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Sub-cutoff electrons and positrons spectra measured with PAMELA
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Abstract: Precise spectra of electron and positron fluxes in energy range from 80 MeV to several GeV below the ge-
omagnetic cutoff rigidity were obtained using data of the PAMELA magnetic spectrometer. It was launched on June
15th 2006 onboard the Resurs-DK satellite on an elliptical orbit (the inclination is 70, the altitude is 350-610km). The
work presents measurements of spatial distributions of secondaries produced in interactions of cosmic ray protons with
the residual atmosphere in the near Earth space. Altitude , latitudinal and longitudinal dependences are discussed. These
results are particularly interesting for more accurate definition of flux model in the Earth magnetosphere.
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1 Introduction

High energy cosmic ray particles interact with residual at-
mosphere of the Earth producing secondary particles in-
cluding electrons and positrons. High energy electrons and
positrons flux of secondary origin was first calculated in
paper [1]. Namely in this work it was considered process
of cosmic ray proton interactions with charged pions pro-
duction which then decay throw π ± − > μ ± − > e ±

chain. Part of them can be trapped by a geomagnetic field.
Because production rate is proportional to cosmic ray in-
tensity Icr, residual atmosphere density ρ(h) and particle’s

time of live is ∝1/ρ(h) then intensity of secondary parti-
cles J(h)∝ Icr· ρ ·T will be constant with altitude in wide
altitude range forming so-called lepton halo.
The work presents PAMELA spectrometer measurements
of spatial distributions of secondaries electrons and
positrons made in 2006-2010 years. The magnetic spec-
trometer PAMELA, set onboard the Resurs-DK1 satellite,
was launched on the 15th of June 2006 and inserted in a
quasi-polar (700 inclination) elliptical orbit at an altitudes
between 350 and 600 km. Preliminary results of PAMELA
observation of secondary electron and positron fluxes near
the Earth, which were made in first year of the flight , were
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reported in paper [2]. At present time experiment is contin-
uing , about 20TB data were downlinked for analysis dur-
ing 5 year of the work. Large accumulated statistics allows
to study more deeply albedo forming. Additional data gives
possibility to investigate pitch-angle , altitude , latitudinal
and longitudinal dependencies of the fluxes. These results
are particularly interesting for more accurate definition of
flux model in the Earth magnetosphere.

2 PAMELA spectrometer

The instrument consists of a Time-of-Flight system (TOF),
an anticoincidence system, a magnetic spectrometer, an
electromagnetic calorimeter, a shower tail catching scintil-
lator and a neutron detector [3]. The TOF system gives the
main trigger for particle acquisition, measures the absolute
value of the particle charge and its flight time while cross-
ing the apparatus (the accuracy is better than 350 psec). A
rigidity is determined by the magnetic spectrometer, com-
posed by a permanent magnet with a magnetic field inten-
sity 0.4 T and a set of micro-strip silicon planes. During
flight the spatial resolution is observed to be ∼4 μ, cor-
responding to a maximum detectable rigidity (MDR) ex-
ceeding 1 TV. The final particle identification is provided
by the calorimeter, a series of mini-strip silicon layers in-
terleaved by tungsten planes (16.3 radiation and 0.6 nuclear
interaction lengths deep). Particles not cleanly entering the
PAMELA acceptance are rejected by the anticoincidence
system. Using of the TOF system, the magnetic spectrom-
eter and additional analysis of the calorimeter information
allows extracting leptons and measuring their energy (from
50 MeV to several hundred GeV) effectively. An accep-
tance is about 21.6 cm2sr.
The main axis of PAMELA points to a local zenith. Orbit
characteristics allow measuring particles with pitch angles
(the angle between the particle velocity and the magnetic
field vector) of about 80-900 in the equatorial region. An
angle between the main axis of PAMELA and magnetic
field decreases with latitude, so for middle and high lati-
tudes we can observe less values of pitch angles.

3 Data Analysis

For each registered event the following parameters were
measured or calculated: a number of tracks and energy
losses in the magnetic spectrometer planes; a rigidity and a
track length (by fitting the track in the magnetic field [3]);
a time of flight. A particle velocity was calculated using
the time of flight and the track length. Also set of variables
deals with point of interaction, transversal and longitudinal
profiles was calculated for calorimeter.
Electrons and positrons were identified using information
about dE/dx energy losses in the spectrometer, shower
properties in the electromagnetic calorimeter, particle ve-
locity and a rigidity.

The misidentification of protons and pions is the largest
source of background. This can occur if electron and pro-
ton’s electron-like interaction patterns are confused in the
calorimeter data. Particle identification based on the total
measured energy and the starting point of the reconstructed
shower in the calorimeter can be tuned to rejection power
10−4 - 10−5 for protons and pions, while selecting > 80-
90% of the electrons or positrons over all energy range.
Gathering power of the instrument was estimated with
Monte-Carlo simulation with official Pamela Collaboration
software [3]. An efficiency of the instrument may change
with time and must be taken into account carefully in a data
proceeding. It was verified from experimental data itself by
using different combination of information from imaging
calorimeter, magnetic spectrometer and time of flight sys-
tem. To reconstruct differential energy spectra unfolding
method [4] was used to take into account resolution of the
magnetic spectrometer.
Using a geographical coordinates and an orientation of
PAMELA as a function of time, the McIlvain geomag-
netic coordinates L-shell and B were calculated for every
event. For the calculation, the model IGRF05 (http: //nss-
dcftp.gsfc.nasa.gov/models/geomagnetic/igrf) of the Earth
magnetic field was used. We analyzed electron and
positron fluxes mainly in the equatorial region (Lshell≤
1.2). The South Atlantic Anomaly was rejected selecting
B>0.23 G.
To determine the pitch-angle of particles a position and an
inclination of the satellite, ascending angles of particles in
the instrument are taken into account. Accuracy of pitch-
angle calculation is about 20.

4 Results and Discussion

For the extracted events dependence of e+/e- ratio on par-
ticle energy for the equatorial region below the Earth Inner
Radiation Belt (L-shell = 1.15-1.25, B > 0.23G) is pre-
sented on figure 1. We can see that e+/e- ratio depends
on particle energy and reaches the maximal value of about
4-5 for energy region from 500 to 800 MeV. So in this re-
gion positrons predominate over electrons. This result is in
agreement with the AMS-01 results [5] in the same energy
range. Such large e+/e- ratio can be naturally explained by
a East- West asymmetry of primary protons in the Earth
vicinity (see e.g. [6, 7] ). Electrons with big Larmor ra-
dius (with high energy) loss their energy in the atmosphere
and scatter, while positrons with the same energy turn to
the opposite direction in geomagnetic field and can be reg-
istered. For lower energies Larmor radius of particles de-
creases and this effect becomes lower. So the ratio will
approach unity while energy decreasing below 100 MeV.
A e+/e- ratio diminution in the high energy region (more
than ∼ 1 GeV) concerns with a contribution of primary
cosmic rays. Considering real efficiencies of the PAME-
LAs detectors differential energy fluxes of positrons and
electrons under the Radiation Belt were obtained. In [2] it

Vol. 6, 26



32ND INTERNATIONAL COSMIC RAY CONFERENCE, BEIJING 2011

0,1 1 10 100 
0

1

2

3

4

5

F p
os
/F e

l

Energy, GeV

 L=1.2

Figure 1: e+/e- ratio on particle energy for the equatorial region below the Earth Inner Radiation Belt (L-shell = 1.15-1.25,
B > 0.23G)
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Figure 2: Positron to electron ratio in the equatorial region
vs local pitch angle (L-shell =1.15-1.25 and B > 0.23G ).

was noted that at low energies electron and positron fluxes
measured in the PAMELA experiment are slightly less then
fluxes measured in AMS-01 experiment. To explain this
difference it was suggested that an anisotropy of secondary
lepton fluxes and differences between AMS and PAMELA
aperture (aperture of AMS-01 is larger, so it registers parti-
cles coming from lateral directions) leads to differences in
observed fluxes .
These statements could be verified with using pitch-angle
dependencies of positrons and electrons. If East-West ef-
fect play really important role one could expect increas-
ing of positron fraction for pitch-angles about 90 degrees.
Along magnetic filed lines (small pitch-angles) asymmetry
is absent and ratio should approach value about 1-1.5 which
deals with cross-sections of charge pion productions.
Figure 2 demonstrate experimental distribution of positron
to electron ratio versus local pitch-angle for the same L
and B coordinates as on figure 1 and for E=1GeV. Data
are strongly peaked near pitch-angle 900.

Due to high accumulated statistic experimental data show
very detail dependence of electron and positron fluxes on
particle energy in different spatial regions near the Earth.
As an example, for electrons and positrons differential
spectra, a longitudinal analysis was performed for two
close latitudes intervals L=1.0-1.1 and L=1.1-1.2. The re-
sults are presented in figures 3 which shows positron and
electron fluxes versus geomagnetic longitude. Note a dif-
ferent behavior of the electron and positron at longitude
1200. Probably this is due to a combination of: East-West
asymmetry of the geomagnetic cutoff, forward peaking of
the production cross-section and atmospheric absorption of
the produced leptons.
Several attempts were made to estimate secondary electron
and positron fluxes [8, 9, 10, 11]. Nowadays experimental
accuracy was not reproduced in calculations to date. So the
results obtained by PAMELA spectrometer can be used to
specify existing models.

5 Summary

Secondary electron and positron fluxes have complex spa-
tial structure caused by geomagnetic field, production
cross-section and atmospheric absorption of produced lep-
tons. Measured in the PAMELA experiment electron -
positron fluxes and their ratios due to large accumulated
statistics allow to study of albedo forming quantitatively
and to elaborate an empiric model of secondary particles in
the near Earth space.
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Figure 3: Electron and positron fluxes with E=0.2 GeV vs longitude for L<1.1 and L=1.1-1.2.
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Figure 4: Electron and positron fluxes with E=2GeV vs longitude for L<1.1 and L=1.1-1.2..
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