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The two-body problem in numerical and 

perturbative general relativity 

 

Supervisor: Charalampos Markakis 

Research Group:  Geometry, Analysis & Gravitation 

Project description: 

1) Numerical relativity is a rapidly developing field. The development of black-hole 

simulations has been revolutionary, and their predictions were recently confirmed with the 

detection of gravitational waves by LIGO. The next expected source, neutron-star binaries, 

was detected very recently, but their simulation is more complicated, as one needs to 

model relativistic fluids in curved spacetime, and the behaviour of matter under the 

extreme conditions found in neutron-star cores. In this project, one will use  methods 

familiar from classical (Lagrangian or Hamiltonian) mechanics, to model fluids. One finds 

that a seemingly complex hydrodynamic problem can be reduced to solving a non-linear 

scalar wave equation. This powerful approach allows one to accurately model oscillating 

stars or radiating binaries, some of the most promising sources expected to be observed in 

the next LIGO science runs. 

2) Moreover, a principal goal of the planned space-based LISA detector is to observe the 

inspiral of stellar-size black holes orbiting supermassive black holes. Detection and 

parameter estimation require accurate waveforms associated with generic orbits, that are 

most efficiently computed within a perturbative expansion. The prospective students will 

join the LISA Consortium and participate in source modelling. The focus will be on the 

development of novel collocation methods for numerically evolving PDEs with time-domain 

gravitational self-force computation in a radiation gauge to construct high-precision 

gravitational waveforms. 

The proposed research is aimed at mathematically and computationally exploring the 

theory of neutron stars and black holes, in order to improve our understanding of 

fundamental physical laws and reveal how nature operates on scales where our current 

understanding breaks down. 

Student background: The successful applicants will be able to solve such wave equations 

numerically in their favourite programming or scripting language (C, Python, Mathematica, 

etc). A background in classical mechanics and numerical methods is useful. Familiarity with 

fluid dynamics or scalar fields is helpful, but training will be provided. 

 

 

https://www.qmul.ac.uk/maths/profiles/markakischaralampos.html
https://www.qmul.ac.uk/maths/research/geometry-and-analysis-group/
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