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The cosmic rays stream reaching Earth is of extragalactic origin, some come 
from the center of our Galaxy, while the source of cosmic rays of the lowest 
energies is Sun. A common way to register galactic cosmic ray (GCR) and its 
variability are measurements made by a global network of ground neutron 
monitors (NMs), operating continuously since 1951. They measure 
secondary cosmic rays: the nucleonic component of the atmospheric 
cascade initiated by primary cosmic rays. NMs show fluctuations in the 
original cosmic ray intensity. These variations occur as a result of a solar 
changeability and reflect the level of solar activity. The basic periodicity 
observed by neutron monitors is the 11-year cycle, which is a reflection of 
the Schwebe cycle, characterized by consecutive periods of amplified solar 
activity of about 11 years. There is a high anti-correlation between the 
number of sunspots that perfectly illustrate the level of solar activity and 
the GCR changeability. The next cycle is the 22-year Hale cycle, related to 
the reversal of the Sun’s magnetic field polarity. There are observed also 
shorter periodicities: connected to solar rotation, as well as transients 
appearing in solar behavior. There will be discussed recent updates of long-, 
mid- and short-term modulation of GCR, based on the neutron monitors 
observations, as well as mathematical modeling of GCR transport.
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Oulu NM data from cosmicrays.oulu.fi and SSN from OMNIWeb (1964-2024)
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Cosmic ray variations: 11, 22-years, 27-days, solar anisotropy
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Gil et al. 2023: Modeling results of the recurrent GCR modulation
by CIR, comparison of the experimental data (the GCR counts by 
Oulu NM) with modeling results (relative density)  with taken into
account heliolongitudinal asymmetry of HMF strength and SW 
velocity during solar rotation 19.10-14.11.2021
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Parker transport equation (Parker, 1965)

3D anisotropic diffusion tensor (Alania, 1978; 2002)
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From Corti et al., 2023



ACRE-anisotropic cosmic-ray enhancement, 
12-19 UT 07.06.2015, 9-14UT 05.11.2023

Gil et al., 2018



https://static-content.springer.com/esm/art%3A10.1007%2Fs11207-024-
02338-3/MediaObjects/11207_2024_2338_MOESM4_ESM.mp4









Gil et al., 2025 in preparation
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Sumary:

Ground observations of the lower part of the GCR spectrum is successfully done by 
NMs. The main task of NMs is to show changes in the original cosmic ray intensity. 
These changes occur as a result of a behavior of Sun and reflect the level of solar 
activity. In this context, the GCR particle flux continuously reaching the Earth is an 
unique and incessantly available source of information about the state of 
interplanetary space.

It allows not only to better understand the properties of galactic cosmic rays, but also 
to discover the properties of the heliosphere and Sun, in various time scales -
indirectly. 

It also serves in space weather research, e.g. to determine the level of exposure of 
aircraft crews to ionizing radiation. It can also be used as an element of post-factum 
analysis of individual episodes of geomagnetic storms, allowing the creation of a 
broad characteristic of these phenomena.


