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Abstract Changes in the cosmic ray cutoff rigidities for
middle and low latitudes are evaluated for the Forbush
decrease on October 20-22, 1989 from hourly values of the
Dst index and the modified DstR  index, which accounts
only increasing of the ring current. The magnetostorm
dynamical model using solar wind data available for the
initial phase of the event obtains values of the modified Dst
index. These results are compared with each other and with
data of the balloon flights in Moscow on October 20, 1989,
when solar protons of about atmospheric cutoff rigidity
have been observed in the stratosphere.

1. Introduction

In practice of cosmic ray variation studies we need to know
changes in the cutoff rigidity.  The procedure of cutoff
rigidity calculations was recently reviewed by Fluckiger et
al. (2000). The trajectory calculations of particle
propagation in the Earth magnetic field are only one way
for estimating cutoff rigidities. However, the Earth’s
magnetosphere is dynamic and the most widely used
magnetospheric models are quasi static. Apparently, the
problem is far from its final solution, especially for periods
of large geomagnetic activity.
Moreover, the trajectory calculations in the Earth magnetic
field take a lot of time and it is difficult to apply them
directly for a particular period of the geomagnetic activity
to study a particular cosmic ray event. Simple models,
which use some pre-calculated results, have been
elaborated for this purpose.
In this work we apply the model of Fluckiger et al. (1986)
to calculate changes of cutoff rigidities during the Forbush
decrease on October 20-22, 1989. We develop this model
and separate Dst into its contributions due to the ring and
magnetopause currents for October 20, 1989 using the
magnetostorm dynamical model of Olson and Pfitzer,
(1982). Input parameters of the model are solar  wind and
geomagnetic field data. All data were taken from the
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SPIDR database (http//spidr.ngdc.noaa.gov). Unfortunately
the solar wind data are not available for the later period of
the event on October 21-22, 1989.
The Forbush decrease on October 20-22, 1989 is one of the
greatest and interesting events of the previous solar cycle.
The decrease started on the background of the October 19
ground level enhancement and close to arrival of protons
with energy >500 MeV associated with the shock front.
This protons were observed during several hours  after  the
shock passage in the stratosphere in Moscow, but  the
Moscow neutron monitor didn't show a clear effect at that
time. The Forbush decrease was lasting about three days
and during its recovery phase occurred the next large GLE
on October 22, 1989. Estimates of cutoff rigidity changes
are the first step to study cosmic ray variations of different
origin during this complex event.

2. Model calculations

2.1 Cutoff rigidity

Fluckiger et al. (1986) proposed a procedure to estimate
changes of vertical cutoff rigidity and asymptotic directions
during geomagnetically active time periods for any specific

low-latitude or mid-latitude location ( )mm ΦΛ , . In this

model the change of the rigidity of first discontinuity 1R is

presented as a weighted sum of the horizontal component
of the equatorial surface magnetic field.
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The major changes of the cutoff rigidity are the result of
magnetic perturbations within ~600 E of the observation
location and magnetic perturbations located more than
~1200 E have practically no effect on the cutoff rigidity
values. Therefore, values of the equatorial magnetic field
are sampled in this model at interval of 1 hour in local time
from 00:00 to 07:00 to the east of the specified location. Its
values at one particular moment 0tt =  in the point with

local time Lt  are assumed to be equal
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