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Abstract: From 2009, several experiments, like PAMELA, FERMI and AMS, have shown a rise
in the fraction of positrons versus electrons+positrons. One of the most probable explanation is
due to the presence of nearby sources, like SNRs or pulsars. PAMELA (Payload for Antimatter
Matter Exploration and Light-nuclei Astrophysics) is a ballooon-borne experiment and is collect-
ing data since 15 June 2006. Its quasi-polar orbit permits to perform a survey in each direction of
the sky. The study of the arrival distribution of cosmic ray electrons and positrons from different
regions allows the exploration of different origins for the excess.

The 34th International Cosmic Ray Conference,
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∗Speaker.

c© Copyright owned by the author(s) under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike Licence.



P
o
S
(
I
C
R
C
2
0
1
5
)
4
1
0

CRE Arrival Distribution B. Panico

1. Introduction

Cosmic rays are diffused inside the Galaxy for a very long time under the effect of magnetic
fields and their arrival direction distribution is highly randomized [1]. Since 80’s has been clearly
observed an energy-dependent anisotropy of galactic cosmic rays, both in the northern [2, 3] and
in the southern hemisphere [4]. Anisotropy studies can lead to a better understanding of cosmic
ray propagation into the local interstellar medium. Furthermore, contrary to hadrons, cosmic-ray
electrons and positrons (CREs) lose rapidly their energy, due to synchrotron radiation emission and
inverse Compton collisions with low-energy photons of the interstellar radiation field. These losses
limit distances over which CREs can remain highly energetic. Recently PAMELA [5], Fermi-LAT
[6] and AMS-02 [7] observed a rise in the positron fraction above 10 GeV. Since this rise is not
compatible with the cosmic-ray secondary production, additional sources of primary CREs have
been proposed. Such sources may be either of astrophysical origin, like supernovae [8] or pulsars
[9], or due to dark matter annihilation [10]. A way to distinguish between different origins is
represented by the detection of an excess/deficit in the arrival direction of CREs. Astrophysical
sources need to be relatively close at these energies, thus implying an anisotropy in the local CR
positron flux. On the contrary, models using dark matter to explain the cosmic-ray excess forecast
significant anisotropies in the arrival direction together with the production of a bright gamma-ray
emission, that would be easily detectable by space experiments [11]. A method for the detection
of positron anisotropy with PAMELA data has been described in [12]. In this paper the analysis
on a sample of electrons selected as in [5] is reported, taking into account also the heliosperic and
geomagnetic effects.

2. The PAMELA experiment

PAMELA (Payload for AntiMatter Matter Exploration and Light-nuclei Astrophysics) is a
space-based cosmic-ray detector hosted on the Russian satellite Resurs DK1. It was launched from
the Bajkonour site in Kazakhistan on June 2006 and is still taking data. Its orbit is quasi-polar
and elliptical with an inclination of ∼70o, and goes from 350 to 600 km of altitude. PAMELA
apparatus is schematically showed in Fig. 1 and is accurately described in [13]. It is equipped with
the following different detectors.

• A time of flight system (ToF), which is composed by 6 layers of plastic scintillators. It
provides the determination of particle velocities, allows the identification of albedo particles
and the proton-electron separation below 1 GeV/c.

• A spectrometer, which is composed by a permanent magnet equipped with six double-sided
micro-strip silicon sensors. It defines the determination of the sign of the charge and the
rigidity of particles up to 1 TeV/c. By measuring the ionization losses into the silicon planes,
also the particle charge is obtained.

• An anticoincidence system for the rejection of secondary particles produced in the interaction
with the mechanical structure of the payload.
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(a) (b)

Figure 1: (a) The PAMELA experiment. (b) A schematic view of the apparatus.

• An electromagnetic calorimeter, which is made up of 44 silicon planes and 22 plates of
tungsten. It provides a direct measurement of the energy for electrons and positrons and,
through the analysis of shower topology, allows the discrimination between hadrons and
leptons.

• A neutron detector which improves the particle discrimination.

3. The analysis of an electron sample

The analysis has been performed on a sample of ∼ 2 ·104 selected electrons in the rigidity range
from 10 to 200 GV. The selection procedure and the method are accurately described in [14]. For
each event the particle arrival direction is reconstructed using the trajectory inside the instrument
and the satellite position on the orbit. The accuracy is about 2 degrees over the whole energy range.
All sky maps are produced with Healpix software [15], which pixelises the entire sphere with same
area pixels. The chosen angular pixel extension is ∼ 7◦ and the Galactic reference system is used.
The map of the events is shown in the plot (a) of Fig. 2.

The map of arrival distributions needs to be compared with a reference map which represented
the cosmic-ray background generated by an isotropic flux. The background map corresponds to the
‘null’ hypothesis and is obtained with a MonteCarlo approach. About 106 electrons in the rigidity
range 10-200 GeV have been randomly produced on a generation surface placed above the alu-
minium container of the instrument. An isotropic CRE intensity has been simulated by randomly
choosing the generation point and the incident angles, according to an uniform distribution on the
surface and in a 2π solid angle. The same selection criteria used for data have been applied to
the simulation sample. For each selected event, orbital information have been retrieved from data
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(a) (b)

Figure 2: (a) Event map for electrons with rigidity 10 GV<R<200 GV. (b) Map of simulated
electrons with rigidity 10 GV<R<200 GV. The color scale represents the occupancy of each pixel.

itself. The background map is reported in plot (b) of Fig.2.

To increase sensitivity for the detection of the anisotropy, the bin width needs to be comparable
to the angular size of the signal. Since the size of the anisotropy signal is unknow, the analysis has
been done on different angular scales. Signal and background maps have been integrated on four
different radii, 10◦, 30◦, 60◦,90◦. For each integration radius, a statistical significance test has been
performed to compare maps.

The significance is evaluated as indicated by Li and Ma in [16], comparing signal and back-
ground maps. Results are reported in Fig. 3, where the color scale represents the calculated signif-
icance for each pixel.

4. The backtracing procedure

The effects of the Earth’s magnetic field could smear a weak anisotropy, indeed particles were
backtraced up to 25 Earth radii on the basis of numerical integration methods [17]. The main
magnetic field is described using the IGRF-11 [18] model; the TS05 [19] model is used for the
external geomagnetic field sources in the inner magnetosphere. This procedure has been applied to
previously selected electrons; the map corresponding to backtraced events up to 25 Earth radii is
reported in Fig.4a. The backtracing procedure is also applied to simulated data; the result is shown
in the plot (b) of Fig. 4.

A statistical analysis is applied to search for an anisotropy signal at the different angular scales
previously indicated. The comparison with Li & Ma tecnique between the signal and background
map, after the application of the backtracing procedure, has been done. Results have been reported
in Fig.5 for the following integration radii: 10◦, 30◦, 60◦,90◦.

5. Conclusions

The favoured explanation for PAMELA results on positron fraction is represented by the ex-
istence of additional cosmic-ray sources. A measurement of an anisotropy signal in the arrival
direction of CREs might help to distinguish between dark matter and astrophysical origin of pre-
dicted sources. In this paper the analysis on the arrival distribution of PAMELA data has been
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(a) (b)

(c) (d)

Figure 3: Significance maps obtained applying the tecnique described in [16] on real and simulated
electron maps. Results obtained on four different angular scale are reported: 10◦ (a), 30◦ (b), 60◦

(c),90◦ (d).

(a) (b)

Figure 4: (a) Backtrace procedure is applied on selected electron data set. (b) The backtracing
procedure is applied to events obtained with Monte Carlo simulation.

carried out. Results are consistent with isotropy at all angular scales considered. To take into ac-
count the effect of geomagnetic field particles have been backtraced up to 25 Earth’s radii. The
statistical analysis applied doesn’t highlight significative deviation from the isotropy.
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Figure 5: Maps of the significance calculated applying the Li & Ma tecnique for the comparison of
backtraced maps at four different angular scale: 10◦ (a), 30◦ (b), 60◦ (c),90◦ (d).
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