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Abstract: According to the temporal variations of CR rigidity spectrum parameters the dynamic
processes are researched in the interplanetary space and it is found that the variation of
electromagnetic characteristics of heliosphere begins up to the sporadic phenomena on the Sun. In
particular, it is shown that before the sporadic phenomena the generation of local polarization electric
fields, magnetic fields intensity decrease in the small-scale heliosphere structures and also the
increase of potentials difference between the pole and the surface of ecliptics take place. Use of the
given features combination allows carrying out the forecast of solar proton events with the advance
term from several hours up to several tens of hours with a high degree of defense.

Introduction

Carrying out the forecast of solar proton events
(SPE) is concerned with sufficient difficulties
conditioned by the set of complicated
circumstances general of which is the absence of
theoretically proved algorithms for the given
problem solution. Because of this reason we
cannot determine the necessary and sufficient
features for the identification of the pre-flare
situation on the Sun. But, even in the case if this
problem was solved there would appear the
difficulties with the forecast of localization fluxes
of accelerated particles in the interplanetary space
and, consequently — with the forecast of their
reaching the Earth. Almost the only possible
situation where the problem of SPE forecasting
can be solved is the situation when the
accumulation of the flare energy takes place as a
result of the dynamics of current systems
localized not only in solar corona, but spreading
up to some distances in heliosphere. In this case it
is worth trying to find the SPE precursors on the
basis of heliosphere diagnostics according to the
effects in cosmic rays (CR). Moreover, such
diagnostics is carried out in the field lines of
interplanetary magnetic field (IMF) that bind at
the present moment the Earth with the
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corresponding regions on the Sun. Notes for the
existence of such situations are taken from the
works [1-3]. The goal of the proposed work is the
realization of such an opportunity.

Data and method

For the analysis we had used the middle-hour
observation data of protons intensity of the
energetic scales 4-9, 9-15, 15-40, 40-80, 80—-165
and 165-500 MeV obtained at the satellite GOES-
10 [4] and the CR intensity variations data of
various rigidities obtained by the method of
spectrographic global survey (SGS) [5] according
to the ground measurements at the global network
of neutron monitors (38 stations).

When analyzing, for describing the CR rigidity
spectrum in a wide range of energies, we had used
the analytical expression obtained in the
supposition that the rigidity spectrum in the
Galaxy is described by the degree function from
the CR rigidity and their intensity variation in the
interplanetary space takes place (because of the
energy change in regular electromagnetic fields of
heliosphere) in accordance with the Liuville
theorem, i.e. on condition of constant density of
particles along the traveling trajectories in the
phase space [6]
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where ¢ is the total energy of particles; Ae is the
change in the electromagnetic fields of heliosphere;
g, is the rest energy; A and y are the spectral
indices of the galactic spectrum.

Within the limits of drift approximation the
particle energy change can be obtained by the
integration of the equation [7]:
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particle mass; v and v, are transverse and

longitudinal velocity components relative to B
of interplanetary magnetic field (IMF); B is the
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IMF intensity; E is electric field intensity;

Vi = éE x B; c is the light velocity.

The first member in the equation (2) characterizes
the energy change due to particle magnetic drift
along or transversely (depending on IMF
gradient) to electric field; the second member
describes particle acceleration due to drift under

Voo
the action of inertial force — m o +(VV)V
t

along electric field with its increasing in time; the
third member describes the same due to
variability of magnetic fields in time.

For the spiral IMF and induced electric field

E = ——uxB of homogeneous stationary SW,
C

and from the equation (2) solution the expression
is obtained:
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where Q is the angular velocity of Sun’s rotation;
B, is the intensity of radial IMF component at the
distance of r,, and A is the Earth’s heliolatitude.
As follows from the equation (3) the particle
energy losses under potential electric field do not
depend on particle rigidity, and are of ~ 200
MeV at typical IMF intensity.
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If the electromagnetic fields of heliosphere are
not stationary the particle energy changes should
be taken into account which are described by
second and third members of the equation (2).
The corresponding energy changes are determined
by the following expressions:
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where o = B—”zl, E, is the polarized electric field
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where 4 =@, (B) is the background field

intensity, and B is the variable magnetic field
intensity. Supposition for existence of such fields
is based on the Lindberg laboratory experiments on
researching the flux movement of accelerated
plasma in the curved magnetic field [8 and
references there]. In particular, it is shown in the
given work that in a definite range of the flux
parameters when plasma reaches the region of
curved field there the charges division takes place
as a result of electrons and protons drift in opposite
direction. Polarization electric field appears
orthogonally to magnetic field depolarizing the
longitudinal currents and longitudinal electric
fields, under the influence of which the anomalous
deflection of the flux takes place, the flux
transforms from the cylinder into the flat one and
the depolarizing currents distort the initial
magnetic field. It is reasonable to suppose that the
energy change takes place through such fields
between the accelerated particles and the
background particles of solar wind plasma and
CR in heliosphere, and as a result there happens
the transformation of rigidity spectrum of
background CR. This circumstance was taken
into account when deriving an analytical
expression for rigidity spectrum used in analysis.
To describe the dependence Aeg(R) it should be
assumed that the mentioned mechanisms are of
different efficiency for particles of different
rigidities. The energy changes of high-energy
particles take place in accordance with the
equation (3) and depend on large-scale IMF
intensity. If the Earth enters the “magnetic cloud”
the CR intensity changes are determined by
superposition of the background IMF and the
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magnetic cloud field, as well as by the SW
velocity [9]. This effect should be observed for
particles the Larmor radius of which is less than
magnetic cloud sizes (a few GV). At lower
energies the effects dominate which are described
by the expressions (4), (5) because the magnetic
drift velocity of these particles is considerably
less than that for high-energy CR. We can obtain
the expression for particle energy change from
the solution of the motion equation in general
form:

A(R) = Ady + A4, [1- f(R, BR)) |+ A&, [1- f(R, BR) |f (R, R,) +

+[é(1—eé/z)+é—«/é(éiz -a§)+a§]f(1e, R, (6)

where Agg = 0.1 GeV; Ry is the parameter,
characterizing the scale of the structural
formations in heliosphere with nonstationary
electromagnetic fields;

exp(ﬂ
ar,

which approach 1 at R < Ryand 0 at R > Ry (a<1);
Age,, Ag, are the parameters characterizing the
energy changes of the high-energy particles (Ag; at
R > bRy, b =2.5, and Ag, in rigid interval [Ry, bRo]
when the Earth gets into “magnetic cloud”).

The rigidity spectrum parameters R, Ag,, Ae,, a,
and B were determined for every hour of
observation throughout the entire period under
study with used expression (1) taking into
account (6). Thus, determining the parameters of
differential CR rigidity spectrum according to the
data of its measurements in a wide range of
energies for each observation hour it is possible to
monitor the electromagnetic characteristics of
heliosphere and their dynamics. While using this
method the monitoring of interplanetary
environment was carried out for the period
October—November, 2003 and 2004.

-1
F(R, R) = )+1} is quasi-step function

Analysis results

In the fig. 1 at three upper panels the observations
data of proton intensities in energetic intervals 4-9
MeV (0.108 GV), 9-15 MeV (0.223 GV) and 5
GV are represented by the triangles, and the
calculation results with the use of model spectrum
and obtained values of its parameters by the bold
curves. At the fourth panel the Dst-index values
are represented. At the four lower panels the

129

average hour values of parameters of rigidity
spectrum Aeg;, a, B, and R, are represented. They
are determined for the researched period. On the
basis of the comparing of the temporal variations
of CR rigidity spectrum parameters with the
temporal profiles of low energy CR intensity (the
first two panels in the fig. 1) we can make a
conclusion that on the day before the solar proton
events the changes of heliosphere electromagnetic
characteristics take place. In particular, we can see
that for several hours or tens of hours before SPE
the generation of local polarization electric fields
takes place (parameter o increase), decrease in
intensity of magnetic fields in small-scale
structures of heliosphere (parameter 3 decrease),
and also the increase of intensity of a large-scale
helical IMF (parameter Ag, increase).
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Figure 1: Temporal profiles of CR intensity with
R=0.108,0.223 and 5 GV (bold line — calculation,
triangles — observations data), Dst-index and
parameters of CR rigidity spectrum R,, Ag,, a,
for the period October — November, 2003.
Moments of SPE predictors’ manifestation are
marked by the vertical lines at the upper panel.
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This circumstance allows us hope to have an
opportunity for the SPE forecast when monitoring
the electromagnetic characteristics of heliosphere
(in the real time regime) according to the effects
in cosmic rays. Combination of these three
features was used for the SPE forecast at the two-
month data selection in October — November,
2003. At the upper panel in the fig. 1 realization
moments of the shown features are marked by the
vertical lines that are predictors for given events.
In the fig. 2 the similar information for the 2004
period is represented that demonstrates the high
level (about 90 %) of truth for the worked out
method of forecast.
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Figure 2: Time profile of CR intensity in
energetic range 4-9 MeV in 2004. Moments of
SPE predictors’ appearance are shown by vertical
lines.

Conclusion

Diagnostics of electromagnetic conditions in the
interplanetary space according to the effects in CR
allows carrying out the forecast of solar proton
events in advance time of several hours up to
several tens of hours with high level of truth. And
that shows us the adequacy of the used modula-
tion model and of the validity of obtained infor-
mation about dynamic processes in heliosphere.
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