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1Università degli Studi di Torino and Istituto Nazionale di Fisica Nucleare, Sezione di Torino, via P.

Giuria 1, I–10125 Torino, Italy
2Laboratoire d’Annecy-le-Vieux de Physique Théorique LAPTH, CNRS-SPM and Université de Savoie
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Indirect detection signals from Dark Matter (DM) annihilation are studied in the positron
channel. The positron propagation inside the galactic medium is calculated in a Two–Zone
Propagation Model and the astrophysical uncertainties on the positron DM signal are derived.
We obtain dark matter scenarios and propagation models that nicely fit existing data on the
positron fraction and show that running or planned space experiments have the potential to
discriminate a possible signal from the background and, in some cases, to distinguish among
different astrophysical propagation models.

1 Two–Zone Propagation model

The Cosmic Rays (CR) propagation is modeled in the Two–Zone Propagation Model 1 context.
Interactions with the galactic medium take place in a propagation zone (PZ); Where it is mod-
eled as a cylinder with radius of 20 kpc and a half height value which can vary from 1 to 20 kpc.
The interstellar medium (ISM) lies at galactic disk, where standard CR sources are placed 2.
Observations in many CR species, e. g. in the boron over carbon ratio (B/C), allow to constrain
the model parameters 1.

The propagation of positrons inside the PZ is governed by the transport equation:

∂ψ

∂t
−K(x,E)∇2ψ −

∂

∂E
{b(E)ψ} = q(x,E) , (1)

where ψ is the positron number density per unit of energy and q(x,E) is the positron source term.
Effects related to diffusion, produced by magnetic turbulences, and energy losses, produced by
interactions among positrons and CMB and starlight, are described by:

K(x,E) = K0ǫ
δ , b(E) =

E0ǫ
2

τE
, ǫ = E/E0 , E0 = 1 GeV , τE = 1016 s . (2)

This type of transport equation is analytically solvable, giving advantages to calculate the
positron flux 3.

aA version of the poster can be found at: http://www.to.infn.it/∼lineros/research/moriond-2008.pdf
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Figure 1: (Left) Positron flux E
2Φ

e
+ vs. positron energy for selected annihilation channels, in each panel, fluxes

produced exclusively by DM annihilation and uncertainty bands are plotted. (Right) Positron fraction vs. positron
energy. Each panel corresponds to different DM annihilation channels. Experimental data from HEAT, AMS,

CAPRICE and MASS are also plotted.

The non-baryonic DM present in galactic haloes may annihilate and produce Standard Model
particles. The result of annihilations can be considered as an exotic CR source. In this scenario,
the positron source term is:

q(x,E) = η〈σv〉

{

ρ(x)

mχ

}

2

f(ǫ) , (3)

where 〈σv〉 is the thermally averaged cross section, ρ(x) is the DM distribution in the galaxy,
and f(ǫ) is the positron energy distribution.

2 Transport equation uncertainties and the Positron signal

Uncertainties in the parameter determination produce a DM positron signal fluctuations which
are typically large and vary with the DM annihilation final state. In the low energy range un-
certainties can be as large as a factor of 10 or more (Fig 1).

In the case of positron fraction (PF), defined as the ratio of positron flux over the sum of
electron and positron fluxes, it is calculated for four specific annihilation channels, and compared
with available experimental results (Fig 1). The data, including the possible excess identified
by HEAT, are nicely reproduced, even when uncertainties on CR transport are considered.

Also, predictions for PAMELA and AMS 3 show that there are good prospects of disentan-
gling a signal from the background, especially for annihilations into gauge bosons, tau leptons
or directly into positrons. Astrophysical uncertainties, although sizeable, do not strongly limit
detection capabilities for DM lighter than a few hundreds of GeV.
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