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Abstract: During the periods of crossings of a neutral surface the intensity of cosmic rays is accompanied by the increase
during both positive and negative epochs of the solar magnetic field. The increase of cosmic rays during crossing of neutral
current sheet is caused, apparently, by the interaction of fast front line of a solar wind stream with a slow wind of previous
stream. During a positive epoch the anisotropy increases during changing of the sign from positive to negative one and
decreases during back changing. During the negative epoch it behaves in the opposite way. The reason of distribution of
density and anisotropy in the vicinity of a point of excessive bend of the neutral surface is discussed.
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1 Introduction

The neutral surface of the interplanetary magnetic field sep-
arates areas of opposite polarity of the magnetic field and
forms sectors-boundaries in the solar corona [1]. The sec-
tor boundary is regularly inclined relative to the equator of
the Sun. The inclination of boundary of sectors increases
with the increase of the solar activity and it decreases af-
ter reaching the maximum with the solar activity decrease.
The neutral surface has usually two or four-sector structure
[2] and has an considerable effect on the 11-year variation
of cosmic ray intensity. During the epoch of negative polar-
ity of the general magnetic field of the Sun the connection
between the cosmic ray intensity and deformation of the
neutral surface of the interplanetary magnetic field has al-
most a functional dependence [3]. In this work we study
the distribution of intensity and anisotropy of cosmic rays
in the vicinity of point of intersection of the neutral surface
with the Earth’s orbit.

2 The analysis of the data

The time moments of sign-change when the Earth crossing
the neutral current sheet from one sector to another one are
matched according to the synoptic chart of the Wilcox solar
observatory (http://wso.stanford.edu) for the January 1978
- January 2009 period. To recognise these time moments
with the moments of cosmic ray registration on the Earth,
we take into account the constant speed of solar wind 400
km/s, i.e. approximately 4 days delay. We have used the

neutron monitor data of the st.Moscow (55o28′ N, 37o19′

E)(ftp://cr0.izmiran.rssi.ru) as the cosmic ray intensity.
We have considered 4 days before and 4 days after the point
of crossing of the neutral surface. Therefore, the total time
interval duration for one event is 9 days. The events for e-
pochs with positive (qA > 0) and negative (qA < 0) polar-
ities of the general magnetic field of the Sun are separately
analyzed. Each epoch of the magnetic field has boundaries
of crossing from the sector of a positive sign to the sec-
tor with a negative magnetic sign (+/-) or, on the contrary,
crossing from the negative sign sector to the positive sign
sector (-/+). Sampling the events we have used the follow-
ing criterion. If there is a proton flare or Forbush-decrease
with the value > 4 % then this event has been excluded
from the analysis. The number of sampled events for the
epoch of solar negative polarity qA < 0 during the change
(+/-) is 157, and during the change(- / +) is 160; for the pos-
itive epoch of the general magnetic field of the Sun qA > 0
during the change (+/-) is 94 and for (-/+) it is equal to 99.
So the accuracy of determination of hourly average value of
cosmic rays intensity during the specified changes doesn’t
exceed 0.003 %. For estimation of the amplitude and phase
of anisotrophy the influence of trajectory of particles in a
geomagnetic field is taken into account. It is necessary to
mark that in the Greenwich system for the st.Moscow the
amplitude of primary vector decreases by a factor of 0.8,
and the phase is shifted by 92o to the early time.
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Figure 1: Distribution of cosmic ray intensity �I/I in the vicinity of IMF neutral surface (the 5th days is the time moment
of IMF sector change). (a) corresponds to the polarity qA > 0 and (b) - qA < 0. The dashed curves are the crossings from
the negative sector to the positive ones, the solid curves correspond, on the contrary, to the crossings from the positive
sector to the negative one.

Figure 2: Distribution of cosmic ray anisotropy A in the
vicinity of IMF neutral surface (the 5th days is the time
moment of IMF sector change). (a) corresponds to the po-
larity qA > 0 and (b) - qA < 0

3 Results and discussion

In Figs 1a and 1b are presented the cosmic rays intensity
during the periods of crossings of the neutral surface. Each

crossing is accompanied by the increase of intensity both
in a positive epoch and negative one. It is worth noting
that going from a positive sector into a negative one shows
a smaller increase than from a negative sector to a posi-
tive one. The increase of cosmic rays during the crossing
is caused, apparently, by the interaction of fast front line
of a solar wind stream with a slow wind of previous solar
wind stream. The appearance of magnetic mirror in the in-
teraction zone interferes with a penetration of cosmic rays
there. The reason of distinction between direct and return
changes is a excess of cosmic rays in positive sectors. Such
excess should exist owing to a regular inclination of neutral
surface southward from the plane of solar equator [4]. Dur-
ing the positive epoch on the neutral surface the minimum
of cosmic ray intensity should be observed, and during the
negative epoch the maximum should be observed [3]. The
combination of these two facts also provides, on the aver-
age, the excess of cosmic rays in the positive sector.
In Figs 2a and 2b the behavior of cosmic ray anisotropy is
shown during the mentioned crossings. During the positive
epoch the anisotropy increases when going from the posi-
tive sector into the negative one and decreases when going
back. During the negative epoch it behaves in the opposite
way. If we take into account that during the positive epoch
the positive sectors belong to the northern hemisphere, and
during the negative epoch (+) - to the southern hemisphere,
then one can conclude that during any epoch the anisotropy
decreases, when the Earth goes into the northern hemi-
sphere. Since the neutral surface shifts southward then in
the northern hemisphere the Earth, on the average, is closer
to the boundary of corrugation of the interplanetary mag-
netic field than in the southern hemisphere. In [5] it has
been shown that the egress of the Earth from the heliolat-
itudinal zone covered by the corrugation leads to the dis-
appearance of anisotropy. Thus, the behavior of anisotropy
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observed by us is caused by the change of distance of the
Earth from the boundaries of corrugation.

4 Conclusions

The behavior of cosmic rays observed during crossing of
the neutral surface of the interplanetary magnetic field re-
flects the asymmetry of corrugation caused by the shift of
the neutral surface to the south from the solar equator.
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