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The 10-11 May 2024 great geomagnetic storm (minimum Dst, Dst_.. = -406 nT) is ranked as the 7™ largest geomagnetic event on record. The solar source(s) of the
May storm is still unsettled. It was associated with five halo coronal mass ejections (CMESs) erupting during May 8-9, but the Wind spacecraft only recorded an
Interplanetary shock at 16:32 UT on May 10 and a likely second one at 21:36 UT on the same day. In addition, the five CMEs were associated with moderate X-ray
flares (M8.7-X2.2) and initial speeds of only ~530-1280 km/s, yet they produced a very intense geomagnetic storm. The present study employs a global
magnetohydrodynamic simulation model [Wu et al. 2020] to address this puzzle. The CMEs, simulated with pressure pulses, were injected into the inner boundary (18
Rs) of simulation domains with speeds estimated from the white-light coronagraph images. An error range of 1.0-18.5 hours is found for the shock arrival time (SAT)
when individual CMEs are simulated, and an error range of 0.2-6.0 hours for the SAT when the five CMEs are simulated together. The latter simulation reproduces the
radial velocity profile in much better agreement with the Wind observations than any individual one does, suggesting that merging of the CMEs is responsible for the
May geomagnetic storm.
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2) Two Halloween storms (Dst,.. = -353 & - 383 nT) parameters at the inner boundary to 1 AU to compare with in- Simulatio;ﬁ)vé(r‘ﬁgin and Setup “
occurred in October 2003, Veye are 2125 and 1948  situ measurements. Realistic Global 3-D MHD was developed » The MHD equation set is solved in the Sun-center spherical coordinate system
km/s; X-ray flares are X17 and X10 on Oct.ober28 and by Wu et al. [2020] (, 0, ¢)

29, respectively.
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 The MHD model solves a set of ideal-MHD equations using an * The domain covers -87.5" < 0 <87.5%; 0" < ¢ <360°; I8 Ry <r< 345 R,
(~0.08 — 1.6 AU; R : Solar radius)
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difference methods (Lax and Wendroff, 1960). there are no reflective disturbances.
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present study intends to solve the puzzle.
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Figure 1. Selected white-light images recorded by STEREO/SECCHI Cor2(blue) and CHI1(grey scale) = igg iﬁw\/\m _i 400 1 L § N ] 10
on May 8-10, 2024. The time tags indicate the date and time of the center of the images as well as the 1 1'5 ’ 150 “I 2'5 1 3'0 — 1 40 200 dm 'OEME?:}B'::.'O' L a4 1

CME events first emerged in the FOV. r (AU)
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Figure 4. Simulated solar wind radial velocity profiles (black curves) for (a-h) 8 separated CMEs and (i) Figure 6. Selected sequence of SlmUIatEd_Smar wind parameter (Vr: black, Tp:
combined 8 CMEs. The overlapped traces (dotted orange lines) are in situ measurements from Wind. The blue, Np: green, and B: purple) radial profiles toward Earth (0.08 — 1.5 AU)
red vertical line indicates the arrival time of Shock10, whereas the dotted vertical lines represent the showing the time evolution of the 8 CMESs. The blue and purple vertical lines mark

simulated shock arrival times. the locations of shocks
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Figure 2. Selected white-light images recorded by STEREO/SECCHI Hil and Hi2 Source location and propagation speed of CMEs occurred on 3-11 May 2024.
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DOY 2024 from May 5 to May 11 of 2024. The black circle marks r = 1 AU and the blue contours are the the multiple CMEs. It is shown that merging of multiple (4) CMEs
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Fig. 3. In situ measurements of the solar wind parameters: proton (a) speed SRrenc uegishe=aty 0. IGE iipatongger G Mg shagectall icyyie Feip) ¢ within 1 AU are most likely the cause for May storm. Our simulation
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index (Dst). behind, it does not pass through each other; instead, the two CME
become merged and move together. This is the reason why only
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