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Abstract

The strongest disturbances in the heliosphere and magnetosphere are caused by coronal mass 
ejections. However, during periods of low solar activity, the main sources of magnetic disturbances on 
the Earth are recurrent processes associated with high-speed solar wind. Their sources are coronal 
holes in the Sun. Disturbances have a direct impact on the fluxes of primary cosmic rays penetrating 
the interplanetary space. Muons keep the directions of cosmic ray particles that produce them and, 
therefore, provide information about the active processes in the heliosphere associated with solar 
activity. The influence of high-speed solar wind (the sources of which are coronal holes in the Sun) on 
the Earth's magnetosphere is considered. The results of analysis of the muon flux local anisotropy 
parameters during geomagnetic disturbances caused by high-speed solar wind in the periods of low 
solar activity (2008-2009 and 2017-2018) are presented.

Conclusion

Muon hodoscope URAGAN 

For the analysis of muon flux variations, the horizontal projection of the relative anisotropy vector rh
which characterizes the “side impact” on the muon flux angular distribution is used:

Parameters of interplanetary magnetic field and MH URAGAN data

Threshold values of local anisotropy parameters

To estimate the parameters of local anisotropy, the distribution of the integral probability of random 
variables was used. The values at the 95% probability level were taken as a threshold. The anisotropy 
parameters and r.m.s. deviations were estimated.

The plots show the areas of high-speed solar wind (> 500 km/s) enhancement in which an increase of 
the magnetic induction vector on August 11-13 and August 16-18, 2017 is registered. The disturbance 
of the magnetosphere is registered during the second IMF disturbance (maximal value Kp = 5, Dst <-
30). In the first case, magnetosphere remained undisturbed.

During the increase of the solar wind in the period from October 1 to 5, 2008, the IMF remained quiet.
However, the magnetosphere responded to this event with a weak magnetic storm (Кр=4, Dst=-30).
In the muon flux it is observed that the relative local anisotropy parameters exceed the threshold 
values.

Events of August 12-14 and August 17-22, 2017

Event of October 1-5, 2008

Muon hodoscope URAGAN – a 
wide-aperture coordinate-tracking 
detector – was constructed in the 
Scientific and Educational Center 
NEVOD (MEPhI, Moscow). The 
hodoscope is capable to detect 
muons simultaneously from all 
directions of the upper hemisphere 
and is used to study characteristics 
of muon flux variations as a function 
of spatial angle.

For the study of two-dimensional variations of muon flux 
registered by the muon hodoscope URAGAN, a local 
anisotropy vector which is the sum of the unit vectors of 
particle tracks normalized by the total number of tracks is 
used. Its absolute value is of the order of 1. Local anisotropy 
vector A indicates the average arrival direction of muons 
which is close to the vertical. To study its deviations from the 
mean value <A>, the relative anisotropy vector which 
represents the difference between the current vector and the 
average anisotropy vector calculated over a long period of 
time is used:

Approximately, the distribution of the parameter rh is a superposition of two normal independent 
distributions of rs and re and follows the Rayleigh distribution:

where a is the distribution parameter describing its moments. In this case, mean values and deviations 
are calculated by the following formulas:
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Thus, for 4 analyzed years, we selected 58 events in which the increase in the solar wind velocity >500 
km/s and the absence of coronal mass ejections had been observed. The disturbance of the 
magnetosphere was observed only in 47 of the selected events. According to the MH URAGAN, the 
parameters of the muon flux relative anisotropy exceeded the threshold values in 42 events.

The plot shows the anisotropy of the CR 
flux angular distribution in the GSE 
system based on the analysis of 
muonographs during the considered 
periods. The bottom panel shows the 
variation of Kp-index. Strong variations 
during these periods are observed. There 
are areas larger than 0.5 sr in which an 
increase of the flux by >5σ in the range of 
angles of 0°÷+90° and a decrease of flux 
by <4σ in the angular range of -90°÷-0° 
are observed.

The figure shows the sequence of angular 
distribution deformations for muonographs
obtained in the period from September 24 to 
October 10, 2008. It is seen that the IMF was 
quiet a week before the solar wind increase. 
During the disturbance, an increase of flux by
+4σ ÷ +5σ and higher is observed in the 
angular range of 0° ÷ +90°. At this,  a decrease 
of the flux by <-5σ occurs in the angular range 
of   -180° ÷ -0°. After October 6, a distribution of 
“spots” typical for a quiet period is observed.

Analysis of muonographs in the GSE system shows a qualitatively different influence of events of 
different types on the cosmic ray flux. The effect of high-speed solar wind on the cosmic ray flux 
registered by the muon hodoscope URAGAN during the periods of solar activity minimums in 2008-2009
and 2017-2018 was studied. It is obtained that in 54±8% of events σrs parameter responds to solar wind 
disturbances earlier than σrh и σre parameters.
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