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Many studies were carried out recently regarding the exploration of Ice Giants, in the context of the
next NASA decadal survey in planetary sciences and astrobiology, of the next planning cycle in ESA's
Science Programme, and of a possible NASA-ESA collaboration. A mission to an Ice Giant could
include an atmospheric probe, to operate in the 1-10 bars pressure range. Its payload could
comprise sensor(s) devoted to the measurement of electrical properties, plasma densities and
conductivities.

In order to check the performances of such instruments, it is necessary to develop models of the
electron and ion densities profiles, with and without aerosols, from which the electrical conductivities
can be derived.

A model was developed based on studies performed at Mars and Titan [1-2], which computes the
atmospheric positive and negative electrical conductivities between 0.1 and 15 bars in the
atmosphere of Neptune and Uranus. In this altitude range, galactic cosmic rays ionize the
atmospheric constituents, which react with atmospheric neutrals and aerosols, leading to the
formation of ions heavier than the ones produced by cosmic rays. The densities of positive ions,
electrons and charged aerosols are obtained by solving their corresponding continuity equations. It
has been found that aerosol particles tend to be negatively charged due to the attachment of
electrons, as a more efficient process than the attachment of positive ions. Therefore, the electrical
conductivity due to negative charges is strongly reduced compared to the one expected when
aerosols are not present. However, the electrical conductivity due to positive ions does not change
so dramatically. The experimental determination of both components of the electrical conductivity
can be useful to understand the properties of aerosols, plasma and electric currents in the
atmospheres of Ice Giants.

Figure 1 and 2 shows some the first results of the number density and electrical conductivities in the
atmospheres of Uranus and Neptune. They were calculated for a cosmic rays flux valid for a
heliocentric potential of 100 MV, neglecting the planetary internal magnetic field, a mean ion mass
of 100 amu and the aerosol particle distribution reported by Toledo et al. [3-4], which is extended
down to the pressure range here considered.
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