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Details:

The Milky Way is the galaxy we can study more closely than any other. In this project a student will be
using the latest tools for understanding the orbits of stars in the Milky Way, using them to understand its
structure and history. This will bring us closer to a having a full working model of the galaxy that tells us
about the processes that formed and shape it, and that shape all galaxies.

Our understanding of the Milky Way has been revolutionised by data from the European Space Agency’s
Gaia mission. It has allowed us to measure the velocities of tens of millions of the Milky Way’s stars for the
very first time. The challenge this project addresses is that we can only observe a snapshot and cannot
follow the stars on their orbits around the galaxy because these take tens of millions of years. The orbits of
these stars in the galaxy are more complicated than those of planets around a star, because the
gravitational force they feel is due to a combination of the galaxy’s stars and dark matter, rather than a
single object, and is nearly impossible to directly measure.

The key to understanding the galaxy is understanding the orbits of its stars. If the galaxy was in equilibrium,
then this would be a relatively easy job because the stars would be evenly distributed around the orbits,
but Gaia has shown us that this is not the case because the galaxy has clearly been relatively recently
disturbed.

Methods using clever concepts from Hamiltonian mechanics (called “action-angle coordinates”) were
developed to understand the orbits an equilibrium Milky Way, but in this project, we will adapt them to
understand the way that the galaxy is disturbed and what that means for our interpretation of
observations. The models will be compared to and used to understand the results from Gaia (with a new
data release expected early in the project) and from state-of-the-art galaxy simulations.
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lllustration of the orbits of stars in the Milky Way. Image credit: Adapted by P. McMillan from an image by
NASA-JPL, Caltech, ESO, Robert Hurt
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