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In view of the astrophysical uncertainties, there is no pressing reason to explain
the excess in the PAMELA positron fraction by means of DM. However, it is pos-
sible to interpret the anomalously high number of positrons in the energy range
above ~ 10 GeV as product of DM decays or annihilation in the galactic halo.
DM particles are assumed to undergo processes of this kind mainly in regions
close to the galactic center, where the densities (motivated by measurements of
the rotational velocities in galaxies) are large. The SM products of these inelas-
tic processes are subject to interactions with the turbulent magnetic field, the
interstellar medium and photons from starlight and the microwave background.
The diffusive propagation of these particles is described by a diffusion-loss equa-
tion. Given the details of the injection spectrum, it yields predictions for the
cosmic ray fluxes observed at earth.

In the past the possibility of DM annihilation received most attention. How-
ever, such scenarios are restricted by the non-observation of an excess in the
~-ray spectrum (measured by H.E.S.S in regions around the galactic center)
and the p/p spectrum (measured by PAMELA and others). Some amount of
model building and large 'boost factors’ are required to bring annihilating DM
into agreement with the experimental data (if DM annihilation are considered
to be the only source for the observed anomaly).

The idea that DM decays could be responsible for the observations is less
constrained. Classifying the DM in terms of its primary decay products the
analysis can be performed in a model independent way. The proportionality of
the fluxes to the number density of DM (instead of the number density squared
as for annihilating DM) makes it easier to bring decaying DM into agreement
with observations. It turns out that GeV —TeV DM decaying mainly to leptons
(to generate the hard spectrum of eT) with lifetimes as large as ~ 10%¢ s can
fit the data. The long lifetimes guarantee that the decay has no impact on the
cosmological expansion and that the DM is abundant today. Such decays can
in a natural way be motivated by SUSY GUTs, since effective dim-6 operators
yield lifetimes of the required order of magnitude.

Details can be found in the following references:

e TASI lectures, general DM introduction [1].

e Explanation of the PAMELA e* /(e +e7™) excess by decaying dark matter
[2] (includes many of the plots shown in the talk; includes bounds from
H.E.S.S.), [3], [4].



Analytical solution of the diffusion-loss equation for et propagation [5].
Constraints from gamma rays [6].
Cosmological constraints for decaying DM [7].

DM decays to leptons by dim-6 operators and some model independent
discussion of derived bounds from original charged cosmic ray, v-ray and
neutrino data [8].

New et + e~ measurements by Fermi/LAT [9] and H.E.S.S. [10], contra-
dicting ATIC results.

Analysis including the new FERMI data [11].
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