lr
~ fr X SFR.

Mirocha & Furlanetto (2018), astro-ph/1803.03272
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* Ts is not fully coupled to Tk
at peak of signal!

* Tk has already been
affected by sources!

« Another situation in which
galaxy formation physics is
a nuisance for DM-focused
Inference.



Conclusions

*Viable charged DM parameter space
Is quite limited.

e Radio background explanation puts
a lot of pressure on astrophysical
sources, both to generate a strong
enough background at z > 20 and to

shut down beyond z ~10-15. 30 20 15 12
S
* The timing of the EDGES signal is _~100 -
also odd, implying there is more star e _588 o
formation at z > 10 than simple ~ o
e L5 —400 w
models predict, independent of = 500 2

|z = free

amplification mechanism. ~600
40 60 80 100 120
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