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TODAY2.7 K 14 Gyr
accelerating expansion

4.6 K matter dominated expansion 5.5 Gyr

0.27 eV recombination 0.3 Myr

matter dominated expansion
0.7 eV 80 kyr

radiation dominated expansion

50 keV 5 min

Big Bang Nucleosynthesis

1 MeV 1 s

neutrino decoupling2.5 MeV 0.1 s

QCD phase transition200 MeV 10 µs

Electroweak phase transition100 GeV 0.1 ns

hot Universe

preheating

inflation

dark matter generation

baryogenesis
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ΩM=1.0, ΩΛ=0.0

high-z gray dust (+ΩM=1.0)
Evolution ~ z, (+ΩM=1.0)

 Empty (Ω=0)
ΩM=0.27, ΩΛ=0.73
"replenishing" gray Dust
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Weakly Interacting Massive Particles

Assumptions:
1 no X − X̄ asymmetry nX = nX̄

2 @ T < MX in thermal equilibrium with plasma

nX = nX̄ = gX

(
MXT
2π

)3/2

e−MX/T

XX̄ −→ light particles

freeze-out temperature Tf

1
nX

1
〈σannv〉

= H−1(Tf )−→ Tf =
MX

ln
(

gXMXM∗Plσ0

(2π)3/2

) .

Bethe formulae: s-wave: σann = σ0
v
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Weakly Interacting Massive Particles

density after freeze-out: nX(Tf ) =
T 2

f
M∗Pl σ0

today’s density: nX(T0) =
(

a(Tf )
a(T0)

)3
nX(Tf ) =

(
s0

s(Tf )

)
nX(Tf )

X + X̄ contribution to critical density:

ΩX = 2
MXnX(T0)

ρc
= 7.6

s0 ln
(

gXM∗PlMXσ0

(2π)3/2

)
ρcσ0MPl

√
g∗(Tf )

= 0.1 ·

(
(10 TeV)−2

σ0

)
0.3√
g∗(Tf )

ln

(
gXM∗PlMXσ0

(2π)3/2

)
· 1
2h2

naturaly dark matter
naturaly “light” σ0 . 4π

M2
X
−→MX . 100 TeV
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Dark Matter signals in cosmic rays
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HEAT

PAMELA

Median set of propagation parameters

Different propagation schemes

Approx. envelope

0909.1182, 0911.4779

0911.4276

too strong signal
(boost factor: clumps or new light mediators)

no antiproton excess
(leptofobic)

“isotropic” γ-diffusion
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Fermi LAT vs EGRET
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LAT
Isotropic
Sources
π0-decay

IC
Bremsstrahlung
Total

0911.4276
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Recent results of direct searches

see 2 events in 0912.3592 0912.4025, see however, 0912.4264
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