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Abstract: In this work the definition technique of vectors parameters of cosmic ray daily anisotropy of in a mode of real
time, according to observation at one station, the Yakutsk cosmic rays spectrograph named after A.I.Kuzmin, is realized.
For calculation the current hourly information on neutron and muon components of galactic cosmic rays for the past 24
hours of registration is used. It is shown that the method offered gives a chance to diagnose changes occurring in the
distribution of cosmic rays in interplanetary space in a mode of real time. The analysis of this information allows to
predict a hit of the Earth in large-scale disturbances of solar wind.
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1 Introduction

Effects of the change of behavior of vector of daily
anisotropy of galactic cosmic rays (GCR) before entering
the Earth into the area of disturbance of the interplanetary
space discovered more than 50 years ago [1]. n that case the
definition of parameters was conducted by means of a har-
monious analysis. Later were used various variants of the
spherical analysis according to the world network of neu-
tron monitor stations [2, 3, 4]. The received results pointed
out a possibility of experimental detection of harbingers of
entering of the Earth into the region of solar wind distur-
bance.
The purpose of the given work is to develop of the tech-
nique and realization of monitoring of the behavior diag-
nostics in mode of real time. In this case the monitoring
data of only one station, A.I. Kuzmin GCR spectrograph, is
used. As was shown in our work before [5], the behaviour
of GCR vector of current (−→W ) before the beginning of 97
Forbush decreases which had been observed in the period
from 1966 to 1999, was investigated on the basis of pro-
cessing of the continuous hourly data of the world network
of neutron monitors by the variant of the spherical analysis
method.
The vectors of anisotropy (−→A ) and GCR current (−→W )are
connected by the relation: −→W = −c · −→A/(γ + 2), wherein
c is the velocity of light, and γ is the index of undisturbed
GCR spectrum. From the results of work [5] it follows that
for the majority of cases (more than 70%) before the be-
ginning disturbances the sufficient increase (> 150 km/s)
of value of the radial component of current vector (−→W ) to
the Sun was observed (figure 1). Besides, this effect can be

Figure 1: Behavior of the isotropic intensity by neutron
monitor δI/INM (a) and GCR currents −→W (b) before the
Earths entering in the disturbance of the interplanetary
medium in January, 1988.

seen according to the data of GCR muon components at the
level of the surface of the Earth (figure 2)
The use of the spherical analysis of the data of the world
network of stations allows to receive parameters of the
GCR anisotropy for each hour of measurements. But its
use in the mode of real time is connected with a difficulty
of access to the data of stations that are equally distribut-
ed in the Earth’s surface. Also it can is connected with the
technique used of data preparation [3].
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Figure 2: Behaviour of the isotropic intensity δI/INM (a) and GCR currents −→W by the neutron monitor (b) and muon
telescope (c) data in May, 1991.

2 Method of the Harmonious Analysis of the
Data in Real Time

The values of radial A11 and azimuthal B11-components
of vector −→A during undisturbed periods are fairly constant.
Therefore their parameters in the interplanetary space can
be defined every last 24 hours. For this purpose it is neces-
sary to consider the influence of magnetic field and Earth’s
atmosphere, and also reception characteristics of the reg-
istering device [1]. Then for a definition of A11 and B11-
components in the interplanetary space in real time, we will
have the following equations [5]:

A11 = 1/12 ·
23∑

i=0

kIicos((i+ h(i))150 + α+ β),

B11 = 1/12 ·
23∑

i=0

kIisin((i+ h(i))150 + α+ β).

Here Ii are the values of GCR intensity observed, h(i) are
values of an hour of observation for every Ii (to account
for the Earth’s rotation), 150 is an angle of Earth’s rota-
tion in 1 hour, the coefficient k and angle α take in account
the influence of geometry of the device, geomagnetic field

and Earth’s atmosphere on the value and phase of observ-
able vector−→A at the monitoring point. The angle β = 1350

gives the results of definition of A11 and B11 for the Yakut-
sk local time.
The important in this approach that any current changes of
the GCR distribution function in the interplanetary space
will be reflected in the results of calculation.

3 Results and Discussion

Figure 3a shows the results of definition according to the
above mentioned method of values of radial componen-
t anisotropy A11 (in RTN-coordinate system) by the hour
data of the neutron monitor (24NM64) and the muon tele-
scope installed at the level of the Earth’s surface (MT0)
for the September 1 to September 27, 2005 period. During
this period a large-scale disturbance of the solar wind and
as a consequence the considerable decrease of GCR (figure
3c) and geomagnetic storm (figure 3b), were observed.
As it is shown on the figure 3, the observable greatest de-
crease of GCR intensity (δI/I) and Dst-index have a pre-
dictor in the form of a considerable and long radial compo-
nent A11 > 0.2% in the direction from the Sun.
Figure 4 shows the behavior of Dst-index (a) and the pe-
riods of anisotropy of radial component A11 > 0.2% by
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Figure 3: Results of calculation of the radial component
of anisotropy A11 (a), the data on Dst-index (b) and GCR
intensity δI/I by to the data of the Yakutsk spectrograph
(c) in September, 2005.

Figure 4: Behaviour of the Dst-index (a) and periods of
anisotropy with A11 > 0.2% of radial component by the
neutron monitor (b) and muon telescope MT0 (c) for the
February 2 to March 2, 2011 period.

the data of 24NM64 (b) and MT0 (c) for the February 2 to
March 2, 2011 period.
From figure 4 it also follows that before disturbances of
Dst-index considerable increases of radial component A11

are observed.
The influence of the solar wind disturbances, which have
not reached the Earth yet, is also reflected in the azimuthal
component B11. Its increase to a value > 1% can also be an
additional sign of approaching interplanetary disturbance.
Based on the above results and the data of the Yakutsk spec-
trograph, we have realized the variant of the monitoring of
definition of the anisotropy vector −→A in real time. Its re-

sults are accessible in Internet: http : //alpha.ysn.ru/ ∼
starodub/SpaceWeather/currents real time.html.
The figure 5 the example of monitoring for the last 72 hours
concerning the current time is shown. The type of the used
device and also the system of coordinates (GSE) and scale
are specified at the top. The change of the vector −→A from
blue color to red takes place as the radial anisotropy com-
ponent (A11 > 0.2%) increases simultaneously by data of
both neutron monitor and muon telescope. It points to a
possible entering the Earth into the region of geoeffective
solar wind disturbance of the interplanetary space during
∼ 1− 2 days.

4 Conclusion

The variant of diagnostics method behavior of the GCR
anisotropy vector −→A based on the data of the A.I. Kuzmin
Yakutsk spectrograph has been developed and realized in
a mode of real time. It is shown that the periods of si-
multaneous increase of the radial component value of daily
GCR anisotropy with A11 > 0.2% are observed by data of
the neutron monitor and the muon telescope. This, with a
high probability, is connected to the approaching the area
of geoeffective disturbance solar wind to the Earth.
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Figure 5: Results of definition of value and direction of the GCR anisotropy vector in a mode of real time by the data of
the Yakutsk spectrograph in May, 2011.
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