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The Role Of Drift On Diurnal Anisotropy ...

The hourly neutron monitor data have been usetutdyshe role of drift effect in the temporal
changes of the diurnal anisotropy. In order to dghly separate sectors of the Interplanetary
Magnetic Field (IMF) and its influence on the amiepy of Galactic Cosmic Rays (GCRs) for
positive (A>0) and negative (A<0) polarities of @omagnetic cycle, two periods (1995-1997
(A>0) and 2007-2009 (A<0)) have been consideredstdy drift effects in diurnal anisotropy
of GCR caused by the gradient and curvature ofré¢kgelar IMF, and due to the heliospheric
neutral sheet. We use the harmonic analyses methedlculate radial Ar and tangentiapA
components of the ecliptic diurnal anisotropy of Gased on data of NM for cut-off rigidities
less than 5 GV. It is shown that there are diffeesnbetween the diurnal anisotropy of GCR
found in the reliably established various sectdisdtion of each sectors3g days) of IMF. An
interpretation of obtained results are providededasn the present modern theory of GCR
propagation.
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1.Introduction

Investigation of the influence of the sector stawetof the interplanetary magnetic field
(IMF) and the global magnetic field of the Sun ba tiurnal anisotropy of galactic cosmic rays
(GCR) has remained one of the interesting aspéc®C&® modulation. First of all, the reliable
manifestation of drift effect in the diurnal anismy of GCR is important for the theory of GCR
modulation, according to which drift play a sigo#it role in the understanding of the features
of GCR behavior in the heliosphere [1-5]. On theeothand, if drift in the diurnal anisotropy of
GCR is established successfully, it can be usedcébculations of the various parameters
characterized the solar wind and the diffusion @8RG The system of equations for the
components of the diurnal anisotropy of GCR [6-&8 khe following form:

A =3CU-K, G +K,G:sinW +(K,, —K ,)G: sinWcos¥| /v )
A =-3+K GE sinW +K (G +K G cosb|/v @
A —3[ G sinWcosW K, G, cos¥ -K ,,G; J/V (3)

Where, (+) and (-) correspond to the IMF lines airayn (positive) and toward (negative) the
northern hemisphere of the Sun. Hekg, K and K , are parallel, perpendicular and drift

diffusion coefficients, respectively, of GCR witkspect to the interplanetary magnetic field
lines.G’,G; and G, are the radial, heliolatitudinal and heliolonginal gradients of GCR in

the interplanetary space;is the angle between the IMF lines and the Eanthi$e; U and V
are speeds of the solar wind and of the GCR pesticespectively. The Compton-Getting factor
C is equal to ~1.5 for GCR sensitive to neutron iheos.

On the average, the diurnal anisotropy of GCR mualb.3-0.4% according to neutron
monitors data and a contribution of the effect wft én it may reach 0.05-0.1% [7, 10] which
coincides with the modelling results of [10] and][lt should be noticed about two kinds of
drift effects in the diurnal anisotropy of GCR. Tfiest one, stipulated by the gradient and
curvature of the global magnetic field of the Saan be clearly manifested in the average
diurnal anisotropy of GCR for the different solaagnetic cycles A>0 (1971-1979 and 1991-
1999) and A<O (1959-1970 and 1981-1989). In thexs® ®wing to the averaging for a long
period (much greater than the duration of the seatd the IMF) a drift effect in the diurnal
anisotropy due to the sector structure of the IMEdmes negligible. A source of the second
kind of drift effect in the diurnal anisotropy ofGR is an existence of the heliospheric neutral
sheet (HNS) of the IMF. So that, the second typdriff considered here, generally is the HNS
drift in [1, 3, 4]. We assume that it can be mastiée due to the sector structure of IMF for the
minima epochs of solar activity, when the tilt seglof the HNS are< 10-15 degrees, i.e. the
Earth is located near the weakly wavy HNS. SotHerreliable manifestation of the first type of
the drift in the diurnal anisotropy of GCR it isfficient to average data for long time of
observation. At the same time, a single-valued featdtion of the influence of the sectors of
the IMF on the diurnal anisotropy is a complicapedblem on the background of the significant
temporal changes of the solar wind parametersni@astomparable with the duration of the
positive and negative sectors of IMF. So, in ortemanifest the drift effect caused by the
sector structure of IMF in the diurnal anisotrofy&GCR one has to consider the minima epochs
of solar activity. In the minima epochs the tempatzanges of the solar wind parameters and
the variations of GCR associated with the Sun'atioh are relatively negligible, while the
sector structure of IMF is clearly manifested.



The Role Of Drift On Diurnal Anisotropy ...

In the paper [7] the equations (1) to (3) were usethlculate the various parameters, which
characterized the solar wind, and the diffusiorffa@ents of GCR supposing the equality of the
radial and transversal gradieris andg: in different sectors of IMF for the minima epodfs

solar activity. The components of diurnal anisogropGCR A andA; were calculated using
harmonic analyses. The same problem was considef&d]. In papers [18-20] the
components of diurnal anisotropy of GG§ and A; were calculated using the global survey
method.

2.Experimental results and discussion. Drift effect in the diurnal anisotropy of GCR

A purpose of this paper is to carry on a studyhefrole drift effect in the temporal changes of
the diurnal anisotropy in two sequential minimad arear minima periods (1995-1997 (A>0)
and 2007-2009 (A<0)) The hourly neutron monitoradatth magnetic cut-off rigidities 5 GV
have been used. In doing so, the days with amgigudore than 0.7% were excluded from all
neutron monitors data, considering them as the atmm diurnal variation caused by strong
disturbances in interplanetary space. The datheo§éctor structure of the IMF was taken from
direct observations of satellites in [13]. Besitles calculations of they and A, cOmponents of

the diurnal anisotropy of GCR have been done ferpibsitive and negative sectors of IMF with
a duratior> 4 days. Base on the ordinary harmonic analysisdmeponentsa and A of the

diurnal anisotropy of GCR were calculated. In figur are plotted the vector diagrams of the
diurnal anisotropy of GCR in percent for differaetctors (‘+' corresponds to the positive and ‘-’
to the negative directions of the IMF) for the pes 1995, 1996, 1997 -positive (A>0) polarity
and 2007, 2008, 2009 -negative (A<0) polarity dasmagnetic cycle.

One can see that there are differences betweeamntplitudes and phases for different sectors of
the IMF in the above-mentioned two solar minima aedr minima epochs. The influence on
the diurnal anisotropy of GCR of the sector strietof the IMF in the minima and near minima
epochs of solar activity (when the tilt angles lof HNS are not too large) is generally caused
by the HNS drift and has mostly an azimuthal dicec{see Figure 1). In the period 1995, 1996,
1997 (minimum and near minimum for A>0) the anispyr vector for the positive sectors in
the relation to the anisotropy vector for negateetors is slightly shifted towards the earlier
hours. In the period 2007, 2008, 2009 (minimum aadr minimum for A<0) the anisotropy
vector for the positive sectors have an oppdsielency. It is shifted in the relation to the
anisotropy vector for negative sectors towardddter hours.
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Figurel. Harmonic diagram of the anisotropy for positivg &éhd negative (-) sectors of IMF.
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On the vertical and horizontal axes are the raidl azimuthal components, in %.

It seems that on the drift effect of the anisotrapyifferent sectors of the IMF influence the
features of the heliolatitudinal gradient of GCRiged by the heliolatitudinal asymmetry of the
heliosphere [14].

In figure 2 are plotted averaged anisotropies oRG@ the same polaritfor 1995, 1996, 1997
—positive and 2007, 2008, 2009-negative directibthe global magnetic field. The vector of
anisotropy for the period A>0 tentts earlier hours and the vector of anisotropy ferqd A<O
tendsto later hours in relation to 18 hour.
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Figure 2 Harmonic diagram of the averaged anisotropy f@519996, 1997 —positive and
2007, 2008, 2009 -negative direction of global nedigrfield.

Let A is the averaged amplitude of the diurnal ainipy for both of the A>0 and the A<0,#A
[A(1995, 1996, 1997) + A(2007, 2008, 2009)])/2, framiich the drift effect is excluded.
Average vectors A(1995, 1996, 1997) and A(200D82@009) are presented in Figure 3. The
drift vectors A(+) = (A(1995, 1996, 1997) - A) aAd¢) = (A(A)2007, 2008, 2009)- A), are also
shown in figure 3. One can see that for the A>0ma#g cycle the radial component of the
anisotropy vector of A(+) is directed to the Sum tfte direction of 12 hours in the harmonic
diagram), and for the A<O cycle the radial compardnhe anisotropy vector of A(-) is directed
out of the Sun (to the direction of 24h in the hanme diagram). These experimental results are
in agreement with the drift theory [15] of modutatiof GCR according to which in the A>0
cycle drift stream of GCR caused by the gradiemt amrvature of the IMF is preferentially
coming from the polar regions to the helio-equaovicinity and is directed away from the
Sun. The opposite direction of the drift streanG&R exists for the A<O cycle. Thus, the drift
anisotropy vectors A(+) and A(-) of GCR (causedthy gradient and curvature of the IMF)
basically contain the radial component (see Fi@)ravhile the effect of drift due to the sector
structure of the IMF is generally caused by the HiX8 is mostly manifested in the azimuthal
component of the diurnal anisotropy of GCR (seeifdd).

The difference between amplitudes A(A>0) and A(As8@lsed by the drift of GCR due
to the gradient and curvature of the regular IMF as the general source of the 22-year
variation of the diurnal anisotropy of GCR measupgdeutron monitors and meson telescopes
in [16, 17].
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Figure 3 Harmonic diagram of the anisotropy A(1995, 199897) for the A>0 and A(2007,
2008, 2009) for the A<O solar magnetic cycles, aged amplitude of the diurnal anisotropy A
for both of the A>0 and the A<0 and drift vectorg-A= (A(1995,1996,1997) - A)

and A(-) = (A(2007,2008,2009 )- A).
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3.Conclusions

1. Drift effects in the diurnal anisotropy of GCR cadsby the gradient and curvature of
the global solar magnetic field is manifested ie tladial component of the diurnal
anisotropy. For the A>0 magnetic cycle the rad@hponent of the diurnal anisotropy
is directed to the Sun, while for the A<O cycle thadial component of diurnal
anisotropy is directed away from the Sun. This tgpelrift effect is the source of the
22-year variation of the diurnal anisotropy of GCR.

2. The effect of drift in the diurnal anisotropy of &Qlue to the sector structure of the
IMF during the minima epochs of solar activity isngrally caused by the HNS and is
mostly pronounced in the azimuthal component.
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