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What is the 21 cm line



a good old friend: the CMB

~

black body radiation emitted near the epoch of electron-proton
recombination,i.e. z ~ 1100, with a brightness temperature
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the CMB journey in the dark ages

after recombination and prior re-ionization
1100 < 2z < 10

_ most of the Universe matter is in the form of neutral Hydrogen y
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how propagation through the dark ages affects the CMB blackbody spectra?



% Hydrogen hyperfine levels
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I Hydrogen hyperfine levels
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I AE =59x%x 10 %eV
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relative occupation of the hyperfine levels is parametrized in
term of the spin temperature
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v = 1420 MHz
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what we look for

v = 1420 MHz
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what we look for

v = 1420 MHz 2y v = 1420 MHz
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T the form of the signal
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T the form of the signal

Is > Tos emission signal
Ty = Tp NO signal
Ty < 1eyp absorption signal
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T the form of the signal

the dependence from cosmological parameters

Qb and Qm

is omitted
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% the form of the signal
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% the form of the signal
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% the fiducial scenario
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% the fiducial scenario
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% the fiducial scenario

0T, in mK
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the fiducial scenario
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the fiducial scenario
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the fiducial scenario
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The EDGES result



— where EDGES is looking
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i what EDGES see

absorption feature centered around 78MHz

b Cc
. Bowman et al., Nature, 2016
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Brightness temperature, T,, (K)

what EDGES see

or in terms of redshift around z ~ 17
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How we put bounds
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the energy released in DM decays heat the IGM
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how DM gets in the game

the energy released in DM decays heat the IGM

dE
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aV dt deposited
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% how DM gets in the game

the faster DM decays, the more it heats the IGM
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T DM decays VS EDGES result
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DM decays VS EDGES result
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Our bounds



we require that DM decays do not reduce the signal by more than a factor 2 or 4
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" limits on the DM lifetime

we require that DM decays do not reduce the signal by more than a factor 2
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. our assumptions
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I conclusions

we are able to constraint 7D\ using the claimed observation of
an absorption signal in the CMB spectrum

the bounds are competitive or stronger than the existing ones

the bounds are free of astrophysical uncertainties

we are just starting to probe the dark ages, stay tuned!
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what determines the spin temperature

three competing processes

(’ceraction with CMB phot&

absorption and stimulated
emission of background 21-cm
photons
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what determines the spin temperature

three competing processes

K collisions \

requires high densities of the IGM:
effective for

z 2> 40

drives
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what determines the spin temperature

three competing processes

meraction with Lya photon}

need photons emitted from
first stars:
effective for

z < 30

drives
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Wouthuysen-Field effect
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