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Kpamko gopmynupyromes nabaooaemvle A8NeHUsA, pe3YabMamsvl MOOEIUPOBAHUS U
npeocmasieHus 06 uneepcuu cenuocgeprnoco maeHumuozo noaa (I'MII) u ceésasanHvix ¢ HUM
agpgpexmax 6 unmencuenocmu earaxmuueckux kocmuveckux ayuetl (I'KJI). Ocnosnoe gnuma-
Hue yoeneno 0ocyacoenuio mooenetl I' MII 6 nepuoodst e2o uneepcuu u CpasHeHU 0HCUOaemMo-
20 u3z smux mooenet nogeoerus I'KJI ¢ nabaooaemovim. Qbcysrcoaromes maxice nymu 0dio-
Hellue20 YUCIeHHO20 UCCNe008aHUsl 2 heKkmos.

Introduction

The heliospheric magnetic field (HMF) is rooted in the solar poloidal fields
that, due to its large size, has an advantage when entering the heliosphere. For
the larger part of the solar cycle the HMF consists of two unipolar “hemi-
spheres” divided by the wavy heliospheric current sheet (HCS). During the peri-
ods of high sunspot activity around the poloidal field’s inversion such a simple
picture is inadequate with no generally accepted model of this phenomenon (see
[1] and references therein).

Since the first mentioning of the effect in galactic cosmic ray (GCR) inten-
sity connected with the HMF inversion by the LPI group in 1973 [2], the study
of the 22-y variations in GCR intensity has continued for 50 years. However, for
most studies the periods around sunspot minima, not maxima, have been stud-
ied, while the LPI group has tried to consider attentively GCR effects due to
both “two unipolar hemispheres” and the change of the polarities in these “hem-
ispheres”.

The main results of our analysis of GCR effects during periods of the HMF
inversion are published in details in [1]. Here we discuss them, considering
models of the HMF inversion, the description of GCR intensity in these periods
and ways to proceed with minimum of references (as in the extended abstract).
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GCR intensity effects connected with the HMF inversion
In [1] we considered GCR intensity around the HMF inversion during the
last 5 sunspot maxima and isolated two effects:

e Dependence of the rate of intensity recovery after the HMF inversion on
the sign of gdA/dt, where g is the particle’s charge and by dA/dt > 0 we
mean the transition from 4 <0 to 4 > 0 and vice versa;

e A sharp change in the GCR intensity and in the energy dependence of its
variation associated with the Gnevyshev Gap effect in the HMF strength
due to the HMF inversion.
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The first of these effects was actually reported in [2] as the break of corre-
lation between the observed GCR intensity (solid line in Fig. 1) and its approxi-
mation in the 1960s dependent on the number and heliolatitude of the sunspot
groups (dashed line) after the inversion of the poloidal solar magnetic fields in
1969-1971. Different rate of intensity recovery for protons (¢ > 0, solid line) and
electrons (¢ < 0, dashed line) regressed to protons can be seen in Fig. 2.

The manifestation of the Gnevyshev Gap in GCR intensity that was associ-
ated in [1] with the HMF inversion, as the second of the effects, can be seen in
Fig. 2 as a sharp variation in both proton and electron intensities during the peri-
od of the HMF inversion in 2012-2013. It follows that during this period there
were absolutely no dependence in the GCR intensity on the sign of the particle’s
charge. A much detailed discussion of both effects can be found in [1].

The Models of the HMF inversion

The first qualitative picture of the structure of the HMF inversion was for-
mulated as the change in the types of the HMF polarity distribution: from the
two unipolar “hemispheres” divided by a single global HCS corresponding to a
general polarity (A;) to the break of this global HCS and then again to the for-
mation of single global HCS with an opposite general polarity (A, = -A;). In
Fig. 3b the structure of the four last HMF inversions is coded through different
types of HMF polarity distribution. To quantify this, we found the HMF polarity
F averaged over the longitude for each latitude and each Carrington Rotation
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(CR). Then it is averaged for the previous 13 CRs to account for the time (= 1
year) that the SW travels from the Sun to the outer border of heliosphere.
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In Fig. 3 panels c, d, e show the averaged HMF polarity in the North (solid)
and South (dased) poles (c), the ratio of areas of positive and negative HMF po-
larity (d) and the absolute value of the HMF radial component (e).

Although the change of the HMF polarity is shown in Fig. 3¢ only for the

North and South poles, it behaves in a similar way for any latitude. The small
deviation in Fig. 3d of the ratio of “positive” and “negative” areas from 1 means
that the same |B,| can be used for both positive negative HMF polarities.
The main conclusions that can be drawn from Fig. 3c is that (1) the HMF inver-
sion is rather similar to that of the poloidal high-latitude solar magnetic field
(Fig. 3a), and (2) the HMF inversion is too fast to account for the absence of the
GCR intensity dependence on the sign of the particle’s charge for 2 years (see
Fig. 2 and [4]).

Description of effects due to the HMF inversion
in the long-term GCR intensity
The boundary-value problem and the specifics of the description of the particle
drift are the same as in our accompanying paper in this Proceedings (Kalinin et
al., On the influence of corotating interaction regions...).

In Fig. 4 the calculated proton spectra with three variants of drift velocity
(multiplied by 1 (dotted), -1 (dash-dotted), 0 (dashed)) are shown for three every
other rotations in panel (d). The relative position of three lines shows that the
particles feel the change of the HMF polarity in 1 or 2 CRs and the HMF inver-
sion is really very fast which contradicts to [4].
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Recently another quantitative model of the HMF inversion appeared [3],
that in some respects is rather similar to the described above and at first glance
has both advantages and disadvantages.

On the other hand there are papers devoted to the behavior of GCR intensi-
ty during the period of the HMF inversion (e.g., [4]) with excellent description
of the GCR observations through the use of a set of rigorously determined mod-
ulation parameters. Probably, to achieve a better understanding of both the HMF
inversion and GCR behavior in these periods, we need to use the combination of
different approaches.

Conclusions

1. The effects in the GCR intensity associated with the HMF inversions -
dependence of the rate of intensity recovery after the HMF inversion and a sharp
change in the GCR intensity and in the energy dependence — can be seen in any
HMF inversion.

2. Recently, models of the HMF inversion were suggested based on the
study of the polarity distributions calculated in the base of the heliosphere.
However, the HMF inversion according to these models is too fast to account for
the absence of the GCR intensity dependence on the sign of the particle’s charge
for 2 years.

3. Both the model for the HMF inversion and that for GCR modulation
should be changed for the description of the effects in the GCR intensity associ-
ated with the HMF inversions.
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