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What are subNeptunes made of?
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This talk will cover the state of the art in whole-planet subNeptune modelling, and needs for the
future. Inferences about the composition of the deep envelope can be made on the basis of the way
chemical transformations in the deep envelope may be evidenced in the observable atmosphere,
such as has been attempted, for example, regarding the presence or absence of NH3 in the
observable atmospheres of subNeptunes. Such inferences require an understanding not only of
deep envelope chemistry, but also of vertical mixing processes. The mixing process engages a
number of poorly understood phenomena, such as mixing rates through stably stratified
(nonconvective) internal radiative layers. The occurrence of such radiative layers can be induced by
compositional suppression of convection (e.g. due to high molecular weight H20 in an H2-rich
atmosphere). We will review our modelling studies regarding this phenomenon. Typically, the
envelope-silicate interface is hot enough that the interface takes the form of a magma ocean, so
compositional interchange with the magma ocean becomes crucial. This exchange includes rock
vapours as well as lower molecular weight volatiles. Our work on magma ocean exchanges will be
reviewed. We highlight the importance of mineral physics experiments and molecular dynamics to
provide crucially needed (and largely absent) thermodynamic parameters, particularly at high
pressure. At sufficiently high temperatures, silicate itself can become supercritical so that the
distinction between silicate melt and silicate vapour disappears and the silicate substance becomes
completely miscible with the lower molecular weight envelope. Modeling and experiment regarding
this novel and largely unexplored regime is particularly needed.
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