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Abstract. The magnetic storm on 10-12 May 2024 (Dstu, = —403 nT) was the strongest storm in the current 25%
solar cycle to date. The magnetic storm developed under strong and rapid changes in the structure of the interplanetary
magnetic field (IMF). The IMF components changed from negative to positive values (IMF By from —40 up to +70
nT, IMF Bz from —40 up to +50 nT) under the high speed V' (~750 km/s), and dynamic pressure Psw (~30-35 nPa) of
the solar wind. Here we studied some effects of these IMF changes on the planetary configuration of the ionospheric
electrojets and field-aligned currents based on the global maps derived from the magnetic measurements on 66 low
orbital satellites of the AMPERE project. An unpredicted large eastward current expansion was found under the strong
positive IMF By (> +20 nT) values associated with the appearance of the local very intense upward field-aligned
current in the afternoon sector. Some details of new electrojet configurations are discussed.

1. Introduction

The magnetic storm on 10-12 May 2024 (Dstuin = —403
nT) was the strongest storm in the current 25th solar
cycle which developed due to a series of large solar flares
and coronal mass ejections. By now, many works
described solar sources, the solar wind (SW) and
interplanetary magnetic field (IMF) parameters, and
different aspects of geomagnetic response to this extreme
storm have already been published [e.g., Hajra et al.,
2024; Kleimenova et al., 2025; Ngwira, 2025;
Chernogor, 2025 and references therein].

Throughout the storm, the solar wind and IMF
parameters varied significantly in all storm phases. The
IMF By changed from —40 up to +70 nT, IMF Bz changed
from —40 up to +50 nT) under the high speed V (~750-
900 km/s), and high dynamic pressure Psw (~10-50 nPa)
of the solar wind. In Fig. 1, one can see variations of the
SW and IMF parameters during the interval under
consideration and geomagnetic indices of storm SymH
(as 1-min analog of the Dst index) and auroral activity
AU and AL. (https://omniweb.gsfc.nasa.gov/ and
https://wdc.kugi.kyoto-u.ac.jp).

It was found several AU-index peaks up to 1600 nT
which show maximum magnitude of the eastward
electrojet (EE) under the different IMF and SW
conditions.

Notes, that such extreme increasing of the 4 U-index are
rather rare. We analyzed AU index data from 2000-2025
presented by Wold Data Center in Kyoto and detected
that there were only 37 events when the value of the AU
index was around 1000 nT or exceeded this value, and
only in 6 events the maximum of the AU > 1500 nT.
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Figure 1. Geomagnetic activity indices and the
IMF and SW parameters during the interval of
the storm 10-11 May under consideration.
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Here we studied some effects of strong and rapid IMF and SW changes on the planetary configuration of the eastward
electrojet (EE) and accompanying field-aligned currents (FACs) in the daytime-evening sector (09-18 MLT) of the
high latitudes. Two events that we analyze in detail are shown in Fig. 1 by the red arrows.

For our study, we used the global maps of the ionospheric currents and field aligned currents basing on the magnetic
measurements on the 66 Iridium satellites simultaneously operating at the altitudes of 780 km of the project AMPERE.
The maps are presented in the geomagnetic coordinates with a spatial resolution of 1° in MLAT and 1 h MLT in the
longitude at 2 min cadence over a ten-minute window (http://ampere.jhuapl.edu/products). The magnetic perturbations
are given relative to the Earth's main magnetic field with automated baseline, these data are transmitted to the Earth
for a spherical harmonic analysis [e.g., Anderson et al., 2000].

2. Observations and Discussion
It was found two unpredicted large eastward current expansion. The first one, 22:50 UT on 10 May, shown by the
AU-index peaks up to 1600 nT occurred after rapid simultaneous changing of the IMF By and Bz from negative values
to positive ones. The second AU-peak up to 1200 nT was observed at 12:10 UT 11 May. It occurred under stable
negative Bz but after rapid change of By from negative values to positive ones.

In the work [ Yemori et al., 1979] it is suggested that the ring current and the westward elecrojet (WE) are caused by
a common mechanism. But the process of development of the eastward electrojet is different from that of WE, or it
has a complex process of two or more mechanisms; for example, the effect of the DP-2 current system (which is
coherent with variations in the Bz-component of the IMF) or the effect of the partial ring current values associated
with the appearance of the local very intense upward field-aligned current in the afternoon sector.
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Figure 2. The AU-maximum at 22:50 UT on 10 May: (a) the AMPERE-maps of the ionospheric currents
(green vectors) and FACs (upward — red, downward — blue) before (1) and after (2) rapid strong changes
the IMF By and Bz. Black circles show the intensification of the EE and upward FACs; (b) the IMF By
and Bz, V and Psw of the solar wind, indices AU and AL. The yellow bars mark the ten-minute data
averaging windows corresponding to the maps on the panel (a).
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2.1 Ionospheric currents before and after the IMF change
In Fig. 2a one can see AMPERE-maps of the ionospheric currents before (left) and after (right) the IMF By and Bz
rapid changing from —50 to +70 nT and —40 to +50 nT correspondingly (so called “flip” according to [Ohtani et al.,
2025]) that is shown in Fig. 2b. The eastward electrojet before flip, demonstrated on the left map, significantly
intensified, merged with eastward polar current, and expanded from 55 to ~78° MLAT in the 13-17 MLT sector (right
map). It could be caused by development of partial ring current (PRC). It could be seen significantly weakening of
WE previously existing in the post-midnight and morning sectors at latitudes 50-75° MLAT.

At the same time, these strong and rapid changes in IMF led to the significant enhancement and replacement of
FACs in the daytime sector of the high latitudes.

2.2 Ionospheric currents after the rapid change of the IMF By under the IMF Bz <0
As one can see in Fig. 3a (left), the strong eastward electrojet was observed in the daytime sector. After the change of
the IMF, the EE location expanded from 55 to ~72° MLAT in the 14-19 MLT sector due to the addition of daytime
polar currents caused by the appearance of the IMF By > 0 (right). The configuration of the field-aligned currents,
which enhanced in the afternoon sector of high latitudes, also sharply changed sharply the configuration of the field-
aligned currents, which intensified and changed in the afternoon sector of high latitudes.
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Figure 3. The same as in Fig. 2 but for the 4U maximum at 12:10 UT on 11 May.

During the considered interval, the IMF Bz remained negative (~ —20 nT) that it is shown in Fig. 3b. We assume
that the EE enhancement could be caused by an effect of the magnetospheric convection (DP-2 current system)
enhanced under Bz <0.

The anomalous enhancement of the eastward electrojet observed in both events could be a result of the changes in
the azimuthal configuration and size of the afternoon convection cell caused by the emergence of positive IMF values,
or an increase of the partial ring current intensity. Previously, in [Gromova et al., 2018], based on the CHAMP satellite
data, a fairly high correlation (» ~ 0.7) was found between the EE intensity and AsymH index, which is used as an
indicator of the intensity of the partial ring current [Kalegaev et al., 2008], see Fig. 4. However, in the magnetic storm
on 10-11 May 2024, no clear coincidence of increases of the 4 U-index with the variations of the AsymH indices was
found.
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Auroral electrojets 3. Conclusion
14 -20 MLT The sharp changes in the IMF structure observed in the
Westward Eastward magnetic storm 10-12 May 2024 led to significant
Afmr fwe)=0.68 y r(EE)= 0.64 changes in the structure of the eastward electrojet and
: § field-aligned currents in the daytime-evening sector
151 - (09-18 MLT) of high latitudes.
) : - Basing on the global maps of the ionospheric and
1.0 S f field-aligned currents derived from the magnetic
- We o measurements on 66 low orbital satellites of the
0S5 &}‘ ! E‘ ‘_i« AMPERE project it was found:
f‘;‘ ;xi - the intense eastward electrojet occurred under the
" -“_' x strong positive IMF By (> +20 nT), both under the IMF
) 100 200 300 AsvH,l nT Bz >0 and IMF Bz <0;
- with an increasing of the positive IMF By value, the
Figure 4. Statistical dependence of the eastward electrojet strengthened and latitude (55-78°
intensity of the eastward (red stars) and MLAT) expanded collocating with the appearance of
westward electrojets (blue stars) on AsyH- the local very intense upward field-aligned current.
index. Adopted from [Gromova et al.,
2018].
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