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Abstract. The influence of large-scale interplanetary structures on the propagation of solar
energetic particles on August 27, 2022 is studied. The dynamics of particles fluxes, observed at
the Lagrange point L1 and in near-Earth space, has a number of features: the presence of
synchronous local maxima of electron and proton fluxes of different energies during the flux
growth phase; anisotropy of the solar proton flux for about 12 hours; the time profiles of solar
protons observed near the Earth is similar to those observed at L1 point, but with a delay of more
than 1 hour. It is proposed that the observed features can be explained by modulation processes
during the propagation of particles inside the leading compression region ahead of the high-speed

solar wind stream from the coronal hole.

Keywords: solar flare, coronal mass ejection, coronal hole, solar wind, interplanetary magnetic

field, solar energetic particles

DOI: 10.31857/S00167940250501e2


mailto:nav19iv@gmail.com

1. INTRODUCTION

The rise of solar energetic proton fluxes, called the solar proton event (SPE), is not only of
scientific interest in itself as a physical phenomenon, but also serves as a tool for studying
processes on the Sun, in the interplanetary medium, and in the Earth's magnetosphere (e.g.,
[Lyubimov, 2003; Tverskaya, 2011]). The energy range of SPS particles (approximately from 1
MeV to several hundred MeV) determines the spatial and temporal scales of physical processes in
the heliosphere, which can have a significant impact on the dynamics of particle fluxes. The
interplanetary medium is inhomogeneous and nonstationary, and its structure can be represented
differently on different spatial and temporal scales [Allen et al., 2023]. In space physics, the
dynamics of processes on medium scales is of fundamental importance: in the solar wind, studies
of processes on scales from 100 Re (Rg is the Earth's radius) to a few degrees in heliolongitude at
a distance of 1 a.u. (a.u. is an astronomical unit) are crucial to understanding the coupling between
the Sun's corona and an observer at any point in the heliosphere [Allen et al., 2023]. It is on this
spatial scale that the main structures of the interplanetary medium, such as interplanetary coronal
mass ejections (ICMEs) and regions of interaction between fast and slow solar wind streams, fall,
which can have the strongest impact on the flux of solar energetic particles during their propagation
in the interplanetary medium and, thus, on the formation of the temporal profile of the SPS. The
study of the SPS features allows us to visualize the substructure of these large-scale structures

(e.g., [Tan et al., 2012; Lyubimov et al., 1976]).

Already experimental data from the Pioneer 6 spacecraft on variations in the anisotropy of
solar particle fluxes correlating with changes in the direction and magnitude of the interplanetary
magnetic field were interpreted as the motion of particles in the magnetic field filaments
[McCracken and Ness, 1966]. The magnetic field fibers were depicted as tubes with a diameter of
3- 108 km [Bartleyr et al., 1966]. According to the results of the study also of the anisotropy of
solar proton fluxes based on experimental data from the Mars-4, 5, 7 automatic interplanetary
stations (AMS) — structures called magnetoplasma tubes with diameters of the order of 10° km
were detected [Lyubimov et al., 1976]. The results of the study of experimental data obtained on
the GRANAT spacecraft allowed us to detect bundles of magnetoplasma tubes [Ermakov et al.,
1991]. In [Borovsky et al., 2008], an image of the interplanetary medium in the form of a magnetic
carpet consisting of magnetic flux tubes differing in size and orientation in space was proposed.
Thin current layers form the boundaries of magnetic flux tubes and separate one tube from another
[Borovsky, 2018]. The origin of such heliospheric magnetic structure is unknown: either the
structure has its source on the Sun or is formed in the solar wind itself [Neugebauer and Giacalone,

2015]. The surface of the Sun appears as a pattern consisting of granules and supergranules. In
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[Mazur et al., 2000], it was suggested that the observed variations in the solar particle fluxes are
due to the motions of the interplanetary magnetic field lines, which have as their source a network
of supergranulations of the Sun's photosphere. At the same time, in [Khabarova et al., 2021], based
on the study of current layers in the heliosphere, the possibility of the existence of a solar wind
structure consisting of magnetic flux tubes, as suggested in [Borovsky, 2008; 2018], and the
connection of such a structure with solar supergranulation is questioned. But it is pointed out that
large quasi-stationary flux tubes do exist in large structures, such as the MCWM and the regions
of interaction between fast and slow solar wind streams, as confirmed by various methods,

including remote observations [Khabarova et al., 2021].

The fast solar wind stream, propagating in the heliosphere after a lower velocity stream, forms
an interaction region with denser, compressed plasma in front of it (reviewed in [Richardson, 2018]
and references therein). If a fast solar wind stream exists for more than one Carrington revolution
of the Sun, it is said to form a corotating interaction region that can be observed for long periods
of time. The existence of several interaction regions or corotating interaction regions in
heliospheric space, their interaction with each other and/or with the MCWM leads to the formation

of merged interaction regions (e.g., [Burlaga et al., 2003]).

The aim of this work is to determine the reasons for the formation of the complex temporal
profile of solar energetic proton fluxes on 27.08.2022, based on the results of the analysis of solar

energetic particle sources and conditions in the interplanetary medium during particle propagation.
2. SOURCES OF EXPERIMENTAL DATA

The study of the time profiles of solar proton fluxes on 08/27/2022 is based on experimental
data obtained from spacecraft (SC) located in interplanetary space and in the Earth's
magnetosphere. GOES-16 satellite is a geostationary Earth satellite. The data of measurements of
solar proton fluxes with energies >5,>10, >30 and >60 MeV obtained from the Solar and Galactic
Proton Sensor (SGPS) instrument (https://www.ngdc.noaa.gov/stp/satellite/goes-r.html) were used
in this work. The ACE and DSCOVR satellites are located at the L/ libration point, 1.5 million km
from Earth (https://cdaweb.gsfc.nasa.gov/).

Electronic resources from which the information necessary for the study was obtained:
- on solar flares and coronal holes (https://www.solarmonitor.org/;
https://www.spaceweatherlive.com/);
- on coronal mass ejections (CMEs) from the LASCO/C2 coronagraph on the SOHO
spacecraft (https://cdaw.gsfc.nasa.gov/CME list/);
- on images of the Sun at different wavelengths from SDO (https://www.solarmonitor.org/);
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- solar wind and interplanetary magnetic field from the ACE and DSCOVR satellites
(https://swx.sinp.msu.ru/);
- on solar energetic particle fluxes from ACE spacecraft and GOES-16 satellite

(https://swx.sinp.msu.ru/).

Most of the figures in this paper were created on the website of the Operational Space
Monitoring Data Center (OSMC) of the Moscow State University Research Institute of Nuclear
Physics, which provides access to operational data of space experiments and models of operational
forecasting of space weather phenomena. The CDOCM website in the section "Space Weather"
(https://swx.sinp.msu.ru/) contains data necessary for assessing and analyzing the radiation
situation not only in near-Earth space but also in the interplanetary environment. Electronic
interactive versions of the catalogs of solar proton events of the 24th and 25th solar activity cycles
and links to printed versions of the SPS catalogs of the 20th-24th solar activity cycles are also

presented there (https://swx.sinp.msu.ru/apps/sep_events_cat/index.php?gcm=1&lang=ru).
3. EXPERIMENTAL RESULTS

The solar proton event on 27.08.2022 is associated with an explosive process on the Sun in
the active region (AR) 13088. Two manifestations of this process are the solar flare of X-ray class
M4.88 with heliocoordinates S17W79, which began at 01:52 UT, and a fast (velocity - 1284 km/s)
with a wide solution angle (360° ) coronal mass ejection (CME) registered at 02:24 UT (SPS
catalog of the 25th solar activity cycle (https://swx.sinp.msu.ru/)). The solar flare was prolonged:
onset at 01:52 UT, maximum at 02:40 UT, and end at 03:05 UT
(https://www.spaceweatherlive.com/) (Fig. /a). In Fig. /b, along with the temporal profiles of solar
proton fluxes, the electron flux profile from the ACE measurements is shown. The beginning of
the electron flux increase at the L/ point is observed approximately 1.5 k-after the flare onset. The
maximum flux of solar protons with £ > 10 MeV during the event according to the GOES-16
satellite data was~ 27 (cm? s sr)! (Fig. Ic). One of the features of SPS 27.08 is the presence of
several local maxima in the growth phase of the solar particle fluxes (Fig. /b and Fig. Ic).
According to ACE data, the local maxima (Fig. /b, moments 1, 2, and 3) are observed
simultaneously both for protons of different energies and electrons. Similar proton flux profiles
with local maxima and also without energy dispersion can be seen in the GOES-16 data (Fig. /c).
The only difference is the delay in the arrival of the fluxes in the region of the geostationary orbit

compared to the Lagrangian point L/ for more than 1 hour (Fig. /¢ - moments 1', 2', and 3').

Fig. 1.



The Meteor-M2 low-orbit polar satellite registered another feature of the SPS on 27.08.2022:
the north-south asymmetry of proton fluxes with energies of 1-100 MeV. Figure 2a shows the time
profile of the proton flux during approximately one revolution of the satellite around the Earth.
The efficiency of penetration of solar particles into the Earth's magnetosphere depends on many
factors. First of all, on the orientation of the interplanetary magnetic field, the level of perturbation
of the magnetosphere, and the energy of the particles (e.g., the work [Kuznetsov & Tverskaya,
2007] and references therein). Within the framework of this study, the problems of penetration of
solar protons into the Earth's magnetosphere are not discussed in detail. Usually, the level of the
particle flux in the polar caps corresponds to the flux in the interplanetary medium, but in a number
of PCAs there is a north-south asymmetry of the fluxes, as can be seen in Fig. 2a (the regions of
the polar caps are highlighted by rectangles, the flux in the southern polar cap is higher than in the
northern one). On 08/27/2022, the asymmetry of particle fluxes in near-Earth space was observed
from~ 08 UT, from the time when the solar proton flux exceeded the background level, until~ 22
UT. The asymmetry of the solar proton fluxes was first recorded in November 1967 and, just like
on 08/27/2022, the flux in the southern cap exceeded the flux in the northern cap for quite a long
time,~ 20 h [Evans and Stone, 1969]. The different flux of solar particles in the polar caps is
explained by the anisotropic flux of particles in the interplanetary medium, and the cap where the
flux decrease is observed is determined by the direction of the interplanetary magnetic field
[Morfill and Sholer, 1973; Kuznetsov and Tverskaya, 2007]. The existence of anisotropy of solar
proton fluxes in the interplanetary medium on 27.08.2022 is confirmed by the results of measuring
the pitch-angle distribution of proton fluxes to the L1 point on the WIND spacecraft (Fig. 2b). It
can be seen that a strong pitch-angle anisotropy of proton fluxes was observed at the L/ libration

point from ~ 07 UT to ~ 21 UT on August 27.
Fig. 2.
4. DISCUSSION

The analysis of all solar proton events at 1 a.u. begins with a search for their source on the Sun
(sometimes it is absent). However, identical conditions on the Sun (flare coordinates and X-ray
score, coronal mass ejection parameters) do not always lead to similar PCA characteristics. The
initial acceleration of solar energetic particles occurs on the Sun, but, propagating in the
inhomogeneous and unsteady interplanetary medium, the particle streams are affected by large-
scale heliospheric structures (see, e.g., [Reames, 2021; Bazilevskaya et al., 2023; Klein and Dalla,

2017]). The study of each individual solar proton event provides an opportunity to expand our



knowledge of the role of the underlying physical processes affecting particle propagation in a

variety of interplanetary environments.
Table 1.

The SPS 27.08.2022 (Fig. 1, Table 1), observed at the L/ libration point and in Earth orbit, has
a number of differences from the events associated with sources with similar characteristics (see,
for example, [Logachev et al., 2022] and the interactive catalogs of SPSs of the 24th and 25th solar
activity cycles (https://swx.sinp.msu.ru/apps/sep_events cat/index.php?gecm=1&lang= ru)). The
temporal profiles of solar proton fluxes from GOES-16 satellite data for the three SPSs on
27.08.2022, 30.03.2022, and 02.04.2022 (within one day for each) are presented in Fig. 3 in one
scale, with vertical lines marking the times of solar flares. Table 1 summarizes the parameters of
solar flares and coronal mass ejections with which the SPS data are associated. The results of a
detailed analysis of the SPS on 30.03.2022 and 02.04.2022 are given in [Vlasova et al., 2024]. It
can be seen that the temporal profile of proton fluxes on 27.08.2022 (Fig. 3a) differs significantly
from the profile of 02.04.2022 (Fig. 3¢), whose particle fluxes propagated in a relatively quiet
interplanetary medium, but is closer to the profile of 30.03.2022 (Fig. 3b). On 30.03.2022, the
proton fluxes arrived in near-Earth space together with an ICWM formed from two CMEs that
emerged from the same AO as the solar protons, but about two days earlier. It was shown in
[Vlasova et al., 2024] that the peculiarities of the temporal profile of proton fluxes on 30.03.2022
are caused precisely by the influence of the MCWM.

Fig. 3.

In SPS 27.08.2022, the beginning of the event development followed a similar scenario with
SPS 30.03.2022. The source of solar particles on 27.08.2022 is the active region on the Sun No.
13088, in which on the previous day (26.08.2022) several solar flares of X-ray classes C and M,
as well as at least two CMEs with sufficiently large velocities and angular solutions having close
positional angles (tachymeters) were observed.) several solar flares of X-ray classes C and M were
observed, as well as at least two CMEs with sufficiently large velocities and angular solutions that
had close positional angles (Table 1, the parameters most important for the study are highlighted
in bold). The later but faster CME had to catch up with the earlier one and form a complex MCWM.
At the moment of the beginning of the solar flare at 01:52 UT on 27.08.2022, the shock front of
the ICWM was at a distance of about 0.2 a.u. from the Sun, and in a few minutes the solar particles
should have caught up with the ICWM, which could prevent the direct and rapid arrival of the first
particles in near-Earth space. The solar flare on 27.08.2022 was accompanied by its powerful
CME. Thus, the solar particle fluxes fell between two shock waves: MCWM?2 and MCWM1 (Table

1). In [Bazilevskaya et al., 2025] it is shown that in the event of 27.08.2022 there were particles
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accelerated on the Sun, but the main contribution to the proton fluxes with energies above tens of
MeV, most likely, was given by the acceleration in the interplanetary medium at distances of 0.2-
0.5 a.u. between the approaching fronts of the two CMEs. In the paper, a comparative analysis is
made with the results of a study of this event using data from the Parker Solar Probe (PSP) space-
craft, which was at a distance of 0.38 a.u. from the Sun, presented in [Chen and Li, 2024]. The
observed more soft spectrum at the particle flux maximum on 27.08.2022 than the spectra at the
maxima on 30.03.2022 and 02.04.2022 (Fig. 3) may be the result of proton acceleration between
the two MCWMs.

We are interested in the phase of particle flux growth on 27.08.202, namely, the reason for the
formation of local maxima without energy dispersion, similar at the L/ point and at the
geostationary orbit, but with delayed arrival in near-Earth space for the time required for the solar
wind propagation between these points of space (Fig. 1). The solar particle flux arrived at 1 a.u. at
the beginning of the high-speed flux growth (Fig. 4, day 27.08 is marked by a rectangle). The
increase in the solar wind density (Fig. 4b) and the enhancement of the MMP (Fig. 4¢) observed
during the phase of the flux velocity growth are characteristic of compression regions in the
interaction between fast and slow solar wind fluxes [Richardson, 2018]. The source of the high-
speed solar wind flux could be a coronal hole (CH), which passed through the central meridian of
the Sun on 21-23.08.2022 (Fig. 4g). The CD had a complex inhomogeneous structure and was
located almost along the solar equator. The high-speed solar wind flux observed from 27.08.2022
could be recurrent, since a similar CD, which passed through the central meridian of the Sun on
26-28.07.2022, was also a source of high-speed flux (not shown).

Fig. 4.

The source of solar energetic particles on August 27 was an explosive process in AO 13088
(Fig. 5a, left image, the location of AO 13088 is indicated by an oval). At this time, the CD - the
source of the high-speed flux— was located at longitudes W50-W80 (Fig. 5a, right image, the CD
is indicated by an oval), which is quite close in longitude to AO 13088. The time profiles of the
particle fluxes, as well as the solar wind density and velocity, and the induction and By-component
of the MMP on 08/27/2022 from satellites located at the L/ libration point are shown in Fig. 5 (b,
¢, d, respectively). On the solar wind density and velocity profiles, one can see the alternation of
increases and decreases. According to the catalog of large-scale phenomena in the solar wind
(http://iki.rssi.ru/pub/omni/), from 04 to 12 UT on 27.08.2022, several shock waves were observed
at the L/ libration point (Fig. 5, vertical dashed lines 1 and 2) and at 12 UT the beginning of the
corotating region of interaction of solar wind streams (Fig. 5, vertical dashed line 2). From 08:30

UT to 21:00 UT, a region of strong MMP is observed, mainly due to an increase in the modulus of
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the By-component of the MMP directed away from the Sun (Fig. 5g). The period of the observed
solar particle flux anisotropy (Fig. 2b) coincides with this region of enhanced MMP. However, we
cannot speak about the exact time of the beginning of the observation of the particle flux anisotropy
because of the small particle fluxes registered both on the WIND spacecraft and on the Meteor-
M2 satellite up to~ 08 UT, but the end of the arrival of anisotropic and the beginning of the
observation of isotropic fluxes can be determined more precisely: according to the WIND
spacecraft data— 21 UT. At the Meteor-M2 satellite, the north-south anisotropy of proton fluxes
was observed until about 22 UT (Fig. 5, dashed vertical line 3).

Thus, not only during the growth phase of particle fluxes their spatial distributions are similar
at L1 and with a delay at the geostationary orbit, as can be seen in Figs. /b and /c, but also the end
of the interplanetary structure, determined by the transition from anisotropic to isotropic flux, is
fixed at L/ and in near-Earth space with a delay, which is on average of about 1 h. The time
required for the solar wind to travel the distance of 1.5 million km, i.e., between the libration point
and near-Earth space, is 70 min. The time required for a solar wind with a speed of 350 km/s to
cover a distance of 1.5 million km, i.e., between the libration point and near-Earth space, is 70

min.
Fig. 5.

The results of the study of variations of anisotropic solar particle fluxes observed by the
Pioneer 6 spacecraft during 48 hours (30-31.12.1965) made it possible to assume the structured
interplanetary medium in the form of magnetic field fibers [McCracken and Ness, 1966; Bartleyr
et al,, 1966]. At present, more and more evidence is found to support the validity of the
representation of the interplanetary medium, at least large-scale interplanetary structures, such as
the ICWM and the interaction regions of solar wind flows, as a set of magnetic flux tubes
[Borovsky, 2008; Khabarova et al., 2021]. The boundaries separating one tube from another are
characterized by rapid changes in the magnitude and direction of the magnetic field [Borovsky,
2018]. Fig. 6 we present the time profiles of proton fluxes on 27.08.2022 using data from the
geostationary orbit, while the data on the magnitude of the interplanetary magnetic field
components obtained at the L/ libration point are recalculated to 1 a.u.
(https://swx.sinp.msu.ru/tools/ida.php?gcm=1). Assuming that the interplanetary structure
arriving at the L1 point on 27.08.2022 consists of similar tubes, we can determine their boundaries
from the variations of the IMF components (Fig. 6). The dotted vertical lines in Fig. 6b are drawn
at moments of variation in the magnitude of the MMP components and serve to separate regions

with approximately similar dynamics of all three MMP components. All local maxima in the phase



of the solar proton flux accretion (Fig. 6a) fall into the separated regions quite well. The diameter
of the resulting tubes ranges in time from 1 to 2 h, which is equal to (1.2-2.5)- 10%km at a solar
wind speed of 350 km/s on average on 27.08.2022. This is the order of magnitude obtained when
estimating the thickness of the tubes in [Bartleyr et al., 1966; Lyubimov et al., 1976; Ermakov et
al., 1991], and also the obtained value roughly corresponds to 200 RE, as suggested in [Borovsky,
2018]. Interestingly, the size of another proposed formation in the solar wind, a magnetic island
that crosses 1 a.u. in a time ranging from a few minutes to hours, is estimated to be 10-10 a.u.,
which is 1.5- 10°-1.5- 10°km [Khabarova et al., 2021]. It can also be seen that the dashed lines in

Fig. 6¢ often coincide with rapid changes in the magnitude of the solar wind pressure.
Fig. 6.

Thus, in order to understand the nature and explain the observed features of the SPS on
27.08.2022, we can assume that the region of compression at the interaction of fast and slow solar
wind streams has a complex internal structure, which is a set of magnetic flux tubes that is carried
at the speed of the solar wind. Cataloged in the catalog of large-scale phenomena in the solar wind
(http://iki.rssi.ru/pub/omni/), several shock waves are not pronounced during this period (see Fig.
5). But, probably, it is this formed internal structure of the solar wind flux compression region due
to variations in the magnetic field, solar wind density, and velocity that has a modulating effect on
the flux of solar particles trapped inside this region and propagating in it. As a result, during the
growth phase of the particle fluxes on 27.08.2022, we observe local maxima without dispersion in
energy and similarity in the time profiles of proton fluxes at the libration point L/ and near the
Earth, but with a delay corresponding to the time of solar wind propagation between these points,
as well as the anisotropy of the particle fluxes for about 12 h. The anisotropy of the particle fluxes
is also observed. The anisotropy of solar proton fluxes may be due to the collimating effect in the

strong interplanetary magnetic field.

It is known that in the regions of interaction between fast and slow fluxes, the spectrum of
solar particles can change: it becomes more rigid in the energy range up to several MeV due to
adiabatic cooling and scattering (see, for example, [Fisk and Lee, 1980; Daibog et al., 1981]).
However, the hardening of the spectrum is not always observed, and it is insignificant [Allen et
al., 2023]. Measurements on several satellites allow to believe that the degree of modulation of
particle fluxes depends on the particle path length [Zhao et al., 2016]. The effect of the fast-slow
solar wind interaction region is known to affect only the flux of solar particles with energies less
than a few MeV and, more often, the electron flux (e.g., [Richardson, 2018; Allen et al., 2023] and

references therein).



Experimental data on SPEs show that such an effect as a delay in the arrival of such temporal
profiles of solar proton fluxes into near-Earth space compared to the L/ libration point is not
always observed (see the interactive catalogs of SPEs of solar activity cycles 24 and 25
(https://swx.sinp.msu.ru/apps/sep_events_cat/index.php?gcm=1&lang=ru)). At the late stage of a
long SPE, the arrival of the coronal mass ejection shock wave, which is one of the sources of the
fluxes of these very solar protons, is always accompanied by a small increase in the flux of storm
particles, which is first registered at the L/ point and then, with a delay, in near-Earth space (e.g.,
[Reames, 2023; Bazilevskaya et al., 2025]). As indicated earlier (see also Fig. 3), a similar pattern
of proton flux profile lag to the event 0f 27.08.2022 was observed in the PCA 0f 30.03.2022, during
which proton fluxes with energies up to 100 MeV are expected to be modulated by an
interplanetary coronal mass ejection [Vlasova et al., 2024]. In SPS 27.08.2022, the delayed arrival
of the fluxes and the peculiarities of the temporal profile during the growth phase of the particle
fluxes are due to the impact of the particle propagation inside the compression region in front of
the high-speed solar wind flow from the coronal hole. In the case of the formation of the MCWM,

a compression region of fast and slow fluxes is also formed.

There are many unresolved questions in the study of the impact of large-scale heliospheric
structures on the solar energetic particle fluxes. In what cases can the effect of delayed arrival of
solar particle fluxes be observed, i.e., within which interplanetary structures do the particles
propagate? Under what conditions is the observed modulation possible, namely: what should be
the ratio between the spatial and temporal distributions of particle fluxes and heliospheric
structures? What characteristics must heliospheric structures have in order for a significant
modulating effect to be observed as a result of their influence on the solar particle flux? What
correspondence exists between the parameters of the solar wind (velocity and density) and the
interplanetary magnetic field and the energy of particles whose fluxes have undergone modulation?
What are the physical mechanisms that result in the modulation of solar particle fluxes:
acceleration, scattering, adiabatic cooling, trapping, or others? These questions are still open, and
the answers to them, in our opinion, are very important for understanding the physical processes

occurring in the interplanetary medium.
5. CONCLUSION

We present the results of the study of the influence of the state of the interplanetary medium
on the propagation of solar energetic particles on 27.08.2022. The solar proton event on
27.08.2022. had an unusual temporal profile of the fluxes of particles with energies up to 30 MeV:
simultaneous local maxima of electron and proton fluxes of different energies were observed

during the flux growth phase, and the spatial distribution of solar proton fluxes in the near-Earth
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orbit was similar to the distribution at the Lagrangian point L/, but with a lag of more than 1 h,
which corresponds to the time required for the solar wind to overcome 1.5 million km. During the
first approximately 12 h of the event, the proton flux was anisotropic. The results of a comparative
analysis of the spatial and temporal dynamics of the solar electron and energetic proton fluxes,
variations in the density and velocity of the solar wind, and the induction and direction of the
interplanetary magnetic field made it possible to conclude that the observed features of the spatial
and temporal distribution of the particle flux on 27.08.2022 are due to the modulating effect of the
compression region in front of the high-speed solar wind flux from the coronal hole during the
propagation of solar particles on their way to Earth inside this region The experimental results
obtained do not contradict the assumption about the substructure of the interaction region of fast

and slow solar wind streams as a set of magnetic flux tubes.
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Table 1. Parameters of solar flares, coronal mass ejections

Solar flares Coronal mass ejections ICVM
Date uT Coords Score uT V, Ao, PA,
km/s! deg ? deg?
26.08.2022 | 10:33 | S28WS55 C2.1 10:36 553 115 236
26082022 | 12:52 | S27W58 | M3.6 | 13:36 | 737 | 184  |2066 | MKVMI
27.08.2022 | 01:52 | S17W79 M4.8 02:24 1284 | 360 360 MKVM2
30.03.2022 | 17:21 | NI13W31 X1.3 17:30 641 360 298
02.04.2022 | 12:56 | NI2W86 M3.9 13:15 1433 | 360 263
Note:

1. Median (initial) value of the velocity (V, km/s) of the radial propagation of the CME as

it moves in the coronograph field of view.

2. A@ - angular solution (angular width) of the CME near the Sun.

3. PA - positional angle of the first appearance of the CME.
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FIGURE CAPTIONS

Fig. 1. Time profiles of 27.08.2022:

(a) - X-ray fluxes at the wavelength of 0.1-0.8 nm from GOES-16 satellite data;

(b) - fluxes of electrons with E=175-315 keV and protons with energies >10 and >30 MeV (from
top to bottom) from ACE data;

(c) - proton fluxes with energies >5, >10, >30, and >60 MeV (from top to bottom) from GOES-
16 data.

Fig. 2. (a) Time profiles of proton fluxes with energies 1-100 MeV from Meteor-M2 satellite
data and geographic latitude (line) from 08:40 to 09:50 UT on 27.08.2022.

(b) Temporal dynamics of the pitch-angle distribution of proton fluxes with energy 6.8 MeV
from data of WIND spacecraft on 27.08.2022 (https://cdaweb.gsfc.nasa.gov/).

Fig. 3. Time profiles of proton fluxes with energies >5, >10, >30, >60, >100, and >500 MeV
(from top to bottom) from GOES-16 data in 2022: from 00:00 UT 27.08 to 00:00 UT 28.08 (a);
from 15:30 UT 30.03 to 15:30 UT 31.03 (b); from 11:00 UT 02.04 to 11:00 UT 03.04 (¢).
Vertical lines mark the times of solar flares.

Fig. 4. Time profiles of solar wind velocity (a) and density (b) and MMP induction (c) from
DSCOVR satellite data on 25.08-02.09.2022 and composite image of the Sun at wavelengths
193+1714211 A on 23.08.2022 (d).

Fig. 5. Images of the Sun: in soft X-ray emission from Hinode (left) and composite image
(211+193+171 A) from SDO/AIA data (right) (a). Time profiles on 27.08.2022: fluxes of
electrons with E=175-315 keV and protons with energies >10 MeV and >30 MeV (from top to
bottom) from ACE satellite data (b); solar wind density and velocity (c¢) and MMP induction and
By-component (d) from DSCOVR satellite data.

Fig. 6. Time profiles on 27.08.2022: proton fluxes with energies >5, >10, and >30 MeV (from
top to bottom) from GOES-16 data (a); Bx-, By-, and Bz-components of the MMP (b) and solar

wind pressure (c) from ACE data, but recalculated to 1 a.u. (see text).
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