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We present a measurements of electron and positron fluxes below the geomagnetic cutoff rigidity
in wide energy range from 50 MeV to several GeVs by the PAMELA magnetic spectrometer. The
instrument was launched on June 15th 2006 on-board the Resurs-DK satellite on low orbit with
70 degrees inclination and altitude between 350 and 600 km. Features of spatial distributions of
secondary electrons and positrons in the near Earth space, including the South Atlantic Anomaly,
were investigated in terms of lifetime and geographical origin. The separation in stably trapped
, long lifetime quasi-trapped, and short lifetime albedo components was performed on base of
back tracing procedure in geomagnetic field. A significant difference in relative abundance of
positrons with respect to electrons is seen for the stable trapped and the quasi-trapped populations

what pointing out on differences in trapping mechanism of those populations.
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1. Introduction

Electrons and positrons produced by inelastic cosmic ray interactions with residual atmosphere
execute their trajectories in the Earth magnetic field. Secondary electrons and positrons may per-
form many oscillations from one hemisphere to other and drift around the Earth in longitude di-
rection. Flux of such secondary electrons was first calculated in paper [1]. This mechanism was
confirmed in several experiments starting from seventieth. More modern Monte-Carlo simulation
also were undertaken to explain results of AMS-01 experiments [2], e.g. [4, 3]. It was shown that
well-known East -West effect leads to positron excess in near equatorial region for quasitrapped
and trapped components from this source.

This work presents PAMELA spectrometer measurements of secondaries electrons and positrons
under geomagnetic cut-off. The magnetic spectrometer PAMELA was launched on board the
Resurs-DK1 satellite on the 15th of June 2006 and it was continuously taking data till 23 Jan-
uary 2016. The satellite had a quasi-polar (70° inclination) elliptical orbit at an altitudes between
350 and 600 km. After September 2010 the orbit was changed to circular with altitude 570 km. Pre-
liminary results of PAMELA observations of secondary electron and positron fluxes near the Earth,
which were made in first years of the flight , were reported in papers [5, 7]. New approach based
on analysis of particles trajectories in the Earth magnetosphere allows to separate stably trapped
component of secondary electrons and positrons from quasitrapped (less then one drift around the
Earth) and re-entrant albedo (only one oscillation between mirror points) components. Prelimi-
nary results pointed out on possible different origin of trapped and quasi-trapped species. In this
work additional data set was added at low energy with improved data selection. Energy interval
was enlarged till 70 MeV and it allows to study secondary electrons and positrons generation and
propagation in magnetosphere with more details.

2. PAMELA spectrometer

The PAMELA instrument consists of a Time-of-Flight system (TOF), an anticoincidence sys-
tem (AC), a magnetic spectrometer, an electromagnetic imaging calorimeter, a shower tail catching
scintillator and a neutron detector (ND) .

The TOF system gives the main trigger for particle acquisition, measures the value of the
particle charge and its flight time while crossing the apparatus (the resolution is about 0.35 ns).
A rigidity is determined by the magnetic spectrometer, composed by a permanent magnet with a
magnetic field intensity 0.4 T and a tracker with six micro-strip silicon planes.

The electron and positron identification is provided by the calorimeter, a series of X-Y strip
silicon layers interleaved by 22 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, the magnetic spectrometer, neutron detector and the calorimeter infor-
mation allows identification of electrons and positrons and measuring their energy from 100 MeV
to several hundred GeV with high efficiency. The satellite had three axises stabilization and the
PAMELA instrument was pointed mainly to a local zenith. The acceptance is about 21.6 cm?sr [6].
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Figure 1: Examples calculated trajectories of electrons and positrons detected during several orbits

3. Data Analysis

Electrons and positrons were identified using information about dE/dx energy losses in the
spectrometer planes to determine charge IZI=1 , shower properties in the electromagnetic calorime-
ter, particle velocity B ~1 and a sign rigidity. The misidentification of protons and secondary pions
is the main source of background. The rejection power based on combination the calorimeter data,
rigidity, B and ND data is about ~10* - 10° for protons and pions, keeping ~ 70-80% efficiency
of the electrons or positrons in energy range above ~400 MeV . At low energy particles cross only
few calorimeter planes and more strict cuts have to be applied to data from TOF, AC, ND and
tracker.

Total accumulated statistic for electrons and positron is about 4x10° in whole energy range
both for primary and secondary particles.

Using known geographical coordinates and orientation of the PAMELA instrument along the
satellite orbit , the Mcllvain geomagnetic coordinates L-shell and B were calculated for every event.
For the calculation the IGRF model(http: //nssdcftp.gsfc.nasa.gov/models/geomagnetic/igrf) of the
Earth magnetic field was used.

To determine origin of detected particles the backtracing procedure was applied for every iden-
tified events to obtain their trajectories in the Earth magnetosphere before detection. The tracing
was stopped if particles touched the Earth atmosphere on 40 km altitude or escaped magneto-
sphere. Escaping boundary was chosen to be 20000 km. In present analysis maximal time of
tracing was 50 s that corresponds to drift time of 70 MeV electrons around the Earth. MSIS mode
(https://ccmc.gsfc.nasa.gov)l was used to determine the thickness of the traversed matter in the
atmosphere. Trajectory analysis allows to determine particle origin for every individual

event. Figure 1 shows examples calculated trajectories of electrons and positrons detected
during several orbits. Totally about ~2x10 ¢ events were backtraced.
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Figure 2: Regions where positrons were detected . Figure (a) shows primary particles. Figure (b) shows
re-entrant albedo.

Typically galactic particles reach the satellite orbit for time less then 0.1 second from the
boundary of the magnetosphere. But if electron or positron rigidity is just slightly lower geo-
magnetic cut-off rigidity this time may increase dramatically up to ~1 s due to prolonged chaotic
motions in the Earth magnetic field. Secondary re-entrant albedo have a peak near 0.1 second
corresponding to particles motion along magnetic field lines from one hemisphere to the other. A
long time intervals correspond to quasitrapped particles performing many oscillations. Drift time
increases with decreasing of particles rigidity. There is alsofraction of particles with very long
lifetime which make many drift motions around the Earth.

Figures 2 and 3 show geographical coordinates detected positrons of different origin. Primary
particles are observed mainly in polar regions and above cut-off rigidity near equator (figure 2a).
This component consist of mainly electrons. Secondary albedo component with small pitch-angles
is observed below geomagnetic cut-off for all latitudes (figure 2b) and quasitrapped and trapped
particles can be measured near equator and in South Atlantic Anomaly (SAA) (figure 3).

Maximum of count rate of trapped component is observed at L-shell about 1.18 and it is
increasing with local magnetic field B decreasing below 0.215 G. Inside this region positron to
electron ratio is maximal near West part of the South Atlantic Anomaly.

Finally, primary electrons and positrons with high rigidity R were excluded from analysis
together with particles in transition region near geomagnetic cut-off , applying condition R< 10/L3
[GV], where L is geomagnetic L-shell.

4. Results and Discussion

Due to high accumulated statistic the experimental data show very detail dependence of elec-
tron and positron fluxes on particle energy in different spatial regions near the Earth. Figure 4
shows obtained in PAMELA experiment positron to electron e*/e™ ratio for quasitrapped , re-
entrant and stably trapped particles. Results for albedo and quasitrapped particles are in agreement
with AMS-01 data. Calculations in paper [4, 3] shows that well-known East -West effect leads
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Figure 3: Regions where captured by the Earth magnetic field positrons were detected . Figure (a) shows
quasitrapped particles. Figure (b) shows stably trapped particles.

to positron excess in near equatorial region for quasitrapped and trapped components from cos-
mic ray interaction with residual atmosphere. Surprisingly , positron fraction of trapped particles
is much smaller then for quasitrapped component and more close to albedo one. This result also
difficult to explained by additional productions of electrons and positrons inside radiation belt by
trapping protons interactions. As it was calculated in paper [4] this mechanism produces mainly
low energy E<100 MeV positrons. Figure 5 presents count rates of trapped electrons and positrons
in central part of SAA (right) where B<0.2 G and near border of the region 0.2<B<0.23 G (left)
at L-hell~1.18. With more deep entering into radiation belt positron fraction is decreasing and

electrons begin to prevail.
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Figure 4: Positron to electron e /e~ ratio for quasitrapped , re-entrant and stably trapped particles.



Measurements of positrons and electrons fluxes Vladimir Mikhailov

16
—a— " e 1.2 o e+
14 ® e+ " e
104 ——
——

124 ———%— - —f—
3 —— 3
©10{ —a— o © 08
Q L ——
§ 0,8 ""‘* S 064 +=.=
= he € — :S:
S 0,64 HH 19t =} :t:
8 8 0,4

0,4 g i

iy 02 .,
02 Ii.‘. - 0
0,0 . ﬁ“ 0,0 T T m“-
01 1 0,1 1
Energy, GeV Energy, GeV
[a] [b]

Figure 5: Trapped positron and electron count rate vs energy. Figure (a) shows region B>0.2 G. Figure (b)
shows region B<0.2 G.

5. Summary

Secondary electron and positron fluxes have complex spatial structure caused by geomagnetic
field, production cross-section and atmospheric absorption. Measured in the PAMELA experiment
fluxes of electrons and positrons point out on differences in production or trapping mechanisms for
stably trapped into inner radiation belts particles and quasitrapped particles on low edge of the belt.
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