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Abstract. This study focuses on analyzing short (millisecond) pulses detected by the
Langmuir Probe and Waves (LPW) instrument onboard the Mars Atmosphere and Volatile
Evolution (MAVEN) spacecraft. We present a statistical analysis of 360,000 medium-
frequency burst electric field waveforms recorded in 2015, the study aims to identify
and analyze the characteristics of these transient signals. We use an automatic routine
to detect waveforms with rapid fluctuations in the electric field data, this comprises over
12,000 events in the dipole and nearly 5,000 in the monopole configuration. We introduce
four key parameters for event identification: the ratio of rising and decay time (t1/t2
or t2/t1) and the ratio of positive and negative part of the pulse (A1/A2 or A2/A1).
The analysis particularly focuses on the dipole data, which predominantly consist of
bipolar events, typically associated with dust impacts. These events are detected when the
spacecraft is charged negatively and have distinct shapes that differ significantly from those
recorded when the spacecraft is positively charged, indicating the influence of spacecraft’s
potential on the shape of the signal in dipole configuration. The peak around 200 km
and the absence of events above 2000 km suggests that these pulses might not stem from
interplanetary dust. We observe strong day-to-day variations in the occurrence of potential
dust events, a pattern not corresponding to the Martian seasonal period or to the changes
in MAVEN’s orbital periapsis. Our findings contribute to the current understanding of
potential dust impact signals and raises important questions regarding the influence of
spacecraft’s potential on detection mechanisms, interference and Electrostatic Solitary
Waves (ESWs) effects in event identification, and the origin of these pulses.

Introduction

Electric field instruments are capable of detecting dust impacts on a spacecraft body as transient
pulses in the measured electric field [Aubier et al., 1983; Gurnett et al., 1983; Mann et al., 2019]. Dust
impacts on the spacecraft body result in the formation of an expanding cloud of free electrons and ions,
which can influence some of the scientific instruments or spacecraft’s potential. The potential change
can be detected by electric field instruments as transient pulses. The cosmic dust detection using electric
field instruments goes back to the Voyager missions in the 1980s and their visits to Saturn, Uranus, and
Neptune [Aubier et al., 1983; Gurnett et al., 1983; Meyer-Vernet et al., 1986]. In recent times, similar
electric field instruments have been used for dust detection by numerous missions in different parts of
our solar system, particularly Deep Space 1 [Tsurutani et al., 2004], Cassini [Kurth et al., 2006; Ye et al.,
2016], Wind [Malaspina and Wilson III, 2016], STEREO [Zaslavsky et al., 2012; Kellogg et al., 2016],
Cluster [Vaverka et al., 2017a,b], Magnetospheric Multiscale (MMS) mission [Vaverka et al., 2018,
2019], the Parker Solar Probe (PSP) [Szalay et al., 2020; Page et al., 2020] and Solar Orbiter [Zaslavsky
et al., 2021; Kvammen et al., 2023]. Mars Atmosphere and Volatile Evolution (MAVEN) mission has
detected the presence of dust at altitudes ranging from 150–1000 km [Andersson et al., 2015b].

Using electric field instruments for dust impact detection offer several advantages, such as their
frequent use in numerous space missions and the ability to use the entire spacecraft surface as a detec-
tor, in contrast to the limited collecting area of dedicated dust detectors. However, these instruments
have limitations, as signal detection is highly dependent on the instrument’s design and configuration
(dipole or monopole), as well as the ambient environment, and they hardly provide any information
about the impacting grains. It is important to note that not all short pulses in the data are generated by
dust impacts; some may result from thrusters activity, instrumental electronics, interference with other
scientific instruments, or Electrostatic Solitary Waves (ESWs). Electric field instruments in monopole
configuration are known to be sensitive to potential changes on the spacecraft surface. While in dipole
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configuration, dust impact signals can be registered if a plasma cloud expands asymmetrically over one
of the antennas. Not all aspects of the signal generation due to an expanding plasma cloud are thoroughly
understood, but recent studies have provided some explanation for it [Nouzák et al., 2018; Vaverka et al.,
2021; Shen et al., 2022]. Instruments in dipole configuration can also register direct hits on one of the
electric antennas. The impact ionization process has been studied in the laboratory since 1968, an elec-
trostatic dust accelerator was used to perform simulation experiments [Auer and Sitte, 1968]. Recently,
the laboratory investigations of dust impacts have been carried out by using different spacecraft models
[Collette et al., 2015; Nouzák et al., 2018; Ye et al., 2019; Shen et al., 2021, 2022]. These laboratory in-
vestigations, along with the theoretical models, have improved our understanding of generation of pulses
after a dust impact [Zaslavsky, 2015; Rackovic Babic et al., 2022]. Despite extensive research, we lack
a comprehensive understanding of all aspects of signals generated by dust impacts in the electric field
measurements. The design of the spacecraft and the dynamic space environment both play significant
role in influencing the detection and interpretation of dust impact signals.

This study investigates electric field signals observed by the Langmuir Probe and Waves (LPW)
instrument in both monopole and dipole configuration. We show examples of different types of short
pulses detected in the Martian environment and introduce a methodology to identify signals based on
their shape; however, not all of them are associated with dust impacts, and the origin of some pulses
may remain ambiguous. Furthermore, we discuss the influence of spacecraft’s potential on the shape
and detection rate of signals likely caused by dust impacts in the dipole configuration. We analyze the
altitude profiles of these events, and investigate the temporal variations and changes in ambient plasma
density at lower altitudes corresponding to the varying fraction of bursts of dust events. Overall, the
study provides insights into the complexity of identifying potential dust impact signals in the Martian
atmosphere. It highlights the importance of considering the effects of spacecraft’s potential on dust
detection, and the need to distinguish interference and other waves (ESWs) from dust impact signals to
avoid misinterpretation of data.

Electrostatic Solitary Waves

Electrostatic Solitary Waves (ESWs) are abundantly found in space plasma and are associated with
phase space ion/electron holes [Omura et al., 1999; Pickett et al., 2004]. These structures arise due
to localized disturbances in the plasma, resulting in a bipolar pulse in the electric field measurements
[Omura et al., 1999; Graham et al., 2016]. The pulse duration depends on the ion/electron hole size
and the relative hole-spacecraft velocity. Since the size of the spacecraft is much smaller than the
ion/electron hole, the event duration is not dependent on the geometry of the spacecraft. The shape
of ESWs is influenced by the orientation of the electric field antenna relative to the direction of ESWs
propagation (i.e., the orientation of the magnetic field). It is highly significant that the duration and
amplitudes of dust impact signals can be similar to ESWs [Pickett et al., 2004; Vaverka et al., 2018].
The Phobos 2 mission and recently MAVEN have shown that a significant number of bipolar electric
field solitary structures and double layers are present in the Martian environment [Grard et al., 1991;
Thaller et al., 2022; Akbari et al., 2022]. These structures add complexity to the detection of dust
impacts, often resulting in the false identification of dust signals and also influence the study of ESWs.

Instrument and Dataset

The MAVEN spacecraft entered into orbit around Mars on 22 September 2014, at 02:16 UT, with an
orbital period ≈4.5 h. It’s highly eccentric (≈0.5) and inclined (≈75◦) orbit makes it possible to perform
the electric field measurements around Mars between the altitudes of ≈150–6,500 km [Jakosky et al.,
2015]. The LPW instrument onboard MAVEN is capable of operating in two modes, as a Langmuir
Probe in current mode and as an electric field instrument in waves mode. It has two nearly identical
stacer booms (≈7 m). Only tips (40 cm) of the booms are sensitive to detection, this is a clear distinction
from electric field instruments where the whole antenna is sensitive to dust impacts such as in Wind,
STEREO, PSP and Solar Orbiter [Bougeret et al., 1995; Bale et al., 2008; Maksimovic et al., 2020;
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Figure 1. Examples of several waveforms recorded by LPW in dipole configuration over the year 2015.
(a,c) shows bipolar signals with different polarities, (d) represents events with a pre-spike. (e) shows
solitary wave and (f) is probably an electromagnetic wave. The snapshots displayed here are zoomed in
to highlight distinctive features, with corresponding time stamps.

Rackovic Babic et al., 2022]. The area ratio of the spacecraft to probe surface on MAVEN is ≈100. The
distance between the sensors is ≈13 m. The electric field instrument is capable of operating either in the
monopole or dipole configuration. The potential drop between two cylindrical sensors located at outer
ends of stacer booms is used in dipole configuration while in monopole, the potential drop between one
sensor and the spacecraft is used. A clear sketch of the spacecraft and working of the instrument LPW
has been described by Andersson et al. [2015a].

In this study, we use medium frequency burst mode data, which is one of the products obtained
when the instrument records raw electric field time series in waves mode. The burst mode has a high
sampling frequency for detecting dust impacts. It has three different frequency ranges with correspond-
ing sampling rates: low frequency(1 kHz), medium frequency (65 kHz), and high frequency (4190 kHz).
Among the three available frequency ranges, we use the medium frequency band as it gives closely
spaced data points and long waveforms to accurately detect dust impacts. Each medium frequency (MF)
burst waveform is 62.5 ms long with 4096 data points, resulting in a sampling frequency of about 65 kHz.

Events Classification and Identification
Events Classification

In our analysis, we examined nearly 360,000 medium-frequency burst waveforms from the year
2015. To identify potentially interesting events (pulses), we used an automatic routine that detects
waveforms with rapid fluctuations in the measured electric field. This dataset comprises more than
12,000 events in the dipole and nearly 5,000 in the monopole configuration. We have identified various
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Figure 2. Same as Figure 1 but in monopole configuration. ( a) s hows a n e lectric fi eld si gnal with 
possibly an artificial origin, (b) represents single polarity events probably generated due to dust impacts.
(c,e) shows rarely occurring events with varying pre-spike magnitudes. (f) shows solitary wave.

types of short pulses, though it is important to note that not all of them are associated with dust impacts, 
and the origin of certain pulses may remain ambiguous. In Figure 1, we illustrate examples of different 
event types identified by this routine over the year 2015 in the dipole configuration, and in Figure 2, we 
present similar examples in the monopole configuration of the electric field instrument. Additionally, in 
Figure 3, we showcase a selection of a few ambiguous waveforms with unknown origins, highlighting 
the complexity of our dataset.

Figure 1 shows various examples of events, notably, the bipolar signals shown in Figures 1a,b are 
predominantly detected in the ionosphere of Mars when the spacecraft has a negative potential. We 
observed more than 6000 such events in the dipole configuration, making them a  central focus of our 
study. Figure 1c shows a similar bipolar event but with a pre-spike prior to the main signal. Figure 1d 
shows another category of events observed in the dipole configuration. The events in Figures 1c,d exhibit 
a pre-spike, but the initial negative spike is too rapid to be attributed to impact charge recollection. 
Instead, this rapid initial spike is induced by fast escaping electrons, as indicated in previous studies 
[Collette et al., 2015; Mann et al., 2019]. This pre-spike, not consistently present in all our observations, 
introduces an additional complexity to our understanding of these structures. Figure 1e shows an ideal 
example of a symmetric solitary wave. Figure 1f represents an electromagnetic wave associated with the 
surrounding plasma, such snapshots are excluded from our study.

Figures 2a,b showcase events recorded in the monopole configuration, characterized by a  single 
polarity. It is observed that the counting rates of negative voltage change are 7–8 times more frequent 
than the counting rates of positive voltage change. Specifically, 2993 negative voltage change signals are 
detected at high altitudes, compared to 378 positive voltage change events. Figures 2c,d,e  display rarely
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Figure 3. Examples of a few interesting ambiguous waveforms with an artificial origin, likely generated
due to instrumental electronics or other such factors.

occurring events with pre-spikes of varying magnitudes. Figure 2f shows solitary wave, their detection
is independent of the instrument’s configuration and are therefore observed for both configurations. It
is important to highlight that solitary waves can be asymmetrical contrary to the examples shown here
[Omura et al., 1999; Pickett et al., 2004], which complicates their automatic separation from other
events.

The snapshots displayed in Figures 3a,d are relatively rare. Figures 3b,c shows events that fre-
quently occur, many of which have been automatically removed from our study. These events which
might have an artificial origin have distinctive characteristics from the more common bipolar signals
and other types of events in our study. Table 1 lists various parameters of electric field waveforms cor-
responding to dipole (Figure 1), monopole (Figure 2), and artificial events (Figure 3). t1/t2 is a ratio of
characteristic times of the event, and A1/A2 is a ratio of positive and negative parts of the pulse. Ls,
Lon, and Lat are the spatial coordinates. Ls refers to the solar longitude, which is a measure of the time
of the Martian year that refers to the seasonal changes of the planet.

Events Identification

For reliable identification of potential dust impacts, it is essential to differentiate between structures
in the ambient electric field and the variations caused by most probable dust impacts. The process of
automatic identification includes several key steps:

(i) The events are selected through an algorithm by taking a threshold value for the maximum rate of
change of the electric field (signal with large electric field derivation).

(ii) To remove events that are not of interest, a criterion based on the ratio of peak-to-peak amplitudes
during the event to the mean absolute value of the signal prior to the event is used. Events (such
as shown in Figures 1f, 3b,c) below the threshold value have been removed from the analysis. The
optimal threshold value is set to be 20.

(iii) We introduce four key parameters for event identification: the ratio of rising and decay time (t1/t2
or t2/t1) and the ratio of positive and negative part of the pulse (A1/A2 or A2/A1) displayed in
Figure 4. We ensured that the ratios always remain within the range 0–1 for a simpler representa-
tion.

The 2D histogram shows a visual representation of the distribution of events in the dipole (Figure 5a) and
monopole (Figure 5b) configurations throughout the year 2015. The x-axis (t1/t2) and y-axis (A1/A2)
in both parameter maps represent ratios of time and amplitude characteristics of events, respectively.
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These ratios can be used for the identification of detected signals based on their shape. The color bar on
the right side of the figures provides a logarithmic count of the total number of observations.

In the dipole configuration, the parameter map exhibits a higher logarithmic count of total observa-
tions of events, which are typically localized in nature, as indicated by red color. This localized pattern

Table 1. List of events with state parameters.
Event Time t1/t2 A1/A2 Ls Lon Lat Alt SZA

(UTC) [deg] [deg] [deg] [km] [deg]
Dipole (Figure 1)

(a) 2015-03-04 10:10:10.634 0.20 0.36 302 209 28 162 80
(b) 2015-05-27 03:17:44.265 0.30 0.50 349 159 –62 360 78
(c) 2015-05-27 07:41:00.440 0.39 0.57 349 246 –71 545 88
(d) 2015-06-22 07:03:47.766 0.01 0.13 2 318 17 1100 68
(e) 2015-05-13 01:36:37.365 1.00 0.79 341 204 46 1109 55
(f) 2015-01-05 08:47:51.030 1.00 0.89 266 148 –0.84 2531 51

Monopole (Figure 2)
(a) 2015-05-01 07:30:13.822 0.03 0.02 335 222 –21 4883 148
(b) 2015-01-01 21:20:18.343 0.05 0.13 264 186 0.25 1333 132
(c) 2015-01-01 12:09:59.725 0.13 0.08 264 52 –1 1393 132
(d) 2015-12-23 01:45:10.535 0.08 0.54 85 326 47 388 86
(e) 2015-01-09 03:59:40.479 0.57 0.08 269 59 42 889 91
(f) 2015-11-28 05:38:11.838 1.00 0.79 74 41 –15 5694 113

Artificial events (Figure 3)
(a) 2015-11-05 16:07:04.867 0.00 0.00 64 193 –37 192 65
(b) 2015-11-03 18:36:33.895 0.80 0.96 64 254 –18 161 52
(c) 2015-03-31 20:58:29.135 0.17 0.31 318 148 2 189 29
(d) 2015-10-31 13:21:40.430 0.82 0.58 62 203 –15 177 48
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Figure 4. An example of a typical electric field waveform recorded on 27 May 2015. Key parameters
of the waveform are indicated: A1 and A2 represent the positive and negative parts of the pulse, respec-
tively, denoted by solid vertical lines. t1 and t2 correspond to rising and decay time, respectively, marked
by horizontal arrows. The baseline electric field level, against which these variations are measured, is
indicated by the dashed red line.
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Figure 5. Parameter maps illustrating event distribution for (a) dipole and (b) monopole configurations
over the year 2015. These events are color-coded using the logarithmic scale on the right.
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Figure 6. Parameter maps for dipole configuration under varying spacecraft potential over the year 2015.
These events are color-coded using the scale at the bottom.

suggests that most of the events are within a specific range of amplitude and time ratios (t1/t2 ≈ 0.25
and A1/A2 ≈ 0.45), accounting for a total of nearly 7000 observed events. Another category of events
constitutes background in the top-right corner of the map. These events represent mainly solitary waves,
as observed in Figure 1e, with a total count of nearly 2000. The parameter map for the monopole con-
figuration displays a localized pattern along its bottom edge, which corresponds to the events shown in
Figure 2a. Additionally, there is a pattern along the left edge that relates to the pre-spike events depicted
in Figure 2. This parameter map corresponds to more than 3000 single polarity events.

For MAVEN spacecraft, negative charging below 800 km altitude within Mars’s ionosphere results
predominantly from the collection of electrons, while positive potentials outside the dense ionosphere
are due to photoemission processes. The impact of spacecraft’s potential on dust detection by electric
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field instruments is significant as it influences the shape and characteristics of the detected signals [Shen
et al., 2021].

Figure 6 provides a detailed view of Figure 5a. Figure 6a illustrates the distribution of events
for a negatively charged spacecraft, while Figure 6b displays the distribution for a positively charged
spacecraft over the year 2015. The 2D histograms show that the shape of pulses, as influenced by
the spacecraft’s potential in the dipole configuration, exhibits different patterns. For the negatively
charged spacecraft, a clear concentration of events is visible in Figure 6a, where the color bar scale is
adjusted to highlight less frequent occurrences by dividing the histogram values by a factor of 8. This
scaling allows for the visualization of events that would otherwise be overshadowed by more common
occurrences. Events with a relatively high occurrence rate are identified within the saturation region
above (18)

th of the maxima 500, bins with an occurrence rate above 60 in this case. This saturation
region corresponds predominantly to more than 6000 bipolar events, and notably, we observe only 500
solitary waves for the negatively charged spacecraft. Conversely, for the positively charged spacecraft in
Figure 6b, events are widely spread, with pre-spike events (Figure 1d) localized on the parameter plot’s
left edge (t1/t2 < 0.05), and some solitary waves at the top right corner. In this case, we observe ≈200
pre-spike events and more than 1000 solitary waves. These parameter maps can be used in the automatic
identification of different types of events.

Observations

The study conducted on the electric field measurements by the LPW instrument provides valuable
insights into the phenomena occurring in the atmosphere near Mars. This analysis focuses on the elec-
tric field waveforms observed by MAVEN during a one-year period. By utilizing the data recorded in
both the monopole and dipole configurations, the study aims to identify and analyze the characteristics
of these signals. The analysis primarily focuses on the dipole configuration due to the limited avail-
ability of burst mode medium frequency data in the monopole configuration. The dataset consisting
of approximately 300,000 waveforms in the dipole configuration led to the automatic detection of over
12,000 events. Our methodology indicates that observed electric field signals contain a significant num-
ber of 6000 bipolar events. These structures were observed primarily for negatively charged spacecraft
in the ionosphere of Mars.

Altitude Profiles

Figure 7a shows the altitude distribution of two types of events in the dipole configuration recorded
over the year 2015: most probable dust impact signals and Electrostatic Solitary Waves (ESWs), marked
by red and blue respectively. The fraction of bursts (FOBs) is calculated by dividing the count of ob-
tained events by the total number of waveforms, making it a normalized representation that considers
the overall observations made by the spacecraft. These findings indicate a higher occurrence of potential
dust events at lower altitudes in the ionosphere, where the spacecraft is negatively charged. The constant
pattern of non-dust events (ESWs) at lower altitudes with an increase between 3,000–4,000 km indicates
a distinct behavior compared to other category of events. This suggests that these two types of events
may have different origins or mechanisms of formation.

Figure 7b displays a detailed view of the altitude range up to 500 km, showing a prominent peak of
most probable dust events between 180–220 km, which gradually decreases below and above 200 km.
The decline in the peak at lower altitudes could potentially be attributed to noise interference, which
is typically encountered below 200 km. Figure 7c focuses on the influence of the spacecraft’s poten-
tial (VSC) on the detection of potential dust events, with the mean potential varying from positive (5 V)
to negative (-5 V) as shown in the color bar. A higher fraction of bursts is detected when the spacecraft
potential is below -2 V. At an altitude of 800 km, the spacecraft potential undergoes a polarity reversal,
resulting in a local minimum of most probable dust events. A secondary maximum is observed at an
altitude of 1200 km, corresponding to pre-spike events shown in Figure 1d, for a positively charged
spacecraft and can be seen at the left edge of Figure 6b.
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Figure 7. Fraction of bursts for the year 2015 in the dipole configuration (a) shows the overall altitude
distribution for Dust like and ESWs events. (b) provides a detailed altitude profile up to 500 km. (c)
depicts Dust like events with the color scale representing the mean spacecraft potential.
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Figure 8. Fraction of bursts of potential dust candidates on Mars dayside below 500 km in the dipole
configuration over the year 2015, with solar longitude (Ls) at the top. The red curve fits the individual
data points.

Figure 8 depicts the daily variation in the fraction of bursts attributed to potential dust signatures
throughout the year 2015 at altitudes below 500 km on the dayside of Mars. These events are detected
in dipole configuration and the dashed vertical blue line represents the transition from Martian year 32
to 33. The solar longitude (Ls) marked at the top of the graph denotes the Martian seasonal period. The
individual measurements are marked with ‘+’ symbol, while the smooth red curve represents the fitted
trendline, several peaks suggest periods of increased FOBs. Although we notice a considerable day-to-
day variability in the fraction of bursts, it does not exhibit any seasonal variations. Furthermore, these
strong temporal variations are not primarily controlled by the smooth transition of MAVEN periapsis
with time, suggesting that other factors might affect their variation at Mars.
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Figure 9. Histograms representing fraction of bursts above 0.10 (in blue) and below 0.04 (in red) in
the dipole configuration over the year 2015 on the dayside of Mars (a) plasma density and (b) altitude
profile below 500 km.

Figure 9 shows the relationship between plasma density, altitude, and the fraction of bursts that are
potential dust candidates. Figure 9a presents the total observations on the dayside of Mars in the dipole
configuration over the year 2015 as a function of the plasma density. The blue histogram corresponds
to days when FOBs exceeds 0.10, and the red histogram represents days with FOBs below 0.04, values
shown in Figure 8. There are higher counts at lower plasma densities on days with fewer FOBs (<
0.04), in contrast days with greater number of FOBs (> 0.10) exhibit fewer observations at these lower
densities. Moreover, a similar trend can be seen for higher plasma densities, there are fewer counts
for days with lesser number of FOBs (< 0.04), whereas days with higher FOBs (< 0.10) show more
observations at these higher densities. Figure 9b provides an altitude profile for these fraction of bursts,
with an altitude range of 100–500 km. It indicates that the altitude profiles are identical for varying
FOBs with a peak at ≈220 km. While Figure 9 shows certain trends in the plasma density for different
fraction of bursts, it is important to consider that additional factors might influence these changes, which
are beyond the scope of this study.

Discussion

In this study, we analyzed more than 12,000 waveforms, consisting of both potential dust candi-
dates and non-dust events, mainly Electrostatic Solitary Waves (ESWs). These snapshots are recorded
throughout the year 2015 by the Langmuir Probe and Waves (LPW) instrument, which operates in dif-
ferent operation modes, either monopole or dipole. It is important to note that not all short pulses in the
data are generated due to dust impacts. Some may be caused by other sources, such as thruster activity,
instrumental electronics, interference with other scientific instruments, or ESWs.

The majority of probable dust events detected in the monopole configuration correspond to Fig-
ures 2a,b. These events closely resemble the typical dust impact signatures identified in various space-
craft missions and laboratory-based observations. However, these events occur in isolated groups, sev-
eral hundred pulses are observed within a single hour. This count rate significantly surpasses the rates
previously reported by other missions like Solar Orbiter or Parker Solar Probe. Moreover, the ampli-
tude of these events identified within an hour are very similar, this behavior is inconsistent with impacts
by dust grains of different sizes. These observations suggest that most of the events detected in the
monopole configuration are probably the result of some interference, rather than the dust grain impacts
on the spacecraft body.

The shape of potential dust impact signals detected in the dipole configuration varies with the space-
craft’s potential (altitude). Different pulses are detected at higher altitudes, above 1000 km, where the
spacecraft is positively charged. These pulses with pre-spikes are shown in Figure 1d, and are visible
on the left edge of the 2D parameter map in Figure 6b. Additionally, at these higher altitudes, a sig-
nificant number of ESWs are detected, these waves exhibit both polarities. At altitudes below 800 km,
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where the spacecraft is negatively charged due to the denser ambient plasma environment, a significantly
large number of dust impact pulses are detected. These pulses correspond to the events shown in Fig-
ures 1a,b,c and are localized within specific peak-to-peak amplitude and time ratios (A1/A2 ≈ 0.45
and t1/t2 ≈ 0.25), as depicted in Figure 6a. Such pulses are particularly interesting as similar events
have been previously recorded by multiple spacecraft, including Wind, STEREO, MMS, Cassini, and
PSP, in diverse environments, and have been interpreted as dust impacts. It is possible that the events
we observe also originate from potential dust impacts, as no alternative explanations exist for such kind
of pulses in electric field data. These pulses could be the result of the impact of dust grains on the
spacecraft body, however, there are still some unanswered questions about their origin.

It is observed that significantly lower number of dust impact signals are detected when the space-
craft is charged positively outside the ionosphere. The current understanding of dust detection by elec-
tric field instruments does not provide any satisfactory explanation for the increased sensitivity of dipole
configuration for negatively charged spacecraft. On the contrary, the increased plasma density of the
ionosphere should reduce the sensitivity of the instrument in dipole configuration. Furthermore, the
increase in dust event detection at lower altitudes, with a peak around 200 km, suggests that these dust
grains might originate from the planet’s surface. Nonetheless, there is no clear-cut explanation for the
lofting of dust grains from the planet’s surface up to hundreds of kilometers. Andersson et al. [2015b]
suggested an interplanetary origin for these dust impact signals, and correlated the increased fraction of
bursts at lower altitudes to the spacecraft potential. However, our extended analysis from the year 2015
does not confirm these earlier findings. Furthermore, low detection of dust impact signals outside the
ionosphere questions the findings that interplanetary dust is the main source of these events. Less num-
ber of events detected below 200 km could be due to strong interference at these lower altitudes, as only
events with amplitudes greater than the interference can be detected.

The occurrence of a minima in the fraction of bursts of potential dust signatures around an altitude
of 800 km, where the spacecraft’s potential shifts from negative to positive, is particularly interesting.
A secondary smaller maximum is observed at 1200 km (Figures 7a,c). The distinct shape of the pulses
along with a lower detection rate when the spacecraft is positively charged, indicates that these events
might be generated by direct impacts of dust grains on the electric field sensors. This observation
raises an important question regarding the absence of registered dust impacts on the spacecraft’s body at
altitudes exceeding 800 km. ESWs are primarily detected above 2000 km, which could be explained by
the magnetopause crossing. The day-to-day variability in the fraction of bursts related to potential dust
events below 500 km altitude do not correspond to the Martian seasonal period (Ls) or to the changes
in MAVEN’s orbital periapsis. Interestingly, altitude profiles remain identical (Figure 9b), and days
with a higher fraction of bursts associate with an increased ambient plasma density (Figure 9a). The
interpretation of these findings is beyond the scope of our current study.

Summary

The findings of this study highlights several key points and raises some significant questions:

(i) Langmuir Probe and Waves (LPW) instrument, operating in both monopole and dipole configu-
rations, recorded a variety of short electric field pulses in burst mode within the Martian plasma
environment. This also includes ESWs and snapshots that could be classified as interference,
examples shown in Figures 1, 2, and 3.

(ii) Electrostatic Solitary Waves (ESWs) are observed in both monopole and dipole configurations of
the LPW instrument, without any influence of the spacecraft potential; predominantly detected at
higher altitudes likely due to magnetopause crossing.

(iii) The majority of pulses detected in the monopole configuration are probably due to some inter-
ference, though they resemble the ideal dust impact signals observed by other spacecraft and in
laboratory experiments (shown in Figures 2a,b). This is supported by the fact that these events
occur in large numbers, typically hundreds, with similar amplitudes in isolated groups with a one-
hour duration.
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(iv) Large number of potential dust events are detected within the ionosphere, where the spacecraft is
charged negatively due to the dense plasma environment (Figure 7). The detection of these events
significantly reduces below an altitude of 200 km, possibly due to increasing interference at lower
altitudes. The absence of these events above 2000 km, depicted in Figure 7a, suggests that these
pulses may not originate from interplanetary dust, contrary to the findings made by Andersson
et al. [2015b].

(v) The shape of dust impact signals detected in the dipole configuration depends on the spacecraft’s
potential, which changes with altitude. We observe a decrease in the occurrence of dust events
with increasing altitude, reaching a minimum at 800 km where the spacecraft potential is 0 V (as
shown in Figures 7a,c).

(vi) The strong temporal variations in the occurrence of dust events cannot be explained by the Martian
seasonal period (Ls) or by changes in MAVEN’s orbit (periapsis), as illustrated in Figure 8.

(vii) Days when a greater fraction of bursts of dust events are observed, there is a notable increase in
ambient plasma density, as indicated in Figure 9a. However, the altitude profiles below 500 km
remain unaffected by the amount of the dust detected (Figure 9b).
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