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Abstract. We analyze ground level solar cosmic ray
enhancements (GLE) registered by means of Alma-Ata
high-altitude neutron monitor during 1976-2001 years. This
includes the observation at the Earth of high energy
protons, generated by the powerful solar flares. It is
presented the table of these events. Alma-Ata high altitude
neutron monitor has a favorable location (3340 m above sea
level) and very good statistics (about 1200 counts per
second). The analysis of ground level enhancements and
solar sources of these events connected with coronal mass
ejections (CME) are carried out. It is shown that the solar
activity responsible for the considered ground level
enhancements extends throughout large areas on the solar
disk and includes large CMEs. This may tell on the
conditions of the escape and propagation of high-energy
particles accelerated in flares.

———————————————————————

1 Introduction

The observation at the Earth of solar protons generated
during powerful solar flares allows us to obtain unique
information on the Sun's flare process and particle
acceleration mechanisms. The Alma-Ata-B high-altitude
neutron monitor (Institute of Ionosphere, Republic of
Kazakhstan) has a favorable location and very good
statistics (about 1200 counts per second) to detect different
cosmic ray effects. The combination of geomagnetic cut-off
rigidity (6.7 GV) and high altitude (3340 m above sea level)
makes our station enable to record GLE for the events
where maximal rigidity of the protons exceeds 6.7 GV
(kinetic energy 5.8 GeV). The high statistical accuracy of
the 18 tube NM64 Alma-Ata neutron monitor makes space
(Kahler, 1996; Cane at al., 1988, Reames at al., 1999). The

most relativistic solar proton events have maximal energy
possible detection GLE at this geomagnetic latitude to
estimate the upper energy threshold of particles accelerated
in the solar flare. These processes are connected with CME
and other phenomena on the Sun and in the interplanetary
of particle close to this cut-off value, so the Alma-Ata
station is ideal for detecting upper energy limit in many
relativistic proton events. The upper energy limits for GLE
12.10.1981, 26.11.1982 and 7.12.1982 were estimated as
9±1, 11±2 and 9.5±1.5 respectively (Zusmanovich and
Shvartsman, 1989). Although recorded magnitudes of
GLEs are usually very small at these geomagnetic latitudes
the high statistical accuracy make possible detection of
these events at this point.

2 The analysis of some events

During 1976-2001 years there were recorded 25 GLE
events by means of high altitude Alma-Ata neutron
monitor. The catalogue of these events with performance
data are presented in Table 1.

2.1 The GLE Event of September 29, 1989

This one of the most powerful GLEs with the peak
amplitude of 344.4 % is identified with the 2N/X9.8 flare (~
11:30 UT) in the AR 5698 located behind the south-west
limb (S24 W>90). On the H-alpha heliogram, the top of the
optical ejection or loops is visible. The corresponding CME
was observed as a large trans-equatorial loop. Therefore,
the flare is only a part of much more large-scale activity
involving both the south and north hemispheres. This is the
most powerful GLE was recorded by means of Alma-Ata
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