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Abstract. Ground-level enhancement (GLE) in cosmic ray intensity results from a short-term 

increase in the intensity of cosmic ray secondary particles revealed by ground-based detectors. The 

study of GLE provides information about acceleration mechanisms and particle propagation in the 

heliosphere. We investigated GLE74 (11 May 2024). It was the second GLE in 25 solar cycle related 

to a class 5.8 solar flare and a fast coronal mass ejection. The event was observed against the 

background of recovery of the Forbush effect. For our analysis, we used cosmic ray observational 

data from the worldwide network of neutron monitors that were processed using the method of global 

spectrographic survey. We also used data from GOES-16. Within the model of cosmic ray modulation 

by regular electromagnetic fields of the heliosphere, we determined the differential rigidity spectra of 

accelerated protons and their spatial distribution. The limiting rigidity of accelerated particles was 

estimated to be ~5–6 GV. We conducted a brief analysis of the cosmic ray spectra and anisotropy 

obtained during the GLE74 event comparing it to similar events that have been previously analyzed. 
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1. INTRODUCTION

Solar flares are known to generate high energy particles in the range from∼ 1 MeV to ≥ 20 GeV 

(for protons). The appearance of solar cosmic rays (SCR) in interplanetary space, after explosive 

processes on the Sun (flares and/or coronal mass ejections (CMEs)), registered in the form of 

increasing particle fluxes, mainly on spacecraft (SC), is commonly referred to as solar proton events 
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(SPEs) (in the English-language literature - Solar Particle Event - SPE) [Miroshnichenko, 1973]. 

Such events belong to potentially dangerous manifestations of solar activity, they lead to an increase 

in the radiation level in the Earth orbit, deteriorate the work of radio navigation and can be harbingers 

of geomagnetic storms. Information about SPS (data on solar events with proton generation, energy 

spectra, etc.) is systematized into catalogs that are in demand by researchers (e.g., [Logachev et al., 

2022]). The definition of the PCA is concretized. Thus, for events with non-relativistic particles the 

term PCA is applied, and for events with relativistic solar protons - GLE (Ground Level 

Enhancement) - ground-level increases of SCR [Oh et al., 2010; Miroshnichenko, 2014]. An updated 

definition of GLE is given in [Poluianov et al., 2017]. GLE events are recorded by ground-based 

detectors (neutron monitors (NMs), ground-based and underground muon telescopes, etc.). However, 

NMs remain one of the main instruments for making, with high accuracy, continuous measurements 

of the CL intensity at the Earth's surface. There are about 50 active NMs in the world network 

(https://nmdb.eu).  

GLEs are rare events. From 1942 through December 2024, only 76 events have been recorded. 

The last GLE76 was registered on November 21, 2024 (https://gle.oulu.fi). In the previous, 24th solar 

cycle, there were only two such events: GLE71 (17.05.2012) and GLE72 (10.09.2017).  

In this paper, we study the GLE registered on May 11, 2024. In the database (https://gle.oulu.fi), 

the event under study is assigned the number 74. This is the second GLE that occurred in the 25th solar 

cycle (at the time of writing, 4 events have been registered). 

The source of GLE74 was a X5.8-class solar flare that began on May 11 at 01:10 UT (coordinates 

17° S, 47° W) (https://kauai.ccmc.gsfc.nasa.gov/DONKI/). It generated a halo CME with a linear 

velocity of 1614 km/s (https://cdaw.gsfc.nasa.gov/CME_list/). The flare occurred in the extremely 

active region (AR) 13664, whose numerous energy releases since May 7, included a series of flares, 

12 of which were of spectral class X, and were accompanied by a series of high-speed CMEs 

(https://www.solarmonitor.org; https://cdaw.gsfc.nasa.gov/CME_list/) [Hayakawa et al., 2024]. On 

May 10, the CMEs reached Earth and led to the most powerful geomagnetic storm in the past 20 years 

(Kr = 9; Dst = − 412 nTL) [Spogli et al., 2024]. The modulus and Bz component of the interplanetary 

magnetic field (IMF) reached values of about 74 and -50 nTL, respectively 

(https://omniweb.gsfc.nasa.gov/ow.html). During the geomagnetic storm, the Forbush effect was 

observed in the CL [Mishev et al., 2024]. The amplitude of the decrease of CL intensity relative to 

mean daily CL intensity for May 8 at Oulu station (Rc= 0.72 GW) reached ~− 12%, in Irkutsk (Rc= 

3.13 GW) - ~− 9%. The threshold rigidities of geomagnetic clipping (Rc) are given relative to the 

epoch of 2020 (https://tools.izmiran.ru/cutoff/). 

https://nmdb.eu/
https://gle.oulu.fi/
https://gle.oulu.fi/
https://kauai.ccmc.gsfc.nasa.gov/DONKI/
https://cdaw.gsfc.nasa.gov/CME_list/
https://www.solarmonitor.org/
https://omniweb.gsfc.nasa.gov/ow.html
https://tools.izmiran.ru/cutoff/
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At the background of the Forbush effect recovery on May 11 at 02:05 UT the increase of the 

count rate was recorded by the world network of NM stations. In particular, the amplitude of the 

effect at the high-latitudinal stations South Pole (Rc= 0.148 GW) and Oulu (Rc= 0.72 GW) comprised 

8.7 % and 5.8 %, respectively, at mid-latitude station Irkutsk (Rc= 3.13 GV) - 4.5 % and at low-

latitude stations Rome (R(c)= 6.11 GV) and Alma-Ata (Rc =  5.87 GV) - 4.6 % and 4.8 %, respectively. 

The GOES spacecraft at this time registered an increasing flux of solar protons with energies above 

100 MeV, which exceeded 1 pfu at 02:10 UT (https://kauai.ccmc.gsfc.nasa.gov/DONKI/). 

The aim of this work is to obtain hardness spectra and CL anisotropy over a wide energy range 

during the GLE74 period. Such information will be useful in assessing the radiation situation in near-

Earth space and in developing models of SCL propagation in the heliosphere. 

 

2. DATA AND METHOD 

Observations of the world network of NM stations (34 NMs) with a temporal resolution of 5 

min (https://gle.oulu.fi; https://nmdb.eu) were used for the analysis. The modulation amplitudes were 

counted from the average NM count rate at each station of the world network for the time interval 

from 23:00 UT on May 10 to 01:00 UT on May 11. 

The analysis was carried out using the spectrographic global survey (GGS) method [Dvornikov 

et al., 1997; Kovalev et al., 2022]. The method makes it possible to determine the orientation of the 

IMF, variation spectra and pitch-angle anisotropy of primary CLs, as well as the change in the 

planetary stiffness system of geomagnetic clipping and, using the data of observations of unstable 

charged components uncorrected for the temperature effect, the mean mass temperature of the 

atmosphere at the points where such observations are carried out.  

For calculations of the differential stiffness spectra of primary CLs, we used the expression 

obtained in the framework of the model of CL modulation by regular heliospheric electromagnetic 

fields and data from the GOES-16 satellite (differential proton fluxes with effective energies 

(stiffnesses) of 2.7 MeV (7.1 MV), 8 MeV (12.3 MV), 16.5 MeV (177 MV), 27.9 MeV (230 MV), 

52.7 MeV (319 MV), 134.9 MeV (521 MV), and 372.7 MeV (915 MV) recorded by the SGPS (Solar 

and Galactic Proton Sensor) instrument (https://data.ngdc.noaa.gov/). According to the data 

description (https://data.ngdc.noaa.gov/), the effective energies are the geometric mean of the energy 

ranges of proton registration in the instrument channels. The energy (hardness) ranges of proton 

registration on the GOES-16 spacecraft are 2.3-3.3 MeV (66-78.8 MV), 5.8-11.0 MeV (104-144 

MV), 11.6-23.3 MeV (148-210 MV), 23.9-32.6 MeV (213-249 MV), 40.7-68.2 MeV (279-364 MV), 

123-148 MeV (496-547 MV), 267-390 MeV (756-940 MV).  

The expression to describe the CL stiffness spectrum is [Dvornikov et al., 2013] 

https://kauai.ccmc.gsfc.nasa.gov/DONKI/
https://gle.oulu.fi/
https://data.ngdc.noaa.gov/
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where ε is the total energy of particles with stiffness R, ε0is the rest energy, T0is the kinetic energy at 

which the CL intensity of the corresponding stiffness is equal to C, γ is the spectral index of the 

galactic CL spectrum, Δε is the change in the total energy of particles in the heliospheric 

electromagnetic fields. 

The data presented in the catalogs (https://kauai.ccmc.gsfc.nasa.gov/DONKI; 

https://www.solarmonitor.org; https://cdaw.gsfc.nasa.gov; https://omniweb.gsfc.nasa.gov) were used 

to describe solar activity, MMP, and NE. 

 

3. RESULTS AND DISCUSSION 

Fig. 1 shows the values of the MMP modulus and Bz-component of the MMP, NE velocity, 

longitude and latitude of the MMP orientation, variations of the isotropic component of the intensity 

of primary CLs with stiffnesses of 2 and 4 GW, amplitudes of the first A1and second A2harmonics of 

the pitch-angle distribution of CLs with stiffness of 4 GW for the period May 10-11, 2024. 

Fig. 1. 

A series of consecutive high-speed CMEs created an interplanetary perturbation, during which 

on May 10, against the background of a high-speed NE flow (velocity over 700 km/s) (Fig. 1c), we 

observed a sharp increase in the MMP modulus to ~70 nTL (Fig. 1a), and the value of the southern 

Bz component of the MMP was ~ -40 nTL (Fig. 1b). 

In Figs. 1d and 1c, a satisfactory agreement between the MMP orientation angles obtained by 

the GHS method and the spacecraft data can be seen.  

The calculated increase in the particle intensity (Fig. 1e) coincides with the fastest increase in 

the intensity of the neutron component of the secondary CLs at the NM South Pole (Rc= 0.148 GV). 

Thus, for particles with a stiffness of 2 GW, the largest increase in the particle flux occurred at 02:55-

03:00 UT, and for particles with a stiffness of 4 GW - at 02:45-02:55 UT.  

At some moments, an increase in the amplitude of A1was observed (Fig. 1j), which is an 

indicator of the Earth's passage through the MMP structures with increased field strength (Fig. 1a): 

before GLE74, during the time interval from 00:15 to 01:45 UT, the amplitude of A1did not exceed 

8%, after the event - ~ 25%.40 min before GLE74, at 02:15 UT, the amplitude of A2increased to 8% 

(Fig. 1z).According to [Dvornikov et al., 2013] the increase in the amplitude of the second harmonic 

of the CL pitch-angle anisotropy indicates that at this time the Earth was inside the CME with a loop-

like structure of the MMP. 

Fig. 2. 

https://kauai.ccmc.gsfc.nasa.gov/DONKI
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Calculated differential stiffness spectra of protons in Earth's orbit at individual GLE74 time 

points are presented in Fig. 2. It can be seen from Fig. 2a that the calculated differential stiffness 

spectra of protons agree well with the experimental data obtained on the GOES-16 spacecraft and the 

world network of CL stations. 

The spectra of accelerated particles in Fig. 2b are obtained by subtracting the background 

spectrum from the spectra at specific moments of time. The maximum hardness of the accelerated 

particles is ~ 5-6 GV.  

Fig. 3. 

In Fig. 3 shows the spatial distribution of particles with a stiffness of 2 GV in the solar-ecliptic 

geocentric coordinate system (GSE) for different GLE74 time moments. From Fig. 3, we can see that 

a bidirectional anisotropy is observed at the beginning of the event and at the time of maximum 

increase. At 02:30 UT, the enhanced CL fluxes come from the directions λ =− 15° , Ψ = 120° and λ 

= 15° , Ψ = 300° , while at 02:55 UT they come from the directions λ =− 15° , Ψ = 75° and λ = 0° , 

Ψ = 270° . At a subsequent time point (at 04:10 UT), unidirectional anisotropy is observed.  

Table 1. 

For comparative analysis we chose, analyzed earlier, GLE72 and GLE73 [Kravtsova & 

Sdobnov, 2021; Kovalev et al., 2025], which are identical to GLE74 not only qualitatively but also 

quantitatively (see Table 1). The first two columns of the table give the number of GLE and its date 

(day, month, year). The next two columns give the characteristics of the associated GLE flare: the X-

ray and optical score, and the coordinates of the flare. Further are presented: the accompanying CME 

and its velocity; the magnitude of the maximum increase in the NM count rate; and the presence of 

the Forbush effect, against which the GLE was observed. The last two columns show the energy of 

accelerated SCRs and the presence of the second harmonic of pitch-angle anisotropy in the particle 

distribution. 

Table 1 shows that some common features are evident between GLE72, 73, and 74: first, all 

GLE flares belong to class X, have significant power (the weakest of them served as a source for 

GLE73), and are located in the southern hemisphere of the Sun west of the central meridian. The 

W15-W90 zone contains more than 70% of all GLE flares [Belov et al., 2010]; second, the flares 

were accompanied by high-velocity halo CMEs; third, the maximum increase in the NM count rate 

was recorded at the South Pole station; fourth, they are characterized by relatively high values of 

accelerated SCRs and bidirectional anisotropy in the particle distribution; fifth, GLEs were observed 

against the background of the Forbush effect recovery (except for GLE73). 

In general, the GLE74 event is more similar to GLE72 (see Table 1). The essential difference 

between them is the location of the source. The flare that caused GLE74 was close to the normal 

Parker spiral, while the source of GLE72 was closer to the solar limb. However, it should be noted 

https://sinonim.org/s/%D0%B8%D0%B4%D0%B5%D0%BD%D1%82%D0%B8%D1%87%D0%BD%D1%8B%D0%B9
https://sinonim.org/s/%D0%BF%D0%BE%D1%81%D0%BB%D1%83%D0%B6%D0%B8%D1%82%D1%8C%20%D0%B8%D1%81%D1%82%D0%BE%D1%87%D0%BD%D0%B8%D0%BA%D0%BE%D0%BC
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that the ordinary Parker spiral, strictly speaking, applies only to the unperturbed MMP, while the 

compared GLEs were observed against a background of strong heliospheric perturbations. Both 

events are characterized by bidirectional CL anisotropy, indicating that the Earth is in a "magnetic 

loop" associated with the Sun - specifically, with the AO where the GLE source was located.  

Fig. 4. 

In Fig. 4 presents for comparison the differential hardness spectra of the Sun-accelerated 

protons during the maximum increase of the CL intensity for the selected GLEs. It can be seen that 

in the low stiffness region (up to 1 GV) the spectra for GLE73 and GLE74 are close, while a 

significant discrepancy is observed in the relativistic region. For the events GLE72 and GLE74 the 

situation is opposite. In this case, the largest divergence in the differential stiffness spectra is traced 

up to ~ 2 GW, and at larger stiffnesses the spectra for these events are close.  

The shape of the obtained particle spectra in the events GLE72 and GLE74 is consistent with 

the mechanism of SCR acceleration proposed by Berezhko & Taneyev [2013], when the acceleration 

of protons occurs by shock waves generated by the CME, taking into account the generation of Alven 

waves by the accelerated particles.  

The stiffness spectra of the accelerated particles that we calculated include a stepped section N 

~ R(-)γ up to 1 GV with exponentγ = 4.06 for GLE72 andγ = 4.96 for GLE74, ending with an 

exponential tail. 

 

4. CONCLUSIONS 

In the course of this study, differential stiffness spectra and spatial distribution of primary 

particles in the Earth's orbit were obtained on the basis of CL observations at the world network of 

CL stations and GOES-16 spacecraft. The maximum stiffness of accelerated protons was estimated 

at~ 5-6 GW. At the time of GLE74, the Earth was in the loop-like structure of the MMP. The 

differential proton stiffness spectrum for GLE74 in the stiffness range up to 1 GV is close to the 

proton spectrum of GLE73, and in the stiffness range above 2 GV to the proton spectrum of GLE72. 

The proton acceleration in the GLE72 and GLE74 events is carried out by shock waves 

generated by the CME, taking into account the generation of Alven waves by accelerated particles. 
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Table 1. GLE events and associated flares and CMEs  

GLE 
NO. 

Date Flash CME 
V, 

km/s 

Max %,  

station  

Forbush 
effect 

SCR 
acceleration, 

GW 

А(2)
, % 

Score Coordinates 

72 10.09. 
2017 

Х8.2 09° S, 92° W halo, 
3136 

8.0, 
South 
Pole 

+ 5-7 + 

73 28.10. 
2021 

X1.0/2N 28° S, 01° W halo, 
1519 

5.2, 
South 
Pole 

- 3-5 
two-stage 

acceleration 

+ 

74 11.05. 
2024 

Х5.8 17° S, 47° W halo, 
1614 

8.7, 
South 
Pole 

+ 5-6 + 

 

 

 

FIGURE CAPTIONS 

 

Fig. 1. (a) - MMP modulus, (b) - Bz-component of MMP; (c) - NE velocity; (d, e) - longitude 

and latitude of MMP orientation (thin line - GHS calculation, thick line - spacecraft measurements); 

(f) - variations of primary CLs with stiffnesses of 2 GW (thin line) and 4 GW (thick line); (g, h) - 

amplitude of the first and second harmonics of pitch-angle anisotropy of CLs with stiffness of 4 

GW. The vertical dashed line marks the onset of GLE74. 

Fig. 2. Differential stiffness spectra of CLs: (a) - average spectrum two hours before the onset 

of GLE (dashed line), spectrum at the moment of GLE74 (solid line) and experimental data (icons); 

(b) - particles accelerated in the vicinity of the Sun at separate time moments of the development of 

GLE74: dashed line - at 02:30 UT, solid line - at 02:55 UT, dashed line - at 04:10 UT). 

Fig. 3. Spatial distribution of primary particles with a stiffness of 2 GV in the GSE coordinate 

system at different moments of GLE74. The numbers on the curves indicate the levels of relative 

intensities of the primary CLs (in percent). The longitude (Ψ) is plotted on the abscissa axis and the 

angle latitude (λ) is plotted on the ordinate axis. 

Fig. 4. Differential stiffness spectra of protons accelerated in the Sun's neighborhood during 

the maximum increase of the CL intensity for GLE: dashed line - GLE72 (10.09.2017 at 18:00 UT), 

dashed line - GLE73 (28.10.2021 at 17:05 UT), solid line - GLE74 (11.05.2024 at 02:55 UT). 

 

 

 

 

https://cdaw.gsfc.nasa.gov/CME_list/UNIVERSAL_ver2/2021_10/htpng/20211028.154805.p191g.htp.html
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