Short-term (1-24) hour foF2 and MUF(3000) prediction and the state of the
thermosphere over Europe during the great geomagnetic storm in May 2024
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Which mechanism is Working during this storm? Moderate Strong [ Severe [ Extreme Dst
POST STORM: o ' ' ' ' ],
F2 layer storm Mechanism: negative foF, deviations normally observed during the recovery storm phase and sometimes also the neutral density decreases (p). The "
decrease 1s due to a decrease of [O] (e.g. Rishbeth et al., 1987; Fuller-Rowell et al., 1994; Prolss, 1995; Rishbeth, 1998; Field et al., 1998; Rishbeth & Miiller-Wodarg, A oo
1999). e
NO OVERCOOLING: )
Decreased satellite neutral density during the recovery storm-phase and strongly increased NO 1nfrared radiative flux for the same period by TIMED/SABER ° 400
observations. The p decrease has been related to the decrease of neutral temperature (e.g. Le1 et al., 2012; Chen & Lei, 2018; Zhang et al., 2019; Ranjan et al., 2024). 0 10 11 12

Days of May 2024

BETWEEN May 7 and 11, 2024, several X-class solar flares and at least seven coronal mass ejections (CMEs) were detected. At around 12:30 UTC on May 10, the first of the CMESs reached Earth, leading to a significant geomagnetic enhancement with ap=179 nT at 17 UT
and Dst=66 nT at 18 UT.

ap reached the value of 400 nT on May 11 at 00-03 UT and 09-12 UT and Dst =-406 nT on May 11 at 02 UT.
Solar activity as measured by the F10.7 cm index remained relatively stable before the onset of the storm until the storm ended around May 13, with peak variations <10%.
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Stations 1n the Northern (summer) Hemisphere show strong THERMOSPHERIC RESPONSE
foF, depressions on May 11/12.
Hobart 1n the Southern (winter) Hemisphere shows small foF THERmospheric parameters from IONosonde observations (THERION) (Perrone & Mikhailov, JGR, 2018)

variations with negative deviations during nighttime and
positive — during daytime.
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o decrease ~ 6% on May 12 only in the American sector. Tex retrived from THERION increase 1n all stations, [O] retrived from THERION, decrease in Northern The solar driven circulation 1s inverted due to
. . ' e ' ' strong auroral heating, resulting in an equatorward
0 increase of (8-10)% takes place at Juliusruh and Hobart. as Tex calculated with MSISEOO empirical model. Hemisphere stations (summer season). g auto g, TESULLNE q
Vnx (positive W) during disturbed days.

1. The post-storm neutral density decrease cannot be prescribed to a decrease 1n neutral temperature because this contradicts observed negative foF, deviations observed during the recovery storm phase. Neutral temperature decrease also contradicts empirical (based on real
observations) thermospheric models like MSISEOO which predict elevated Tex during the recovery storm phase.

2. The post-storm neutral density decrease 1s due to a decrease in the atomic oxygen abundance which 1s manifested both in foF, storm-time depression and 1n a decrease of satellite observed neutral density during the recovery storm phase. This 1s supported by GOLD
observations (Evans et al., 2024) of the column [O]/[N,] ratio decrease during the May 2024 magnetic storm. Such variations of atomic oxygen are explained in the framework the well-known F,-layer storm mechanism.

The observed rarity of the post-storm p decrease is due to the interplay between the storm-time decrease of atomic oxygen abundance and the increase of neutral temperature. The two processes work simultaneously in opposite directions during magnetic
storms.
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