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Research interests

My research concerns the fluid dynamics of astrophysical disks orbiting planets, young stars, and
black holes. These flows are some of the most important and best-studied in astronomy, as well
as the most striking and beautiful. I am particularly interested in phenomena related to:
instabilities and pattern formation, the onset and properties of turbulence, and planet formation.
To understand these, I employ various analytic and semi-analytic techniques in the context of
kinetic theory, hydrodynamics, and magnetohydrodynamics (MHD), and supplement them with
large-scale numerical simulations. Find below a (very) brief list of current and past projects.

Planetary rings:

» Developing dense-gas kinetic theories in order to model the disk as a swarm of
infrequently colliding ice particles and the unusual rheology that ensues.

* Outlining analytically, and through simulations, the axisymmetric patterns generated on
100m - 100km by various instabilities (gravitational instability, viscous overstability, and
ballistic transport instability). These comprise nonlinear wavetrains, wave-fronts, plateaus,
and wakes.

+ Satellite disruption and the formation of narrow rings, such as the Uranian epsilon ring.

Accretion disks:

* Understanding intermittency and mixing in turbulence generated by the magnetorotational
instability in generic disk systems.

» Capturing disk instability and dwarf nova cycles in direct numerical simulations of MRI
turbulence.

* The dynamics of the interfaces between quiescent (‘dead’) and MRI turbulent (‘active')
regions in protoplanetary disks. How do these dynamics influence the accumulation and
agglomeration of solid material in the disk?

» The onset and saturation of slow instabilities in the dead-zones of protoplanetary disks:
double-diffusive and dust-gas streaming instabilities.

» The diskoseismology of black hole disks and its connection (or not) to the observed quasi-
periodic oscillations in their X-ray emission.

Other interests

* Mean-field (and other) models of solar differential rotation. The interpenetration of
convection and rotation, more generally.

» The MHD of exoplanet atmospheres, in particular applied to the supposed Ohmic heating
of hot Jupiters.

* Slow, large-scale instabilities in very hot plasmas, such as the HBI in the intracluster
medium.

* Dynamo theory



