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Abstract: The large-scale electric fields in Earth's inner magnetosphere are generated by the interaction
between the solar wind and Earth's magnetic field. In high-latitude regions, parallel electric fields are dominant,
while in low-latitude regions, the convection, corotation, and impulsive electric fields play a crucial role in the dy-
namics of the inner magnetosphere. This review examines the characteristics of large-scale electric fields in low-lati-
tude regions and their effects on magnetospheric processes. The convection and corotation electric field, driving the
plasma drift, determine the topology of the plasmasphere. The impulsive electric field, accelerating charged

particles quickly, leads to the inward injection of energetic particles. Convection electric fields, driven by dayside
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plasma flows from the magnetotail, exhibit a non-uniform spatial distribution. Recent satellite observations reveal
that their distribution is influenced by geomagnetic and solar activity. Shielding effects limit the dawn-to-dusk elec-
tric field within approximately 5 Earth radii (Rg) during low geomagnetic activity (e.g., Kp=1), with the shielding
boundary shifting inward as geomagnetic activity intensifies. Subauroral polarization streams are associated with
intense radial electric fields at approximately 4 Rg, significantly affecting the distribution of the convection electric
field from dusk to midnight. Recent studies also show that the convection electric field distribution varies during
different phases of magnetic storms, with electric fields penetrating deeper into the inner magnetosphere during the
main phase, and shielding effects dominating during the recovery phase. During the magnetic storm's main phase,
or after a southward turning of the interplanetary magnetic field, the dawn-to-dusk electric field is enhanced, with
the amplitude and response time varying across different regions. Corotation electric fields arise from the plasma's
rotational motion with Earth. However, observations indicate that the plasmasphere experiences a corotation lag,
suggesting that corotation electric fields may be overestimated when based on the 24-hour corotation period of the
plasmasphere. Recent studies have shown that this corotation lag may be linked to energy and momentum transfer
processes in the ionosphere or thermosphere. The ionospheric dynamo mechanism, driving neutral winds toward
the equator, plays a critical role in this corotation lag. Impulsive electric fields are transient phenomena triggered by
interplanetary shocks or substorms. They play a crucial role in accelerating charged particles, leading to inward in-
jections of energetic particles. SWMF simulations have provided insights into the spatiotemporal evolution of im-
pulsive electric fields during interplanetary shock events. The propagation speed of impulsive electric fields is
closely related to the propagation speeds of fast-mode waves and interplanetary shocks, which determine their ini-
tial response and peak arrival times. Despite significant advancements, challenges persist in accurately modeling
shielding and penetration electric fields, understanding their global and synchronous response to interplanetary
magnetic field variations, and distinguishing between different types of electric fields. Addressing these challenges
is essential for advancing our understanding of the magnetosphere's dynamics and its interaction with the solar
wind. This review summarizes recent advances in the study of convection, corotation, and impulsive electric fields,
highlighting unresolved scientific questions and the need for further investigations in the inner magnetosphere.
Keywords: the inner magnetosphere; large-scale electric field; convection electric field; corotation electric
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Fig. 1 Synoptic maps of the dawn-dusk electric field (£)) in the frame corotating with Earth observed by (a-c) CRRES (Rowland and
Wygant, 1998) and (d-f) THEMIS (Califf et al., 2014) for varying levels of geomagnetic activity. The right panel has the same
MLT orientation as the left panel, with the Sun on the right side, the dusk side at the top, and the units of the axes in R (from
Califf et al., 2014)
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Fig. 2 Tllustration of the formation of the Alfvén layer viewed
from the Northern Hemisphere (from Gao et al., 2024)
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Fig.3 The 5 min average of the azimuthal component of the
electric drift during the SAPS events as a function of
magnetic local time (MLT) (from Lejosne and Mozer,
2017)
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Lv and Liu, 2018)
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B, ANEZSHI P (BRMA) HI7.
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VT EZMACERY, 17 BB 20 K H K]
T )2 B i B A i 358 2 D R ¥ FEL 37 3 A0 7= AR 5
(Burke et al., 1999; Liemohn et al., 2002) . Dungey
(1961) ik 1 —AA~idat H 0w 2 T A 22 1 1o =
ICHE R BH XK R 2 R 55 B 1A s 28 b R = 1) i
2 (Burch and Phan, 2016; Cao et al., 2008, 2013; Fu
etal., 2013, 2019; Vasylitinas, 2001) . X it 3% H 2
ITRHRIS BN S5 & ARG A4, T 2 bRtiiin i
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Fig. 5 The response time of convection electric fields to interplanetary magnetic field variations at different locations in the magneto-
sphere. (a) Earthward of the electron plasma sheet, and (b) within the electron plasma sheet. The radii of the circles are propor-
tional to the response time. Cases of southward and northward turning are shown in different colors (from Nishimura et al.,
2009)
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Fig. 6

(a-c) The profile of the corotation electric fields (red lines) versus L plotted for different Kp from 0 to 4, respectively. The blue

lines are the corotation electric fields calculated with 24 h corotation period. (d-f) The corotation factors plotted versus L as the

red lines for Kp from 0 to 4, respectively. The black lines represent the average values of the corotation factors in the region of

2 <L <4 (from Zhang Z et al., 2024)
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Fig. 7 Comparison of simulated and theoretically estimated onset time, peak time, and rise time of electric field impulses (from

Zhang et al., 2022)
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