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Most of the matter in the Universe is dark




SuSy Neutralino-

X0 = g1 B + goW?3 + hiHy + hoHo

9117 + [g2]* + [ha|* + |he|* =1

X

(See for ex, Jungman, Kamionkowski, Griest, '95)

Note: There exist other dark matter candidates!




Particle annihilation in clumps -

Probability of annihilation = (c,v) n, 0t

Number of particles pairs = 5 7y 0V

Energy released per annihilation = 2m, ¢
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Pensity Profile:

p(T) = Grr e
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Isothermal + core (1) = 5%
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dwarf galaxies c200 ~ 10 (Maccio, Putton, van den Bosch, "08)
€200 = 1200/ T

small clumps  C200 ~ 3 (Piemand, Moore, Stadel 09)

Therwmal relic -  (0av) =3 x 10726 cm? 57!




Nuwmber density of halos-
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A. Natarajan and 0J. Schwarz'08;  A. Natarajan and PJ. Schwarz °09;
D. Hooper and A. Belikov '09;  Cirelli, locco, and Panci '09:  Hutsi, Hektor, Raidal 09




* [onization.
* [ncrease in gas temperature.

* [ncrease in LyA photons.

Many consequences for coswmology.




Hydrogen 21em cosmology -
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H21 cw spin flip transition:
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The standard lore-
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Fig. from Loeb and Zaldarriaga, PRL 92, 211301 (2004)
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* Af high redshifts 30 < z < 200, the kinetic temperature of the gas is well
coupled to the spin temperature.

* #21 only seen in absorption as T_gas < T_cwb.

* §21 not seen for z < 30 in the absence of stars.




Park matter and H21ewm transitions-

* Park matter annihilation increases the gas temperature. This leads to more
collisions between atoms, and hence more 21 em transitions.

* Some energy goes into collisional excitations of gas atowms, resuvlting in Ly-A
photons. The presence of a Ly-A background also increases the rate of transitions.

* Fluctuations in the 21em temperature are sensitive to fluctuations in the gas
density, the ionized fractions, and the temperature.
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power spectrum-

851(z, 1) = Zalm(Z)Yzm(ﬁ),
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C, measured at different redshifts

[

No DM heating
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No DM heating




» = 15,25, 30
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No DM heating
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Contamination by the first stars.

The first stars are massive, short lived, and form early.

R; ~ 3 kpe, Teore ~ 10* K, R, ~ 8 kpc, 2z ~ 25
(X.Chen and J. Miralda Escude '08)

(Th)star =N [ dQ [ dsTy(s,0)

<Tb> — f <Tb>star + (1 — f) Tother
f~0.3

(Th)star = 1.22 mK

Not numerous enough to heat the baryons.




Contamination by low-z astrophysical objects-

Pop. Il stars, quasars, etc contribute at lower z.
(. Pritchard and A. Loeb, "08)

Tb~—2mKatz:25

Ty, ~ —100 mK at z = 17
Ty, >0 mK at z =14 — 15

Very different prediction for z= 17

Cannot distinguish between PM and standard sources for z< 15.




Conclusions:

* |[f the dark matter is made up of WIMPs, they will annihilate, releasing energy.

* The Hydrogen 21 ew radiation is sensitive to changes in the gas density, temperature,
and ionization fraction.

* The power spectrum has a minimuwm at a certain redshift. By observing the power
spectrum at different redshifts, it is possible to identify heating by dark matter /
some exotic source.

* The minimuw is not present in all dark matter models, but only those with favorable
particle and/or halo properties.




