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Some features of long-term variations of galactic cosmic ray
intensity and anisotropy

We use some data of neutron monitors to calculate the average temporal
changes of the rigidity spectrum of the galactic cosmic ray (GCR) intensity
variations for the four ascending and four descending phases of solar activity
(1960—2002) including the positive (A > 0) and negative (A < 0) polarity
periods of solar magnetic cycles. The soft rigidity spectrum of the GCR
intensity variations for the maximum epoch and the hard one for the minimum
epoch obtained by the worldwide network of neutron monitors data are
attributed by us to the essential rearrangement of the structure in the energy
range of the interplanetary magnetic field (IMF) turbulence throughout the
11-year cycle of solar activity. There is not found any valuable regular
difference between the changes of the rigidity spectrum of the 11-year
variations of the GCR intensity for different A > 0 and A < 0 polarity epoch.
We conclude that the rigidity spectrum exponent vy can be considered as one
of the new indexes to study the 11-year variations of GCR intensity and to
estimate the condition of the energy range of the IMF turbulence. The apparent
22-year (solar magnetic cycle) variations of the radial component of the GCR
anisotropy caused by the drift due to the gradient and curvature of the regular
IMF in different solar magnetic cycles were revealed by the neutron monitors
data. A long period behaviour of the A, component of the GCR anisotropy gives
an opportunity to make a more reliable choice between the diffusion dominated
or drift dominated models of GCR transport during the Sun’s global magnetic
field reversal in the maxima epoch of solar activity.

OCOBJHUBOCTI [JOBIOTPHBAJIHX BAPIAIIIH IHTEHCHBHOCTI TA
AHIBOTPOIIIi TAJAKTHYHHX KOCMIYHHX [HPOMEHIB, Ickpa K.,
Modzenescoka P., Cunyuwiux M., Ananiss M. B. — Bukopucmogyromuscst OaHi
CBIMOBOL MepexXi HEelUMPOHHUX MOHIMOpIE O0Jst OOUUCNIeHHSI CepeOHIX UacosuUx
BMIH JKOPCMKICIMHOZO CneKmpy éapiauit IHMEeHCUBHOCMI 2aaKMUMHUX KOCMIY-
nux npomenie (I'KIT) dnst womupvox a3 3pocmanuss ma u4omupvox @as
3MeHuenHst COHsiunol akmusnocmi (1960—2002 pp.), ski éxarowaroms nepioou
dooamnux (A > 0) ma gidemnux (A < 0) COHSAMHUX MACHIMHUX UYUKILIG.
M akuil cnexmp eapiauiti inmencusnocmi I'KII Ons enoxu maxcumymy i Jxop-
cmkuil cnekmp OJist enoXu MIHIMYMY COHSIMHOL aKMUBHOCMI MOXe Oymu o00y-
MOGJICHUIL CYMMEBOIO 3MIHOIO CMPYKMYpU MYPOYIEHMHOL CKAa0080I MiXnJia-
HEemMHO20 MAZHIMHOZO Noasl npomsieom 11-piunozo yukJy COHSAUHOI aKkmug-
Hocmi. He 3Hali0eHO Ccymmegoi cucmemamuvHoi pi3HUui MIX 3IMIHaMU
KopcemkicmHozo cnekmpy 11-piunoi gapiauii inmencusnocmi I'KII ¢ enoxu 3
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DISHUMU HOJSAPHOCMAMU 2100a1bH020 MazHimHozo noas Conys. Yacoei 3minu
noxasnuka cnexkmpa eéapiayiti I'KIT moxua poseasdamu sk 00UH 3 HOBUX
indekcie Oast docaidxernust 11-piunux smin inmencusnocmi I'KII [ gu3HaueHHst
xapakmepucmux mypOyJIeHmHOCMI MIXNJIAHEMHOZ0 MAZHIMHOZ0 noast. [ani
Mepexi HeUMPOHHUX MOHIMOPIE GUSIBJASIIOMb HIMKO GUPAXeHY 22-piuHy
sapiauiro padianvroi ckaadosoi anizomponii I'KII enacaiook Opetighy uacmuHox,
3YMOBAEHOZ0 KPUBUHO) MACHIMHUX CUJIOBUX JUHIIL ma epadieHmoM Hanpyxe-
HOCMI MIXNAGHEMHO20 MAZHIMHOZ0 NOJSl, BJACHUBOCMI SIKOZ0 3MIHFOFOMbCSL
3 maeHimuum yuxaom Couuys.

OCOBEHHOCTH AOJTOBPEMEHHBIX BAPHAIIUH HHTEHCHBHOCTH
H AHH3OTPOIIHH TAJTAKTHYECKHX KOCMHYECKHX JIVYEH,
Hckpa K., Modzeneackast P., Cunyumiux M., Ananuss M. B. — Hcnoas3yromest
darHble MUPOGOU Cemu HeUMPOHHBIX MOHUMOPOE OAsl GbIUUCACHUS. CPEeOHUX
BPEMEHHBIX USMEHEHUIl XeCMKOCMHO20 CHeKkmpa eapuauull UHMEeHCUBHOCMU
eanakmuueckux xocmuueckux aywen (I'KJI) ons wemsipex ¢as ospacmanust u
uemoipex Gasz YMeHbUeHUs: COaAHeunHou akmusnocmu (1960—2002 c2.), xo-
mopule GKAIOUAOM nepuodvl noaoxumenshovlx (A > 0) u ompuyamesvbHblx
(A < 0) conneuHbIX MACHUMHBLX WUKA0G. Msiexuil cnekmp éapuauuil uH-
mencusnocmu I'KJl Onst snoxu Mmakcumyma u Xecmkuil cnekmp OJst dMOXU
MUHUMYMA CONHEYHOU aKMUSHOCMU MOXem Obimb 00YCA0BAEH CYULECTGEHHbIM
UBMEHEeHUeM CMPYKmypbl MYPOYJAEHMHOU COCMABGHOU MEXNJIAHEMHO20 Mdae-
HUMHOZO NOAsl Ha npomsxenuu 11-nemuneeo yukaa COJNHEUHOU AKMUBHOCHMU.
He naiideno cyuiecmeeHHOl CUCMeMamuyecKou pasHuubl Mexoy USMeHeHUSIMU
Kecmkocmuozo cnekmpa 11-nemmneii sapuauuu unmencugnocmu I'KJI 6 snoxu
C PA3JIUYHBIMU HOAIPHOCMSAMU 2A00AIbHO20 MazHumHozo noas Coanua. Bpe-
MEHHble U3MEHeHust nokasamenst cnekmpa eapuayui I'KJl moxHno paccmam-
pugams Kax OOUH U3 HOGbLX UHOekcod 01 uccaedosanust 11-nemuux uszme-
HeHull unmencusHocmu I'KJl u onpedenenust xapaxmepucmux mypoyieHm-
HOCMU MEXNJAHEMHO20 MACHUMHO20 NOAsl. [aHuble cemi HelmpPOHHbLX MOHU-
mopoé OOHapyXUBArOm sIPKO GblPAXEHHYIO 22-TemHI00 6apuayuio paduaibHou
cocmasnoi anuszomponuu I'KJl @acaedcmeue Opeticha uacmuy, 6bl36aHHOZ0
KPDUGU3HOU MAZHUMHBLX CUAOGHLX JIUHULL U 2PAOUEHIOM HANDSIKEHHOCMU MeX-
NJAHEMHO20 MACHUMHO20 NOJsL, CEOUCMEA KOMOPOZO USMEHSIIOMCS ¢ Mdae-
Humnoim yuxiaom Coanuya.

INTRODUCTION AND MOTIVATION

The 11-year changes of the GCR intensity variations are inversely related to
the similar changes of solar activity. The existence of the time lag between the
solar activity changes and the GCR intensity was established in [12, 13] and
it was also supposed that the modulation region of GCR should be large
(~ 100 AU). This foresighted assumption was confirmed by measurements of
spacecrafts [17, 18]. It was suggested in [26] that the index which incorporates
the number of sunspot groups and their heliolatitudes could be used to interpret
the changes of GCR intensity during the 11-year cycle (1958—1968). It was
found in [24] that the time lag between the changes of the solar activity and
the GCR intensity and the amplitudes of the GCR modulation significantly
varies for different 11-year cycles. It was assumed in [21] that the major part
of the 11-year variation of the GCR intensity is the results of the accumulative
effects of the Forbush decreases. It was noted that the drift effects play a
significant role in the GCR modulation process, however, other effects could be
equally important [30].

To explain the 11-year modulation of proton intensity, a combination of
drift and global merged interaction regions was included in time-dependent
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model [20]. A visible difference in the rigidity dependence of the 11-year
modulation of galactic cosmic rays between the (A > 0) and the (A < 0) polarity
periods of the solar magnetic cycle was found in [22]. Note that epochs when
the northern hemisphere of the heliosphere has away IMF (northern magnetic
polarity) are conventionally referred to as A > 0 magnetic polarity states of the
Sun. The rigidity dependence of the diffusion coefficient was flatter for the
11-year decrease from 1987 to 1990 than for the decrease from 1977 to 1981.
However, in this approaching the effects of the scattering and drift of GCR
particles due to the turbulent and regular IMF are averaged and time-dependent
character of the modulation function is not taken into account. It was shown in
[28 ] that the overall behaviour of GCR modulation by solar activity is basically
similar within the energies to which neutron monitors respond for four recent
solar activity cycles; however, there is a significant anomaly for the period of
1972 to 1977. It was suggested in [5] and recently published papers [25] that
the temporal changes of the rigidity spectrum exponent y of the GCR intensity
variations can be considered as one of the tools to understand the features of
the 11-year variations of the GCR intensity caused by the changes of the IMF
turbulence versus the solar activity.

The features of the 11-year variations of GCR intensity were studied using
the unique long-period data of balloons measurements for the relatively low
energy range [8] (< 0.5 GeV).

It is noted that the general properties of the long-period modulation of
GCR intensity observed by the balloons measurement can be described based
on the Parker anisotropic diffusion model with drift. Recently, to explain the
11-year and 22-year variations of galactic cosmic ray protons, electrons and
helium the propagating diffusion barrier with other general modulation
mechanisms were included in the time-dependent model [15]. It was shown in
[11] that nearly 70—80 %, of the 11-year variation of GCR can be interpreted
based on the diffusion-convection model of GCR propagation; the similar
conclusion was made concerning the general 11-year wave of the GCR intensity
[3, 4]1. In spite of many efforts it is not clearly known what the parameter or
group of parameters characterizing solar activity and solar wind are responsible
for the 1l-year variation of the GCR intensity. One of the important
parameters, the solar wind velocity, is almost constant in the low heliolatitudes
region (< 35°) during the 11-year cycle of solar activity [14]. So, the convection
of the GCR particles must not change noticeably at the Earth’s orbit versus the
solar activity. We assume that the change of the character of diffusion of the
GCR particles (the change of the IMF turbulence) versus solar activity remains
as one of the essential reasons of the 11-year variation of the GCR intensity.

The diffusion coefficient (according to the quasilinear theory) depends on
the GCR particle’s rigidity, and is defined by the structure of the IMF
turbulence. As it is noted in [9, 19, 23, 27] the dependence of the diffusion
coefficient on the GCR particle’s rigidity is significant among equally important
dependencies of the diffusion coefficient on the other parameters of the solar
activity and solar wind.

For the diffusion-convection approximation the exponent y of the rigidity
K spectrum 0 D(R)/D(R) of the GCR intensity variations (6 D(R)/D(R) « R")
is generally determined by the parameter « [5, 7, 25]; the parameter ¢ shows
the character of the dependence of the diffusion coefficient y on the rigidity R
of GCR particles ¢y « R% [9, 16, 19, 23, 27]. The parameters ¢ and v are
related as ¢ = 2 — v (v is the exponent of the power spectral density (PSD) of
the IMF’s turbulence; PSD « [, where f is the frequency). Based on the
experimental data and theoretical modeling it was shown that a direct
relationship exists between the rigidity spectrum exponent y of the GCR
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intensity variations and the exponent v of the PSD of the IMF’s turbulence,
namely, v = 2 —y [§, 6, 7]; so, the temporal changes of the exponent v of the
PSD in the energy range of the IMF turbulence (10°—10" Hz) is clearly
manifested in the temporal changes of the rigidity spectrum exponent y of the
GCR intensity variations measured by neutron monitors. Also, it was found that
the relationship between y and v is valid for the Forbush effects of GCR
intensity [29 ]. Particularly, the increase of the exponent nu of the PSD in the
energy range of the IMF turbulence (10°—10~ Hz) corresponds to the decrease
of the exponent y of the rigidity spectrum of the GCR intensity variations
measured by neutron monitors. So, on the one hand, the temporal changes of
the rigidity spectrum exponent y of the GCR intensity can be used to study the
peculiarities of the 11-year variations of the GCR intensity, and on the other,
it can be considered as a vital parameter for the estimation of the state
(structure) of the energy range of the IMF’s turbulence. The existence of the
IMF’s data gives a possibility to calculate the slope (exponent v) of the PSD in
the energy range of the IMF’s turbulence for the local space, while y
characterizes the average state of the IMF turbulence in the vicinity of the space
where a modulation of GCR takes place. Of course, at the absent of the IMF’s
measurements the data of the GCR intensity variations for the judgment of the
condition of the IMF turbulence is fundamental. So, the rigidity spectrum
exponent v of the GCR intensity variations is a very important parameter in the
both cases, when the direct (in situ) measurements of the IMF are available
and when data of the IMF are absent.

An aim of this paper is to manifest the peculiarities of the 11-year
variations of the GCR intensity caused by the changes of the IMF turbulence
versus the solar activity in different polarity epoch of the Sun’s global magnetic
field. For this purpose we study the temporal changes of the rigidity spectrum
exponent v of the GCR intensity variations using neutron monitors and the IMF
data for the four ascending and four descending phases of solar activity during
1960—2002.

EXPERIMENTAL DATA, METHODS
AND DISCUSSION

We use the thoroughly selected monthly average data of the worldwide network
of neutron monitors for four ascending and four descending phases of solar
activity for different the A > 0 and the A < 0 epoches (1960—2002). Continuous
function of neutron monitors with different cut off rigidities throughout the
period to be analyzed was a criterion of the data selection. The magnitudes
J¥ of the monthly average variations of the GCR intensity for each neutron
monitor were calculated as: J¥ = WV, - No)/Ny; N is the running monthly
average count rate (k =1, 2, ..., months) and N, is the monthly average count
rate for the year of the maximum intensity (in the minimum epoch of solar
activity). The count rate of the maximum intensity is accepted as a 100-percent
level. The year of maximum intensity is called a reference point (RP). The list
of neutron monitors used for the calculations (denoted by «+») and RP for the
period to be analyzed are brought in Table 1.

The magnitudes J¥ of the monthly average variations of the GCR intensity
at any point of observation with the geomagnetic cut off rigidity R; and the
average atmospheric depth 4; are defined as [10]:

Rmax 9
I [M) W(R, h)dR,
Ri k

D(R)
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Table 1. The list of neutron monitors used for calculations (denoted by «+») for all eight period

Cut off 1960— | 1966— | 1971— | 1977— | 1982— | 1988— | 1992— | 1998—

Stations Rigidity, | 1964 RP |1970 RP [1975 RP [ 1981 RP | 1985 RP | 1991 RP [ 1996 RP [ 2002 RP
GV 1965 1965 1976 1976 1986 1987 1997 1997

1 Apatity 0.65 — — — — — _ +

2 Climax 3.03 + + + + + + + +

3 Deep River 1.02 + — — + + + _ _

4  Goose Bay 0.52 — — + + + +

5 Haleakala- 13.4 + + + + + + + +

Huancayo

6 Hermanus 4.90 — + — + + + — +

7 Inuvik 0.18 — + + + + +

8§ Jungfraujoch 4.48 — — — + — _ _ _

9 Kerguelen Is 1.19 — — + — — — — —
10 Kiel 2.29 + + + + + + + +
11 Me Murdo 0.01 — — — — — — — +
12 Moscow 2.46 + + + + + + + +
13 Mt Norikura 11.39 — — — — + — — _
14  Mt. Washington 1.24 — + + — + _ +
15 Pic-du-Midi 5.36 — + + — — — — —
16 Potchefstroom  7.30 — — — + + + + +
17 Rome 6.32 — — — — — — — +
18  Thilisi 6.91 — + + + —

where (0D(R)/D(R)), is the rigidity spectrum of the GCR intensity variations
for the £ month and W(R;, h;) is the coupling coefficient for the neutron
component of GCR [10, 31]; R, is the upper limiting rigidity beyond which
the magnitude of the GCR intensity variation is vanished. For the power type
of the rigidity spectrum (6 D(R)/D(R)), = A-R 7% one can write:
Rmax
Ji=AF [ R W(R, h)dR,

R

where J¥ is the observed magnitude at given month k and A notes the
magnitude of the GCR intensity variations recalculated to the heliosphere.

The values of Af must be the same (in the scope of the accuracy of the
calculations) for any ‘/’ neutron monitor when the pairs of the parameters y,
and R, are properly determined. On the other hand a similarity of the values
of AF for different neutron monitors is a crucial factor to affirm that the data
of the particular neutron monitor and the method of the calculations of y, are
reliable.

To find the temporal changes of the energy spectrum exponent y, (k =1, 2,

3, ..., months) a minimization of the expression ¢ = > (Af — A%)* (where A* =

= (1/n) > AF and n is the number of neutron monitors with different cut off

rigidities R;) has been provided [35, 7, 25]. The values of the expression
Rmax

J R W(R, h;)dR for different magnitudes of R, (from 30 GV up to 200 GV
R;

with a step of 10 GV) and y (from 0 to 2 with a step of 0.05) were found based
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Fig. 1. a — Time profiles of the intensity a
of GCR for Climax and Huancayo for the
period of 1981—1992. Solid curve cor- ...
responds to the Climax neutron monitor a ’
data and dashed curve corresponds to the

Huancayo neutron monitor data; b — 10
The same as in Fig. 1a, but recalculated

to the heliosphere ‘

Huancayo

-20
A % b
or ,
Huancayo

-10 - -

Climax

1 1 1 1
1981 1983 1985 1987 1989 1991

Years

on the method presented in [29, 31]. The upper limiting rigidity R, beyond
which the magnitude of the GCR intensity variation is vanished, equals 100 GV.
This assumption is quite reasonable for the 11-year variation of the GCR
intensity [22]. A minimization of the expression ¢ for the smoothed monthly
means (smoothed interval equals 13 months) of the magnitudes of the 11-year
variation of the GCR intensity has been provided for given number of neutron
monitors (Table 1) with respect to y,. The each selected neutron monitor datum
satisfies a criterion of the equality of the amplitudes A¥ found based on the
expression (1) for the heliosphere. The amplitudes J¥ of the GCR intensity
variations of various neutron monitors can differ from each other due to the
diversity response functions and the changeable rigidity spectrum of GCR
variations versus the solar activity. The differences between J¥ of various
neutron monitors must be minimized after the recalculation of these amplitudes
J¥ into AF (using the formula (1)) in the heliosphere.

As an example, the Climax (C) and Huancayo-Halecala (H-H) neutron
monitors data (yearly averaged) are presented in Fig. 1, a for the period of
1981—1992; the same data recalculated to the heliosphere are presented in
Fig. 1, 5. The data for the both of neutron monitors are normalized with respect
to the maximum of the GCR intensity (1987) accepted as a level of reference
(Fig. 1, @). Comparing Fig. 1, a and Fig. 1, 5 one can find that there are not
any differences between the data of C and H-H neutron monitors recalculated
to the heliosphere. Correlation coefficients between the C and H-H neutron
monitors data at the Earth and recalculated to the heliosphere are r =
= 0.96=0.09 and r = 1.00=0.02, respectively.

The similar results are obtained for any pairs of the neutron monitors data
(Table 1) for four ascending and four descending phases of solar activity
(1960—2002); more, there is not found any distinction for different A > 0 and
A < 0 polarity epoches of solar magnetic cycles. From methodical point of view
high correlation coefficients (> 95 %) for the arbitrary pair of neutron monitors
data in the heliosphere confirm that the chosen neutron monitors data and the
calculated rigidity spectrum exponent y, are very reliable for the given period
to be analyzed (Table 1). Of special note is that there exist a common grounds
of the long period GCR intensity variations which generally does not depend
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Table 2. The rigidity spectrum exponent y,; for all four descending and four ascending phases
of solar activity and average rigidity spectrum exponent

Year Vi Year Vi Year Vi Year Vi Average

Descending phases

1960 1.02+0.02 1971 1.32+0.04 1981 1.35+0.03 [[1992 0.91+0.03 | 1.15+0.03
1960.5 1.01x0.03 [1971.5 1.23+0.04 [1981.5 1.06x0.07 [[1992.5 0.9%+0.03 | 1.05+0.04
1961 0.94=0.02 1972 1.07+0.06 [[1982 1+0.07 (1993 0.88+0.03 | 0.97+0.05
1961.5 0.86+0.021972.5 0.79x0.06 [1982.5 0.95+0.07 [[1993.5 0.85+0.04 | 0.86+0.05
1962 0.81x0.01 1973 0.66=0.07 [1983 0.92+0.06 [[1994 0.75+0.03 | 0.79+0.04
1962.5 0.79+0.01 [1973.5  0.65+0.06 [1983.5 0.96x0.07 [[1994.5  0.7+0.03 | 0.78+0.04
1963 0.72+0.02 [1974 0.66x0.05 [[1984 0.89+0.05 [[1995 0.68+0.04 | 0.74=0.04
1963.5 0.79+0.02 [1974.5 0.73+0.04 [1984.5 0.85+0.04 [[1995.5 0.61+0.04 | 0.75+0.04
1964 0.82+0.02 [1975 0.73x0.03 [[1985 0.77+0.04 [[1996 0.55+0.04 | 0.72x0.03
1964.5 0.87+0.01 1975.5 0.81x0.02 1985.5 0.58+0.04 [1996.5 0.52+0.03 | 0.70+0.03

Ascending phases

1966 0.76x0.04 [1977 0.61+0.02 [[1988 0.85+0.03 [[1998 0.88+0.06 | 0.78+0.04
1966.5 0.79+0.04 [1977.5 0.68+0.02 [1988.5 0.78+0.06 [[1998.5 0.84%0.07 | 0.77+0.05
1967 0.97+0.05 [[1978 0.83x0.02 [[1989 0.91+0.03 [[1999 0.91+0.08 | 0.91+0.05
1967.5 0.99+0.04 [1978.5 0.93+0.02 [1989.5 1.00+0.03 [[1999.5 0.98=0.09 | 0.98+0.04
1968 1+0.04 (1979 1.16+0.02 [[1990 1.02+0.04 [[2000 1.23+0.1 1.1+£0.05
1968.5 1.03+0.04 [1979.5 1.25+0.03 [1990.5 1.08+0.04 [2000.5 1.31+0.09 [ 1.17+0.05
1969 1.17+0.05 [[1980 1.30+0.03 1991 1.06x0.05 [[2001 1.35+0.09  1.22+0.05
1969.5 1.22+0.06 [1980.5  1.34+0.03 [1991.5 0.97+0.05 [2001.5  1.3%=0.09 | 1.21+0.06
1970 1.26+0.07 [1981 1.35+0.03 [[1992 0.9+0.03 2002 1.22+0.1 || 1.18+0.06
1970.5 1.21x0.07 |1981.5  1.06=0.07 [1992.5 0.9+0.03 [2002.5 1.17x0.1 || 1.09%0.07

on A > 0 and A < 0 polarity epoches of solar magnetic cycle. We assume that
this common cause is the changes of the structure in the energy range of the
IMF turbulence throughout the passing from the minimum to maximum epoch
of solar activity. It was shown in [7, 25] that the temporal changes of the PSD
of the IMF turbulence in the range of 10°—10~ Hz is clearly manifested in the
temporal changes of the rigidity spectrum of the GCR intensity variations
calculated from neutron monitors data. So, a study of the temporal changes of
the rigidity spectrum of the GCR intensity variations is a vital subject of
interest.

The time interval 1960—2002 consists of eight periods (four ascending and
four descending phases for different A > 0 and A < 0 polarities) of solar activity:
1960—1965 (I period), 1965—1970 (I period), 1971—1976 Il period),
1976—1981 (V period), 1981—1986 (V period), 1987—1992 (VI period),
1992—1997 (VII period) and 1997—2002 (VIII period). We calculated the
temporal changes of the rigidity spectrum exponent y, using the expression (1);
the results are presented in Table 2 for four descending phases and four
ascending phases of solar activity; the years of the maximum intensity of GCR
(Reference points) are given with respect which the long period variations of
the GCR intensity are calculated; the average rigidity spectrum exponent y, for
all ascending and descending phases of solar activity are given in Table 2.

Fig. 2 shows the temporal changes of the average rigidity spectrum
exponent Y, (semiannual average, Table 2, a, b) corresponding to four
ascending and four descending phases of solar activity. The bold cycle in Fig. 2
corresponds to the value of y, of the reference point found as an average one
based on the neighborhood points. Ten points left side and ten points right side
(each of a 5 years duration) with the reference point (bold cycle) make up the
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Fig. 2. Temporal changes of the average 4
rigidity spectrum exponent y; of the GCR 12
intensity variations during the 11-year pe- +
riod. The bold cycle corresponds to the value
of the y, of the reference point found as
average one based on the neighborhood
points B

0.9}

0.6 1 1 1 1 1 1 1 1 1 1
0

Table 3. The average values nu of the PSD of the B, component of the IMF turbulence in the
frequency range 10°—10~ Hz and y for the minima (1985—1987, 1994—1996) and maxima
epoches (1979—1981, 1988—1990, 2000—2002) of solar activity

Epoches v %
1979—1981 1.40 1.24
1985—1987 2.05 0.66
1988—1990 1.39 0.96
1994—1996 1.69 0.61
2000—2002 1.21 1.27

11-year period. Fig. 2 shows that the rigidity spectrum of the GCR intensity
changes with 11-year cycle of solar activity; the rigidity spectrum is soft
(y = 1.2) in the maximum epoch and is hard (y = 0.7) in the minimum epoch.
We attribute this phenomenon to the essential rearrangement of the structure
in the energy range 10°—10~ Hz of the IMF turbulence throughout the 11-year
cycle of solar activity. This range of frequencies of the IMF turbulence is
responsible for the scattering of the GCR particles with an energy of 5—50 GeV
to which neutron monitors respond.

To confirm the relationship between the changes of y and the IMF
turbulence [5—7, 25] we calculated values of exponent v of the PSD of IMF
turbulence for different maxima and minima epoches of solar activity.

As an example, Table 3 gives the average values of y and v of the PSD of
the B, component of the IMF turbulence (in the frequency range 10°—10~ Hz)
for the minima (1985—1987, 1994—1996) and maxima epoches (1979—1981,
1988—1990, 2000—2002) of solar activity. Table 3 shows that when the rigidity
spectrum exponent y increases the exponent v of the PSD of IMF turbulence
decreases according to the relation v = 2 —y [§5—7, 25]. On the other hand,
it means that the dependence of the diffusion coefficient on the GCR particles
rigidity is stronger in the maximum than in the minimum epoch of solar activity.
So, the role of the IMF turbulence is well pronounced in the changes of the
rigidity spectrum of the 11-year variations of the GCR intensity.

The role of the regular IMF as the source of GCR particles drift can be
estimated based on the analyses of the behaviour of the GCR anisotropy. In
order to study the roles of the drift effects in the GCR anisotropy during the
Sun’s global magnetic field reversal and in different A > 0 and A < 0 polarity
periods of solar magnetic cycles, the behaviours of the radial component of the
diurnal variation of GCR were analyzed for the period of 1965—2002 [4]. The
choice for the analyses of the radial component of the anisotropy is generally
connected with the reason that the average value of A, (without drift effect)
approximately equals zero (Fig. 3). So, the changes of A, are completely
determined by drift effect (= 0.05...0.07 %) in A > 0 and A < 0 periods. Similar

409



K.ISKRA ET AL.

Ar, %[

O S S S H S S S A S
1965 1975 1985 1995 Years

Fig. 3. Temporal changes of the annual radial component A, of the anisotropy (bold-faced bars on
the abscissa show time intervals of the global magnetic field reversals)

results for 1965—1993 were obtained before by Ahluwalia et al. [1, 2]. Almost
drastically transition from one state of drift to another during the Sun’s global
magnetic field reversal is observed; only, during 1979—1981 the drift effect is
not pronounced visibly in the changes of the A, component (A, = 0), i. e., that
for this interval of solar activity maximum the diffusion dominated model of
GCR transport is more acceptable. For other periods of the Sun’s global
magnetic field reversal (maximum epochs), according to the behaviour of the
A, component (Fig. 3), more accepted is the moderate approaching to the
modeling of GCR transport; the transition time from one kind of direction of
the Sun’s global magnetic field to another should be lasted much less than the
observed duration time reversal of the Sun’s global magnetic field (bold bars on
the horizontal axis in Fig. 3).

SUMMARY AND CONCUSION

We show that the criterion of the selection of neutron monitors data and the
method for the calculation of the exponent y of the rigidity R spectrum
(O0D(R)/D(R) « R7) of the GCR intensity variations are precise and reliable
for all periods to be analyzed. We confirm that the soft rigidity spectrum
(y = 1.2) of the GCR intensity variations for the maximum epoch and the hard
one (v = (.7) for the minimum epoch of solar activity obtained in this work
and in our recent investigations [5—7, 25] is the universal feature based on
the present calculations of the continuous long period data (1960—2002). We
ascribe this phenomenon to the essential rearrangement of the structure in the
energy range 10°—10~ Hz of the IMF turbulence throughout the 11-year cycle
of solar activity. This range of the frequencies of the IMF turbulence is
responsible for the scattering of the GCR particles with an energy of 5—50 GeV
to which neutron monitors respond. The temporal changes of the rigidity
spectrum exponent y of the GCR intensity can be used not only to study the
peculiarities of the 11-year variations of the GCR intensity, but also it can be
considered as a vital parameter for the estimation of the condition (structure)
of the energy range of the IMF’s turbulence. The existence of the IMF’s data
gives the possibility to calculate the exponent v of the PSD of the IMF’s
turbulence for the local region, while y characterizes the average state of the
IMF turbulence for the larger vicinity of the space where a formation of the
observed rigidity spectrum of the GCR intensity takes place. At the absent of
the IMF’s measurements the data of the GCR intensity variations are unique
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for the judgment of the state of the IMF turbulence. So, the rigidity spectrum
exponent y of the GCR intensity variations remains as a very important
parameter in the both cases, when the direct (in situ) measurements of the IMF
are available and when the data of the IMF are absent.

Generalizing the results obtained in this paper and in our papers published
recently [5—7, 25] we conclude that the rigidity spectrum exponent y can be
considered as one of the important indexes to study the 11-year variations of
GCR intensity and to estimate the condition in the energy range of the IMF
turbulence. This conclusion is dealing with the energy range of 10°—10° Hz
for the IMF turbulence responsible for the scattering of the GCR particles with
a rigidity of 5—350 GV to which neutron monitors are sensitive.

The radial A, component of the diurnal anisotropy of GCR shows the clear
22-year variation for the period of 1965—2002. It is caused by the radial
component of the drift stream S, of GCR which changes direction in different
solar magnetic cycles. In the A > 0 period the stream S, is directed outward
from the Sun, while in the A < 0 period of solar magnetic cycle S, has the
opposite direction.

A long-period behavior of the A, component of the GCR anisotropy gives
an opportunity to make a more reliable choice between the diffusion dominated
or drift dominated models of GCR transport during the Sun’s global magnetic
field reversal in the maxima epoch of solar activity.
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