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Punchline

_ The EDGES measurement found that
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21-cm radiation was absorbed much
more strongly than expected
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This suggests that novel effects were
present during the cosmic dark ages,
affecting 21-cm absorption.

We study three broad classes of
possible effects, covering many of the
models proposed so far to explain the

EDGES result.
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Additional 21-cm Source

Temperature History
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Modified Recombination
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Additional 21-cm Source
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Millicharged DM
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Millicharged Fermionic DM
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Millicharged Scalar DM

5 Temperature History 8._
F ——
- PRELIMINARY =
104 - ag_ = .
| - p-wave annihilation
i = ®
=
= +
o 10%F e
E
S I
2. 10F
5 P
= ~
= IF
9 i Tiom, Standard ]
0.1} Ticu, opv* Cooling - photon DM-baryon cooling
: —— Thermal Velocity Neglected
1072F —— Tpum, ogv* Cooling -
: --=-- TcmB !
[ T, i
Redshift (1 . -
edshift (1+2) p-wave annihilation enhanced by
non-zero thermal velocity of DM:
heating counteracts cooling from DM
BB Massachusetts
I I Institute of
Hongwan Liu 24 Technology



HL & Slatyer, 1803.09739
HL & Ridgway, in prep.

Millicharged Scalar DM
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Conclusion

1. A deeper-than-expected 21-cm absorption feature
suggests that the standard thermal/ionization history is
not the complete story.

2. Additional 21-cm sources, non-standard

recombination or additional cooling can explain this
measurement.

3. Dark matter annihilation and decay constraints have
been set including these effects: constraints from 21-cm
can be a powerful indirect probe of the dark sector.
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Why Annihilation?
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Why Decay?

Dark matter should be stable for
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Dark Ages, Dark Matter

Ionization History
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Dark Ages, Dark Matter

Ionization History
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Dark Ages, Dark Matter
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Thermal History and DM
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Dark Matter and Relionization
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Energy injection from dark matter may contribute to reionization.

Maximum contribution to the free electron fraction is likely only
~10 - 20% prior to complete reionization at z ~ 6.
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Dark Matter and Relonlzatlon
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But getting a handle on the gas temperature during the dark ages
can place very powerful limits on energy injection processes!
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21-cm Brightness
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We measure the brightness of the sky in the MHz range,
relative to the CMB temperature.
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Lower frequencies probe earlier times due to redshift.
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21-cm Brightness
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Prior to thermal decoupling,
matter temperature = CMB temperature.
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After decoupling, collisions bring the spin temperature
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down to Tm, and the gas is in absorption.
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Matter gets less dense as the universe expands, collisions
become highly inefficient, Ts goes back up to Tcwms.

T51(z) = xp1(2) (
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Stars start emitting UV radiation. Ts goes to Tm.
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Matter starts to heat up due to starlight...
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... and eventually matter becomes hotter than the CMB.
Now in emission!

o= (52) " (58) (57) [ 265
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Measuring the brightness temperature at different frequencies
sets an upper limit on T/Trg: . assumed = Teme

0.15\ Y2 / Quh\ /14 2\ TRg)/
() o) (50) (oms) (Fo0) |1 iy | * 28 mK
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EDGES Systematics

Figure 1: Summary of detection.
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a, Measured spectrum for the reference dataset after filtering for data quality and radio-
frequency interference. The spectrum is dominated by Galactic synchrotron emission. b, ¢,
Residuals after fitting and removing only the foreground model (b) or the foreground and
21-cm models (¢). d, Recovered model profile of the 21-cm absorption, with a signal-to-
noise ratio of 37, amplitude of 0.53 K, centre frequency of 78.1 MHz and width of 18.7 MHz. e,

Sum of the 21-cm model (d) and its residuals (c).

Bowman et al. Nature 555, 67 (2018)
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Cooling
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Cooling
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Slatyer and Wu, 1803.09734, also Xu, Dvorkin and Chael 1802.06788

Significant cooling required: Sub-GeV DM for a large number of degrees of freedom.
Large scattering cross section.

Severely constrained by the CMB power spectrum, with only o v~ * allowed: light
mediator required, relativistic at sub-eV scales. New mediators highly constrained.
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Cooling
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New light mediators are severely constrained.
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DM-Baryon Cooling

Rutherford Cooling

Temperature History
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Cooling

Rutherford Cooling

I ! ]
10—2-’1;_ XX — 6+€_ i i _:
=  —— 1 MeV | ]
[ : , .
> 107%F —— 10 MeV i S
) L —— 30 MeV : :
T 1072 : -
” | S
E, 10-27F ' 1
o freeeee e : i
E gl : -
S : ]
~ 10"%F : L
5 : /|
E 10—30!. : fXaint = 0'01 e
| 4
= 1p-31L RS CMB Limit -
i -=== Weak Coupling Limit

10—32 | | | - - |

10—41 10—39 10—3: 10—3»

Scattering Cross Section oq [cm?]

Hongwan Liu

56

Temperature History
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New limits on millicharged models
due to heating from annihilation.
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Strong Coupling

Strong coupling between sub-
component of DM and baryons
leads to interesting effects.

Equivalent to early decoupling:
the DM sub-component acts like
additional baryons, Compton
heating becomes ineffective earlier.
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Cooling - Strong Coupling
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Significant modification
to the ionization history:
CMB limits may not apply!
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Millicharged Dark Matter

Mllllcharged DM fx ot = 0.01
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Baryons scatter off millicharged DM, exchanging a photon

and transferring energy to the dark sector. BB Massachusetts
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Millicharged Dark Matter

Millicharged DM, f, it = 0.01
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Charge too small - insufficient cooling.
Charge too big - Y\ — ¢'e heats the baryons too much. I I I BB Massachusetts
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Millicharged Dark Matter

Millicharged DM, f, it = 0.01
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Annihilation cross section of yy — ¢ e~ through photons
too small to achieve relic abundance in allowed region... I I I B EE Massachusetts
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Millicharged Dark Matter
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... but an additional source of annihilation to electrons that
could lead to the correct relic abundance is ruled out by BBN. I I I BB Massachusetts
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Millicharged Dark Matter
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Additional 21-cm Source
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Additional 21-cm Source
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Recombination
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Rutherford Cooling
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Rutherford Cooling

Rutherford Cooling
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