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Abstract: | will describe how current and upcoming 21-cm measurements during cosmic dawn can probe a plethora of dark-matter and dark-energy
models. This era saw the formation of the first stars, which coupled the spin temperature of hydrogen to its kinetic temperature---producing 21-cm
absorption. The depth of this absorption acts as a thermostat, allowing us to constrain exotic cooling or heating due to dark matter. Additionally, the
timing of the 21-cm signal strongly depends on the abundance of the small minihalos that hosted the first stars, allowing us to tightly constrain
dark-matter models with suppressed power, such as warm or fuzzy dark matter. Finally, | will describe how in LCDM the acoustic physics of
recombination are imprinted onto the 21-cm power spectrum during cosmic dawn, resulting in robust vel ocity-induced acoustic oscillations (VAQS).
These act as a new standard ruler at z~20, opening up searches for early dark energy and perhaps resolving the HO tension.
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What can we learn from
21-cm measurements?

Julian B. Munoz

Based on
PRD 92 083528 (2015) w/ Kovetz and Ali-Haimoud
Nature 557 7707 (2018) w/ Loeb
PRD 100 063538 (2019)
PRL 123 131301 (2019)
In progress (2019?) w/ Dvorkin and Cyr-Racine
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What can we learn?

Cosmic
Dawn
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Outline

- Introduction to 21-cm cosmology

- Searching for DM

- A standard ruler at z = 20
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Ts < Temb Absorption
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Ts <lemn Absorption
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Thermal
Decoupling (from CMB)
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A cartoon of the evolution of Ts
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A cartoon of the evolution of Ts
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A typical 21-cm profile

X-ray heating

151 [mK]

Ly-a coupling

—100

15 20 29 30

irsa: 19110046 Page 12/67



Learning about DM: Depth
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A thermostat at cosmic dawn
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A thermostat at cosmic dawn
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EDGES

hent to Detect the Global EoR Signature
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Learning about DM: Depth

A typical profile
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Thermal
Decoupling (from CMB)
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Thermal Thermal
Coupling (to DM) Decoupling (from CMB)
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Can DM explain EDGES?

Requirements

ny >ny, — m, <6GeV

-4
Oxb X VU
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Can DM explain EDGES?

Requirements

ny >ny, — m, <6GeV

Fi rce me < 10keV
Tybh X v

Millicharged DM
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C_huzhoy and l_{oib (;2669')

My
r, x — > 100 kpc
“ €

opm = 0.3+ 0.1GeVem ™

Bovy and Tremaine (2012)
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Accelerators?
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Searching for WIMPs
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Low-Band EDGES
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Low + Mid-Band EDGES
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Learning about DM: Timing
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Learning about DM: Timing
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With non-CDM:

First No
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LCDM small-scale power spectrum
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LCDM small-scale power spectrum
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LCDM small-scale power spectrum
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The impact on the 21-cm signal
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But astrophysics, though...
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And foregrounds...
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Forecasted errors in matter power
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Find out any small-scale problem
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But what about EDGES?
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If you just focus on the Ly-A coupling:
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21-cm Global Signal = CMB Monopole

Age of the Univarae (Myr)
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|s this observable?

Age of the Univarae (Myr)
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Is this observable?

HERA (Hydrogen Epoch of Reionization Array):
350 antennas, 14-m in diameter

DeBoer+ 2016
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Foreground “wedge”

Foregrounds swamp the signal.
Avoid the “wedge”
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Forecasted errors in matter power

i
ED{aEs GS),
0.100} ] | |
2 0.0500 1 itz
~ B H,{ﬂ{'- | (fluct.) |
< | |
0.010 ] | |
0.005 : :

1 5) 10 50 100

k [Mpc™]

JBM, Dvorkin, Cyr-Racine (20197)



Where do the fluctuations come from?
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Relative velocities: origin

9?; =V - V;
0. = —HO. + k*3
éb = —HO, + ]{721,[) -+ Csz(Sb -+ FC(Q»Y - 95)

;

Sound Coupling
speed to photons

Ma and Bertschinger 1995

irsa: 19110046 Page 52/67



We can define a relative velocity

k
Veb = W (9(' — Hb)
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What if baryons did not fluctuate
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Relative velocities: acoustic origin
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Supersonic nature of veo
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Supersonic nature of veo

Sound Jeans
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Velocity-induced Acoustic Oscillations
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Velocity-induced Acoustic Oscillations
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Measuring H(z)
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Measuring H(z)
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Applications
- BSM cosmology (e.g., EDE, decaying DM...)

- It’s unexplored territory!

- Hy tension
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Measuring H(z)
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Applications

Caveats

- Astrophysics is hard...

- However, no astrophysics can mimic the VAOs
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