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Planets form in discs of gas and dust around young stars. Within these discs, solid particles, initially of
µm size, have to somehow clump together to form Earth-sized terrestrial planets and, with the addition
of an enormous amount of gas, Jupiter-sized gas giants. Dust therefore plays a key role in planet
formation, even though 99% of the mass of protoplanetary discs is in the form of gas. Moreover, dust is
more easily observed compared to the gas. What can beautiful images of dusty protoplanetary discs tell
us about planet formation? In this project, the PhD student will work on numerical models of the first
steps of planet formation and compare these to disc observations.

Figure 1. Numerical simulation of the streaming
instability, showing the density of solids in a patch of
the disc. Image courtesy of Steward Observatory.

1. Dusty Disc Simulations
Numerical simulations of protoplanetary discs re-
quire both gas and dust. The interaction between
the two leads to interesting behaviour, such as the
streaming instability, see Figure 1, that is capable
of rapidly clumping dust. The group at Queen Mary
is very active in studying polydisperse dust, which
means the dust component has a continuous spec-
trum of sizes. This leads to new and unexpected
phenomena. How can solid bodies form in this more
realistic context? How does the dust size spectrum
affect the hydrodynamic evolution of the disc?1

1Note: This project description can be used for the ’Re-
search Proposal’ part of your application.

Figure 2. DSHARP observations of thermal dust
emission of protoplanetary discs.

2. Dusty Disc Observations
Observations of protoplanetary discs predominantly
trace thermal emission of dust, see Figure 2. From
these observations, we would like to reconstruct the
full physical state of the disc, including whether
there are any planets present. How big have dust
particles grown? How much gas is present? Is the
flow turbulent? The group at QMUL has the exper-
tise to combine detailed simulations of dusty discs
with radiative transfer models to simulate observa-
tions, allowing us to squeeze the maximum amount
of information from these observations to constrain
theories of planet formation1.
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