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White dwarfs, planetary debris and fundamental physics

	· White dwarf stars are the end points of the life cycles of most stars. They are important astrophysical laboratories.
· White dwarfs are swallowing debris from old planetary systems. Spectra can reveal the bulk composition of planets.
· The Gaia mission has provided a large sample of white dwarfs for detailed study, many of which are in binary systems.
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Project Details:
White dwarfs are the end products of the life cycles of more than 90% of all stars. This makes them important laboratories for studying stellar evolution and the behaviour of matter at extremes of temperature and density. We can study the population of white dwarfs to map out the history of star formation in our Milky Way galaxy. There is growing evidence that many white dwarfs are swallowing up debris from, now destroyed, planetary systems. Measuring the abundance of this material in the atmospheres of the white dwarfs can tell us about the composition of these planets. However, we first need to understand the evolution of white dwarfs, including the composition of their atmospheres. We are using data from a variety of space missions and telescopes to study the population of white dwarfs to provide this insight. 

We wish to appoint an enthusiastic PhD student to contribute to the exploitation of this data, drawn from several observational programmes. The work will involve the analysis of spectroscopic and imaging data from the ESA Gaia mission, Hubble Space Telescope (HST) and ground-based telescopes. There will also be a theoretical element to the work, using the University’s supercomputer to simulate stellar atmospheres, for comparison with the data. 

There are several lines of research in which the student can become involved, depending on personal interests: 

We are closely involved in the European Space Agency Gaia mission. Launched in December 2013, the satellite is carrying out a detailed survey of the entire visible galaxy to measure the positions, space motion and distances of approximately 2 billion stars. Recent data releases, have yielded a sample of 100,000 white dwarfs with low resolution spectra and approximately 800,000 binary star systems, many of which will have white dwarf companions. Combine with follow-up data from other surveys and ground-based spectroscopy, the Gaia data will allow us to characterise the white dwarfs, obtain measurements of masses and radii of unprecedented accuracy, search for hidden stellar/exo-planet companions and search for the elusive progenitors of type Ia supernova explosions. 

Measurement of the abundances of C and Si in a large sample of white dwarfs shows that in all cases C is depleted, indicating that the material has a rocky origin – similar to that of asteroids. A likely explanation is that this material is collected from extra-solar planetary debris and then retained in the hot white dwarf’s envelope by the force of radiation. We now need to test this by adapting the atmospheric modeling computer programme to include these physical processes.

Recently, we have shown that high spectral resolution and signal-to-noise spectra of a single hot white dwarfs can be used to measure potential changes in the value of the fundamental physical constants, such as the fine structure constant and electron/proton mass ratio, in a strong gravitational field.  The accuracy of the technique is limited by how well we know the wavelengths of atomic absorption features in the spectrum. We have acquired improved atomic data and more high-quality spectra of other stars to continue this work.

A particular challenge of these projects is to handle a large quantity of data and models efficiently. This is likely to require the development of automated processing tools and application of artificial intelligence techniques. Therefore, a candidate with strong programming skills will be welcomed.
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Exoplanet and debris disk around a white dwarf
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Sirius A and its white dwarf companion, Sirius B (ESA/NASA)




Further information on how to apply and funding can be found at
https://le.ac.uk/study/research-degrees/funded-opportunities/stfc 
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