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Abstract—The relationship of the rigidity spectrum of the
galactic cosmic rays (GCR) intensity variations andhe structure
of the interplanetary magnetic field turbulence hae been studied
using data of neutron monitors and the components B By, Bz of
the interplanetary magnetic field (IMF) for four ascending and
four descending epochs of solar activity (1967-2002 The
exponentv of the power spectral density of the IMF turbulene in
the range of the frequencies 1&Hz — 10° Hz increases when the
rigidity spectrum of the GCR intensity variations is hard and
decreases when it is soft. Correlations between rdity spectrum
exponent y, exponentv and average amplitude of the power
spectrum density (PSD) of the IMF turbulence in diferent
periods of solar activity have been found. These d&ures should
be caused by the essential rearrangement of the stture of the
IMF turbulence during the 11-year cycle of solar ativity. The
changes of the IMF turbulence can be considered ame of the
important reasons of the 11-year variation of the @R intensity
for the energy >1GeV

1.INTRODUCTION

In papers [1]-[3] it was shown that about 75%-80Pthe 11-
year variation of GCR can be interpreted, basedtton
diffusion-convection model of GCR propagation; figtmore,
it was shown that a general reason of the 11-yadaation of
the GCR intensity is a change of the characteriffidsion of
GCR particles versus solar activity [2]-[3]. Accord to the
quasi linear theory [4], [6], the dependence offudibn
coefficient Y on the GCR particle’s rigidity R should be

defined by the structure of the IMF turbulence, m$] R?,

In addition, it was shown that:

1) the temporal changes of the diffusion coeffitief the
GCR particles are related with the change of th® Rthe
frequency range of 10Hz — 10° Hz of the IMF turbulence
versus solar activity [2]-[3], [8],

2) the exponenty of the rigidity R spectrumdD(R)/D(R)

(DR/DROR) of the GCR intensity variations (for the

diffusion-convection approximation) generally istatenined
by the parameteqr, (J = @), which shows the dependence

of the diffusion coefficient)y on the rigidity R of the GCR
particles(y 0 RY) [9]-[11].

The existence of the relationship = 2 —  between the
exponent yand the exponent was shown based on the
neutron monitors experimental data and modelingthaf
Parker’'s transport equation [8], [10]; in generdhe
relationship betweery and V is valid not only for the long-
period variations but for the Forbush effects ofRGiGtensity
[12], [13]. It is seen from the expressioh= 2 — ), that the
decrease of the expongnof the rigidity spectrum of the GCR
intensity variations is observed owing to the iase of the
exponentv of the PSD in the energy range of the IMF
turbulence ~18 Hz —10° Hz. So, the temporal changes of the
rigidity spectrum exponenty of the GCR intensity can be
considered as a vital index to study the 11-yeaiatians of

the GCR intensity and to estimate the expomneaf the PSD
in the energy range of the IMF turbulence £Hr — 10° Hz,

where @ =2-V, and Vis an exponent of the PSD of the@S well. Thus, the rigidity spectrum expongntof the GCR

IMF turbulence PSD O f Y, f is frequency); this

dependence is significant among equally
dependencies of the diffusion coefficient on theheot
parameters of the solar activity and solar wind[f3]
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intensity variations remains as a very importamtei in the
cases, when the direct (in situ) measurementseofNtF are

importanfhsent. Owing to the dependence of the expomeon the

frequency of the IMF turbulence f [14], accordirgthe the
relationshipy = 2 —v, there should be exist a reliance of the
exponenty on the rigidity R of the GCR patrticles, i.e. there
should be existed the dependence of the expopemt the
frequency f of the IMF turbulence. Namely, when the
frequency f decreases (or a rigidity R of GCR et
increases) the expongnincreases [11].



2.EXPERIMENTALDATA, METHODSAND [8]-[10]. The values of

DISCUSSION

We use the thoroughly selected monthly average déta
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the expression

.[R kW, (R,h;) drR for the magnitudes oR . (from

Rj

neutron monitors for four ascending and four dedecgn 30 GV up to 200 GV with the step of 10 GV) afpd(from O

phases of solar activity for the A>0 and the A<0&ps (1960- o 2 with the step of 0.05) were found based onntie¢hod
2002). A criterion for the data selection was awmmbusly presented in [13], [16].

function of neutron monitors with different cut aifjidities

k
throughout the period to be analyzed. The magrriiualie of

the monthly average variations of the GCR inten§ity ‘i’
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neutron monitor were calculated, a&; " No o Nkis the

running monthly average count rate (k =1,2,3,....thshand
No is the monthly average count rate for the year of th
maximum intensity (in the minimum epoch of solatiaty).
The count rate of the maximum intensity is accemscdthe
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where (D (R)/ D(R)), is the rigidity spectrum of the GCR
intensity variations for the k monthi (R,hy) is the coupling

coefficient for the neutron component of GCR [14F] and
Rrax IS the upper limiting rigidity beyond which the nmityide
of the GCR intensity variation is vanished. For goaver law

rigidity spectrum( CD(FW D(FQ )k =ARk one can write:
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where Jik is the observed magnitude at given month k an

Aik is the magnitude of the GCR intensity variations

recalculated to the heliosphere.
The values of theak are the same (in the scope of the

accuracy of the calculations) for any ‘i’ neutromtor when
the pairs of the parametery, and R, are properly

determined.
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A similarity of the values of theAik for various neutron

monitors is an essential argument to affirm thatdhata of the
particular neutron monitor and the method of thiewdations

of )} are reliable. To find the temporal changes ofehergy

a) The sunspot numbers W
spectrum exponeny/ (k =1, 2, 3 ... months) a minimization b) The GCR intensity J measured by Climax neutronitar
¢) The rigidity spectrum exponent

. n k _ l n k
of the expressiony="(ax - Ak)? (Where A" = EZA d) The average value of PSD for the Bx, By and Bz
i |

and n is the number of neutron monitors) has been pealid

components of the IMF turbulence

Figure labcd. The temporal changes of the smoothed semi
annual average magnitudes for
investigation (1960-2002):

the whole period of



The upper limiting rigidityR ,,,. beyond which the magnitude "y

of the GCR intensity variation is vanished, equHl® GV. %g a

This assumption is a reasonable for the 11-yeadati@r of %g W

the GCR intensity [18]. A minimization of the expsion ¢ %Zg /—\_I__—_

for the smoothed monthly means (with the interval18 05—

months) of the magnitudes of the 1l-year variatibrthe 1967 1969 1971 1973 197y5ears

GCR intensity has been provided with resdé[zt for given

number of neutron monitors and the temporal chandgdbe ;g \2 b

rigidity spectrum exponeka for all eight periods using the ig %

expression (2). The changes of the smoothed semiahn 05+—m—
. k . . -

average magnitudes); of the GCR intensity variations of 1976 1980 1984 §2§?s

Climax neutron monitor data normalized with respe

maximum intensity of 1965, the rigidity spectrumperent 2,0 7 v, c

1,51

Y\ , the sunspot number and the average value offeSbe 10

Bx, By and Bz components of the IMF turbulence a 0’5 ‘

presented in Figure 1abcd for the whole periocheéstigation ’ ‘ ‘ ‘

(1960-2002). Figure labcd shows that a distinchetween 1990 1994 1998 years 2002

the temporal changes of the rigidity spectrum expoj for Figure 2abc The smoothed yearly values of the rigidity
the A>0 and the A<O polarity epochs is not recogbie; we spectrum exponenty (red-down) of the GCR intensity

can see a good anti correlation betwekhand the sunspot variations and the exponenbf the PSD (blue-up) for thy
numbers W and the rigidity spectrum expongntand good component of the IMF turbulence for the period1&67-1976

correlation betweepand W (see Table). (@), 1977-1989 (b) and 1990-2001 (c).
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To show a relationship betwegrandv, and average PSD the

yearly average values of tlyev, and average PSD for thg,B 259 wv c

B,, B, components of the IMF turbulence (in the frequen 2,0

range of ~ (10 Hz — 10°Hz ) were considered. The exponer L5 w

v and average PSD were found using the IMF expetaher é’g

data [10] for the period of 1967-2002. To increake 0.0 | ‘ ‘ ‘ ‘ ‘ _years

statistical accuracy the smoothed yearly means niingn 1989 1991 1993 1995 1997 1999 2001 2003

interval of 3 years) of the rigidity spectrum expaty, the

exponentv, and average PSD for the Bx, By and Bzigyre 3abc The smoothed yearly values of the rigidity

compon_ents of the IMF _ha_ve been used; results ef tlgpectrum exponenty (red-down) of the GCR intensity

calculations are presented in fig.2abc-4abc. variations and of the exponentof the PSD (blue-up) for the
Bx component of the IMF turbulence for the period 1967-
1976 (a), 1977-1989 (b) and 1990-2001 (c)
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heliosphere, although their roles are not equahlat The

power of the Bycomponent is significantly greater than therigyre 5abc The smoothed yearly average value of the PSD of

power of the Bzomponent.

According to the observed character of the relatigm

the Bx, By and Bz components of the IMF turbuleacel y
for the period of 1967-1976 (a), 1977-1989 (b) 4®90-

betweeny andv the considered period 1967—2002 could b&002 (c)

divided into three different intervals, 1967-1971/76-1989
and 1990-2002. The changes of the smoothed avé&1&fe
for the Bx By Bz components of the IMF turbulence gnare
presented in fig.5a for the period of 1967-1976 tle period
of 1976-1989 in fig.5b, and for the period of 192002 - in
fig.5c. Figures 5abc show that there are not nakitse
correlations between the changesyoénd any PSD of the
components Bx, By, and Bz for period 1966-1976 \d)ile
there are observed significant correlations amalhgbove
mentioned parameters for next two periods of 199391(b)
and 1990-2001 (c)

We assume that either there is some global change=
heliosphere during the periods of 1967 - 1976 2861 -
2001 / or ordinary Gaussian distributions of thdFlI
components alter into more complicated distribigjommong
them, e.g. as the lognormal distribution with theeimittence
[16]; in this case the power spectrum is not sigfit to
completely characterize the IMF turbulence.

Generally high correlation betwegnandv demonstrates
that the IMF turbulence is quite isotropy (for exdenin
1977-1989); indeed, besides, in situ data of thE tddnfined
by the local changes of the IMMW, correlates well with the
rigidity spectrum exponent of the GCR intensity variations
reflecting the integral property of the large vigmnof the
space. So, we do not exclude that the IMF turb@drecomes
more anisotropic since 1990 up to 2000 (at lea#terregions
where in situ measurements have been carried odtjnasitu
local measurements of the IMF could not corresptimdhe
changes in the large vicinity of space where thseoled
variation of GCR intensity takes place.

The relationshipy = 2 —v found in [10] gives a possibility
to prove that the 11-year temporal changes ofritjidity
spectrum exponentof the GCR intensity variations is related
with the changes of the exponentof the PSD of the IMF
turbulence versus solar activity. Thus, the strangerse
relationship is established between the temporahgés of the
rigidity spectrum exponentand the GCR intensity (Fig.1bc).



This obvious relationship gives a possibility tdireate the
roles of the changes of the regular and turbulgraces of the
IMF in the long period variations (11 and 22 yeaw$)the
GCR intensity. We consider the temporal changeghef

rigidity spectrum exponentas an important index responsible[s]

for the changes of 11-year variation of GCR intgmsiving to
the temporal changes of the IMF turbulence verbassblar
activity.

3.CONCLUSION

1. We show that the soft rigidity spectrug(1.2-1.4 ) of the
GCR intensity variations for the maximum epoch &mel
hard spectrumy(= 0.6-0.7) for the minimum epoch of sola
activity [8]-[10], [12] is the universal feature $&d on the
calculations of neutron monitors data. This phenwneis

r

observed owing to the essential rearrangement ef tH3]

structure in the range (POHz — 10° Hz) of the IMF
turbulence throughout the 11-year cycle of soldivitg.

This region of the IMF turbulence is responsible floe
scattering of the GCR patrticles with the energp @eV -
50 GeV to which neutron monitors respond.

We show that the average value of PSD of the BxaBy
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greater than for the minimum epochs of solar agtivi the

~10° Hz —10°Hz range of turbulence.

We demonstrate that the average values of the R$iieo

Bx, By and Bz component are in good correlationhwit

rigidity spectrum exponenty of the GCR intensity

variations for the periods of 1977-1989,and 199020

while a correlation absents for the period of 19876.

. The rigidity spectrum exponeny of the long period
variations of the GCR intensity variations shoulé b
considered as a new (vital) index to study the @4ry
variations of GCR intensity. Also, this index cam b
successfully used for the estimation of the stathe IMF
turbulence in the range of frequencies 2Hy — 10° Hz.
Therefore, data of GCR intensity variations arequaiin
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of the IMF turbulence, can be found for the shobiteary
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intensity data good enough for the calculation lbé t
rigidity spectrum exponemt
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