DARK MATTER REVEALED BY
THE FIRST STARS ?
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21-cm Cosmology: The Spin Temperature

v = 1420 MHz
E=59x%x10"%eV

-- ;LNL A= 21 em

E
Parallel spins: higher-energy configuration k_B — T* — 0068 K

|

Photon,
wavelength = 21 cm

Opposite spins: lower-energy configuration




What determines T¢?
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21-cm Spectra

Resonance Line +
Cosmological Redshift
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Ancient History

Reilonization:

Gunn & Peterson 1965

Scott & Rees 1990: CDM + reionization

Madau, Meiksin & Rees 1997: Cosmic Dawn (Ly-a and heating)




Global 21-cm Experiment

EDGES high
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21-cm Fluctuations 14 2

Heating

Reionization
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EDGES-Low




EDGES-Low

a) Obserlved spectrum

TIK] vs. v[MHZ]

RMS =0.087 K

[ b) Residuals to foreground mode!

RMS =0.025 K
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c) Residuals to foreground+21cm model
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EDGES-Low

a) Obserlved spectrum

Age [Myr] 2t RMS =0.087 K |
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41 p) Residuals to foreground model

RMS =0.025K |
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c) Residuals to foreground+21cm model
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d) Best-fit 21cm model

YO &) 21cm signal (model+residuals)
50 60 70 80

Flat with sharp edges? s M

Bowman et al. 2018




EDGES-Low: MCMC

99% confidence limits:
A: -300 mK =>-1000 mK
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EDGES-Low: MCMC
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EDGES-Low

Reference: t'” 2

Foreground model only
Foreground and 21-cm models
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EDGES-Low
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EDGES-Mid

RMS =0.087 K

b) Residuals to foreground model

Best fit signattyre

PN\”W%\ i %ww"

Residual with 5 terms removed rms = 88 mK

“U[M\é\/\u“ MV-‘\/’M'\M%
Residual with 5 terms plus signa

ture removed rms = 48 mK
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Global 21-cm
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100 40 30

Max absorption:

- No reionization.
- Saturated coupling.
- No heating.
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| Gas 1s colder than adiabatic cooling =>
(TS — TCMB)

. Something cooled it down (heating 1s easy) =>

X must be even colder (than 5 K at z=17) =>

(Cold) dark matter

Dark matter interactions Cosmic dawn (WF coupling)
(Cooling: Dark ages) (DM annihilation: heating)
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PHYSICAL REVIEW D 90, 083522 (2014)
Effects of dark matter-baryon scattering on redshifted 21 em signals

Hiroyuki Tashiro,' Kenji Kadota,” and Joseph Silk**?

PHYSICAL REVIEW D 92, 083528 (2015)
Heating of baryons due to scattering with dark matter during the dark ages

Julian B. Muiioz, Ely D. Kovetz, and Yacine Ali-Haimoud

The streaming velocity!

Large at small v=>n=-4
(Rutherford/Coulomb)

Cosmic dawn: min T/v




Baryon — Dark Matter Relative (Streaming) Velocity
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acoustic oscillations

—
gravity i
Sunyaev & Zeldovich 1970

Tseliakhovich & Hirata 2010




TR A PR Gas, z = 20, M = 2 X 10°Mg
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Full feedback

No velocities

Velocities,
. no feedback

no feedback
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Baryon - dark matter velocity
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m,=0.3 GeV

mx=3 GeV

m,=0.01 GeV

Cosmic
reionization ’
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RB, Nature 2018




-500mK - 10%
-300

Large
parameter

SPpace

WIMPs
(electro-
weak
scale) *

100
RB, Nature 2018







Alternative explanation

Bowman et al. 2018
= Feng & Holder 2018

l

10% of extragalactic radio excess

ARCADE-2: 2006 NASA balloon, 3-90 GHz
Residual with v2-¢

Subrahmanyan & Cowsik 2013

Realistic Galactic modeling => no excess.

Need z=20 radio background at MW level, without X-rays.
Mirocha & Furlanetto 2018: € x10°




21-cm intensity

_ v’y \ 0.
RMS fluctuation ~ 140 mK w B - ﬁ'

100 Mpc at z=17: 30’

DM cooling fluctuations only
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Range (Global)

Fialkov, RB, Cohen, PRL 2018




Range (Fluctuation)

1+2z
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Fialkov, RB, Cohen, PRL 2018




Range (Fluctuation)

DM cooling
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Particle physics models




Munoz & Loeb 2018: subcomponent millicharged DM

m, =1-60MeV, £=10"°-10", f,,, =107 -=3%

RB, Outmezguine, Redigolo, Volansky 2018
Berlin, Hooper, Krnjaic, McDermott 2018

Long-range forces, hidden photon: S’th force, self-interaction,
cooling in SN, HB, WD, RG, N of CMB/BBN.

m, =10-80MeV, £=10° —10™, fi,,, = 0.1-2%




fermionic DM for

heat from ann.

pin 12DM] | which the annihilation

SENSEI / 1 is s-wave
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Freeze—in
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RB et al. 2018




Summary

EDGES-Low

Amp <-300 mK (99%), <-210 mK (3.8 ©)
Cool gas => Cooled by DM

b-DM scattering at low v, min ¢, max m,

Follow-up (50)

Detailed particle physics models
New 21-cm parameter space

Tests

Independent 21-cm global measurements

21-cm power spectrum: Large, BAOs
[HERA, SKA (1maging)]




