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[ )

Tou > age of the Universe ~ 107 s
. J

can we say more !



how stable is the Dark Matter?

(- R

Tou > age of the Universe ~ 107 s
. y

can we say more !

Indirect detection

» 1510.00389
10 = T T TT I| I I I T T 1T H
e qq
—— bb
1028__ """" - ptpT 4
E WHW
— hh
Wt
— Zv,
1027_ hv,
-~
10 261 e - e —
1 0 25 u /‘/”/" .\;_
1024 1 1 11 1 111 | 1 1 1 L1111 | 1 1 1 L1111 |
1 10 102 103 10*



how stable is the Dark Matter?

1029_

1028_

1027_

T [s]

1026_

1025_

1024

(- )

Tou > age of the Universe ~ 107 s
. J

can we say more !

Indirect detection CMB power spectrum

1510.00389 1610.06933
||||| T T IJ III_ 1026 _ T T T T T T T —]
---------- aq C v gl e oo WEW |3
- N ---e;(e'R---WiWT 7
— bbb | — 0 @ W™ W —
-—--1%7 T e “Q Mi_ """" Z; ZL }
. n ---HR“_R---ZEI)'ZOT _

....... ut — L — 7
WHW 25| TE T = gg |
—— 10 - S — ]
Wr C q§:| Vei’ ]
— CC i V.V i
e S b_b - - = V:{,S i
ve —_— T~ —tff —mee Wisde |

—~ o4 - ...:F:_:_‘_: LT
2 1077 = e TSI e
'/"'/ P : —, ..
~.~.~.\\'\: 1023 -
||||| 1 1 ||||||| 1 1 ||||||| 1 1 11 1111 1022 : : : : II
10 102 103 104 10! 102

m, [GeV] DM mass (GeV)



the 2|-cm line revolution has begun

LETTER

doi:10.1038/nature25792

An absorption profile centred at 78 megahertz in the
sky-averaged spectrum

Judd D. Bowman', Alan E. E. Rogers?, Raul A. Monsalve"34, Thomas J. Mozdzen' & Nivedita Mahesh!




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?



T+ Hydrogen hyperfine levels
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T+ Hydrogen hyperfine levels
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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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the form of the signal
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the form of the signal

TS D emission signal
1Is = Tes NO signal
Ty < Teus absorption signal
~
Tovp(z 1+ 2z
TS (Z ) 10
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the form of the signal

the dependence from cosmological parameters

Qb and Qm

is omitted
~
TCMB(Z) \/1—|—Z
: mH( T5(2) ) 0
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% the form of the signal
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% the form of the signal
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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

drives

Is = Lo

\_ S

Tt + o T+ . T

T —1 CMB gas gas

> 1+ 2, + x.




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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. the fiducial scenario
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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 fiducial scenario
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the fiducial scenario
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The EDGES result
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I what EDGES see

absorption feature centered around 78MHz

b C
. 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



how DM gets in the game

the energy released in DM decays heat the IGM

dE
= = f(z
aVdt deposited

=1 [QTgas — Yo (Tems(2) — Tgas) } +

1 1+ 22, 2 ( dE )
(1 + Z)H(Z) 37”LH 3 (1 T Te + fHe) dVdt deposited
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how DM gets in the game

the energy released in DM decays heat the IGM
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how DM gets in the game

the faster DM decays, the more it heats the IGM
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DM decays VS EDGES result
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DM decays VS EDGES result
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T our assumptions
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twe ignore the anomalously large signal and assume EDGES is seeing 07 =~ —220mK
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Our bounds



limits on the DM lifetime

we require that DM decays do not reduce the signal by more than a factor 2 or 4
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I conclusions

we are able to constraint "D\ 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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