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a b s t r a c t

The electron and positron cosmic rays observations have impulsed a hot debate regarding the origin of such

particles. Their propagation in the galactic medium is modeled according to a successfully tested two-zone

propagation model. The theoretical uncertainties related to their propagation and production are studied for

three cases: secondary production, Dark Matter annihilation, and originating from supernovae remnants.

& 2010 Elsevier B.V. All rights reserved.
1. Introduction

The latest experimental results: the positron fraction [1,2] and the
electrons+positrons flux [3,4], have presented an interesting deviation
in respect with expected signals for energies above � 20 GeV.

In this work, we describe the propagation model used to study
electron and positron cosmic rays (CR), which has been used to
describe successfully Nuclei CR (NCR) observations. We discuss
the theoretical uncertainties paying attention to propagation, that
plays a very important role for the study of the electron/positron
signal. Moreover, we study different mechanisms to produce
electrons and positrons: secondary production, annihilating dark
matter (DM), and supernova (SN) remnants. In each of them, we
discuss uncertainties and its contribution to the signal.
2. Propagation model

The CR propagation is modeled using a two-zone propagation
model [5], in which, CR number density per unit of energy ðcÞ is
governed by the following transport equation [5]:

@c
@t
þr � Jxþ

@Je
@e
¼ qsrc: ð1Þ

The CR propagation takes place inside a cylinder—centered in the
Galactic Center and oriented like the Galactic Plane—with a
radius set in 20 kpc and half-thickness Lz constrained by NCR
observations [6], typically it varies in the range of 1–20 kpc.

The first term in Eq. (1) is related to the evolution in time. The
second one depends on Jx,

Jx ¼�K0edrcþVcc ð2Þ

which models the spatial diffusion due to magnetic inhomogene-
ities, the diffusion term is assumed to be a power law in energy
ll rights reserved.
expressed in terms of the two parameters, K0 and d. As well, Jx

takes into account advection and convection produced by the
Galactic Wind Vc.

The CR evolution in energy is mainly modeled by the third
term in Eq. (1), where

Je ¼�
dE

dt
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r � Vc
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In Eq. (3), dE=dt corresponds to the energy-loss term, which
contains effects as: Inverse Compton scattering (ICS) with radiation
fields, synchrotron radiation, ionization of the interstellar medium
(ISM), among others [7,8]. Adiabatic losses produced by the Galactic
wind are also present. The last two terms are related to CR
reacceleration. In the standard theory of reacceleration the
coefficient Kee is expressed in terms of the spatial diffusion
parameters (Eq. (2)) and the Álfven velocity Va (see Ref. [9]):

Kee ¼
2

9

V2
a

K0
e2�d: ð4Þ

For ultrarelativistic electrons and positrons, ICS with the CMB and
starlight, and Synchrotron radiation induced by galactic magnetic
fields rule the energy evolution. For energies below 3–5 GeV, the
Thomson limit for ICS is a safe approximation. However, for
energies above the former limit, this approximation is no longer
valid and it is necessary to use the Klein–Nishina approach [10,11].

In Eq. (1), qsrc is the source term that describes how, when and
where CR are injected into the propagation zone. Therefore, it
depends on the type of source which is studied. The source term is
described in more details in Section 3 for three of the most
interesting sources of electrons and positrons.

2.1. Propagation uncertainties

The global picture of how CR propagate in the Galaxy is far to
be completely understood. Nevertheless, one of the requirements
of a propagation model is to reproduce observations of many CR
species. The analysis of the ratio boron/carbon (B/C) is sensitive to
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different propagation models. Indeed boron is mainly produced
by spallation of NCR on the ISM and is not accelerated in SN
remnants.

For the study of electron and positron CR, we use all B/C
compatible parameter sets [6]. Among them we highlight three
sets: MAX, MED, and MIN (Table 1). The set MAX (MIN)
maximizes (minimizes) the B/C ratio and the set MED
corresponds to the B/C best fit.
3. Electron and positron production

The source of electrons and positrons in the Galaxy is not
unique. In fact, various mechanisms have been suggested to
explain the observations. First of all, we distinguish the ones with
an astrophysical origin like SN remnants [10] and Pulsars [12].
There are also secondary production i.e. interaction of CR with the
ISM. And finally, the exotic component like DM. In this section, we
describe most of them.

3.1. Secondary production

The interaction of NCR with the ISM, mainly composed by
hydrogen and helium, leads the secondary production of electrons
and positrons.
Table 1
Typical combinations of diffusion parameters that are compatible with the B/C

analysis [6].

Model d K0 (kpc2/Myr) Lz (kpc) Vc (km/s) Va (km/s)

MIN 0.85 0.0016 1 13.5 22.4

MED 0.70 0.0112 4 12 52.9

MAX 0.46 0.0765 15 5 117.6
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Fig. 1. Flux of secondary positrons (left) and positron from DM annihilation (right) vers

into account. In the case of secondary positrons, our calculations are encompass with

positron flux mainly depends on the annihilation channel and the chosen propagatio

spectra than cases where DM annihilates into pairs of quarks or gauge bosons.
The secondary production is conditioned by three principal
factors: the distribution and energy spectra of NCR, ISM gas
distribution, and nuclear cross-sections. For instance, the term
due to interaction between proton CR and ISM hydrogen is

qsecðx,eÞ ¼ 4pnHðxÞ
Z

dEpFpðx,EpÞ
dspH

de
ðEp,eÞ ð5Þ

where nH(x) is the hydrogen number density, Fpðx,EpÞ is the
proton flux and dspH=de is the inclusive production cross-section
of electron or positrons [13,7].

Quite large theoretical uncertainties related to secondary
production come from nuclear cross-sections and NCR fluxes.
However, the biggest uncertainties remain the ones related to
propagation parameters [13].

3.2. Dark matter annihilation

Invoquing DM annihilation could be an explanation for the
positron fraction and the electron+positron flux features. According
to N-body simulation and structure formation models, galaxies
like the Milky Way are supposed to be embedded into DM haloes
which are denser in the surrounding of galactic center. Over-
densities increase the DM annihilation rate and would enhance
the DM component in the CR signal.

The annihilation mechanism depends on the particle physics
theory behind DM, but in general terms, it is depicted as

DMþDM�!FþFu-e7 þX ð6Þ

where F and F
0

are particles produced directly by the annihilation.
By hadronization and/or decay they will then produce electrons,
positrons, and other particles.

In this case, the source term is

qDMðx,eÞ ¼ a/sannvS
r2ðxÞ

m2
w

dn

de ðeÞ ð7Þ
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Fig. 2. Positron fraction (left) and total electron+positron flux (right) versus energy. A possible explanation of the positron fraction and the electron+positron flux is given in

terms of annihilating DM. For instance, we present the case of a 2-TeV DM particle which annihilates directly into muons. Solutions for different B/C compatible

propagation sets [6] are encompass with current experimental data. Nevertheless, it requires a large value of boost factor which seems to be hardly explained in standard

DM models compatible with other CR observation [19]. Current available data from HEAT [1], AMS [20], MASS [21], CAPRICE [22], PAMELA [2], FERMI-LAT [4], PPB-BETS

[23,24], ATIC [3] and HESS [25,26] are also shown.
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where a is a factor that depends on whether the DM particle is its
own antiparticle ða¼ 1=4Þ or not ða¼ 1=2Þ. mw is the DM particle
mass. In Eq. (7), we also distinguish three other terms:
�
 /sannvS is the thermally averaged annihilation cross-section
which depends of the particle physics model.

�
 r2ðxÞ corresponds to the annihilation distribution which

depends directly on the DM distribution. The most common
DM distributions are: Cored Isothermal, Navarro–Frenk–White
[14] and Moore [15].

�
 dn=de is the multiplicity distribution per single annihilation event

which comes from hadronization of quarks and decay of particles.

3.3. Electrons from supernovae

SN are expected to be one of the principal sources of galactic
primary CR. Shock-waves originated from the explosion provide a
good mechanism to (re)accelerate charged particles to very high
energy. Hence, SN are good candidates to explain the primary
component present in the electron signal [10]. However, current
primary electron CR models are so simple that it becomes hard to
make predictions.

A new re-estimation of the primary component is performed
by taking in consideration some natural aspects [10] like:
inhomogeneities in the distribution of nearby SN, injection
electron spectra, and time dependence propagation, among
others.
4. Discussion

The propagation uncertainties have a big impact on secondary
positron flux (Fig. 1). The variety of B/C compatible propagation
parameter sets results in a band. This band shows that the
propagation uncertainty encompasses the experimental positron flux.
In the case of DM (Fig. 1), we observe that the annihilation
spectra produce different propagated fluxes. The propagation
uncertainties produce different behaviors in the flux. And all of
them have a non-negligible effect in the positron fraction [16].

In Fig. 2, we study the case of a 2-TeV DM particles that
annihilate into muon pairs. This kind of signal results compatible
with current observations, but is not unique. On the other hand,
the DM signal needs to be enhanced in a factor as larger as 1500,
usually known as the boost factor problem. To reproduce actual
experimental results, we require an extremely large
enhancement. Most of DM models cannot naturally explain such
big enhancement. This problem motivates us to question and re-
estimate the current standard background of electrons [10].
5. Conclusions

The improvement in current electron and positron measure-
ments and data has revealed a very interesting puzzle. Different
solution have been presented during the years.

We present the importance of theoretical uncertainties related
to propagation and production of electron and positron CR
[8,13,17,16]. We stress the necessity to re-estimate secondary
and primary component, and to consider already known sources
in order to discard/confirm possible presence of an undiscovered
component, like the case of annihilating DM.

The near future is very exciting. Experiments as PAMELA, ATIC,
FERMI and future AMS02 will give valuable information to
complete part of the electron/positron puzzle.
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