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Abstract: Precise spatial distribution of electrons and positrons fluxes in energy range from 80 MeV to several GeV 
below the geomagnetic cutoff rigidity were obtained using data of the Pamela spectrrometer. It was lanched on June 
15th 2006 onboard the Resurs-DK satellite on an elliptical orbit (The inclination is 70є, tha altitude is 350-610 km). 
The work presents measurements of spatial distribution of seconadaries produced in interactions of cosmic ray pro-
tons with the atmosphere in the near Earth space. 
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1 Introduction 
 
It is well known that fluxes of secondary particles meas-
ured below geomagnetic cutoff strongly depend on direc-
tion of flight relate to Earth magnetic field[1]. Besides L-
shell and Earth magnetic field strength B intensity of flux 
depends on pitch-angle and phase-angle. Unfortunately 
most of satellite experiments measured sub-cutoff par-
ticles does not allow to obtain a direction of registered 
particle with high accuracy. Therefore it is very impor-
tant to take direct measurements of  spatial distribution of 
particles on different L-shells. Relatively large quantity 
of parameters which flux is depend on needs large statis-
tics. 
Tha PAMELA instrument[2] is inserted inside a pressu-
rized container attached to the Russian Resurs-DK satel-
lite. It was launched from Bajkonur cosmodrome on June 
15th 2006 onboard the satellite placed into 70є inclination 
quasi-polar orbit.A period of satellite rotations is about 
92 minutes, that corresponds 16 orbits per day. During its 
flight Instrument have possibilities to register sub-cutoff 
particles from L-shell 0.9 to ~5. Magnetic spectrometer 
of Pamela measures direction of incoming particle with 
accuracy ~2є. This accuracy and relatively large accep-
tance allow to accumulate large statistic gives good pos-
sibility to measure spatial distribution very accurately. 
Method of measuring pitch- and phase- distribution of 
sub-cutoff particles is present.  Spatial distribution of 
electrons and positrons of different energies was obtained 
for different L-shells. 
 

2 Method 
 
The method of measure of spatial distributions of sub-
cutoff particles is based on comparisons of registered 
particles spatial distribution with one expected from an 
isotropic flux. To get an isotropic mask, i.e. expected 
isotropic distribution we use time-shuffling technic [3] . 
Such approach guarantee, that live time and efficiency 
for registered and isotropic map is the same. In this me-
thod an probability distribution function P(θ ,φ ) is as-
sociating to each registered events. Where θ  and φ  is 
zenith and azimuth angle in Instrument reference frame, 
they represents instruments field of view.  Knowing at 
each moment position and orientation of instrument re-
late to Earth magnetic field we can transit P(θ ,φ ) into 
geomagnetic reference frame where spatial distribution is 
measured. Distributed each events in space accordingly 
with P(θ ,φ ), transited to geomagnetic reference frame, 
we obtain expected isotropic map for set selected events. 
For obtaining isotropic mask in instrument reference 
frame we suggest two ways both of which needs isotrop-
ic flux. In first case it is modeled with Monte-Carlo me-
thod, using this method very detailed mask can be made. 
But this methods need s taking into account, that  effi-
ciency of instrument changes in time. Another way is to 
use particles of naturally isotropic flux of previous cos-
mic rays, measured in polar areas, in such approach all 
changes in efficiency is included in mask naturally. 
On figure1. registered and expected isotropic pitch-
angular distribution of 0.8 GeV positrons selected in area  
1.12<L<1.18, B<0.216Gs is shown. 
 

                                                              DOI: 10.7529/ICRC2011/V11/0567

Vol. 11, 376



                                                            MALAKHOV V.V ET AL.  SUB-CUTOFF SPATIAL DISTRIBUTION OF ELECTRONS AND POSITRONS MEASURED WITH PME-LA 

 

Fig.1. Pitch-distribution of positrons selected and ex-
pected isotropic mask 
 
For events in those two distributions next expression is 
correct for each pitch-angle: 
I(ψ )/Iiso = N(ψ )/ Niso (ψ )   
 (1) 
Where I(ψ ) – intensity of flux in direction ,related to 
pitch-angle ψ ; Iiso – Intensity of isotropic flux, if regis-
tered events were distributed isotropically, N(ψ ) - num-
ber of selected events from pitch-angle ψ , Niso (ψ ) - 
number of events in expected isotropic distribution from 
pitch-angle ψ . On figure 2. pitch-distribution of posi-
trons of 0.8 GeV measured in L-shells from 1.12 to 1.18 
is shown. This intensity of flux from pitch-angles 87.5º - 
92.5º was set to 1. 

 
.Fig.2. Pitch-angular distribution of positrons E=0.8 GeV 
  
When pitch-angular distribution is obtained, it is enough 
to measure intensity of directional flux just in one direc-
tion to get intensities of flux in all directions using for-
mulae (1). In the same way can be obtained two dimen-
sions pitch-phase-angles distribution, i.e. spatial distribu-
tion. 

3 Results 
Method of measuring of spatial distribution were present. 
Pitch-phase-angle distributions of positrons and electrons 
of different rigidities for different L-shells were obtained. 
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