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Abstract The Radio and Plasma Wave Science instrument on Cassini has observed fewer than expected
dust particle impacts during the mission's Grand Finale orbits. The relatively strong magnetic field in the
close vicinity of the planet has been suggested to affect the intensity of the dust impact generated signals. A
laboratory investigation is performed using dust particles accelerated to ≥20 km/s speed impacting onto a
previously developed model of the spacecraft and the Radio and Plasma Wave Science antennas. The
external magnetic field is generated by two sets of magnetic coils. The recorded antenna waveforms are
decomposed into contributions from the electrons and ions of the dust impact generated plasma cloud. A
good qualitative understanding of the waveforms is achieved by dividing the electron and ion population
into two portions: one that is escaping from the spacecraft and another that is collected by the spacecraft. The
experimental results show that the part of the signal corresponding to escaping electrons is affected by
the magnetic field and that dust impact signals can be significantly reduced for spacecraft floating potentials
close to zero.

1. Introduction

The Cassini spacecraft crossed Saturn's ring plane at various radial distances and provided valuable informa-
tion of distribution and origin of the dust particles. Besides the dedicated Cosmic Dust Analyzer, the Radio
and Plasma Waves Science (RPWS) instrument also performed in situ dust detection (Dong et al., 2015;
Gurnett et al., 2004; Hill et al., 2012; Kempf et al., 2008, 2010; Kurth et al., 2006; Spahn et al., 2006; Srama
et al., 2006; Wang et al., 2006; Ye et al., 2014; Ye, Gurnett, et al., 2016; Ye, Kurth, et al., 2016). The RPWS
antennas detect the transient plasma clouds generated by the impact ionization of the dust particle and
the surface material of the spacecraft (SC) body or the antennas. The frequency and amplitudes of detected
signals allow estimating the dust density and size distribution. A recent study by Ye, Kurth, et al. (2016)
found that the interpretation of the signals needs to consider the configuration of antennas (dipole
vs. monopole).

On 26 April 2017, Cassini passed through the gap between the Saturn's main ring and its atmosphere/iono-
sphere starting the first (orbit #271) of the Grand Finale orbits. Due to concerns about the safety of the SC and
onboard instruments, Cassini's high‐gain antenna (HGA) was pointed into the ram direction in the first orbit
in order to provide protection for the SC and its instruments frompossible damages fromhigh‐speed dust par-
ticles impacts. The RPWS was designated to make dust measurement in this configuration and found a low
density of micron‐sized particles that was later confirmed also by Cosmic Dust Analyzer (Hsu et al., 2018; Ye
et al., 2018). The in situ data set is important for the understanding of the dynamics of micron‐sized grains
between the D ring and Saturn's cloud tops.

The early RPWS observations considered that the relatively strong magnetic field in the close vicinity of
Saturn may have reduced the amplitudes of the dust impact signals by preventing electrons from the impact
plasma to escape from the SC (Ye et al., 2018). This suggestion was the motivation for the work described in
this article. Following Dougherty et al. (2018), the magnetic flux density was about 18 μT in the ring plane
crossing. This value corresponds to an electron gyroradius of approximately rg= 0.2m, which is smaller than
the diameter of the HGA. The magnetic field thus may significantly reduce the ratio of electrons from the
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impact plasma cloud that can escape from SC, reducing thus the amplitude of the corresponding antenna
signals.

Antenna instruments have been used for the detection of dust particles since the Voyager era (Aubier et al.,
1983; Gurnett et al., 1983), and there have been several models aiming at the understanding of the physical
mechanism how measurable signals are generated (e.g., Meyer‐Vernet et al., 2014, 2017; Oberc, 1996;
Zaslavsky, 2015). Here we provide the summary of recent findings based on laboratory measurements that
are precursors to the work presented in this article. Collette et al. (2015) carried out the first laboratory simu-
lation measurements using a dust accelerator. This work has identified three signal‐generating mechanisms:
charge collection by the SC body, charge collection by the antenna from nearby dust impacts, and induced
charging from the space charge of the expanding impact plasma cloud. Nouzák et al. (2018) expanded on the
initial study by using a scaled‐down model of the Cassini spacecraft with a combination of monopole and
dipole antennas. The measurements demonstrated that the amplitudes and polarities of the impact signals
depend on the bias voltage applied onto the antennas or the SC body and confirmed the dominant mechan-
isms of signal generation from Collette et al. (2015). A supporting measurement was carried out by Collette
et al. (2016) investigating the effective temperatures of electron and ion components of the impact plasma.
This study found that the temperature of the electrons is about 1 eV and independent of the dust impact
speed. On the other hand, the temperature of ions increases from 5 eV at 4 km/s impact speed to ≈20 eV
at 20 km/s. The temperatures of these two components play a determining role in how the antenna signals
are affected by the floating potential of the SC body, where the impacts occur.

The fundamental quantity driving the generation of impact‐induced antenna signals is the impact charge—
the charge in a small plasma cloud that is generated by the high‐velocity impact of the dust particle. The
charge yield has been characterized in the laboratory over wide ranges of mass and velocity using dust
accelerator facilities (e.g., Auer, 2001; Auer & Sitte, 1968; Burchell et al., 1999; Dietzel et al., 1973;
Friichtenicht, 1962; Iglseder & Igenbergs, 1987). The amount of impact charge generated depends on the
speed (vd) and mass (md) of the particle and the materials of the dust and target materials. It is usually

described in a form of a power law,Qimp≅αmdv
β
d, where parameters α and β are determined through labora-

tory calibration measurements. Collette et al. (2014) provided a recent summary of impact charge yields,
including common SC materials. For historical reasons, the dust target material combination used in the
experiments described below is Fe‐W. For this combination the charge yield has been measured by
Dietzel et al. (1972) over a velocity range of 2–40 km/s and found to be of a form

Qimp C½ �≅0:51md kg½ �v3:5d
km
s

� �
: (1)

Parameters Qimp, md, and vd are measured in units as indicated.

2. Experimental Setup

The measurements were carried out using the electrostatic dust accelerator at the University of Colorado
(Shu et al., 2012). Briefly, an electrostatic field generated by Uacc = 2.2 MV potential is used to accelerate
micron‐ and submicron‐sized charged dust particles to velocities of 1–100 km/s. In the beamline, each
accelerated particle is detected and characterized using a set of pickup tube detectors connected to sensitive
electronics (Srama & Auer, 2008). The amplitude and the duration of the induced charge signals provide the
charge and the speed on the dust particle. The mass and size are then calculated using the acceleration vol-
tage from energy conservation. An field programmable gate array‐based cross‐correlation filter is employed
for down‐selecting particles based on preprogrammed mass and velocity ranges before allowing them into
the experimental chamber (Thomas et al., 2013).

The main experimental chamber (1.2 m in diameter and 1.5 m long) has been equipped with two set of coils
generating nearly homogenous magnetic field in the center (Figure 1). A field perpendicular to the trajectory
of dust particles (B⊥) is generated by a pair of coils in a Helmholtz configuration that is wound directly onto
the cylindrical chamber. The 16 turns of copper wire in each coil with 40 A of current generates B⊥= 1.45mT
field in the center of the chamber, as measured using a Hall effect sensor. A second set of coils is used for
generating a magnetic field parallel to the dust beam (B∥). These coils are 1.2 m in diameter, separated by
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1.2 m, and are attached to the two sides of the chamber using mechanical
fixtures. There are 32 turns in each coil generating B⊥= 1.45mT field with
60 A of current. At these currents and field intensities, the coils can be
operated continuously and without cooling. By the combination of the
two sets of coils, a magnetic field of any orientation (within the horizontal
plane) can be generated, although this capability has not been exercised in
the present experiments, and only purely parallel or purely perpendicular
fields have been applied.

The impact experiments are performed using the 1:20 scaled‐down model
of the Cassini spacecraft used in previous studies and described in detail
by Nouzák et al. (2018). The model consists of the HGA (17.5 cm in dia-
meter), a cylindrical SC body (20 cm in length), and the magnetometer
boom. The three model antennas (EU, EV, and EW) are mounted similarly
as those of RPWS instrument on Cassini (Gurnett et al., 2004). In the
model setup the EU and EV antennas are configured as a dipole, and EW
is operated as a monopole. The sensing electronics are instrumentation
amplifiers that measure the potential differences UU − UV and
UW − USC of the transient dust impact signal. Here SC denotes the space-
craft body that includes the HGA. The amplifiers are housed inside the
cylindrical SC body, have bandwidths of 50 Hz–100 kHz, and gains of
100 (Nouzák et al., 2018). The time‐response of the amplifier is sufficiently
fast to resolve the antenna signals from impacts onto the HGA. The anten-
nas and the SC are connected to the amplifier inputs using ac‐coupling
capacitors, which allow applying bias potentials to the sensing elements
to imitate the floating potential of the SC and antennas attained in space.

The HGA is pointed into the dust beam, as shown in Figure 1. The dust
impacts occur on a 2.5 × 2.5 cm2 tungsten foil attached to the HGA, close

to the edge. Tungsten is selected for high impact charge yield and direct comparability with previous mea-
surements (e.g., Nouzák et al., 2018). The dust beam is pointed at the middle of the tungsten foil, at
15 mm from the edge of the HGA. The dust impacts are spatially spread over a 10 mm diameter circular area.
Due to the curvature of the HGA, the impacts occur at about a 27° angle, measured from surface normal.

The magnetic field intensity is set to 0, 0.35, or 1.45 mT and is oriented either parallel or perpendicular to the
dust beam, as shown in Figure 1. The latter two values correspond to electron Larmor radii of rL = 9.6 and
2.3 mm, respectively, assuming 1 eV electron energy. (The effect of Earth's magnetic field is neglected.) The
setup is thus designed to investigate conditions, where the electron Larmor radius is small and/or much
smaller in comparison with the characteristic size of the HGA antenna (200 mm diameter) and the distance
of the impact location to the edge of the HGA. In comparison, the ion Larmor radius is much larger, on the
order of 1m, and thus the trajectories of ions are only weakly influenced by themagnetic field. Four different
bias voltages are applied uniformly to the SC and the antennas: 0, ±5, and −20 V. The negative bias voltages
intend to simulate conditions, where charging from the ambient plasma dominates over photoelectron emis-
sion. The +5 V bias potential simulates conditions during the closest approach of the Grand Finale orbits, as
characterized by the Langmuir probe onboard (Jacobsen et al., 2009). The reference is the 0 V bias case,
where the impact plasma is expanding freely, influenced only by the magnetic field, if present.

The performed dust impact experiments are limited to a velocity range of 20–40 km/s that is similar to the
values encountered during the Grand Finale orbits at the closest approach to Saturn. Based on the findings
by Collette et al. (2016), the ion and electron temperatures are expected to around 20 and 1 eV, respectively.

The signals from the amplifier are recorded using a fast digitizing oscilloscope and are numerically filtered.
The results confirmed the finding by Nouzák et al. (2018) that in case of dust impacts on the SC body (includ-
ing the HGA), the dominant signal is measured between the monopole antenna EW and the SC, that is,
ΔUW − SC = UW − USC. Only this signal is analyzed further. The charge responsible for generating the
recorded voltage is calculated as Q = UCSC/g, where g = 100 is the gain of the amplifier and CSC = 120 pF

Figure 1. The experimental setup with the reduced‐size model of the
Cassini spacecraft installed in the experimental chamber. Two magnetic
coils are used to generate fields: Parallel (B∥) and perpendicular (B⊥) to the
dust beam. The figure is not to scale. See text for details.
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is the capacitance of the model SC body (Nouzák et al., 2018). The parameters of the accelerated dust parti-
cles, including the mass, the velocity, and the charge carried by the particle (Qd), are provided by the accel-
erator facility for each impact event.

3. Experimental Results and Analysis
3.1. Waveform Overview

Figure 2 is an overview of the characteristic waveforms for different applied bias voltages (0, ±5, and−20 V),
and without an external magnetic field (B = 0), as a baseline for the data interpretation and analysis to fol-
low. The signal shapes are qualitatively similar to those reported by Nouzák et al. (2018), where impacts onto
the antennas were investigated primarily. Briefly, there are two characteristic features in the waveforms: the
fast pre‐spike signal, followed by the longer charge collection signal. The pre‐spike is generated by the fast‐
escaping electrons that leave behind a cloud with a positive net charge. This cloud of ions is registered as
a positive potential on the SC and measured as a negative‐going spike by the monopole antenna,
ΔUW − SC = UW − USC. The amplitude of the pre‐spike is influenced by the applied bias potential as this
determines the fraction of electrons that are energetic enough to overcome the attractive force, when
positive potential is applied onto the SC. The duration of the pre‐spike is determined by the expansion speed
of the ions, over which the positive space charge disappears from the vicinity of the SC body (Nouzák
et al., 2018).

In each panel on Figure 2, the dashed black part of the signal follows an exponential decay. The amplitude of
this signal is due to net impact charge that is collected on the SC body (denote hereafter asQcol) and thus has
to be discharged through the biasing resistor with an effective value R = 5 MΩ. The corresponding charac-
teristic discharge time is thus RCSC = 5 MΩ × 120 pF = 0.6 ms, which is in good agreement with the obser-
vations. In space, the discharge time is set by the parameters of the ambient plasma and the SC, as discussed
by Zaslavsky (2015), O'Shea et al. (2017), or Ye et al. (2019), and the references therein.

3.2. Simple Signal Generation Model

Here we present a simple model describing the signals shown in Figure 2. First, it is assumed that the impact
charge is composed in equal parts of electrons and ions, Qimp = Qi = |Qe| (Auer, 2001), where the negative
charge of electrons is represented byQe< 0. (It is noted for completeness that a small fraction of the negative
charge may be in the form of negative ions that are much heavier than electrons. Negative ions are neglected
here, however.) Second, it is assumed that the electrons and ions of impact generated plasma decouple from
one another shortly after the impact while still in the close vicinity of the SC body (O'Shea et al., 2017). Then
both the electron and ion parts of the impact charge can be divided into two parts: the one that is collected on
the SC and another that is escaping to the ambient environment:

Qi ¼ Qi;esc þ Qi;col

Qe ¼ Qe;esc þ Qe;col
(2)

The ratio of escaping to collected particles is controlled by the energy distribution of the particles (both elec-
trons and ions) and the potential of the SC.

The third assumption is that the escape or the collection of electrons occurs over a short time scale, that is,
before the ions can move substantially. This assumption can be justified by much higher thermal speed of
electrons due to the small mass. Under these three assumptions, the fast positive “charging” of the SC occurs
due to the escaping electrons, when the SC is at zero, negative, or slightly positive potential, where the
escape of electrons is energetically possible. A transient positive potential (known as pre‐spike) thus estab-
lishes on the SC (U = Qnet/CSC) that corresponding to the net charge of

Qnet ¼ Qi þ Qe;col ¼ Qi þ Qe−Qe;esc

� � ¼ −Qe;esc: (3)

The positive charge of the ions residing in the vicinity of the SC is lessened by the fraction of electrons
already collected on the SC. It is clear from the conservation of charge employed in equation (3) that the
developed potential can also be described as due to the charge of escaping electrons,Qe,esc. Figure 2 indicates
the part of the waveforms that is due to escaping electrons. Please note that the signal measured isUW−USC,
and thus the potential of SC in Figure 2 appears inverted.
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The next step in the signal generation process is to account for the motion of the ions, which takes place over
a characteristic time scale of τi ≈ LSC/vi. Here vi is the average speed of ions in the impact plasma, and LSC is
the characteristic size of the SC. Escaping ions result in the negative charging of the SC and is indicated in
Figure 2. The physical explanation of the pre‐spike signal is thus the fast escape of the electrons, followed by
the escape of the ions. The duration of the pre‐spike signal is on the order of τi, as already demonstrated by
Nouzák et al. (2018). In summary, the pre‐spike signal is generated by induced charge on the SC and does not
affect the collected charge signal as long as the characteristic discharge time is much longer compared to τi.
This may not be the case in dense plasmas, where discharge times are significantly lessened (Vaverka et al.,
2019; Ye et al., 2018; Zaslavsky, 2015).

Once the escape and/or collection of ions is over, the resulting SC voltage is determined by the net collected
charge:

Qcol ¼ Qi;col þ Qe;col ¼ Qi−Qi;esc

� �þ Qe−Qe;esc

� � ¼ − Qi;esc þ Qe;esc

� �
(4)

As it is seen from this equation, the net collected charge also equals the negative value of the net escaping
charge, as one would expect.

With the simple model presented above, the shapes of the signals in Figure 2 can be understood both
qualitatively and quantitatively. For the case of +5 V bias voltage (Figure 2a), only a small fraction of
electrons are energetic enough to escape from the SC. The large fraction of escaping ions then drives
the SC to negative potential. In the laboratory measurements, the net collected charge is discharging
through the electronic circuit. The zero‐bias case (Figure 2b) is similar with both electron and ion
escapes observed. For −5 V bias potential (Figure 2c) the fraction of escaping electrons is larger than
that of ions, resulting in a net positive collected charge. Note that the pre‐spike is still clearly visible,
and its amplitude is proportional to |Qi,esc+Qe,esc|, that is the difference of the escaping electron and

Figure 2. A set of characteristic impact signals (UW − USC) measured at a +5, b 0, c –5 V, and d −20 V bias potentials
applied to the spacecraft and antennas. Data are collected with no magnetic field applied (B = 0). The masses and velo-
cities for each impacting particle are noted in the panel. The black dashed curve is an exponential decay with a time
constant of RCSC = 0.6 ms. The notation illustrates the interpretation of the different parts of the waveforms based on the
simple model described in the text.
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ion fractions. The pre‐spike is diminishing for the −20 V case (Figure 2d). This is because most of the
ions are attracted back to the SC, and only a small fraction of them can escape.

It is also worth noting that while the four waveforms shown in Figure 2 are typical to the different bias poten-
tials, there is a large variation between individual impacts even when they are of similar speed and mass.
This applies for the generated impact charge and also the ratio of the escaping/collected fractions. The latter
indicates that significant variations may exist also in the characteristic temperatures of the electron and
ion components.

3.3. Effects of the Applied Bias Potential (B = 0)

Figure 3 shows the effect of the bias potential and magnetic field on the escaping electrons and ions follow-
ing the data interpretation described above and shown in Figure 2. The escaping electron and ion charges are
normalized to the mass for each event, following equation (1). Each point in the figures represents the med-
ian value from approximately 30 individual impact events at a given setting. The error bars are representing
the first and third quartiles of each data set. The impact velocity is limited to a narrow range of 20–25 km/s.
With this limitation the effect of velocity can be neglected since the velocity distribution is similar in each set.
3.3.1. Electron and Ion Impact Charges
Let us first discuss the normalized amplitudes of the escaping electron and ion fractions for zero magnetic
field (B = 0). The largest amplitudes (about 1 × 104 C/kg) of escaping electron signals are observed for the
−5 and −20 V bias cases (Figures 3c and 3d). These measured escaping electron charges can be considered
to be close to the total impact charge, Qimp ≅ |Qe, esc|. It is also of the same order as the ≈2 × 104 C/kg impact
charge predicted from equation (1) at relevant velocities. The fraction of electrons escaping from the SC,
however, varies strongly with more positive potentials. An interesting case is the 0 V bias, where the impact
plasma expands freely. Figure 3a shows that on average about 35% of the electrons escape from the SC (com-
pared to the cases with applied negative bias). This result can be interpreted as the electrons in the impact
plasma are isotropic and about half of them will leave the SC after the expansion of the plasma is complete
(e.g., Meyer‐Vernet et al., 2017). Since dust impacts occurred within the HGA (Figure 1), the field of view for
the escaping electrons is limited to less than 2π sr, which could explain why <50% of the electrons
are escaping.

The largest escaping ion charge signals are observed at 0 and +5 V biases, where the ions are not retained by
the attractive potential of the SC. The value of Qi,esc is about 0.5 × 104 C/kg (Figures 3e and 3f), that is about
half of |Qe,esc|. This is consistent with earlier observations reported by Auer (2001) that the positive part of the
impact charge being up to a factor of three times lower than the negative part (Auer, 2001). There are several
possible explanations, including the strong increase of Qe with impact angle (Dietzel et al., 1972) or signifi-
cant differences in the angular and/or velocity distributions of the two species.
3.3.2. Collected Charge
Since the electronics of antenna instruments deployed in space have limited bandwidths, in many cases the
fast feature of the induced charge signal is not resolved. Leaving thus only the collected charge followed by
the relatively slow discharge time observable in the waveforms (Figure 2). According to equation (4), the col-
lected charge Qcol is the sum of the escaping electron and ion charges, which are both affected by the poten-
tial of the SC. As discussed above, for large SC potentials the collected charge will approach the electron or
ion impact charges, depending on the polarity of the bias. At low SC potentials, however, the amplitude of
the signal is significantly reduced. The collected charges are the lowest on average at or near 0 V bias, where
Qcol≪Qimp (Figures 3a and 3e), but the reduction is significant also for ±5 V biases. The consequence is that
antenna instruments will report a deflated dust mass and/or mass and density distributions, when operating
in environments where the SC floating potential is small.
3.3.3. Electron and Ion Temperatures
The data reported in Figure 3 are in agreement with previous measurements of the effective temperatures of
electrons and ions from the impact plasma generated by Fe particles impacting on a W target. For example,
the fraction of escaping electrons is reduced by >90% once a bias potential of +5 V is applied to the SC
(Figures 3b and 3c). This result agrees with the findings by Collette et al. (2016) that the electron temperature
in the impact plasma is on the order of 1 eV. For ions, the bias voltage increased to−5 and−20 V reduces the
fraction of escaping ions to about 55% and 25%, respectively, compared to the 0 V bias case (Figures 3g and
3h). With the assumption that the energy distribution of ions follows a Boltzmann distribution, the
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corresponding ion temperature is in the range of 10–15 eV. This again is in a reasonable agreement with the
measurements by Collette et al. (2016), where an ion temperature of 23 eV was reported for 20 km/s impacts.
For completeness we note that Ratcliff et al. (1997) has reported ion temperatures on the order of 10–50 eV

Figure 3. The effect of magnetic field on the electrons (panels a–d) and ions (panels e–h) escaping from the impact
plasma. The results are shown for two magnetic field orientations (B⊥ and B∥) and different bias potentials (0, +5, −5,
and −20 V). Absolute values are shown, and the charges are normalized to the mass of the particles. See text for detail.
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for a wide range of impact speeds that shows variation with the ion species. The ion energies were calculated
from the widths of mass lines measured in a linear time‐of‐flight analyzer setup. On the other hand, the
hydrodynamic simulations of dust impact events performed by Fletcher et al. (2015) predicted significantly
lower temperatures (about 4 eV at 20 km/s impact speed) than those reported by Collette et al. (2016), or in
this article.

3.4. Effects of the Magnetic Field (B ≠ 0)

Now let us investigate the variation of the signals with the magnetic field. It is immediately evident from
Figure 3 that escaping electrons are strongly influenced by the magnetic field, while escaping ions are not.
This fact is a good a posteriori proof that the decomposition of the impact waveforms into electron and
ion contributions is appropriate, as one expects only the motion of the electrons being affected by the mag-
netic field. Further examination reveals that B⊥ has a stronger effect than B∥ on suppressing the escape of
electrons from the SC. This can be explained as B⊥ is oriented parallel to the plane of the HGA and will retain
the free electrons within the dish and thus decreasing their chance for escape. B∥, on the other hand, pro-
vides the gyrating electrons a path to escape along the field lines toward the dust beam (Figure 1). The effect
of B⊥ appears the strongest for 0 V bias and the weakest for −20 V bias. E × B drift may play a role in the
escape of electrons, and of course this drift speed would increase with the bias potential. This effect, how-
ever, has not yet been investigated in detail.

Within the gap between Saturn's ionosphere and the D ring, the Cassini spacecraft potential was in the
range of +0.5 to −1 V, as indicated by the Langmuir probe instrument onboard. The low and positive
potential was possibly the consequence of the presence of negative ions or secondary electron emission
from the SC induced by ions or fast neutrals (Morooka et al., 2019; Wahlund et al., 2017). During the
closest Saturn approach and the ring plane crossings, the peak value of the magnetic field was 18 μT
(Dougherty et al., 2018), which is much larger than the typical ≈10 nT during ring grazing orbits
(Arridge et al., 2011). The corresponding electron Larmor radius is rL = 0.19 m, and its ratio to the char-
acteristic size of the SC is LSC/rL ≅ 20, where LSC ≅ 4 m is assumed. The ratios covered in the experi-
ments are similar, LSC/rL ≅ 20 and 85 for the 0.35 and 1.45 mT settings, respectively.

The results presented in Figure 3 and the discussions from above allow to make the following conclusions
with respect to effect of magnetic field on the dust detection by Cassini's RPWS instrument in the gap
between the Saturn's main ring and its atmosphere/ionosphere. The amplitudes of the dust signals are likely
significantly reduced. Thus, both the sizes and density of the dust particles deduced from the RPWS data
appear deflated by perhaps as much as a factor of 3–5, compared to the +5 V bias case (Figure 3). This reduc-
tion appears to be dominantly due to the low SC potential. The ambient magnetic field does reduce the frac-
tion of escaping electrons from the plasma cloud. However, the measured signal is proportional to Qcol, that
is the difference of the escaping electron and ion charges (equation (4)). Since the escape of ions is less
affected by magnetic field, the amplitudes of the antenna signals are not necessarily impacted.

For completeness, it is important to note that the performed experiments have been carried out with iron
particles impacting a tungsten surface. Because of the different materials and/or their combinations, some
of the characteristics of the expanding impact plasma may be different in the experiments from those
encountered in space. These include ion composition, or the characteristic electron and ion temperatures,
for example. In addition, the masses of the impacting particles are limited in the experiments by the capabil-
ities of the dust accelerator. Larger particles at high speeds may generate substantial amount of impact
plasma, where plasma effects may become more relevant in the antenna signal‐generating processes.

4. Summary and Conclusions

Laboratory measurements using a scaled‐down SC model and a dust accelerator are now available to simu-
late relevant physical processes that lead to the generation of dust impact signals on antenna instruments.
The motivation for this work was to investigate the effect of a magnetic field on the signals. The presented
data analysis has also extended upon previous measurements and introduced a new method for analyzing
the data. In this method, with an accompanying simple model, the waveforms are decomposed into contri-
butions from escaping/collected electrons and ions from the dust impact plasma. A good qualitative
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understanding of the impact signals is achieved by considering only two fundamental processes, namely,
induced charging and charge collection on the SC.

A detailed set of measurements were performed investigating the effect of the bias potential on the SC.
The polarity and the magnitude of this potential set the fraction of electrons and ions that are escaping
or collected by the SC. The net effect of these processes determines the shape and the amplitude of the
shape of the waveforms. The statistical analysis of the data has shown that the amplitude of the
collected charge can be significantly reduced, when the bias potential on the SC is small (≤5 V). In such
cases, antenna instruments may not provide representative measurements of dust mass and
density distributions.

The measurements with magnetic field revealed that the electrons from the impact plasma are significantly
affected, namely, that the magnetic field reduces the chance for the electrons to escape and this process also
depends on the orientation of the magnetic field and the potential of the SC. On the other hand, the ion sig-
nal showed minimal variation with the magnetic field within the range of the investigated field strength.
These findings can be explained by the gyromotion of individual particles in the vicinity of the SC, as the ions
having much larger Larmor radii. The performed experimental study suggests that for the case of RPWS
measurements near the D ring, the low SC potential likely has a stronger effect reducing the electron part
of the dust signals than the magnetic field of Saturn.
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