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Abstract. The PAMELA experiment has been collecting data since 2006; its results indicate a rise in the
positron fraction with respect to the sum of electrons and positrons in the cosmic-ray (CR) spectrum above
10 GeV. This excess can be due to additional sources, as SNRs or pulsars, which can lead to an anisotropy in
the local CR positron, detectable from current experiments. We report on the analysis on spatial distributions
of positron events collected by PAMELA, taking into account also the geomagnetic field effects. No significant
deviation from the isotropy has been observed.
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Figure 1. Event maps for positrons (left) and protons (right).

1 Introduction

In the last years, different experiments like PAMELA (Adri-
ani etal., 2009), Fermi (Ackermann et al., 2012) and AMS-02
(Accardo et al., 2014) showed a rise of the positron fraction
for energies greater than 10 GeV. Diffusive models which
consider only a purely secondary positron production, as by
Moskalenko and Strong (1998) and Delahaye (2009), can-
not explain these results. Therefore, an additional source of
CR positrons is required; the most favoured hypotheses are
related to nearby astrophysical sources, like supernova rem-
nants or pulsars, or to a contribution from dark matter decay
or annihilation. In both cases, the presence of an additional
source can produce structure with definite angular width in
the collected data, leading to an anisotropy in the positron
flux direction. Fermi results (Ackermann et al., 2012) are
compatible with an isotropic distribution of CR arrival di-
rections, but refer to the total sample of electron and positron
events. Latest results on positron anisotropies are reported in
Accardo et al. (2014), which set an upper limit on the am-
plitude of the dipole anisotropy § < 0.030 at the 95%C.L
for E > 16 GeV. We studied the distribution of a sample of
positrons measured by PAMELA, considering the effect of
the geomagnetic field and providing an analysis of the sys-
tematic effects which could affect the results. Also a mul-
tipole analysis of the power spectrum has been carried out.
A detailed description of the method and the results of the
performed analysis is reported in Adriani et al. (2015).

2 The PAMELA detector

PAMELA is a space-based CR detector, installed on the
upward side of the Russian Resurs-DK1 satellite; it was
launched 15 June 2006 and it is still taking data. PAMELA
orbit is elliptical with an inclination of ~70° and an alti-
tude ranging between 350 and 610 km. In September 2010,
the orbit was changed to a nearby circular one, at an altitude
of ~570km. PAMELA is composed of different detectors:
a time of flight system, a magnetic spectrometer, an electro-
magnetic calorimeter, an anticoincidence system, a bottom
scintillator counter and a neutron detector. All instruments
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are described in detail by Picozza et al. (2007). The particle
arrival direction is reconstructed using the trajectory inside
the instrument and the satellite position on the orbit, with an
accuracy of about 2° over the whole energy range.

3 Analysis of positron anisotropy

The first step of the analysis is the selection of positrons in
the rigidity range from 10 to 200 GV. The dataset refers to the
period June 2006—January 2010, to be comparable with data
used in Adriani et al. (2009). Also the track and event qual-
ity selection are preserved, leading to a negligible amount of
proton contamination, as described by Boezio et al. (2006).
To represent the isotropic background used as reference, we
also select a sample of protons in the same period of time
and rigidity range, taking care to preserve the instrument ex-
posure, the dead times and any other detector effect. About
~ 2 x 108 positrons and ~ 4.5 x 10° protons have been ob-
tained. To consider the effects of the Earth’s magnetic field,
which could smear a weak anisotropy, particles were back-
traced up to ~ 25 Earth radii on the basis of numerical inte-
gration methods (Bruno et al., 2014). Backtraced positrons
and protons are reported in Fig. 1, respectively on the left
and right side, by using the Healpix software (Gorski et al.,
2005). The angular pixel extension is ~ 7° and the Galactic
reference system is used. In a blind search, the size of the
anisotropy signal is not known. Therefore, to increase sensi-
tivity, we integrate signal and background maps on four dif-
ferent radii, 10, 30, 60, 90°, which represent the angular scale
at which the anisotropy could be expected. Finally, we com-
pare the integrated maps with two different techniques: the
statistical significance test introduced by Li and Ma (1983)
and the spherical harmonic analysis. In the first analysis, the
significance is evaluated for each integration radius, apply-
ing the likelihood functions on signal and background maps.
The results are shown in Fig. 2. PAMELA has an uniform
exposure over the entire sky, therefore we can expand the
CR intensity over the celestial sphere in spherical harmonics
(Edmonds, 1996). In Fig. 3 the power spectrum is reported
from modes / = 1 (dipole) up to / = 20; the dotted lines rep-
resent the 50 bounds of the expected power spectrum from
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Figure 2. Significance maps for 10 GV < R <200 GV, over the following angular scales: 10, 30, 60, 90°.

— 01—
U B ; = Angular coefficient
A R 56 CL
0.08—
Y [_] systematic errors
0.06—
0.04—

0.02

Figure 3. Angular power spectra C(!) as a function of the multipole
1. Grey area represents the systematic effects.

an isotropic sky. Also systematic effects are considered tak-
ing into account the energy and angular resolution of the in-
strument. The resulting estimates are reported as grey bands
in Fig. 3.
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4 Conclusions

The analysis on the arrival direction of positrons detected by
PAMELA has been carried out. Results are consistent with
an isotropic distribution at all angular scales considered.
Also the power spectrum is compatible with the prediction
of an isotropic sky. The results of this analysis are in agreee-
ment with those published by Accardo et al. (2014) and
Ackermann et al. (2012), taking into account the differences
previously described.
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