Dust Observation by the Radio and Plasma Wave Science instrument during the Cassini Mission
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ABSTRACT wave instruments onboard spacecraft are designed to detect radio and plasma waves in space. However, when spacecraft encounter dust at tens of kilometers per second, the plasma clouds released by energetic dust impacts can couple to the electric antennas and cause either voltage pulses in

waveforms or broadband noise in the spectra recorded by the receivers. The impact signals have been simulated in the lab by shooting dust particles onto a spacecraft model with electric field antennas. During the Cassini mission, such signals have been detected by the Radio and Plasma Wave Science (RPWS) instrument
in the solar wind and Saturn’s magnetosphere. Given the particle velocity and impact charge yield function, the size and density of the particles can be estimated from the measured signals. In various locations, RPWS measurements have been shown to be consistent with the Cosmic Dust Analyzer (CDA), the dedicated
dust instrument. RPWS complemented CDA during times CDA couldn’t make measurements due to pointing constraints or low dust density. RPWS carried out in-situ dust density measurement during each crossing of the Saturn’s dusty rings and Enceladus plume, providing unprecedented data for these dynamic regions. A
new plasma oscillation induced by dust impacts at the background plasma frequency was discovered, providing an independent measurement of local electron density in addition to the Langmuir probe and upper hybrid resonance methods. Before the end of mission, RPWS helped quantify the dust hazards posed to the

spacecraft and instruments onboard during the proximal orbits, when RPWS made measurements regardless of the spacecraft attitude. The Grand Finale orbits data revealed a surprisingly low density of dust larger than 0.1 micron. Close inspection of the waveforms indicates a possible dependence of the impact signal
decay time on the background plasma density.
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