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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 A bSt ra Ct

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 g —
monitors (NMs), operating continuously since 1951. They measure & neme
secondary cosmic rays: the nucleonic component of the atmospheric
cascade initiated by primary cosmic rays. NMs show fluctuations in the Sotr Noutron

original cosmic ray intensity. These variations occur as a result of a solar pu.
changeability and reflect the level of solar activity. The basic periodicity == Radiocarbon
observed by neutron monitors is the 11-year cycle, which is a reflection of RSV 1 y

the Schwebe cycle, characterized by consecutive periods of amplified solar [RSEEGE_GG S Gromsgeses
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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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



Particle density
in phase space: 7 vs P

Advection by radially
outflowing solar wind

Diffusion on irregularities of
heliospheric magnetic field

Adiabatic energy changes due
to expanding/compressing
solar wind

Drifts on gradients and curvatures
of heliospheric magnetic field and
on the heliospheric current sheet
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Figure 1. Normalized relative 10-minute averaged count rates of selected neutron monitors
during DOY 309 (05 November) 2023. The upper row shows the raw data (black lines) with the
fitted background trend (red curves — see text for details). Panels a- ¢ represent typical cases
of no event observed (TERA NM), a marginally defined event (DOMC) and a significantly
defined event (DRBS). The lower row (pancls d —f) depicts the detrended data corresponding
to panels a—c. The grey-shaded bars denote the time of the event studied here, viz. 0914
UT.
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New Anisotropic Cosmic-Ray Enhancement (ACRE) Event on 5
November 2023 Due to Complex Heliospheric Conditions
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Figure 3. Map (sinusoidal projection, GSE coordinates) of the ACRE responses of the NMs
at high (P < 2 GV, red circles) and mid-latitudes (blue circles). The coordinates of the points
correspond to the asymptotic directions of the NM at the rigidity P*=max(2 GV,F%.). The
size of the symbols represents the intensity in %*hr (see Table 1) as indicated in the bottom
pancl. The magenta star and the thick curve depict the fitted (see Equation 2) anisotropy axis

and its 1o interval, respectively.
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Revision of the strongest solar energetic particle event of
23 February 1956 (GLE #5) based on the rediscovered original
records
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Fig. 1. Example images of archival records for the NM measurements during GLE #5. Left panel shows a summary for NM of the USS Arneb
at Wellington Harbour (MS Simpson B218 F1). Right panel shows a report for Berkeley NM (MS Simpson B216 F12). Both are reproduced by

courtesy of the Hanna Holborn Gray Special Ci Center, University of Chicago Library.
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Anisotropic Forbush decrease of 24 March 2024: First look
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Fig. 6. Radial solar wind velocity contour plots shown in the ecliptic (Ieft panel), meridional (middle pancl), and radial (right panel) planes for 25 March

2024 at 00:00 UT (source: hitps://ceme.gsfi.nasa.gov/).
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https://doi.org/10.1007/511207-023-02120-x

Analysis of Galactic Cosmic Ray Anisotropy During the Time
Period from 1996 to 2020

Witold Wozniak' - Krzysztof Iskra® - Renata Modzelewska® - Marek Siluszyk?*

24h A[%] 2h A[%]
0.10 0.10

0.05 0.05
AY[%] Ayl%]

>

6h

b

Figure 2 (a) Harmonic diagrams of the GCRA from year to year for the periods 1996 —2008 (the last year
of Solar Cycle 22 and Solar Cycle 23), (b) the same for 2009 — 2020 (Solar Cycle 24 and the beginning of
Solar Cycle 25). Colors determine magnetic polarity: positive periods (A > 0) shown in red, negative (A < 0)
periods in blue, reversal time in yellow.
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Figure 3 (a) Harmonic diagrams of the average GCRA vectors for the period 1996 —2008 (last year of the

Solar Cycle 22 and Solar Cycle 23) with various signs of the HMF, i.e., for 1996 —2000 when A > 0 and
2003 -2008 when A < 0. (b) The same for 2009 —2020 (Solar Cycle 24 and the beginning of the Solar Cycle

25) for 2009-2012 when A < 0 and 2015-2020 when A > 0. Colors determine magnetic polarity: positive
periods A > 0 shown in red, negative (A < 0) periods in blue, reversal time in yellow.



Sumary: Thank vou !

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.



