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We analyse wave observations by the Cassini/RPWS instrument performed

during the Jovian fly-by, when the on-board dust analyser recorded dust streams

which were interpreted as nanoparticles moving at about the solar wind speed.

The observed wave pulses are produced by ionisation of dust grains impact-

ing the spacecraft. Nanoparticles are detected because they move fast and

the voltage produced by impact ionisation increases very fast with speed, so

that they produce wave pulses as high as do much larger grains of smaller

speeds. The observed wave level and spectral shape are compatible with those

expected for the streams deduced from the dust analyser observations, and

the impact rates observed on both instruments appear to vary similarly. The

present result is the first wave detection simultaneous with a conventional

detection by a dust analyser attributed to nanoparticles.
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1. Introduction

Wave instruments are used routinely on space missions to measure in situ the electron

density and temperature in various environments, using quasi-thermal noise spectroscopy

[Meyer-Vernet et al., 1998]. That wave instruments can also be used for measuring dust

was realized when both the radio [Warwick et al., 1982] and plasma wave [Scarf et al., 1982]

instruments on the Voyager 2 spacecraft, which did not carry conventional dust analysers,

detected dust grains in Saturn’s G ring. This serendipitous observation opened the way to

a novel technique for measuring dust with wave instruments, which has been subsequently

applied in various environments (see Meyer-Vernet [2001]), including recent observations

of large grains near Saturn with the radio and plasma wave science (RPWS) instrument

on Cassini [Kurth et al., 2006], and the recent discovery of nanoparticles accelerated by

the solar wind motional electric field at 1 AU, with the STEREO/WAVES instrument

[Meyer-Vernet et al., 2008], [ibid., preprint].

When a dust particle impacts a solid target at a velocity greater than the sound speed

in the materials - typically a few km/s - it undergoes a strong shock compression which

vaporises and ionises it as well as a part of the target. This material expands and the

residual charge [Drapatz and Michel , 1974] produces an electric pulse which is detected by

the antennas - a process akin to that used by grain mass spectrometers in space [Göller

and Grün, 1989].

Even though wave detection of dust is affected by a large uncertainty due to the badly

known relation between the released charge and the grain properties, it has two major

advantages which make it complementary to conventional dust detectors: first it has a
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much larger collecting area, which can be the whole spacecraft, and second, it is much

less reliant on a specific spacecraft attitude for dust detection.

In the present paper, we analyse the wave power spectral density measured with

Cassini/RPWS when the on-board dust analyser detected dust streams made of nanopar-

ticles, during the distant Jupiter fly-by of closest approach 138 RJ . Dust streams coming

from Jupiter were discovered by the Ulysses dust analyser [Grün et al., 1992], and later

recognised from theoretical arguments as made of nanoparticles moving at several hundred

km/s [Zook et al., 1996], i.e. about 103 less massive and 5-10 times faster than originally

reported; further analysis and detections by the Galileo and Cassini dust instruments

suggested that these particles move still faster.

These streams are attributed to ejection by Io of nanoparticles [Graps et al., 2000], which

are charged positively in Jupiter’s magnetosphere because of secondary electron emission,

accelerated outwards by the corotational electric field [Johnson et al., 1980] [Horányi

et al., 1997], and further accelerated by the solar wind motional electric field. Joint

measurements by the dust detectors of Cassini and Galileo have revealed the properties

of the dust impacting Cassini on December 29, 2000 [Graps et al., 2001], enabling us to

compare with wave observations.

2. Wave Observations

The observations were carried out by the RPWS radio receivers [Gurnett et al., 2004]

connected to the electric antennas made of three 10-m booms mounted on the side of

the spacecraft. We use the lowest filter of the high-frequency receiver, which covers the
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frequency range 3.5-15 kHz and can be connected in monopole (U, V, W) or dipole (U-V)

mode, with the combinations [(U or V) and W] or [U-V and W] used sequentially.

Figure 1 shows a radio spectrogram acquired during the Jovian flyby, displayed as

frequency versus time, with relative intensity scaled in color as indicated. Impulsive wide-

band signals of large-amplitude are clearly seen on 28-29 December 2000 and 4-5 January

2001, during periods marked in red on the spacecraft trajectory (right panel).

Figure 2 (bottom) shows the voltage power spectral density recorded at 4 kHz on the

W antenna (43,000 spectra); we shall show below that the signal is similar on the other

booms. Figure 2 (top) shows the corresponding spectral shape at the times indicated,

with each spectrum computed from waveform snapshots recorded during ∆t ∼ 0.15 s.

The intense impulsive noise on Dec.29 (a) and Jan.4 (c) has a roughly f−4 spectrum

above a few kHz, as was observed in previous dust detections with wave instruments

[Meyer-Vernet , 2001]. Dust impacts produce such a power spectrum when the rise time

of the voltage pulse greatly exceeds 1/(2πf) - a generic behaviour of the squared Fourier

transform [Aubier et al., 1983], [Meyer-Vernet , 1985]. The observed slope is slightly less

steep because the pulse rise time is not much greater than 1/(2πf), and other contributions

are not fully negligible at higher frequencies. For uncorrelated identical impacts, the total

power is proportional to the impact rate, and the large observed variability reveals the

variability of the impact rate.

On the other hand, in the absence of dust impacts, the signal is the ubiquitous plasma

quasi-thermal noise (Fig.2 (b)), produced by quasi-thermal plasma fluctuations near the

plasma frequency fp, which depends on the electron density n and temperature Te, plus the
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shot noise of electron impacts and photoelectron emission on the spacecraft and antennas

[Meyer-Vernet and Perche, 1989]. The latter has a f−2 power spectrum because the rise

time of pulses due to electrons is smaller than 1/(2πf); its level varies roughly as the

electron flux, so that the variations shown in Fig.2 (bottom) from Dec.30 to Jan.4 in the

range 3−6×10−15 V2Hz−1, reveal the variation of the thermal electron flux, proportional

to nT 1/2
e , as the spacecraft travels in the jovian magnetosheath, crossing several times the

bow shock [Kurth et al., 2002]. At Jupiter, the antenna length on Cassini is too short

compared to the ambient Debye length for the quasi-thermal noise to exhibit a significant

fp peak, but unstable Langmuir waves are occasionally observed (e.g. the sporadic fp line

around 3.5 kHz on Fig.1 from Jan 1.0 to Jan 3.5), revealing n, so that the observed noise

level can be used to deduce Te.

Whereas the stationary signal of small spectral index reveals the properties of the am-

bient plasma, the impulsive noise having a large spectral index reveals dust properties.

Figure 3 concentrates on the period when count rates from the on-board dust analyser

(CDA) have been published together with dust properties. One sees that when the CDA

is oriented adequately and records dust (Dec.29:12h to Dec.30:01h), the wave power (dots,

with averages in red) and the dust count rate (blue line, from [Graps et al., 2001]) vary

similarly.

3. Voltage Power Spectrum from Dust Impacts on Cassini

Let us compare the observed wave level with that expected for impacts reported from the

dust detector analysis. Joint detections with Cassini and Galileo yielding observing delays

between spacecraft, together with calculations of trajectories, were used to determine a
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particle radius ' 6 nm and density ' 1.35− 1.75 g cm−3, whence a mass m ' 10−21 kg,

and a speed v ' 450 km s−1 [Graps et al., 2001].

The electric antennas respond to the charge released by dust grains impacting the

spacecraft. Each impact produces an expanding plasma cloud that we model, for an

order-of-magnitude estimate, as Q/e electrons and Q/e ions at temperature T expanding

at velocity vE. When the cloud’s Debye length becomes greater than its radius, charges

decouple, so that the electrons can leave and be recollected by the target (whose elec-

trostatic potential is positive in the absence of dust impacts), whereas the cloud’s space

charge produces an electric field. This holds until the cloud’s density has decreased to the

ambient level n, which takes place when the cloud’s radius is R ∼ (3Q/(4πen))1/3, at the

time

τ ∼ (3Q/(4πen))1/3/vE (1)

To estimate the corresponding voltage expected on the radio receiver, an important

question is whether the pulses are observed in monopole or dipole mode, and whether

there is an asymmetry between the signals on the different booms. Figure 4 compares

the power at 4 kHz on the monopoles U and V (red and green, respectively) with that on

the monopole W, as a function of the latter. One sees that for small signals: V 2 < 10−14

V2Hz−1, which are produced by the plasma quasi-thermal and shot noise, there is a small

but significant difference between booms, which is not surprising since they are not located

similarly with respect to the spacecraft wake, and the signal is recorded also by the dipole

with a similar order of magnitude. On the other hand, for dust impacts, which show

up above a few 10−14 V2Hz−1, the powers on the three booms are very similar. This is
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confirmed by the fact that the power on the dipole is extremely small, remaining at the

quasi-thermal level when monopoles record dust.

This indicates clearly that the observed pulses are pulses in spacecraft potential, mea-

sured in monopole mode because in that configuration the receiver responds to the antenna

voltage with respect to that of the spacecraft body. In contrast, in dipole mode, it re-

sponds to the difference in signals from the monopoles U and V, so that it does not record

the pulses in spacecraft potential, except via a very small common-mode rejection factor.

In addition, measured voltages did not show up drastic changes while orientation of the

spacecraft was changing. This indicates that the whole spacecraft area serves as a target,

which we shall approximate by an equivalent projected area S ∼ 15 m2.

When the spacecraft of capacitance C recollects a charge Q, this produces a pulse in

spacecraft potential of amplitude δV ∼ Q/C, which is detected by the monopole antennas.

Hence, the power spectrum at frequencies such that ωτ > 1 is V 2 ∼ 2 < NδV 2τ−2 >

Γ2/ω4, where the angular brackets stand for an average over impacts of rate N and Γ is

the antenna gain [Meyer-Vernet et al., 1996]. Substituting the expression of δV and the

impact rate N ∼ FS with F the particle flux and S the target’s surface, this yields

V 2 ∼ 2S(Γ/C)2 < F (Q/τ)2 > /ω4 (2)

Dust impact ionisation involves complex processes not fully included in theory and

laboratory simulations, so that the charge Q is determined with a large uncertainty. With

the stream speed of 450 km/s reported from the dust analyser observations, each atom (for

atomic mass A ' 20) carries a kinetic energy of 21 keV, which should produce very strong

effects, well outside the range presently studied; in that case most of the released material
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comes from the target, with possible multiple ionisation and production of negative ions.

We shall assume that Q varies with the grain’s mass and speed according to the typical

relationship Q ' 0.7m1.02v3.48 with Q in Cb, m in kg, v in km s−1 [McBride & McDonnell ,

1999], which also depends on angle of incidence, and grain and target composition. For the

reported particles having m ' 10−21 kg, this yields Q ∼ 5×10−13 Cb, with an uncertainty

of a factor of ten.

The spectral index observed on Dec.29 shows that τ ∼ 1/(2πf) at 4 kHz, i.e. τ ∼

4 × 10−5 s. With the expression (1) of τ , Q estimated above, and the ambient plasma

density n ∼ 0.15 cm−3 estimated from the fp line (Fig.1), this yields vE ∼ 40 km/s,

compatible with other estimates [Hornung and Kissel , 1994]. Substituting in (2) the

above values of S, τ , and Q, C ∼ 200 pF with Γ ' 0.4 [Gurnett et al., 2004], we obtain

V 2 ∼ 5× 10−14F V2Hz−1 at 4 kHz.

Equating this value to the maximum level of the 10 min. averaged spectrum at 4

kHz (red line in Fig.3) recorded during the dust analyser detection on Dec.30 around

0h, we find the flux F ∼ 10 m−2s−1. Even though this estimate is affected by the large

uncertainty on the charge Q, it is consistent with the observation that at this time the

dust signature is found in all of the wave spectra, meaning that there is always at least

one impact during ∆t ∼ 0.15 s. This shows that the impact rate N À 7 s−1, which yields

(with S ' 15 m2) the constraint on the flux: F À 0.5 m−2s−1.

4. Discussion

The flux F ∼ 10 m−2s−1 of nanoparticles estimated from the Cassini wave data on

30 December 2000 around 0h is similar to the maximum impact rate reported by the
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on-board dust analyser at this time; indeed, dividing the CDA impact rate of ∼ 0.2 s−1

reported at this time by SDAΩDA/π, with SDA ' 0.1 and ΩDA ' 0.6 ster from Srama

et al. [2004] yields 10 m−2s−1. It is also in the range of values reported by long-term

studies of jovian dust streams with Galileo, both in amplitude and variability [Krüger et

al., 2005].

It is important to keep in mind that since laboratory simulations of impact ionisation

have neither been performed with nanoparticles, nor with speeds greater than 100 km/s,

our result relies on a huge extrapolation of empirical data, even though it agrees with

independent constraints. It is thus at best an-order-of-magnitude estimate. Similarly, the

properties of the dust particles reported from the dust analyser measurements are model-

dependent. Furthermore, both instruments have very different detecting areas and time

scales, so that drawing conclusions from the comparison of their results should involve

more detailed studies.

We have not included in our analysis the periods when the on-board magnetosphere

imaging instrument (MIMI) is experiencing electric discharges, which may be triggered

by nanoparticle impacts on this instrument. In these periods (Dec.29, 5:40-6:35 and

Jan.05, after 8:30), the RPWS signal might be contaminated, and, moreover, the wave

pulses are detected also in dipole mode, contrary to those analysed here.

A number of similar events have been recorded by Cassini/RPWS, not only near Jupiter

and Saturn, but also in the solar wind much closer to the Sun. The latter are under study

and may confirm the discovery of fast nanoparticles accelerated by the solar wind at 1

AU made recently with STEREO/WAVES [Meyer-Vernet et al., 2008], [ibid., preprint].
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Figure 1. Radio spectrogram measured by Cassini/RPWS during the Jovian fly-by. The

intervals of large impulse rates are marked in red on the spacecraft trajectory.
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Figure 2. Power spectral density as a function of time recorded on the W antenna at 4

kHz (bottom), with corresponding power spectra (computed from ∼ 0.15 s snapshots) acquired

during three 3 min. intervals centered at the times indicated (top).

D R A F T December 26, 2008, 4:59pm D R A F T



X - 16 MEYER-VERNET ET AL.: DETECTING NANOPARTICLES AT RADIO FREQUENCIES

Figure 3. Power spectral density as a function of time at 4 kHz (dots), with 10 min. averages

in red, proportional to the dust impact rate, compared to the rate measured with the cosmic

dust analyser (blue line, adapted from [Graps et al., 2001]).
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Figure 4. Ratios of the power at 4 kHz on the monopoles U and V (red and green respectively)

to that on W, as a function of the latter during the period shown in Fig.2. The ratio of the power

on the dipole U-V to that on the monopole W is plotted in black. The dust, which shows up

above about a few 10−14 V2Hz−1 is seen on the monopoles with similar levels on each, whereas the

dipole records only the (smaller) plasma noise. The remaining points are jovian electromagnetic

emissions, whose relative intensities depend on other factors.
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