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AAbstract: Structure of the interplanetary magnetic field (IMF) turbulence have been studied using data of the By 
components of the IMF for different epochs of solar activity. We suppose that the changes of the turbulence in the 
range of frequencies (10-6 -10-5) Hz (responsible for the scattering of the galactic cosmic rays (GCR) particles to 
which neutron monitors respond) and the module of the IMF versus solar activity can be considered as one of general 
reasons of the long period variations of the GCR intensity. The properties of the Probability Distribution Function 
(PDF) of the IMF strength differences �By(t)=By(t+�)�By(t����	
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this finding one can state that the PDFs are almost Gaussian and anisotropy and inhomogeneous of the IMF turbu-
lence at first approximation can be ignored in large vicinity of space, where long period variations of GCR is created.
However, for small distances solar wind plasma can be generally anisotropic.
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Introduction and motivation

The crucial contribution to the scattering of Galactic 
Cosmic Rays (GCR) particles in the heliosphere is set-
ting up by the components By and Bz of the Interplaneta-
ry Magnetic Field (IMF) turbulence perpendicular to the 
radial direction; although roles each of them are not 
equal at all. The power P of the (Power Spectrum Densi-
ty) PSD of the By component is greater than for the Bz
component (about ~1. 5 times), but the temporal changes 
of the exponents �y and �Z are in good correlation [1]. 
So, for further analyses we consider By component. In 
recent paper [1] we studied the relationship between the 
exponent �y

)(/)( RDRD�

of the PSD of the By component of the IMF 
turbulence and the exponent � of the rigidity R spectrum 
of the 11-year variations of the GCR intensity
( ( �� ��RRDRD )(/)( )) for the pe-
riod of 1967- 2002. This period can be divided in three 
intervals according to the behavior of relationships be-
tween the exponents � and �y 
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(1965-1976), (2) - strong (1976-1989), and (3) – a corre-
lation is weak (1990-2002). To shed light on these pecu-
liarities, we analyze these two last periods 1976-1989
(Fig.1) and 1990-2002 (Fig.2), separately. 

Fig.1 The changes of the rigidity spectrum exponent � and the 
exponent �y of the PSD of the By component of the IMF turbu-
lence for the period of 1976–1989
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Fig.2 Temporal changes  of the �exp and �yexp and �prog for the 
period of 1990–2002

We assume that a clear anti-correlation (correlation coef-
ficient r = �+�,+ ± 0.16) between � and �y for the period 
of 1976–1989 could be observed due to the homogene-
ous and isotropic magnetic field turbulence (Gaussian 
distribution) of the IMF in the whole vicinity of the in-
terplanetary space (including regions of in situ measure-
ments), where the formation of the rigidity spectrum of 
the long period variations of the GCR intensity takes 
place. It is worth to underline that for 13 years of period 
1976-1989 in 8 years are observed clear Gaussian distri-
butions, and for, 5 years period it is not observed. How-
ever, it can be caused due to short time and small scale 
space anisotropies of the IMF turbulence. Our assump-
tion is based on the properties of the Probability Distribu-
tion Function (PDF) of the IMF strength differences 
�By(t)=By(t+�)�By

(1) presented in Fig 3ab demonstrates that in 1979 both-
direct measurements of the B

(t) over varying time scales � [2]. 
A point is that a PDF gives a possibility to judge in what 
degrees the IMF turbulence has or has not the Gaussian 
distribution, e.g. PDF can not have Gaussian distribution 
for small scales �, whilst for large scales � there could be 
observed a Gaussian distribution; e.g.,:

y component of the IMF 
and differences �By(t) for �>4 show Gaussian distribu-
tions
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Fig3a: PDF of By component in 1979 (Gaussian distribution)
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Fig3b: PDF of �*�(t) in 1979  for �=5 (Gaussian distribution)

(2) presented in Fig.4ab demonstrates that in 1983 direct 
measurements of the By component of the IMF does not 
show a Gaussian distributions, but differences �By(t)) 
for �>4 show Gaussian distribution. 
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Fig4a: PDF of By component in 1983
(no Gaussian distribution)
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Fig4b: PDF of �*�(t) in 1983 for �=5 (Gaussian distribution)
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In Fig5. are presented an evolution of distributions of 
differences with a good statistics (three years, 1989-
1991). A distribution of differences �By(t)) gradually 
approaches to the Gaussian distribution upon increasing
of �. At large scales of � the PDF are almost Gaussian i.e. 
the skewness and kurtosis of the PDF of the IMF turbu-
lence almost equal zero, and so, anisotropy and inhomo-
geneous in first approximation could be ignored. For the 
second period 1990-2002 there is violation of a correla-
tion between the exponents � and �y. Direct measure-
ments of the By

Here, we consider a range of frequencies (f - 4 × 10

component of the IMF in 5 years of the 
period 1990-2002 show clear Gaussian distributions, 
while for 8 years-not. However, for all years of the pe-
riod 1991-2002 where are not observed Gaussian distri-
butions, there are observed Gaussian distribution for 
differences �By(t)), when �>4 ).

�.–
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Owing to our postulation about the Gaussian distribution 
of the IMF turbulence we assume, that the exponent 0

Hz) of the IMF turbulence for which the time scale �
is >1 day, so the assumption about the almost Gaussian 
distribution of the IMF turbulence should be accepted. 
However, for time scales � < 1 day the IMF turbulence is 
anisotropic and inhomogeneous [3, 4] and it must be 
taken into account for the calculation of diffusion coeffi-
cient � of the GCR particles, especially of the energy 
<1 GeV as it is shown in recently published paper [5].

y
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obtained by local in situ measurement satisfactorily de-
scribes the average state of the IMF turbulence in the 
whole space where a formation of the rigidity spectrum 
of the long period variations of the GCR intensity takes 
place. In doing so, the contribution of the intermittent 
(sporadic irregular changes)/or anisotropy of the IMF 
turbulence, which should be destroyed the Gaussian 
distribution, could be ignored. Diffusion coefficient K 
depends on the GCR particle’s rigidity R, as 
[6], where �� �	 2 (� is the exponent of PSD of the 
IMF turbulence ( ��	 PfPSD , where P is power 
and f is the frequency).; on the other � � �, and there is 
expected a remarkable anti correlation between the expo-
nents � and �y , 

We assume that the relationship between the exponents �
and � in the period of 1976–1989 (correlation coefficient 

as it is really observed by the experimen-
tal data in the period of 1976–1989 

16.080.0 
�	r ), with corresponding regression 
equation 4.285.0 ���	 �� is valid for the consi-
dered period of 1976-2002. This regression equation 
gives a possibility to estimate the exponent � as an aver-
age characteristic of the IMF turbulence of the whole 
vicinity of the space in the period 1990–2002 using data 
of the exponent � calculated for these periods (Fig.2). 
Thus, we suppose that the relationship between expo-
nents � and �, is almost a universal from point of view of 
the long period GCR intensity variations, i.e. we can 
successfully use the exponent � as an important index, to 
study different classes of the GCR intensity variations, 
caused by the changes of IMF turbulence. 

Contrary, the exponent � calculating based on the GCR 
experimental data has a clear physical sense; it shows a 
rigidity dependence of the amplitudes of the considering 
type of variations of the GCR intensity and can be direct-
ly included in the transport equation through diffusion 
coefficient, e.g., as �� R� (� �� ) in the modeling
of different classes of the GCR intensity variations. 

Summary

1. The essential rearrangement of the structure in the 
energy range (10-6–10-5 Hz) of the IMF turbulence 
throughout the 11-year cycle of solar activity. This region 
of the IMF turbulence is responsible for the scattering of 
the GCR particles with the energy to which neutron mon-
itors respond.

2. The rigidity spectrum exponent � of the long period 
variations of the GCR intensity can be successfully used 
for the estimation of the state of the IMF turbulence in 
the energy range (10-6 – 10-5 Hz). Therefore, data of GCR 
intensity variations are unique. 

3. The exponent �y obtained by local in situ measure-
ment describes completely the average state of the IMF 
turbulence, when it has a Gaussian distribution.
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Fig 5. An evolution of PSD of differences �By(t)) in 1990 (for �����������!�/) respectively
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