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AAbstract: The long-term data on the cosmic ray fluxes obtained in the regular measurements of charged
particles in the polar and middle latitudes of the atmosphere are analyzed. The high fluxes of galactic 
cosmic rays during the period from the end of 2008 up to the first half of 2009 are discussed. The rela-
tionship of cosmic ray fluxes with interplanetary magnetic field strength is examined.
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1 Introduction

It is well known that cosmic ray (CR) fluxes which are 
observed near the Earth are subject to the influence of 
solar activity (SA). Usually, the sunspot number Rz is 
used as an indicator of such influence. The high correla-
tion exists between long-term sets of data on cosmic ray 
fluxes and Rz: the correlation coefficient r � 0.85.
However, the physical mechanism of CR modulation 
includes the scattering of charged cosmic ray particles on 
magnetic irregularities of interplanetary magnetic field
(IMF) which solar wind carries out from the Sun to space. 
Now there are long-term sets of data on CR fluxes and 
parameters of interplanetary space responsible for cosmic 
ray modulation. Here we consider the relationship of CR
fluxes measured in the atmosphere in our balloon experi-
ments with strength B of IMF.
If the relation of CR fluxes and IMF strength is found one 
can evaluate the unmodulated CR flux in the interstellar 
medium taking B = 0. This unmodulated CR flux could be 
compared with the flux of CRs observed by spacecraft 
Voyager-1 at the distance d � 115 a.u. 

2 Experimental data

In our analysis we have used monthly averaged data on
CR fluxes Nm in the maximum of transition curve in the 
atmosphere obtained with balloons [1]. Fig. 1 shows the 
time dependences of Nm at the polar northern and south-

ern latitudes (atmospheric pressure X � 20-50 g/cm2, 
geomagnetic cutoff rigidities Rc = 0.6 GV and 0.04 GV, 
accordingly), and at the middle northern latitude (X� 50-
100 g/cm2, Rc = 2.4 GV). 
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Figure 1. Monthly averaged values Nm(t) obtained with 
balloons [1]: at the northern latitude with Rc = 0.6 GV 
(upper thin curve); at the southern latitude with Rc = 0.04 
GV (black dots); at the middle northern latitude with Rc =
2.4 GV (lower dashed curve). Horizontal dashed lines 
show levels of maximum cosmic ray fluxes measured in 
1965 at the polar latitudes (upper horizontal line) and at 
middle latitude (lower horizontal line).
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As one can see from the data presented in Fig. 1 for the 
period of 6.1957-5.2011, there are 11-year solar cycles 
with rather large amplitudes (~ 60%) and 22-year solar 
cycles (interchange of sharp and flat maxima in the 11-
year cosmic ray modulation). At the end of 2008 and 
during 2009 the highest cosmic ray fluxes were detected
in our experiments [2]. Now cosmic ray fluxes have been 
decreased and the values of Nm are somewhat lower than 
maximum values observed in the previous solar activity 
minima (1965, 1977, 1986, and 1997). 
Below we analyze the relationship of cosmic ray fluxes
Nm(t) with the values of strength B(t) of IMF measured at
1 a.u. taken from [http://omniweb.gsfc.nasa.gov/;
http://spaceweather.com/]. The data on B are depicted in 
Fig. 2.
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Figure 2. Monthly averaged values of strength B of IMF
at 1 a.u., taken from [http://omniweb.gsfc.nasa.gov/;
http://spaceweather.com/].

From the data presented in Fig. 2 it is seen that there are 
rather large fluctuations in B. Hereafter, to decrease the
influence of these fluctuations we will use the data on 
Nm(t) and B(t) smoothed with 5 points (5 months).
The analysis of data shown in Figs. 1, 2 leads to conclu-
sion that the cosmic ray flux increase in 2009 is due to 
the weakening of IMF. In 2009 the value of B (averaged 
per year) was about 3.9 nT whereas in the previous solar 
activity minima of 1965, 1976, 1986, and 1996 they were
5.0, 5.4, 5.9, and 5.1 nT. It is worth to note that in 2009 
the solar wind velocity (averaged per year) was 370 km/s 
whereas in 1965, 1977, 1987, and 1996 they were 415, 
416, 430, and 420 km/s.
Let us consider of delay time between cosmic ray fluxes 
Nm(t) and IMF strength of B(t). In Fig. 3 the correlation 
coefficient r of cosmic ray flux and IMF strength is 
shown as a function of time.
According to data presented in Fig. 3 the delay time of 
cosmic ray fluxes Nm(t) relative to IMF strength B(t) is 
about �t � 1�3 months. 
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Figure 3. Correlation coefficient r of CR flux Nm(t) and 
IMF strength B(t). The value of r is shown as a function 
of delay time �t of cosmic ray fluxes relative to IMF
strength. The data averaged per month and smoothed 
with 5 months were taken for the period of 6.1975 –
12.2010.

3 Relationship between CRs and IMF 

From the data presented in Figs. 1 and 2 the relationship 
between cosmic ray fluxes and IMF strength observed at 
1 a.u. can be received. To find it we have used Parker’s 
equation of cosmic ray modulation

),exp()( ���� mom NtN (1)

where Nmo is cosmic ray flux which could be detected by
our counter in the atmosphere if the modulation of cos-
mic particles is absent and particle flux falling on the top 
of the atmosphere equals to cosmic ray flux in the inters-
tellar space; 	 is the modulation parameter [3]. The 
parameter 	 depends on the value of diffusion coeffi-
cient that, in turn, is defined by the strength B of IMF: 

kBC ��� , (2)

where C and k are constants. Here we do not consider the 
dependence of 	 on the solar wind velocity and the size 
of modulation region, assuming this dependence to be
weaker in comparison with dependence on IMF.
From the equation (1) and (2) and using experimental 
data on cosmic rays fluxes Nm(t) and IMF strength B
shown in Figs. 1 and 2 the dependence of Nm(t) on IMF
strength B can be found. It is depicted in Fig. 4 where we 
have used the data smoothed with 5 months.
The approximation of this dependence is expressed as 

),10.0exp(543.5)( BBNm ���� (3)
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where Nm(cm–2s–1) is the omnidirectional flux of particles 
and IMF is strength of B(nT). The correlation coefficient 
between these values is r = 0.84 at the time shift �t � 1–3
months. The value of k in the modulation parameter 	 =
C�Bk equals to � 1.
In [4] the more complicated dependence of diffusion 
coefficient (and parameter	 ) is analyzed. The value of k
is the function of neutral current sheet tilt.
From the expression (3) the evaluation of unmodulated 
cosmic ray flux Nmo can be obtained if we put B = 0: 
Nmo= 6.21 cm–2s–1.
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Figure 4. The dependence of Nm(t) on IMF strength B at 
�t = 2 months (black points). The data smoothed with 5 
months were used. The solid curve is the approximation 
with the expression (3).

In our balloon experiments at the polar latitudes we 
measure CR particles with energy of protons E 
 200
MeV. It allows us to compare our data and Voyager-1
data (channel recording protons with E 
 70 MeV) be-
cause the difference of energy thresholds gives a small 
difference in particle fluxes. 
Another way to find the value of Nmo includes the using 
data on cosmic ray fluxes measured by Voyager-1 near 
the Earth at the distances d < 4.5 a.u. and d > 115 a.u. 
[http://voyager.gsfc.nasa.gov/cgi-bin/recent.pl]. At the 
distances of 1 � d < 4.5 a.u. the relation between our data 
Nm and Voyager-1 count rate of protons with E 
 70 MeV 
(V1) is expressed as 

,449.1)1(887.2)( ��� VtNm (4)

where the values of Nm and (V1) are given in cm–2s–1 and 
in s–1 accordingly. 
Now the spacecraft Voyager-1 is at the distance of d �
115 a.u., its count rate is 1.64 s–1 and does not change
during the last several months. If we take that at d 
 115 
a.u. the cosmic ray modulation is absent (or very weak), 
then according to equation given above Nmo= 6.2 cm–2s–1.
The values of Nmo evaluated by two different methods are 
the same within uncertainty of estimation. 

Using the equation (3) and the data on IMF, we calcu-
lated the values of Nm(t) for the period of 7.1975 –
present time and compared calculations and experimental 
data. The results are presented in Fig. 5 where there is a 
satisfactory agreement between experimental and calcu-
lated data. 

Figure 5. The time profiles of measured values of Nm(t)
and calculated ones according to formula (3) (open circles 
and thin curve, correspondingly).

The same treatment was made with the data of high lati-
tude neutron monitor in Apatity presented in 
[http://pgia.ru/lang/en/data/nm/]. Fig. 6 shows experi-
mental and calculated data on count rate of this installa-
tion for the period of (1.1975 – present time). 
The calculations were made from the expression Nnm =
1609�exp(–0.04B), where Nnm is count rate of neutron 
monitor of Apatity per 10 seconds and IMF B is in nT. 
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Figure 6. The time profiles of count rate of Neutron moni-
tor in Apatity per 10 s (open circles) and calculated ones 
according to expression given above (thin curve).
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The 5 months running data were used and the time shift 
between cosmic rays and IMF was 1 month with the 
correlation coefficient of these sets equals to 0.85. As in 
Fig. 5 we have a satisfactory agreement between experi-
mental and calculated data.

CConclusions

The relationship of cosmic ray fluxes measured at the 
maximum absorption curve in the atmosphere in the polar 
region and strength of interplanetary magnetic field at 1 
a.u. is discussed. It is found that the correlation coefficient 
between these values is rather high, r � 0.85 at the time 
shift of cosmic ray flux relative to interplanetary magnetic 
field at 2-3 months. 
The evaluation of the count rate Nmo of our detector when 
unmodulated cosmic ray flux falling on the top of the 
atmosphere is made. 
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