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Analysis of Solar Interplanetary Propagation
of Space Weather Events in May 2024
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Abstract A variety of observations are employed to conduct a preliminary analysis of the propaga-
tion in solar-interplanetary space of seven earth-directed full-halo Coronal Mass Ejections (CME) origi-
nating from the solar Active Region (AR) 13664 from 8 to 11 May 2024. These seven CME can be divid-
ed into two groups. The first group consists of four CME that occurred during the period from 05:36 UT
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on 8 May to 09:24 UT on 9 May, and the second group consists of three CME that occurred during the
period from 18:52 UT on 9 May to 01:36 UT on 11 May. We utilize the heliospheric imager on the Solar
Terrestrial Relations Observatory A (STEREO A/HI) to observe and track the time-elongation relation-
ships of the high density regions corresponding to these two groups of CME, and apply the fixed @®-an-
gle fitting method and the harmonic mean fitting method to calculate the most probable propagation di-
rections and average radial velocities of these two groups of CME. The results show that the high-densi-
ty regions associated with these two groups of CME are respectively overlapped in the field of view of
STEREO A/HI. The minimum differences between the two group CME’ arrival times near the Earth’s
orbit calculated from the fitting radial velocities and the actual start times observed in situ by the
WIND spacecraft are 0.5 hours and 3 hours respectively. These results indicate that during the solar-ter-
restrial propagation of these two groups of CME, the fast CME behind catch up with the slower CME

ahead, thus, the two groups of CME form two complex ejecta and generate the extremely intense geo-
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magnetic storm.
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(a) Dynamic radio spectrum of a type II radio burst observed by the HUMAIN station on 8 May 2024.
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(b) Heliocentric distances of the three edges (beginning, peak, and ending) of the radio burst spectrum and their

error bars as a function of time, along with the corresponding initial shock velocities derived from the spectral drift.

Green, red, blue dots represent the beginning edge, peak edge, and ending edge of the spectrum, respectively
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(a) Dynamic radio spectrum of a type II radio burst observed by the HURBANOVO station on 9 May 2024,
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as well as the beginning edge (green), peak edge (red), and ending edge (blue) of the spectrum. (b) Heliocentric

distances of the three edges (beginning, peak, and ending) of the radio burst spectrum and their error bars as a

function of time, along with the corresponding initial shock velocities derived from the spectral drift. Green, red,

blue dots represent the beginning edge, peak edge, and ending edge of the spectrum, respectively
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(a) Dynamic radio spectrum of a type II radio burst observed by the ALMATY station on 11 May 2024, as

well as the beginning edge (green), peak edge (red), and ending edge (blue) of the spectrum. (b) Heliocentric

distances of the three edges (beginning, peak, and ending) of the radio burst spectrum and their error bars as a

function of time, along with the corresponding initial shock velocities derived from the spectral drif
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Fig. 8 Relative locations of the Sun, the Earth and

the STEREO A/B satellites at 12:00 UT on 8 May 2024
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Fig. 9

Time-lapset difference images observed by STEREO A/COR2, HI1 and HI2 at different moments and a

schematic diagram of manual sampling. (a) Observational image of COR2 at 06:23 UT on 8 May 2024,
(b) observational image of HI1 at 16:08 UT on 8 May 2024, (c) observational image of HI2 at 00:08 UT on 10 May 2024,
(d) schematic diagram of the bright front of the main body of CMEL in the field of view of HI1 at 16:08 UT on 8 May 2024
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Fig. 10  Time-lapset different diagram (J-map) composed of the narrow stripes near PA = 100° in the moving

difference images of STEREO A/COR2, HI1 and HI2. The vertical red dashed lines denote peak times

of flares, and other color curves represent the trajectories of CMEs’ main bodies
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Fig. 11

In-situ 1-minute observational data of the WIND from 10 to 14 May 2024 (The black vertical

dashed lines denote the arrival times of the two shock waves, and the gray shaded

areas stand for the durations of the two complex ejecta)
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In-situ 1-minute observational data of the STEREO A from 10 to 14 May 2024
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