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Outline -

1. Park matter in the Universe.
Luminosity of halos.

2. Effect on the IGM.

can they reionize the Universe?
(Furlanetto et al. ‘06; Mapelli et al. ‘06; Ripamonti et al. ‘07: Chuzhoy ‘08)

3. Contribution to the optical depth.
constraints on particle and halo parameters.
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Most of the matter in our galaxy is dark

Park matter searches: AVMX, PAMA, COMS, Xenon,
Edelweiss, Zeplin, EGRET, ......




Particle annihilation in clumps -

Probability of annihilation = (o,v) n, 0t
Number of pairs = 57, oV

Energy released per ann. = [ dE, E, Zgj

dlL. <O-av> dN'y pi(r)
db, 2 dE. E7 fdv mi




Energy spectrum of photons -
a=20.9

dN ae_bx _
Let x = E,/m, = T b= 9.56

(Bergstriwm et al. ‘98; Fengetal.’01)
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How many halos ?




Nuw. ionizations per vol. per time at z =

076 1 0.06 1
K= 0821366V | 0.8224.66V




Recowmbination:

2.076 x 10~ tem3s™!
- ®(Tk)

0
| V1K 1.58 x 10°
Tk

(L. Spitzer ‘48 H.Zanstra '54)

ap ~ 3.746 x 10713(T/eV)—0-724

Qe = 3.925 x 1071 (T'/eV) 06353 I~ 8 % 10_4[(1 + Z)/61]2 eV

. [0.76 0.06

@&H+—QH6

R(z)=niz2 (1+2) %

ion




X;,, depends on -

1. Particle mass - MeV range.
2. Minimuwm halo mass.

3. Halo concentration parameter.
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Optical depth 7= [dsn.(s)or

No Gunn-Peterson trough in the spectrum of quasars at z < 6.
H fully ionized at z = 6.
He doubly ionized at z = 3.
He singly ionized at z = 6.
T(z < 6) = 0.04

But WMAP inferred +~=0.087!
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Conclusions:

1. Predicts a gradval reionization history.

2. H21 signal = 10’s of mK at z=19
(L. Chuzhoy 08)

3. Places an upper limit on the M mass.

Soft gamwma ray background (K. Ahn, E. Komatsu, 09)

Positron production (J.F Beacom, N.F. Bell, G. Bertone, '05)
m, ~ 20 MeV

May conflict with upper limit set by optical depth.

4. Pop. lll star formation.
5 UM and stars.

(Spolyar et al. ‘08; Freeseetal. ’08; loccoetal 08
Fairbairn et al. '08; Taosoetal. ’08; Natarajan et al. ’08)




