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The electrostatic potential of a spacecraft reﬂects the local physical conditions and also affects the in situ
thermal plasma measurements. In this work we focus on the spacecraft charging in the high dust density region
near Enceladus in Saturn’s E ring. In a dust-rich environment, the spacecraft charging is modiﬁed by the complex
(dusty) plasma conditions as well as by the additional dust-associated charging currents (dust ram current and the
dust impact plasma current). Adopting the Cassini plasma electron and dust proﬁles, we explore the longitudinal
and latitudinal spacecraft potential variations in the E ring. Our results show that, under dust-rich condition, the
spacecraft potential is neutralized due to the collection of the dust impact plasma ions. We suggest a systematic
veriﬁcation of our model calculation with the Cassini in situ measurements and also a search for signatures of
dust-spacecraft impact plasma in the Cassini thermal plasma measurements.
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1.

Introduction

The charging of a surface in space is determined by the
collection of ambient plasma as well as the emission of
photoelectrons and/or secondary electrons (Whipple, 1981).
Hence, the charging status of an object varies with various
physical conditions as well as with its material properties.
The diffuse E ring in Saturn’s magnetosphere is an ideal
laboratory for studying the charging processes of dust and
spacecraft. Fed by ice particles from the volcanically active moon Enceladus (Hansen et al., 2006; Porco et al.,
2006; Spahn et al., 2006; Waite et al., 2006), the E ring
spans from about 3 RS (RS = 60268 km is the Saturn
radius) to Titan’s orbit at 20 RS (Srama et al., 2006) in
Saturn’s magnetosphere. The plasma conditions experienced by the ring particles vary from the cold plasma at
the dense Enceladus torus to the hot, tenuous outer magnetospheric plasma. In a dense Maxwellian plasma where
the photoemission can be ignored, an object will be charged
negatively due to the dominant electron collection current.
Based on the dust electrostatic charge measurements carried
out by the Cassini Cosmic Dust Analyser (CDA, Srama et
al., 2004) in the E ring, Kempf et al. (2006) showed that
the dust potential is about −2 V near Enceladus (4 RS )
and becomes positive approximately outside the orbit of the
moon Rhea (8.7 RS ). The grain charge measurements are
roughly matched by the charging calculation using Cassini
plasma measurements. The results show that in the dense
and cold Enceladus torus the electron collection is the dominant charging current, which leads to a negative dust potential. In contrast, the hotter electron population at larger
Saturn distance produces secondary electrons that charges
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dust positively in the middle to outer magnetosphere. The
radial grain potential proﬁle obtained by CDA clearly reﬂects the variation of the plasma condition in Saturn’s magnetosphere.
The charging proﬁle of the Cassini spacecraft is found
to be similar to the E ring dust. During Cassini’s insertion
into its Saturnian orbit in July 2004, data obtained by the
Cassini Langmuir probe/Radio and Plasma Wave Science
instrument (LP/RPWS, Gurnett et al., 2004) show that the
spacecraft is charged a few volts negatively within 10 RS
(Wahlund et al., 2005). Outside ∼8 RS where the spacecraft is charged positively, some of the photoelectrons induced from the solar ultraviolet radiation are drawn back to
the spacecraft and are identiﬁed in the Cassini Plasma Spectrometer (CAPS, Young et al., 2004) electron data (Lewis
et al., 2008). The derived spacecraft potential is consistent
with the LP results (Sittler et al., 2005, 2006).
Recently, in addition to the radial variation across the
magnetosphere, more attention are focused on the inner region near Enceladus. Several magnetospheric phenomena
are found to be organized with the rotation of Saturn, deﬁned by the periodic Saturn Kilometric Radiation (SKR,
Warwick et al., 1981). For example, Gurnett et al. (2007)
demonstrated that the electron density between 3 to 5 RS
varies with the SKR longitude system by a factor of two.
Also, in the dust-rich environment near Enceladus, a series
of studies based on the Cassini LP measurements suggest
that the electron density is far less than the ion density. This
electron depletion is attributed to the electron attachment
to the abundant sub-micron-sized dust particles, and has
been suggested as evidence for collective dust-plasma interactions (Farrell et al., 2009, 2010; Wahlund et al., 2009;
Yaroshenko et al., 2009; Morooka et al., 2011; Shaﬁq et al.,
2011).
Depending on their abundance, the presence of dust
grains in a plasma could have signiﬁcant effects on the
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charging processes. With increasing dust density in a dustplasma cloud, more and more plasma electrons will be collected by the dust. This leads to the depletion of plasma
electrons and a decreasing potential of the dust-plasma
cloud (φc ) (Havnes et al., 1990). As most charging currents depend on the potential difference between the object
and φc (i = φi − φc , where i = d or SC for dust and
spacecraft, respectively), the negative shift of this charging
baseline modiﬁes the potential of embedded objects (Goertz
and Ip, 1984; Havnes et al., 1990). Moreover, considering a spacecraft traversing through a dust-rich region, the
intense dust ﬂux received by the spacecraft constitutes additional charging currents to the spacecraft. In our earlier
work (Hsu et al., 2012), we considered two types of dust
currents, the dust ram current and dust impact plasma current (see Section 2), to model the spacecraft potential under dust-rich conditions. This model better reproduces the
Cassini spacecraft potential measurements in the E ring and
explains the difference between the Cassini LP potential
measurements and the Particle-in-cell (PIC) simulations by
Olson et al. (2010) implying that the spacecraft potential
near Enceladus reﬂects not only the plasma but also the dust
conditions.
Following our earlier work, we extend the spacecraft potential calculation to understand the inﬂuence of E ring dust
on the longitudinal and latitudinal variations of the spacecraft potential near Enceladus at 4 RS . In Section 2 we
describe the currents considered in the spacecraft charging
calculation. The plasma and dust properties in the E ring
are described in Section 3. Modeling results and the discussion are presented in Section 4. A brief summary is given
in Section 5.

2.

Charging Current Calculation

A widely used method to model the charging of an object
in a plasma is the Orbital Motion Limited (OML) theory
(Mott-Smith and Langmuir, 1926; Whipple, 1981; Horányi,
1996). The OML theory treats the collection of plasma particles as a two-body problem, which can be solved by considering the conservation of energy and angular momentum.
2.1 Electron and ion collection currents
Following the OML theory, the collection currents of
electrons and ions with Maxwellian energy distribution can
be written as

1 − χ , if χe,i < 0
0
Je,i = Je,i × −χe,i e,i
,
(1)
,
if χe,i ≥ 0
e

calculation (Whipple, 1981; Horányi, 1996; and references
therein).
2.2 Photoelectron emission
Photoelectron emission from the spacecraft is

1,
if χν ≤ 0
Jν = Jν0 × −χν
,
(2)
e , if χν > 0
where Jν0 = Asc e κν f d , χν = −esc /kTν , and κν is the
photoelectric coefﬁcient. We adopt κν = 0.1 for icy dust
grains and 0.5 for the spacecraft. f d = 2.5 × 1014 d −2
AU
m−2 sec−1 is the solar UV photon ﬂux at the distance d AU
(AU) from the Sun. The energy of photo-electrons follows
the Maxwellian distribution with a temperature of kTν =
3 eV (Grard and Tunaley, 1971; Horányi, 1996).
2.3 Dust ram current
The dust ram current is the charge ﬂux carried from dust
to the spacecraft:
 smax
Jd,ram =
Q d (sd ) · f d (sd , vrel ) dsd ,
(3)
smin

(Hsu et al., 2012), where sd is the dust radius, Q d (sd ) =
4π 0 sd d is the dust charge, and d = φd − φc is the
potential difference between dust (φd ) and the background
dust-plasma cloud. f d (sd , vrel ) = Asc · vrel (sd ) · n d (sd ) is
the dust ﬂux to the spacecraft. vrel is the relative speed
between dust and the spacecraft and varies with the dust
size (see Subsubsection 3.2.2). We adopt a power-law dust
size distribution n d dsd = n d0 · (sd /1 μm)−α , where n d0 is
the density of 1 μm dust and α is the power-law slope. Here
we choose smax = 10 μm, smin = 0.05 μm, and α = 5.
It is worthy to mention that the dust ram current does not
depend on the spacecraft potential as the kinetic energy of
dust is much larger than the electrostatic potential energy of
the spacecraft.
2.4 Dust impact plasma current
When a dust grain hits the spacecraft at high speed, part
of the dust kinetic energy is transformed to ionize the impactor (dust) and the target (spacecraft), i.e., the so-called
impact ionization process (Hornung and Drapatz, 1979).
From the initial dense state the impact plasma cloud expands until being conﬁned by the magnetic ﬁeld or dispersing into the ambient plasma in a timescale of a microsecond. Due to the spacecraft charge, part of the impact plasma will be collected by the spacecraft depending
on their kinetic energy as well as on its electric polarity.
This constitutes a charging current—the dust impact plasma
current—which actually consists of two components: the
electron collection and ion collection currents.
The empirical impact plasma production yield (Y , in
Coulombs) for an impactor with mass of m d and impact
3.5
(Dietzel et al.,
speed of vrel is Y = 5 · 10−4 · m d · vrel
1973; Göller and Grün, 1989). The impact plasma ﬂux to
the spacecraft is thus
 smax
Simp =
f dm (sd , d , vrel ) · Y (sd , d , vrel ) dsd , (4)

0
= ∓4 Asc e n e,i (kTe,i /2πm e,i )1/2 , χe,i =
where Je,i
∓esc /kTe,i , k is Boltzmann’s constant, and e is the elementary charge. sc = φsc − φc is the potential difference
between the spacecraft (φsc ) and the dust-plasma cloud (φc ).
Asc is the effective surface area of the spacecraft. The n e,i ,
kTe,i , and m e,i are the density, temperature, and mass of
electrons and ions, respectively. We consider the plasma
ions to be singly ionized oxygen (O+ ).
Due to the low ion temperature in the vicinity of Encesmin
ladus, the plasma ion ﬂux to the spacecraft is not isotropic
as the average ion thermal speed is less than the corota- where f dm (sd , d , vrel ) = Asc · m d ( d , sd ) · vrel (sd ) · n d (sd )
tion ﬂow speed (see Subsubsection 3.1.1). This effect has is the dust mass ﬂux and d = 103 kg m−3 is the dust bulk
been considered in this work for the spacecraft charging density.
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The collection of the impact plasma depends on its energy distribution and the spacecraft potential. As indicated
by the ion line shape from the CDA dust mass spectra, an
expanding impact plasma cloud is relatively cold and most
probably inherit the LTE properties from the initial hot,
dense state. Hence, it can be described as a mixture of the
same amount of ions and electrons, whose energy distributions are Maxwellian with a characteristic temperature,
kTimp , of ∼1 eV (Kempf et al., 2012). Following Hsu et al.
(2012), the dust impact-plasma current becomes

imp
1, 
e,i
 if χe,i ≤ 0 ,
Jd,imp = Simp ×
(5)
imp
imp
exp −χe,i , if χe,i > 0
imp
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currents. In the discussion below, we will use the calculated
equilibrium potential to represent the spacecraft potential.
2.6 Dusty plasma conditions
The dust-plasma cloud potential shifts toward negative
values in dust-rich conditions. In this work we follow the
scheme by Havnes et al. (1990) and describe the potentials
of the dust-plasma cloud and the embedded dust as functions of the P parameter:
 smax
−1
6
P = 6.95 · 10 · n e,0 · kTe ·
sd · n d (sd ) dsd , (7)
smin

where n e,0 is the background electron density and Nd =
n d (sd ) dsd m−3 is the total dust density. The P parameter
is the ratio of the charge density in the dust component, calculated for isolated dust particles, relative to the background
electron density. The normalized dust potential (ed /kTe )
and the cloud (eφc /kTe ) is shown in Fig. 1 as functions of
P. When P  1, the dust can be seen as a single grain
in the plasma. With increasing P, the inter-grain distance
decreases and the Debye sphere of individual dust particles
overlaps, which results in mutual shielding effect and the reduction of dust charges. In addition, the dust-plasma cloud
potential also affects the densities of electrons and ions:
n e = n e,0 · exp(−eφc /kTe ) and n i = n i,0 · exp(eφc /kTi ),
where n e,0 = n i,0 are the background electron and ion density.

where χe,i = ∓esc /kTimp .
The number of ions and electrons that the spacecraft collects from impact plasma depends on the charge polarity.
A negatively charged spacecraft will collect more impact
plasma ions and vice versa. The impact plasma hence acts
as a “potential damper” and neutralizes the spacecraft surface.
Near Enceladus, the Cassini-dust relative speed is typically faster than a few km s−1 . Compared to the charges
carried on dust grains (d ∼ 2 V), the impact plasma may
strongly affect the spacecraft potential. For conditions studied in this work, the dust impact plasma currents are more
important than the dust ram current.
2.5 Charge equilibrium
3. Plasma and Dust Distributions
The time-varying spacecraft charge (Q sc ) can be solved
3.1 Magnetospheric plasma
by integrating the charging currents Eqs. (1)–(5):
3.1.1 Water-group ions The main ion population in

Saturn’s magnetosphere is water-group ions, the dissociated
d Q sc
(6) and ionized products of water vapor emitted from Ence=
J (sc ).
dt
ladus. Our model adopts O+ for the ion population. The
All currents described so far but the dust ram current deion temperature near Enceladus is found to be about 25 eV
pend on the spacecraft-dust-plasma cloud potential differ(Sittler et al., 2005), corresponding to a thermal speed of
ence (sc ). Given enough time, the spacecraft
will reach the

16 km s−1 and is small compared to the co-rotating ﬂow
eq
eq
charge equilibrium, i.e., sc = sc where
J (sc ) = 0.
(30–40 km s−1 ) energy. Hence, the thermal component of
The time to reach charge equilibrium depends on the magthe ion collection is negligible. In our simulation, we simnitude of currents. Without dust currents, the charging time
ply assume that the energy distribution of both ions and
eq
eq
is about Q sc /Je (where Q sc is the spacecraft equilibrium
electrons are Maxwellian and that their density and temcharge), as the electron collection current always dominates
perature are the same (n i,0 = n e,0 and Ti = Te ).
in the dense and cold plasma torus of Enceladus.
3.1.2 Thermal electrons Gurnett et al. (2007) obAssuming a simpliﬁed spherical spacecraft with a radius
served a sinusoidal electron density (Ne,λSC ) modulation
eq
of 6 meters, the spacecraft charge, Q sc , is of the order of
along the SKR longitude system (SLS) between 3 to 5 RS .
10−9 C. Considering an electron density of 100 cm−3 and
We adopt the following description for the electron density
an electron temperature of 1 eV, the electron ﬂux to the
near Enceladus (4 RS ) in the ring plane:
spacecraft is about 10−3 Cs−1 (or 1016 electrons per second)
and leads to a charging timescale of ∼10−6 second.
(8)
Ne,λSC = 65 + 25 × sin(λSC − 240◦ ) cm−3 .
In contrast to the macroscopically continuous plasma collection, dust impacts, and hence dust currents, are sporadic λSC is the SKR longitude of the spacecraft. Moreover,
by nature. However, near Enceladus, the dust impact rate is the electron density also decreases with distance from the
so high that it is reasonable to approximate the dust currents equatorial plane. Combining this with Eq. (8), the electron
as a continuous process. For example, with a dust density density is
of 0.1 m−3 and vrel = 10 km s−1 , the dust-spacecraft impact
2
2
rate is about 105 per second. The expansion time of the imNe,z = Ne,λSC × e−z /Hn cm−3 ,
(9)
pact plasma is also short enough to be ignorable. We thus
expect the spacecraft charging time to be much shorter than where Hn = 0.5 RS is the electron density scale height
(Persoon et al., 2006).
one second.
The Cassini LP measurements indicate that the electron
In short, near Enceladus the spacecraft adjusts almost
instantly to the equilibrium potential, with or without dust temperature at 4 RS is about 2.3 eV and increases toward
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Fig. 1. The normalized potential proﬁles of the dust-plasma cloud (eφc /kTe , dot-dash line), the embedded dust (ed /kTe , dotted line), and the spacecraft
as functions of P. Two spacecraft potential proﬁles represent cases with different speeds: 8 km s−1 (esc1 /kTe , solid line) and 16 km s−1 (esc2 /kTe ,
dash line). With increasing P the SC potential becomes less negative because of the reduction of free electron density as well as the ion collection
from the impact-generated plasma.

rotation rate and the mass of the planet are  and M p ,
respectively. Bz is the local magnetic ﬁeld strength and G
2
2
Te,Z = 2.3 · e Z /HT eV ,
(10) is the gravitational constant. The dust speed at 4 RS as a
function of dust radius is shown in Fig. 2.
where Z is the distance to the ring plane in RS and HT ∼
0.8 RS is the electron temperature scale height (Gustafsson
4. Results and Discussions
and Wahlund, 2010).
Taking all currents into account, we ﬁrst compare the po3.2 E ring
tential of the spacecraft, the dust, and the dust-plasma cloud
3.2.1 Dust number density proﬁle We adopt the
for different values of P in Fig. 1 for two ﬂyby speeds.
dust density model based on the CDA measurements beWhen P  1, both cases show the potential about 0.8 V
tween 2005 and 2006 (Kempf et al., 2008). This model is
less negative than the dust because of the higher photoesymmetric with respect to Saturn and the ring plane. The
mission efﬁciency. With increasing P, the dust currents,
density for grains larger than 0.9 μm at 4 RS is Nd,0 =
especially the dust impact plasma current, becomes more
−3
0.12 m . Away from the ring plane, the dust density deand more important. Since the spacecraft is charged negacreases exponentially
tively, it collects more ions than electrons from the impact
plasma, which results in a positive shift of the spacecraft
−z 2 /2σ 2
,
(11)
Nd,z = Nd,0 · e
potential. The strong velocity dependence of the impact
where σ = 1839 km is the full-width-half-maximum of the plasma production Eq. (4) leads to a faster rising potential
for the spacecraft with higher vrel .
E ring at 4 RS and z = Z · RS in km.
3.2.2 Dust speed distribution Due to the Lorentz 4.1 Longitudinal and latitudinal variations
Figures 3 and 4 show the longitudinal and latitudinal
force, the speed of charged dust depends on its charge-tospacecraft
potential variation at 4 RS , respectively. The lonmass ratio. Assuming a circular orbit in the magnetic equator, the angular velocity (ψ) of a dust particle with a charge- gitudinal potential variation shown in Fig. 3 results from
to-mass ratio, Q d /m d , at a distance to the planet, R, can be the electron density modulation along the SLS longitude
(Eq. (8) and Fig. 3(c)). In general, the spacecraft is charged
found by solving (equation (22) in Horányi, 1996)
most negatively at λSC = 330◦ , where it encounters the
2
2
ψ + ω g ψ − ω g  − ωk = 0 ,
(12) highest electron density. When no dust is present (i.e., only
Je , Ji , and Jν are considered), the spacecraft is charged to
where ωg = Q d /m d Bz is the local dust gyrofrequency −7 V with about 0.5 V ﬂuctuation depending on the spaceand ωk = G M p /R 3 is the Kepler angular velocity. The craft longitude. With dust, the potential proﬁles show a simhigher latitude
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Fig. 2. The dust speed as a function of the size at 4 RS . Two proﬁles represent dust with potential of +2 V (solid line) and +4 V (dash line). Dust
grains larger than 0.5 micron follow the Keplerian motion while smaller particles have faster speed due to the inﬂuence of the Lorentz force.

Fig. 3. The variations of (a) the spacecraft potential, (b) the P parameter, and (c) the electron density along the SKR longitude. Three spacecraft
potential proﬁles represent the cases of zero dust current (dotted line), 8 km s−1 spacecraft speed (solid line), and 16 km s−1 speed (dash line). All
proﬁles ﬂuctuate along the SKR longitude due to the electron density modulation. Compared to the case with no dust current, the spacecraft potential
is shifted positively. The faster the spacecraft speed, the less negative the potential becomes.

ilar trend as the dust-free case, except that the potential is
shifted toward less negative values. As is the case in Fig. 1,
the faster spacecraft receives a larger ﬂux of impact plasma
ions, resulting in a stronger reduction of the spacecraft potential. The P parameter here is about 0.02 (Fig. 3(b)),
which means that the dust-plasma cloud and dust potentials
are only slightly modiﬁed (Fig. 1).

The condition for a steep ring plane crossing (RPX) at
4 RS is shown in Fig. 4. We set the electron density at the
ring plane to be 75 cm−3 and assume its decrease is given
by Eq. (10). The latitudinal proﬁles of the dust number density as well as the plasma electron temperature are shown in
Figs. 4(b) and 4(c). The parameters for calculating the proﬁles shown in Fig. 4(a) are the same as those in Fig. 3(a).
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Fig. 4. Latitudinal variations of (a) the spacecraft potential, (b) the density of dust with sd > 0.9 μm, and (c) the electron temperature. Three spacecraft
proﬁles shown in (a) represent the same conditions as those in Fig. 3(a). Because of the concentration of dust particles near the ring plane, the
spacecraft is charged less negatively at lower latitude.

If the dust effects are ignored (dotted line), the spacecraft
potential becomes a little less negative at the ring plane due
to the lower electron temperature. As shown in Fig. 4(b),
the dust density is much lower at higher latitudes, the inﬂuence of dust currents is thus negligible when |z| > 0.1 RS .
Within 0.1 RS from the ring plane, the “dusty” cases (solid
and dash lines) deviate from the dust-free case (dotted line)
and reach more positive potentials at lower latitude. As
shown before, the higher the spacecraft speed, the larger
the spacecraft potential shift toward the dust-plasma cloud
potential.
4.2 Discussion
It becomes apparent in Figs. 3 and 4 that the spacecraft
potential in the dusty conditions cannot be modeled precisely without knowing the spacecraft speed and the plasma
and dust properties. Each component plays an important
role in determining the potential of the spacecraft. The
inﬂuence of the dust currents depends on the dust density
as well as the relative speed between dust and spacecraft.
The example shown in Fig. 3 indicates that the inﬂuence of
dust currents on the spacecraft charging (a +5 V sc shift)
is more signiﬁcant than the effect caused by the electron
density modulation in the ring plane (a 0.5 V sc ﬂuctuation). However, if the true dust density is not longitudinally
uniform as assumed here, the spacecraft potential may not
exhibit a clear correlation with the SKR longitude as the
plasma electron density.
Our results can be veriﬁed by adopting both in-situ
plasma and dust measurements to the model and comparing
results with the spacecraft potential measurements. However, to make a meaningful comparison the temporal and
spacial variations of the parameters, as well as the spacecraft attitude, need to be considered in greater detail for
each RPX. There are several factors that may change along
the spacecraft trajectory but are not considered in this work.
For example, the dust size distribution may be variable and
is difﬁcult to constrain. The lower limit of dust size cannot

be detected directly and the dust size may not even follow a
simple power-law distribution. E ring dynamics simulations
suggest that smaller dust particles acquire inclination faster
than the larger ones (Juhász and Horányi, 2002), which implies that the size distribution most likely varies with the latitude as well. Figures 3 and 4 only demonstrate the average
tendency of the spacecraft potential near 4 RS . More details
need to be taken into account for reproducing the spacecraft
potential measured during individual RPX/plume transversal.
One of the effects caused by the dust impacts onto the
spacecraft is the reduction of sc . Because dust impacts
reduce the detection energy threshold, this effect cannot be
ignored when interpreting thermal electron measurements
when the spacecraft is charged negatively. However, the
drawback is that the impact plasma may also be detected
and “contaminate” the measurements, especially when the
instrument is located at/facing toward the ram side of the
spacecraft. This leads to another interesting aspect—the
detectability of the dust-spacecraft impact plasma.
Given that the impact plasma is relatively cold (in the
order of 1 eV), the instruments most likely to detect the
dust-spacecraft impact plasma are the Cassini CAPS and
LP/RPWS. Near Enceladus, the spacecraft is charged negatively. Part of the impact plasma ions are drawn back to the
spacecraft with a few eV energy and may be detectable by
the CAPS ion spectrometer. Similarly, the impact plasma
may also be collected and contribute to the LP currentvoltage curve.
To be detected by the Cassini instruments, the impact
plasma ﬂux must be comparable to or higher than the ambient plasma. This condition is most likely the case in the
plume of Enceladus, where the dust density is the highest. During Enceladus ﬂybys in 2008, the CAPS ion spectra
detected a low energy component (<10 eV) whose timespans roughly coincide with those periods when the spacecraft ﬂew through the plume (Tokar et al., 2009). These
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detections were interpreted as a southern-directed beam of
ions accelerated by a electric ﬁeld located at more than
400 km south of Enceladus (Farrell et al., 2010). An alternative explanation is that the low energy ion features are
in fact associated with the impact plasma ions generated at
the spacecraft surface. This could be veriﬁed by examining the correlation between the (low energy) ion intensity
and the dust ﬂux, or between their energy distribution and
the spacecraft potential. The identiﬁcation of the impact
plasma in the in situ plasma measurements will provide important constraints in the impact plasma production rate,
which is essential for estimating the inﬂuence of this “artiﬁcial” plasma in contaminating the thermal plasma data.
Nonetheless, such analysis is outside the scope of this paper. The identiﬁcation of dust-spacecraft impact plasma and
the corresponding effects will be addressed in future works.

5.

Summary

In this work we investigate the longitudinal and the latitudinal spacecraft potential variations near Enceladus. Due
to the collection of ions from the dust-spacecraft impact
plasma, our model suggests that the spacecraft is charged
less negatively when traversing through dust-rich regions.
The simulation results need to be systematically veriﬁed using the Cassini dust and plasma measurements. We also
suggest to search for signatures of dust-spacecraft impact
plasma in the Cassini plasma spectrometer (CAPS) and
Langmuir probe (LP/RPWS) measurements.
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