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Abstract. In October 1997 a unique mission to the Saturnian system
will be launched by NASA, the CASSINI mission. One goal of this mis-
sion is to study the Saturnian dust environment, and for this task, the

COSMIC DUST ANALYZER (CDA) has been developed and is currently
being tested. Impact ionization is used to determine the speed (1 - 100
km/s) and the mass (1-107° — 1-107° g) of impinging particles. I'ur-
thermore, the electric charge (1-107*® — 1.10-** C} of the particles can
be measured via the induction principle, and an integrated time-of-flight
mass spectrometer will analyze the chemical composition of individual
dust particles. In order to achieve sulficient sensitivity for dust fiuxes as
low as 10 particles/{inonth.m?), the sensor has a large sensitive area of
0.1 m*?. This paper will describe the function of the experiment.

1. Introduction

The Cosmic Dust Analyzer (CDA) for the Cassini mission will be manufactured
and managed by the Max-Planck-Institut for Kernphysik in Germany. The
experiment weighs 16 kg and consumes 12 Watts. The contributions for this
international project are listed in Ratcliff et al. (1992) and Fig. 1. The scientific
objectives during the long operation time are diverse (Griin (1989)) : During the
interplanetary cruise, the interest is dedicated to the planetary, interstellar and
cometary dust, its dynamics and characteristics such as mass, velocity, electric

charge and chemical composition. Especially the results from the presently
active Galileo and Ulysses missions can be verified, and new and more detailed

data can be obtained of the interstellar dust discovered by the Ulysses dust
experiment. Although the main scientific objectives relate to the interesting
aspects of the Saturnian dust environment, Cassint's flyby at Jupiter can be
used to study variable dust phenomena that complement the nominal (alilec

Mission.
2. General Experiment Deseription

The CDA development was based on the experience of the successfully operat-
ing GALILEOG and ULYSSES dust detectors (Gron et al. (1992a), Griin et al.

{1992b)}. In principle, the experiment consists of two standalone instruments
(I'ig. 1): the Dust Analyser (DA) and the High Rate Detector (HRD), which is
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[Figure 1.  Organization of the Cosmic Dust Analyzer project.

attached to the top of the cylindrical DA housing. The Chemical Analyzer (CA)
is a subsystem of the DA and is developed by the University of Kent in Can-
terbury, U.K. Although the HRD is mounted on the DA, it is an independent
standalone experiment built by the University of Chicago, and it is only con-
nected by power and data lines to the DA. The HRD uses the depolarization of
permantly polarized PVDF foils, whereas the DA is based on impact ionization.
The DA was designed for fluxes as low as 1 impact/month, whereas the HRD
1s mainly used for the times during the Saturnian ring plane crossing with high
fluxes up to 10 000 impacts/s. Due to their different measurement principles,
the DA provides more accurate dust impact parameters than the HRD. The
Chemical Analyzer (CA) subsystem consists of a time-of-flight mass spectrom-
eter providing the chemical composition of impacting dust particles. A more
detailed description of the CA is given in Ratcliff et al. (1992 and 1995). This
paper describes only the Dust Analyzer and the Chemical Analyzer subsystem.

3. Dust Analyzer Functional Description and Calibration

An electrically charged particle passing through the 2 inclined entrance grids at
the front will induce charge signals at the grids (Fig. 2). The induced charge
is directly proportional to the charge of the particle and allows, therefore, a de-

termination of the electric charge of dust particles (Auer 1975). An asymmetric
geometry of the entrance grids was chosen such that low-noise signals allow a

measurement of the particle direction in one plane. The particle can impact
either on the outer big gold plated Impact Ionization Detector (I1ID; QE signal)

or on the small inner Chemical Analyzer Target (CAT, QC signal), which has
a diameter of 16 cm. The impact generates charged and uncharged particles
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Figure 2.  Schematic operation of the Cosmic Dust Analyzer with
corresponding signals. The 11D is gold plated.

(ejecta), atoms and ions. The electrons of this plasma are collected by the tar-
get, and the jons are accelerated towards the inner grids (ion grids, signal QI)
by an applied field of -350 V. Some of the ions are flying through the grids
producing a multiplier signal (QM).

The calibration principle of the Dust Analyzer is the same as for the former
Galileo and Ulysses experiments (Goller (1988), Griin et al. (1992a), Griin et
al. (1992b)). The yield of charge of the impact plasma is a function of of
the dust mass and velocity. The signal risetime is mainly dependent on the
impact speed. These two measurements allow the separate determination of
the particle mass and speed. Typical signals observed during impacts onto the
Chemical Analyzer Target (CAT) are shown in Fig. 2 and detailed in Table 1.
QC represents the target signal itself, which can be devided into 3 sections: 1)
a slowly rising induction signal which corresponds to the approaching charged
particle, followed by 2) the impact plasma producing a negative charge with a
fast risetime and 3) the slow increase up to the maximum caused by secondary
charge production by late impacting ejecta particles onto other adjacent target
regions. For low velocities, some material is thrown out as high speed ejecta
that impact on adjacent parts of the sensor producing slow but strong charge
signals. For high velocities, the particles are fully vaporized and the degree of
ionization is higher caused by higher plasma temperatures. This situation leads
to a fast rise of charge signals at the different channels. For medium impact
velocities, a mixture of both effects is observable and the signals consist of two
slopes, the fast one for the directly ionized electrons and ions, and a second one
caused by secondary impacts.
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lable 1.  Signals of the Dust Analyzer monitored by the electronics.

4, The Chemical Analyzer Subsystem

The grid is 3 mm in front of the Chemical Target and at ground potential; the
Chemical Target itself is at a potential of +1000 V. The 1000 V are sufficient to
separate the lons by their mass during their flight to the multiplier and, with a
flight path of 230 mm from the target to the multiplier entry, this qualifies as
a simple time-of-flight mass spectrometer (compare with Helios micrometeoroid
experiment, Griin et al. 1979). Some typical spectra of preliminary labora-
tory measurements are shown in Fig. 3. Mass spectra were obtained for target
candidate materials gold, silver, and rhodium, whereas polished and sputtered
rhudium was chosen to be the optimum material for reasons of low contamina-
tion and high ion yield (I'ig 3.) . Clearly identified are the peaks of the target
and projectile material, as well as the peaks from contaminants as carbon (12),
oxygen (16), sodium (23), potassium (39), and chromium (52). For low velocity
impacts, the elements sodium and potassium with their low ionization energies
(5.1 and 4.3 eV, respectively) dominate the spectra, whereas in high velocity
spectra, they play only a minor role. The mass resolution of this spectrometer
1s dependent on the impact location, target surface roughness, incident angle,
the energy and direction distribution function of the impact plasma, and the ion
mass itself. These parameters lead to complex line shapes and ongoing investi-
gations will characterize them. A detailed discussion about impact phenomena
and the shock wave propagation is given in Hornung et al. (1994) and Kinslow
(1970). It is essential to optimize the mass resolution m/Am which is currently
in the range between 15 (H*) and 50 (Rh'). The mass resolution achieved so
far is sufficient to determine the mineralogical class of the impacting dust by
distinguishing between chondritic and iron-sulfur-nickel particles.
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Figure 3. Mass spectra for iron particles (speed around 30 km/s,
kinetic energies of 5-10~" J) impacting onto gold (top), silver, polished
rhodium and polished and sputtered rhodiien. The first hine represents
hydrogen, the last peak belongs to the target material.

5. Conclusion

The Cosmic Dust Analyzer has the ability to determine the velocity (1 - 100
km/s), mass (1-10~1% ~ 1 .10-? g), directionality, electric charge {1-1071* - 1.
10~ !¢ C) and chemical composition {m/Am 5-50) of individual dust particles.
Although the accuracy of the analyzed parameters is not greater than that of
previous instruments, it 1s a highly sensitive and reliable design.
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