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Abstract
Coronal mass ejections (CMEs) are significant transient events involving large eruptions of magnetized plasma 

from the Sun that propagate through interplanetary space and can trigger substantial charging on the lunar surface, 
affecting the movement of lunar dust via electrostatic forces. In this study, CME events from May 8–21, 2024 are 
examined by focusing on their impact on surface charging and electrostatic dust lofting over the lunar terminator region. 
Initially, upstream plasma parameters and interplanetary magnetic field (IMF) conditions are characterized for the solar 
wind during this period. Subsequently, the lunar surface potential, Debye length, and electric field distributions are 
derived through current balance simulations at the terminator. In addition, the trajectories of 0.1-μm dust grains, 
initialized with specific surface conditions, are estimated to evaluate their maximum lofting altitudes under the 
electrostatic environment of the terminator region. The resulting terminator electric field values are then compared 
with geomagnetic indices (Dst, SYM-H, Hp30, and ap30) and solar wind parameters, including IMF components, 
dynamic pressure, clock angle, and motional electric field. Finally, the results are presented to assess potential 
correlations between geomagnetic activity and enhanced near-surface lunar dust populations.  
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1. Introduction 

Earth-Moon system affecting solar transients include 
wide range of events driven by solar activity. These 
events occur over shorter time periods near the Sun 
compared to the disturbances they generate in Earth’s 
magnetosphere [1], and they affect the geomagnetic field 
and the lunar surface in distinct ways. Since the Moon 
lacks a substantial atmosphere and a global magnetic 
field unlike Earth, its surface is directly exposed to the 
solar wind and other space weather events. Consequently, 
the lunar surface is highly responsive to solar transient 
events such as coronal mass ejections (CMEs), solar 
flares, stream interaction regions (SIRs) and solar 
energetic particle (SEP) events. This exposure leads to 
complex interactions between upstream plasma and the 
lunar surface, resulting in lunar surface charging and 
electrostatic dust lofting.  

The ambient plasma parameters vary between 
geomagnetic tail crossings and solar wind conditions, 
causing the lunar surface to charge to an electric potential 
that minimizes the total charging current as other objects 
do in plasma environments [2]. In addition, the lunar 
surface is covered by a soil-like layer called regolith, 
which is a mixture of dust and fractured rock particles. 
Even though there are multiple sources for dust activity 

on the Moon, electrostatic dust transport could play a 
significant role in the near-surface dust population. 
Understanding these processes, from lunar surface 
charging to electrostatic dust lofting, is critical for future 
lunar missions, particularly for mitigation of the risks 
posed by lunar dust, which affects both spacecraft 
equipment and astronaut health. Although similar 
processes occurring on the lunar surface could be 
examined in laboratory settings, the lunar dust particles 
formed by impact events are significantly sharper than 
the grains in experimental regolith simulants [3]. 
Therefore, they could adhere to surfaces more strongly 
on the lunar surface compared to the laboratory 
experiments. 

During the Surveyor and Apollo missions, light-
scattering observations suggested higher dust densities 
near the lunar surface than those expected from 
micrometeorite ejecta alone [4, 5, 6]. Therefore, it was 
proposed that electrostatic forces mobilize the charged 
dust grains on the lunar surface, and forward-scattering 
of sunlight to the night-side was responsible for the 
observations. Moreover, the image analysis indicated that 
dust particles with radii of 5-6 m rise to the heights of 
approximately 30 cm  particularly following the passage 
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of the boundary region between the dayside and night 
side known as the lunar terminator [5, 6, 7].  

Geoeffective CMEs and stream interaction regions 
(SIRs) can influence electrostatic lunar dust transport by 
disturbing Earth’s magnetosphere. While it is known that 
these solar transients significantly alter the solar wind 
flux and the lunar plasma environment, the extent to 
which they impact lunar surface charging and dust 
movement is not fully investigated. In addition, although 
geomagnetic responses in Earth’s magnetosphere have 
been well studied, the behavior of the near-surface lunar 
dust exosphere during the same events remains largely 
unexplored. Solar cycle 24 was characterized by its 
relatively weak solar activity [1]. In contrast, currently 
progressing solar cycle 25 is exhibiting more robust solar 
activity, with sunspot numbers increasing at a faster rate 
than initially forecast. In addition to impacting cis-lunar 
environment, these solar transients are main drivers of 
geomagnetic activity, often accompanied by 
interplanetary shocks and high-speed solar wind streams 
[9].  

In this study, the CME events from May 8–21 2024 
are examined via their impact on lunar surface charging 
and electrostatic dust lofting over the terminator region. 
In addition, the results are compared with geomagnetic 
indices (Dst, SYM-H, Hp30, ap30), as well as solar wind 
parameters including IMF components, dynamic 
pressure, clock angle, and motional electric field. 

 
2. CME Events on May 8–21, 2024 

 
Fig. 1. Solar wind parameters from May 8–21, 2024: 
number density of protons and electrons (top), solar wind 
bulk velocity (bottom). 

The CME events from May 8–21, 2024 were 
characterized by significant fluctuations in solar wind 
parameters, including density, velocity, plasma 
temperature, and IMF strength (Figure 1 and 2).  

 
Fig. 2. Solar wind parameters from May 8–21, 2024: 
temperature of protons and electrons (top), total and z-
axis component of IMF (bottom). 

 
While CMEs propagate through interplanetary space, 

they encounter slower solar wind ahead, resulting in 
lower speeds than those observed near the Sun,  causing 
them to decelerate before reaching the Earth-Moon 
system [10]. In Figure 1, with the approach of CME to 
the spacecraft location, solar wind speed increased from 
approximately 410 km/s to 780 km/s before peaking at 
around 1,023 km/s. In addition, solar wind number 
density reached up to 57.0 cm-3, and proton density 
spiked during the passage of the CME structures, 
indicating the arrival of dense, magnetized plasma ejecta. 
Electron temperature peaked at 25.6 eV, while proton 
temperature reached approximately 152.9 eV. The IMF 
strength peaked at approximately 69.8 nT, with a 
southward component (Bz) reaching 54.6 nT, 
conditions which could initiate major geomagnetic 
disturbances. The increase in the IMF magnitude, solar 
wind speed, and density was nearly simultaneous around 
11UTC indicating the arrival of the CME. 
 
3. Lunar Surface Simulations 
3.1 Lunar Surface Charging 

In steady state, the net equilibrium current to the 
surface can be given as [11, 12]:            0 (1) 
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By using Eq. 1, the surface potential  could be 
estimated according to the ambient plasma conditions. 
The elements of this equation are the photoemission 
electron current  , ion collection current from ambient 
plasma  , electron collection current from ambient 
plasma   and the secondary electron emission   
from the surface. In addition, the surface electric field is 
calculated with /  [12], where  is Debye 
length. Therefore, the upstream plasma number density 
has a critical influence on the surface electric field in 
addition the electron temperature.  

 
Fig. 3. Surface potential, electric field and Debye length 
from May 8–21, 2024 over the terminator region. 

 
The negative surface potential drops to 92.1 V, as 

shown in Figure 2, while the surface electric field reaches 
approximately 13.2 V/m. During the CME shock, the 
Debye length ranges from approximately 4.3 m and 8.0 
m. 

 
3.2 Electrostatic Dust Transport 

The assumptions and calculation steps used in the 
simulation code are described in detail in our previous 
studies [13, 14, 15]. The primary mechanism for the 
electrostatic dust detachment from the surface is the 
charge accumulation on the patch surfaces between the 
neighboring dust particles [16, 17]. The accumulated 
charge on the patch surface , as shown in Figure 3, 
during the detachment is calculated by the Eq. 2. In this 
equation, the following parameters are used: electron 
charge , characteristic size of microcavity , vacuum 
permittivity , the differential force among electrostatic 
repulsion, gravity and contact at detachment , and the 
lofting angle from the surface .    2 1  (2) 

 

    The surface configuration of the lunar regolith 
significantly influences the initial conditions for dust 
lofting. The characteristic microcavity size between 
patch surfaces, along with the contact forces determines 
the charge magnitude under detachment conditions in 
addition to the dust particle mass density. In addition, the 
contact forces are affected by regolith compactness, 
contact area, and surface cleanliness. Therefore, a wide 
range of conditions can be simulated for dust lofting as 
in Figure 5. 

 
Fig. 4. Lunar dust charging before the detachment from 
the surface. 

 
Fig. 5. Electrostatic lunar dust lofting: (1) dust lofting 
after initial detachment, (2) dust grains with sufficient 
kinetic energy to cross the electron sheath boundary, (3) 
micron-sized dust grains returning to the surface with low 
charge-to-mass ratios, (4) dust grains falling back to the 
surface under gravity after entering the electron sheath, 
and (5) submicron-sized dust grains with higher charge-
to-mass ratios that may be reflected by the surface 
electric field. 
 

 
Fig. 6. Dust lofting results from May 8–21, 2024 over the 
terminator region. 
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         In this study, the following parameters are adopted 
for the simulation: a dust density of 3.0 g/cm³, a grain 
radius of 0.1 μm, the dust grain diameter as the 
characteristic microcavity size, and a vertical lofting 
configuration for the initial launch angle. The results, 
shown in Figure 6, indicate that submicron-sized 
particles can reach altitudes up to 382.8 m above the lunar 
terminator during the CME shock passage. For most of 
the simulated time interval, the particles remain below 
100 m, but they reach up to 190.2 m under enhanced 
surface charging conditions associated with increasing 
plasma density. 
  
4. Discussion 

During the CME post-shock passage, highly 
magnetized, warm and dense plasma produces a strong 
negative surface potential and electric field over the 
terminator region. As a result, it could also enhance 
contribution of the electrostatic dust transport to near-
surface dust population. The surface electric field over 
the lunar terminator is shown together with the 
geomagnetic activity indices of Dst, Hp30, ap30 and 
SYM-H in Figure 7. 

 
Fig. 7. Lunar terminator electric field with geomagnetic 
activity indices 

 
As the negative surface potential and electric field 

intensify, lunar dust is observed to reach higher altitudes 
above the terminator region, as illustrated in Figure 6. 
Additionally, the terminator electric field results are 
presented alongside the solar wind cone angle, clock 
angle, motional electric field, and time derivative of the 
total IMF in Figure 8.  

While geomagnetic indices show that activity persists 
for several days, disturbances in the lunar terminator 

region diminish rapidly as electron temperatures decrease. 
Although geomagnetic disturbances and enhancements 
in the lunar dust exosphere can occur concurrently, the 
near-surface dust population can return to quiet 
conditions significantly earlier than the geomagnetic 
field. The initial observations from the results can be 
summarized as: 
• The lunar surface and dust exosphere respond almost 

immediately to solar transient events, although the 
magnitude of the response varies. 

• Electrostatic dust lofting can enhance or expand the 
lunar dust exosphere at low altitudes, particularly as 
geomagnetic activity intensifies following the 
passage of post-shock plasma, with the most extreme 
conditions observed near the shock front. 

• Due to the rapid response of lunar surface charging 
to plasma conditions, extreme states subside quickly, 
and the surface returns to a quiet state even while 
geomagnetic activity persists in storm conditions. 

• While electron flux primarily governs the charging 
conditions at the lunar terminator, geomagnetic 
activity is largely driven by the southward 
component of the interplanetary magnetic field, 
whether in the shock sheath or the CME ejecta 
region. 

 
Fig. 8. Lunar terminator electric field with solar wind 
parameters 
 
6. Conclusions  

In this study, variations in lunar surface potential, 
electric field strength, electron sheath thickness, and 
electrostatic dust activity is compared with geomagnetic 
activity from May 8–21 2024. The primary objective is 
to identify critical patterns and thresholds that lead to 
significant dust lofting events. Additionally, the temporal 
dynamics between the onset of geomagnetic disturbances, 
their progression, and the return to quiet conditions, in 
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relation to corresponding changes in lunar dust behavior, 
will be thoroughly examined in the future study. This is 
significantly important since the solar transient events 
directly interacts with the lunar surface; however, 
charging the lunar dust to a sufficient magnitude for 
launching or triggering a geomagnetic activity requires 
varying time periods during CMEs or SIRs.  
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