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Abstract. The large-scale anisotropy (or the so-called star-diurnal wave) has been studied using the calorimeter

of the space-born experiment PAMELA. The cosmic ray anisotropy has been obtained for the Southern and

Northern hemispheres simultaneously in the equatorial coordinate system for the time period 2006–2014. The

dipole amplitude and phase have been measured for energies 1–20 TeVn−1.
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1 Introduction

Despite the assumption that the arrival direction of cosmic

rays should be distributed isotropically due to the different

processes that they undergo during their propagation, scien-

tists have been searching for any anisotropies since the dis-

covery of cosmic rays in 1912. Till recent years, searches

for anisotropies were conducted with ground-based experi-

ments. Moreover, until the 1990s the obtained results were

strongly affected by atmospheric conditions and imperfec-

tions on experimental equipment. A further limitation was

that the experiments were carried out in a single (mostly

in the Northern) hemisphere, restricting the angular range

of the anisotropy measurement. The first results of large-

scale anisotropy measurements obtained from satellite data

are presented in this paper. The dipole phase and amplitude

were measured in a two-dimensional scale in an equatorial

coordinate system.

2 The PAMELA experiment

The PAMELA magnetic spectrometer is a satellite experi-

ment that was launched in the summer of 2006 and has been

operating since then (Adriani et al., 2014). The main scien-

tific goals of the experiment are the study of particle and an-

tiparticle fluxes in a wide energy range. The PAMELA appa-

ratus consist of several various detectors positioned around

a magnetic spectrometer (tracker). While the tracker is able

to measure the deflection of particles in the magnetic field

up to energies of about 1 TeV, another PAMELA subdetector

– a calorimeter, can be used to extend the measured energy

range. Furthermore the calorimeter allows us to measure par-

ticle direction over a wide range of angles. The calorimeter

consists of 44 silicon planes, with 96 strip detectors in each

one; interleaved with 22 tungsten layers. In neighboring sil-

icon planes, strips are orthogonal, providing topological and

longitudinal information of the shower development.

2.1 The particle selection and reconstruction of their

arrival

To measure the particle direction, the shower axis inside the

calorimeter was used. The iterative procedure was used to

restore the axis along the primary particle track throughout

the 44 planes (Borisov et al., 2013). This procedure is a fit of

the center of gravity of energy released in each plane of each

view. The axis reconstruction is possible when inclination of

the particle direction respect to the vertical of the calorime-

ter is less than 15◦. Events for which the shower axis was

reconstructed were further selected based on their total en-

ergy deposition in the calorimeter. A cut threshold was set

at the level of 180 000 mip corresponding to particles with

energy 1–20 TeVnuc−1. The obtained statistics allowed the

study of the anisotropy in a one-dimensional map as a func-

tion of right ascension – RA.
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Figure 1. The simulated dipole anisotropy with an amplitude of

10 %.

2.1.1 The isotropy map creation

To create an isotropy map for comparison with the experi-

mental one a shuffling method was used (for details see Kare-

lin et al., 2013). The idea of this method is to randomize the

reconstructed directions of events. A set of isotropic simu-

lated events can be built by randomly coupling the times and

the directions of real events in local instrument coordinates.

The randomization is implemented starting with the position

of a given event in the PAMELA frame and exchanging it

with the direction of another event, which was selected ran-

domly from the data set with a uniform probability. Since

this method was designed mostly to study point sources, es-

pecially in gamma-ray astronomy, its reliability for dipole

anisotropy studies with the PAMELA calorimeter had to be

verified. A data subset from the experimental data was used

to construct the dipole anisotropy, which looks as expected

from previous measurements, but with an amplitude of or-

der 10 %, see Fig. 1. The shuffling method was applied to

this handmade dipole anisotropy. As it is seen in Fig. 2, the

features of the simulated anisotropy disappeared, and the ob-

tained distribution looks similar to the isotropic case (they

are different because the distribution with the dipole is part of

the experimental distribution). The results of this test proves

that the method can be used with the PAMELA calorimeter

experimental data for the dipole anisotropy search.

3 The results

In Fig. 3, the obtained dipole anisotropy is shown. The dipole

is obtained by integrating events within 180◦ (right acces-

sion) with shift of 5◦ of each bin. The data set covers the

time period 2006–2014. The anisotropy is measured in the

equatorial coordinate system in terms of relative intensity

(Karelin, 2015). The phase is 27 ± 8, and the amplitude is

0.0011 ± 0.0001. The amplitude is in excellent agreement
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Figure 2. The comparison of the two data sets after applying the

shuffling method, red dots – the initial data set and blue dots –the

data with the dipole anisotropy.
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Figure 3. The Ir / Is-1 depending on RA. Ir – the real intensity, Is –

the simulated isotropic intensity. The red line is a fit by a sine wave.

with HAWC (BenZvi, 2014), Ice-Cube (Santander, 2013)

and Bacsan results (Lidvansky et al., 2007), while the phase

is also in agreement with Bacsan one and Super-Kamiokande

(Guillian et al., 2007).
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