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Abstract. We analyze time profiles of isotropic in-
tensity, components of vector and tensor anisotropies of
cosmic rays (CR) when Earth crosses the neutral sheet
of the interplanetary magnetic field (IMF) in solar activ-
ity cycles 23-24. The moments of the crossings are de-
termined from Wilcox Observatory synoptic charts and
IMF data. Periods of Forbush decreases and ground
level enhancements are excluded from the analysis. The
events are analyzed for the epochs of positive and nega-
tive signs of the Sun’s general magnetic field. During
each epoch, the crossings from the positive sector to the
negative one and vice versa are separated. In total, 213
crossing events have been selected. The first two spher-

ical harmonics of the angular CR-distribution are ob-
tained using the global survey method. In each case, the
average number of stations is equal to 32. The analysis
shows that the temporal change of the isotropic compo-
nent is caused by a magnetic mirror. For the first time, the
zonal harmonics are reliably distinguished, and the exist-
ence of the antisymmetric diurnal CR-variation in a low
energy range, which is oriented along IMF, is recognized.
We compare our results with those obtained earlier.
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INTRODUCTION

The neutral current sheet (NCS) of the interplanetary
magnetic field (IMF) has a specific corrugated structure
as a relatively thin layer that separates opposite polari-
ties of the Sun’s magnetic field [Svalgaard, 1972; Sval-
gaard, Wilcox, 1975]. NCS extends from the Sun to the
heliopause boundaries, and its wave structure causes
two- or four-sector IMF structure to form in the solar
equatorial region [Hoeksema, Wilcox, Scherrer, 1983].
Thus, Earth when rotating around the Sun periodically
experiences transitions between positive and negative
IMF sectors.

Earlier [Krymsky et al., 2012], we have examined
the behavior of angular CR distribution when Earth
crosses NCS, but as information on CR flux we used
then only data from the neutron monitor station Mos-
cow for January 1978 — January 2009. In the current
study, the investigations are continued and expanded.
We employ data from 32 stations of the worldwide
network of neutron monitors and IMF and solar wind
(SW) parameters from the OmniWeb database
[http://omniweb.gsfc. nasa.gov/form/dx1.html]. The
neutron monitor data are processed using the global
survey method [Altukhov, Krymsky, Kuzmin, 1970].
We have thus obtained the components of the first
two spherical harmonics of angular CR-distribution
such as isotropic intensity, vector and tensor aniso-
tropies.
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METHODS AND APPROACHES

We have used continuous observations of CR inten-
sity obtained at the worldwide network of neutron moni-
tors in 1994-2011. Periods of the Sun’s general magnet-
ic field reconnections are excluded from the analysis.

The time moments when Earth crosses NCS are
identified using synoptic charts from the Wilcox So-
lar Observatory [http://wso.stanford.edu], with the
solar wind speed equal to ~400 km's™ (q.v. [Krym-
sky et al., 2012]). Since this approach gives only a
rough estimation of the crossing time, we also em-
ploy the IMF B, and By components from the Omni-
Web database. A simultaneous change of both By and
By signs indicates the NCS crossing; moreover, this
allows us to estimate the clearness of crossing
boundaries as By and By stability before and after the
crossing. The same approach is used by other authors
(e.g. [Thomas et al., 2014]). Notice that abrupt
changes of CR intensity such as Forbush decreases
and ground level enhancements are excluded from the
analysis to get rid of distortion factors.

We classify the selected NCS crossings into four
types. The periods of negative (qA<0) and positive
(gA>0) polarities of the Sun’s general magnetic field are
analyzed separately as well as the crossing from the
positive sector to the negative one (+/—) and vice versa.

The total number of the selected events for each type
is shown in Table. For each event, we analyze a 9-day
period (4 days before a crossing and 5 days after).



P.Yu. Gololobov, P.A. Krivoshapkin, G.F. Krymsky, V.G. Grigoryev, S.K. Gerasimova

Polarity of the Negative polarity | Positive polarity
Sun’s general (A<0) (A>0)
magnetic field (2005-2011) (1994-1998)
Type of crossing +/— —/+ +/— —/+
Number
of selected 59 46 57 51
events

RESULTS AND DISCUSSION

Mean values of IMF and SW parameters such as SW
velocity V,, IMF intensity modulus |B|, and SW proton
density ps, are shown in Figure 1. It can be noted that
the NCS crossing is accompanied by increases in all the
three parameters V,, |B|, and ps, for transition of all of
the four types. The average solar wind speed is lower
before the crossing than after it.

By processing the database of the worldwide neu-
tron-monitor network with the global survey method,
we get the following parameters of CR angular distribu-

tion: izotropic R{ , first R’ and second R} zonal har-
monics, symmetric diurnal R|, antisymmetric diurnal
R and symmetric semidiurnal R; components. The
composition of the components R and R| is the vec-
tor anisotropy, and the composition of R) , R , and R;

is the tensor CR anisotropy [Krymsky et al., 2014]. The
obtained values of the zonal harmonics R’ , R} and the

isotropic component R are shown in Figure 1. The
following can be noted.
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1. The R; amplitude is maximum before the NCS
crossing and abruptly decreases during the transition.
Similar results have been obtained in [Thomas et al.,
2014]. Apparently, such behavior of R{ is caused by
the magnetic mirror in the region of interaction between
fast and slow SW flows, which prevents the penetration
of CR particles and leads to a CR intensity decrease
during the crossings. A schematic representation of this
process as well as the R{ variation expected in this case
are shown in Figure 2;

2. The first zonal harmonic R’ during the crossing

from the positive sector to the negative one experiences
a decay (decrease in the CR flow from the northern
hemisphere); and during the opposite crossing, a rise
(increase in the CR flow from the northern hemisphere).
This conclusion is valid both for positive and negative
polarities of the Sun’s general magnetic field. In other
words, in the positive sector, R’ is always higher than

in the negative one. Such behavior can be explained by
a drift of particles along NCS and by the fact that Earth
crosses NCS at a certain angle. Under specific condi-
tions, at sector boundaries this drift can generate a CR
current perpendicular to the IMF field lines, thus caus-
ing the CR north-south anisotropy.

3. Under negative polarity of the Sun’s general
magnetic field, Ry does not reveal any considerable
changes during NCS crossings, but under positive
polarity, R} varies with an amplitude of about 0.1 %. The
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Figure 1. Behavior of SW speed V,,, IMF intensity modulus |B|, SW proton density ps,, and isotropic Rg and zonal compo-

nents Rl0 , R20 4 days before and 5 days after the NCS crossing, obtained using the global survey method. Time moments of the

crossings are indicated by vertical dotted lines. The transition from the positive sector to the negative one are shown by red
curves; and from the negative sector to the positive one, by black curves. Transitions during positive and negative polarities of
the Sun’s general magnetic field are designated by gA<0 and gA>0 respectively
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Figure 2. Scheme of interaction between slow and fast SW
streams, where v; and v, are the speeds of catching-up and
falling-down sectors such that v,;>v,. In addition, the expected
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RY variations reflect a difference in CR flows between
polar and equatorial latitudes. The excess of the CR
flow from polar latitudes produces a positive R] , and
the excess of the CR flow from equatorial latitudes
results in a negative R). The R) variations can be

caused by many factors such as various physical pro-
cesses, changes in magnetospheric conditions, rigidity
CR spectrum, etc. Therefore, further investigations
should be performed to unambiguously define the na-
ture of these variations.

The behavior of the observed zonal harmonics and
IMF parameters allows us to suggest that it takes Earth
on average three days to cross the region of NCS influ-
ence on CR angular distribution.

The R', R} and R; vector diagrams for crossings of

all the four types are shown in Figure 3. All components
are stable enough and do not reveal any considerable
amplitude-phase oscillations during the NCS crossings.

Figure 3. Behavior of Rl1 , R; , and R; 4 days before and 5 days after the NCS crossings. Crossings of different types are

marked with different colors. Circles are moments of the crossings

The R phase noticeably differs for the cases of op-
posite polarities of the Sun's magnetic field: in average,
it is equal to 15 LT for the negative polarity and 18 LT
for the positive one. Such behavior of R/ is quite com-
mon and can be explained by the convective diffusion
and drift theory of CR propagation [Krymsky et al.,
2008]. The tensor anisotropy components R, and R;
for both positive and negative polarities have phases
equal to 22 and 3.5 hr respectively. These phases corre-

spond to mechanisms of CR magnetic screening by the
sectoral IMF and shear SW flow [Krymsky et al., 2014].
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CONCLUSIONS

By processing data from the worldwide network of
neutron monitors with the global survey method, we
have obtained components of the first two spherical har-
monics of angular CR-distribution for NCS crossings.

We have found that the isotropic component R{ de-

creases abruptly during the crossings. Such behavior is
caused by the magnetic mirror in the region of interac-
tion between fast and slow SW streams in catching-up
and falling behind the IMF sectors, which prevents pen-
etration of CR particles.
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We have established that the Earth transition from
the negative sector to the positive one results in an

R increase and the opposite transition results in an

R/ decrease.

We have observed that symmetric diurnal, antisym-
metric diurnal and symmetric semidiurnal variations of
CR intensity do not reveal any significant changes dur-
ing the NCS crossings.

The observed variations of R, R) call for further

investigations.
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