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The Cosmic Dawn and
the Dark Ages

- No pesky astrophysics!
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The 21-cm/Spin-Flip
Transition

® Hyperfine ftransition of
neutral hydrogen
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The 21-cm Signal From
The Dark Ages

The 21-cm signal depends on:
- The ionization field

- The density field

- The gas temperature

- Coupling with the CMB
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The 21-cm Signal
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The 21-cm Signal
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e 21-cm Signal
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The 21-cm Signal
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The Global Signal in the
Dark Ages
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Precision Cosmology
From ’rhe Global Signal

@ The Dark Ages
signal depends on

@ Baryon density
@ Temperature

@ Expansion
history

de lera Acedo et al. (2026)



Exotic Cosmology from
the Global Signal

® Bowman et al. (2018)
Age of the Universe (Myr) : 3
50 200 claimed the detection of a
deep trough at z~17

@ MUCH deeper than
expected in adiabatically
cooling gas viewed against

the CMB!
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@ 1100 references, most
proposing complicated
150 explanations....

Mirocha et al. (2017)



Exotic Cosmology from
the Global Signal

@ Variety of potential
-=-= Standard QXOTiC phySiCS
— oo explanations with

o signatures in the Dark
Ages...

@ Radio background
from dark matter
decay, primordial
black holes, string
decay,...

1,000 hrs

Mondal, Fialkov, & Barkana (2024)



Exotic Cosmology from
the Global Signal
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@ Variety of potential exotic physics explanations with signatures
in the Dark Ages...

@ Radio background from primordial black holes, string decay,...
® Dark matter-baryon interactions



21-cm Fluctuations in
the Dark Ages

Mesinger, Furlanetto, & Cen (2011)



Fluctuations in the 21-cm
Signal: The Power Spectrum

@ Two key advantages:
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e @ Allows all the same

Cole & Silk (2021) info as the global
signal (but betterl)



The Power Spectrum:
Non-gaussianity

@ Best known probe of primordial
non-gaussianity, key test of
inflation!

@ Typically parameterized by fiL

(relative amplitude of three-
point function of curvature
— perturbation)

—— secondary marginalized

________ e 105, vaty fo @ Inprinciple, 21-cm Dark Ages
1000 3000 10000 30000 100000 can improve CMB by two

’ orders of magnitude and test
Munoz, Ali-Haimoud, & Kamionkowski (2015) eveh most basic infla’rion

models



MEGAWAVE RADIO SURVEYOR

LARGE SATELLITE CONSTELLATION FORMING A SPACE INTERFEROMETER FOR STELLAR AND EXTRAGALACTIC ASTROPHYSICS, EXOPLANETARY SCIENCE, AND COSMOLOGY

ONE SMALLSAT ELEMENT \

STELLAR EXOSPACE WEATHER \

- . & R

S e
b g 2 y

L TR 1" S Receiver &
A B SR SR - .

digitizer

' Radio
< K antennasy

~ \HUBSPACECRAFT - ¥ .~ . . *
Timing, correlation, data buffering,- ~+ -

Monitor stellar eruptions and radio bursts g C g A Sy L
to investigate stellar activity and its R e s =% e VN
impact on planets and habitability. N

N

Probe exoplan'étar‘;l interiorsand

atmospheric retention with radio emission
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Track the Universe's evolution before J: magnetic f!elds, particle

first stars and galaxies emerged using ;accelerationgnd non-thafmal prassure in
hyperfine spectral line from H | galaxy clusters and circumgalactic media.




Summary

@ The spin-flip signal is a powerful probe of
galaxies (during the Cosmic Dawn) and
cosmology (during the Dark Ages)

@ The global signal and fluctuations offer unique
perspectives on

@ Exotic dark matter
@ The physics of inflation
@ Precision cosmology



