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My plan today:

* Give a particle physicist review of
21 cm physics

* Claim that the most natural NP
explanation to the anomaly might
require new soft photon background
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The 21 cm line of hydrogen
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What is actually measured in absorption?

Many pictures/figs. from
J. Ruderman talk at GGI

YCMB

Absorption:

AT5(z) = 32mK X (1 ?((2) \/1 T3
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Evolution of temperatures at early Universe
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Woutuysen-Field effect (WF-effect)
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kyman-a photons open new transitions between different hydrogen energy levels

TS — Tk
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Behaviour of 21 cm absorption
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Lots of unknown astrophysics:

Perform the measurement and learn!
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EDGES: Experiment to Detect the Global
Epoch of reionization Signatures
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Results: Nature 555 (2018) no.7694, 67-70
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EDGES — twice the expected absorption strength
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Possible explanations of the result

* Unknown foregrounds 1805.01421
* The result is biased by the foreground choice

* Instrumental effect 1810.09015 (the experiment is crap)
* EDGES collaboration claims that this is not a problem

* Unexpected long-waited new physics signal?

* There are several planned experiments to test this signal

14.12.2018 X-mas workshop, Madrid
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Logical possibilities to explain the result with NP

1) Cooling hydrogen from the Tfy
standard temperature 7K to 3.5K T21 X 1
* This is the “original” proposal by S

Barkana appearing simultaneously
with the EDGES result

2) Extra soft photon background
which heats the CMB tail

* Fraser et al, Phys. Lett. B785 (2018) 159,
arXiv:1803.03245
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Cooling hydrogen

LAl

* Use the cold DM bath to cool the gas | — (T = —500uK
in enﬁ re Universe B Planck 2015 constraints
* Requires DM-H coupling (postulated) 10~ :fizg'ﬁ’ R
that is very much constrained | - Sl (RQ)
* Favours millicharged DM scenario that : BBN
is severely constrained ¢ 3% 10-7-
. » 0.05%
* Arrange baryon-photon decoupling 10-5- -
earlier than z=150 so that gas has L
more time to cool _
* Requires new interaction with free 3 x 10~ +~~rm————rr—
electrons, also constrained 0.1 03 1 3
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Severe experimental constraints exist on
modifying the hydrogen properties:

Choose the second option, the extra soft
photons!

X-mas workshop, Madrid
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The photon spectrum of the Universe
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The radio excesses

* ARCADE 2 claimed excess at radio 10% g
frequencies, 0901.0555

* EDGES seems to require extra soft
photons too

dn/dx [cm™]
2

102 7
* The two signals can be compatible: 1030
* Most ARCADE2 photons are Galactic NI
astrophysical foreground 105 1074 1073 102 107! 1
* Just a small fraction of EDGES photons X = w/Temz
are of cosmological origin
14.12.2018
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What it DM produces the extra soft photons?
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Soft vs hard photons

Fitting the signal
(Eumins Emax) = (65 MHz, 90 MHz)
The injected photon energy must be:

3x1077eV<E, <4x107%eV

The number of CMB photons must be doubled

~ 3/4Tomb.

Constraints

* Most DM candidates inject wide
spectrum including hard photons that
will heat the gas

* Typical WIMP annihilations or decays
lead to 21 cm constraints

* PBH DM accretion of gas will produce
hard spectrum and will heat the gas.
PBHs are not good candidates to

explain the 21 cm Hektor, Phys.Rev.
D98 (2018) 023503
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Viable DM scenarios I: light scalars and axions

A~y
1 7% 1 LY T E’? 2 2
ZIVXF T Fuy + 294 X FFy, I'x = g(gv + ga)
EDGES implies: Axion constraints imply:
A< 2TeV\/ Afx A > 1019 GeV
mx/eV

Naive expectation that light axions decay to photons is firmly ruled out
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Viable DM scenarios Il: excited DM

X - X

by =i — Hig mass scale might be increased

. S
1 — y ~ [0
—§IU‘W,,XJ*UL (ux +dx7°)X +hec. g
ES
I'x = f(l&zx +d%)

Again, too low NP scale is needed
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The main message from EDGES:

enhancement/resonant mecha
to convert light DM into

14.12.2018 X-mas workshop, Madrid

nism is needed

ohotons
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Axion stars/mini-clusters

* Simulations: Axion DM haloes collapse to () ¢ = 250 Y]
condensed Bose stars due to gravity only. 3
2 3 - 26 1
10% yr M., m
gy ®3(1 + @) \ 10-13 M 26 peV
& - 0
I H

* Those clumps convert axions to photons Phys.Rev.Lett. 121 (2018) no.15, 151301
* The fraction of DM in axion clumps is yet
unknown, could be as large as 50%

Condensed axion stars provide a viable boost to DM conversion to soft photons
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Resonant dark photon conversion to photons

Pospelov et a} Phys Rev.Lett. 121 (2018) 031103

21 cm
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* A viable resonant conversion mechanism for EDGES 1

> W
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Conclusions

* EDGES 21 cm absorption signal must be checked with future
experiments

* The excess of soft photons seems to be the more promising solution
to the anomalous absorption signal (out of the two)

* Enhancement mechanism is needed to convert light DM into photons
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