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Abstract: Using data from the worldwide network of neutron monitors and the method of spectrographic global sur-
vey, we calculated variations in cosmic ray (CR) rigidity spectrum and anisotropy during CR intensity increase 
caused by the solar flare event of 15 June 1991. Spectra of CR and phases of the CR pitch-angle anisotropy at differ-
ent moments of this event are presented.  
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1 Introduction

A solar flare is a process of energy release in the 
solar atmosphere (mainly as electromagnetic radiation) 
and is the most powerful manifestation of solar activ-
ity. During powerful flares, acceleration of charged 
particles of solar plasma to high energies is often ob-
served. Some of these particles are emitted in inter-
planetary space and are referred to as solar cosmic rays 
(SCR). The SCR flux during the most powerful events 
is so intense that it causes increase in cosmic ray (CR) 
flux on the Earth’s surface - the so-called GLEs 
(Ground Level Enhancements).  

Many papers presenting research into different as-
pects of solar-terrestrial relations (e.g., [1–3]) deal with 
the GLE analysis. 

In 1991, solar maximum was observed, along with 
active regions (AR) on the Sun that could produce 
flare. On 1–15 June 1991, there were 6 intense flares, 
five of them exceeded 12.5.  

The paper aims at studying increase in the CR in-
tensity recorded by the ground-based network of neu-
tron monitors and related to the powerful 3B/X12+ 
solar flare and heliocoordinates 33� N and 69� W; the 
flare took place in AR 6659 on 15 June 1991 [4, 5]. 
According to the GOES-7 data, the flare commence-
ment in the H� line was registered at 08:10 UT. Ac-
cording to data from ground-based installations, GLE 
started �09:30 UT.  

 

2 Data and method 

For the analysis, we used data from the worldwide 
network of neutron monitors, corrected for pressure 
and averaged over hourly intervals. Modulation ampli-
tudes were measured from the background level of 3 
March 1991. Data from 44 neutron monitors and the 
GOES-7 spacecraft were used [6] (protons in 7 energy 
intervals from 0.8 MeV to 500 MeV). 

Method of spectrographic global survey [7, 8] was 
used to perform analysis. The method allowed us to 
study variations of the CR rigidity spectrum and anisot-
ropy as well as changes in the planetary system of 
geomagnetic cutoff rigidities (GCR) per each observa-
tion hour, using ground observation data.  

 

3 Analysis results 
 
Figure 1 shows relative changes in the CR intensity at 

R = 4 and 10 GV, depending on asymptotic directions in 
the solar-ecliptic geocentric coordinate system for differ-
ent moments of time on 15 June 1991. Crosses denote 
hourly values of direction of the interplanetary magnetic 
field, according to direct measurement data [9]. 

Using GOES-7 data and derived values of rigidity 
spectrum variations, we calculated spectrum whose 
type [10] was obtained within the framework of the CR 
modulation model by regular electromagnetic fields of 
the heliosphere.  
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Figure 2 presents differential CR rigidity spectra at 

different moments of time on 15 June 1991 together 
with the CR background spectrum (3 March 1991): 
blue curve depicts calculation results of the spectrum at 
given moments of time; triangles, observation data; red 
curve, the calculated background spectrum; dots, ob-
servation data. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1. Relative changes in the CR intensity at R = 4 and 10 GV, depending on asymptotic directions in 
the solar-ecliptic geocentric coordinate system for different moments of time on 15 June 1991. 

 
 

4 Discussion of results and conclu-
sions 

 
Time profiles of CR intensity variations under ob-

servation are significantly different at different CR 
stations of the worldwide network. At high-latitude and 
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some mid-latitude stations (GCR less than � 2–3 GV), 
we observed 5–30 % increase in the CR intensity on 
15 June 1991 at 10:00 UT. Maximum value of the CR 
intensity increase (30 %) was registered at the South 
Pole Station. At the same time, decrease in the inten-
sity was observed at stations with higher GCR values.  
Notice that increase in the CR intensity coincided with 
recovery phase of the Forbush decrease that had started 
after the geomagnetic storm on 13 June 1991.  

According to Figure 1, the anisotropy is relatively 
stable. For particles with rigidity R = 4 GV, the second 
harmonic was observed on 15 June 1991 at 09:00–
12:00 UT; at 10:00 UT (during the flare), the CR inten-
sity increased by ~ 30 % from direction � ~ 150�, � ~ -
60�, and by 25 % from direction � ~ 300�, � ~ 40�. At 
13:00 (2 hours after the flare), the first harmonic was 
observed, the CR intensity decreased by ~ 85 % in 
direction � ~ 95�, � ~ 0�. For particles with rigidity R 
= 10 GV, variations in angular distribution are identical 
to variations in particle intensity with rigidity R = 4 
GV, with the exception of the moment of time 10:00 
UT (during the maximum increase in CR) when the 
first spherical harmonics is dominating for particles 
with rigidity R = 10 GV; at the same time, bidirectional 
anisotropy is well pronounced for particles with rigid-
ity R = 4 GV. 

 

 
 
Figure 2. Differential background spectra of CR at 
different moments of GLE on 15 June 1991: blue curve 
depicts calculation results of the model spectrum at 
given moments of time; triangles, observation data; red 
curve, the calculated background spectrum; dots, ob-
servation data. 

According to Figure 2, the type of spectrum that we 
use describes well the dependence of the CR intensity 
under observation on the CR rigidity throughout the 
time interval being analysed.  On 15 June 1991 at 
08:00 UT, we observed continuation of the Forbush 
effect (that had started on 13 June 1991) at rigidities 
more than ~0.8 GV. At 09:00 UT, increase in intensity 
of protons with rigidity up to ~2–3 GV started; at 10:00 
UT, an increased intensity of particles was observed up  
to rigidities ~7–8 GV. In the region of higher energies, 
decreased intensity of particles (relative to the undis-
turbed level) was observed at the same time. During the 
subsequent hours, situation turned back to the moments 
preceding the GLE onset. 

The increase in low-energy proton fluxes (~0.8 
<R<~2–3 GV) in the Earth’s orbit before that in 
higher-energy particles provides complementary in-
formation  concerning study of the SCR acceleration 
mechanisms and the SCR propagation in interplanetary 
space. 
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